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Adoption of technological and managerial requirements to export beef to the EU: a
study of Brazilian farms

Abstract. A sample of 83 cattle beef farms provided data to test hypotheses on

economic and non-economic factors. A bivariate logit statistic model was used. It was

found that high capital intensity, large scale, previous experience with certification, and

farmers” experience, measured by age, play a positive role in the adoption.
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1. INTRODUCTION

Since the 90's, consumers, particularly in Europe, have attributed great
importance to quality and food safety. To a large extent, this concern is associated with
the increase number of food contamination cases and the "mad cow" disease crisis
(Bovine Spongiform Encephalopathy - BSE) and its association with Creutzfeldt-Jakob
disease (CJD) in human.

These events highlighted close interdependence among different stages of the
production chain and the limitations of quality control along the food chain (Hobbs,
2004), as well as fostered the adoption and diffusion of new legal rules and certification
systems related to food safety and food quality. (Fulponi, 2006; Trienekens and
Zuurbier, 2008). Technical and sanitary barriers were created by most import countries.
Ensuring quality and food safety has become a fundamental condition to maintain or to
have access to new international markets. Thus, traceability is at the core in the
discussions on food chain management (Fritz and Schiefer, 2009).

Brazil had one of the largest commercial cattle herd in the world, free of BSE.
The country is also the major exporter of beef, reaching 300 000 tons and, in 2007,

around 2.4 million tons (Secex, 2010). Large share of the international market has



brought challenges to Brazilian beef industry. In particular, the European Union (EU)
has increased food safety standards to import fresh beef. The European Union has
demanded traceability and created a set of directives for their trade partners (Directives
CE 820/97 and 178/2002) as conditions to have access to its market. The requirements
are limited to the ability to track the history and origin of the product, do not include
requirements related to the monitoring of product quality (Regattieri et al., 2007).

The demands from the international market had impact on the national
regulatory environment on food safety. In 2002, The Brazilian System of Identification
and Certification of Bovine and Bubaline Origin (SISBOV) was created. This system,
of voluntary adoption, is coordinated by the Ministry of Agriculture, Livestock and
Food Supply, which is responsible for the approval and authorization of third part
private certifiers. The SISBOV certification is necessary, but not sufficient condition to
export to European Union. The farm must also be part of TRACES (Trade Control and
Expert System). TRACES is a network created by European Union for veterinary health
which notifies, certifies and monitors trade in animals and animal products. A SISBOV
and TRACES certified farm must adopt traceability and a set of management and
operational technologies.

The implementation of traceability leads to the adoption of practices such as
individual identification of animals, records and documentation to track the history of
animal movements, inventory control and the adoption of information technologies,
such as software and electronic devices for cattle management (Nantes and Machado,
2005; Cocaro and Jesus, 2008). However, the level of diffusion of this certification is
still low. A small number of farms have adopted it; consequently technological
heterogeneity persists in bovine livestock production in Brazil. In 2010, there were only

1.895 certified farms in TRACES, of which 137 were located in the State of Sao Paulo,



Brazil (MAPA, 2010). The aim of this empirical research is to identify and analyze
determinants of adoption both SISBOV and TRACES certification at the farm level in

the State of Sdo Paulo, Brazil.

2. THEORETICAL FRAMEWORK

This section attempts to review the factors that are likely to influence the process
of the adoption of the SISBOV/TRACES certification. The literature on technology
adoption provides a framework to understand how farmers behave with regard to a new
technology. According to Souza-Monteiro and Caswell (2009), most traceability
systems are based on information technology. As the SISBOV certification requires the
adoption of traceability at farm level, the empirical studies of adoption of information
technologies are also used to identify variables that affect adoption. Based on the
literature on agricultural technologies adoption, certification, traceability and
information technologies adoption, two sets of factors have been highlighted: the

farmers’ characteristics and the farms” characteristics.

2.1. FARMERS  CHARACTERISTICS

There is a wide literature which attributes to human capital variables important
role in agricultural technical change (Rogers, 1983; Vicente, 2002; Conceicéo et al.,
2006). The role of human capital is analyzed by means of variables related to the level
of education, experience, skills and abilities (Mizumoto, 2009).

Information plays an important role in the recognition of potentially valuable
opportunities and the ability of individuals to exploit them economically. Better access
to certain types of information and ability to use this information makes a person more

able than others to recognize a good opportunity (Baron and Shane, 2007; Baron, 2007).



One indicator of this capacity is the level of education. Schultz (1975, cited by Hébert
and Link, 1988) highlighted the effect of education on individuals' ability to perceive
and respond to the opportunities arising from the market disequilibrium.

Empirical results in Vicente (2002) and Conceicdo et al. (2006) show the
positive effect of educational level in the adoption and intensity of adoption of
agricultural technologies in Brazil. Experiences from other countries confirm the
positive impact of this variable in the adoption of agricultural technology (Rogers,
1983; Doye et al., 2000; Abdulai and Huffman, 2005; Sidibé, 2005; Abdulai et al.,
2008; Ashraf et al., 2009; King et al., 2010; Kirk et al., 2010) and traceability adoption
(Souza-Monteiro and Caswell, 2009). The educational level of managers also positively
influenced the adoption of ISO certification and Internet use (Correa et al., 2010). The
first hypothesis can be drawn from the above literature:

H1: the higher the education levels of farmers greater the likelihood of adoption of

SISBOV and TRACE certification.

Experience is another way of getting knowledge. Previous experience and/or
prior knowledge in areas related to new technology is one of the factors that influence
farmer’s behavior regarding the use of the new practice, which in turn affect the process
of technology adoption. According to the literature on his area experience can affect
self-efficacy, which refers to the belief that the person is able to perform a specific task,
given a set of circumstances. Self-efficacy has an indirect effect on the adoption of
technology. People with high self-efficacy, which is largely built up on past experience,
have less anxiety regarding the use of the new practice. These individuals are more

likely to adopt the new technology (Bandura, 1997; Czaja et al., 2006).



The economic theory emphasized experience as a means for acquisition of
entrepreneurial skills. Hébert and Link, 1988 showed that, in addition to formal
education, knowledge is also obtained through daily experience; and different
individuals get it in different degrees. The experience induces reflection, interpretations,
and generalizations by individuals (Hébert and Link, 1988).

Farmers with large experience and tradition in agriculture, in general, have better
performance than famers with little or no experience in management of agricultural
activity (Buainain, 1997). Vicente (2002) and Conceicdo et al. (2006) presented
empirical results indicating the positive impact of experience in the rural activity on
both the adoption and the intensity of adoption of agricultural technologies in Brazil.

The experience is a relevant factor to explain efficiency in management of
traditional productive resources, but it is also important in the adoption of private
standards and certification related to food safety and environmental management.
Agricultural production for both export markets and niche markets is subject to these
requirements. Souza-Monteiro and Caswell (2009) and Grolleau et al. (2007) found that
previous experience with food safety systems, such as HACCP (Hazard Analysis and
Critical Control Points), GAP (Good Agricultural Practices), among others, facilitates
the adoption of traceability and certification on environmental sustainability. The total
cost reduction, mainly the cost of learning, explains this positive correlation. Canavari
et al. (2010)’s case study on traceability in fruit chain showed that the diffusion of the
ISO standards enabled the adoption of tracking systems.

H2: farmers with previous experience in quality management practices or other

certifications are more likely to adopt the SISBOV and TRACES certification.



In addition to formal education and experience, sharing information on a wide
social network help to increase the knowledge base and access to key information
(Baron and Shane, 2007; Baron, 2007; Hartog et al., 2009). The central idea of social
capital is that social networks and the concept of reciprocity have a value (Putnam,
2001).

Social capital takes many forms. Some of them are formal, like farmers
associations. Other forms can be informal, like groups of people who meet regularly for
sports activities. Both are social networks where reciprocity is developed and allows
gains (Putnam, 2001).

Farmer participation in formal associations, organizations and cooperatives has
been considered as proxy variable for social capital in empirical studies on technology
adoption (Souza Filho, 2001; Silva and Teixeira, 2002; Sidibé, 2005; Monte and
Teixeira, 2006; Wubeneh and Sanders, 2006). Souza-Monteiro and Caswell (2009)
founded positive relationship between the affiliation to farmers’ organization and the
adoption of traceability systems in pear production in Portugal.

H3: farmers affiliated to cattle beef farmers’ organization are more likely to adopt

SISBOV and TRACES certification.

Farmers” ability to organize and understand information can speed up adoption.
Fluid intelligence is responsible for speed up information processing. This type of
intelligence has negative relation with age. Young people tend to process information
faster than old one. On the other hand, age has a positive relation to the knowledge,
which is obtained during the life. This kind of knowledge is known as the crystallized

intelligence (Beier and Ackerman, 2005).



According to Souza-Monteiro and Caswell (2009) adoption of traceability
frequently requires the adoption of information technologies. Empirical research related
to the adoption of information technologies found an inverse relationship between age
and adoption (Huffman e Mercier, 1991; Czaja et al., 2006; Charness and Boot, 2009).
Empirical studies related to the adoption of agricultural technologies identified the
adverse effects that age can have on the adoption of new practice. On the one hand,
more experience - measured by either age or years of work in agriculture - is a positive
factor in the adoption of sustainable practices, because it may indicate a greater ability
for agricultural management. On the other hand, older farmers may have less energy
and/or have a shorter planning horizon (Rahm and Huffman, 1984; Anosike and
Coughenour, 1990; D'Souza, et al., 1993). Buainain et al. (2002) propose that younger
farmers tend to be more easily attracted to novelty and more likely to be early adopters
of new agricultural practices. Souza-Monteiro and Caswell (2009) found that younger
farmers were more likely to adopt more complex systems of traceability.

H4: Younger farmers are more likely to adopt SISBOV and TRACES certification.

2.2. FARMS CHARACTERISTICS

Although enough information is available, the decision to adopt new technology
can be influenced by economic barriers. In the case of agriculture, farm size is critical.
This variable may be relevant as long as large farms may allow greater flexibility in
production decisions, greater access to discretionary resources and better information,
more opportunities to test new practices and higher ability to deal with risk and
uncertainty (Souza Filho, 2001). Besides the advantages mentioned, larger farms can

also benefit from economies of scale (Galliano and Orozco, 2011).



The traceability implementation has high set up cost and some agents may not
get the economic benefits of adoption (Kher et al., 2010). Some empirical studies have
found a positive relationship between size of the farm and adoption of traceability
(Souza-Monteiro and Caswell, 2009; Galliano and Orozco, 2011). The probability of
adoption of ISO certification was also positively influenced by the firm size (Correa et
al., 2010). The adoption of information technology by farms, particularly e-marketing,
is also positively correlated with the farm size (Baer and Brown, 2007).

Hypothesis 5: Number of cattle heads, used as a proxy for size, is positively related to

the adoption of SISBOV and TRACES certification.

Increase use of inputs can increase profit, but also can increases risk and
complexity of the production system. The cost structure changes and requires further
expenditure. This scenario also requires rigorous management of production (Correa et
al., 2000). High capital intensive production system is also managerial intensive.
Precise controls of inventory and production costs are central to the success of more
intensive production systems. In very intensive beef cattle raising systems, animal price
plays an important role in profitability (Arieira et al., 2007). SISBOV and TRACES
certification may allow premium prices, which reduces the risk of intensive systems.

The adoption of SISBOV and TRACES certification requires rigorous controls
of documentation and inventory. It also requires precise controls of inventory and
documentation of animals’ movements. Farmers who adopt capital intensive production
system, like feedlot, are more likely to adopt traceability.

Huffman and Mercier (1991) studied the adoption of computers by farmers. The
empirical results show a positive relationship between the increase in the complexity of

rural activity and the likelihood of technology adoption. The complexity of rural activity



was defined on a scale of zero (low complexity) to five (high complexity). A large cattle
farm was classified as level four of complexity.
H6: cattle raisers who fatten animals in intensive production systems are more likely to

adopt the SISBOV and TRACES certification.

Box 1 shows the variables and the expected results for each based on the

theoretical framework and empirical evidences presented above.

Box 1. Expected results for the variables determining SISBOV/TRACES certification

adoption by farmers in the State of S&o Paulo, Brazil.

Variable Empirical studies that used the variable Expected
sign
Education Conceicdo et al. (2006); Vicente (2002); Souza-Monteiro and
Caswell (2009); King et al. (2010); Kirk et al. (2010); Ashraf et )
al. (2009); Abdulai et al. (2008); Abdulai and Huffman (2005);

Sidibé (2005); Doye et al. (2000)

Previous experience  Conceicdo et al. (2006); Vicente (2002); Souza-Monteiro and

Caswell (2009); Grolleau et al. (2007) *)
Participation in Monte and Teixeira (2006); Sidibé (2005); Silva and Teixeira
farmers (2002); Souza Filho (2001); Souza-Monteiro and Caswell (+)
organizations (2009)
Age Czaja et al. (2006); Charness and Boot (2009); Huffman e )
Mercier (1991); Souza-Monteiro and Caswell (2009)
Size Galliano and Orozco (2011); Souza-Monteiro and Caswell
(2009); Baer and Brown (2007); Correa et al. (2010); Montiel )
and Husted (2009)
Capital intensive Huffman and Mercier (1991)* )
production systems

*Complexity of rural activity.

3. METHODOLOGY

3.1. THE SAMPLE
A survey questionnaire was used to get information on: characteristics of the

farm (e.g. size and production system) and characteristics of the farmer. The latter was




divided in human capital (e.g. age, experience and education) and social capital (e.g.
participation on farmer organization). The sample comprises cross section data on 31
certified farmers, which were randomly selected from a population of 137 certified and
approved farms on TRACES (Trade Control and Expert System) list of the State of S&o
Paulo, Brazil, and 55 non-certified counterfactual farms. The definitions of the
variables used in the quantitative analysis are presented in Table 1; Table 2 provides

some descriptive statistics of the sample farms and farmers.

Table 1. Definition of farmer and farm characteristics.

Education  Years of formal education of the farmer

Experience  Adoption of previous certification or quality practices = 1, = 0 otherwise

Assoc Participation on producer organization = 1, = 0 otherwise

Age Age of the farmer at the date of the survey (years)

Size Number of cattle

Feedlot Adoption of capital intensive livestock production system = 1, = 0 otherwise

Table 2. Descriptive statistics of sample farmers and farms.
Certified farms Non-certified farms

(31) (52)
mean s.d. mean s.d.
Education 16,387 1,726 15,000 2,910
Assoc 0,355 0,486 0,192 0,398
Age 52,839 11,816 50,654 12,128
Size 9.419,484 13.265,757 959,923 1.390,857
Feedlot 0,806 0,402 0,346 0,480
Expererience 0,774 0,425 0,288 0,457

3.2. LOGIT MODEL



The empirical analysis of the survey data is performed with the estimation of a
logit model. The discrete choice models has been also performed by other empirical
analyses on the adoption of traceability system as well as information technologies
(Souza-Monteiro and Caswell, 2009; Galliano and Orozco, 2011; Correa et al., 2010).
The variable to be "explained" is the dichotomous choice: adoption/non-adoption.

In making the decision on whether or not to adopt the traceability system and the
certification, it may be assumed that the farmer weighs up the marginal advantages and
disadvantages of the technology. As the parameters of this decision are not usually

observable, for each farmer i we can define a latent variable, y*, as

Yi*: L' Xi+ Ui i=1..,N (1)

where X denotes a set of explanatory variables. The observed pattern of demand can be
described by a dummy variable, y, such that yi=1 if farmer i has adopted, yi=0 if he/she

has not adopted. These observed values of y are related to y* as follows:

yi=1lifyi* >0 (2)
yi = 0 otherwise

and

Pr(y; = 1) = Pr(y; > 0) = Pr(u > -4X) = 1 - F(-f'X)

3
=F(S' Xi) ©)



where F is the cumulative distribution function for u and a symmetric distribution is
assumed. Using maximum likelihood procedures, estimates of the 3 parameters can be
obtained.

For the logit model, a logistic cumulative distribution function is assumed,

Priyi=1) = o7
=A(B X) (4)

where A denotes the logistic cumulative distribution function.

Here, the ‘odds ratios” (or eP) rather than the B coefficients themselves are
presented. The interpretation is that as the explanatory variables change, the probability
of farmers adopts the traceability and certification changes by that factor. In other
words, variables with an odds ratio greater than unity would increase the probability of
demand, while those with a value of less than unity would have a negative impact on the

certification adoption.

4. RESULTS'

Table 3 provides the results of the logit model. The likelihood ratio (LR) was
used to test the hypothesis that all the slope coefficients in the logit model are zero. The
restricted log likelihood value is -54,8454. The unrestricted log likelihood value is -
30,4999. The LR test statistics are therefore 48,69. With 6 degrees of freedom, the
critical value at the 5% significance level is 18,55, and so the joint hypothesis that the

coefficients on the full set of variables are all zero is rejected.

LAl empirical analysis has been undertaken using Statistica 10.0.



Table 3. Specification of the Logit Model.

Number of obs =83 Log-likelihood =-30,4999
Chi’(6) = 48,69 NagelKerke R” = 0,6052
Variables Odds Ratio  Std. Error. Wald Stat. ¢}

Feedlot* 2,4797 0,3748 5,8696 0,015

Experience** 1,8762 0,3480 3,2696 0,071

Assoc 1,0164 0,3751 0,0019 0,965

Age* 1,0865 0,0347 5,7153 0,017

Education 1,1167 0,1320 0,6987 0,403

Size* 1,0004 0,0002 4,2058 0,040

Prediction Percent

Observed 0 1 Total correct
0 23 8 31 74,19
1 6 46 52 88,46

Total 31 52 83

*Significantat 5% level

**Significantat 10% level

The interpretation of odds ratios (e’) can be made using the formula
[(€P~1)*100], which shows the change in percentage points in the probability of the
dependent variable to be equal to 1 (adoption of SISBOV certification) as a response to
the change of one unit in the independent variable.

The results of the estimated parameters of the model for the adoption of capital
intensive livestock production system, farm’s size, previous experience with other
certification or quality practices, participation in formal farmers organization and level
of schooling of the farmer are in agreement with the theory. These parameters had the
expected sign and, with the exception of Schooling and Association, all other variables

are statistically significant levels of 5% or 10% significance. Thus, we can accept the



hypotheses 2, 5 and 6 established in section 2. The parameter for Age presented
different sign than expected and is statistically significant at 5% level.

The variable Age is controversy among the technology adoption empirical
findings. The literature review performed by Rogers and Shoemaker (1971, cited by
Rogers, 1983) didn’t find a consensus for this variable. Also, Rahm and Huffman, 1984,
Anosike and Coughenour, 1990 and D'Souza, et al., 1993 mentioned the contradictory
effects of age on technologies adoption.

In the psychology cognitive literature, the age is one of the indicators used to
analyze intelligence. The relationship between age and technology adoption is mediated
by fluid and crystallized intelligence. Although both intelligences are correlated, they
have different relationships with age (Beier and Ackerman, 2005). On the one hand, an
increase in age reduces fluid intelligence, and therefore, the likelihood of technology
adoption. On the other hand, the same increase in age maintains or increases the
crystallized intelligence, and therefore, the likelihood of adoption. Thus, an increase in
age could lead to either an increase or reduction of adoption likelihood. If the net effect
establishes a positive relationship between age and technology adoption, the crystallized
intelligence is predominant. In this case, it is inferred that the technology is more
demanding on knowledge acquired throughout life, i.e., management experience.

The variable Feedlot has the greatest impact on the probability of farmers to
adopt the SISBOV/TRACES certification. The odds of adopting the SISBOV/TRACES
certification significantly increases when farmers raise cattle at a feedlot system. In fact,
this system is not only a high capital intensive production system but is also managerial
intensive. The set of practices and controls already performed in the feedlot
management comprises most of the necessary managerial procedures and facilities for

the adoption of SISBOV/TRACES certification.



The results suggest that the previous compliance with other certification or
quality assurance program, such as GlobalGap or Good Agricultural Practices, can
increase the probability of SISBOV/TRACES certification adoption. Some initiatives of
cattle quality programs coordinated by either slaughterhouses or farmers organizations
increase farmer” experience in documentation procedures and audits. The outcome
variable for Experience in this study confirms other empirical findings (Souza-Monteiro
and Caswell, 2009).

The odds ratio of Size shows that adoption of SISBOV/TRACES certification
significantly increases when the farm has large herds. This result also confirms other
empirical studies (Souza-Monteiro and Caswell, 2009; Galliano and Orozco, 2011).
This variable is associated to economies of scale associated with fixed costs of

certification (Galliano and Orozco, 2011).

5. CONCLUSIONS

Farm SISBOV/TRACES certification is required to export beef to European
Union. This certification implies the adoption of traceability and a set of management
and operational technologies. Several studies have shown the costs and benefits of
traceability adoption. However relatively few studies have looked at factors that affect
their adoption at the farm level. This paper presents an empirical analysis of the
adoption of a certification required to export to European Union in the Brazilian Beef
chain.

The analysis suggests that a higher probability of SISBOV certification adoption
is associated with larger herds and high capital intensive production system. Older
farmers and the previous compliance with other certification or adoption of quality

practices also increase the probability of SISBOV certification adoption.



In terms of policy implications, this article provides indications regarding the
types of farmers that could face difficulties in the adoption the SISBOV certification.
These are small farms, which raise herds in less extensive production system. Also, the
implementation of traceability requires taught experience (learning by doing) regarding
documentation procedures and audits. Additionally, previous experience with quality
control practices or certification play an important role. These results can be useful for

policies providing incentives to diffuse innovation in agriculture.
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