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Abstract 

Agribusiness has played a strategic role for Brazil's development with the challenge of sustainable agriculture. It is 

proposed to determine, through Structural Equation Modeling (SEM), the validity and effects of the relationships 

between socioeconomic factors of the sugarcane production system in Quirinópolis, providing subsidies to the 

decision-making process of agricultural establishments. The research methodological approach was quantitative, 

applying techniques of normality statistics, hypothesis and multivariate analysis without statistical significance (P 

<0,05). A path diagram model was developed that presented structural quality adjustment and its validated 

explanatory equations, obtaining relevant R2. The results demonstrate that the Equation 1 (IBCcane = 0.02Rcane - 

0.75ICcane – 0.46ISVO + 0.35ISPS + error) is explained in 73.7% of its variance (R2), in the Equation 2 (ICcane = 

0.59ISVO – 0.45ISPS + 0.35SizeEstablis + error) successor vocation affects 42% on production costs and in the 

Equation 3 (Rcane = -0.40 AgroDistance – 0.16ISPS + error) the distance between farm and agribusiness influences 

72% on the proposed revenue mix. The SEM analysis verified that social factors influence the economic factors that 

compose the sugarcane production system studied. The path diagram proved that the influence track relative to the 

costs in the proposed model is more representative than revenue for the economic results of rural sugarcane 

establishments.  
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1. Introduction 

Agribusiness has become in Brazil a socioeconomic segment with a large impact on Gross Domestic Product (GDP), 

accounting for 34% of the workforce's employment and 22% of its value (IBGE, 2018a). The agricultural sector via 

major commodity producers and exporters has played a strategic role in the development of sustainable agriculture in 

the country, as it holds about 75.7% of arable land. Production systems as a business are challenged with the need to 

overcome the current simplified strategy for expanding new agricultural frontiers, which imposes social and 

environmental costs (Medina and Santos, 2017).  

The expansion of sugarcane cultivation occupies a space of expression due to its structure, which involves sugarcane 

planting and industrialization to process sugar, biofuel and its derivatives in the cities, causing the perception of the 

emergence of mainly social and environmental problems, due to changes in land management and occupation 

(Trindade, 2015; Gilio and Moraes, 2016; Petrini et al., 2016; Petrini et al., 2017). The referred consequences of this 

new agricultural frontier are under debate because it mainly involves the fact of its competition with the agricultural 

production of food, framing as important negative impact of the exchange in the land use (Dauvergne and Neville, 

2010; Maroun and Rovere, 2014). 

Food security is a universal right in theory and requires access by all people at all times to the indispensable foods 

that address their nutritional needs for an active and healthy life (Pervaiz et al., 2017). Sugar-energy expansion has 

advanced in food crop areas often without a perspective of agri-food sustainability (Gilio and Moraes, 2016), 

creating doubts about the benefits caused by the process of land use change, as it expands yet in consolidated regions 

with high agricultural production (IBGE, 2018a).  

Relevant braking in this procedure is due to the synergy of existing local infrastructure and logistics in the region, as 
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previous studies have found that the economies of scale already available for traditional crops imply less 

vulnerability to sugarcane deployment (Trindade, 2015; Gilio and Moraes, 2016). In this context of enormous 

transformation in rural areas, agricultural innovations in production have been emerging, either for food or energy 

resources.  

Sugarcane cultivation has gained great economic impetus in Brazil mainly since 2003 and has gained great 

importance with the continued expansion of the sector (Mendonça et al., 2013). Due to the current scope of the 

sugarcane production system, it is necessary to evaluate the effects of the transformation process of cultivated areas 

with crops and pastures (traditional activities), within the scope of social and economic sustainability.  

The economic impacts are considerably positive with the introduction of sugarcane cultivation in order to meet the 

demands of agro-industries, but it is observed that this expansion is worrisome in Brazil, as it becomes monoculture 

and primordial economic base in the municipalities (Trindade, 2015; Gilio and Moraes, 2016). From the perspective 

of rural properties, succession is a socially important factor that, long before being effective, presents itself as an 

influential factor in the success of rural activity. They are impressive, especially in the formation of the operational 

cost of the rural establishment, the ability and vocation of the successor in relation to the rural activities. Burton and 

Fischer (2015) and Morais et al. (2017) assert that the ability of successors to accomplish agricultural activities and 

agribusiness management is paramount to the success of agricultural property. 

The current world scenario has exogenous factors that impact through the process of globalization in the national 

agricultural economy, including the sugarcane market, imposing the technical preparation to measure the financial 

return of agricultural activity (Barnes et al., 2015), helping to confirm the understanding of the importance of 

planning as a feasible instrument for agribusiness. Agricultural production has adverse conditions to be faced 

whether agronomic, natural or market and the same applies to sugarcane crop, which is one of the most traditional in 

Brazil (Santos et al., 2016). Benefit/cost indicator analysis stabilizes as an important technique for determining the 

economic efficiency of global management actions (Špačková and Straub, 2015; FAO, 2016). 

The measurement of agribusiness performance of each agent in an agroindustrial chain has become essential (Andia 

et al., 2011), however, from this perspective, the agricultural producer has no precise means of determining its profit 

margin due to the dynamics of the variables that compose its benefit/cost indicator. The current challenge of the rural 

establishment is more in the structure of formation of the benefit/cost indicator than in relation to the scale of 

production, due to the pricing imposed by the market (Andia et al., 2011). 

Performance indicators have helped rural establishments to plan their management in a sustainable socioeconomic 

manner. In this regard, multivariate analysis is a formidable methodology for the elaboration and selection of impact 

factors in the results (Machado et al., 2015). The use of indicators to estimate sustainability has quite a grown in the 

last decades, including in the sugarcane production system, because it has as characteristic, the synthetic presentation 

of information and identification of the variables that best fit the proposed objectives (Guimarães et al., 2010). 

The present study deals with statistical techniques, aiming to determine through the multivariate analysis of 

Structural Equation Modeling the validity and effects of the relationships between socioeconomic indicators referring 

to agricultural establishments that changed their agricultural production from sugarcane to sugarcane in the city of 

Quirinópolis, the main producer of the state of Goiás (IBGE, 2018a), providing subsidies to the decision making 

process of rural establishments to integrate or not to the sugarcane agroindustrial productive system. 

2. Method 

For the analysis of the process of influence among the socioeconomic factors of the agricultural establishments, it 

was necessary the statistical validation of variables and to establish their correlations. The field research had a 

quantitative approach and was conducted through semi-structured questionnaires that were applied to the owners of 

rural properties of the sugarcane production system from June 2018 to February 2019. The rural establishments 

studied are located in the rural microregions of the municipality of Quirinópolis, positioned geographically by the 

coordinates: 18º26'52" South and 50º27'07" West, average altitude of 541 meters, located in the Southwest of Goiás 

and in the South mesoregion of Goiás (IBGE, 2018b). 

2.1 Sampling and Data Collection Procedures 

The research universe comprises the 67 agricultural establishments that make up the sugarcane production system 

(IBGE, 2018a), parameter for the sample calculation. The sample adopted the 95% confidence level for data 

collection and analysis, with a sampling error margin of 5%, resulting in a sample of 58 agricultural establishments 

(Santos, 2016). The research was of the quantitative type, with fieldwork adopting the survey method. In the data 

collection, printed questionnaires were used for the interviews. 
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The data collection questionnaire was divided into two distinct sections, and in the first section general data were 

collected on the profiles of owners and agricultural establishments, and on the second the conceptions about the 

variables of research from the perspective of the social and economic dimensions. In the first phase of the research, a 

pre-test of the questionnaire was applied to check for inadequacies, inconsistencies and errors in the questions, which 

allowed to correct ambiguities and other identified nonconformities. The scope of application of the instrument 

covered 17 rural microregions in the municipality of Quirinópolis, State of Goiás – Brazilin, the collection of data 

(Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Map of the rural zone with the microregions of the city of Quirinópolis 

Source: Adapted from Urzedo (2014) 

 

The steps taken for the development of this study were:  

(I) planning and preparation of questionnaires; 

(II) evaluation of logistics application and data collection in agricultural establishments; 

(III) data tabulation; 

(IV) preliminary analysis of data, assessment of sample suitability and statistical measures;  

(V) application of statistical tests of normality, standardization and control of multicollinearity (significance P 

<0.05); 

(VI) elaboration of the path diagram by the methodology Structural Equation Modeling; and 

(VII) discussion on the relations between socioeconomic indicators. 

2.2 Indicators, Measures and Covariables 

Some statistical tests were performed for the validation of variables and the application of inference techniques. In 

this study, the relations of observable variables were analyzed: Index Benefit Cost by Cane (IBCcane), Index Costs 

by cane (ICcane), Remuneration by Cane (Rcane), Size of Establishment (SizeEstablis), Agroindustry Distance 

(AgroDistance), Index Succession Vocation (ISVO) and Index Succession Practical Skill (ISPS). 

The elaboration of the structural equation modeling and path analysis were proposed in order to deepen the 

understanding of the socioeconomic indexes of agricultural establishments. For the articulation of the research 

proposal, it was also necessary to organize the indexes that measure the socioeconomic effects inherent to the 

characteristics of the agricultural establishments of Quirinópolis. To better understanding the proposed (variable) 

indicators, the following descriptions are presented: 
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Succession Index – vocation (ISVO): it is measured by the arithmetic average obtained in the evaluation. The 

results of the scores in relation to the vocation of the successors in the management of the agricultural establishments 

attributed by the owners were observed in this study. The issues that shaped this indicator measured the vocation of 

successors to take over rural activities. The Likert scale of evaluation was used, which includes from 1 to 5 points 

and its equation is expressed: 

   
∑   
 
   

 
                                      (1) 

Succession index – practical skill (ISPS): it is measured by the arithmetic average obtained in the evaluation. The 

results of the scores were observed in relation to the ability of the successors to perform the technical and 

management activities of the agricultural establishments without considering the formal preparation. The Likert scale 

of evaluation was used, which comprises from 1 to 5 points and its equation is expressed: 

   
∑   
 
   

 
                                      (2) 

Benefit/Cost Index (IBCcane): it is the ratio of total compensation to total cost. The article applies the concept of 

cost index for sugarcane as a function of the total operational cost of sugarcane in (ICcane), calculated in relative 

percentage terms to the total income of the rural establishment. The    covers operational disbursements, such as 

supplies, labor, machinery, administrative expenses, labor costs and depreciation. For the purposes of this study, 

ICcane was calculated in relation to the 2017/2018 sugarcane harvest in the establishments. Your conversion 

calculation is shown by the expression: 

        [
    

            
]                                (3) 

The remuneration comes from the production of sugarcane (Rcane) and was calculated based on the ton of sugarcane 

produced and converted by the quotation of Total Recoverable Sugar (ATR) by CONSECANA (2018), of July 10, 

2018, and its currency conversion (real to U.S. dollar) was carried out on the same date based on the quotation of the 

Central Bank of Brazil. For the purposes of this study, the remunerations of agricultural establishments are prorated 

by the productive area in order to obtain the value of the compensation per hectare (US$/ha) and to provide a 

calculation of the indicators. 

In summary, the IBCcane is the simple ratio between the average of the remuneration (x) earned with the rural 

business by the percentage of the total operational costs (y) required for production. The index uses a linear scale of 

assessment that includes negative and positive numbers (points). Its equation is determined by the expression: 

   

∑   
 
   
 

∑   
 
   
 

                                    (4) 

Size Factor of the agricultural establishment (SizeEstablis): it is measured by the size of the rural property, an 

important variable for cost analysis and potential remuneration. In this study, establishments were identified in the 

small, medium, and large size classes, having as unit of measure the hectare (ha). 

Distance factor between agricultural establishment and agribusiness (AgroDistance): it is measured by the 

distance from the rural property and agro-ethanol industry, this logistic factor impacts on the analysis of potential 

costs and remunerations. The average distance in this research uses the kilometer (km) as unit of measure. 

2.3 Statistical Analysis 

Statistical analysis started with the evaluation of variables (SizeEstablis, AgroDistance, IBCcane, ICcane, Rcane, 

ISVO and ISPS), calculating the representative descriptive values of the sample and verifying the distribution of the 

data through asymmetry, with normality tests and hypotheses in the samples. For preparation and execution of the 

SEM analysis, preliminary statistical tests were applied to the database: I) The data were standardized and submitted 

to boxplot analysis to verify discrepancies, II) Normality tests (Kolmogorov-Smirnov and Shapiro-Wilk) of the data 

to support the assumption of normality of data distribution and III) Friedman's ANOVA test to verify that the null 

hypothesis H0 was rejected. A test that uses the ranks of the data instead of their raw values for multiple comparisons 

(Hair. et al., 2010). 

The analytical stage consisted in elaborating the path diagram and processing the SEM multivariate analysis, a 
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methodology that combines exploratory factorial analysis and multiple regression (Sanchez et al., 2015). In the 

elaboration of SEM, the independent variables are considered exogenous and the dependent variables are similar to the 

endogenous variables. Both exogenous and endogenous variables can be observed or not, depending on the model 

being tested (Abadi, 2019). 

For the exploitation of data, statistical testing and multivariate analysis, IBM® SPSS Statistics, version 24.0 and 

Microsoft® Office Excel applications were used. The SEM analysis in this article used the IBM® SPSS Amos 

software, version 26.0 as a method of estimation and modeling. To interpret the results, it was considered the criteria 

adopted by Abadi (2019), Correia et al. (2012) and Sanchez et al. (2015). The proposed theoretical model related to 

the basic hypothesis of research analyzed presents hypothetically relevant influence relations, which were tested to 

verify their validity and effects. 

 

 

 

 

 

 

 

 

 

 

Figure 2. Theoretical model of the basic hypothesis proposed 

 

Through SEM, the model can be tested using adequacy indicators to determine if the variance pattern in the data is 

consistent via the path diagram indicated by the authors (Correia et al., 2012). SEM was used to test the influence of 

variables and their effects on the prediction of the benefit/cost index for agricultural establishments in the productive 

center of Quirinópolis, Goiás. It is appropriate to approach SEM in two phases: the assessment of the adjustment of 

the measurement model and the structural evaluation of the model (Hair. et al., 2010). 

The equations derived from the model were evaluated considering the following criteria: R2 values equal to or 

greater than 0.26 of substantial influence, R2 between 0.13 to 0.25 of moderate influence and R2 of less than 0.13 of 

weak influence (Cohen, 1988). The quality indicators of structural adjustment follow criteria established by several 

authors and are brought to reference the results of the SEM analysis (Table 1). 

 

Table 1. Structural adjustment quality indexes for standard model  

Structural Adjustment Quality Indices Abbreviations Standard 

Adjustment of chi-square (X2) and degree of freedom (df) X2/df 0 to ≤ 2*, ** 

Root Mean square Residual  RMR < 0,05*, ** 

Residual Mean Square Error of Approach RMSEA < 0,05*, ** 

P-value Close (Confirmatory Factor Analysis) PCLOSE > 0,05 to 1,00*, ** 

Goodness of Fit Index GFI > 0,95 to ≤ 1,00*, ** 

Adjusted Goodness of Fit Index AGFI > 0,95 to ≤ 1,00*, ** 

Hoelter's Critical N 0,05 and 0.01 ≥ 200*** 

Relative Fit Index RFI - rho1 Next to 1,00*, ** 

Comparative of adjustment Fit Index CFI Next to 1,00*, ** 

Incremental Fit Index IFI - Delta2 Next to 1,00*, ** 

Source: *Abadi (2019), **Correia et al. (2012) and ***Garson (2009). 
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3. Results  

The analysis of the relations between the socioeconomic indicators of the agricultural establishments of the 

sugarcane production system demonstrated relational statistical validity for most of the hypotheses and measured 

effects on the model tracks. The theoretical proposal of structural modeling of the equation of the variables studied 

presented significant relations at 95% confidence (Figure 3). 

The Variance Inflation Factor (VIF) multicolenicity test was applied to the variables, verifying the minimum scores 

of 1,350 and a maximum of 3,544, a result not compatible with collinearity distortions; preliminary tests did not 

identify outlines in the data. The normality tests applied verified the probability distribution associated to the data by 

proximity of the normal sampling distribution, considered a significance of P <0.05 (Table 2), and the Friedman 

ANOVA test refuted the null hypothesis at the confidence level of 95% (Table 2). 

 

Table 2. Statistical tests of adequacy of the sample database 

 Normality Tests Collinearity test Average of Indicators* 

Kolmogorov-Smirnov Shapiro-Wilk VIF 

Rcane (annual) 0.200 0.003 1.350 US$ 248.61/ha1 

IBCcane 0.000 0.000 1.410 246% 

ICcane 0.003 0.000 3.480 41% 

ISVO 0.000 0.000 3.544 3,38 points 

ISPS 0.000 0.000 2.986 3,68 points 

SizeEstablis 0.000 0.000 1.611 756,63 ha 

AgroDistance 0.004 0.000 1.857 22.03 km 

Analysis of Variance of Friedman Factors by Related Sample 

Stations 

Reject the null 

hypothesis. 

Significance: 0.000 

 

The proposed relations were analyzed and the system performed multiple regressions to consolidate the model, 

identifying the structural coefficients, covalences, factor loads for each variable and their connections according to 

the elaborated path diagram (Figure 3), controlling the standardized parameter estimates.  

3.1 Model Adjustment 

The structural equation modeling process adopted demonstrated a good fit of the model through adjustment indexes 

presented by their scores and references (Table 2). In the selection of information to construct the diagram, the 

Akaike Information Criterion (AIC) was used at 38,572, a small value reflecting a suitable selection for the 

adjustment of the data. On the basis of the scores of X2 (2.572) and the df (10) the chi-square fit relation with the 

degree of freedom (0.257) was calculated, which remained in a value range considered reliable since the closer to 0, 

the more this index shows that it is appropriate (Sanchez et al., 2015; Abadi, 2019).  

The RMR test he had his score of 0.035. Thus, considering that a perfect fit is indicated by RMR = 0, the value 

obtained was excellent. The RMSEA adjustment criterion (ideal fit RMSEA = 0), obtained a score of 0, indicating a 

perfect fit. The Pclose in this modeling reached the value of 0.994 for the proposed path diagram, which indicates a 

suitable adjustment (Abadi, 2019).  

To estimate the maximum structural likelihood of the model, the value of 0.987 was calculated for the GFI index. 

The AGFI, which considers the degrees of freedom available to test the model, had a score of 0.965, and the RFI, 

which measures the discrepancy and degrees of freedom for the model under evaluation, obtained a value of 0.973. 

The IFI obtained in this model was 1.039. In the CFI, the score was 1,000. All results of this block indicate a very 

good fit for the proposed model (Sanchez et al., 2015; Abadi, 2019).  

The Hoelter criterion is one of the adequacy measures developed to test whether the sample size is suitable for the 

proposed path diagram. It indicates, from the obtained data, if the sample size of the specified model is sufficient or 

not (Garson, 2009). Hoelter's assessment can be made with different significances, and in this study Hoelter (0,05) 

scored the score of 406 and Hoelter (0,01) the value of 515, setting as appropriate the sample collected (Garson, 
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2009). 

In essence, it is inferred that the model of the proposed path diagram through the evaluation of the measured 

measurement adjustment indices proved to be fully adequate to the quality criteria required by the multivariate analysis 

Structural Equation Modeling, allowing to proceed to analysis of the paths effectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Path diagram relative to the proposed model for analysis: structural coefficients of relations and R2 of 

equations 

 

3.2 Evaluation of the Path Diagram Adjustment  

To validate the structural equation modeling, it was necessary to first check the quality of model adjustment, in 

which the tests are important to identify the compatibility of the main criteria of adjustment indexes obtained. The 

quality control indices of the model adjustment were satisfactory at the 95% confidence level (P <0.05), qualifying 

the model for the planned multivariate analyzes with the following values: X2/df = 0.257; RMR = 0.035; RMSEA = 

0.000; Pclose = 0.994; GFI = 0.997; AGFI = 0.965; RFI-rho1 = 0.973; CFI = 1,000, IFI - Delta2 = 1.039; Hoelter 

(0.05) = 406 and Hoelter (0.01) = 515.  

3.3 Path Model 

In this section, the results of the study are reported based on standardized regression coefficients (βs) and Ps for setting 

analysis parameters. From the estimated path diagram, the estimates and the parameters were calculated to verify if the 

hypotheses of simulated relation in the theoretical model are validated or denied, test conducted under a significance of 

0.05 for the 95% confidence level.  

For purpose of results and discursion of hypotheses (relation between variables) and consequently of the equations in 

detail, it was necessary to establish that, for a hypothesis to be accepted, two conditions must be satisfied: first, the 

value of the structural coefficient must be greater than 0.33 and second, P should be less than 0.05 (Table 3). 
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Table 3. The results of the path analysis for the standardized model with assessment of the structural coefficient, 

P-value, equations and R2  

Hypotheses Direct Effect Relations 
Structural 

Coefficient 
p-Value 

Equation 

1 

Equation 

2 

Equation 

3 

R2 

0.737 

R2 

0.215 

R2 

0.188 

H1 Rcane <--- AgroDistance -0.404 ****   72% 

H2 Rcane <--- ISPS -0.156 0.190   28% 

H3 ICcane <--- SizeEstablis 0.347 0.003  25%  

H4 ICcane <--- ISPS -0.452 0.046  33%  

H5 ICcane <--- ISVO 0.587 0.010  42%  

H6 IBCcane <--- Rcane 0.023 0.736 1%   

H7 IBCcane <--- ICcane -0.752 **** 47%   

H8 IBCcane <--- ISPS 0.355 0.009 22%   

H9 IBCcane <--- ISVO -0.457 **** 29%   

 

With the application of the path analysis technique, 7 direct relations were validated confirming the following 

hypotheses: hypothesis 1 proposes that the distance between the agricultural establishment with agribusiness is 

directly related to the remuneration earned by the activity with sugarcane in the agricultural establishment. The 

statistical significance for this hypothesis (│0.000│<0.05) was verified, and, concomitant to the fact that its 

coefficient of structural effect was relevant (β = │-0.404│>0.33), this hypothesis was accepted. 

Hypothesis 3 refers to the size of the agricultural establishment is directly related to the composition of the 

agricultural establishment costs. The statistical significance for this hypothesis (│0.003│<0.05) was verified, and, 

concomitant to the fact that its coefficient of structural effect was relevant (β = │0.347│>0.33), this hypothesis was 

accepted. 

Hypothesis 4 refers to the practical ability of the successor to conduct the activities of the rural establishment is 

directly related to the composition of the costs of the agricultural establishment. Statistical significance was found for 

this hypothesis (│0.046│<0.05), and, concomitant to the fact that its coefficient of structural effect was relevant (β 

=│-0.452│>0.33), this hypothesis was accepted. 

Hypothesis 5 was also accepted. In it, it is proposed that the vocation of the successor to conduct the activities of the 

rural establishment is directly related to the composition of the costs of the agricultural establishment. Statistical 

significance was found for this hypothesis (│0.010│<0.05), and, concurrently, its coefficient of structural effect was 

relevant (β =│-0.587│>0.33). 

Hypothesis 7 refers that the impact of cost composition is directly related to the benefit/cost index of the agricultural 

establishment. Statistical significance was found for this hypothesis (│0.000│<0.05), and, concomitant to the fact 

that its coefficient of structural effect was relevant (β = │-0.752│>0.33), this hypothesis was accepted. 

Hypothesis 8 proposes that the practical ability of the successor to conduct the activities of the rural establishment is 

directly related to the benefit/cost index of the agricultural establishment. Statistical significance was found for this 

hypothesis (│0.009│<0.05), and, concomitant to the fact that its coefficient of structural effect was relevant (β = 

│0.355│>0.33), this hypothesis was accepted. 

Hypothesis 9 refers that the vocation of the successor to conduct the activities of the rural establishment is directly 

related to the result of the benefit/cost index. Statistical significance was found for this hypothesis (│0.000│<0.05), 

and, concomitant to the fact that its coefficient of structural effect was relevant, this hypothesis was accepted (β =│ 

-0.457│> 0.33). 

Among hypotheses rejected, hypothesis 2 refers to the practical ability of the successor, which would be directly 

related to the remuneration obtained with the sugarcane. There was no statistical significance for this hypothesis 

(│0.190│> 0.05) and given the fact that its coefficient of structural effect was weak (β =│-0.156│<0.33), this 
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hypothesis was rejected. 

Considering hypothesis 6, which refers to the revenue obtained from sugarcane is directly related to the result of the 

benefit / cost index, there was no statistical significance for this hypothesis (0.736> 0.05), and, given the fact that its 

coefficient of structural effect was weak, this hypothesis was rejected (β = │0.023│ <0.33).  

3.4 Structural Analysis of the Paths 

The path diagram is composed of a set of equations that performs an integrated analysis of the structural model, in 

which they demonstrate relevant paths (Figure 3). The relation between the variables in the model is measured by the 

coefficients, and the closer to zero, the more it is considered unsatisfactory. The diagram proposed in this research is 

composed of three equations via observable variables, which were shown to be well adjusted structurally to the 

model. 

The basic hypothesis was validated by checking the multiple square correlations of the endogenous variables that 

were estimated in the following measure: Equation 1 (IBCcane) is explained in 73.7% (R2) of its variance, 

emphasizing that it represents in the path diagram proposed the central hypothesis of this study, its scores are well 

adjusted structurally and its R2 is substantial. Equation 2 (ICcane) obtained an R2 equal to 0.215, explaining its 

variance in 21.5%, and Equation 3 (Rcane) with R2 equal to 0.188, has been explained in 18, 8% of their variance, 

being classified as moderate and accepted (Cohen, 1988).  

Evaluating equation 1, it has that the articulation of the secondary hypotheses 6, 7, 8 and 9 form a direct path, 

considering that hypothesis 6 was the only one rejected in the equation, which indicates that the revenue earned with 

sugarcane has no significant effect on the outcome of the benefit/cost ratio. The evaluations of the paths representing 

the revenues are important, since the expansion of the sugarcane production system has had economic effects, such 

as the increase in revenue in the cities where they were implemented (Gilio and Moraes, 2016; Nacife et al., 2019), 

but in the proposed diagram its irrelevance in the model can be explained from the observation of the variables and 

their relations (Figure 3) applied, inferring that this track had few integrated variables to better explain Rcane, which 

may have underestimated the representation of the effects on the IBCcane. Additionally, the formulation of revenue 

from the production or lease activity for the production of sugarcane is linked to market parameters of this 

commodity, which does not occur with the factors related to costs (CONSECANA, 2018). 

Hypothesis 7 was accepted, indicating that cost management will affect the economic result expressed by the benefit 

/ cost index of the agricultural establishment. In addition, the coefficient of effect for this hypothesis shows that each 

point of the IBCcane leads to -0.47 points of impact of the costs of the agricultural establishment, in other words, 

ICcane reduces the result of IBCcane by 0.75 per point. Cost management is an important factor in the productive 

process to determine the sustainability of the producer, who, in operations with commodities, has its price paid, so 

that cost is the primordial vector of success in the activity (Vilela et al., 2017). 

Hypotheses 8 and 9 have been accepted and refer to the question of succession. The H8 indicates that the practical 

ability of the successor in the performance of the activities of the rural establishment will affect the economic result 

expressed by the benefit/cost index of the agricultural establishment. In this context, the successor with practical 

experience inserted in the management and production process of the agricultural establishment enhances the 

development and the future of it, since succession is fundamental to the future adaptability of the rural establishment 

in the agricultural sector (Wheeler et al., 2012). 

Hypothesis 9 indicates that the vocation of the successor to carry out the activities of the rural establishment will 

affect the economic result expressed by the index of benefit/cost of the agricultural establishment. This finding about 

the vocation and practical ability of the successors, or potential successors shows that those involved with 

responsibility in the establishment of activities impact directly and / or indirectly in results (Inwood and Sharp, 

2012). 

Equation 2 is composed in its path of hypotheses that were all confirmed (Table 3). Hypothesis 3 has the pertinence 

of the direct effect between the size of the rural establishment and the cost index in cane production, presenting a 

positive relation, in which the result of the cost index of sugarcane activity is directly related to the size of the rural 

establishment, which can be explained by the fact that in the city the smallest rural properties are under contractual 

lease regime and the larger ones are predominantly under sugarcane supply regime for the agroindustry. 

In a recent study, it was found that the rental system promotes a lower cost than providing production (Nacife et al., 

2019), in order to explain the relation. The same occurs in other regions, where the cost of operations provides 

differentiation in the composition of the effective cost due to the size of rural establishments (Trindade, 2015; Gilio 

and Moraes, 2016). 
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Hypotheses 4 and 5 refer to the effects on the performance of successors in rural establishments in the management 

of costs. It was verified that the causal relation between the practical ability of the successors and the cost index of 

the activity of sugarcane is inversely proportional. The relation between the vocation of the successor and the cost 

index of sugarcane activity is directly proportional. Thus, it is inferred that the ability to perform operational 

activities of production can reduce the cost and only the successor present vocation does not benefit the relation. 

Collaborating for this understanding are studies that point out that the great challenge to the success of current 

agriculture demands innumerable skills from successors, such as agricultural practices and management training 

(Burton and Fischer, 2015; Morais et al., 2017).  

Equation 3 analyzes the path that aggregates the secondary hypotheses 1 and 2, in which hypothesis 1 was confirmed 

and hypothesis 2 rejected (Table 3). The hypothesis rejected in this equation indicates that the practical ability of the 

successors in this study does not affect significantly on the revenue earned as a function of sugarcane activity in rural 

settlements in Quirinópolis. The confirmed hypothesis presents a direct relation between the income of agricultural 

establishments and their distance from the agroindustry with a substantial inverse proportional effect between them, 

in other words, the greater the distance between the agroindustry and the agricultural establishment, the lower is the 

income earned by the establishment.  

This finding is similar to other studies on this theme in relation to the sugarcane production system in Brazil that deal 

with economic viability, which point out that the sugarcane crop should be planted at a distance of approximately 50 

km from an agroindustry in order to preserve the quality of the product and avoid losses (Gilio and Moraes, 2016; 

Spera et al., 2017). In relation to Quirinópolis, which was consolidated as the largest sugarcane pole in the state of 

Goiás (IBGE, 2018a), the greatest distance between agricultural establishments and agribusiness was 55 km, but the 

general average distance was 22.03 km, and the rural establishments classified as small-sized had a shorter distance 

(15.11 km) and medium and large ones showed an average distance of 24.11 km (Nacife et al., 2019). 

From the path diagram, in this research it was observed that the path represented by the secondary hypotheses H5, 

H7 and H9 demonstrated the greatest direct and indirect effect (Figure 3). The variables of this track affect with a 

substantial effect load and with greater impact on the benefit/cost index of sugarcane production. On this track, the 

successors' vocation expresses a direct effect on the benefit / cost index with inversely proportional force (negative 

signal) and directly proportional (positive) force in its indirect path through the cost index to the IBCcane. Therefore, 

it can be inferred that the role of succession in rural establishments is important factor in the perspective and 

dynamism of the property, being able to configure the nature of the agricultural sector (Wheeler et al., 2012). 

4. Conclusion 

The social factors directly and indirectly influence the economic factors that make up the studied sugarcane 

production system. Structural Equation Modeling has proven to be valid and effective in discriminating relations 

between the most influential socioeconomic factors of the sugarcane production system. In addition, the path 

diagram has proved that the path relative to Equation 2 (costs) is more representative in the model than Equation 3 

(revenues) in relation to the effects on the benefit/cost index of the agricultural establishments of the sugarcane. The 

study has limitations that can be resolved in new investigations, since the instrument and the research variables, 

despite meeting the statistical criteria, do not have variability of context, either geographic or temporal. It is clear that 

the theme must be researched from multiple aspects and contexts, but for the purposes of this research it was opted 

for the delimitation of the object, which allowed treating the theme with greater objectivity. 
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