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Abstract 

In Brazil in recent decades, the the dynamics of land use widened the agricultural frontier for sugarcane cultivation 

by modifying and replacing intensively traditional and pasture crops. It is proposed to examine the aggregating 

characteristics of rural enterprises that are part of the sugarcane agribusiness productive arrangement, evaluating 

their profiles, providing a more effective understanding of their socioeconomic sustainability. The quantitative 

approach was adopted applying statistical tests for variable selection and multivariate statistical techniques (cluster 

analysis) to evaluate rural enterprises. The results indicated two clusters with peculiar profiles, and the average 

distance between farm and agribusiness (± 22 km) and succession capacity (± 2.5 points) of both are similar. The 

other variables were discrepant (P <0.05), in cluster 1 the very negative rural exodus (-48%) and in cluster 2 positive 

(23%). Operating costs in relation to compensation for Cluster 1 was 61%, much higher than cluster 2 with 6% on 

average. It was concluded that through cluster analysis that the contract variables and the size of the establishment 

are the most significant factors directly influencing the rural exodus and production costs. These observations 

contribute to the creation of sectorial policies for the use of land and regional economic development, as such imply 

in a theoretical consolidation of precepts on the sugarcane expansion, as such also imply, under the perspective of the 

rural practice, in elements for the improvement in planning the agricultural enterprise.  
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1. Introduction 

In Brazil over the past two decades, the agricultural frontier for sugarcane cultivation has been widened, changing 

the dynamics of land use by including new areas resulting from the replacement of traditional crops and/or pastures, 

mainly due to the expansion of biofuel production (Gilio, Moraes, 2016). Studies indicate that pasture is more likely 

to be exchanged for sugarcane than soybeans, and most of the sugarcane cultivation area was not produced over 

native Cerrado vegetation (Spera et al., 2017; Nacife et al., 2019). The expansion of sugarcane culture, despite 

having a positive impact on the economic in the implanted region (Nacife et al., 2019), has difficulty to insert in 

places where the actors and the infrastructure are well organized for other activities, making farmers less likely to 

sell, rent or convert pasture or soybeans to sugarcane (Spera et al., 2017).  

Historically, high levels of concentration of capital and of rural property characterizes Brazil, and with the expansion 

of sugarcane culture, through land lease agreements between agricultural enterprises and the sugar-alcohol 

agroindustries; it has been perceived miscellaneous impacts on owners to mainly small loans (Petrini et al., 2017). 

Another issue that mainly affects small farms is the representativeness to political channels and insufficient power to 

participate in political management discourses to provide ways of influencing public policies that could safeguard 

those farms (Guanziroli et al., 2013). 

In the Midwest region, Goiás has been receiving in the last years the largest investments of the sugar-energy sector 

and increased its participation in the national and international market very significantly, causing a strong impact on 

the economy, land use and social issues that it has demanded. Traditional agricultural production has been shifted to 

other regions and even restricted due to this phenomenon (Trindade, 2015; Petrini et al., 2017). Specifically in the 

state of Goiás, production jumped from 200,048 tons in 2005 to 69,726,355 tons of sugarcane in 2016, making this 

state the second largest national producer, surpassed only by São Paulo with 354,353,922 tons (IBGE, 2018a).  
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Quirinópolis has a singularity that gives it national prominence, as it occupies the first place in the ranking of 

sugarcane producing cities in Goiás and the second place in Brazil with the production of 7.142.253.25 tons of 

sugarcane (IBGE, 2018a). The research was originally concentrated directly with the sugarcane-producing 

agricultural enterprises, with a locus geographically restricted to Quirinópolis, located in the southwest of Goiás, 

which is conceptually configured as a LPA. The conception of LPA for sugarcane in Quirinópolis, Goiás, comes from 

the understanding of the dynamics of the groups of actors and the powerlessness of the role they play in the local 

economy, provoked around innovation and knowledge creation (De Sordi and Meireles, 2012), but also from the 

theory of regional development, which brings the understanding that Local Productive Arrangements are formed by a 

set of economic activities that are linked to production, mutual influence, cooperation and learning, and that can be 

developed in socioeconomic and political territorial agglomerations. (Ribeiro et al., 2013; Justen and Paes-de-Souza, 

2017) Such facts are verifiable in the city, besides being characterized by the easy access to the productive inputs 

such as: sugarcane, specialized labor, the geographic proximity of the political, economic and social agents, as well 

as of enterprises and other organizations allow the development of economies per cluster (De Sordi and Meireles, 

2012; Justen and Paes-de-Souza, 2017). 

Despite its economic relevance, studies of the sugarcane production system have lacked the most compelling 

evidence regarding social impacts. Regional development from sugarcane can negatively influence social 

vulnerability levels, also influencing the generation of social change processes (Ribeiro, 2013). The government has 

acted through regulatory frameworks, aiming to reduce the social and environmental impacts from the sugarcane 

production system, proposing zoning laws, environmental regulations and fostering voluntary workers rights 

agreements (Duarte et al., 2013). Even with the agricultural expansion, the rural exodus in the last decades has been 

increasing (IBGE, 2018a), however in regions where the sugarcane production system the number of families in the 

rural producing area has increased. (Maia et al., 2016) Clearly, the vast majority of studies address issues of 

economic and environmental sustainability, but social issues still need further study. There are several scientific 

studies that suggest benefits for the population of regions of expansion of the sugarcane industry in Brazil, citing 

mainly, the generation of jobs and income (Mangoyana et al., 2013; Ribeiro, 2013).  

Plausible as a hypothesis, consider that the factors type of contract with agribusiness and territorial extension of 

farms influence the socioeconomic variables in sugarcane agribusiness. However, it is not explained at all, it is 

observed that rural enterprises, for example, may be less likely to lease or convert their production to sugarcane if 

they are in the midst of other rural soy or pasture establishments with supporting infrastructure to its well-structured 

and consolidated production (Gilio & Moraes, 2016; Spera et al., 2017). The issue affects both sugarcane 

agribusiness (Asunción et al., 2016) and penetrating soybean and cattle across the Amazon and Cerrado (Garrett et 

al., 2013). 

It is urgent to emphasize that knowledge about the specific dynamics of rural sector actors is still limited, which may 

imply difficulties or facilities for sustainable agricultural development depending on the focus. Socioeconomic 

insecurity and food conditions are also studied to contribute to more effective sectoral policies, effectively supporting 

food security policies and this bias can contribute to reducing vulnerability to food insecurity (Pervaiz et al., 2017). 

Thus, a systematic analysis of the current dynamics is required to obtain the necessary information on the 

possibilities of sustainable agricultural development to compose specific and effective policies (Escobal et al., 2015; 

Medina et al., 2015). In this sense, new alternative proposals for agricultural development have gained space in the 

political agendas, providing conditions for the implementation of projects aligned with this recent demand (Franks, 

2014). The authors aim to examine, through Cluster Analysis, the aggregating characteristics of rural establishments 

hired by the sugarcane agroindustries, evaluating them and characterizing the profiles related to the socioeconomic 

factors that agglutinate them, providing a more effective understanding of agricultural enterprises. 

2. Method 

The field survey was conducted from June 2018 to February 2019 with the landowners. The studied rural 

establishments are located in the rural micro-regions of the city of Quirinópolis, geographically positioned by the 

coordinates: 18º26'52” south and 50º27'07” west, located in the southwest of Goiás and in the south mesoregion of 

the state (IBGE, 2018b).  

2.1 Sampling Procedures  

The research universe comprises the 67 existing sugarcane-producing agricultural establishments (IBGE, 2018a), 

parameter for the sample calculation. The sample adopted the 95% confidence level for data collection and analysis, 

with a sample error margin of 5%, resulting in a sample of 58 agricultural establishments (Santos, 2016). The 

research is quantitative, with fieldwork adopting the survey method (Creswell, 2017). In the data collection, printed 
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questionnaires were used for the interviews, contemplating the research variables (Table 1). The data collection 

questionnaire was divided into two distinct sections. In the first section, general data were collected on the profiles of 

landowners and agricultural establishments, and in the second, the conceptions about the research variables from the 

perspective of social and economical dimensions. In the first phase of the research, the questionnaire was pre-tested 

in the field to verify inadequacies, inconsistencies and errors in the questions, which allowed correcting ambiguities 

and other identified non-conformities. The application of the instrument covered 17 micro-regions that compose the 

local productive arrangement, as follows: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Frequency distribution for the sugarcane LPA microregion where the rural development is located 

 

2.2 Research Procedures 

The steps adopted to analyze the results were: (I) planning and elaboration of the questionnaires; (II) logistic study 

and data collection in agricultural establishments; (III) data tabulation; (IV) preliminary data analysis, sample 

adequacy assessment and statistical measures; (V) application of statistical normality tests (Kolmogorov-Smirnov), 

and Friedman's ANOVA; and (VI) Cluster Analysis concerning variables and data exploration through 

socioeconomic indicators. (Creswell, 2017) Data exploration and multivariate analysis were performed using the 

IBM SPSS Statistics 24.0.0.0® and Microsoft Office Excel® applications.  

2.3 Measurements, Variables and Statistical Analysis 

Some statistical tests were necessary to reach the objectives, requiring tests of statistical significance of the variables. 

In Table 1, the variables tested and their identification are presented. 

 

Table 1. List of variables considered for the validation tests and multivariate analysis 

Variable Equation Description 

Age 

 

represents the average age of the owners of the agricultural 

establishments of the sugarcane activity. It contributes to the 

understanding of the sociodemographic profile. 

Agroindustry 

Distance 

(AgroDistance) 
 

agriculture and agroindustry (AgroDistance): which measures the 

distance of the rural property and sugarcane agroindustry, using 

the kilometer as measure. 
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Index Business 

Attractiveness 

(IBA) 
 

expresses the main reasons for the change in the production 

system on earth. It consists of the following indicators: liquidity, 

income guarantee, profitability, production system, health 

condition, investment need and land appreciation. The Likert 

scale was used for scoring with values from 0 to 5. 

Index Exôdus by 

cane  

(IEcane) 
 

measures the number of people who emigrated from agricultural 

property after the change in the productive system, checking the 

location of the rural exodus. The index uses a linear rating scale, 

comprising negative and positive numbers (score). 

Index Succession 

Capacity - ISC 

 

measures the arithmetic average obtained in the evaluation of the 

variables: vocation, practical skills and technical training in 

relation to the successors in the management of agricultural 

establishments. It uses the Likert rating scale comprising numbers 

from 1 to 5. 

Schooling 

 

represents the average of the levels of education levels of the 

owners of the agricultural establishments of the sugarcane 

activity. It contributes to the understanding of the 

sociodemographic profile. 

Size of 

Establishment 

(SizeEstablis) 

 
 

measures the average size of rural properties. In this study were 

identified establishments in the small, medium, large and small 

classes, having the hectar (ha) as unit of measure. 

Total Operating 

Costs by cane 

(TOCcane) 
 

calculated in relative percentage terms of remuneration. For the 

purposes of this study, TOCcane was calculated in relation to the 

2017/2018 sugarcane crop in the establishments. 

Type Contract 

(TC) 

 

represents the reason for the impact of the modalities of the types 

of contracts of agricultural establishments. It contributes to the 

understanding of cost allocation. Contracts can be for leases or 

supplies. 

 

To deepen the profile design of rural establishments based on the variables, the clustering method using the TwoStep 

Cluster Analysis logarithm with Schwarz Bayesian clustering criterion (BIC) was applied. The equation represents 

the increase in the group internal error if groups’ p and q are ungrouped, where m is the number of vectors in each 

group, n is the number of components of the database vectors and i is the index of the vector components. 

                                                           (1) 

3. Results and Discussion 

Statistical normality and hypothesis tests were applied to the variables Type Contract, , ISC, Size of 

Establishment, Agroindustry Distance, Schooling, Associate, IA, Remuneration, IEcane, Age and IBA, in order to 

prepare them for Cluster Analysis. Normality was measured, with satisfactory results, noting that two variables under 

test did not present a normal distribution and were eliminated due to their statistical significance (Age and IBA). The 

Kolmogorov-Smirnov test applied the variables validated under significance (P <0.05) and, additionally, Friedman's 

ANOVA was applied for hypothesis testing to verify rejection of the null hypothesis, with 95% reliability. 

 

Table 2. Test for hypothesis and normal testing 

Description Test 

Kolmogorov-Smirnov 

Analysis of Variance of 

Friedman Factors 

Type Contract 0,04* 0,00 

 0,00 0,00 
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ISC 0,00 0,00 

Size of Establishment 0,00 0,00 

Agroindustry Distance 0,00 0,00 

Schooling 0,00 0,00 

IEcane 0,00 0,00 

Age 0,20 0,00 

IBA 0,20 0,00 

Source: Primary data processed, 2018. Note. *Binominal test of a sample. 

 

Quantitative variables with statistical significance were submitted to descriptive examination to express the general 

characteristics of rural enterprises of the local sugarcane productive arrangement. Descriptive statistics indicated that 

the measured standard deviation of the sample measured low values for AgroDistance (14.08), TOCcane (0.30), 

IEcane (1.15) and ISC (1.66), and high for the size variable of the rural establishment (1.429.46). Calculating 

standard deviation helps to interpret the level of homogeneity and dispersion of the results in Figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Descriptive statistics of the characteristics of rural enterprises 

 

In terms of general characteristics in relation to the variables proposed in this study, it was found that the distance 

between rural enterprises and the sugarcane agribusiness is 22.03 km, consolidating findings from previous studies 

that assert that the ideal transport logistics for this agribusiness is within 50 km (Gilio & Moraes, 2016; Spera et al., 

2017). Regarding operating costs, a very large amplitude is perceived, but its standard deviation is small, indicating 

homogeneity. This feature is explained by the fact that LPA is basically made up of two types of contracts between 

rural enterprise and agribusiness, in which it has the composite of similar costs (lessor and supplier), which indicates 

the near average condensation in the groupings by type of contract. The behavior of the rural exodus variable (-0.19) 

in the LPA is opposite to the national dynamics verified (IBGE, 2018b). It is understood that the sample is mainly 

composed of sugarcane supply enterprises, which was found in an earlier study that this type of establishment 

requires labor in the field causing a negative effect on the exodus indicator (Nacife et al., 2019). The variable that 

measures the perception of the owners of rural enterprises regarding the qualification of their successors to take on 

agribusiness obtained an average score, which may infer that in relation to the proposed parameters (vocation, 

practical skill and technical training) there is no indication of a general condition to undertake the activities, but these 

data should be better examined for further consideration. The issue involving the territorial size of the farms can be 
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inferred (Figure 2) that there is a wide explanatory variability of this variable. 

After the preliminary statistical tests, the sugarcane productive system variables were submitted to Cluster Analysis, 

aiming at the segmentation of the profiles of the rural enterprises and the extraction of information about the research 

data. Cluster Analysis configured a dendogram with the variable groups from the data fit, modeling so that the most 

influential factors in each cluster were determined as a result of the combination of their characteristics and 

similarities. With the intention of verifying the relation between the agricultural establishments, cluster analysis 

through the TwoStep algorithm combined the input of 7 factors, obtaining a cohesion and separation silhouette of 0.5 

and forming 2 clusters. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Agglomeration by profile of socioeconomic indicators of rural enterprises 

 

Cluster 1 is comprised of predominantly sugarcane suppliers (97%), so their average total operating cost in relation 

to total compensation (61%) is higher than that of cluster 2 (6%), in which predominate farms leases for sugarcane 

production activity, and because the owner does not perform the productive activity directly, its average total cost in 

relation to total compensation is low, as it refers only to administrative and tax costs generally. The average size of 

these rural farms in cluster 1 is 1,046.63 hectares, approximately ± 3 times larger than the average size of farms in 

cluster 2 (365.45 ha). Studies show that the gain in production scale is an important factor in the production and 

trading of commodities, and territorial extension is an important variable for hiring the rural establishments that 

integrate the sugarcane production system (Nagavarapu 2010; Gilio & Moraes, 2016; Spera et al. 2017). Cluster 

analysis indicated that the largest farms are the furthest from the agro-industry, but the average distances between the 

two farms and the sugarcane processing industry are similar (± 22 km). Transport logistics is fundamental to the 

economic sustainability of the sugarcane business (Spera et al., 2017), since the farther distances imply losses in 

product quality. The most distant rural establishments in this study are 55 km, confirming other correlated studies on 

this factor, which demonstrate that, for the economic sustainability of the sugarcane activity, it must have a distance 

of up to ± 50 km to avoid negatively impact on the economic outcome (Roviero, 2014; Egeskog et al., 2016; Spera et 

al., 2017). 

Regarding the social factors studied, it was found that the farms that are part of cluster 1 had a very negative rural 

exodus index (-48%), an unusual fact, since the Brazilian rural establishments have an inverse trend of this result 

(IBGE, 2008b). This result is due to the own productive activity developed by the sugarcane supplier farmer, which 

needs more labor force on the property and, consequently, more people start to live in the field, justifying the exodus 

indication in these properties to be negative, contrary to what was found in Brazilian farms in general (Nacife et al., 

2019). The farms of cluster 2 followed the general trend of Brazilian rural establishments, obtaining a significant 
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exodus indicator (23%), which is explained by the reduction in the number of people living in the rural property after 

being handed over to the agro-industry. sugarcane production. The landowner and the rural workers with their 

families often leave the land because they no longer worked in that area, as the labor force that will be employed on 

the farm will be from the agribusiness (Nacife et al., 2019). The ISC is an indicator that measures the level of 

qualification of the successors of the studied farms, where the following values were obtained by the successors: 

cluster 1 was 2.81 and cluster 2 was 2.22 (rating scale between 1 and 5). The scores obtained in both clusters can be 

considered average, and reflecting that this indicator reports the variables vocation, practical skill and technical 

knowledge for rural activities, it is clear that successors are not yet able to take over the rural business. A major 

provocation existing in rural enterprises today refers to the training of successors, as they need to develop skills for 

agricultural practices and knowledge of agribusiness management (Burton & Fischer, 2015; Morais et al., 2017).  

The information extracted with the characterization of clusters contribute to the formation and reflection on the 

policies for the use and management of land currently in force in Brazil, once it enables to understand the dynamics 

of the regional development of municipalities where sugarcane is currently under implementation or expansion 

stages. In Goiás, the production system related to Sugarcane APLs has advanced in comparison to other agroindustry 

complexes, increasing the production competition in grains, cattle farming and savanna areas (Abdala & Riberio, 

2011), in especial the Goiás Southwest, where the APL in Quirinópolis is located, became one of the main Brazilian 

agricultural areas, structured in the creation of major agroindustry complexes, creating APLs for agricultural 

production that cover since the production of raw-material, processing and logistics, until delivery to the consumer 

market, and has as one of the decision points the choice of the type of contract and its consequences (Abdala & 

Ribeiro, 2011; Pereira Trindade, 2018). In this environment, logistics matters are important as those demonstrated in 

the characterization of Cluster 1 and 2, due to the intense growth and competition to establish the most suitable 

infrastructure with reduced costs (Strelecek et al., 2011). 

Recent studies have demonstrated the advance of the sugarcane production system in areas that cause the conversion 

to agriculture, pasture and remaining of vegetation in the search for better soil and greatly in smaller farms, as those 

characterized in Cluster 2 (Castro et al., 2010; Gilio & Moraes, 2016; Spera et al., 2017). Thus, it is doubtful to 

perform the official conception of the policies for the use of land, with the inclusion of biofuel to the Agroenergy 

National Plan (PNA), for sugarcane to advance over pasture areas, mainly degraded areas, preserving food producing 

land and the Savanna area (Sauer & Pietrafesa, 2012).  

Even considering the PNA, which aims to alter the use of land primarily on degraded pasture, the advance of the 

sugarcane culture and respective APL is noticeable, in a continuous manner over lands with agriculture, in this case 

with the production of grains, contradicting the agroenergy public policies, confirming the contribution that the 

analysis of sugarcane clusters can bring (Barbalho et al., 2013). The effects of the expansion caused by the Sugarcane 

APL production system are so expressive, that allow to conclude that in the Southwest Goiás such are in 

disagreement with the environmental directives of the Agroenergy National Plan (Pereira Trindade, 2018). This 

research was performed directly with an agent of the production chain, supplier of raw-materials, allowing for 

in-depth knowledge of its necessities and challenges, and consequently, an interference factor in the creation and 

update of land use policies. 

But the data also contribute directly in the construction of the rural planning for rural establishments in a stricto 

sensu manner, once it allows to discuss the best conditions for the establishment of logistics, cost formation, 

capacitation of successors, dimensioning of the productive area and respective effects in the rural exodus. Johansen 

& Chandler (2015), suggest that the literature on rural planning may direct the focus of power assessment, instead of 

those who have power, rather to those that don t́ have, which participation shall the successors have in this process, 

once such require a more specific preparation, once the results per cluster were not satisfactory (Cluster 1 with 2.81 

points and Cluster 2 with 2.22). But the role of planning within a regional development perspective shall consider the 

APL Stakeholders, role that the rural enterprise assumes in a very relevant manner for the success of several agents 

(Kerselaers et at., 2013). These observations contribute to the creation of sectoral policies for the use of land and 

regional economic development, as imply in a theoretical consolidation of precepts on the expansion of sugarcane, as 

also imply under the perspective of rural practice in elements for the improvement of planning of the agricultural 

enterprise within the perspective of regional development. 

It is concluded that through cluster analysis that the type of contract variable and the size of the establishment are the 

most significant factors that influence the rural exodus index and the composition of operating costs in the sugarcane 

LPA in Quirinópolis. 
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