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ABSTRACT: The no-tillage system participatory quality index aims to evaluate the quality and efficiency of 
soil management under no-tillage systems and consists of a weighted sum of eight indicators: intensity of crop 
rotation, diversity of crop rotation, persistence of crop residues in the soil surface, frequency of soil tillage, 
use of agricultural terraces, evaluation of soil conservation, balance of soil fertilization and time of adoption 
of the no-tillage system. The aim of this study was to assess the extent to which these indicators correlate 
with the no-tillage system participatory quality index and to characterize the farmers who participated in 
the research. The data used were provided by ITAIPU Binacional for the indicators of the no-tillage system 
participatory quality index II. Descriptive analyses were performed, and the Pearson correlation coefficient 
between the index and each indicator was calculated. To assess the relationship between the indicators and the 
farmers’ behavior toward the indicators, principal component analysis and cluster analysis were performed. 
Although all correlations are significant at p-value ≤ 0.05, some correlations are weak, indicating a need 
for improvement of the index. The principal component analysis identified three principal components, 
which explained 66% of the variability of the data, and the cluster analysis separated the 121 farmers into 
five groups. It was verified that the no-tillage system participatory quality index II has some limitations and 
should therefore be reevaluated to increase its efficiency as an indicator of the quality of the no-tillage system.
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Índice de qualidade participativo do sistema plantio direto
RESUMO: O índice de qualidade participativo do sistema plantio direto tem o intuito de avaliar a qualidade e 
a eficiência do manejo do solo quanto ao uso do sistema plantio direto, sendo formado pela soma ponderada 
de oito indicadores: intensidade da rotação de culturas, diversidade da rotação de culturas, persistência 
de resíduos na superfície do solo, frequência de preparo do solo, uso de terraços agrícolas, avaliação da 
conservação do solo, fertilidade balanceada do solo e tempo de adoção do sistema plantio direto. O objetivo 
deste estudo foi verificar com qual intensidade esses indicadores se correlacionam com o índice de qualidade 
participativa do sistema plantio direto e caracterizar os produtores rurais que participaram da pesquisa. Foram 
utilizados dados da ITAIPU Binacional, referentes ao índice de qualidade participativo do sistema plantio 
direto II. Foram realizadas análises descritivas e foi calculado o coeficiente de correlação de Pearson entre o 
índice e cada indicador. Com o intuito de verificar a relação dos indicadores entre si e dos produtores rurais 
que participaram da pesquisa com os indicadores, foram realizadas as análises de componentes principais 
e de agrupamento. Apesar de todas as correlações serem significativas ao nível de p-value ≤ 0.05, algumas 
correlações foram fracas, indicando a necessidade de mudanças para aperfeiçoar o índice. Com a análise de 
componentes, foram identificados três componentes principais, que explicam 66% da variabilidade dos dados 
e com auxílio da análise de agrupamento, os 121 produtores foram separados em cinco grupos. Verificou-se 
que o índice de qualidade participativo do sistema plantio direto II apresenta algumas limitações e, portanto, 
deve ser reavaliado para aumentar sua eficiência como indicador de qualidade do sistema plantio direto.

Palavras-chave: produtores rurais, agricultura conservacionista, rotação de culturas, conservação do solo e 
da água, agricultura sustentável
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Introduction

The no-tillage system (NTS), also known as conservation 
agriculture (CA) (Kassam et al., 2009), represents a set of 
agricultural practices supported on three pillars: permanent 
soil cover, minimum soil tillage and crop rotation (Friedrich 
et al., 2012; Derpsch et al., 2014; Ward et al., 2018). In Brazil, 
it is considered the most efficient farming system for water 
erosion control in areas with annual crops.

Despite the benefits of NTS on the effective control of soil 
erosion, other soil conservation practices are necessary, such 
as contour farming and the use of agricultural terraces (Didoné 
et al., 2014; Londero et al., 2018; Telles et al., 2019). However, 
because farmers believed that erosion processes would be 
fully controlled in no-tillage areas, many of them eliminated 
all or part of the agricultural terraces and abandoned contour 
farming (Silva & Maria, 2011), which resulted in low-quality 
NTS (Denardin et al., 2008; Didoné et al., 2017).

In the 1990s, the Instituto Agronômico do Paraná (IAPAR - 
Agricultural Research Institute of Paraná State), in partnership 
with ITAIPU Binacional, conducted a diagnosis of the quality 
of NTS (Calegari et al., 2014). The results indicated that the 
NTS adopted by the farmers did not meet the basic principles 
of this farming system. Therefore, the term NTS with quality 
emerged (Casão Junior et al., 2006).

To evaluate the quality of NTS, the Federação Brasileira de 
Plantio Direto e Irrigação (FEBRAPDP - Brazilian No-Tillage 
and Irrigation Farmers’ Federation), together with ITAIPU 
Binacional, developed the no-tillage system participatory 
quality index (IQP), a methodology based on a set of indicators 
related to the efficiency of the management, aiming at the 
sustainability of the production systems of farmers in a given 
region. The index underwent some modifications and is 
currently in its second version, called IQP2.

In this context, the aim of the present study was to evaluate 
whether IQP2 is an adequate index to assess the quality of NPS 
and to determine whether a statistically significant relationship 
exists between the IQP2 and its indicators. Furthermore, farmers’ 
behavior concerning the results of the IQP2 were analyzed.

Material and Methods

The area considered in the study was the Paraná III basin 
(BP3), located between latitudes 24º 1' S and 25º 35' S and 
longitudes 53º 26' W and 54º 37' W. It is distributed in 29 
municipalities: 28 located in the Western Paraná mesoregion 
and one in the Southern Mato Grosso do Sul.

The BP3 comprises 8000 km2 in which dozens of tributaries 
flow directly into the Paraná River, where the Itaipu lake is 
located, at the confluence with the Iguaçu river. The BP3 is 
located in Western Paraná and the Southern Mato Grosso do 
Sul. It is a region rich in natural resources and biodiversity, 
with an abundance of water and excellent soils; it is known for 
its high agricultural productivity, where modern, mechanized, 
intensive and technologically advanced agricultural systems are 
used (Fuentes-Llanillo et al., 2006). The region is composed 
of basaltic rocks (Serra Geral Formation) and rocks of arenite 
origin (Caiuá Formation sandstone), in addition to presenting 

plateaus and terrains with soft slopes towards the west (Maack, 
1981).

The IQP is a participatory methodology developed to 
evaluate the quality of the NTS of a farm while considering each 
one of the fields that compose the farm. The index has the term 
“participatory” in its name because the microbasin farmers 
developed the questionnaire through meetings moderated 
by technicians and experts from FEBRAPDP and ITAIPU 
Binacional. It is an indicator that analyzes the actions of the 
farmer taken to improve the quality of the production system, 
with this knowledge being used to provide recommendations 
for the region, as defined by Casão Júnior et al. (2006). This 
index was built through committees based on the pillars of 
NTS, which is based on conservation agriculture associated 
with the best soil and water management practices (Laurent et 
al., 2011). The strategy of the IQP was to integrate the technical-
scientific community with the voluntary participation of the 
farmers in the construction of a comprehensive questionnaire 
that was easy to understand and self-applicable, i.e., the farmer 
must be able to self-evaluate his/her own field across the 
questions (Roloff et al., 2011).

Initially, the IQP was applied to six BP3 microbasins, in a 
program called Cultivando Água Boa (cultivating good water): 
Ajuricaba, Buriti, Facão Torto, Pacuri, Sanga Mineira and 
Toledo, in Paraná, Brazil. In the first version, used between 
2010 and 2012, the results revealed a low-quality NTS, with 
the simplification and abandonment of soil conservation 
techniques; abandonment of the practice of crop rotation 
and permanent soil cover; soil tillage; removal of agricultural 
terraces; up and down slope soil tillage; and lack of pest control. 
A good quality NTS was found in only 10% of the farms. The 
limitations of NTS and the factors that limited its effectiveness 
in the questionnaire were the lack of knowledge by the farmers 
of the set of techniques that compose this system (Motter & 
Almeida, 2015). Given the results, the methodology needed 
revision, which gave rise to IQP2.

Thus, in this study, the data provided by ITAIPU Binacional 
for the IQP2 indicators were used, and the questionnaires were 
applied between 2014 and 2017 in BP3. The data included 
206 fields from 121 farmers in microbasins designated by the 
Cultivating Good Water program. The information is available 
in the Web Platform-No-tillage System, which shows the results 
of the IQP2 assessment.

The questionnaire allows eight indicators to be determined: 
intensity of crop rotation (IR), diversity of crop rotation (DR), 
persistence of crop residues in the soil surface (PR), frequency 
of soil tillage (FP), use of agricultural terraces (TE), evaluation 
of soil conservation (CA), balance of soil fertilization (FE) and 
time of adoption of the no-tillage system - NTS (TA).

The IQP2 is the result of the weighted sum of the eight 
indicators, where the weight is 1 or 1.5, and the indicator 
values range from 0 to 1, according to the farmer’s response. 
Furthermore, each IQP2 indicator has a critical value, which 
indicates whether the farmer is above or below of what would 
be minimally expected for the aspects diagnosed for field 
management.

Table 1 shows a brief description of the three indicators 
related to crop rotation, the indicator related to soil tillage 
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and the indicator that addresses the time of adoption of NTS. 
The first four are the indicators with the greatest weight for 
the calculation of IQP2, with a weight of 1.5. The adoption 
time indicator has a weight of 1.0. The crop rotation indicators 
are IR, DR and PR, and these are related, respectively, to the 
time of live soil cover, the different crop families and the 
different grasses used in the production system. The indicator 
of soil tillage is FP, which is related to soil management with 
machines within a period of 12 years. The indicator of time of 
adoption of NTS is the TA, which uses a period of 25 years as 
the baseline, so that the historical record of NTS in the BP3 
region is considered.

Table 2 shows the indicators related to soil conservation, 
which included the TE and CA. Both indicators have a weight 
of 1 in terms of IQP2 score. TE is related to terracing and 
possible overflowing of terraces on the field evaluated and 
CA indicates the existence or absence of signs of erosion, soil 
compaction and contour seeding and spraying.

Table 3 describes the FE indicator, which refers to 
fertilization. It is an indicator with a weight of 1 in the IQP2, 
and its score is determined by the consideration of whether 
the farms use organic manure or not.

According to the FEBRAPDP, on the basis of the IQP2 
score, the farmers can be classified as follows: very good, when 
the IQP2 score is greater than or equal to 8.51; good, when the 
IQP2 score is between 6.51 and 8.50; regular, when the score is 
between 4.51 and 6.50; and, poor, when the score is less than 
or equal to 4.50.

First, descriptive statistics of IQP2 and the eight indicators 
that compose it were calculated to provide mean, median, 
minimum and maximum values. To identify the existence 
of a relationship between IQP2 and each of the indicators, 
the Pearson correlation coefficient was calculated. With 
respect to the coefficients, values below 0.30 were considered 
weak correlations; values between 0.30 and 0.70, moderate 
correlations; and values above 0.70, strong correlations.

Table 1. Indicators related to crop rotation and frequency of soil tillage

IR - Intensity of crop rotation; DR - Diversity of crop rotation; PR - Persistence of crop residues; FP - Frequency of soil tillage; NM - Number of months with live soil cover; 
FD - Different families in rotation; GR - Number of grasses in rotation; IBP - Interval between soil tillage (years); TA - Time of adoption of no-tillage system; T - Time of adoption

TE - Use of agricultural terraces; CA - Evaluation of soil conservation; ITE - Score based on the number of overflows in 5 years; IC - Score based on contour farming operations, 
compacted soil and erosion

Table 2. Indicators of soil conservation (long-term)

WSA - Based on results from soil analysis; WoSA - Without consideration of the results 
from the soil analysis; LM - Liming; CF - Chemical fertilization; UMW - Use of organic 
manure with application control and nutrient balance; UMWo - Use of organic manure 
with application control and nutrient balance

Table 3. Indicator referring to balance of soil fertilization - FE 
(long-term)

In addition, principal component analysis (PCA) was 
performed and involved the construction of new variables 
on the basis of linear combinations of the original variables 
(Nakamura et al., 2013). Only the IQP2 indicators with 
moderate and strong correlation were considered when 
performing the PCA, and the scores for the 121 farmers were 
used. In the cases where the farmers had more than one field 
analyzed, the weighted average of the scores obtained and 
the sizes of the fields were used. To select the number of PCA 
components, the Kaiser criterion was used (Kaiser, 1958); in 
which selects all principal components with eigenvalues equal 
to or greater than 1. Once the components were selected in 
the PCA, cluster analysis was performed according to the 
Ward method, to form groups of homogeneous individuals 
(Lima et al., 2010). According to Nakamura et al. (2013), the 
Ward method is the most widely used method for cluster 
analysis because of the strong statistical appeal involved in the 
calculation process; this process uses the analysis of variance 
to perform the clustering of individuals, which are the fields 
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in this case. The generalized Euclidean distance was used to 
apply the Ward method (hierarchical cluster analysis), and 
the scores obtained by the PCA were used for the clustering.

The R 3.2.2 software was used for the statistical analyses, 
and ArcGIS was used for constructing the maps.

Results and Discussion

Table 4 shows the results of the descriptive statistics of the 
IQP2 and the eight indicators that compose it. The IR and CA 
were the only indicators that did not have a score of zero for any 
farmer. Furthermore, for all indicators, at least one farmer had 
a maximum score, and on average, only the DR was below the 
critical value. With respect to the median, with the exception 
of the DR indicator, 50% of the fields were above the critical 
value in the others indicators. For IQP2, the lowest score was 
3.317, the maximum score was 9, and half of the fields scored 
above 6.795.

The Pearson’s correlation revealed that the IR indicator 
was significant with p-value ≤ 0.05, and the correlations with 
the other indicators were significant with p-value ≤ 0.01. The 
strongest correlation identified was between IQP2 and FP 
(0.76), and the weakest correlation was for IQP2 with the 
IR indicator (0.15). Although all correlations are significant, 
considering p-value ≤ 0.05, the values obtained between IQP2 
and the indicators IR and CA are considered weak. Only the FP 
had a strong correlation with IQP2, while the other indicators 
had a moderate correlation, with a correlation of 0.36 with DR, 
0.49 with PR, 0.52 with TE, 0.34 with FE, and 0.58 with TA. 
The eight indicators were expected to have at least a moderate 
correlation with the IQP2 score because this score is formed 
by the weighted sum of the indicators. Thus, the results are 
not as expected.

Nunes (2017) also conducted a study involving the IQP2 
and its eight indicators but with 40 fields, and the results 
showed that the IQP2 was weakly correlated with the DR, 
CA, and FE; moderately correlated with the IR, TE, and TA; 
and strongly correlated with the PR and FP. These results are 
slightly different from those in the present study, but this is 
expected given the sampling differences.

Notably, the principles of conservation agriculture include 
minimum tillage (no tillage), crop rotation and soil cover 
maintenance (Brown et al., 2017; Dougill et al., 2017; Kassam 
et al., 2009). The IQP2 is an index used to assess the level of 
adoption of conservation practices by farmers and to qualify 
their production system. Thus, the results obtained in the 
correlation analysis indicate that IQP2 is, in general, efficient 
in quantifying and qualifying the quality of conservation 
agriculture.

Based on PCA, performed for the DR, PR, FP, TE, FE 
and TA indicators, three principal components (PC) were 

extracted, whose eigenvalues were 1.81, 1.13 and 1.03, and the 
three components together explained 66% of the original data 
variance. With the number of components defined, the loading 
of each of the six indicators in each of the three components 
was calculated (Table 5). Higher the loading value was, greater 
the effect of the indicator on the main component. Thus, for 
PC1, the indicators with the greatest impact were FP and TA, 
forming the FP + TA component. For PC2, high loading was 
present for the PR indicator, and this component was called 
the PR component. The third component had high loading 
for the FE indicator and, thus, was called the FE component. 

Cluster analysis was performed with the PCA components, 
with the 121 farmers being divided into five groups. Table 6 
shows the mean and standard deviation of the IQP2 and its 
indicators for each group formed by the cluster analysis. Cluster 
1 comprised 11 farmers, all of whom had a score below the 
critical value for the IR indicator, and the IQP2 score ranged 
between 5.2 and 7.97, making it the group with the highest 
variability in the index values. Cluster 2 is formed by 52 
farmers, all with IQP2 scores classified as good, and was the 
group with the highest means for the indicators FP, TE, CA, 
and TA. Cluster 3 is composed of 24 farmers, with IQP2 scores 
ranging from 4.98 to 7.04 and the highest mean for the FE 
indicator. Cluster 4 consist of 7 farmers, all with a score of 0.67 
for DR and with a low score for PR. In addition, the farmers of 
this cluster had an IQP2 score classified as regular. Cluster 5 
is composed of 27 farmers, with scores below 0.67 for the DR 
indicator and with more than 2/3 of the farmers exhibiting a 
poor score for the other indicators. Figure 1 shows a map of 
the BP3 with the 121 farmers divided according to the results 
of the cluster analysis.

In summary, the IQP2 has some limitations related to the 
relative importance and significance of some of its indicators. 
That is because some of the indicators are weakly correlated 
with IQP2 but are important items in its composition, they 
need to be reviewed. Thus, this is a differential of the IQP2, 
being a more effective index and low cost, allowing an 
evaluation of the quality of the NTS.

Several soil quality indicators that are directly linked to 
soil management exist and have been developed on the basis 

IR - Intensity of crop rotation; DR - Diversity of crop rotation; PR - Persistence of crop residues; FP - Frequency of soil tillage; TE - Use of agricultural terraces; CA - Evaluation of 
soil conservation; FE - Balance of soil fertilization; TA - Time of adoption of no-tillage system; IPQ2 - No-tillage system participatory quality index

Table 4. Descriptive statistics of IQP2 and its indicators

PC - Principal components; DR - Diversity of crop rotation; PR - Persistence of crop 
residues; FP - Frequency of soil tillage; TE - Use of agricultural terraces; FE - Balance of 
soil fertilization; TA - Time of adoption of no-tillage system

Table 5. Loading value of each indicator in the principal 
components 
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IR - Intensity of crop rotation; DR - Diversity of crop rotation; PR - Persistence of crop residues; FP - Frequency of soil tillage; TE - Use of agricultural terraces; CA - Evaluation of 
soil conservation; FE - Balance of soil fertilization; TA - Time of adoption of no-tillage system; IQP2 - No-tillage system participatory quality index

Table 6. Mean and standard deviation (in parentheses) of the groups formed in the cluster analysis, with respect to IQP2 and 
its indicators

Figure 1. BP3 map with 121 farmers divided according to 
cluster analysis

of chemical and physical soil property analyses (Freitas et 
al., 2012; Perusi & Al Zaher, 2012), but those indices require 
soil samples and laboratory analyses and thus are very costly. 
Therefore, one of the advantages of the IQP2 score is that, 
compared with the aforementioned indices, it is more effective 
and less expensive while still enabling the evaluation of NTS 
quality.

In addition to providing information on the quality of the 
NTS, the IQP2 score provides information on the strengths to 
be maintained and on the weaknesses that need to be improved. 
Thus these result ultimately help in the development of an 
improvement plan to be implemented by the farmers seeking 
to improve the quality of NTS and the sustainability of the 
production system.

Conclusions

1. The intensity of crop rotation (IR) and the evaluation of 
soil conservation (CA) indicators should be reviewed since they 
are weakly correlated with the no-tillage system participatory 
quality index (IQP2).

2. The IQP2 was efficient in evaluating the quality of the 
no-tillage system used by the farmers, without the weakly 
correlated indicators.

3. Given the identification of two indicators that have a 
weak correlation with the IQP2, a reformulation of the index 
becomes necessary; this reformulation seeks to obtain eight 
indicators with a moderate correlation with IQP2.

4. The evaluated farmers showed heterogeneity regarding 
the quality of their no-tillage system (NTS), with farmers with 
very good NTS quality and farmers with low NTS quality 
being identified.
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