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ABSTRACT: In some rural properties of Brazil, soil and water conservation practices are
partially or inappropriately implemented, intensifying soil erosion, even in no-tillage (NT)
areas. This study aimed to check the farmer’s understanding of conservation agriculture
(CA) and assess whether they are using practices appropriate to soil conservation.
A basin in the state of Parand, in Southern Brazil, was selected. Surveys were conducted
based on a structured questionnaire and in-person interviews of 234 farmers. Among
these farmers, 67 % do not understand CA pillars adequately, and 68 % stated they
have been using NT for over 12 years. However, 58 % stated that they carried out some
kind of soil preparation. Furthermore, some of the farmers only partially implemented
CA, adopting a low level of crop diversification. The main problems pointed out by the
farmers to justify simplifying the CA approach were soil compaction, low production of
plant biomass and resistance of weeds to herbicides. Most farmers in the study do not
have enough knowledge of the pillars of CA. As a result, there is little diversification in
crop rotation, and the soil is continually disturbed with chiseling. Furthermore, although
most farmers use terracing, they drive sprayers crossing terraces and following the slope,
a practice that can impair the capacity of terraces to control surface water runoff. These
practices do not contribute to soil and water conservation and endanger the sustainability
of agricultural production systems.
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INTRODUCTION

Water erosion in agricultural areas is one of the main causes of soil and water
degradation, leading to losses of agricultural lands and contamination of water
resources. In Brazil, the economic impact of erosion on crops is estimated at around
2 billion dollars annually, caused by a loss of approximately 617 million metric tons
of soil (Dechen et al., 2015). These erosive processes impair the sustainability of
production systems, yields, and soil quality, which is further aggravated by low crop
diversification and inadequate conservation practices (Derpsch et al., 2014). In addition
to problems associated with hillside locations, where erosion begins, water resources
are adversely affected by sediments and contamination with pesticides (Defersha
and Melesse, 2012).

Brazil has pioneered the development and use of soil conservation techniques in tropical
regions, especially in terms of no-tillage (NT) practices that are so important for conserving
and improving the country’s soil and water resources (Telles et al., 2013; Derpsch et al.,
2014, Deuschle et al., 2019). No-tillage has been implemented on over 32 million hectares
(Fuentes-Llanillo et al., 2021), producing about 60 % of the country’s annual crops
(IBGE, 2019). Three basic approaches, or pillars, form the foundations of Conservation
Agriculture (CA): (i) the sowing system (i.e., no-tillage, except along the furrow); (ii)
constant soil cover, keeping plant biomass on the soil surface; and (iii) crop rotation, with
the emphasis on diversification, growing at least three species over a three-year cycle
(Bolliger et al., 2006; Kassam et al., 2019). Given the high rainfall erosivity in Southern
Brazil (Oliveira et al., 2013), NT alone is not sufficient to ensure soil conservation, and
other practices must be implemented, such as level planting and agricultural terracing
(Telles et al., 2019a).

However, not all the pillars of CA have been implemented according to the recommendations
(Pittelkow et al., 2015; Telles et al., 2019a), and other conservation practices have been
implemented partially (Didoné et al., 2015; Minella et al., 2017). This could increase
soil erosion and degradation (Silva and De Maria, 2011). This is evidenced by the low
amount of residual biomass covering the soil after harvesting, which is related to the
adoption of production systems with low crop diversification (predominantly soybean
in the spring-summer and corn in the autumn-winter). Many areas are still being left
without soil cover between crops, intensifying exposure to rain, wind and sun radiation,
increasing erosion and causing a drop in soil fertility and loss of yields (Kassam et al.,
2009; Derpsch et al., 2014).

Even in southern Brazil, where over 90 % of the land cropped with soybean, corn, and
winter cereals is managed under NT, there are soil erosion, degradation, and diffuse
pollution. This is because of the low quality of NT practices and production systems used
to mitigate environmental issues (Didoné et al., 2017). The main problems in terms of
soil conservation in CA are (a) the misuse of terracing for managing flash flooding; (b)
poor use of cover plants and crop rotation; (c) insufficient production of plant biomass
for adequate soil cover; (d) excessive traffic of machinery and agricultural equipment;
and (e) excessive use of pesticides. Consequently, environmental harm and economic
losses have been inflicted on the land due to the reduction in water infiltration, significant
losses of soil, water, and nutrients, wastage of pesticides, and pollution of water bodies
(Londero et al., 2018).

This situation has raised issues regarding how much farmers know about CA, and whether
they are adopting adequate soil conservation techniques. Our hypothesis is that farmers
do not know CA principles and do not manage the land with soil conservation in mind.
This study aimed to check whether farmers understand CA principles and assess which
conservation practices have been adopted.
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MATERIALS AND METHODS
Study area characterization

The study was carried out in southern Brazil, in the west of Parana State, where we
assessed how well farmers understand soil conservation practices. The current conditions
of land use and management (partial adoption of conservation practices, knowledge,
and technologies) increase the potential for sediment production that flows into the
Parana River. The area selected is sufficiently extensive to represent regional rather
than local conditions.

The Parand Basin 3 (PB3) covers an 8000 km? and accommaodates 24,150 farms, distributed
over 29 municipalities, 28 of which are located in the western mesoregion of Parana
State and one in the state of Mato Grosso do Sul (Figure 1).

According to Képpen classification system, the region’s climate is predominantly subtropical
humid (Cfa), with no dry season and moderately high temperatures, with average
temperatures during summer reaching more than 22 °C and average temperatures
during winter reaching about 18 °C (Alvares et al., 2014). The average annual rainfall is
1,792 mm. According to Waltrick et al. (2015), the average erosivity index for rainfall in
this region is between 9,000 and 11,000 Mj mm ha™ h™ yr™,

Predominant soils in the basin are classified as Latossolos Vermelhos, Nitossolos Vermelhos
and Neossolos Regoliticos (Santos et al., 2018), which corresponds to Hapludox, Rhodudults,
and Psamments (Soil Survey Staff, 2014), or Rhodic Ferralsols, Rhodic Nitisols, and
Regosols (IUSS Working Group WRB, 2015). The landscape in PB3 has elevations ranging
from 80 to 725 m, reflecting the tendency towards rounded peaks, exhibiting average
landscape dissection with undulating to gently undulating relief (Salamuni et al., 2003).
The region is characterized by gentle slopes (5-9 %) at peaks and midway down hillsides
and steeper slopes (10-14 %) close to drainage channels.

54° W
24°S N

Guaira Parana Basin 3 Brazil

Paraguay Piriqui River

Reservoir of the
Itaipu Hydroelectric
Power Station

Cascavel
State of Parana

Foz do

Iguacu
guac Iguagu River

Figure 1. Location of the study area.
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Land within the PB3 is mainly used for agriculture (92 %), producing grain such as summer
soybean (Glycine max), summer and winter corn (Zea mayz), winter wheat (Triticum
spp.), and winter oats (Avena strigosa). Oats are also used to lay down straw cover over
the soil or produce winter pasture for beef and dairy production. Grain production soil
management is based on NT, with some control over surface runoff (terraces and contour
farming). The remaining 8 % of the area consists of forests, reservoirs, and urban areas
(Telles et al., 2019b). The responses to the questionnaire regarding the time for which
NT practices have been implemented are given in figure 2.

Description and application of the survey

To obtain the data for the analysis, about 234 farmers distributed along the PB3 were
interviewed. The questionnaire used is titled “No-tillage system participatory quality index
- 1QP” (Telles et al., 2020). Farmers were interviewed in person during the 2016-2017 crop
season. Each farmer was interviewed only once within this period. The questionnaire
consisted of 30 questions and aimed to determine how farmers perceive CA and verify
the implemented soil conservation practices.

A sample can produce accurate results using only a small fraction of the entire
population when using survey techniques applied on large populations (Cochran,
1977). Our sample size was calculated based on Yamane (1967) and Cochran (1977)
methodological procedures for sample proportions, which indicated a sample size
of 204 observations for a confidence level of 95 % (p = 0.05). Some qualitative
research methodologists present general guidelines for the sample size of interviews
and recommend a minimum of 30 to 50 interviewees for this type of research
(Marshall et al., 2013). Under these conditions, our sample of 243 interviews seems
to be representative under the stipulated parameters and follows the methodological
requirements established in the literature.

Procedures and statistics

Principal component analysis (PCA) was performed based on the correlation matrix of the
data. The number of components plotted was defined by the Kaiser’s criterion, in which
those with a variance greater than one were used. The chi-square (x°) adherence test
was used to investigate whether the responses differed from the expected proportions,
with random response selection. The significance was 5 %, and the analysis was run on
R software, version 3.4.3.
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Figure 2. Farmers’ responses regarding the time for which no-tillage has been implemented.
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RESULTS

Understanding on conservation agriculture

The majority of farmers (67 %) were not familiar with all three pillars of CA, and 12 %
were unaware of any of them; 29 % were unaware of one pillar and 26 % two pillars
(Figure 3a). Of the 67 % who were unaware of any of the three pillars of CA, crop rotation
was the least known (49 %; Figure 3b), followed by constant soil cover (28 %) and
no-tillage (23 %).

Most farmers self-assessed their NT management as “good” (Table 1), and all the benefits
of CA were considered highly important (Figure 4a), especially mitigation of soil erosion
risks (92 %), soil conservation (89 %), and time-saving on agricultural operations (84 %).
However, half of the farmers did not think that CA cut production costs, increased yield,
or reduced the risk of drought-induced losses.

Problems in adopting CA, in decreasing order of importance, were stated by farmers
as follows: soil compaction on headlands, weed control, maintaining soil cover, and
establishing crop rotation (Figure 4b). Half of the farmers interviewed thought that
establishing crop rotation was very or moderately difficult (Figure 4b), corroborating the
results regarding their lack of knowledge on this pillar of CA (Figure 3b).

Practices adopted

Among the farmers, 80 % carried out some operations in contour farming. Only one
farmer did not sow in contour farming, and 50 % sowed and sprayed in contour farming.
Furthermore, 97 % of farmers used terracing, a fact related to the low proportion of
sowing following the slope (not in contour farming). However, these results also reveal
that many farmers (41 %) drove spraying equipment crossing the terraces and following
the slope, reducing the effectiveness of limiting soil and water losses.

(a) (b)

m Zero .

m One m Crop rotation
® Two ® No-tillage

m Three m Soi cover

Figure 3. Proportion of farmers aware of the three pillars of CA (a) and proportion of pillars least
known in the responses among the farmers who were not aware of all three pillars of CA (b). All
proportions are significant at 0.1 % according to Chi-square (x2) adherence test.

Table 1. Farmers’ self-assessment on no-tillage system quality

Self-assessment of no-tillage system quality

Poor Reasonable Good Excellent
0.9% 10.7 % 76.1 % 12.4%
All proportions are significant at 0.1 % according to Chi-square (x°) adherence test.
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Some 40 % of farmers observed soil erosion, whereas 74 % observed soil compaction.
Among the farmers that observed soil compaction, 60 % thought the soil was compacted
only on headlands and 14 % throughout the entire cropping area. Examination of the
completed questionnaires showed that 58 % of farmers implemented some soil preparation.
Of these, 49 % stated that they carried out soil preparation because of compaction on
headlands (Figure 5). The most widely used soil preparation implements were the plow
chisel (80 % of farmers), harrow (44 %), and plow (17 %).

Principal component analysis, containing the factors that might affect soil loss by water
erosion is presented in figure 6. Our results followed the expected relationships between
soil management and soil erosion. Farmers adopting no-tillage have a lower tendency
to observe erosion in their soils. Also, farmers with compacted soil were more likely to
have soil loss, as observed by the relative coincidence of the vectors representing soil
erosion and compaction. To perform sowing and spraying operations in contour farming
also contributed to reducing soil loss. The use of terraces presented a low correlation
with the first two principal components. This probably happened because 97 % of farmers
had terraces in their areas and, consequently, only a small variation on this variable
was observed.

Regarding public or private technical assistance, only six farmers did not receive any kind
of technical advice on how to work their land. Of those who received advice, 2 % received
it from public institutions only, and 85 % from cooperatives or private organizations; 13 %
received advice from public and private organizations. It is also interesting to highlight
that the time of NT adoption was neither correlated to the farmers’ knowledge on the
pillars of CA (Figure 7a) nor with their decision to prepare the soil (Figure 7b).

(a)
Reduce production costs 50 19
Drought risk reduction 52 29
Increase in crop yield 54 31
Increase in soil biodiversity 69 18
Reduce wear and tear on machinery 77 15
Improve water quality 79 12
Increase in soil organic matter content 82 14
Time-saving 84 10
Soil conservation 89 )
Reduce risk of soil erosion 92 6

(b)

Risk of water contamination by pesticides
Inadequate machinery and equipment
Lack of adequate technical assistance

Disease control 21
Terracing
Excessive costs 11 14
Pest control 11 28
Misuse of pesticides 12 18
Excessive soil compaction 25 23
Establishing crop rotation 34 15
Maintaining soil cover 35 23

Weed control 37 20
Soil compaction on headlands 50

0 25 50 75 100
Proportion (%)

EHigh BMedium BLow B Insignificant
Figure 4. Benefits of no-tillage perceived by farmers (a) and difficulties reported by farmers in

using Conservation Agriculture (b). All proportions are significant at 0.1 % according to Chi-square
(x*) adherence test.
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Figure 5. Reasons why farmers prepared the soil.
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Figure 6. Principal component analysis of the practices adopted by farmers and soil loss by
water erosion.
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Figure 7. No-tillage implementation time as a function of farmers’ knowledge on the pillars of
(a) Conservation Agriculture and (b) soil tillage.
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DISCUSSION

Most of the farmers were not fully aware of the three pillars of CA. The main gaps in
their knowledge related to crop rotation and no-tillage. This reveals that the farmers’
understanding of CA is still in the early stages, probably because of insufficient
dissemination. In addition, agricultural terracing was incorrectly managed in many cases,
as sprayers were conducted crossing the terraces and following the slope.

Most of the interviewees considered their practices are of good quality (Table 1). However,
in terms of the three pillars of CA, it was evident that most interviewees ignored crop
rotation (Figure 3). This is contradictory, given that most of them point out that the
main advantages of CA are reduced risk of soil erosion and soil conservation (Figure 4a),
benefits that are boosted by crop rotation. Furthermore, crop rotation increases the level
of organic matter in the soil and boosts nutrient cycling, decreasing losses caused by
leaching and erosion, as well as increasing cation exchange capacity and soil aggregation
(Melo et al., 2019).

Lack of knowledge on crop rotation as one of the pillars of CA appears to severely limit
its adoption on rural properties (Figure 3). However, the difficulty of inserting crop
rotation into the productive system also presents an obstacle associated with the cost
of operations and the low availability of seeds of the species necessary for rotation.
These factors are aggravated by the use of cover crops with little economic return in
the short term (Garbelini et al., 2020). Especially considering the economic pressure on
subsistence farmers, mainly those who farm leased land. This indicates the low quality
of the current conservation system, which falls short of the desired CA (Pittelkow et al.,
2015; Telles et al., 2019a).

In the study region, two crops are grown per year. These crops usually consist of soybean
in the spring-summer and corn in the autumn-winter. Silage production areas for animal
feed are also common, with three crops per year, consisting mainly of corn and oats.
Double crop or specialized farming contributes little to the establishment of sustainable
CA (Kassam et al., 2019; Hufnagel et al., 2020). Given that the climate is adequate for
more than one crop per year, it suggests that the absence of crop rotation is conditional
on immediate economic interests, and is not considered strategically as a way of cutting
input costs and increasing yields and profitability.

With regard to crop rotation, most farmers reported problems with NT and classified as
medium to high the problems they encountered in controlling compaction and weeds, and
in establishing cover crops (Figure 4b). Crop yield increases in systems with diversified
crop rotation compared to systems with little diversification (Nascente and Stone, 2018;
Zhao et al., 2020). Consequently, adopting CA could help farmers overcome the difficulties
that they are currently experiencing.

Many farmers associate minimal tillage with NT (Figure 3b). However, over half of these
farmers stated that they tilled the soil. This contradiction suggests that the concept of
NT is being incorrectly applied because farmers believe there are performing NT even
chiseling the soil. The adoption of NT implies in avoiding any mechanical disturbance
to the soil by the use of implements, such as harrow and plow chisel, and minimizing
soil disturbance during sowing. The main reasons for tilling the soil are associated with
perceived soil compaction (Figure 5). However, farmers rarely quantify the level of soil
compaction, which is perceived by indirect observation of phenomena, such as the
resistance of the soil during sowing and crop development.

Terraces increase infiltration rates and reduce runoff and sediment yield (Londero et al.,
2018). Although 97 % of the farmers use terracing, 41 % observed erosion. In addition
to low water infiltration, common in agricultural systems, the use of sprayers crossing
terraces and following the slope by many farmers, renders terracing less efficient, resulting
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in erosion because of the left trails that the machinery passing over the terraces causes
ruts that channel runoff and intensify erosion.

Surface water runoff under NT system does not necessarily cause excessive erosion if
the hillsides are terraced (Londero et al., 2018). Terracing prevents concentrated water
flows in the event of low to medium intensity rainfall. However, even with reduced runoff
rates, furrows can be eroded in specific hillside regions. Concentrated water flows provide
sufficient energy to remove the soil biomass cover, leaving exposed gaps subject to
erosion under high-intensity rainfall (Minella et al., 2017).

Soil compaction increases water and sediment delivery, boosting sediment runoff in
particularly sensitive regions (Evrard et al., 2007). Because of the high volume of water
and sediment generated by surface runoff, farmers feel the need to chisel terrace channels
to increase water infiltration. Chiseling aims to minimize runoff and terrace rupturing due
to the low infiltration of water into the soil induced by perceived compaction (Figure 5).

Soil management practices aimed at controlling compaction, based on periodic chiseling,
have been tested in several studies (Silva et al., 2012; Cortez et al., 2019; Peixoto et al.,
2020). However, the residual effect of interventions, such as plowing or chiseling, on the
physical properties of the soil has been shown to disappear after a few crop cycles or
over periods of less than six months (Silva et al., 2012). In contrast, soils under no-tillage
tend to exhibit better structural characteristics if properly managed. This suggests that
the attempt to recover structural soil quality by using implements contributes to erosive
processes and soil degradation.

Establishing soil conservation strategies can significantly impact landscapes that affect soil
erosion and hillside connectivity with channels, resulting in reduced erosion (Bezak et al.,
2015). The efficiency of no-tillage in reducing soil loss is related to better soil protection by
the straw on soil surface against raindrop impact, but isolated conservation strategies do
little to mitigate erosive processes during medium to heavy rainfall events (Didoné et al.,
2017; Deuschle et al., 2019). Especially in Brazil, where water precipitation is voluminous,
these practices help to reduce surface runoff. Therefore, CA involving NT, crop rotation,
and soil cover leads to a better soil environment and crop yield with minimal impact
on the environment (Busari et al., 2015). For this reason, adopting CA combined with
adequate terracing is more effective in reducing erosion and maintaining production
system sustainability.

There is no evidence that the farmers’ knowledge of the three pillars of CA increases
over time and as more system experience is acquired (Figure 7a). The experience of the
farmers with the no-tillage does not influence the decision to prepare the soil (Figure 7b),
indicating that the origin of such practices is associated with other factors, such as soil
compaction, crop’s requirement and weeds control (Figure 5).

The farming practices currently used, with little crop diversification, could be the result
of agricultural advice that does not take into account sustainability-related issues, with
the emphasis only on short-term economic aspects. The resulting low level of added
plant biomass leads to the germination of weeds (Pires et al., 2008; Osipitan et al.,
2019) and boosts erosive processes (Derpsch et al., 2014; Merten et al., 2015), raising
production costs. Note that most of the farmers receive technical assistance from private
companies and cooperatives (85 %), while only 2 % of the farmers receive assistance
from public organizations.

Since technical assistance is one of the relevant aspects that influences the adoption
of technologies, it is of fundamental importance that the conservationist approach is
disseminated in technical assistance, diffusion, and technology transfer actions from
public and private initiatives. Thus, disseminating information on the pillars of CA and
its benefits and soil and water conservation practices still poses a challenge to the
sustainability of agricultural production systems.
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As well as in Brazil, particularly in the region in this study, misunderstanding, and
non-adoption of conservation agriculture practices have also been shown in other
regions around the world, such as Africa (van Hulst and Posthumus, 2016; Lalani et al.,
2021), Middle East (Chalak et al., 2017), United States of America (Reimer et al., 2012)
and Asia (Halbrendt et al., 2014). It shows that CA is very little understood and applied
by farmers worldwide. It may be due to their low knowledge and information about
sustainable agriculture practices.

CONCLUSIONS

Most farmers in the study do not have enough knowledge of the pillars of CA. As a
result, there is little diversification in crop rotation, and the soil is continually disturbed
with chiseling. Furthermore, although most farmers use terracing, they drive sprayers
crossing terraces and following the slope, a practice that can impair the capacity of
terraces to control surface water runoff. These practices do not contribute to soil and
water conservation and endanger the sustainability of agricultural production systems.
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