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ABSTRACT: The concept of a no-tillage system (NTS), or “Sistema Plantio Direto,” was
established in Brazil from the evolution of no-tillage (NT) or “Plantio Direto,” given the
edaphoclimatic conditions and the need to promote chemical, physical and biological
improvements in cultivated soils. While “Plantio Direto” is a conservationist practice,
“Sistema Plantio Direto” presents itself as an agricultural production system based on the
simultaneous adoption of minimum soil disturbance, maintenance of permanent soil cover
and crop rotation. This study reviews the concepts of “Plantio Direto” and “Sistema Plantio
Direto” in the Brazilian literature and uses two case studies in Parana State to demonstrate
the practical implications of these concepts. These two terms and their variations are
recurrent themes in Brazilian scientific research and the professional environment, and
may occur erroneously, hindering their adoption, results and implications. Regarding
the “Sistema Plantio Direto,” we highlight the need to clarify the concepts of its basic
practices to parameterize and characterize this process. The definition of crop rotation,
for example, requires limits on the number of species along a given time scale, thus
enabling their identification. Regarding the case studies, most grain crops conducted in
Parand State did not adopt the “Sistema Plantio Direto,” mainly neglecting the component
of crop rotation. Nevertheless, the use of the “no-tillage system participatory quality
index” (PQI) tool can contribute to the assessment and monitoring of the quality of the
“Sistema Plantio Direto.” However, it requires adjustments to differentiate the “Sistema
Plantio Direto” from the “Plantio Direto.”

Keywords: conservation agriculture, participatory quality index, soil management, crop
rotation, no-tillage system.
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INTRODUCTION

Sustainable agricultural production is one of the greatest challenges of the 21st century
because of the importance of agriculture, as demand for food and environmental
preservation grows. The 2030 Agenda of the United Nations (UN) established goals
for sustainable development in social, economic and environmental dimensions in this
century. In particular, the goals for the agriculture sector were highlighted as: “zero hunger
and sustainable agriculture,” i.e., aiming to end hunger, achieve food security, improve
nutrition and promote sustainable agriculture; and “terrestrial life,” i.e., protect, recover
and promote the sustainable use of terrestrial ecosystems, sustainably manage forests,
fight desertification, halt and reverse land degradation, and halt the loss of biodiversity
(United Nations Organization, 2016).

From the perspective that agriculture must reconcile production growth, poverty
reduction and environmental preservation (OCDE and FAO, 2015), the adequate use of
soil, as the basis of agricultural systems, is essential (Reichert et al., 2003). Conservation
agriculture, understood as agriculture under the precepts of soil conservation science,
using technologies that promote the preservation, maintenance, and/or recovery of
natural resources through the integrated management of soil, water, and biodiversity,
has an important role in this goal (Denardin et al., 2014; FAO, 2017).

Soil conservation for agriculture is based on the promotion of gains in agricultural
production through the improvement of soil fertility without causing environmental
damage, particularly with regards to soil and water management (Cassol et al., 2007).
The no-tillage system (NTS) has proven to be able to reconcile these two viewpoints,
namely, conservation and productivity, making it a reference in soil and water conservation
management in agriculture in Brazil (Muzilli, 2006; Freitas and Landers, 2014) as well as
globally (Bolliger et al., 2006; Derpsch et al., 2010).

In Brazil, the concept of NTS was established and consolidated over time, as an evolution
of direct seeding without soil preparation, called no-tillage (NT), originating in England
and the United States, adapted to Brazilian edaphoclimatic conditions (Cassol et al.,
2007). Often adopted as synonyms, the NT and NTS are different concepts. Whereas NTS
is an agricultural production system, composed of the basic principles of crop rotation,
permanent soil cover and sowing without previous soil mobilization; NT is only considered
as a sowing technique without previous soil preparation, or minimal soil disturbance, as
proposed by Hernani and Salton (1998).

Thus, a relevant aspect in understanding NTS in Brazilian agriculture is the existence and
use of different terminologies. “Plantio Direto,” “Sistema Plantio direto,” “Sistema de
Plantio Direto,” “Semeadura Direta,” “Sistema Semeadura direta,” “Sistema de Semeadura
Direta,” “Sistema de Plantio Direto na Palha,” “Plantio na Palha,” “Semeadura na Palha,”
“Sistema Plantio Direto na Palha,” and “Semeadura Direta na Palha" are terms found in
the Brazilian bibliography (Aratani, 2020). The lack of clarity regarding the use of these
terminologies and their proper conceptualization, including in scientific studies, has
resulted in the use of a given term for different practices or the use of several terms for the
same practice, making it difficult to understand their results and impacts (Derpsch et al.,
2014) within the scope of research, teaching, extension and public policies.

In 2022, the 50th anniversary of the first commercial annual crop sown without previous
soil mobilization in Brazil will be completed. Located in Parana State, it belongs to
Herbert Bartz, a visionary farmer concerned about the environmental impacts of soil
management adopted at that time (Freitas and Landers, 2014; Santin, 2018), whose
state has become a reference in technology that revolutionized tropical and subtropical
agriculture (Motter et al., 2015). However, in recent years, the partial adoption of NTS
principles has been observed in grain crops in Parana State (Telles et al., 2019) and
Brazil (Fuentes-Llanillo et al., 2021a), characterizing it only as NT, and consequently,
compromising the soil quality, which concerns different segments of society.
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This review aims to analyze the conceptual differences between the NTS and NT, based on
the Brazilian literature, as well as to present two case studies on the practical implications
of using these concepts in the evaluation and advances of the NTS in Parana State. In this
study, the terms NTS and NT in the English language are used as a translation for the
discussion on the “Sistema Plantio Direto” and “Plantio Direto” adopted in Brazil, which
are commonly adopted by scientists, technicians and farmers.

NO-TILLAGE AND NO-TILLAGE SYSTEM

Originating in England and the United States of America, direct seeding without soil
disturbance, called NT in Brazil (Cassol et al., 2007), was introduced in the late 1960s
in the Rio Grande do Sul State and in Parana State, to reduce soil erosion resulting
from intense soil mobilization in croplands (Derpsch et al., 1986; Cassol et al., 2007;
Casao et al., 2012; Telles et al., 2013; Bertol et al., 2014; Fuentes-Llanillo et al., 2021a)
as a soil conservation practice (Cassol et al., 2007). With its expansion in the 1980s,
under Brazilian climate conditions, the characteristics of NT began to expand, with
a set of additional technologies necessary to promote soil conservation and quality
(Denardin et al., 2014; Fuentes-Llanillo et al., 2021a), from which the terminology “NTS”
emerged, whose basic principles were minimum soil disturbance, permanent soil cover
and diversification of crop species (Muzilli, 2006; Cassol et al., 2007; Denardin et al.,
2014; Febrapdp, 2021; Fuentes-Llanillo et al., 2021a).

System is defined as a set of elements that interact with each other, which differs from a
simple analysis of its parts (Bertalanffy, 2010). From a system perspective, the NTS came
to be understood as an agricultural production system, arising from three fundamental
practices (Cassol et al., 2007), with improvements in soil quality only occurring when
these practices were integrated.

Overtime, NTS had several beneficial effects on Brazilian agriculture. Initially, the effect
observed was the reduction of soil erosion and the resulting environmental problems
(Derpsch et al., 1986), followed by an increased grain yield (Debiasi et al., 2013) and
the subsequent improvement in soil properties (Calegari et al., 1992). Long-term studies
in different Brazilian regions, climates and soils have shown that the continuous use
of NTS can improve the chemical (Sa et al., 2009; Rheinheimer et al., 2019), physical
(Moraes et al., 2016; Reichert et al., 2016; Pires et al., 2017) and biological soil properties
(Balota et al., 2014; Demetrio et al., 2020), and increase the soil organic matter (SOM) stock
(Ferreira et al., 2018; Veloso et al., 2020), with its corresponding social and environmental
advantages (Freitas and Landers, 2014).

From an environmental perspective, the NTS reduces the siltation of water bodies, the
eutrophication of surface waters and the transportation of agrochemicals as well as
improving the replenishment of groundwater and aquifers (Itaipu Binacional and Febrapdp,
2011), and sequestering atmospheric carbon via increased SOM (Cassol et al., 2007;
Carvalho et al., 2009).

Although used synonymously in many cases, the concepts of NT and NTS are different.
While NT is considered a soil conservation technique with seeding occurring directly on
the residues of the previous crop and without soil preparation, the NTS comprises a set
of technologies that promote soil conservation and increased productivity (Hernani and
Salton, 1998). The NTS is a genuine Brazilian terminology resulting from the need to
promote soil conservation and quality (Denardin et al., 2014). Internationally, the term
“conservation agriculture” (CA) is adopted with similarity to the term NTS adopted in Brazil
(FAO, 2017), with crop rotation as one of its distinctive characteristics (Kassam et al.,
2019). In Brazil, however, the term CA is seen as a set of conservationist practices for
soil, water, and biodiversity, used systemically in agriculture, including, for example, the
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integrated management of pests, diseases and weeds (Cassol et al., 2007). This adds
another layer of conceptual difficulty to the understanding of the terms in use in this field.

The use of the terms “Plantio Direto” and “Sistema Plantio Direto” in Brazil, on the
contrary, are considered inappropriate, as they refer to the action of depositing seeds
and not plants in the soil, where “seeding” would be the correct term, in the same way
as the term “system” is used in a generalized way without representing the fullness of
the technology (Souza et al., 2019). Denardin et al. (2012) emphasized that the term
“Plantio Direto” originates from an inadequate translation of the original English language
(NT, no-till and zero tillage). Thus, the use of the term “Plantio Direto” must be taken
from the meaning of its concept, with values beyond its etymological significance. As a
result, “Plantio Direto” and “Semeadura Direta” are used interchangeably, referring to
the act of sowing without previously preparing the soil (Denardin et al., 2014).

Several terminologies have been used in Brazil over the years to represent sowing without
soil preparation and its variations (Cassol et al., 2007). In exploratory studies in different
Brazilian bibliographic databases analyzing the use of the terms, Aratani (2020) found
the presence of 12 different variations, with a greater recurrence of the use of “Plantio
Direto” and “Semeadura Direta.” The use of the term “system” was also recurrent, but
with less intensity in more rigorous scientific publications.

Analyzing the use of the terms “Plantio Direto,” “Semeadura Direta,” and its variations
in scientific publications available online on the portal Scientific Electronic Library Online
(SciELO, 2021) in several Brazilian journals in Portuguese (Table 1), 2,182 results were
found, with a predominance of the terminology “Plantio Direto” and its variations in
77.6 % of cases, and “Semeadura Direta” and its variations represented 22.4 % of cases.
Among all the variations, the use of “Plantio Direto” and “Sistema Plantio Direto” stood
out, with 34.6 and 27.7 % of cases, respectively, with the prefix “system” being used
primarily when using the term “Plantio Direto” was used.

With respect to the terms used in the Revista Brasileira de Ciéncia do Solo (RBCS)
(Brazilian Journal of Soil Science) (Table 1), the highest adoption was observed for the term
“Plantio Direto” compared to “Semeadura Direta,” with 75.6 and 24.4 %, respectively,
in Portuguese. When analyzing the variations of the terms, “Sistema Plantio Direto” and
“Plantio Direto” were the most frequent, at 36 and 32 %, respectively. It is worth noting
that after the RBCS became an exclusively English-language journal in 2016, the most
commonly employed terminologies became “no-tillage” (48.3 %), “no-tillage system”
(26.4 %), “no-till” (24.1 %), and “conservation agriculture,” with only one citation (1.2 %),
demonstrating the predominance of the term “no-tillage system” as a reference to the
term “Sistema Plantio Direto” in Brazilian journals.

The terms “Sistema de Plantio Direto,” “Plantio Direto na Palha,” “Sistema Semeadura
Direta,” and “Sistema de Semeadura Direta” were also observed in both analyzed segments,
albeit at a lower frequency. Notably, the use of the terms “Plantio Direto” and “Sistema
Plantio Direto” are predominant in Brazilian scientific publications, demonstrating that,
despite not being the most appropriate from an etymological point of view (Souza et al.,
2019), they have a popularized use. Therefore, their strict definition based on key concepts
(Denardin et al., 2012) is of fundamental importance. However, when consulting the
literature, experiments conducted without crop rotation and in short periods are often
referred to as NTS studies (Ceretta et al., 2002; Carvalho et al., 2008; Guareschi et al.,
2014), contradicting the concept of NTS.

In 2017, Brazil had 33 million hectares under NT, corresponding to 61 % of the area under
annual crops, according to Fuentes-Llanillo et al. (2021b). However, the same quantity
or the same NT area from previous surveys are cited in scientific publications and free
consultation sites (Passos et al., 2018; Scheid et al., 2018), such as the Brazilian NTS
area, which shows the nonsense practical use of the terminology.
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Table 1. Number and percentage of use of the terms “Plantio Direto,” “Semeadura Direta,” and
variations in scientific publications available online in Brazilian journals, and specifically in the
Revista Brasileira de Ciéncia do Solo (RBCS) (Brazilian Journal of Soil Science) from the Scientific
Electronic Library Online - Brazil (SciELO-Brasil)

. General® RBCS?
Terminology . .. . .
Publications % Publications %
Portuguese
Plantio direto 1694 77.6 437 75.6
Plantio direto 756 34.6 185 32.0
Sistema plantio direto 604 27.7 208 36.0
Sistema de plantio direto 311 14.3 40 6.9
Plantio direto na palha 17 0.8 3 0.5
Sistema de plantio direto na palha 6 0.3 1 0.2
Semeadura direta 488 22.4 141 24.4
Semeadura direta 336 15.4 92 15.9
Sistema semeadura direta 14 0.6 7 1.2
Sistema de semeadura direta 138 6.3 42 7.3
Total (Portuguese) 2182 100 578 100
English
No-tillage - - 65 74.7
No-tillage - - 42 48.3
No-tillage system - - 23 26.4
No-till - - 21 24.1
Conservation agriculture - - 1 1.2
Total (English) - - 66 100

™ Search in Brazilian journals, without period restriction. ® Search with terms in Portuguese from 1997 to
2015, and search with terms in English in subsequent years. Source: (SciELO, 2021)

Considering the area under NT in Brazil, it is estimated that between 10 % (Martins et al.,
2018) and 20 % (Denardin, 2018) make effective use of the set of NTS principles. The
non-adoption of the NTS, but the adoption of only the NT, may decrease soil quality
(Fuentes-Llanillo et al., 2021a), including compaction and low water infiltration, soil
erosion in rainy periods and water deficit in dry periods (Denardin, 2018). However, the
conceptualization of NTS is intrinsically composed of an understanding and adoption of
the three conservation practices that constitute its pillars. This requires an understanding
of the concept of these practices to characterize the concept of NTS better.

Minimum soil mobilization

Direct seeding or “Plantio Direto” is a soil conservation practice where sowing takes
place without previous soil preparation, where soil mobilization is restricted to the seed
deposition site, performed directly on the remains of the previous crop (Bertoni and
Lombardi Neto, 2014; Maria et al., 2019).

Considering that the average spacing between rows for sowing summer crops (corn,
beans or soybean) is 0.50 m and the use of a system type furrower with seed and fertilizer
deposition occurs at a depth up to 0.10 m, the soil volume tilled does not exceed 5 %
of the tilled area, compared to plowing in conventional tillage (CT). However, in CT,
in addition to plowing, harrowing (one or two times) is necessary before the seeding of
commercial crops.

Therefore, the no-disturbance soil in the NT, in contrast to CT, provides a new dynamic
in terms of its physical, chemical and biological properties, no longer requiring
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periodic revolving and homogenization, resulting in the formation of attribute
gradients along with the profile, whether chemical, physical, or biological. Studies
have shown that grain yield in NT has an initial phase in which the production can
be less than or equal to the system with tillage, known as the soil stabilization phase
(Franchini et al., 2012; Debiasi et al., 2013), which is variable as a function of time, place and
crop cultivation.

Comparing systems with and without tillage, under the succession of soybean and
wheat, Debiasi et al. (2013) observed that this stabilization period lasted 12 years,
analyzed by the accumulation of SOM and its effects on chemical properties (increase
in CEC, increase in P, and reduction in Al phytotoxicity), physical (greater aggregation
and higher water retention) and biological (nitrogen biological fixation, diversification of
living organisms and their activity). Franchini et al. (2012) defined a period of six years
for the stabilization of crop productivity when production systems with crop rotation were
adopted, and 12 years when crop succession prevailed. Pereira Neto et al. (2007) evaluated
the development of the soil structure and concluded that the NT stabilization phase was
surpassed after nine years, where the areas under NTS had structures similar to those
of native vegetation. S4 et al. (2019a) mentioned that the NTS was consolidated after
ten years of implementation, with the consequences of stabilizing density, accumulation
of straw under the surface, increased levels of carbon, phosphorus, CEC, water storage
and cycling of nutrients, and a reduction of nitrogen demand due to the increase in its
mineralization via straw.

In summary, after the adoption of the minimum soil disturbance, a time of stabilization
is required for the consolidation of the new system. Only after this period, ranging from
6 to 12 years, can it be considered an NTS that is dependent on the crop cultivation
practiced and of the place.

Soil cover

The soil cover is among vegetative soil conservation practices, considered living or dead
cover (straw), in which the accumulated phytomass from previous crops acts as protection
to the energy of the impact of raindrops on the soil surface, and to the shear energy of
the runoff, is an important practice for erosion control (Heckler et al., 1998; Bertoni and
Lombardi Neto, 2014; Maria et al., 2019). Furthermore, it influences soil temperature,
evaporation, water infiltration and storage, and SOM accumulation (Heckler et al., 1998;
Maria et al., 2019). It depends on the quantity and quality of aboveground phytomass
added to the system, as well as the speed of its decomposition, which varies depending
on the climate, microbiota and composition of the material, ensuring total soil coverage
(Canallietal., 2019). As a result, the maintenance of the permanent soil cover influences
the dynamics of the SOM. However, as pointed out by Cassol et al. (2007), while soil
cover is essential for reducing erosion caused by the kinetic energy of raindrops,
it does not reduce the kinetic energy of runoff at the same intensity, requiring the
adoption of complementary conservation practices of erosion control, such as terracing
and level cultivation.

Heckler et al. (1998) reported that an average of 5 Mg ha™ dry matter should be maintained
on the soil surface over time to ensure a minimum coverage of 80 % of the surface in
the NTS. However, the loss of soil and water is directly proportional to the percentage
of soil cover, where a soil cover of 100 % is desirable (Maria et al., 2019).

Regarding the amount of phytomass needed to maintain or increase SOM, Canalli et al.
(2019) cite annual dry matter input needs, ranging from 6 to 7 Mg ha™ yr* for the
subtropical high altitude climate, 7.5 to 8.0 Mg ha™ yr™ for the subtropical low altitude
climate and transition between subtropical and tropical climates, and 10 to 12 Mg ha™ yr*
for tropical climates.
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Thus, permanent soil coverage for the NTS is obtained by the contribution of phytomass
in sufficient quantity to allow for a coverage of 100 % of the surface. This quantity must
persist over time; its distribution throughout the year and its quality are important for
this, where materials with a high carbon to nitrogen ratio are desirable because of their
slower decomposition, such as grasses, which stand out in the process of maintaining
soil cover, due to higher phytomass production, covering the soil for a longer period
(Heckler et al., 1998; Canalli et al., 2019).

Crop rotation

Crop rotation was the last principle to be included in the characterization of NTS, as minimal
soil mobilization and permanent soil cover have a direct relationship with the initial purpose
of NT, reducing the erosion processes. However, crop rotation has become the principle
of promoting soil quality in the NTS, improving chemical, physical and biological fertility
(Santos and Reis, 2001; Franchini et al., 2011a), in addition to the simple reduction of
erosive processes, promoted by the other two principles.

Despite being a soil conservation practice (Bertoni and Lombardi Neto, 2014; Conceicao,
2019; Maria et al., 2019; Souza et al., 2019), initially, the rotation of species within NT was
recommended as a practice for the biological and cultural control of pests, diseases and
weeds (Santos and Reis, 2001; Calegari, 2006; Muzilli, 2006), because of the conditions
required for the survival of pests and diseases in the cultural remains of undisturbed soil.

Crop rotation proved to be important in soil management systems without soil disturbance
over time. In addition to allowing for the management of pests, diseases and weeds
(Bertoni and Lombardi Neto, 2014; Canalli and Bordin, 2019), this importance is because
it allows for the exploration of different soil layers and nutrient cycling (Muzilli, 2006;
Canalli et al., 2019) as well as the biological fixation of atmospheric N via leguminous
species (Bertoni and Lombardi Neto, 2014; Canalli and Bordin, 2019), the maintenance
of soil cover due to the use of species with higher phytomass production and higher C/N
ratio with the introduction of grasses (Canalli and Bordin, 2019; Canalli et al., 2019),
and increased SOM and crop productivity (Medeiros et al., 1994; Bertoni and Lombardi
Neto, 2014; Maria et al., 2019).

Despite the well-known importance of crop rotation as a conservation practice and as a
principle of the NTS, its conceptual definition is not presented in an objective and clear
way, particularly with regards to its variables. Generally, crop rotation is defined as
the alternate and planned cultivation of different plant species with different botanical
characteristics (nutritional requirements, dry matter production, shoot and root growth
habits, C/N ratio, biological fixation, and reaction to pests and diseases), whether
commercial crops or cover crops, in the same plot over time (Medeiros and Calegari,
2006; Gongalves et al., 2007; Bertoni and Lombardi Neto, 2014; Passos et al., 2018;
Maria et al., 2019; Souza et al., 2019; Febrapdp, 2020a).

The concept of crop rotation has three variables: spatial, temporal and plant species. The
spatial dimension is most precise among the variables, as it characterizes the analysis of
a given location with a single management procedure over time (plot with homogeneous
management). On the other hand, the temporal dimension presents variations in its
conceptualization, including a lack of the repetition of the same species in an interval
less than one to three years (Santos and Reis, 2001), alternation in a minimum period of
three years (Canalli and Bordin, 2019), or alternation of species in the same season of the
year (Franchini et al., 2011a). Conceptual models of crop rotations have been proposed
(Medeiros and Calegari, 2006; Gongcalves et al., 2007), with a temporal variation ranging
from three to seven years.

For variable plant species, the conceptualizations do not establish a quantitative or
qualitative parameter for how many species are necessary to characterize a crop rotation,

Rev Bras Cienc Solo 2022;46:€0210104 7



Possamai et al. Adoption of the no-tillage system in Parana State: A (re)view

’r-
‘
Y\

nor its relationship with the temporal variable. Exceptions include Calegari et al. (1998)
and Franchini et al. (2011b), who established the alternation of species within the same
season of the year, and Santos and Reis (2001), who established the non-repetition of a
certain species within one to three years. Although a parameterization of plant species to
characterize rotation is lacking, several crop rotation models have been proposed for use
by farmers, such as Medeiros and Calegari (2006), Gongalves et al. (2007), Franchini et al.
(2011b), and Sa et al. (2019b) for Parana State. Theoretically, these propositions are
based on studies that mainly support the need to provide aboveground phytomass with
the capacity to keep the soil covered and maintain or increase the levels of SOM, as well
as manage diseases and pests.

In the proposal by Gongalves et al. (2007), the authors considered two crops per agricultural
year and a rotation period of three to seven harvests. It is worth noting that they proposed
that soybeans, the main summer crop, should not be repeated over time, citing a maximum
of 66 % of the crops when the rotation predicts three crops, and a maximum of 75 %
of the crops when the rotation predicts four crops. The justification for including corn
in the first crop is based on the fact that soybean contributes around 4 Mg ha™ of dry
matter, a value below the required annual contribution of quantities equal to or greater
than 10 Mg ha™ of dry matter (Canalli et al., 2019) and by gains in productivity in the
cultivation of soybeans resulting from rotation (Franchini et al., 2011a).

However, proposals for crop rotations without alternating corn cultivation in the first
crop have also been proposed by Medeiros and Calegari (2006) and Sa et al. (2019b).
For example, they proposed crop rotations without alternating soybeans in the same
growing season, but with the inclusion of grasses in single or intercropped crops, mainly
corn with Urochloa in the crops of the second growing season of the agricultural year.

Although a clear definition of the concept of crop rotation is lacking, several points
converge. In terms of the time scale, there is a need to consider a minimum period of
three agricultural years and within these different growing seasons that can be up to three
crops for the grain production systems. As for plant species, the following are convergent:
(1) the need for arrangements that promote the annual contribution of sufficient dry
matter to maintain soil cover and maintain or increase SOM content, especially with
grasses because of the higher C/N ratio; (2) not using the same species in sequential
crops in the same agricultural year; (3) the alternation of different species and botanical
families, within the same agricultural year and the same growing season over the various
agricultural years, aiming at the management of pests, diseases, and weeds, the cycling
of nutrients, and the diversification of species that promote higher quality.

One possibility for advancing the conceptualization of crop rotation, given the subjectivity
of the variable “species,” is the definition of a scale of intensity of species diversification
(Rodale Institute, 2021), ranging from simple intensity (two or three species) to complex
intensity (with 12 or more species), given that the increase in the number of species
promotes higher quality systems (Conceicao et al., 2005). However, at present, farmers
commonly use consortia of cover crops, known as “blends,” “cocktails,” or “mixtures.”
In these cases, mixtures of cover crop seeds with two to twelve species are possible,
creating an additional difficulty in using the intensity of species diversification as a
parameter for crop rotation.

CASE STUDIES

Based on the premise that the reality of the field reflects the scientific reality in a more
applied way and points out ways to understand the phenomena of the adoption of a
given technology, we used two case studies to understand the dynamics of NT or NTS
adoption in Parand State. The first case study explores the data of cultivated areas with
annual crops in the last 21 agricultural years, correlating with the NTS principles and
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its implications, while the second case study analyzes the soil management practices
adopted by a group of farmers in southwestern Parana within the conceptual definitions
of NT and NTS established in this review. With these case studies, we propose a definition
of the terminology that is consonant with the terminology adopted in the field.

Case study 1: Evolution of the area of annual crops in Parand State

In the 2020/2021 harvest, Parana had an area cultivated with grains of 6.12 million
hectares, with the development of up to three crops in the same agricultural year, where
the first crop occupied the total grain area, second crop with 2.68 million hectares, and
third crop with 1.43 million hectares, considering only crops with commercial interest
(Parand, 2021).

The analysis of the area under grain crops in the last 21 agricultural years in Parana
State (Figure 1) shows that, in the first crop, also called the summer crop, there was a
predominance of soybean cultivation, with an evolution of the occupied area, from 55 %
in the 2000/2001 crop to 91 % in 2020/2021. It is worth noting that from the 2009/2010
crop onwards, soybeans started to occupy more than 75 % of the area, becoming over
90 % in the last four years, with an annual increase of approximately 123.65 thousand
hectares (Figure 2). Corn, the second largest crop in the first crop in the historical series of
this area, decreased from 37 % in 2000/2001 to 6 % of the area occupied by 2020/2021,
and since April 2014/2015 occupies less than 10 % of the area, resulting in an annual
decrease of 74.6 thousand hectares (Figure 2). Beans, the third crop in the occupied area,
presented a small percentage variation within the historical series, ranging from 6 % in
2000/2001 to 2 % in 2020/2021, but followed the same trend as corn, decreasing in the
percentage of occupied area overall. Thus, there was an increase in the area occupied
by soybeans in the first crop in Parand State over the last 21 years, to the detriment
of the percentage of the area cultivated with corn and beans, with soybean occupying
91 % of the area of the first crop in the last four agricultural years.

An analysis of the same historical series for the second crop (Figure 1), also called
“safrinha,” indicated that there has been a constant predominance of corn cultivation
over the years, occupying between 80 % (2005/2006 crop) and 91 % (2018/2018 crop)
of the area, with an average of 90 % of the area in the last five years. There has been
an increase in the cultivated area of approximately 79.1 thousand hectares per year
(Figure 2). Beans appear as the second main crop of this harvest, occupying an area of
9-10 % in the last five years. Soybean is the third main crop in the second crop, with a
variation of 1-2 % in the last two years.

For the third crop, known as the winter crop, the historical series (Figure 1) demonstrates
the predominance of wheat cultivation in Parana State, occupying a constant area over
the years, ranging from 69 to 83 % of the area; in the last five years, it ranged from 75
to 80 % of the occupation, but with an annual increase of approximately 2.6 thousand
hectares (Figure 2). Black oat for grain production is the second main crop, with a variation
in occupied area between 9 and 13 % in the last five years. White oat and barley have
had similar areas of occupation, between 4 and 6 %, in the last five years.

It is worth noting that this historical series does not include areas destined for the
cultivation of cover crops and fallow areas, mainly in the second and third crops. Still,
the third crops, such as wheat, comprised the second sequential commercial crop in the
same agricultural year, after the cultivation of the first crop, given the days needed to
complete the cycle.

Based on these data, in the last 21 years, there has been an intensification of grain
monocultures in Parand State, with soybean, corn, and wheat for the first, second, and
third crops, respectively. Particularly in the last four to five agricultural years, there has
been an intensification of annual successions “soybean+corn” in the Cfa climate region
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and “soybean+wheat” in the Cfb climate region (Franchini et al., 2011a), where the
alternation soybean production has taken place in less than 10 % of the area in the first
crop, with corn no longer forming part of the rotations in the majority of the areas in the
first crop. It is also worth noting that the “soybean+corn” succession over several crops
does not promote soil quality due to the low soil cover promoted by second-crop corn
straw (Franchini et al., 2011a) and increased soil compaction (Franchini et al., 2009),
which leads to erosion problems.

Furthermore, it can be inferred from the data that only 9 % of the areas occupied by
annual crops in Parana State made use of alternating species in the first crop in the
last four agricultural years, within the NTS basic principle of adopting crop rotation.
If crop rotation is to be used in the first crop, it should be inserted every ten crops. The
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Figure 1. Evolution of the percentage of the cultivated area with the main annual crops in Parana
State among agricultural years 2000/2001 and 2020/2021, referring to the first crop (a), second
crop (b) and third crop (c). Source: Parana (2021).
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Figure 2. Evolution of the cultivated area (in thousand hectares) with the main annual crops in
Parana State between agricultural years 2000/2001 and 2020/2021 in the different annual crops.
Source: Parana (2021).

cultivation of corn in the first crop allows for the input of quantities equal to or greater
than 10 Mg ha™ of dry matter, whereas soybean or corn from the second crop allows for
input of approximately 4 Mg ha™ of dry matter (Canalli et al., 2019). In the latter cases,
this does not satisfy the needs for the input of straw into the system. The intercropping of
second-crop corn with forage species, such as Urochloa spp., is important to improve the
soil properties in the soybean/corn succession, as these increase phytomass production,
improve soil cover, promote nutrient cycling and enhance the productivity of corn and
soybeans compared to single corn (Alves et al., 2013; Ceccon et al., 2013). However,
there is no statistical data on their adoption in Parana.

An increase has been observed in the area under NT in Parana State (Fuentes-Llanillo et al.,
2021b); however, this was not accompanied by the adoption of one of the basic pillars
of the NTS, which is crop rotation, as this can compromise the quality of the soil. Thus,
it is not appropriate to use the total quantity of area under grains when citing areas of
NTS adoption in the Parana State, as most of these are NT because they do not adopt
one of the basic pillars of the NTS, namely crop rotation.

Case study 2: NTS participatory quality index

Due to problems associated with NTS and quality, the “Federacao Brasileira do Sistema
Plantio Direto” (Febrapdp) and Itaipu Binacional initiated in Parana Basin 3 (left bank
of the Itaipu Reservoir lake) a methodology to assess the NTS quality, called the NTS
participatory quality index (PQI), in 2009, which aimed to identify the advances and
limitations of the NTS adopted by farmers with regards to soil and water conservation
technologies (Itaipu Binacional and Febrapdp, 2011).

Participatory Quality Index is an integrated index that assesses the adoption of different
conservation practices related to NTS quality, grouped into eight indicators. These
indicators are crop rotation intensity (RI), crop rotation diversity (RD), persistence of
straw (PS), soil tillage frequency (TF), correct terracing (CT), soil conservation evaluation
(SC), balanced soil fertilization (BF), and adoption time (AT), for which ideal situations
are known to promote soil quality over time (ltaipu Binacional and Febrapdp, 2011;
Rollof et al., 2011a). It is worth noting that the three pillars of the NTS are included in
the IQP by the RD, PS, and TF indicators for crop rotation, permanent soil cover, and
minimum soil disturbance (Nunes et al., 2020a), but the methodology is not restricted
only to these and evaluates a set of conservation practices.
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From a structured questionnaire that can be used by farmers, technicians, and extensionists,
the information is transformed into quantitative indicators, assigning a score and
classification for the NTS quality, as well as indicating the strengths, weaknesses and
potential improvements to be made. For each indicator, a formula, ideal situation, critical
level and weighting factor were established (Table 2). Adding to the weighted values, the
PQI of the farm was included, ranging from zero to 10, and classified into four quality
categories: low (<4.5), regular (4.5-6.5), good (6.5-8.5) and very good (>8.5). The PQI
proved to be an efficient methodology for determining the quality of NTS, correlating with
the chemical and physical properties that are indicators of soil quality, especially with
SOM (Rollof et al., 2011b; Nunes et al., 2020b), and is a promising tool for monitoring
and managing the NTS.

With the aim of assessing NTS quality, identifying the limitations and advances in the
adoption of the NTS in the southwest region of Parana State, the PQI methodology was
applied to 37 farms, assisted by extensionists from the IDR-Parana (a technical assistance
and rural extension agency in the Parana State) through interviews with the application

Table 2. Indicators, input data, base value, calculation formula, critical situation, and weighting factors as components of the no-
tillage system participatory quality index

Indicators* Input data Base value Formula Critical situation Weighting factors
NM = Number of months with living cover

RI in three years (except fallow and weeds) 36 Rl = NM/36 0.75 15

RD FD = Different fgmll}es that occur during 3 RD = FD/3 0.67 15
the rotation in three years

pS GR = Number of grasses in a three-year 6 PS = GR/6 05 15

rotation (except grasses for hay or silage)
TF IEP = Interval between tillage (years) 12 TF = IEP/12 0.5 1.5

ICT = Presence of terraces and frequency
of overflow in 5 years, the values are:
Without terrace = 0; With terrace and no
CT transfer, or 1 time in 5 years = 1; With 1 CT=ICT/1 0.5 1.0
terrace and transshipment 2 or 3 times in
5 years = 0.5; With terrace and transfer
over 3 times in 5 years = 0.

ISCi = Leveled operations execution,
summing up the values: Performs seeding

at level: 0.7; Performs spraying at a 1
level: 0.3.
ICi = Compacted soil, the values are: _ .
2t Without compaction: 2; Presence of 2 Bl = 2 e e A0
compaction only at headlands: 1; Presence
of compaction in the entire crop: 0.
ICi = Absence of visible signs of erosion, 1
the values are: Yes = 1; No = 0.
IBFi = Operations carried out based on
soil analysis results, when using organic
waste, the values are: Liming = 0.5; 2 BF = SIBFi/2
Chemical fertilization = 0.5; Organic (with waste)
waste = 1 or 0.5 when the soil analysis or
BF result is not considered. BF = SIBFi/1 0.5 1.0
IBFi = Operations carried out based (without
on results of soil analysis, without the 1 waste)

use of organic waste, the values are:
Liming = 0.5; Chemical fertilization = 0.5

AT T = Adopted time in years 25 FC =T/25 0.3 1.0

RI: crop rotation intensity; RD: crop rotation diversity; PS: persistence of straw; TF: soil tillage frequency; CT: correct terracing; SC: soil conservation
evaluation; BF: balanced soil fertilization; AT: adoption time. The ideal level established for all indicators was 1.0. Source: Itaipu Binacional and
Febrapdp (2011) and Febrapdp (2020b).
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of the “PQI 2.0 diagnostic questionnaire,” made available by Febrapdp (2020c), whose
general characterization is shown in table 3. The surveys were conducted between May
and September 2019, and the agricultural years analyzed were 2016/2017, 2017/2018
and 2018/2019.

Southwest Parand comprises 42 municipalities, with a territorial extension of
17,033,695 km? (Ipardes, 2020), between latitudes 25° 28’ S and 26° 36’ S and longitudes
53° 59" W and 51° 30" W. According to the Kdppen classification system (Nitsche et al.,
2019), the climate corresponding to this region was Cfa and Cfb. Agricultural activity is
the economic base of this region, composed of the production of soybean, corn, beans,
wheat, meat, eggs, milk, and wood, with 40 % of the total area set aside for intensive
agriculture, wherein 41 % of the total area shows potential for soil degradation by erosion
due to rugged relief (Ipardes, 2009) and high rainfall erosivity (Waltrick et al., 2015).

The results were tabulated using electronic spreadsheets provided by Febrapdp
(Febrapdp, 2020d) to obtain the values of the eight indicators and the PQI, as well as
the classification of NTS quality (low, regular, good and very good). Furthermore, the
farms were classified as NT or NTS. For classification as NTS, the following conditions
were cumulatively considered: (1) adoption of no soil mobilization for a period longer
than six years; (2) cultivation of four or more grasses for three years; and (3) cultivation
of three or more different plant families for three years. These criteria were established
from the critical levels established for the RD, PS and TF indicators, with values greater
than 0.67, 0.5 and 0.5, respectively.

Analyzing the individual scores and classifications (Table 4), three cases (8.1 %) were
observed with PQI classified as very good, 26 cases (70.3 %) as good, and eight cases
(21.6 %) as regular and no low. Adding the very good and good classes together, a score
of 78.4 % was found, demonstrating that the majority had a satisfactory classification,
which was corroborated by the average PQI of 7.12 (Table 4), classified as good. By
evaluating the PQI of 40 farms in western Parand, Nunes et al. (2020b) found values of
5, 57.5, 27.5 and 10 % for very good, good, regular, and low areas, respectively, with
lower percentages of good and very good PQI values compared to those observed in
the present study. In a similar study conducted on six farms in southwestern Parana,
Mendes et al. (2019) observed 50 % good ratings and 50 % regular ratings. Telles et al.
(2020) found an average PQl of 6.63 for 121 farms in western Parand, also classified as
good, similar to the PQI calculated in southwest Parana.

The highest PQI was observed in farm 14 with a score of 8.68, while the lowest was observed
in farm 7 with a score of 5.08. A coefficient of variation of 12.4 % was calculated among
the 37 farms (Table 4), demonstrating a great variation between their corresponding
scores. This amplitude was also observed in Parana Basin 3, when the methodology was
first used with 25 farms, ranging from 9.7 to 4.8 (Itaipu Binacional and Febrapdp, 2011),
and in 121 farms ranging from 9.0 to 3.37 (Telles et al., 2020).

The general average of the eight indicators that make up PQI (Table 4), compared to the
critical levels (Table 2), indicated that none of these presented a value below the critical
level. That is, the indicators presented a behavior above the restrictive limit to NTS on
average. However, an individual analysis of the indicators helps to understand better
the outcomes of the management practices adopted.

The Rl presented an average score of 0.90 (Table 4), which corresponds to 32.4 months
with cultures in three years, similar to the average of 0.867 obtained by Telles et al.
(2020) when analyzing 121 areas in western Parana. There were no cases with a score
below the critical limit, and five cases (13.5 %) had the ideal value. The surveys indicated
an average of 2.4 crops in each year (Table 3), which is desirable in the NTS with the
proposal of the harvest-sowing system, with a reduction or suppression of the interval
between harvest and subsequent sowing (Denardin et al., 2012).
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Table 3. General characterization of the farms, municipalities, total area of annual crops, time of no-tillage adoption, and cultivations
of the last three years in southwestern Parana

Cultivations

Farms Municipality Area  Adoption time
Harvest 18/19 Harvest 17/18 Harvest 16/17
ha year
1 Bela Vista da 36.3 18 Soybean / Millet"” / Soybean / grass"” / Soybean / Corn /
Caroba ' Wheat Wheat Black oats"™”
? Boa Esperanca 70 9 Soybean / Corn / Black Soybean / Corn / Soybean / Corn /
do Iguacu : oats®” Turnip” Black oats™”
3 Capanema 11.7 19 Soybean / Urochloa™ Soybean / Corn Soybean / Corn
. Soybean / Corn / Soybean / Millet™ / Soybean / Millet™ /
4 Chopinzinho 48.0 E forage turnip™ Black oats™ Buckwheat
(2) f (1)
5 Chopinzinho 7.5 20 Soybean / Black oats"” Colgrl]acli 24;25(5) / Soybean / Black oats™
_— Soybean / Bean / Soybean / Bean / Soybean / Bean /
6 Chopinzinho 20.5 1 Black oats™” Black oats™ Black oats™”
7 Clevelandia 38.7 8 Soybean / Bean Soybean / Black oats™ Soybean / Black oats™
8 Enéas Marques 25.0 15 Soybean / Wheat Soybean / Wheat Soybean / Wheat
(2)
a g (1) 1) Corn /Corn/
9 Hondrio Serpa 7.3 18 Soybean / Black oats™’ Soybean / Black oats Black oats®
. , Soybean / Bean / Soybean / Bean / Soybean / Bean /
10 ltapejara d "Oeste  13.3 24 Black oats™ Black oats™ Black oats™
. , Soybean / Soybean /
11 Itapejara d "'Oeste 12.1 17 Soybean / Corn Soybean / Corn el o™
. , o) Soybean / Bean / Soybean / Corn /
12 Itapejara d"Oeste  242.0 20 Soybean / Black oats Black oats® Black oats
L Soybean / Millet™ / Soybean / forage .
13 Mariépolis 5.4 10 Black oats™ turnip‘“ Soybean / Black oats
(2) H (1)
‘2 . 1) (1) Corn /Ml”et /
14 Maridpolis 12.1 29 Corn / Black oats Soybean / Black oats Black oats
, @  Soybean / Millet” / @
15 Marmeleiro 20.0 10 Soybean / Black oats Black oats® Soybean / Black oats
16 Marmeleiro 42.0 15 5°¥{by‘zag”ra’£8{” / Soybean / Wheat ~ Soybean / Black oats"”
Nova Esperanca Soybean / Corn® /
17 do Sudoeste 16.9 4 Soybean / Corn Black oats™ Soybean / Corn
18 Nov%llj‘;ag’;a do 24.2 15 Soybean / Wheat Soybean / Wheat Soybean / Wheat
19 e R el 7.2 18 Soybean / Corn Soybean / T{?rage Soybean / Black oats™
Iguacu turnip
iy (D)
20 NovaPratado g 20 Soybean / Mix™/ Soybean / Corn Soybean / Wheat
Iguagu Wheat
21 Pato Branco 80.0 15 Soybean / Black oats'  Soybean / White oats  Corn / Bean / Wheat
@  Soybean / Millet” / M
22 Pato Branco 5.0 20 Soybean / Black oats Black oats®” Soybean / Black oats
23 Pato Branco 10.9 10 soybean /Bean / Soybean / Black oats”  Soybean / Wheat
' Black oats"
24 Planalto 5.0 5 Soybean / Black oats'” Soybean / Black oats” Soybean / Black oats®™
25 Pranchita 24.0 20 Soybean / Black oats'” Soybean / Black oats” Soybean / Black oats™
26 Realeza 22.5 20 Soybtefrr:]i/pl(zlc))rage Corn / Wheat Soybean / Wheat
Corn / Bean / Soybean / Grass"” / W
27 Renascenca 15.0 21 Black oatsV Black oats” Soybean / Black oats
28 Salto do Lontra 41.1 10 Soybean / Corn Soybean / Corn Soybean / Corn
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Continuation

Soybean / Millet™ /

29 Salto do Lontra 11.1 19 Wheat Soybean / Black oats™ Corn / Wheat
30 Salto do Lontra 41.1 11 Soybean / Wheat ~ Soybean / Black oats™  Corn / Black oats™
Soybean / Millet™ / Soybean / Millet™ /
31 Salto do Lontra 17.0 10 Forage turnip™ Wheat Corn / Wheat
32 Sao Joao 17.0 30 Soyb\e}\t/ar?eggorn/ Soybean / Corn Soybean / Corn
33 S30 Jodo 9.0 32 Soybean / Black oats' Soybean / Black oats"”! Soybean / Corn
34 Saogg;gt;ee do 7.3 15 Soglk;ec?(noggsc?lr)n / Soybean / Corn Soybean / Corn
35 Sao Jorge do 121 0 Soybean / Corn / Soybean / Corn / Soybean / Bean /
Oeste ' Black oats™ Black oats™ Black oats™
. Soybean / Corn / Soybean / Bean / Soybean / Bean /
36 Vitorino 18.2 20 Black oats"” Black oats™ Black oats”
o w Soybean / Corn /
37 Vitorino 13.3 25 Soybean / Black oats Soybean / Wheat Black oats®
Mean 26.4 16.2 - - -

™ Cover crop cultivation. ® Crops harvesting for silage.

For DR, the average was 0.73 (Table 4), above the critical level and corresponding to
the cultivation of 2.19 botanical families in three years. Only seven cases (18.9 %)
achieved an ideal score, and the majority (81.1 %) had a score equal to the critical level
(Table 4), indicating that DR can be a limiting factor in the NTS quality, especially with
the predominance of soybean cultivation in the first crop by 91.3 % over the three years
(Table 3). Telles et al. (2020) observed an average DR of 0.59 in western Parana, which is
below the value of this study. It is worth noting that Nunes et al. (2020b) concluded that
crop rotation, assessed by the DR, is the main management practice that contributes to
the NTS quality assessed by the PQI, showing a good correlation with the SOM.

For PS, an average of 0.62 was obtained above the critical level, corresponding to 3.72
grass crops in three years (Table 4). In 20 cases (54.1 %), the values obtained were found
to be above the critical level; in two cases (5.4 %) below the critical level; and in 15 cases
(40.5 %), the values were equal to the critical level, indicating that approximately half of
the cases may have insufficient or critical coverage. However, there was a predominance
of soybeans in the first crop in 91.3 % of the cases (Table 3), indicating a low adoption
of grass cultivation in the first crop, which is recommended in at least 25-30 % of the
areas with corn in a system of rotation, providing a greater straw production and a higher
C/N ratio (Franchini et al., 2011b; Canalli et al., 2019). The mean obtained in this study
is greater than the mean of 0.55 obtained by Telles et al. (2020) in western Parana.

The TF averaged 0.89 (Table 4), which was above the critical level, demonstrating that
soil mobilization is not a recurrent practice in these farms. In 19 cases (51.4 %), the
ideal score was obtained, corresponding to no soil disturbance in the last 12 years, one
case (2.7 %) with a score below the critical level, and 17 cases (45.9 %) with partial
preparation of the area; the latter was only observed in areas used for maneuvering
machines, known as “headboards.” It is worth noting that the diagnosed farms were
composed of an average of 20.3 hectares (Table 3), characterized as a small area, where
the need for maneuvers for mechanized operations increases. Telles et al. (2020) found
a lower mean in surveys in western Parand, with an average of 0.63 TF.

The CT had an average of 0.54, above the critical level (Table 4), with 17 cases (45.9 %)
presenting the ideal condition, with the presence of the terrace and at most one overflow
in the last five years, and 14 cases (37.8 %) with no terrace or with overflow more than
three times in the last five years. The presence of terracing was mentioned in 26 cases
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Table 4. Values of indicators, PQI values, and classifications as no-tillage (NT) or no-tillage system (NTS) in each farm evaluated

Indicators"” PQI NT x NTS

It RI RD PS TF CT SC BF AT Al classification classification
1 0.83 0.67 1.00 1.00 0.00 0.50 0.00 0.72 6.47 regular NT
2 1.00 1.00 0.83 1.00 1.00 0.75 0.50 0.36 8.36 good NTS
3 0.86 0.67 0.50 0.80 0.50 0.68 0.75 0.76 6.93 good NT
4 0.92 1.00 0.67 0.80 1.00 0.43 1.00 0.36 7.86 good NT
5 0.94 0.67 0.67 0.80 1.00 0.75 0.75 0.80 7.92 good NT
6 0.94 0.67 0.50 0.80 0.00 0.18 0.75 0.68 5.97 regular NT
7 0.89 0.67 0.33 1.00 0.00 0.18 0.25 0.32 5.08 regular NT
8 0.89 0.67 0.50 1.00 0.00 0.18 0.50 0.60 5.86 regular NT
9 1.00 0.67 0.67 0.80 0.00 0.50 0.25 0.72 6.17 regular NT
10 1.00 0.67 0.50 1.00 1.00 0.25 0.50 0.96 7.46 good NT
11 0.89 0.67 0.50 1.00 1.00 0.50 0.25 0.68 7.01 good NT
12 1.00 0.67 0.67 1.00 1.00 1.00 0.75 0.80 8.55 very good NT
13 0.86 1.00 0.50 1.00 0.00 0.68 1.00 0.40 7.12 good NT
14 0.83 0.67 0.83 1.00 1.00 0.68 1.00 1.00 8.68 very good NT
15 0.86 0.67 0.67 0.80 0.00 0.43 0.25 0.40 5.57 regular NT
16 0.83 0.67 0.67 1.00 0.00 0.75 0.75 0.60 6.85 good NT
17 0.86 0.67 0.50 0.80 0.00 0.25 1.00 0.16 5.65 regular NT
18 0.83 0.67 0.50 0.80 1.00 0.50 0.50 0.60 6.80 good NT
19 0.92 1.00 0.33 0.80 0.50 0.50 0.25 0.72 6.55 good NT
20 0.89 1.00 0.50 0.80 0.50 0.50 0.50 0.80 7.08 good NT
21 0.94 0.67 0.67 1.00 0.00 0.43 0.75 0.60 6.69 good NT
22 0.94 0.67 0.67 0.80 1.00 0.68 1.00 0.80 8.09 good NT
23 0.89 0.67 0.50 0.80 1.00 0.75 0.75 0.40 7.18 good NT
24 0.89 0.67 0.50 1.00 0.00 0.50 1.00 0.20 6.28 regular NT
25 0.92 0.67 0.50 1.00 0.50 0.50 1.00 0.80 7.43 good NT
26 0.75 1.00 0.50 0.25 1.00 0.68 1.00 0.80 7.23 good NT
27 0.92 0.67 0.83 0.80 1.00 0.75 0.75 0.84 8.17 good NT
28 0.83 0.67 0.50 1.00 1.00 0.75 0.50 0.40 7.15 good NT
29 0.92 0.67 0.83 1.00 0.00 0.50 0.75 0.76 7.14 good NT
30 0.81 0.67 0.67 1.00 0.50 0.50 0.75 0.44 6.90 good NT
31 0.94 1.00 0.83 1.00 1.00 0.50 1.00 0.40 8.57 very good NTS
32 0.89 0.67 0.67 1.00 0.50 0.50 0.50 1.00 7.33 good NT
33 0.83 0.67 0.50 0.80 1.00 0.25 0.75 1.00 7.20 good NT
34 0.89 0.67 0.67 1.00 0.00 1.00 0.75 0.60 7.18 good NT
35 1.00 0.67 0.83 0.80 1.00 1.00 1.00 0.40 8.35 good NT
36 0.86 0.67 0.67 0.80 0.00 0.50 1.00 0.80 6.79 good NT
37 0.89 0.67 0.67 0.80 1.00 0.43 0.75 1.00 7.71 good NT
Mean 0.90 0.73 0.62 0.89 0.54 0.55 0.69 0.64 7.12 good -
CV (%) 6.6 18.1 24.5 16.5 85.5 39.7 40.5 36.5 12.4 - -

R (crop rotation intensity), RD (crop rotation diversity), PS (persistence of straw), TF (soil tillage frequency), CT (correct terracing), SC (soil
conservation evaluation), BF (balanced soil fertilization), AT (adoption time).

(70.3 %), in which 65 % had a maximum of one overflow, 23 % between two or three
overflows, and 12 % with more than three overflows in the last five years; in these two
situations, there could be problems related to the dimensioning of terraces or even
problems of low water infiltration in the soils due to compaction. Terracing on farms is
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an important practice to prevent soil erosion and increase water infiltration in the soil
(Franchini et al., 2009). Telles et al. (2020) observed an average of 0.71 for CT in western
Parana, which is higher than the value found in this study.

For SC, the average was 0.55, which was above the critical level, with three cases (8.1 %)
having an ideal score, 13 cases (35.1 %) with a score equal to the critical level, and 10 cases
(27.0 %) with scores below the critical level. The sum of scores equal to or below the critical
level was 62.2 %, demonstrating that SC can limit NTS quality in the region. Among the
surveys, 97 % reported sowing at level, which indicates a good adoption of this practice,
contributing to fewer problems arising from erosion in seeding furrows, but only 65 %
indicated spraying at level in the fields. In the evaluation of soil compaction, only 24 %
indicated that there would be no soil compaction in the area, 22 % indicated compaction
throughout the tract, and 54 % indicated only compaction in the headland, adding up to
76 % of compaction indications. For erosion, only 30 % did not mention the presence of
signs of erosion, and the remaining 70 % mentioned the presence of erosion from inside
the plot (32 %) or from outside the plot (38 %). It is worth noting that most cases of soil
compaction and erosion problems were observed in these areas. Telles et al. (2020) found
a higher SC value in western Parand, with an average of 0.694.

For BF, the average was 0.69 (Table 4), which was above the critical level, with 24 cases
(64.9 %) having an ideal score or above the critical level, seven (18.9 %) scoring equal
to the critical level, and six (16.2 %) with scores below the critical level. In 27 cases
(73.0 %), animal manure, whether swine, cattle, or poultry, was used as fertilizer;
however, among these, only six cases used manure based on the results of soil analysis
and nutrient balance. Regarding chemical fertilization, the practice adopted by all cases
studied, 26 cases (70.3 %) used fertilization based on the results of the soil analysis.
In terms of liming, this percentage rose to 86.5 %, with a history of using limestone every
four years. In western Parana, Telles et al. (2020) found a value of 0.59 for BF, which is
below the value found in this work.

For AT, the average value was 0.63 (Table 4), which is higher than the critical level.
Three cases (8.1 %) had a value below the critical level, and only four cases (10.8 %)
had an ideal situation with 25 or more years of NTS adoption. On average, there was
a time of adoption of 16.2 years, similar to that obtained by Mendes et al. (2019) for a
southwestern municipality with 13.3 years. Telles et al. (2020) found an average AT of
0.67 in western Parand, demonstrating a similarity between the adoption times in the
two regions. Most of the farms evaluated (54.1 %) adopted the NTS between 10 and
20 years, which is considered the consolidation phase of the NTS (Debiasi et al., 2013;
Sa et al., 2019a).

Individual analysis of PQI indicators suggests restrictive situations in NTS quality for
RD, SP, CT and SC, highlighting the low diversification of cultivated species, the low
use of grasses for straw formation, the incorrect use of terracing, the presence of soil
compaction and erosion, and the difficulty in establishing a crop rotation system with
the use of species with the potential to promote good soil cover. Thus, these are likely
to be the greatest challenges in these areas.

When classifying the farms as NT or NTS (Table 4), we noted that only two cases (5.4 %)
were classified as NTS, agreeing with the three principles simultaneously, while the rest
did not meet one or more principles. Nunes et al. (2020a) found 10.3 % of NTS among
farms evaluated by the PQI methodology in western Parand, a percentage higher than
that in this study. Thus, the adoption of NTS in this study is limited to 5 % of farms,
which corroborates the estimate that most of the area in use in Brazil is NT and not NTS.

The two cases classified as NTS had PQI scores above eight, classifying them as good
and very good quality. At the same time, 25 cases (67.5 %) were classified as NTS with
good quality, but were classified as NT. This result demonstrates the weakness of the
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tool by classifying as good quality the cases of farms that do not adopt all three NTS
principles, not fully complying with its initial proposal for evaluating the NTS.

Therefore, the PQI methodology must be suitable for each case, adopting the criteria
and weights recommended by regional studies, and can be improved to differentiate
NT from NTS. The NT characterizes the partial adoption of NTS fundamentals, aiming
to obtain the maximum quality in the production system, which is the situation that
gives rise to the benefits of this technology at the level of the farmer and society,
including a higher and more stable productivity, better adaptation to climate change,
a reduction of greenhouse gas emissions, and enhanced ecosystem services in general
(Derpsch et al., 2010).

In this way, PQI can be used to make this distinction, considering, for example, as NTS
only a PQI that is classified as good and very good, as long as it does not have a score
equal to or lower than the critical limit for RD, SP, and TF. Furthermore, adjustments in
the input data, calculation formulas, and critical limits of RD, SP and TF are necessary
for these three indicators to characterize the adoption of crop rotation, permanent soil
cover via the addition of plant residues, minimal soil disturbance and NTS principles.

CONCLUSIONS

Due to the range profusion of terminologies related to the topic “Plantio Direto” in
Brazil, standardization of its current use in the literature is required, which includes a
clear definition of concepts underlying the practical application of these terms. While
“Plantio Direto” is a conservationist practice, “Sistema Plantio Direto” presents itself as
an agricultural production system based on the simultaneous adoption of minimum soil
disturbance, the maintenance of permanent soil cover and crop rotation. These definitions
have implications for research, teaching, extension and public policy.

The data on the cultivated area under no-tillage system (NTS) or no-tillage (NT) need to
be segmented in official surveys, considering that they could be understood as effectively
different practices, so they cease to be estimated and become official numbers that can
be reliably cited.

It is estimated that less than 10 % of the area cultivated with grains in the Parana State
adopts crop rotation and could thus be characterized as NTS, given the predominance
of successions of soybean/corn and soybean/wheat crops.

Participatory quality index (PQIl) is an efficient tool for analyzing NTS quality, with
indicators capable of discriminating the practices adopted by farmers, but requiring
adjustments in their weights; thus, the final grade and classification effectively reflects
the differentiation between NT and NTS, as well as regionalizing the methodology based
on local studies given the different environmental, social and economic conditions of
agriculture in Parand and Brazil more broadly.
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