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Abstract

The object of this study is to investigate the determinants of adoption of Enterprise Resource Planning (ERP)
technology in agricultural farms located in the Central-West region of Brazil. The data was collected from
200 in-depth interviews with soy, corn and cotton farmers from the State of Mato Grosso, Brazil. Structural
Equations methodology was used to analyze the data and hypothesis. The conceptual model was proposed
by combining Diffusion of Innovations and Technology-Organization-Environment theories. The results
provide information to agribusiness owners, managers and administrators to promote and incentivize the
use of ERP. Politicians and farmers can evaluate each scenario and support their political and administrative
decisions through the evaluation of socioeconomic and environmental performances of agricultural exploration
as a result of technological innovation. This leads to a need for an analytical tool for the farmers, with the

objective of supporting the adoption of optimized ERP for agri-food activities.
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1. Introduction

Although the Brazilian agricultural production represents a significant share of total world food production,
Brazilian farms do not have a well-organized business structure, neither do they have adequate control of their
production process to reach a new level of efficiency and effectiveness. This is due to a lack of Enterprise
Resource Planning (ERP) in the farms. As a result, it can cause considerable production loss (Orsi et al., 2017).

The decision makers in the agricultural sector deal with volatile and risk variables such as management of
physical storage, controlling transportation costs, exposure to climate issues, vulnerability to weeds, pests
and diseases. The ERP system can minimize the risks on decisions taken on this environment.

The purpose of this study is to understand the determinants of the adoption of ERP as a management model
compatible with the farm’s needs, and also to evaluate the benefits of this model to provide improvement
in the competitiveness among farms. The only few research found on the topic explores daily operational
routines focusing essentially on production and productivity. It is difficult to find studies regarding the
applicability of ERP through an organizational and processual point of view, specifically regarding the
direct effects of the use of this technology and some aspects of this business. Brazil is a major world food
producer (Table 1). This scientific study evaluates the best practices for ERP in Brazilian farms to uphold
the country’s position among the main world producers of protein, fiber and energy.

Studies about the conceptual model of future farm management information system debates how farmer’s
paradigms are changing the management tasks in order to achieve economic sustainability and interaction
to the environment (Serensen ef al., 2010). In 2011, Serensen et al. developed a study to support and guide
the functional requirements for a future management information system.

The paper concerning ERP in agriculture, ‘Lessons learned from the Dutch horticulture’, evaluates and
explores the experiences of the applicability of ERP in agri-food companies (Verdouw et al., 2015). In a
paper about farm management information system called, ‘Current situation and future perspectives’, the
authors acknowledge that information systems in the farms evolved from only keeping records to more
complex systems supporting production management (Fountas et al., 2015).

In order to fulfill the increased demands from partners, consumers, government organizations and food
processing companies, farms need to develop a knowledge-based economy which shares information and
organized data (Wolfert et al., 2010).

These needs inspired us to establish an integrated research model by gathering the determinants of adoption of
an adequate ERP and combining the Technology Organization Environment (TOE) (Tornatzky and Fleischer,
1991) and Diffusion of Innovation Theory (DOI) framework (Rogers, 1993). The purpose of this model is
to provide information to decision-makers (i.e. politicians and farmers) and to encourage the evaluation of
the farm’s results based on its resource planning choices. This motivation is the result that can be seen on

Table 1. Brazil position in the world ranking of food producing (adapted from USDA and Agri-Business
Sector Value, 2015, 2016; https://www.fas.usda.gov/data).

Orange Sugar Coffee Soy Beef Chicken Corn Pork Cotton

Juice
Brazil export market share (%) 77 47 27 42 21 36 24 8 13
Brazil production market share (%) 54 22 32 31 16 11 9 3 6
World export ranking — Brazil I8t 1t 15t st st Ist ond 4th 3rd
World production ranking — Brazil 1% e 1st ond  ond - 3rd 3rd 4th 5th
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the performances from innovations on the socioeconomical, environmental and agricultural exploration.
(Janssen and Van Ittersum, 2007).

To evaluate the research model and investigate the determinants, we collected the data of 200 soy, corn
and cotton producers in the Mato Grosso state. Therefore, this study presents a holistic evaluation of the
determinants to make a theoretical contribution to the adoption of ERP for agricultural farms.

2. Agri-business in Brazil and background about Enterprise Resource Planning

Brazilian agri-business has been improving in the last decade. Brazilian farmers excelled in production
techniques and overcame technological issues to reach high productivity levels comparable to the larger
world food producers. This progress can be certified by looking at Brazil’s position on the world ranking of
food production and food exports in 2013/2014 (Table 1).

ERP Systems require simultaneous changes in the business process, information sharing and the use of complex
data (Amoako-Gyampah and Salam, 2004). They process information from different functional areas and
integrate them to identify and incorporate the best business practices (Kumar and Van Hillegersberg, 2000).
An understanding of the processed and integrated information from different functional areas (Madapusi and
D’Souza, 2012) can support ERP development for agribusiness companies. Finding the critical elements of
the simultaneous changes that are going on and identifying the success drivers can define a different approach
to implement ERP (Zhang et al., 2005).

According to Ruivo et al. (2012), the implementation of ERP allows companies to increase its value,
achieve trade efficiency, enhance internal collaboration and improve business analysis which are important
determinants in this process. Therefore, we will analyze how the ERP systems can contribute to agricultural
production organizations.

Agribusiness is part of a globalized economic environment. Universal operations are indispensable to the
integration of providers, partners and customers (Yusuf et al., 2004). The increasing necessity for food
production has led to new research in order to optimize its productivity. This has been achieved by the
increased use of technology which incorporates the ideal combination of specific software and hardware
(Orlovski et al., 2012).

Efforts to adopt information technology (IT) and systems such as ERP support business integration and
decision-making (Yusuf et al., 2004).

Management principles and techniques, sustainability and evaluation of the farm project, management support,
process reengineering, consulting and budget services are crucial elements for ERP’s implementation (Ehie
and Madsen, 2005). Considering the innovation process has two main stages of adoption and implementation
(Damanpour and Schneider, 2009), the overall results can be significantly increased by a combination of
organizational factors as well as the use of technology and innovation (Karimi et al., 2007). Benefits obtained
from the automation of business processes and the use of the ERP system improve decison-making in all
organizational levels (Velcu, 2010) which applies to agribusiness companies. However, it is necessary to
face and accept the issue that managers still do not have the knowledge and technical skills to handle the
system and processes which can produce inaccurate data gathering and some mistrust regarding the use of
this technology (Hakim and Hakim, 2010). ERP implementation is a slow process and demands resources
(Tsai et al., 2011). An understanding of the process and information packages among functional areas is
necessary. Although ERP implementation represents a significant investment (Madapusi and D’Souza, 2012;
Zeng and Skibniewski, 2013), it can have an important impact in the organization’s operational and process
performances (Madapusi and D’Souza, 2012). Besides the high investment level, implementation risks
are also high. Countless complex elements in the organization can interfere in the implementation such as
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user’s low-level of acceptance of the technology, changes in the information environment, instability in the
management environment and the complexity of the ERP system (Hung ef al., 2012).

On the other hand, after a successful ERP implementation, it is possible to observe relevant effects in the
social capital which is the (1) learning opportunity; (2) desire to learn; and (3) increase in abilities. Those
results can be attributed to the complexity of the ERP system which compels users to solve challenges,
acquire knowledge and develop new abilities to run tasks and make decisions (Ruivo ef al., 2012).

It is important for the managers to set the priorities and goals to be reached in each ERP implementation phase
which will contribute to the maximization of the whole process (Ram et al., 2013). The improvements in
process efficiency achieved by the ERP system can deliver the competitive advantage needed by organizations
in a global market context where their strategies are affected by many different elements especially the
competing companies (Rouyendegh et al., 2014).

The ERP implementation process and the achievements reached by it are distinct for each organization
(Rouyendegh et al., 2014). According to studies of Small and Medium Enterprises (SMEs), improvements
in strategic planning for Information Systems (IS) helps the companies to understand the benefits that the
ERP system can offer (Zach et al., 2014).

It is also important to state that ERP experts are not easy to find in the market which can deliver an extra
challenge to SMEs as they need to train and capacitate their employees on the use of this tool (Esteves,
2014). A particular study of SMEs in Portugal shows that ERP implementation was a determinant for the
company’s performance in management, finance and tax accounting as well as the company’s management
control (Ruivo et al., 2014). Although it is possible to find good results in the field, a considerable number
of companies do not reach the expected goals after implementing the ERP system, These failures can be
accounted for by the improper use of the system and its full resources (Chou et al., 2014; Ruivo et al., 2012).

In many cases, the use of ERP does not achieve business process control, costs reductions, increase in profits
and an influence on the companies key’s performance indicators (Gajic et al., 2014). Therefore, organizations
must find ways to simplify the use of the system because once the system reaches its efficiency, it will
provide the direct learning ability and desire to the users (Chou et al., 2014). It is important to understand
that any progress on the use of the strategic assets will also contribute directly to business development
(Wood et al., 2014).

3. Methodology

The study is focused on the innovation adoption phase. Two theories are usually used to explore similar cases
in organizations of distinct nature; DOI (Rogers, 1993) and TOE Framework (Tornatzky and Fleischer, 1991).

TOE Framework identifies the process used by a company to adopt and implement innovations by considering
the technological, organizational and environmental context (Tornatzky and Fleischer, 1991). The technological
context embraces relevant internal and external technology as tools and processes while the organizational
context is related to the company’s features and its assets such as company size, hierarchy, process procedures,
administrative structure, human resources, extra resources and employee connections. The environmental
context is influenced by market elements such as the size and structure of the industry, company’s competitors,
macroeconomics and the regulatory environment. All three contexts can present opportunities and threats
which influence how a company sees, searches and adopts new technologies.

On the other hand, DOI Theory studies the spread of innovations and how it is communicated through
channels over time and inside a particular social environment (Rogers, 1993). Each individual is deemed to
hold different levels of innovation acceptance. This paradigm of diffusion was spread during the fifties and
sixties among sociology researchers of rural areas (Valente and Rogers, 1995).
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DOI and TOE Theories have been widely used in studies concerning the adoption of innovative technology
and they have consistent empiric support (Oliveira et al., 2014). The benefits of merging TOE concepts
to reinforce the DOI theory are already well recognized (Hsu et al., 2006). Using DOI and TOE together
helps to provide a more comprehensive perspective about technology adoption including the technological
context aspects, organizations and external environment (Zhu et al., 2006a). DOI and TOE Theories (Figure
1) complement each other successfully (Park et al., 2012).

This paper presents a conceptual model combining DOI and TOE and also includes nine constructs. Based
on the DOI theory, the constructs’ Relative Advantage (RA), Complexity (Cx), Compatibility (Cp) and Cost
Savings (CS) were selected. The first three (RA, Cx and Cp) are attributes of innovation. Technology Readiness
(TR), Top Management Support (TMS), Farm Size (FS), Competitive Pressure (CP) and Regulatory Support
(RS) are constructs used from the TOE theory. The TR construct is related to the technological context, TMS
and FS are related to the organizational context and CP and RS are related to the environmental context.

Rogers (1993) addresses 5 adoption factors, i.e. relative advantage, compatibility, complexity, trialability
and observability. The trialability and observability are not widely used in IT innovation studies (Chong
et al., 2009). Following the general orientation of the research IS, we disconsidered these two attributes
because they are not relevant to the ERP technology (Oliveira et al., 2014). In many IT innovation studies,
trialability and observability are excluded because they are not consistently related to the diffusion process
of innovation (Martins et al., 2016).

Rogers (1993) defines Innovation Relative Advantage as the degree in which innovation is understood
as a better option than the idea it is replacing at that moment. Studies confirmed that Relative Advantage

Technology context

Innovations N Technology
characteristics readiness
(TR)
Relative
advantage
(RA) Organizational context
Complexity Top management
(€X) < support
ERP adoption (TMS)
Compatibility Farm size
(Cp) (FS)
A
Cost savings
(CS) o Environmental context _
Competitive
DOI pressure
(CP)
Regulatory
support
(RS)
TOE

Figure 1. Research Model combining Technology, Organization and Environment (TOE) Framework and
Diffusion of Innovation Theory (DOI). ERP = Enterprise Resource Planning.
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is a significant variable and is positively related to innovation adoption (Premkumar and Roberts, 1999).
Innovations that present clear benefits on creating strategic efficiency (i.e. the increase in the number of prizes
received for harvest or credit; the anticipation of business) and operational efficiency (i.e. the reduction on
expenses funding) have greater chances of adoption. If the benefits of ERP technology exceed the benefits
of current practices and procedures, the adoption of ERP technology would be positively influenced.
H1(+):Relative Advantage has a positive influence on ERP adoption.

Complexity is the degree that an innovation is considered to be relatively hard to understand and use (Rogers,
1995). There is a better chance of approval if new technology is integrated and assimilated in business
operations during the implementation phase. ERP can also gather real-time information to support main
decisions in complex operations. However, its Complexity creates some doubts about its implementation
and for this reason, it decreases the chances of approval. Therefore, Complexity is negatively associated to
adoption: Hz(‘): Complexity has a negative influence on ERP adoption.

Compatibility is the perception and degree of alignment with previously established values (Valente and
Rogers, 1995). This is an important determinant of innovation adoption (Tornatzky and Klein, 1982). ERP
adoption can support high risk decisions by anticipating the purchase of an input material such as seeds and
fertilizers, the optimum timing to acquire defense products for crops considering historical weather data
and forecasts which have an impact on pests and crop diseases, as well as the sale and production of crops
considering macroeconomical forecast. ‘The main motivation for bringing this hypothesis is because the
industry trend on operating in a volatile and high risk environment (Xouridas, 2015). HS(*):Compatibility
has a positive influence on ERP adoption.

Innovation adoption which leads to Cost Savings are considered good for the company. If the cost can be
controlled and accounted for, there is a higher likelihood of companies adopting the technology (Tornatzky
and Klein, 1982). Cost Savings is verified as a relevant variable for innovation adoption. H 4(+): Cost Savings
has a positive influence on ERP adoption.

Expertise is an important factor which is positively related to new technology adoption (Nordin et al., 2014).
Companies which are not familiar with IT are probably not aware of innovations, or are more resistant to
adopting new technologies. Organization features including structural elements and specialized human
resources affect the technological context concerning innovation adoption. H5(+): Technology Readiness
has a positive influence on ERP adoption.

Many studies show that the top management is creating a supportive environment with adequate resources
for new technology adoption (Premkumar and Roberts, 1999). The support from the top management
plays a relevant role in innovation adoption because it guides budget relocation, integration of services
and reengineering of processes (Chou et al., 2014). The top management is one of the determinants of
the organization’s culture. The adjustment of the organization’s culture because of information systems is
indispensable for ERP implementation success. Therefore, the success of ERP implementation increases
as the top management promotes and supports it within the organization culture (Ke and Wei, 2008). H6(+):
Top Management Support has a positive influence on ERP adoption.

Studies indicate that the organization size is related to the impact of new technologies adoption (Zhu et al.,
2006a). Large farms should have larger budgets for improvements, and they are capable of experiencing
innovations faster them small properties. Moreover, large farms are more capable of raising funds from
banks and investors. Going against the odds, some small farms are capable of taking risks in new technology
(Martins et al., 2014). H7(+): Farm Size has a positive influence on ERP adoption.

Competitive Pressure is the force a company experiences from similar competitors in the same industry
(Gatignon and Robertson, 1989). One characteristic of the agribusiness is a commoditized market, which
strives towards a perfect competition environment. This scenario makes the adoption of new technologies like
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ERP a non-essential tool for the competitive strategy in the market, because it only delivers process innovation
instead of product innovation. Otherwise, considering the global competition, this external pressure from
producer countries can become relevant and can be strategic for the company. H8(+): Competitive Pressure
has a positive influence on ERP adoption.

In Brazil, the government regulation to support the adoption of new technologies is not clearly defined yet.
This hypothesis is concerned about the legal protection of farm activities. Hg(‘): Regulatory Support has a
negative influence on ERP adoption.

A proper tool was developed and adapted to collect data from the companies in this study. To evaluate others
studies concerned about the same constructs in the Table 2, we examined papers found related to researches
in the agribusiness. Some of the constructs were not found in the same study field and to fulfill the gap, we
extended the research to other commoditized markets.

Interviews were realized between August 15t and 215t of 2014 in Mato Grosso (Central-West region of Brazil).
The tool applied to collect data was a structured survey focused on measuring the variables/determinants of
ERP adoption described in the Table 2. The questions proposed were based on the DOI and TOE theories and
were validated by applying in-depth interviews (Boyce and Neale, 2006) with ten agribusiness consultants.

A quantitative method was used in this study and personal interviews with owners or farms managers were
conducted on site (farms).

Experts and researchers in the agriculture sector collected data through personal interviews. Consistency was
maintained by using a 5 point ranking system varying from ‘strongly disagree’ to ‘strongly agree’ for the
evaluation of DOI variables such as Rrelative Advantage, Complexity, Compatibility and Cost Savings as
well as TOE variables like Technology Readiness, Top Management Performance, Farm Size, Competitive
Pressure and Regulatory Support.

We have found some qualitative evidences during the interviews: (1) how can an ERP help me to solve my
management problems? (Lambim, 2000); (2) does the ERP can solve my long term problems? (Bloch and
Richins, 1983). Therefore, we have noticed that the perception of the ERP process and ERP image can have
a strong influence on the farm management and also on the individual’s behavior. (De Toni and Schuler,
2007). The interviews were conducted with the necessary care considering these aspects.

We used ‘simple random sampling’ as the criteria to select the sample for this study. In addition to the
inquiries on Table 2, farmers were asked about their job position in the farm, level of education, how they
managed the farm, whether there were other professionals working in the farm administration, precision
agriculture. These questions gave us qualitative information about the interviewees. The sample is composed
of 200 valid interviews with soy, corn and cotton producers with medium (2,471 to 9,884 acre) and large
farm sizes (above 9,885 acre). This can be seen in Table 3. Small producers were not included in this study
because the ERP system can be easily found in medium and large farms.

The survey sample is composed of interviewees with the following profiles. Interviewees with college
degrees made up 19%, 14.5% had incomplete college degrees while 38.5% had high school certificates. The
interviewees’ average age was 38 years. 56.5% responded that there were other specialized professionals in
management positions in their farms while 30.5% were the only ones in charge. 75.5% of the interviewees
performed at least one precision agriculture operation in the crops waiting to achieve: (1) 86.1% reduced costs
of planting, caring for and harvesting crops; (2) 76.2% reduced losses related to pests; (3) 28.5% prevented
weather conditions; and (4) 12,6% obtained sustainability participation credits (low carbon rates agriculture).
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Table 2. Data collection tool: quantitative variables.

Constructs Items Reference
Relative Advantage
RA1 ERP! allows more efficiency in managing business operations Gul et al., 2014;
RA2 An adequate ERP use improves operations quality Helitzer et al.,
RA3 An adequate ERP use allows a faster execution of specific assignments 2014; Sarker and
RA4 Using ERP — Enterprise Resource Planning enables new opportunities Ratnasena, 2014
RAS ERP allows increment of business productivity
Complexity
CX1 ERP use requires high mental effort Batz et al., 1999;
CX2 It is frustrating to use ERP. Montedo, 2012;
CX3 It is too complex to use ERP on commercial operations Peshin, 2013
CX4 It is too complex to use ERP on production operations
CX5 Adoption of ERP requires complex skills from farm’s employees
Compatibility
Cpl I can’t find an ERP that fits this farm’s work structure Fuetal., 2007;
Cp2 I can’t find a perfectly compatible ERP for my business operation Gerber et al., 1996
Cp3 I can’t find an ERP compatible with the culture and corporate values of my

farm
Cp4 I can’t find an EPR compatible with computers and programs (hardware and

software) in my farm
Cost Savings

CS1 ERP benefits outweigh its adoption cost Ghadim et al., 2005;
CS2 ERP adoption reduces overall and environmental costs Pannell et al., 2014;
CS3 ERP adoption costs are low Sangle, 2011
Technology Readiness

TR1 There is enough knowledge in the farm to use ERP to support its operations ~ Nordin ef al., 2014
TR2 There are required skills in the farm to implement a more effective ERP

Top Manager Support

TMS1 Farm’s management supports ERP implementation Chou et al., 2014
TMS2 Farm’s top management plays a strong leadership role and gets involved in the

TMS3 ERP process

Farm’s Top management is inclined to take risks (economic and
organizational) to adopt an ERP

Farm Size

- from 2.471 to 4.942 acre Premkumar and
- from 4.943 to 7.413 acre Roberts, 1999
- from 7.415 to 9.884 acre
- above 9.885 acre
Competitive Pressure
The farm believes its own ERP influences other businesses in the same region Zhu et al., 2003,
The Farm is under external market pressure to adopt an ERP 2004
Some farmers from the same region use ERP
Regulatory Support
RS1 There is no legal protection for agriculture activities Zhu et al., 2006b
RS2 Existing laws and regulations are enough to protect agriculture activities
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Table 2. Continued.

Constructs Items Reference

ERP Adoption (ERPA)

ERPA1 At this moment, what would you say about the possibility of adopting ERP? ~ Hong et al., 2008

- I have never considered it.

- there is a pilot project running

- I’ve already considered the possibility and I will not adopt it

- I want to adopt it in the future

- I’ve already adopted it (less than 1 year)
ERPA2 How long will it take to adopt ERP in your farm?

- less than 1 year

- 1 to 2 years

-2 to 5 years

- more than 5 years

- I don’t know.

I'ERP = Enterprise Resource Planning.

4. Results

Structural Equation Modeling (SEM), was applied in this study. SEM combines statistical data and qualitative
causal assumption for testing and estimating causal relations. Researchers recognized the possibility of
distinguishing between measuring models and structures and have started to consider the measurement
error (Henseler et al., 2009). It is possible to find two different divisions of SEM techniques. They are the
covariance technique and the technique based on variance. Based on the variance technique, it is possible to
use the Partial Least Squares (PLS) in cases where not all items in the data are normally distributed (P<0.01,
based on Kolmogorov-Smirnov test) or the research model was not tested in the concerning literature or if
the research model is considered complex. In this case, we used de SMART PLS 2.0 M3 software (SmartPLS
GmbH, Hamburg, Germany) (Ringle et al., 2005) to analyze relations defined by the theoretical model.

The model was evaluated in two steps; first, the variables were analyzed to determine their capability to
measure each one of the constructs. Second, the structural relations were analyzed among the constructs
(Table 4).

Measurement model validation was evaluated based on three criteria: construct reliability, convergent validity
and discriminant validity. The reliability of each construct is a measurement of internal consistency of its
indicators and presents the adequacy of measurement scale. To evaluate its reliability, we adopted a composite
reliability indicator which is considered better compared to Cronbach’s Alpha which can underestimate
results (Hock and Ringle, 2010). Following the reliability indicator, values for reliability composite above
0.700 are adequate. Based on Table 5, it is possible to observe values above 0.700 for reliability composite
which indicates an adequate model.

Table 3. Sample distribution.

Culture Total (%) Base
Soy 43.5 87
Corn 41.0 82
Cotton 15.5 31
Total 100.0 200
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Convergent validity evaluates the extension in which the indicator is capable of measuring a latent variable
(construct). It can be verified by observing patterns of factorial loading and average variance extracted (AVE).
Factorial loading above 0.700 (Im et al., 1998) and variances above 0.5 (Hair ef al., 1995) were accepted
as high and significant. At Table 5, it is possible to find only 4 variables (Cx1, Cp4, TMP3 and RS2) which
have factorial loading below 0.700. Since items with factorial loading below 0.400 should be removed from
the analysis, we kept all the constructs in the study because all of them presented variances above 0.500.
These results are an assurance that the indicators are legitimate representatives of the analyzed constructs.

The construct’s discriminant validity was evaluated using two criteria: Fornell-Larcker and Cross-loadings.
Fornell-Larcker advocates that the square root of AVE needs to be greater than the correlation of the construct
(Fornell and Larcker, 1981). Cross-loadings requires loading of each indicator to be greater than the cross-

Table 4. Measurement model combining Technology Organization Environment and Diffusion of Innovation
Theory.!

Latent variables

RA Cx Cp CS TR TMS FS Cp RS ERP
adoption
RA1 0.775 -0.243 0302 0.101 0389 0354 0.130 0.398 -0.107  0.456
RA2 0.775 -0.070  0.222  0.294 0350 0331 -0.025 0414 -0.108  0.444
RA3 0.765 -0.123  0.334  0.165 0.471 0.429  0.044 0354 -0.113 0.450
Cxl -0.130  0.636 -0.283 0395 -0.083  0.097 -0.134 -0.055 0.348 -0.136
Cx2 -0.190  0.766 -0.357 0.166 -0.214 -0.024 -0.141 -0.026  0.439 -0.229
Cx3 -0.140  0.780 -0.346 0270 -0.044  0.085 -0.097 0.103  0.277 -0.159
Cx4 -0.090  0.736 -0.350 0.244 -0.106  0.112 -0.153  0.091 0.332 -0.210
Cpl 0356 -0396 0.838 -0.112  0.198 0.002 0.029 0.167 -0.326  0.351
Cp2 0323 -0.420 0.882 -0.168 0.254 -0.031 0.086  0.138 -0.411 0.356
Cp3 0.245 -0319 0.790 -0.239  0.158 -0.032  0.040  0.051 -0.307  0.247
Cp4 0.233  -0317 0.662 -0.209 0.044 -0.046 0.114 0.056 -0.264  0.202
CS2 0236 0240 -0.125  0.818  0.201 0.256 -0.077 0.146  0.119  0.173
CS3 0.152 0318 -0.223  0.799 0.093 0213 -0.046 0.132 0236  0.166
TR1 0.426 -0.124  0.156  0.139  0.819 0237 0.087 0310 -0.124  0.377
TR2 0.446 -0.151 0212 0.166  0.847 0336  0.027 0409 -0.155 0.407
TMP1 0.458  0.014 0.084 0226 0384 0826 0.050 0325 -0.039 0.375
TMP2 0355 0.061 -0.026 0.235 0.160 0.774 -0.048  0.202  0.089  0.303
TMP3 0.173  0.169 -0.248  0.177 0.174 0.568 -0.016  0.262  0.158  0.171
FS 0.065 -0.181 0.079 -0.076  0.067  0.003 1.000 -0.090 -0.165 0.170
CP1 0.423  0.007 0.168  0.135 0435 0305 -0.064 0.859 -0.041 0.315
CP3 0396  0.067 0.047 0.147 0252 0271 -0.086 0.762  0.068  0.249
RS1 -0.164 0453 -0372 0.178 -0.228  0.023 -0.154 -0.022  0.952 -0.251
RS2 0.004 0286 -0.293  0.201 0.095 0.131 -0.100  0.087  0.544 -0.092
ERPA1 0.587 -0.247 0376  0.237 0497 0414 0.153 0357 -0.220  0.975
ERPA2 0.546 -0.259 0354 0.168 0416 0378 0.178  0.324 -0.262 0971
AVE 0595 0535 0.635 0.654 0.694  0.535 1.000  0.659  0.601 0.947
Reliability 0.815  0.821 0873  0.790 0.819  0.771 1.000  0.794  0.737  0.973

composition
' ERP = Enterprise Resource Planning; RA = Relative Advantage; Cx = Complexity; Cp = Compatibility; CS = Cost Savings; TR =

Technologic Readiness; TMS = Top Management Support; FS = Farm Size; CP = Competitive Pressure; RS = Regulatory Support;
ERPA = Enterprise Resource Planning Adoption; AVE = average variance extracted.
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Table 5. Correlation between constructs and median variance extracted from square root (diagonal).!

RA CX Cp CS TR TMS FS Cp RS ERPA
RA 0.771
CX -0.190 0.732
Cp 0.371  -0.460 0.797
CS 0.241 0344 -0.214 0.808
TR 0.523  -0.166 0.222 0.183 0.833
T™MS 0.481 0.082  -0.029 0.290 0.346 0.731
FS 0.065 -0.181 0.079  -0.076 0.067 0.003 1.000
CP 0.504 0.041 0.140 0.172 0.433 0.355  -0.090 0.812
RS -0.141 0.484 -0.416 0.218  -0.168 0.061  -0.165 0.009 0.775

Adoption 0.583  -0.259 0.376 0.210 0.471 0.408 0.170 0.350  -0.247 0.973
I RA = Relative Advantage; Cx = Complexity; Cp = Compatibility; CS = Cost Savings; TR = Technologic Readiness; TMS =
Top Management Support; FS = Farm Size; CP = Competitive Pressure; RS = Regulatory Support; ERPA = Enterprise Resource

Planning Adoption.

loadings (Chin, 1998; Gotz et al., 2010; Grégoire and Fisher, 2006). As presented in Table 5, the square
roots of AVE (diagonal elements) are greater than the correlation between each structure’s pairs (elements
outside of diagonal). Table 5 also presents loading patterns higher than cross-loadings. In conclusion, both
criteria were satisfied.

According to the results, we can conclude that the measuring model presents construct reliability, convergent
validity and discriminant validity. For this reason, it is adequate to test the structural model.

To perform the analysis of the structural relations model, the statistical significance of the independent
variables was evaluated to explain the ERP adoption. In addition, the R? related was also evaluated. The
results showed that the proposed model could explain 48.1% of variation in ERP adoption (Figure 2). The
construct indicators are represented by rectangles and constructs are represented by circles.

On Table 6, it is possible to confirm the hypothesis presented in this work. To reach those results, the
signal and significance of the structural model coefficients were evaluated. This was the signal between the
explanatory variables (independents) and ERP adoption (dependent variable). The significance levels of
factorial loads were estimated using a bootstrap of 5,000 samples.

The following results have indicated statistical significance: Relative Advantage (=0.227; P<0.01), Top
Management Performance (=0.198; P<0.01), Compatibility (=0.194; P<0.01), Cost Savings (=0.171; P<0.01),
Technology Readiness (=0.140; P<0.05), Complexity (=-0.120; P<0.10) and Farm Size (=0.113; P<0.10).
To sum up, hypotheses H,, H,, H;, H,, Hy, H, and H, were validated. On the other hand hypotheses Hg and
H, could not be validated in this study.

5. Discussions and conclusions

Relative Advantage is the most important variable to explain ERP adoption. When the Relative Advantage
increases a standard unit, ERP adoption increases 0.227 standard units subsequently. On the other hand,
Regulatory Support and Competitive Pressure were not significant to ERP adoption. ERP is a process innovation
and not a product innovation. However, agribusiness is about the production of agricultural commodities
and competitive pressure does not apply among producers in this business. Soy, corn and cotton producers
compete with producers worldwide but they do not necessarily compete with local producers. Agribusiness
is an industry with perfect competition which is characterized by the lack of product differentiation and
the similarities regarding the structure of cost among the farm. Future studies can explore in-depth the
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Figure 2. Measurement model combining Technology Organization Environment (TOE) and Diffusion of
Innovation Theory (DOI). ERP = Enterprise Resource Planning; RA = Relative Advantage; Cx = Complexity;
Cp = Compatibility; CS = Cost Savings; TR = Technologic Readiness; TMS = Top Management Support; FS
= Farm Size; CP = Competitive Pressure; RS = Regulatory Support; ERPA = Enterprise Resource Planning
Adoption.

competitive pressure among farmers. Relative Advantage allows an anticipation of the harvest during the
harvest period which gives farmers a negotiation advantage with the buyers. Since regulatory support for
the sector is relatively recent, farmers need more time to understand in-depth and adapt to its rules. Besides
this, the more the tools fit, the greater the possibility of ERP adoption. On the other hand, when it is less
complex, the possibility of adoption is higher. To increase the chances of ERP system adoption, the providers
will have to have a better understanding of its tools and technological processes, which is the hardware and
software, used in the farms. However, without Top Management Support ERP adoption cannot succeed. The
gateway to ERP adoption is in the farm owner’s hands.

We believe this study can contribute to the development of processes and tools with indicators related to
this market. This paper can also help consultants who want to develop ERP systems for farms, by bringing
features which are related to ERP adoption in the rural segment. Nonetheless, this paper can also motivate new
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Table 6. Hypotheses analysis.!

Hypotheses Results

H, ™ Relative Advantage has a positive influence on ERP? adoption Validated (= 0.227"")
H, Complexity has a negative influence on ERP adoption Validated (= -0.120")
H,™ Compatibility has a positive influence on ERP adoption Validated (= 0.194™*")
H4(+) Cost Savings has a positive influence on ERP adoption Validated (= 0.171"")
H5(+) Technology Readiness has a positive influence on ERP adoption Validated (= 0.140")
H,™") Top Management Support has a positive influence on ERP adoption Validated (= 0.198"*")
H7<+) Farm Size has a positive influence on ERP adoption Validated (= 0.113")
HSH) Competitive Pressure has a positive influence on ERP adoption Not validated (= 0.064)
H9(‘) Regulatory Support has a negative influence on ERP adoption Not validated (= -0.084)

1* **and ™ indicate significant differences at P<0.10, <0.05 and <0.01, respectively.

2 ERP = Enterprise Resource Planning.

research about the adoption of technology related to the farm organizations’ resource planning particularly
for universities connected to the rural sector.

The study’s contribution is directly related to the determinants of ERP adoption for farmers. This paper
did not discuss the ERP’s specificities for the rural sector. This sector presents some particularities as there
are high levels of uncertainty in production due to weather or there is a high number of small or medium
companies. These characteristics interfere negatively to ERP adoption compared to others sectors such as
industrial sector. The following studies can contribute to the determination of the sector’s specific features.
We have also considered relevant studies about diffusion states (i.e. intention, adoption and use) and explored
if the determinants of intention, adoption and use are the same.

The next step is to consider the study of innovation adoption including the theory of individual behavior on
farmers and the value that this adoption can deliver to the sales process, production process, procurement
process and contracts. Because what we have so far is limited to research about Innovation Diffusion which
explores innovation adoption from the individual decision maker’s point of view, as farmers, doctors and
consumers (Fliegel and Kivlin, 1966a, 1966b). The only innovation factors measured are the ones observed
by an individual adopter (Damanpour and Schneider, 2009). In addition, this paper does not discuss ERP
development or the impact of Cloud Computing, the Internet of Things or analytic insight platform on the
future of the ERP system. For next studies, we are considering to research the trends of ERP with the same
target audience, including Platform of Analytical Insights, Internet of Things and Cloud Computing.

Share knowledge and experiences can provide a healthy competitive environment in the agricultural sector
for all countries. Usually, farmers are scattered, disorganized, deficient in resources and also exposed to
natural disasters, market uncertainties and pricing failures (Ahmad et al., 2016). Future researches can be
based on gathering ‘the wealth of scientific knowledge and agricultural domains in a cloud-based ERP to
develop an e-agriculture platform of resources planning. It can contribute to strength the agriculture activity
of a region or a country. The major questions will be: (1) can we feed 8.5 billion people in 20307 (www.
unric.org); (2) can we get more of our land to control losses?; (3) can we better protect the environment
while sharing more sustainable decisions? The answers for these questions must come from result of new
production process applied in the field and in the crops, also from the controls of the production processes
and from the management sharing.
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