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Sustainability and typology of dairy production systems

Sustentabilidade e tipologia de sistemas produtivos leiteiros
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Abstract

The objective of this study is to analyze the typology of dairy production systems (DPS) in Parana,
Brazil, based on sustainable practices adopted by agricultural producers. A total of 153 semi-structured
questionnaires containing variables for general characterization of DPS, socioeconomic characteristics
of farmers, as well as environmental, social, and economic sustainability actions implemented by rural
workers were applied. Common factor analysis (CFA) was used to evaluate sustainability variables.
Three factors were created: economic (F1), social (F2), and environmental (F3). Hierarchical clusters
were formed using the factor scores obtained in CFA. Three clusters were defined and were compared
with F1, F2, and F3. There were significant differences in F1 and F2 between clusters 1, 2, and 3. Cluster
1 contained DPS highly compliant with economic, social, and environmental sustainability practices.
Cluster 2 was defined by DPS with negative mean values for all three factors. Cluster 3 contained DPS
that were highly compliant with F1 and F2 activities compared to cluster 2 and poorly compliant with
F1 and F2 actions compared to cluster 1. Therefore, the DPS in Parana vary according to the sustainable
activities implemented by farm managers. In addition, most analyzed DPS have low survival capacity
in the medium- and long-term. The most critical sustainability factor was F3, followed by F2 and F1.
Key words: Competitiveness, Milk production, Environmental.

Resumo

Buscou-se analisar a tipologia de sistemas produtivos leiteiros (SPL) a partir de a¢des de sustentabilidade
tomadas pelos produtores rurais nestes sistemas. Foram aplicados 153 formularios semiestruturados
contendo variaveis de caracterizagdo geral dos SPL, caracteristicas socioecondmicas dos produtores
de leite, bem como variaveis sobre as acdes de sustentabilidade ambiental, social e econdmica
empregadas nestes sistemas. A técnica de analise fatorial comum (AFC) foi utilizada para gerar fatores
de sustentabilidade. Trés fatores foram gerados: econdmico (F1), social (F2) e ambiental (F3). Em
seguida, a partir dos scores fatoriais, foi empregada técnica de formacao de clusters hierarquicos. Trés
clusters foram definidos e comparados frente a F1, F2 ¢ F3. Foram identificadas diferengas para F1 ¢ F2
entre os clusters 1,2 e 3. O cluster 1 foi definido por SPL com os melhores resultados para as praticas
de sustentabilidade econdmica, social e ambiental. O cluster 2 foi definido por SPL com valores médios
negativos para os trés fatores. O cluster 3, foi definido por SPL com bons resultados para F1 e F2, frente
aos SPLdo cluster 2. Entretanto, o cluster 3 apresentou piores resultados quando comparado com o cluster
1. Foi identificada grande variabilidade nas agdes de sustentabilidade empregadas nos SPL paranaenses
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analisados. A maior parte destes sistemas apresentou baixa adequacdo para a sustentabilidade. O fator
de sustentabilidade mais critico foi o ambiental, seguido pelo social e econdmico.
Palavras-chave: Competitividade. Producao de leite. Meio ambiente.

Introduction

Since the 1990s, dairy production in Brazil and
Parana has faced the challenge of maintaining their
production systems in new institutional and market
environments (JANK et al., 1999; BANKUTI et
al., 2014; RODRIGUES et al., 2010) with more
stringent requirements for reducing social and
environmental impacts of agricultural activities
(FIGUEROLA et al., 2012; FONSECA, 2012).
This new demand dictates the economic, social,
and ecological equilibrium in production systems,
under penalty of interruption of these systems in
the medium- and long-term (ELKINGTON, 2001;
GDAA, 2015; FAO; IDF, 2013; SAFA, 2013).

For Brazilian dairy production systems (DPS),
social and environmental compliance is urgent,
especially considering the economic and social
importance of these systems. In 2016, Brazil was
the fourth largest producer of milk worldwide, with
a volume of 33.6 billion liters (FAO, 2016). Most
of the production has been generated in family
businesses and has occupied areas where other
crops are less viable (SILVA JUNIOR et al., 2012).
Milk is produced in all Brazilian municipalities
and states. The state of Parana has one the highest
milk production volumes in Brazil, accounting for
approximately 12% of the Brazilian production
(IBGE, 2015). In this state, 114,500 families derive
their income from milk production (IPARDES,
2008). In Parana, milk production varies according
to the structural, productive, management, and
social characteristics of farm managers (BRITO et
al.,2015a; YABE et al., 2015; ZIMPEL et al., 2017).

The variability in production systems and
management strategies imposes greater challenges
for the government and the organs involved in the
production chain, and generalized actions aimed
at improving production and sustainability may
be ineffective because of this high heterogeneity

(BRITO et al., 2015a; YABE et al., 2015; ZIMPEL
etal., 2017).

Therefore, identifying analytical methods that
consider these differences and allow adopting more
effective strategies is necessary. Of these methods,
typology studies are considered adequate (LANGE
etal.,2016; DEDIEU etal.,2011; BODENMULLER
FILHO et al., 2010; MOURA et al., 2010).

The objective of this study is to analyze the
typology of DPS in Parana based on sustainable
actions implemented by farm managers.

Materials and Methods

A semi-structured questionnaire was elaborated
and applied between May 2014 and February 2015
in 153 DPS located in the western, southwestern,
and central-northern regions of the state of Parana.
These regions were defined by their importance in
milk production (IBGE, 2015) and the heterogeneity
of the DPS (BRITO et al., 2015; IPARDES, 2008).

The DPS were identified using contact lists
provided by the Institute of Technical Assistance
and Rural Extension (Instituto de Assisténcia
Técnica e Extensdo Rural-EMATER), dairy farms,
and city halls in the evaluated regions. Sampling
was random, and the questionnaires were answered
individually by milk producers (SCHLECHT;
SPILLER, 2012).

The questionnaires included variables related
to general characteristics of DPS, socioeconomic
characteristics of agricultural producers, as well as
environmental, social, and economic sustainability
activities implemented by producers.

The data on the general characteristics of the DPS
and socioeconomic characteristics of farmers were
collected from metric responses. The information
on the sustainable practices adopted by farmers
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was collected from ordinal or dichotomous answers
(Chart 1). A Likert-type scale (LIKERT, 1932)
was used for ordinal answers with a scale ranging
from zero to ten (LIMA et al., 2013; SCHLECHT;
SPILLER, 2012). Closed questions with a scale
ranging from zero to ten facilitated assessing the
interviewees LIMA et al., 2013).

The compiled and
statistically analyzed using the Statistical Package
for Social Science (SPSS) version 18. First,

collected data were

Table 1. Variables used in the analysis.

descriptive variables, means and frequencies, and
general characteristics of the DPS were analyzed.
After that, common factor analysis (CFA) was used
for 19 variables related to production, economic,
social, and environmental practices (Table 1). CFA
is a technique used to condense a large dataset into
a smaller set of variables (factors) with the least
possible information loss (HAIR JUNIOR et al.,
1998).

Variable Responses Type Description
Milk production (liters of milk per day) Absolute value Metric
Number of dairy cows Absolute value Metric
Number of lactating cows Absolute value Metric
Milk yield (liter of milk per cow per day) Absolute value Metric
Milk production in each facility (liters per ha) Absolute value Metric
Individual records for animal control Numerical value Ordinal
Type of control of milk production Numerical value Ordinal
Financial management of dairy farming Numerical value Ordinal
Percentage of family businesses Numerical value Metric
Weekly rest 21__ E}L (; Dichotomous
Annual vacation 21: ge (; Dichotomous
Pasture condition Numerical value Ordinal
Soil condition Numerical value Ordinal
Pasture management Numerical value Ordinal
Practices complying with the new Forest Code Numerical value Ordinal
Condition of animal facilities Numerical value Ordinal
Need for riparian forests 21__ Slje (; Dichotomous
Presence of springs in the property 21__ Slje OS Dichotomous
Importance of environmental preservation for milk production Numerical value Ordinal

For CFA, 19 variables related to the sustainable
practices adopted in the DPS were initially tested.
However, only 16 variables remained in the analysis
because the others presented a correlation lower
than 0.5 (FAVERO et al., 2009).

Principal component analysis, Varimax-type
rotation, Kaiser Meyer Olkin (KMO) normalization,
and the Bartlett sphericity test (SMITH et al., 2002;
LEBART, 2000) were used as extraction methods
in CFA. The variables with low and intermediate
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factor loads were excluded (FAVERO et al., 2009).
The number of factors was selected using the KMO
criterion (FAVERO et al., 2009; HAIR JUNIOR et
al., 2009). The generated factors were classified by
the variables that defined them.

Hierarchical clusters were formed using the
factor scores obtained in the CFA. This method
forms groups of individuals different from each
other but with a similar internal profile (FAVERO
et al., 2009). Hierarchical clustering and CFA were
used to evaluate the DPS according to the mean
factor scores (BRITO et al., 2015b; GIE YONG;
PEARCE, 2013).

The Kruskal-Wallis  non-parametric  test
(KRUSKA; WALLIS, 1952) was used to assess the

Table 2. Characterization of dairy production systems.

similarity between clusters, and the Wilcoxon rank-
sum test with cluster-wise correction was used as
the post-hoc test (OGLE, 2017).

Results and Discussion

With regard to the general characteristics of the
DPS, the mean property area was 47.9 hectares,
with a minimum of <1.0 hectare and a maximum
of 1,331 hectares. The mean number of dairy cows
was 42.0, and the mean number of lactating cows
was 22.0. The mean milk yield was 13.58 liters per
cow per day, with a minimum and maximum yield
of 2.0 and 30 liters per cow per day, respectively
(Table 2).

Variables N Minimum Maximum  Mean  Standard deviation
Total area of the property (ha) 153 0.60 1,331.00 47.92 162.89

Milk production (liters per day) 153 20.00 2,000.00 324.62 317.79
Number of dairy cows 153 5.00 180.00 42.64 30.12
Number of lactating cows 153 3.00 72.00 22.15 14.36

Milk yield (liters of milk per cow per day) 153 2.00 30.00 13.57 6.28

Milk production in each facility (liters per ha) 153 0.86 134.00 28.90 27.10

The CFA with 16 variables resulted in a KMO
value of 0.814 and Bartlett test value of 0.00,
indicating adequacy of the variables to the method
(FAVERO et al., 2009).

The first three factors explained 63.71% of the
total variance among the 153 DPS, satisfying the

Table 3. Total variance explained.

minimum criterion of 50% (BARROSO; ARTES,
2003). The highest variance was explained by
factor 1 (39.73%), indicating that this factor better
differentiated the 153 DPS, followed by factor 2
(14.28%) and factor 3 (9.69%) (Table 3).

Factors Total % change cumulative %
Fl1 6.357 39.733 39.733
F2 2.285 14.280 54.012
F3 1.552 9.698 63.711
F4 1.097 6.854 70.564
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Factor 1 (F1) was defined by milk production
(liters per day), number of dairy cows, number of
lactating cows, milk yield (liters of milk per cow
per day), milk production per area (liters per ha),
individual records for control of animals, type of

Table 4. Factor load for factor definition.

control of milk production, and use of financial
management of milk production (Table 4). F1 was
denominated economic because it was formed

primarily by production and economic variables.

Variables F1 F2 F3

Milk production (liters of milk per day) 0.81 0.47 0.04
Number of dairy cows 0.65 0.58 -0.18
Number of lactating cows 0.65 0.57 -0.03
Milk yield (liters of milk per cow per day) 0.78 0.04 0.24
Milk production (liters per ha) 0.75 -0.20 0.17
Individual records for animal control 0.63 0.17 0.36
Type of control of milk production 0.63 0.19 0.44
Financial management of dairy farming 0.54 0.05 0.44
Weekly rest 0.19 0.75 0.22
Annual vacation 0.02 0.89 0.14
Percentage of family businesses -0.03 -0.89 -0.13
Pasture condition 0.47 0.04 0.57
Soil condition 0.38 0.17 0.52
Pasture management 0.26 0.19 0.73
Practices complying with the new Forest Code 0.04 -0.05 0.63
Condition of animal facilities -0.02 0.40 0.60

F1: economic factor; F2: social factor; F3: environmental factor.

Economic adequacy, one of the pillars of
sustainability, is related to the capacity of families
of agricultural producers to remain in the dairy
business in the medium- and long-term. This variable
is essential for determining the characteristics of
the DPS of Parana, which are formed primarily by
family businesses and a strong dependence on milk
income (IPARDES, 2008).

Milk production and milk yield in F1 represent
conditions necessary for farmers to maintain
the DPS in formal markets and lower risk in the
medium- and long-term. Therefore, specialized
systems produce a sufficient volume of milk that
makes unit costs (per unit area or animal) lower
than the costs of lower-volume systems (SIMOES
et al., 2009).

Production volume is directly associated with
the total number of dairy cows and the number
of lactating cows. Moreover, higher production
volumes generate higher prices for the rural producer
and greater bargaining power in the transactions
with the beneficiation industry.

Factor 2 (F2) was defined by the percentage of
family businesses, weekly rest, and annual vacation.
F2 was designated social factor because of the
characteristics of these variables (Table 4).

The Labor Legislation states that workers should
have a formal employment contract, a weekly rest
period of 24 continuous hours, annual vacation, and
Christmas bonus. Salary [Consolidated Labor Laws
(Consolidagao das Leis do Trabalho-CLT), Decree-
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Law No. 5,452, of May 1, 1943]. Failure to comply
with these legal issues may result in informal work
and carry penalties to rural workers. In addition,
social responsibility creates direct benefits to the
business sustainability in the medium- and long-
term because of the legal and market requirements
(MARTINS et al., 2015).

Social compliance may result in higher yields for
DPS because of the higher motivation of workers
and better conditions and quality of life in the work
environment (MARTINS et al., 2015).

Factor 3 (F3) was defined by pasture condition,
soil condition, pasture management, practices
complying with the new Forest Code, and conditions

Table 5. Characterization of each cluster.

of animal facilities. Therefore, F3 was named
environmental factor (Table 4).

F2 and F3 represent a legal condition for the
existence and permanence of milk activity in
consumer markets. The lack of compliance with
the new Forest Code may cause greater difficulty
in access to credit and preclude the register of the
dairy production system in the Rural Environmental
Registry (Cadastro Ambiental Rural-CAR), thus
limiting the growth of these systems.

Cluster analysis defined the typology of the
three factors (Table 5) and three groups of DPS
considering the factor scores (Table 6).

Cluster 1 2 3

Minimum 500.0 20.0 48.0
Milk production (liters of milk per day) Maximum 2000.0 1000.0 800.0
Mean 970.71 251.09 309.9

Minimum 43.0 5.0 23.0

Number of dairy cows Maximum 180.0 150.0 88.0
Mean 96.43 35.56 47.15

Minimum 25.0 3.0 11.0

Number of lactating cows Maximum 72.0 52.0 65.0
Mean 47 18.46 26.75

Minimum 11.0 2.0 4.0

Milk yield (liters of milk per cow per day) Maximum 30.0 29.0 22.0
Mean 20.57 13.06 11.8

Minimum 16.0 1.0 0.9

Milk production (liters per ha) Maximum 82.6 134.0 46.5
Mean 42.77 29.47 15.82

Table 6. Mean values of the factor scores of each cluster.

Cluster N % Economic factors (F1) Social factors (F2) Environmental factors (F3)
1 16 10.46 1.032 1.95 -0.31°
2 118 77.12 -0.02¢ -0.49¢ -0.10°
3 19 12.42 -0.73° 1.41° 0.91°
Total 153 100 - - -

Different letters in each column indicate differences using the Wilcoxon rank sum test with cluster-wise correction at a level of

significance of 5%.
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Sixteen DPS (10.46%) were allocated to cluster 1,
118 (77.12%) to cluster 2, and 9 (12.42%) to cluster
3. The groups of DPS were compared using the
mean factor scores (Table 6). Cluster 1 was located

Figure 1. Dispersion of the DPS for factors 1 and 2.

4

F2:Social

entirely in the upper right quadrant and contained
DPS with scores indicating good compliance with
F1 and F2 (Figure 1).

F1:Economic
@ Cluster 1 M Cluster 2 A Cluster 3

Cluster 2 was located in the lower quadrants. The
DPS with scores indicating poor compliance with
F1 and F2 were located in the lower left quadrant
whereas the DPS with good adherence to F1 were
located in the lower right quadrant (Figure 1).

Cluster 3 was concentrated in the upper quadrants,
predominantly in the left quadrant, and contained

DPS with scores indicating good compliance with
F2, but poor compliance with F1 (Figure 1).

Cluster 1 was mostly concentrated in the lower
right quadrant and contained DPS highly compliant
with F1 practices but poorly compliant with F3
practices (Figure 2).
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Figure 2. Dispersion of the DPS for factors 1 and 3.

E

5

£ -4 3 -~

£ [

N

5 |

- EE

[
-3
4

F1:Economic

@ Cluster 1 M Cluster2 A Cluster3

In contrast, cluster 2 was located in the lower
quadrants. The DPS with scores indicating good
adherence to F1 and F3 were located in the lower
left quadrant whereas those with good adherence to
F1 but poor compliance with F3 were located in the
lower right quadrant (Figure 2).

Cluster 3 was predominantly located in the upper
left quadrant and contained DPS highly compliant
with F1 and F3 (Figure 2).

Therefore, cluster 1 contained DPS with good
compliance with F1 and F2 actions compared to
the other clusters (p<0.05) (Table 5 and Figures 1
and 2). This result indicates that cluster 1 is formed
by DPS with larger production scale and volume,
and more dairy and lactating cows. Furthermore,
the DPS in cluster 1 presented higher milk yield per
animal and area (Table 5).

Cluster 1 also contained DPS with better control
of milk production and better management of
financial activity compared to the DPS in clusters 2

and 3 (Table 6).

The DPS in cluster 1 had a higher percentage of
hired workers and farmers who complied with rules
related to weekly rest and annual vacation for the
workers compared with the DPS in clusters 2 and 3
(Table 5). Therefore, the DPS in cluster 1 had more
social concerns about the impact of the production
system on human and animal welfare, the adaptation
of animals to the animal facilities, and the work
environment, and this result corroborates with those
of Sydorovych and Wossink (2008), and Van Calker
et al. (2005).

These results indicate that the DPS in cluster 1
are better adapted to market demands, milk volume
and quality, and therefore tend to obtain a better
value per liter of commercialized milk and higher
profitability with milk production (IPARDES,
2008).

The fact that the DPS in cluster 1 had higher
compliance with F1 actions than the other DPS
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may be related to the profile of producers working
in the dairy industry and classified as “modern
conventional to modern industrial” (OKANO,
2012).

The production systems in cluster 1 presented
lower compliance with F3 than the DPS in cluster
3 (p<0.05) but were not significantly different from
the DPS in cluster 2 (p>0.05). Therefore, compared
to cluster 3, cluster 1 is formed by DPS that adopt
fewer

environmental sustainability practices,

including improvements in pasture and soil
conditions, routine pasture management practices,
better compliance with the new Forest Code, and
conditions that improve animal welfare (Table 6 and

Figures 1 and 2).

Although the DPS in cluster 1 achieved the
best results for F1, F2, and F3 if compared to the
DPS in the other clusters, practices that improve
the sustainability of F3—the most critical factor—
should be prioritized, and the sustainability of F1
and F2 should be improved in all cases.

It is of note that cluster 1 contained a smaller
number of DPS (16);
represents a small percentage of the analyzed cases
(Table 6).

therefore, this cluster

The DPS in cluster 1 adopted more consistent
actions for economic, social, and environmental
sustainability (Table 6 and Figures 1 and 2) and
consequently had better survival capacity in the
medium- and long-term compared to the production
systems in clusters 2 and 3.

The DPS in cluster 2 presented negative mean
values for all three factors and lower compliance
with F2 (p<0.05) compared to the DPS in the other
clusters (Table 6).

The production systems in cluster 2 presented
lower adherence to F3 than the DPS in cluster 3
(p<0.05) but were not significantly different from
the DPS in cluster 1 (p>0.05) (Table 5 and Figures
1 and 2). These results indicate that the majority
(77.12%) of the analyzed DPS presented important

obstacles to economic, social, and environmental
sustainability practices (Table 6).

Compared to the other clusters, the DPS in
cluster 2 adopted fewer economic, social, and
environmental sustainability practices (Table 6 and
Figures 1 and 2). Therefore, cluster 2 is formed
by DPS with a low likelihood of survival in the
medium- and long-term (FARINA et al., 1997).

For the DPS in cluster 2, economic and social
compliance should be prioritized, and environmental
sustainability actions should be improved to increase
the likelihood of survival.

Cluster 3 contained DPS with good adherence
to F2 compared to the DPS in cluster 2 (p<0.05)
and poor adherence to F2 compared to the DPS in
cluster 1 (p<0.05). The DPS in cluster 3 presented
poor compliance with F1 compared to the systems
in clusters 1 and 2 (Table 6).

The DPS in cluster 3 presented good compliance
with F3 compared with the systems in the other
clusters (p<0.05) (Table 6 and Figures 1 and 2).
Therefore, the DPS in cluster 3 adopt sustainable
environmental The
strongest limitation to sustainability in cluster 3 in
the medium- and long-term compared to cluster 1 is
economic and social adequacy. Therefore, the DPS
in cluster 3 have moderate survival capacity in this

practices in most cases.

time frame.

Considering these results, practices that improve
economic, social, and environmental sustainability
should be implemented by the DPS in Parana. These
practices include soil conservation by grazing and
analysis of the impact of anthropic actions related to
pasture management. Another strategy that improves
sustainability is the dissemination of information on
the importance of sustainability practices for the
survival of dairy production systems in the medium-
and long-term.

F1 can be improved by performing actions
related to the increase in dairy production and
training in the management of the DPS.
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The training of workers involved in dairy
production is vital for developing these systems,
with benefits for the entire milk production chain
(REIS FILHO; SILVA, 2013). Regarding this, the
role of public technical assistance institutions is
fundamental. In addition, private actions, especially
those from industry, related to price formation and
direct contact with new markets, may improve the
sustainability of these systems in the medium- and
long-term.

Conclusion

The degree of compliance of the DPS of Parana
with social and environmental practices, considering
the measures adopted by farm managers, is variable.

Environmental sustainability factors, followed
by social and economic factors, were the most
critical for the sustainability of the analyzed
DPS. Therefore, these production systems need
to implement significant changes to increase their
survival in the medium- and long-term.
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