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Profitability of no-till grain production systems
Rentabilidade de sistemas de producao de graos sob plantio direto

Rafael Fuentes-Llanillo'; Tiago Santos Telles!; Bruno Volsi?;
Dimas Soares Junior!; Sergio Luiz Carneiro’; Maria de Fatima Guimaraes*

Abstract

In general, the technical and agronomic benefits of no-till farming are widely known and well
documented in the literature. However, studies focusing on the economics of no-tillage are scarce. In
this context, the objective of this study is to determine whether no-till grain production systems that
follow the principles of conservation agriculture are economically profitable by analyzing gross margins
per hectare per year over six harvests for the agricultural years 1998/1999 to 2003/2004. In addition, a
possible link between profitability and different no-till methods in terms of degree of soil turnover, crop
rotation, and whether machinery used in agricultural operations is owned or rented is investigated. For
this purpose, the multi-case analytical method was applied to thirteen grain producing family farms in
Northern Parana state, Brazil. Based on the results, two ranges of agricultural production variable costs
and gross margins were identified. Higher gross margins were associated with longer use of the no-till
system, ownership of machinery and equipment, specialization in grains, rotation of the commercial
crops used, and higher variable costs. Lower gross margins were associated with outsourcing of sowing,
small-scale cropping, and lack of crop rotation. It is concluded that family mechanized no-till systems
of grain production in north Parana are profitable.

Key words: Economic analysis. Gross margin. No-till system. Conservation agriculture. Family
farming.

Resumo

Em geral, os beneficios técnico-agronomicos do plantio direto sdo amplamente conhecidos e encontram-
se bem documentados na literatura, entretanto, estudos voltados aos aspectos economicos do plantio
direto sdo escassos. Nesse contexto, o objetivo deste estudo foi avaliar a rentabilidade de lavouras de
graos, sob plantio direto, por meio da analise das margens brutas por hectare ao ano, ao longo de seis
safras, considerando os anos agricolas de 1998/1999 a 2003/2004. Além disso, foi averiguada se ha
uma relagdo entre a rentabilidade e os diferentes tipos de plantio direto, no que diz respeito ao grau
de revolvimento do solo, a realiza¢do de rotacdo de culturas e se 0 maquinario para a realizacdo das
operagdes agricolas era proprio ou alugado. Para tanto, utilizou-se a metodologia de analise multicaso,
considerando treze estabelecimentos agricolas familiares, produtores de grdos, do Norte do Parana,
Brasil. Com base nos resultados foram identificados duas faixas de custos variaveis e de margens brutas
da produgdo agricola. Maiores margens brutas estiveram associadas ao maior tempo de utilizagdo do
sistema plantio direto, a posse de maquinario e equipamentos proprios, a especializacdo em graos,
a rotacdo de culturas comerciais utilizadas e aos maiores custos variaveis. Menores margens brutas
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estiveram associadas ao uso de terceirizagdo na semeadura, a pequena escala das lavouras e a falta de
rotagdo de culturas. Conclui-se que sistemas familiares de produgdo mecanizada de graos, em plantio

direto, no norte do Parana sdo rentaveis.
Palavras-chave: Analise econOmica.
conservacionista. Agricultura familiar.

Introduction

The search for sustainable agricultural systems
is a challenge, post green-revolution, for all of
Brazilian society. An alternative in the pursuit of
sustainability has been the expansion of no-till
(NT) farming and of the no-tillage system (NTS)
within the framework of conservation agriculture
(KASSAM et al., 2009; LAL, 2007). NT is defined
as the planting of crops directly in the soil without
any prior primary or secondary soil preparation, with
only a narrow strip opened deep enough to deposit
seeds and fertilizers (BOLLIGER et al., 2006;
CHRISTOFFOLETI et al., 2007). In turn, the no-
tillage system (NTS) is based on three fundamental
principles: no soil turnover, permanent soil cover,
and crop rotation (HOBBS et al., 2008). However,
this concept has been expanded into what is called
quality NTS, where soil conservation management
techniques are used to their full extent: crop rotation,
cover crops, appropriate seeders, and extensive
soil fertility management (physical, chemical and
biological) and rationalization of chemical inputs
to reduce production costs and environmental
contamination (CASAO JUNIOR et al., 2006).

In general, the biophysical benefits of NT are
widely known and well documented in the literature.
Its use has been shown to result in improved
physical soil conditions (BLAINSKI et al., 2012;
ROSIM et al., 2012); superior biological indicators
(CARNEIRO et al., 2009; SAPKOTA et al., 2012;
SILVA et al., 2007); increased organic matter levels
(WINCK et al., 2014; SA; LAL, 2009); greater soil
and water conservation (ALMEIDA et al., 2016;
MENDES; TOURDONNET, 2013; OLIVEIRA

Margem bruta.

Sistema Plantio Direto. Agricultura

et al.,, 2012); a reduced number of agricultural
operations; a reduction in labor requirements
(LIBARDI; DELGADO, 1999); and decreased use
of machinery and fuel consumption (FERNANDES
etal.,2008; CORTEZ etal., 2009). However, studies
focused on the economic aspects of NT are scarce
(OLIVEIRA et al., 2013; EL-SHATER et al., 2016).

Parana is the Brazilian state with the highest
relative share of NT in its territory, corresponding
to 73.7% of the entire area covered by annual crops
(FUENTES-LLANILLO et al., 2013). However, in
the same region, the level of yields and profitability
of each farm depends on several factors, such as
edaphoclimatic factors, the rotation or succession
of crops, or even the type of farm management
employed (URI, 1999). Given the widespread use
of NT, there is no doubt that it is profitable (SILVA
et al., 2009). However, the fact is that there are
several ways of employing it (SCOPEL et al.,
2013), resulting in different quality levels, degrees
of sustainability and economic profitability. The
challenge is to describe the production systems
adopted by the rural producers and identify which
ones are most profitable, highlighting the adaptations
made relative to established techniques.

Thus, it is hypothesized that producers who
adopt production systems aligned with the precepts
of conservation agriculture and quality NTS are
more profitable than those who neglect them.

In this context, the objective of this study is to
determine whether no-till grain production systems
that follow the precepts of conservation agriculture
are economically profitable.
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Materials and Methods

The research utilized the methodology of a
quantitative and qualitative multicase’ study. The
focus of the study was thirteen farms participating
in the “Reference Networks (Redes de Referéncia)”
project, developed jointly by the Agronomic
Institute of Parana State (IAPAR) and the Parana
Institute of Technical Assistance and Rural Outreach
(EMATER-PR) in the administrative regions of
Londrina, Apucarana and Cornélio Procopio in the
state of Parana.

The
representative of the production systems adopted

selected agricultural producers,

in the region, were from grain-producing farms
that used or started using NT in the period from
1998/1999 to 2003/2004. Technical-economic
information regarding these production units was
collected for the agricultural years, 1998/1999
through 2003/2004. In addition, interviews were
conducted on soil management modalities and the
typology of NT or NTS applied in the production
units.

The production systems under NT analyzed
in this study were classified from I to XIII (Table
1). Among the establishments, seven developed
specialized production, developed
diversified production.

and six

Table 1. Grain production systems under no-tillage in family farms in Northern Parana state, used in the agricultural

years of 1998/1999 to 2003/2004.

Farm Production system Type of No-Tillage in 2004 Year of adoption ¥
I Specialized No-tillage with crop rotation 1995
II Specialized No-tillage with crop rotation 1994

1 Specialized No-tillage with crop rotation 1995
v Specialized No-tillage with crop rotation 1997
v Specialized No-tillage with incipient crop rotation 1994
VI Specialized No-tillage without crop rotation @ 1995
VII Specialized Minimal preparation with incipient crop rotation 1997
VI Diversified No-tillage without crop rotation 2000
IX Diversified No-tillage without crop rotation 1999
X Diversified No-tillage without crop rotation 1998
XI Diversified No-tillage without crop rotation 2002
XII Diversified No-tillage without crop rotation 2000
X1 Diversified Conventional tillage ® without crop rotation 1997

M Year of no-tillage adoption. @ In 2002, performed soil scarification. ® In 2004, performed soil scarification in summer and used

a disc harrow in winter.

Study site

The 13 farms studied are located in eight
municipalities in the Paranapanema Valley in the
state of Parana, between 50° 10’ and 51° 30° W and

> A multicase study is an empirical analysis used to investigate
a phenomenon within the context in which it occurs, based
on multiple sources of evidence and without generalizing
the results to the entire population. As it is a type analysis
appropriate to the identification of common and uncommon
factors within the same group, the muticase study allows for
an increasingly detailed investigation, making it possible to
identify new elements that add value to previous findings.

22° 40’ and 23° 30’ N (between the Paranapanema
River and the Tropic of Capricorn). The hub city is
Londrina. The altitude varies between 350 m and
700 m above sea level, and the predominant soil type
in the plots studied is Red Latosol, according to the
Brazilian classification (SANTOS et al., 2006), or
Typic Haplorthox, according to FAO classification,
with clay content varying from 55% to 70%. The
mean rainfall in the region ranges from 1,350 mm
to 1,650 mm annually, with significant interannual
variation.
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Economic analysis

For each of the 13 farms, technical and economic
data were compiled, and variable costs (VC), gross
income (GI), and gross margin (GM) per hectare of
useful agricultural area (UAA) were calculated for
the period from 1998/1999 to 2003/2004, according
to the following equations:

VC = inputs + fuel and maintenance + OL + MR 1

where VC is variable costs, OL is outsourced labor,
and MR is the machinery rental. In this study, fixed
costs or opportunity costs (income foregone) are not
considered.

GI =Q.P 2

where GI is gross income, Q is the quantity of
grain produced, and P is the grain price received by
producers.

GM =Gl -VC 3

where GM is the gross margin, GI is gross income,
and VC are variable costs.

GM _ Gl CV

UAA ~ SAU SAU 4

where GM is the gross margin, UAA is the
agricultural area in hectares used in the cultivation
of grains on each farm, GI is gross income, and VC
is variable costs.

All grain prices were reported by the producers
themselves. All monetary values are presented in
real terms, based on the Broad Consumer Price
Index (Indice Nacional de Pregos ao Consumidor
Amplo — IPCA), with July 2016 as the base period.

It should be noted that gross margin is one of the
most frequently used indicators in analyses of the
economic sustainability of farms (FURLANETO;
ESPERANCINI, 2010; OLIVEIRA et al., 2009;
SABUNDIJIAN et al., 2014). This is mainly due to
the ease of obtaining it and the practical significance
of knowing how much total income is left after direct
expenses are subtracted. The weighted gross margin

per unit area also allows comparison between
farms and treatments (KHATOUNIAN; SOARES
JUNIOR, 2005; LEAL et al., 2005; MIRANDA et
al., 2009). The variations in the dollar exchange rate
and the international commodities market raised
the real price of a bag of soybeans (60 kg) relative
to 2001 by 13.23% in 2002, 66.16% in 2003, and
18.95% in 2004 and are therefore responsible for a
significant increase in the gross income and gross
margin of producers in the last three years of the
analysis, a period that can thus be characterized
as extremely favorable to farmers. Wheat and
corn prices also had a positive impact on producer
incomes in 2002 and 2003.

Interview on soil management modalities and no-
till farming

With the possession of technical-economic data
over six years, a semi-structured interview was
conducted in December 2005, highlighting the
following themes: soil management, no-till land
use, seeding machines, harvesters, agricultural
operations, machine traffic, and no-tillage and
The
interview method adopted followed Miranda et al.
(2009).

conventional tillage classification types.

Statistical analysis

The Scott-Knott grouping test (p<0.01) was

performed to determine differences between
treatments in relation to both variable costs (VC) and
gross margin (GM). The analyses were performed

using SAS 9.1.

Results and Discussion

Tables 1 and 2 were generated from the analysis
of average gross margins per hectare and the
information collected in the interviews describing
the types of no-tillage soil management identified.
There are four main categories of no-tillage soil
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management: no-tillage in the medium term (NT-
MT), with and without crop rotation; direct seeding
on straw in the medium term (MPDS-MT), with
minimal preparation and without crop rotation;

no-tillage in the short term (NT-ST), without crop
rotation; and conventional tillage in the medium
term (CT-MT), without crop rotation, where the
latter has recently included no-till.

Table 2. Grain production systems under no-tillage in family farms in Northern Parand state, from 1998/1999 to

2003/2004.
Rotation Machinery profile

Farm Summer Winter Planter Seeder Harvester
S C W OSC WO BO TR (0) R 0] R 0] R
I X X X X - - - X - X - - X

I X X X X X X X X - X - X
I X X X X - X X - X - X -
v X X X - - X - X - X - X -
A% X X X - - - - - X X - - X
VI X - - X - - - X - - X - X
VII X - X X - - - X - X - - X
VIII X - X - - - - X - X - - X
IX X - X - - - - X - X - -
X X X X - - - - - X - X - X
XI X - X - - - - - X - X - X
XII X - - X - - - - X - X - X
XIII X — X - - - - - X - X - X

S: soybean. C: corn. W: wheat. OSC: off-season corn. WO: white oat. BO: black oat. TR: triticale. O: owned. R: rented.

At six farms (I to VI), NT-MT was applied. All
were specialized in grain® cultivation, with planting
areas varying from 38 ha to 48 ha. On four of these
farms, crop rotations were performed; on the other
two, crop rotation was incipient’ or not performed.
Crop rotation is relatively simple and includes corn
in the summer in the soybean/wheat succession,
often followed by off-season corn as a soil cover
recovery strategy. Black oat, triticale, and white oat
are also used in winter rotations but are always used
for grain production or animal feed. In the period of
analysis, there was no case of exclusive use of crops
as green manure or cover crop. Only farm V rented
a planter.

¢ This assumes as a specialization criterion the condition that
more than 70% of total gross income of the establishment is
derived from the activities in question.

7 With little species diversification, with rotation performed
only in the winter.

On farm VII, also specialized in grains, with
an area of 53 ha, MPDS-MT was performed, with
incipient rotation of soybeans with wheat and/or off-
season corn. The minimum preparation consisted
of scarification and direct seeding of soybean and
light harrowing and direct sowing of wheat or off-
season corn. Following wheat, no-till soybean was
started in 2002/03. Scarification was performed on
off-season corn.

On five farms (VIII to XII), NT-ST was carried
out, with grain areas varying from 10 ha to 28 ha,
without crop rotation, four with soybean/wheat
succession, and one with soybean/off-season corn
succession. All farms in this group were diversified,
combining grain income with other activities, such
as coffee, banana, peach, and orange cultivation and
broiler chicken raising. In this group, two producers
owned their own planters and seeders, while three
others rented the equipment.
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Finally, on farm XIII, in which no-tillage was
adopted only in the final period of analysis (2003-
2004), CT-MT was performed in 2002-2003, using
scarification in the summer and heavy harrowing
in the winter, with 16 ha of soybean/wheat without
crop rotation, diversified with coffee.

With regard to profitability, the effects of adoption
of no-tillage exceeded those of conventional tillage,
mainly due to a reduction in variable costs and
increases in grain yields. The most significant
cost reduction arises from the elimination of soil
preparation operations and can vary substantially
between regions, depending on the time of adoption
(short term versus long term) and fuel prices.
Another advantage of the system in the long term

is the reduced need for chemical fertilizers, which
represent 20% to 30% of variable production costs
(CASTRO et al.,, 2006; CAVALETT; ORTEGA,
2009).

In Table 3, through the grouping test (»p<0.01),
the data are classified into two gross margin ranges:
one higher, ranging in American Dollars (USS$)
from USS$ 913.55 to USS 1,244.21 per hectare per
year; and one lower, ranging from US$ 443.96 to
US$ 631.68 per hectare per year. With regard to
variable costs, two ranges were also defined: one
with higher costs, ranging from US$ 704.85 to US$
883.30 per hectare per year; and another with lower
costs, ranging from US$ 459.71 to US$ 632.91 per
hectare per year.

Table 3. Area, mean yields, variable cost and gross margin of no-till grain production systems in family farms in

Northern Parana state, from 1998/1999 to 2003/2004.

Mean yields Variable Gros:s mar-
F Area Observed harvest (ke ha) cost® gin®
(ha) (hayear™) (hayear™)
Soy Com  Wheat Com®  Soy Com  Wheat Com® USS US$
I 41,1 6 6 6 1 3484 8006 2342 4339  800.86a  1,22445a
I 46,0 6 4 5 4 3398 7116 2403 3549 704.85a 1,080.89 a
I 43,6 6 4 5 3 2971 5282 1668 1657  509.72b 9141 a
v 478 6 4 5 2298 4893 1202 - 459.71b 631.68b
\% 38,7 6 3 6 - 2904 5605 1939 - 85520 a 590.61b
VI 41,1 6 - - 6 3390 - - 4826  802.10a  124421a
VI 532 6 - 3 6 3099 - 3533 3815  88330a 94721a
VIII 28,0 6 - 6 — 3440 - 2110 - 879.90 a 920.35a
IX 26,5 6 - 6 - 3107 - 1997 - 73757 a 913.55a
X 9,7 3 3 2 - 2308 5238 2206 - 461.56b 536.28b
XI 20,6 6 - 4 - 2610 - 2171 - 71195a 519.30b
X1 242 6 - - 4 2624 - - 1850  63291b 44396 b
X1 15,7 6 - 5 - 2396 - 2353 - 72461 a 560.05 b

(M Farm area used for growing grains. @ Off-season corn. ® The mean for the six agricultural years, that is, from 1998/1999 to
2003/2004, is measured in real terms, with July 2016 as the base period. Values followed by the same letter do not differ significantly
at the 1% level, according to the Scott-Knott test. US$: American Dollars.

Included in the group with the greatest
profitability are the following: four NT-MP, one
without crop rotation and three with crop rotation,
with gross margins of US$ 961.41 to US$ 1,244.21
per hectare per year; two NT-ST without crop
rotation; and one MPDS-MT without crop rotation,

with gross margins of US$ 913.55 to US$ 947,21 per
hectare per year (Table 3). The relative superiority
of NT-MT over NT-ST and MPDS-MT indicates
that, over time, the adoption of a no-tillage system
is economically profitable.
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The lower profitability group includes one NT-
MT with crop rotation, one NT-MT with incipient
rotation of corn in the summer and a rented planter,
three NT-ST without crop rotation and with rented
planters and seeders, and one CT-MT without
crop rotation and with rented planters and seeders.
Despite the lower gross margins of US$ 443.96
to US$ 631.68, it can be said that the lower level
is economically sustainable. Differences in gross
margins are more closely related to the yields
obtained, especially in the soybean crop that heads
the system. Soybean crop yields in the group with
superior profitability ranges between 2,971 and
3,484 kg ha'!, while in the lower profitability group,
where users of rented seeders predominate, yield
ranges between 2,308 and 2,904 kg ha'. In fact,
machine rental is the clearest factor explaining
differences in profitability. This factor is more
prominent than specialization or production scale,
as farms VIII and IX are diversified and operate on
a scale that is 60% that of specialized farms but are
positioned in the higher profitability range, whereas
farms IV and V, which are specialized and larger
scale, are in the lower profitability range. One factor
that does not appear to negatively affect profitability
or grain yields is occasional scarification, as seen
with farms VI (NT-MT without crop rotation) and
IX (NT-ST without crop rotation), which are both in
the higher gross margin range.

The four largest gross margins were obtained
with NT-MT. Of these, three were obtained with
crop rotation (US$ 961.41 to US$ 1,224.45 per
hectare per year), and one (the highest) was

obtained without crop rotation (US$ 1,244.21 per
hectare per year) (Table 3). This result indicates that
crop rotation is one of the most efficient practices,
although the soybean/off-season corn or soybean/
wheat successions were financially comparable
to rotations that included other grains within the
period. Two points that should also be kept in mind
are, first, that soybean/corn and soybean/wheat
successions, because they involve the succession of
a legume and a grass, are not exactly monocultures
and, second, that the rotations used with corn in the
summer and off-season corn, wheat, white oat and
triticale in the winter, despite their virtues, would be
financially at the same level as relatively simple and
successful successions under good management.
This result confirms the superiority of systems
that involve crop rotation, whether or not they are
associated with the use of no-tillage (LAURENTI;
FUENTES-LLANILLO, 1981; LEAL et al., 2005;
URI, 1999).

Most of these family farms with no-till grain
production seek to maximize margins at higher cost
(USS$ 704.85 to US$ 883.30 per hectare per year),
while others, such as farms III, IV, X, and XII,
adopt a cost minimization strategy (US$ 459.71 to
US$ 632.91 per hectare per year). Farm III should
be highlighted as the only one with lower variable
costs and higher gross margins (Table 3).

Figure 1 shows the interannual variability in
gross margins, along with the annual average gross
margin of the two groups and the overall average,
in addition to the differences between the first and
second triennia.
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Figure 1. Average gross margins of no-tillage grain production systems in family farms.
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In the most favorable years, due to a combination
of climatic and economic factors, the group with
the higher gross margins stands out even more
prominently from the group with lower gross
margins. In the worst years, if, in addition to
variable costs, fixed costs and opportunity costs are
taken into account, parts of the group with lower
gross margins would have no resilience, possibly
threatening their economic sustainability.

Some producers have adopted a cost
minimization strategy by using fewer inputs or
through pest and disease management, biological
control practices, and fertilization rationalization.
Nevertheless, in current no-tillage, agrochemicals
and the number of applications are a significant cost
component, limiting gross margins, even in the most
economically favorable years, as the input market
takes up a portion of the gains in these periods with

a short time lag.

The results observed here are consistent with
those of Oliveira et al. (2009), in which NTS is found
to be a promising way of making the production of
grains (corn) technically and economically feasible
in family production units in Unai, Minas Gerais.

00/01

01/02 02/03
Mean GM  =@=Lower GM

03/04

According to that study, NTS reduced dependence
on rented machinery for soil preparation and
lowered the workload involved in weed control. In
addition, the yield achieved was above average and
allowed for greater valorization of scarce factors
such as land and, above all, family labor.

Conclusions

No-till grain production systems in the north
of Parana are found to be economically profitable,
even with crop succession.

Lower grain yields

associated with the use

and profitability are

of rented seeders and
planters on smaller-scale plots and to a lack of crop
rotation.

In the worst years, profitability is very low,
compromising farmer income.

Specialized no-till grain production systems in
the north of Parand are, as a rule, more profitable
than those that are diversified.

Diversified producers can obtain similar results,
provided they own their planters and seeders or
outsource high quality labor.
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