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Abstract

Complementarity is an interesting approach to explain technology adoption. Taking account the other activities the
farm performs in its production strategy can help understanding the decision on the adoption of new agricultural
technology. This paper aims to evidence the existence of synergic effect resulting from the joint adoption of feedlot
and traceability certification of beef cattle in Brazil. A sample of 84 beef cattle farms provided data to test hypotheses
by using an OLS regression model. A measure of performance - revenue - is regressed on variables representing both
isolated and joint adoption of capital-intensive production system and traceability. The results suggest the existence
of synergic effect when joint adoption takes place. Joint adoption is influenced by a set of management practices,
such as forward contracts, training of employees and zootechnical performance control, which are shared by both

capital-intensive production systems and traceability.
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1. Introduction

Beef cattle production in Brazil is marked by great
diversity and technological heterogeneity between
farms. While some farmers adopt capital-intensive
production systems and have high yields per area and/or
per animal, others adopt extensive systems with low
technical efficiency (Zylbersztajn & Machado Filho,
2003; Souza Filho et al., 2010). Such heterogeneity
in beef cattle production in Brazil has been justified,
historically, by the abundance of land and by the
absence of economic and institutional pressures to
increase yields. However, since the 1990s, the prices
for arable land have increased along with a growing
share of Brazilian beef exports in the international
market (Brasil, 2014). In addition, many environmental
restrictions were recently introduced in order to
prevent deforestation for land use. Consequently,

the diffusion of capital-intensive production systems
with higher yields has increased among Brazilian
beef cattle farmers.

The adoption of food safety standards and
certifications, which includes traceability, has become
a necessary condition to gain access to international
markets. Food contamination cases and the BSE crisis
in the 1990s highlighted the close interdependence
between different stages of agrifood chains and the
limitations of quality control along these chains
(Matos & Rossi, 2007; Hobbs, 2004). As a result, more
stringent food safety and food quality regulations have
been introduced by governments (Krieger & Schiefer,
2007; Fulponi, 2006; Trienekens & Zuurbier, 2008).

The European Union (EU) has increased food
safety standards for fresh beef imports, which
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creates challenges to large exporters, such as Brazil.
More specifically, the EU has demanded traceability
and has created a set of directives for their trade
partners as conditions to gain access to its market
(Regattieri et al., 2007). In order to comply with EU
demands and sustain the trade partnership, Brazilian
authorities had to adjust the country food safety
regulation related to the beef industry. In 2002, the
Brazilian System of 1dentification and Certification of
Bovine and Bubaline Origin - SISBOV - was created
as an official tool designed to ensure traceability in
the beef chain. This system is of voluntary adoption,
and is coordinated by the Ministry of Agriculture,
Livestock and Food Supply. The ministry is also
responsible for the accreditation of third party
private certifiers. The SISBOV certification became a
necessary condition for Brazilian producers to export
to the EU. In addition, the farm must also be part
of TRACES (Trade Control and Expert System) - a
veterinary health network created by the EU, which
notifies, certifies and monitors trade in animals and
animal products.

A SISBOV certified farm must adopt traceability
and a set of management practices and operational
technologies. The implementation of traceability
leads to the adoption of practices such as: individual
identification of animals; records and documentation
in order to track the history and movement of
each animal; inventory control and the adoption
of information technologies, such as software and
electronic devices for cattle management (Cocaro &
Jesus, 2007; Carrer et al., 2014).

The adoption of these innovations at the farm
level requires time, training of employees and capital
investments. In return, exporting slaughterhouses
pay a premium price for traced cattle. 1t should be
noted that farmers who decide not to adopt SISBOV
certification are still enabled to sell non-traced cattle to
other markets, such as the domestic market and other
countries. In August 2015, there were 1,628 certified
farms in Brazil and only 122 certified farms in the
State of Sdo Paulo (Brasil, 2015). The certified farms
in Brazil represent 0.5% of the total of Brazilian
farms with more than 50 bovines issued in the last
Brazilian Agricultural Census (Instituto Brasileiro de
Geografia e Estatistica, 2006).

Thus, diffusion of the SISBOV certification was low,
which suggests the premium price paid by processors
was not a strong incentive for adoption. Which factors
have led some farmers to adopt this certification
and the associated technologies and management
practices? The literature on technology adoption
provides a framework to test hypotheses based on
factors which may accelerate, slow down or even render
the adoption unfeasible (Sunding & Zilberman, 2001).

This approach is related to technological diffusion, in
which exogenous determinants either foster or hinder
the adoption. An alternative approach is based on the
concept of complementarity developed by Milgrom &
Roberts (1990), in which the probability of adoption
of an innovation increases when it is complementary
to other technologies already adopted.

The concept of complementarity is an interesting
approach to explain the slow and irregular process of
technological diffusion (Bocquet et al., 2007; James
Junior et al., 2011). However, this approach has been
seldom explored in empirical studies on adoption of
agricultural technology. This study fills this gap in the
literature by examining the existence of complementarity
between the adoption of capital-intensive production
systems, such as feedlot, and the adoption of SISBOV
traceability. Both strategies involve the adoption of
a set of complementary management technologies
and practices. 1t is hypothesized that the effect of
complementarity on the economic performance of
livestock production helps to explain the low adoption
of traceability systems in Brazil. The complementarity
hypothesis is investigated with survey data collected
from a sample of 84 beef farmers in the State of Sdo
Paulo, Brazil.

This paper is organized as follows. The next section
describes the theoretical and empirical literature
on complementarity. Section 3 contextualizes the
complementary variables and the factors that affect
the synergic effect of complementarity in the beef
supply chain. The productivity approach used to
evidence the existence of complementarity is presented
in section 4. Empirical results are discussed in section
5, while section 6 presents the conclusions.

2. Theoretical approach

The concept of complementarity was initially
used by Milgrom & Roberts (1990) to explain the
revolution in the manufacturing industry carried out
by the adoption of technologically advanced machinery
and new forms of organization. The authors formalize
the intuitive idea of synergy, i.e., the idea that the
whole is greater than the sum of the parts (Milgrom
& Roberts, 1995). According to this approach, new
technology is adopted in order to optimize the
firm’s strategy, as well as other organizational and
technological practices (Bocquet et al., 2007).

Following this idea, Gomez & Vargas (2012) state
that some technologies should not be analyzed in
isolation. On the contrary, the adoption of a given
technology is better explained when one takes into
account that it is part of a system alongside other
technologies. Joint adoption helps the firm to build



systems in which complementarity between the parts
can arise. Complementarity exists when a change
in one or more elements of the system leads to a
change in another. Suppose the firm has already
adopted three management practices (A, B, and
C) that are complementary to a new management
technology (D). This means that the probability of
the new management technology (D) being adopted
by the firm increases when the three management
practices (A, B, and C) are present. This does not mean
that the new management technology (D) cannot
be adopted without the presence of the other three
practices (A, B, and C) (James Junior et al., 2011).
In general, the complementary elements of a system
tend to move together systematically and consistently
in response to contextual changes. Changes favoring
the increase in one element of the system tend to
also increase the occurrence of the others (Milgrom
& Roberts, 1995).

In order to adapt to contextual changes, the
firm is more likely to achieve higher performance
levels in new activities that are complementary to
other previously established ones. Thus, one of the
skills involved in this process of decision-making is
to recognize synergies in new available technologies
or complementarities with existing activities (Milgrom
& Roberts, 1995).

Previous studies on complementary technologies
have provided empirical evidence on the existence of
such complementarities between different technologies.
Bocquet et al. (2007) found that the probability of
information technology adoption is significantly
and positively associated with the presence of other
organizational practices. ED1 adoption is complementary
to an organizational design that combines tools to
enhance employee incentives, formal contracts with
customers and suppliers, and quality improvement
procedures. Zhu (2004) provided evidence that superior
performance (revenue generation, cost reduction,
asset return and inventory turnover) of retail firms can
arise from combining e-commerce capabilities with
1T infrastructure. Aral et al. (2012) found evidence of
complementarity between information technology,
performance pay, and human resource analytics
practices when these practices are implemented
jointly rather than separately. Gomez & Vargas (2009)
provided evidence that the adoption of one of the
technologies employed in manufacturing (numerically
controlled machines, computer aided design and
robotics) is positively related to the introduction of
the other two.

Few empirical studies, however, show the existence
of complementarity in the adoption of agricultural
technologies. Huffman & Mercier (1991) investigated
the influence of the management complexity of
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different rural activities on the adoption of computers
and computer services. The authors found that the
greater the management complexity, such as in large
livestock farms, the more likely the adoption of such
technologies. They concluded that the adoption of
computer and related services were complementary
inputs to the complexity of rural activity management.
Melo (2012) proposes a model of financial risk
management for the feedlot activity in Brazil. In his
model, the premium price for traced animals was very
important in order to explain the economic viability
of feedlot systems. This result suggests the existence
of synergic effects between adoption of traceability
and the feedlot system.

3. Empirical hypothesis

The beef cattle production system in Brazil
is predominantly extensive in low-yield pastures.
However, the adoption of more capital-intensive
production systems has increased, mainly in the
Southeast and Midwest. This production intensification
process is associated with the rise in land prices, the
competition with more profitable agricultural crops
(Souza Filho et al.,, 2010) and societal pressures
against beef cattle production in preservation areas
and natural forests (Igreja et al., 2008). Beef cattle
production has been considered one of the villains
of deforestation and emission of greenhouse gases
in Brazil. Such emissions are especially evident in
areas with degraded pastures (Olivette et al., 2011).
Although there is no consensus in the literature
regarding the effects of production intensification
on environmental problem mitigation, it has been
considered an alternative, allowing for crop expansion
without further deforestation (Bowman et al., 2012).

In Brazil, beef cattle production is fragmented
into three phases: breeding, raising and fattening.
The breeding phase comprises the period ranging from
the birth of the calf up until weaning; the raising,
from weaning up until the steer has reached 300 kg
of weight, and the final phase ranges to up until
slaughter. Farmers in the state of Sdo Paulo tend to
focus on the fattening phase due to the high price
of land and the local demand from a large number
of beef exporting slaughterhouses. In 2014, 51% of
total Brazilian beef export volume was shipped from
ports in Sdo Paulo state (Brasil, 2014). In addition,
740.000 bovines were fattened in feedlots of the
state of Sdo Paulo, which represented 17.6% of
total slaughtered herds fattened in feedlots in Brazil
(Bueno et al., 2015).

According to Cezar et al. (2005) feedlots use the
highest technological intensity of any production
system. The animals are confined during the finishing
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phase for a period ranging from 60 to 120 days,
depending on the entry weight of the animals and
the feedlot’s level of technological intensification.
The main objective of this system is to optimize animal
weight gain in order to reduce the production cycle
and increase yields, both per area and per animal.

The risk and complexity of capital-intensive
production systems, such as feedlots, can be high.
Contrasting with extensive production systems, intensive
production in feedlots requires planning and strict
production management, otherwise profitability is
jeopardized (Correa et al., 2000). Thus, the adoption
of capital-intensive production systems is associated
with the adoption of a set of advanced management
tools, such as inventory control, livestock performance
control, production cost spreadsheets, training of
employees and price hedging. In order to avoid
price risks in the spot market, forward contracts are
negotiated with the slaughterhouses, as well as price
hedging contracts in future markets.

Similar to production intensification, Brazilian
beef export growth has brought challenges related to
food safety. The implementation of animal traceability
along the beef supply chain is one of them. Some
beef importers, mainly the EU, have demanded
traceability as a condition for market access. This
demand has had an impact on the national food
safety regulation. In 2002, The Brazilian System of
Identification and Certification of Bovine and Bubaline
Origin (SISBOV) was created in order to meet the
EU traceability requirements. This system, based on
voluntary adoption, is coordinated by the Ministry of
Agriculture, Livestock and Food Supply (MAPA). This
tool has been adopted in order to keep records that
allow for the tracing of beef origin along the supply
chain. The traceable unit is the bovine animal, and its
identification is unique nationwide. The information
is centralized and stored in a National Data Base
(BND), managed by the MAPA. The conformity of
the traceability system is certified by the MAPA,
which is responsible for the accreditation of private
third-party certification agencies. The certified farm
is inspected periodically and systematically by such
agencies, under penalty of certification suspension.
The compliance of these inspections is confirmed
by a MAPA audit.

The implementation of traceability leads to the
adoption of some practices, such as the individual
identification of animals; the recording of the animal’s
history; inventory control and the adoption of information
technologies, such as software and electronic devices
for cattle management (Nantes & Machado, 2005;
Cdcaro & Jesus, 2007). The implementation of these
technologies requires time, training of employees and

acquisition of equipment, which means that significant
investments are to be carried out by the farmer.

Both production intensification (in feedlot
systems) and traceability certification by SISBOV
require the adoption of a set of similar management
practices and technologies, the training of employees
as well as management skills. In addition, both are
susceptible to economies of scale. The larger the scale
of production, the lower the unit cost in feedlots
(Lopes et al., 2007) and the lower the unit cost of
traceability certification (Mendes, 2006; Lopes et al.,
2008). Thus, the hypothesis of the existence of
complementarity resulting from the joint adoption
of intensive production systems and certification of
cattle traceability is proposed.

4. Research method

The sample comprises cross-section data on 84
farms located in the livestock production region of
the state of Sdo Paulo, from which 16 had adopted
feedlot as a long term strategy of fattening and
32 had SISBOV traceability certification. They were
randomly selected from a list of farms, which in turn
was obtained from records of farmers associations,
rural unions and the list of farms approved to export
beef to the EU. Interviews were carried out personally
with the farm owners and had an average duration of
two hours. All farms were visited between February
and August 2011.

In several empirical studies, a measure of
performance (such as productivity, revenue generation,
cost reduction, return on assets, inventory turnover,
customer satisfaction and quality) is regressed on
complementary activities (information technology and
e-commerce capability; internal R&D and external
knowledge acquisition; information technology,
performance pay and human resources analytics
practices; hospital levels of specialization and quality
of clinical performance; organization practices
and information technologies) in order to test for
complementarity (Athey & Stern, 1998; Zhu, 2004;
Cassiman & Veugelers, 2006; Aral et al., 2012; Clark
& Huckman, 2012; Tambe et al., 2012).

In this paper, an OLS multiple regression
model was also used to test the synergic effect of
complementarity. The response variable is the natural
logarithm of the farm’s livestock revenue in 2010
(see definition of variables in Table 1). The choice
of revenue as the performance variable relies on
the fact that certification of traceability allows the
producer to capture a premium price, whereas the
intensification of production allows for better quality
carcasses. Both strategies can positively affect cattle
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Table 1. Definition of variables used in the OLS model and in the logit models.

OLS model

Dependent variable

LnRevenue

Natural logarithm of the farm’s livestock revenue. The revenue is determined by the quantity of cattle

sold in 2010 multiplied by the cattle price in 2010.

Explanatory variables
Size Total area of pasture in hectares
Associations otherwise = 0.
Schooling

NoTraceability& Feedlot otherwise = 0

FeedlotOnly

1f farmer attends meetings of farmers’ associations both formally and informally organized = 1,

Number of years of the farmer’s schooling
Neither feedlot as long term strategy of fattening nor certification of traceability is adopted = 1,

Adoption of feedlot as long term strategy of fattening and non-adoption of traceability and its

certification = 1, otherwise = 0

TraceabilityOnly Adoptfon of traceablhlty and its certification and non-adoption of feedlot as long term strategy of
fattening = 1, otherwise = 0

Traceability& Feedlot Joint afioptlon of feedlot as long term strategy of fattening and certification of traceability = 1,
otherwise = 0

Logit models
Dependent variables
Forward contract Farmers who adopted forward contract with slaughterhouse = 1, otherwise = 0
Training of employees Farmers who train employees for production techniques or management practices = 1, otherwise = 0

Zootechnical performance

control otherwise = 0

Explanatory variables

Farmers who keep records to control the production system and to monitor zootechnical performance = 1,

Size Total area of pasture in hectares
Feedlot Adoption of feedlot as long term strategy of fattening = 1, otherwise = 0
Traceability Adoption of traceability and its certification = 1, otherwise = 0

Traceability& Feedlot otherwise = 0

Joint adoption of feedlot as long term strategy of fattening and certification of traceability = 1,

Source: elaborated by the authors.

price, which in turn influences revenue. The total
area of pasture utilized by the farmer is used to
control for size.

The existence of the synergic effect between
simultaneous adoption of feedlot and traceability
certification is examined in the model by introducing four
independent binomial variables to represent (see Table 1):
(i) exclusive adoption of traceability certification
(TraceabilityOnly), (i) exclusive adoption of feedlot
(FeedlotOnly), (iii) non-adoption of both traceability
certification and feedlot (NoTraceability& Feedlo?), and
(iv) simultaneous adoption of traceability certification
and feedlot (Traceability& Feedlof). The latter captures
the synergic effect of joint adoption. A positive effect
on farm revenue, which is the response variable, is
expected. The greater the impact of the joint adoption
compared to the effect of isolated adoption, the
greater the effect of complementarity.

In addition to these four variables, the model
also comprises three control variables to account
for the effects of human capital (farmer schooling
- Schooling), access to information (attendance to
meetings of farmers’ associations both formally
and informally organized - Associations) and scale
(hectares of pasture - Size) on the response variable.
The multiple regression model is specified as follows:

LnRevenue = pf,Size+ [, Associations + [;Schooling +
6yoNoCertification & Feedlot + 0, FeedlotOnly + (1)
6,¢TraceabilityOnly + 6, Traceability & Feedlot +u

where 0, are the coefficients on the farmers’ strategy
choice, and B, are the coefficients of control variables
affecting revenue.

Following Brynjolfsson & Milgrom (2013) and
Cassiman & Veugelers (2006), the test for complementary
between traceability certification and feedlot is:

911 _610 2 601 - 000 (2]

In order to ease the interpretation of the coefficients,
all the exclusive dummy variables were included in the
regression, but they do not include a constant term.
The analyses were performed using SAS® software.
The direct test for complementarity was performed
using the following statement:

proc reg data=DATA-SET,;

model y = x1-XP C00 CO1 C10 C11/noint;

TEST COMPLEMENTARITY: TEST C11-C01-C10+C00/
PRINT;

RUN;

Adopting traceability certification when feedlot
is already adopted will result in higher incremental
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revenue than when adopting traceability certification
and feedlot in isolation. If the performance difference
is significantly greater than zero, the null hypothesis
of no complementarity can be rejected. This test aims
to show whether the benefits of implementing both
activities jointly are greater or not than the sum of the
benefits of each activity in isolation. 1t is expected that
farmers who jointly adopt capital-intensive production
systems, such as feedlot and traceability certification,
have greater returns than farmers implementing these
strategies separately.

After testing for the existence of complementarity,
it is possible to identify factors that can explain the
joint occurrence of feedlot and traceability certification.
This additional analysis helps to understand in which
conditions complementarity takes place (Cassiman
& Veugelers, 2006). Both feedlot and traceability
certification require a set of common management
practices and technologies, as explained in section
3. As the adoption of this set has fixed costs, a joint
adoption reduces unit cost.

In order to test the role played by joint adoption of
feedlot and traceability certification on the adoption
of common management practices, six binomial logit
models were estimated. Two models were estimated
for each dependent variable. The first comprises the
non-exclusive variables (Feedlot and Traceability)
and the second comprises the joint adoption variable
(Feedlot& Traceability). This procedure was performed
because of the existence of linear combination among
these variables. Additionally, Size was included in
both models as a control variable. A positive and
significant effect of joint adoption on the adoption
of management practices would confirm and explain
the decision on the adoption of complementary
strategies. The definitions of the variables used in
these models are in Table 1. The binomial logit models
are specified as follows:

eﬂX

1+eP%

Pr(y=1)= =A(B'X) €)

where X denotes a set of explanatory variables (Size,
Feedlot, Traceability, and Traceability& Feedlo?).
The observed pattern of adoption can be described
by a dummy variable, y, such that yi = 1 if producer i
adopts the management practices (Forward contract,
Training of employees, and Zootechnical performance
control) and yi = 0 if he does not. A denotes the
logistic cumulative distribution function.

5. Results and discussion

The association between feedlot adoption and
traceability certification adoption was initially examined
via Spearman correlation. As expected, both strategies
are positively correlated (0.43, significant at the 1%
level), which is consistent with complementarity.
1f feedlot and traceability are complementary, the
synergic effect should also be apparent in farm
performance.

A joint test for the equality of weighted means
of the four exclusive combinations of feedlot and
traceability adoption was also performed (Table 2).
The means were weighted by the inverse of the number
of observations because the number of observations
was unbalanced among the exclusive variables.
1f the weights for the observations are proportional
to the reciprocals of the error variances, then the
weighted least squares estimates are the best linear
unbiased estimators. The equality of means was
rejected with a p-value of 0.0107. A one-sided test
of non-complementarity is rejected at the 5% level
of significance, providing additional evidence for
the possibility of complementarity between feedlot
and traceability.

The OLS regression of LnRevenue on the control
variables and the exclusive variables was then carried
out. The results are presented in Table 3. The p-value
of the test for the general significance of the estimated
regression, that is, the Fstatistic, was low enough to
reject the hypothesis that all the regression coefficients
are equal to zero. The adjusted R? of the estimated
regression is 0.99.

Table 2. Frequency and financial performance by combinations of complementary activities: feedlot and traceability.

Frequency of farms

Performance (LnRevenue)

N=84 Weighted mean Standard error
NoTraceability& Feedlot 49 (58%) 13.573 ¢ 0.192
FeedlotOnly 3 (49%) 14.481 b 0.198
TraceabilityOnly 19 (23%) 14.043 b 0.197
Traceability& Feedlot 13 (15%) 15.945 a 0.200
Complementarity test F(1,77) = 6.84

Traceability& Feedlot - TraceabilityOnly > FeedlotOnly -
NoTraceability& Feedlot

p-value = 0.021 (one-sided)

Note. Schooling, Associations and Size were included as covariates. Source: elaborated by the authors.



The residuals of the model follow a normal
distribution, as shown in Figure 1. The points are
close to the identity line. Also, the Kolmogorov-
Smirnovand Shapiro Wilk tests satisfy the normality
assumption. The p-value of both tests is greater than
0.05 (Table 3). The residuals also meet the assumption
of constant variance (homoscedasticity) as shown in
Figure 1. There is no evidence of a systematic pattern
between residual and predicted values.

All estimated coefficients in the regression are
significant at 5% significance level or lower, with
the exception of schooling (less than 10%). Both
dummy variables FeedlotOnly and TraceabilityOnly
have positive impact on farm revenue, but the
coefficients are lower than the joint adoption
represented by Traceability& Feedlot. The direct test
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of performance differences for complementarity
6,-6,206, -6,)is accepted at the 10% level of
significance (p-value = 0.0772). The result suggests
that farms achieve greater benefits from traceability
certification when it is adopted in association with
the feedlot production system. The result corroborates
other studies that tested the role of complementarity
in both business and technology adoption. Zhu (2004)
also found that complementarity has a positive effect
on firm revenue. Monteiro & Caswell (2009) argued
that traceability indirectly affects farm revenue
because it is a quality attribute of product. Feedlot
production provides better quality for carcasses, which
in turn positively affects revenue. The joint adoption
of feedlot and traceability was more effective in
improving revenue than when adopted separately.

Table 3. Results of the multiple regression model and the complementarity test for evidencing the joint adoption of feedlot

and traceability.

Parameter estimate Standard error t Value Pr> | t|
Size 0.5458 0.0559 9.77 <0001
Schooling 0.0616 0.0352 1.75 0.0842
Associations 0.6373 0.2779 2.29 0.0245
NoTraceability& Feedlot 8.8848 0.5811 15.29 <0001
FeedlotOnly 9.8097 0.7808 12.56 <0001
TraceabilityOnly 9.2828 0.6621 14.02 <0001
Traceability& Feedlot 11.1825 0.6856 16.31 <0001
Complementarity test
0,-0,,>6, -6,) F(1,77)=3.21 Pr>F 0.0772

N=284

Model
Adj R-Sq 0.997
F(7,77) 3965.23 Pr>F <.0001
Shapiro-Wilk (W) 0.980102 PR<W 0.2198
Kolmogorov-Smirnov (D) 0.058556 PR>D >0.1500

Source: elaborated by the authors.
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a. Normal probabilistic plot
of regression residues.

b.Histogram of residuals.

c. Predicted vs. residual
values of regression.

Figure 1. Residual analysis of the multiple regression model performed to test for complementarity. Source: elaborated by the

authors.
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Size of pasture, level of schooling and association
are important variables controlling for the impact of
farm and farmer characteristics on revenue. These three
results can be explained as follows. First, farmers with
large production scales may have greater bargaining
power to get better sale prices, as suggested by Baer
& Brown (2007), which positively affects revenue.
Second, the active participation in formal and informal
associations facilitates access to important market
information and increases the bargaining power for
marketing finished cattle in producer pools, as suggested
by Monteiro & Caswell (2009). Third, higher level of
schooling enable greater capacity for interpretation
and use of information, as well as better conditions
for price negotiation and adoption of new production
techniques, which can also affect revenue. Huffman
& Mercier (1991) concluded that farmers’ schooling
is a relevant variable explaining the joint adoption
of computer technology and purchased computer
services. In order to identify factors that can explain
the farmer’s decision regarding joint adoption of
Traceability and Feedlot, six logit regression models
were performed for the adoption of three management
tools in 2010: forward contract, training of employees
and zootechnical performance control. The results
are presented in Table 4.

The likelihood ratio was used to test the hypothesis
that all the slope coefficients in the logit models are
equal to zero. The chi-square results are significant at
least at the 10% significance level. With 2 and 3 degrees
of freedom, the critical value at the 5% significance
level is 5.99 and 7.81, respectively. And so, the joint
hypothesis that the coefficients on the full set of
variables are all zero is rejected for all adopted models.

The result suggests that the adoption of Feedlot
has significant impact on the probability that farmers
adopt forward contract with slaughterhouses. In fact,

high capital-intensive livestock production systems
require specific investments in facilities and human
resources. Also, in feedlots, cattle must be sold
exactly at the end of the production cycle, due to
the high cost of feeding; delays are rarely accepted,
otherwise profit could plummet. In order to mitigate
the uncertainty and price risk associated with these
specific investments, these farmers adopt forward
contracts, as suggested by Vinholis et al. (2014).
1f they decide to adopt traceability certification,
they can negotiate for the inclusion of premium
price in the contracts, so that the appropriation of
the returns of traceability investments is ensured.
The probability of adoption of forward contracts
significantly increases when farmers raise cattle by
means of the feedlot system and adopt traceability
(Traceability& Feedlot). The certification of traceability
also requires investments in training and information
technology equipment; however, its adoption in
isolation is not sufficient to foster the adoption of
forward contracts. This is the case of farmers who
adopt less intensive production systems, in which
cattle can be kept grazing for longer due to lower
feeding cost. Thus, these farmers can wait longer if
they expect prices to improve in the spot market,
choosing the latter over signing forward contracts.

The adoption of Feedlot implies stricter production
management controls, which requires skilled labor.
However, the adoption of Feed/otin isolation was not
statistically significant to determine the training of
employees. A possible explanation is the lack of data
for training before 2010. In fact, most feedlot adopters
were not training employees in 2010 because they
had done it previously; while adopters of traceability
were training employees in 2010 because traceability
is a more recent strategy than feedlot. The parameters
of Traceability in isolation and jointly with feedlot

Table 4. Results of the Logit regressions (odds ratio) performed to identify factors influencing the joint adoption of feedlot

and traceability.

Forward contract

Training of employees Zootechnical performance control

Intercept 0.1372 0.1430
(1.3776) (1.3297)
Feedlot 4.1918**
(0.3935)
Traceability 1.1525
(0.3341)
Traceability& Feedlot 4.6100™**
(0.4221)
Size 1.3073 1.3367
(0.1913) (0.1798)
Model
N=284
X? 27.68** 24.44%

1.3686 0.8803 8.0186 3.3612
(1.1220) (1.0715) (1.2983) (1.1792)
1.6150 2.4829*
(0.3710) (0.5524)
1.7076 1.7653%
(0.2773) (0.3128)
2.2374* 2.6612*
(0.4074) (0.5395)
1.0546 1.1472 0.9306 1.0395
(0.1532) (0.1427) (0.1654) (0.1492)
10.85™ 7.05" 11.70%* 5.63%

Notes. Significant at 19%***; 5%"**; 10%®*. Standard errors are in parentheses. Source: elaborated by the authors.



(Traceability& Feedlof) are positive and statistically
significant at the 10% and 5% level, respectively, on the
training of employees. The adoption of both Feed/ot
and Traceability, either in isolation or simultaneously
(Traceability& Feedlot), has a positive and statistically
significant effect at the 10% level on the adoption
of zootechnical performance controls. Management
practices and skills required for traceability adoption
are close to those required for the feedlot system.
Intensification increases the risk and complexity of
the production system, since the cost structure is
altered and requires significant investments for the
adoption of the required technological package.
This situation requires stricter production, cost and
inventory controls, without which the profitability of
the system would be jeopardized (Correa et al., 2000).

In summary, the adoption of intensive production
systems requires the adoption of a set of management
tools, such as marketing contracts, employee training
and management controls. Farmers who are already
adopters of these tools are more likely to adopt
traceability and its certification.

This result corroborates James Junior et al. (2011)
who claim that organizational practices in the agrifood
sector might be characterized by complementarities
with few decomposable parts of a system. As a
constituent element of a system, the adoption of
one of these practices, which is an element itself, is
facilitated when the firm had already adopted other.
1t happens because the new practice fits well and
optimizes other choices of the firm, namely, the other
elements of the bundle of complementary elements.
Consequently, the firm performance is higher, as
suggested by Milgrom & Roberts (1990, 1995) and
Bocquet et al. (2007).

The real need for complementary practices can
explain the slow and uneven diffusion of a technology.
This implies that an exogenous change in demand
or regulation can change the path of diffusion.
For instance, traceability certification (SISBOV) in
Brazil became compulsory for beef exports to European
Union, although it is voluntary for internal market.
In the institutional environment, firms can adopt
different behaviors (James Junior et al., 2011). Here,
the coexistence of feedlot and the set of management
tools fosters the adoption of traceability in order to
take the advantages of the European Union’s market.
However, farmers adopting non-intensive systems
would not take the same decision. The net benefits
are higher in the jointly adoption than in separately.
Figure 2 illustrates the complementarities in the
adoption of traceability of beef cattle. In addition
to the technology diffusion view, this result helps
explaining its low adoption in Brazil.
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Contracts

Feedlot Traceability

Management controls

Employee training

Within a firm

Regulatory design (exogenous factor)

Figure 2. Bundle of complementary practices. Source: elaborated
by the authors.

The result also fills a gap in the literature.
James Junior et al. (2011) underline the research on
complementarities is young and has not been applied
systematically to the agrifood sector. The authors also
state the potential for innovative research is great
since the list of significant and specific variables to
particular sector may be long. By providing empirical
evidence on the adoption of traceability at farm level,
this research enlarges the list of studies identifying
technological complementarities within the agrifood
sector and innovates by presenting complementary
variables within the livestock production.

6. Conclusions

The adoption of more intensive beef cattle production
systems, such as feedlot, has increased in Brazil due to
the rise in arable land price as well as more stringent
environmental requirements. Simultaneously, challenges
related to food safety, such as bovine traceability, are
in the agenda in order to maintain and gain access
to more demanding markets. This paper discussed
and showed the synergic effect between the adoption
of feedlot and traceability. The adoption of intensive
production systems is associated with the adoption of
a set of management technologies, such as controls
for livestock performance and risk management tools.
This technological package shows a synergic effect
with the requirements for the adoption of bovine
traceability and its certification. The latter requires
identification of each animal in the herd, as well as
inventory control and training of employees. Moreover,
both strategies are susceptible to economies of scale.
This synergy fosters and facilitates the adoption of
bovine traceability and its certification.

The literature on the complementarity approach
encourages studies aiming the identification of
complementarities within the agrifood sector (James
Junior et al., 2011). This paper provides empirical
evidence for the existence of complementarity in the
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adoption of technologies in the livestock production.
1t provides indications regarding the barriers to the
adoption of innovations that are economically viable
only in conditions of complementarity with other
innovations. Adoption in isolation does not generate
the same performance as joint adoption. This result can
be useful for policies which aim to provide incentives
for the diffusion of innovation in agriculture.
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