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RESUMO

Este trabalho investiga a adoção do Sistema de Plantio Direto (SPD) no Brasil, uma tec-
nologia rural bastante promovida devido aos benefícios, tanto privados como sociais, que
alegadamente traz. O trabalho baseia-se em evidências recentes sobre os determinantes da
adoção desta tecnologia para investigar seus impactos utilizando-se de um grande painel de
microdados de unidades de produção agrícola no estado de São Paulo, Brasil. Nós exploramos
variações em localizações geográficas e características de solos para construir instrumentos
para a adoção e assim identificar os impactos dessa adoção na produção agrícola, nas alo-
cações de terras e em outros indicadores da organização produtiva das fazendas. Embora as
evidências de ganhos de produtividade permaneçam inconclusivas, nós encontramos impactos
significativos da adoção de SPD na alocação de terras e nas decisões de produção.

Palavras-Chave: Adoção de Tecnologia, Sistema de Plantio Direto, Agricultura Conser-
vacionista.



ABSTRACT

This paper investigates the adoption of the Direct Planting System (DPS) in Brazil, a
rural technology whose adoption is widely promoted because of benefits, both private and
social, it allegedly delivers. This study relies on recent evidence on the determinants of adop-
tion of this technology to investigate its impacts using a large panel of microdata of farm
units in the state of Sao Paulo, Brazil. We explore variations in geographic locations and
soil characteristics to construct instruments for adoption in order to identify the impacts of
this adoption in agricultural outputs, in land allocations and in other production decisions.
Although evidence of productivity gains remains uncertain, we do find significant impacts of
DPS adoption in land allocations and production decisions.

Keywords: Technology Adoption, Direct Planting System, Conservation Agriculture.
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1 Introduction

A large share of per capita GDP disparities across countries comes from di�erences in technol-
ogy levels. Thus, understanding these di�erences in technology is valuable for understanding
global inequality (Foster and Rosenzweig, 2010). The same rationale may apply for di�er-
ences among regions within a country and regional inequality. It is not surprising then, that
economists have been devoting their e�orts to understand technology adoption in the last
decades. Most of these e�orts focus on rural technologies, because most of the poor people
in the world work in the agricultural sector and because agriculture is an important indus-
try in most of the developing world (Foster and Rosenzweig, 2010). The fundamental role
of technology to the development process is pointed also by Conley and Udry (2010) and
Bandiera and Rasul (2006) while Munshi (2004) observes that widespread adoption of rural
technologies increases both farm productivity and rural incomes throughout the developing
world. Another major reason motivating these studies is food security. The necessity of
increasing the supply of food in the world is pointed out by Suri (2011) as a motivation for
understanding the adoption of modern agricultural technologies in Africa as she observes
that agricultural yields (output per acre) in some of the African countries have fallen in the
last decades.

While a large number of current studies on the subject of rural technology adoption still
focus on higher yield technologies like hybrid seeds and fertilizer uptake, there is an increasing
number of works whose attention has shifted to new management practices and new crops
(Doss, 2006). Additionally, today world’s increasing movement towards sustainable develop-
ment increases interest in finding or promoting existent environmental friendly technologies
that can sustain increasing rural productivity whilst not damaging the environment. For
example, Knowler and Bradshaw (2007) observe that there are growing concerns over the
implications of conventional agricultural practices, especially the deep tilling of soils, and
that these concerns have motivated national governments and international organizations
like FAO and the World Bank to promote a package of soil conserving practices usually
referred to as “conservation agriculture”. No tillage planting stands out as the central ele-
ment among those practices promoted under the banner of Conservation Agriculture (CA)
(Landers, 2001).
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1.1 The Direct Planting System (DPS)

The no-till plating embraces sowing practices in which tillage is limited or absent and crop
residue is left on surface, crops are planted in previously unprepared soil through a narrow
opening su�cient to proper seed coverage, without performing any other soil preparation
(Assunção, Bragança and Hemsley, 2014; Bolliger et al., 2006). Since soil is preserved by
the accumulation of organic matter and consequent reduced soil erosion, this planting tech-
nique appears to have both agricultural and environmental benefits and has the potential
to optimize the use of natural resources and protect ecosystem processes over the long term
(Kassam et al., 2009). Indeed, Bolliger et al. (2006) observes that the environmental benefits
and the private gains of no tillage (or zero-till) planting, namely the improvements in soil
and water conservation and in soil fertility, have been increasingly recognized in the world.

In Brazil, where no-till technology had been adapted and improved since its early years
in the seventies, the set of CA practices centered on no-till planting has been named “Direct
Planting System” (DPS), which includes other important components like crop rotation, crop
succession and organic soil covering. From now on, we discuss the adoption and the impacts
of the DPS bearing in mind its relation to CA (broader concept) and to no-till or zero-till
techniques (narrower concepts), since those terms appear more frequently in the economic
and in the technical literatures.

A summary of the advantages and disadvantages, both public and private, of DPS use is
presented in Table 1. Those benefits and drawbacks of DPS adoption appear in Assunção,
Bragança and Hemsley (2014), Bolliger et al. (2006), Hernani et al. (2002), Laukkanen and
Nauges (2009) and many other studies1. In the private dimension, we highlight three gains
and two losses of DPS adoption (in bold), because they will play an important role in the
discussion of the instruments for adoption in this study. They are also quite undisputed claims
as they are intrinsic to the technique itself. Longer lasting of machinery and fuel savings result
from reducing soil preparation (no tractor hours are used for plowing, for example). And
the layer of residues left on the surface, another intrinsic feature of DPS, is what prevents
leaching and soil shedding reducing losses of water and nutrients and ultimately lowering
fertilizer use. On the other hand, the drawbacks of soil compaction and the potential losses
with experimenting and adapting (specially in the first years) have been largely documented
in the agronomic literature. We return to these impacts while discussing our instruments in
sections two and three.
1 The public drawbacks of DPS adoption, however, are mentioned less frequently. Exceptions to this overall

positive view of CA/DPS are Giller et al. (2009) and Laukkanen and Nauges (2009).
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Table 1 – Benefits and drawbacks of DPS adoption

Dimension Benefits Drawbacks

Public
Decrease in carbon emissions due to fuel and fer-
tilizers consumption

Increase in carbon emissions due to residues de-
composition

Decrease in soil erosion and water contamination
by soil shedding

Increased leaching of herbicides due to increased
herbicide application

Increase in biodiversity, especially in the winter
Increase in carbon and nitrogen stocks
Increase in agricultural yields improving food se-
curity
Increase in agricultural intensity due to crop ro-
tation (fodder and cover crops)

Private
Greater retention of nutrients and mois-

ture in the soil (less leaching)

Increases soil compaction (reduces germi-

native capacity of plants)

Less intense use of machinery and conse-

quent slower depreciation

Potential losses with experimenting and

adapting to specific characteristcs

Lower fuel and fertilizer consumption Existing equipment turns obsolete (e.g. har-
rows)

Increases the willingness to adopt other techno-
logical innovations

Greater predisposition to diseases and pests and
increase in certain weed types

Reduces time between harvest and sowing Increases risk of fires in rural areas during
droughts

Reduces time of soil preparation
Reduces losses with erosion in the farm
Increases yields in the mid/long term
Increases soil protection against solar radiation
and high temperatures

1.2 DPS di�usion and results

The widespread adoption of no-till planting practices in the world, mainly in the Americas,
in the last three decades has motivated many studies and discussion on its results, whether
they are private or public. Derpsch et al. (2010) pictures the current adoption of DPS in the
world highlighting its benefits as the main reason for its growing adoption worldwide. The
leadership of Brazil in this expansion and the role of the country in adapting the technology
for small farmers, notably through the development of small mechanic planters for DPS, are
also highlighted by the authors. The private benefits of DPS have been long recognized by
large and medium size farmers whose intensive use of machinery makes the reduced fuel costs
of DPS planting particularly appealing and this explain the wider adoption of DPS in large
farms in the United States, Canada and Argentina. Thus, the fact that Brazil has successful
experiences in adapting the technology for small farmers and the fact that the expansion
of DPS in the country has been farm-led (Landers, 2001) makes the Brazilian experience
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rather informative for understanding and for promoting DPS di�usion in the world. Indeed,
Bolliger et al. (2006) observe that adoption of DPS by smallholders has been poor worldwide
and that the diverse experience accumulated across Brazil could be useful to other countries,
specially when it comes to smallholder farming.

The Food & Agriculture Organization (2001) reviews a large number of empirical studies
on the adoption and on the results of DPS in the world. While evidence on the adoption
of the technology is considerable, none is presented for Brazil or any other country in South
America. As for DPS results, only evidence on private gains is reviewed and only for specific
crops and locations2. Little evidence is shown for a broad range of di�erent crops in large-
scale settings.

Some authors claim that the e�orts to promote CA/DPS alongside development programs
around the world had encountered problems that casts doubt on the alleged benefits of the
technology. According to Giller et al. (2009) there is little empirical evidence of the private
benefits CA is said to have in African countries where it was promoted in the last years. On
the other hand, Laukkanen and Nauges (2009) use data from Finland to show that the public
gains of DPS through environmental benefits really occur on highly erodible land, but that
the technology may be even detrimental to the environment in average conditions.

In general, large-scale evidence on the results of DPS adoption in the world is scarce
and there is a lack of evidence on DPS adoption in Brazil and South America. According
to Landers (2005), Brazil is the country with the largest body of technical knowledge and
experience in DPS adoption and its results in tropical and sub-tropical areas, but this evidence
does not appear in the international literature mainly due to language barriers as most of the
documentation of these results is written in Portuguese, not English. Much of this knowledge
is valuable for other developing countries; especially African countries that share similar soil
conditions and climates with Brazil. Bolliger et al. (2006) reinforces the claims made by
this author and gives another hint on why the evidence on DPS results in Brazil is so scarce
in the literature. According to them, much of the research done in the last two decades
in the country has been based on experimental conditions in optimal settings, focusing on
individual experiences and case studies rather than in more complex and general settings.

Despite the country’s leadership in the development of this technology and in spite of the
fact that the DPS is heavily subsidized in Brazil nowadays (mainly through rural credit),
research on the determinants of its adoption and evidence of its benefits remains scarce.
Hernani et al. (2002) does provide an assessment of DPS impacts in Brazil, but without the
use of rigorous statistical tools as it is usually done in economic studies. In the economics
2 Evidence appears often for crops in which the practices have been well tested and adoption is already

widespread (chiefly grains as soybeans, wheat and maize) and mostly for locations in the U.S. and Canada.
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literature, the sole study on DPS adoption in Brazil to our knowledge is the one by Assunção,
Bragança and Hemsley (2014), which focuses on the learning costs of adopting and adapting
the DPS and uses aggregate data at the municipal level. They find that social learning is an
important channel for DPS di�usion. The authors also conclude that information costs of
learning about and adapting the technology are important and thus geographic heterogeneity
can be an important barrier to the di�usion of this technology.

We rely in the theory of adoption and information costs presented in this paper to make a
step further and investigate the impacts of DPS adoption in a wide range of indicators using a
large panel of microdata on farm units in the state of Sao Paulo, Brazil. We explore variations
in geographic locations and soil characteristics to construct instruments for adoption in order
to identify the impacts of this adoption on agricultural output, land allocations, and produc-
tion decisions. In doing so, this paper contributes to two strands of the literature. First, we
contribute to the literature on rural technology adoption providing large-scale evidence on
the adoption of DPS in Brazil which appears to be sensitive to geographic heterogeneity and
information costs as found previously by Assunção, Bragança and Hemsley (2014). Second,
we contribute to the technical literature on CA and no-till techniques providing evidence of
the private impacts of DPS adoption for a large and diverse sample of farms, evidence that
have not yet been estimated in a rigorous way according to Landers (2005).

Obtaining direct evidence of public gains like environmental externalities are out of the
scope of this study. However, it is worth to note that increases in the agricultural output
due to technology adoption improve food security constituting a social gain. The same goes
for reductions in inputs consumption and optimization of resource allocations.

Finally, we note that the state of Sao Paulo has one of the biggest agriculture industries
in Brazil and that it is located near the Brazilian states where DPS began and has the
highest rates of occurrence to this day (Paraná, Goiás and Mato Grosso do Sul), even though
adoption rates in Sao Paulo lay far behind the national average3. This situation resembles
a question seen many times in the literature on technology adoption. If a technology is
beneficial to the agents (and to society in the particular case of DPS) why does it takes so
long for its adoption to be widespread (Bandiera and Rasul, 2006)? Could it be that farmers
are “leaving money on the table” (Duflo, Kremer and Robinson, 2008)? This question already
makes the study of DPS adoption in Sao Paulo interesting. After all, if technology is a way
for poor countries to catch up with rich countries, understanding the possible constraints
on technology adoption is useful for understanding a major component of growth. If for
a given technology its level of current adoption is sub-optimal, detailed empirical evidence
3 Most recent data available show an adoption rate of 3.1% for Sao Paulo in 2007/08 against national

adoption rates of approximately 10% in 2006.
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on its adoption would be valuable, since documentation of such underutilization of rural
technologies is almost non-existent (Foster and Rosenzweig, 2010). Furthermore, the richness
of the virtually unexplored data available for this state in Brazil coupled with specific features
of DPS promotion in Sao Paulo accounts for a unique opportunity to address the direct and
indirect impacts of DPS adoption on several indicators of agricultural production. Thus, Sao
Paulo provides a valuable setting for understanding both the determinants and the impacts
of rural technology adoption.

The rest of the paper is organized as follows. Section two describes the data used in
this study. In this section we discuss the selected sample for the econometric analysis,
the particular characteristics of the DPS promotion in the state of Sao Paulo that enable
the construction of instruments for adoption and the measures of agricultural output used
for investigating the private benefits of DPS adoption. Section three discuss the theory
of adoption costs and describes the empirical strategy based on a two-stage instrumental
variables estimator used in the study. Section four presents the results for adoption, which
confirm evidence from previous literature, and the results for the impact of adoption in the
agricultural output, land allocations and other production decisions of the farms. Section
five concludes.
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2 Data

2.1 Data source and sample selection

Data for this study comes from the LUPA Project, an agricultural census implemented by
the Department of Agriculture and Provision (SAA) of the state of Sao Paulo, Brazil and
carried out by the state’s rural extension service (CATI) and by the Institute of Agricultural
Economics of Sao Paulo (IEA/SP)1. This census is available for two di�erent “agricultural
years”: 1995/96 and 2007/08. Identification codes allow us to follow the farm units in both
periods. Thus, we are able to arrange information about the farms, their owners and their
crops in a large panel of microdata, which constitutes a unique and yet unexplored database
for studying DPS adoption and its impacts.

An overview of the database is presented in Table 2. Approximately 90% of the 277,150
farm units in the first period are identified in both periods through their unique code. That
accounts for 245,780 observations in each period2. This sample selection may jeopardize the
internal validity of the results if it is correlated with DPS adoption or any of the dependent
variables investigated. We do not find any evidence that this is the case. Statistics and
maps are very similar whether we use panel data or cross sectional data. Therefore, we
summarize both data sources bellow and use cross sectional data to present current features
of the agricultural industry in the state of Sao Paulo like distribution of adopters by locations,
crops and soil types. Panel data is used later in the econometric analyzes that account for
farm fixed-e�ects.

The observation unit is the farm, which may have many crops or none. Although in-
formation about technology use is informed for every crop in the farms, DPS adoption is
reported mainly in annual crops in which planting decisions occur every year (once, twice or
more times). Thus, special attention is devoted to annual crops in this study. An analysis
of the panel data reveals that each farm unit has an average of 2,7 crops in the first period
and an average of 2,0 crops in the second3. Mean farm size (measured in acres) decreases
slightly from 186.1 acres in the first period to 178.4 in the second. Share of annual crops
1 Information and aggregate data available at: www.cati.sp.gov.br/projetolupa.
2 Pino (2009) analyzes the di�erences between the two censuses and points that many farm units of the

first period do not appear in the second due to farm splits between 1995 and 2008, which also explain
the larger number of units in the second period

3 The greater number of crops by farm in the first period may be due to methodological di�erences: while
the 2007/08 census merged same crops with di�erent planting dates within a farm, the 1995/96 census
did not. It is worth to note that winter maize, which is not documented in the first census, is considered
a di�erent crop in the second.
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Table 2 – Database overview
Cross sections

1995/96 2007/08

A - Farm Units 277,150 324,601
B - Total Area (acres) 49,395,312 (B/A) 178.2 50,666,761 (B/A) 156.1
C - Crops 724,427 (C/A) 2.6 653,156 (C/A) 2.0
D - Total Acreage (acres) 40,215,119 (D/C) 55.5 43,489,112 (D/C) 66.6
E - Farm Units with Annual Crops 156,342 (E/A) 56.4% 168,363 (E/A) 51.9%
F - Quantity of Annual Crops 297,721 (F/C) 41.1% 238,372 (F/C) 36.5%
G - Total Area of Annual Crops (acres) 13,516,109 (G/B) 27.4% 17,986,048 (G/B) 35.5%
H - Farm Units Adopting DPS . . 10,023 3.1%
I - Crops under DPS . . 17,350 2.7%
J - Total Area under DPS 111,200 (J/B) 0.2% 1,879,892 (J/B) 3.7%

Panel data
1995/96 2007/08

A - Farm Units 245,870 245,870
B - Total Area (acres) 45,748,049 (B/A) 186.1 43,855,797 (B/A) 178.4
C - Crops 658,395 (C/A) 2.7 503,015 (C/A) 2.0
D - Total Acreage (acres) 37,516,147 (D/C) 57.0 37,966,267 (D/C) 75.5
E - Farm Units with Annual Crops 141,575 (E/A) 57.6% 131,294 (E/A) 53.4%
F - Quantity of Annual Crops 270,522 (F/C) 41.1% 183,399 (F/C) 36.5%
G - Total Area of Annual Crops (acres) 12,694,966 (G/B) 27.7% 16,048,478 (G/B) 36.6%
H - Farm Units Adopting DPS . . 7,662 3.1%
I - Crops under DPS . . 12,973 2.6%
J - Total Area under DPS 111,200 (J/B) 0.2% 1,620,584 (J/B) 3.7%

as part of total crops also decreases from 41.1% to 36.5%, but total area devoted to annual
crops increases significantly from 27.7% to 36.6%. These numbers do not di�er greatly from
the numbers presented in cross sectional data, particularly those about DPS adoption. For
both panel and cross sectional data in the second period (2007/08), adoption rates measured
by number of farms adopting DPS in at least one crop or by total area allocated to the
technology remain the same: 3.1% and 3.7% respectively. Furthermore, it is worth to note
the estimated mean adoption rate in the state in the first period, calculated as the area under
DPS divided by the total area, which according to plenty anecdotal evidence was at most
0.2%. This contrasts with the 3.7% adoption rate in the second period highlighting the huge
expansion of the DPS technology between both censuses.

The very fact that the first census did not ask about DPS adoption speaks about the low
presence of the technology in the state of Sao Paulo at the time (1995/96). Many articles
in the specialized press and many rural extension agents interviewed report estimations of
111,200 acres under DPS until 1998 at most. Precisely, the acknowledgment that the state of
Sao Paulo had been left behind in the Brazilian DPS evolution motivated the state to invest
heavily in promoting DPS adoption in the following years. As of 1998, but mainly between
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1998 and 2004, there were several actions to promote DPS adoption in Sao Paulo: rural credit
programs, research on adapting the technology, implementation of di�usion centers, training
of extension agents, meetings and seminars about DPS, creation of farmers’ associations
and others. All these actions were taken in the expectation that lack of information, which
translated into learning costs, was the most important barrier to DPS adoption at the time.
Growers and the o�cial rural extension service alike agree that those actions ≠ sponsored
by the state bank (BANAGRO), by suppliers and by farmers’ associations ≠ were important
to reduce the costs of learning about the technology and the costs of adapting it to specific
site characteristics, thus expanding its adoption (Vaz, 2006; Neves-Neto, 2013).

While there are no o�cial numbers of DPS adoption for the agricultural years of 1995/96,
we do find estimates of the total area under DPS in the state in 1998 in the academic liter-
ature. Neves-Neto (2013) reports estimates of 24,700 acreage using DPS technology whilst
Vaz (2006) presents estimates of total area under DPS ranging from 488,900 to 1,096,300
acres. However, it is not clear whether this interval of estimated acreage refer to 1998 or
to the following years. Moreover, this author, who worked as rural extension agent in the
team responsible for estimating and promoting DPS adoption at the time, stated later in
interviews that the estimate for DPS area in 1998 was 333,600 acres, i.e, three times higher
than the acreage believed to use DPS then: the 111,200 acres frequently reported in the
press.

To simplify, we assume zero adoption for every farm unit in the first period (1995/96) in
the belief that any positive number of adopters at that time is not big enough to bias our
results substantially.

2.2 Instruments for adoption

The data used in this study provides the geographic coordinates of every farm unit in the
state. This information allows us to examine the distribution of adopters and to relate this
spatial distribution to other information available in the LUPA Project and in auxiliary
databases like the Brazilian soil map. We define “adopter” as the farm unit that uses DPS
in at least one of its crops. Figure 1 presents the location of the state of Sao Paulo in
the Brazilian map and also the adoption rates by municipalities ranging from 0% to 100%
highlighting the concentration of adoption in some regions like the southern border of the
state.

Table 3 illustrates further this regional concentration: 8% of the municipalities alone
account for more than 80% of adoption. Taken together, these places have adoption rates
almost nine times higher than the state average reaching approximately 27% (adoption rates
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Figure 1 – DPS adoption rate of municipalities in the State of Sao Paulo, Brazil

ADOPTION RATE (quantity of adopters to total farms in the municipality)                                         0%                                         100% 

Source: LUPA census 2007/08 (SÃO PAULO, 2008)

calculated using DPS area produce similar results). This table also presents other two di-
mensions in which adopters seem to concentrate: crops and soil types. A group of six crops
≠ soybeans, maize, winter maize, beans, sugar cane and wheat ≠ accounted for almost 90%
of the total area under DPS in the state in 2007/08 while representing less than 40% of the
total acreage in the state in the same period. If we remove sugar cane, one of the most
important and recurrent crops in Sao Paulo, of the group, the concentration is much more
intense: the five remaining crops account for 84% of DPS area while occupying less than 8%
of total acreage in the state4.

Finally, we note that adopters also concentrate in some soil types, particularly in soils
classified like oxisols5. Using the geographic coordinates of the farmhouse we identify that
more than 74% of adopters are located on oxisols. Oxisol is one of the most recurrent types
of soil in the state of Sao Paulo. More than 38.4% of farms in the state are located on
oxisols. On the other hand, we observe that the other two most recurrent types of soils in the
state, acrisols and cambisols, have 57.6% of the farms located on them, but only 18% of the
4 The spatial distribution of growers and the DPS impact analysis for these six crops and others are

presented in the appendix.
5 We translated the names of soil types in the Brazilian taxonomy as they appear in current studies:

oxisol is “latossolo”, acrisol is “argissolo” and cambisol is “cambissolo” in Portuguese. Refer to FAO
(2004) for a table of approximately equivalent Brazilian and FAO soil nomenclature including older soil
denominations.
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Table 3 – Adoption of DPS by locations, crops and soil types - cross section 2007/08

Adoption vs Municipalities

Levels of Number of Farms Area
adoption Municipalities All Adopters Adoption rate (%) Acreage Area under DPS DPS area rate (%)

0% 366 152,274 0 0.0% 19,862,090 0 0.0%
(0%, 1%] 138 96,590 333 0.3% 11,517,113 56,691 0.5%
(1%, 5%] 64 38,490 847 2.2% 5,233,013 216,476 4.1%
(5%, 10%] 17 8,283 543 6.6% 1,309,352 85,425 6.5%
(10%, 50%] 43 23,896 5,147 21.5% 4,631,766 1,124,874 24.3%
(50%, 100%] 8 5,068 3,153 62.2% 935,778 396,426 42.4%

Total 636 324,601 10,023 3.1% 43,489,112 1,879,892 4.3%

Adoption vs Crops

Crop Group Area under DPS Share Acreage Share Number of crops Share
Soybeans Annual 602,456 32.0% 981,938 2.3% 7,831 1.2%
Maize Annual 506,923 27.0% 1,655,541 3.8% 51,718 7.9%
Winter maize Annual 275,229 14.6% 350,307 0.8% 3,636 0.6%
Beans Annual 118,516 6.3% 257,370 0.6% 10,290 1.6%
Sugar cane Annual 95,091 5.1% 13,777,927 31.7% 100,009 15.3%
Wheat Annual 75,562 4.0% 102,145 0.2% 642 0.1%
Eucalyptus Forestry 66,166 3.5% 2,131,298 4.9% 41,837 6.4%
Sorghum Annual 37,978 2.0% 85,222 0.2% 1,100 0.2%
Cotton Annual 28,429 1.5% 44,206 0.1% 315 0.0%
Pinus Forestry 21,185 1.1% 375,255 0.9% 1,625 0.2%

Total 1,827,536 97.2% 19,761,208 45.4% 219,003 33.5%

Adoption vs Soil types

Classes Type Farms on type Share of total farms Adopters on type Share of total adopters

LV + LVA Oxisol 124,779 38.4% 7,442 74.2%
PV + PVA Acrisol 171,165 52.7% 1,507 15.0%
CH + CX Cambisol 15,862 4.9% 305 3.0%

Others 12,896 4.0% 749 7.5%

adopters. This suggests a strong relation between soil type and DPS adoption in Sao Paulo,
which is confirmed by the spatial distribution of adopters on soil types depicted in Figure 2.

Oxisols are the most common soils of Brazil. Of ancient formation, resulting from long
weathering processes, these soils occupy areas predominantly flat or of gently sloped topog-
raphy; they have a high degree of porosity and are specially prone to leaching (Coelho et
al., 2002; Ker, 2013). Of low variation in physicochemical characteristics, this soil is the most
utilized by the agriculture of high technical level, the one with intense machinery use and
great presence of traditional cash crops such as soybeans, wheat, maize and beans Ker, 2013).

Second to oxisols in occurrence in Brazil, the acrisol type is the most common soil in the
state of Sao Paulo. This soil type present great variation in characteristics and fertility and
is prone to soil compaction6. Cambisols also present a wider variation when compared to
other types. Moreover acrisols and cambisols alike usually occupy land with more rugged
relief when compared to oxisols (Coelho et al., 2002).
6 Agronomists interviewed said acrisols are often “stained” soils, in the sense that they present many spots

of di�erent soils within a given area.
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Figure 2 – DPS adopters distributed on soil types

ADOPTERS 
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OXISOL 
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Source: LUPA census 2007/08 (SÃO PAULO, 2008) and Brazil Soil Map - EMBRAPA (Santos et al., 2011)

Given these soil characteristics, it is reasonable to expect farms located on oxisol to be
larger, to be more intense in machinery use and in agricultural farming (in the sense of
proportion of acreage to total farm area) and to have lower crop diversity. Farms on these
regions would be also more homogeneous, since there would be less soil variation. On the
other hand, farms in acrisols or cambisols would present smaller farm size, greater crop
diversity and lower mechanization.

In fact, this is precisely what we observe in the data. There are significant di�erences
between farms located on oxisols compared to farms located on acrisols or cambisols. In the
first period farms located on oxisols are 35% larger in farm size and have 0.223 more tractors
than those farms located on acrisols or cambisols in average. They are also more intensive
in agriculture (their proportion of acreage to total area is 11% greater) and have 0.25 less
di�erent crops in the farm in average. This corroborates the belief that farms on oxisols are
larger, more mechanized and more homogeneous than their counterparts in our setting.

Recalling the benefits and drawbacks of the DPS presented in Table 1 we observe that
farms located on oxisols are more likely to benefit from DPS adoption than are those located
on cambisols or acrisols. DPS adoption significantly reduces water and nutrient losses due
to leaching, which tends to occur more often in oxisols. It also reduces fuel consumption and
machinery depreciation, savings that are especially appealing to farms intensive in mecha-
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nization. Finally, assuming oxisol regions as being in fact more homogeneous, farmers there
may find it easier to learn about and to adapt the technology to their particular conditions
since they can learn more readily from neighbors’ experiences.

Notwithstanding being less likely to benefit fro DPS adoption, farms located on cambisols
and acrisols, in their turn, are more likely to su�er from its drawbacks. They are more subject
to soil compaction, which reduces plant germination. And since those soils are positively
correlated with smaller and more heterogeneous farms, farmers in these regions may find it
harder to learn from neighbors experiences, what means higher costs of learning and adapting
the technology to their specific site characteristics.

Assunção, Bragança and Hemsley (2014) argue that heterogeneity between farms hinders
adoption by increasing the costs of learning from neighbors. They are able to approximate
farm heterogeneity by soil heterogeneity constructing measures of soil heterogeneity by mu-
nicipality. This strategy does not work well in our disaggregate data, though. Measures
constructed in the same fashion of those authors are subject to ad hoc definitions of farm
neighborhood and to little variation in the measure of soil heterogeneity between neighbors.
However, the arguments presented in the previous paragraphs suggest we may use the soil
type itself to approximate for farm heterogeneity thus capturing part of the information
costs that play an important role in adoption decisions. Additionally, those authors consider
whether formal di�usion channels influence adoption lowering information costs. To do so,
they include the proximity (or conversely, the distance) of potential adopters to di�usion
centers in some of their regressions7. We also use this information in our analysis calculating
the distance of each farm to the closest di�usion center. However, we discard centers located
within the state of Sao Paulo to avoid endogeneity issues since the creation of in-state centers
might be correlated with the potential of adoption in its neighborhood8. Figure 3, contrasts
the location of those centers with the DPS adoption rates by municipality presented before.

2.3 Measures of agricultural output

Research on the private benefits of DPS adoption mostly aim to identify impacts of the
technology in agricultural yields, farm costs or, more generally, in farm profitability (see FAO
(2001) for a review of such studies). Like personal income, those measures of agricultural
revenue, costs and profits are usually imperfect, especially when data does not come from case
studies or field experiments. That may explain the lack of large-scale evidence on the private
7 These di�usion centers are mainly farmers associations called “Clube Amigos da Terra” (CAT), whose

role in the di�usion of DPS in Brazil is reviewed by Landers (2001).
8 Additionally, we add four di�usion centers of the state of Paraná to the original list of centers of the

authors.
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Figure 3 – Location of the closest di�usion centers versus DPS adoption rate

DIFFUSION CENTERS 
 

ADOPTION RATE 

Source: LUPA census 2007/08 (SÃO PAULO, 2008) and Assunção, Bragança and Hemsley (2014), adapted

benefits of DPS adoption in Brazil and worldwide. Our database presents this challenge too,
as it does not inform agricultural costs or agricultural revenue directly. The only information
regarding agricultural output available in our data are, for each farm and each period, the
farmed crops and their respective acreage9. Thus, this study turns to alternative measures
of agricultural output to investigate impacts of DPS adoption in this dimension of farm
indicators.

We use information on the mean value of agricultural output per acre at the municipal
level available in the Brazilian municipal agricultural survey (“Pesquisa Agrícola Municipal”
(PAM)). Mean values are provided for 62 di�erent crops encompassing all crops with signif-
icant acreage in the state of Sao Paulo. This data is available in an annual basis, for nearly
all the municipalities in our data. Whenever information is not available for an specific crop
in a given municipality, we use aggregate information at the state level10. We merge this
information with our microdata and multiply the mean value per acre from PAM by the
acreage of each crop in the farm, adding all resulting values to obtain one single indicator of
9 Agricultural yields are informed only for the second period (2007/08), but the precision of this information

is poor.
10 Robustness checks alternating measures of agricultural output are presented in section 4.4.
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“gross agricultural output” per farm11.
In order to approximate agricultural productivity we divide the gross output by the

acreage of the farm. We first divide the gross agricultural output by the sum of all acreages
of the farm obtaining the “agricultural output per acreage”. This measure however ends
up being heavily influenced by land allocations and crop choices. First, we note that not
every crop in the farm has information available at PAM and that every crop who falls
into this category has zero output. More critical, however, is the fact that a large share of
the total arable land in the state of Sao Paulo is allocated to forage crops (to be used in
the cattle industry) and to forestry, both groups for which we do not draw mean values of
agricultural output from PAM. In the end, we are able to calculate agricultural output of
only 42% of the total acreage in our data in average. To circumvent this issue and obtain a
more accurate measure of the agricultural productivity of the farms, we build an alternative
indicator dividing the gross output by the calculated area only, i.e., by the total area of crops
for which information was drawn from PAM to compute the gross agricultural output. We
refer to this measure in this study as the “average agricultural productivity”.

Although not an ideal measure, it does provide valuable information on the DPS adoption
impacts on the private gain of farms. And since our measures of agricultural output are
sensitive to land allocations and to production decisions, we also investigate this group of
indicators. We estimate impacts of adoption on production decisions like land allocations,
agricultural intensity and agricultural diversity12.

This section concludes presenting the mean values of covariates, instruments and variables
of interest for all farms, for adopters and for non-adopters in the first period. Table 4 shows
those mean values and the di�erence between the two groups for all main variables used in
this study13. Mean values are significantly di�erent for all indicators. Adopters are overall
larger in farm size and are more intensive and more diverse in agriculture. The fact that
the average agricultural intensity of adopters is greater than one suggests that they plant
more winter crops than non-adopters, possibly with the use of irrigation. Adopters also di�er
significantly from non-adopters in land allocation having, on average, higher shares of land
allocated to annual crops and lower shares of land allocated to perennial crops, to pasture
and to forestry. In general, results in Table 4 reinforce the necessity to account for individual
specific characteristics in all of our estimations.

11 All values of outputs are expressed in current 1,000 US dollars.
12 Impacts of DPS adoption on crop choices are available in the appendix.
13 The first period census does not inform whether the farm owner is a firm. It gives value equal to zero

for owner’s education in such cases merging no educated owner and firms in this dimension and we must
bear this in mind when discussing statistics and coe�cients of those dummies.
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Table 4 – Means and di�erences by groups in the first period (1995/96)

Group All farms Adopters Non-adopters Di�erence
Observations 245,870 7,662 234,391 (A - N)

Covariates
Farm area (100 acres) 1.861 2.989 1.825 1.163***
Share of arable land in the farm (%) 0.865 0.899 0.870 0.028***
Owner’s education: basic school 0.382 0.418 0.383 0.035***
Owner’s education: middle school 0.104 0.094 0.104 -0.010***
Owner’s education: high school 0.113 0.093 0.113 -0.021***
Owner’s education: college 0.186 0.151 0.187 -0.036***

Instruments
Farm located on oxisol 0.386 0.751 0.375 0.376***
Farm located on acrisol 0.533 0.143 0.545 -0.403***
Farm located on cambisol 0.044 0.025 0.044 -0.019***
Distance to closest di�usion center (km) 188.985 152.273 190.024 -37.752***

Agricultural output
Gross (USD 1.000) 31.169 55.510 30.492 25.018***
Per acre (USD 1.000/total area) 0.274 0.247 0.273 -0.026***
Per acre (USD 1.000/calculated area) 0.605 0.384 0.610 -0.227***

Share of acreage allocated to
Annual crops 0.325 0.657 0.313 0.345***
Perennial crops 0.161 0.032 0.165 -0.132***
Pasture 0.485 0.299 0.493 -0.194***
Forestry 0.029 0.011 0.030 -0.019***

Agricultural intensity (acreage/total area)
All crops 0.865 1.332 0.851 0.481***
Annual and perennial crops 0.430 1.039 0.409 0.631***

Agricultural diversity (# of di�erent crops)
All crops 2.833 3.236 2.827 0.409***
Annual and perennial crops 1.799 2.381 1.781 0.599***

Notes: *** denotes significance at the 1% level, ** denotes significance at the 5% level and * denotes
significance at the 10% level.
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3 Empirical Strategy

3.1 Determinants of adoption

We start with the usual assumption that adoption decision follows a simple rule: the agent
will adopt a new technology whenever its profits under this new technology (new) are greater
than its profits under the traditional technology (trad) plus the cost of adopting1. This cost
might include acquisition of new equipment, losses from the experimenting-and-adapting
process or simply the cost of learning about the new technology and how to use it. The
expected profits with the new technology might include potential increases in productivity
and savings in inputs consumption. Even though it is possible to adopt the DPS in one
period and then revert to conventional planting in the next, this study assumes that once
a farm unit adopts the DPS it does not revert on adoption. We think this is a reasonable
assumption to the DPS case in Brazil, as does Assunção, Bragança and Hemsley (2014).

Taking farm units as agents indexed by i; denoting the variation in profits in each period
t as �fiit © finew

it ≠ fitrad
it and the idiosyncratic cost of adopting as Cit. The decision rule for

adoption at time t, denoted by Ait œ {0, 1}, is2:

Ait = 1{E[�fiit] > Cit} (3.1)

Similar to Assunção, Bragança and Hemsley (2014) and following anecdotal evidence col-
lected by the rural extension service in Sao Paulo, we assume information costs are the most
important component in the costs of adoption. Farmers need to learn about the technology
and to adapt it to specific site conditions in order to properly benefit from DPS adoption.
Up front costs such as acquisition of new machinery seems to be not significant for adopting
DPS, what lessen concerns that credit constraints are an issue to be considered.

For every farm unit i at time t, we write the variation in profits �fiit as a function of the
variation in agricultural yields and in inputs consumption plus an idiosyncratic term:

�fiit = f(�Yit, �Iit, ‹it) (3.2)
1 Refer to Foster and Rosenzweig (2010) for a recent survey on the microeconomics of technology adoption.
2 We can think of t as the planting period when adoption decision and its costs Cit are realized. E[�fiit]

would represent then the di�erence between the expected profits of the farm under the new and under
the traditional technology, where one of theses profits (the contrafactual) will not be observed. We
simplify this process in this study assuming farms correctly guess this variation between profits. Refer
to Conley and Udry (2010) for a discussion of the technology adoption and learning processes in a rural
setting where farmers update their expectation about profit variation based on previous experiences in a
Bayesian approach.
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where Yit denotes agricultural yields and Iit denotes inputs consumption of farm i at time t

(‹it denotes idiosyncratic and unobservable variations in both production outputs and costs
of the farm, which may vary in time)3. Similarly, for every farm unit i at time t the cost of
adopting DPS is given by the function:

Cit = f(Di, Hi, uit) (3.3)

where Di denotes the distance of farm unit i to the closest out-of-state di�usion center and
Hi represents the heterogeneity between farms within a given neighborhood (uit denotes
other idiosyncratic and unobservable information costs of the farm, which can vary in time).
Additionally, we have that

ˆf(Di, Hi, uit)
ˆDi

> 0,
ˆf(Di, Hi, uit)

ˆHi
> 0 (3.4)

The idea behind the partial derivatives is that the farther from the di�usion centers the farm
unit is located, the harder it becomes for it to obtain information about the new technology4.
In addition, farmers located in very heterogeneous regions may find it di�cult to learn from
other farmers about the new technology since their specific conditions may di�er significantly,
rendering one’s specific knowledge virtually useless to others.

We now draw our main hypothesis based on the discussion of the characteristics of the
most recurrent soil types in the state of Sao Paulo (oxisols, acrisols and cambisols), on the
implications of each soil type to agriculture activity, on the correlation of soil types and farm
indicators like farm size, agricultural diversity and machinery intensity in our database and,
finally, on the potential gains and losses of DPS adoption presented in Table 1. Our hypothesis
is that farmers located on oxisols are more likely to benefit from the adoption of the DPS
than those located on acrisols and cambisols and less likely to su�er its drawbacks. They are
more likely to experience savings in inputs consumption because they have larger acreages
and greater number of agricultural machinery. They are also more likely to benefit from a
reduction in leaching that causes water and nutrient losses reducing agricultural yields. Their
neighbors are likely to be similar to then since oxisol present fewer spots of di�erent soils
making their regions more homogeneous. Also, soil compaction, one of the major drawbacks
of continuous DPS adoption is not a major issue in oxisols. Contrastingly, farms located on
cambisols and acrisols are less likely to benefit from reductions in leaching and more likely to
su�er from soil compaction. Their savings in fuel consumption and machinery depreciation
tend to be lower, since they have less machinery. And lastly, they may find it harder to learn
from neighbors since their regions tend to be more diverse.
3 Conversely, we can write E[�fiit] = f(E[�Yit], E[�Iit], ‹it).
4 Geographic distance is used as instrument for adoption in other studies of technology adoption as well.

One example is Suri (2011) who uses distance to distributors as an instrument for fertilizer uptake.
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The spatial distribution of adopters observed in our data corroborates the idea that soil
types play an important role in adoption decisions. While adopters concentrate on oxisols,
they appear much less often in acrisols and cambisols despite the great occurrence of these
soils in the state. The role of soil types in adopting decisions, however, is important only if any
decision is happening at all. Soil types will a�ect information costs only if any information
is being transmitted. Analogously, they will a�ect expectations in profit variation only
if any variation in the production process (technology adoption) is being considered. In
other words, only under the constant flow of information that occurred during the period of
DPS promotion in the state of Sao Paulo, concentrated between 1998 and 2004, soil types
influenced DPS adoption decisions whether by decreasing (increasing) learning costs or by
raising (lowering) expectations of positive profit variations. The same rationale applies to
the role of the distance to di�usion centers in the adoption process.

3.2 Identification strategy

Since the adoption decision is endogenous to other production decisions of the farm, we
use location on soil types and distance to di�usion centers to construct instruments for
this adoption. The empirical strategy is summarized then in the two-stage estimation with
instrumental variables written below:

Ait = –0 + –1Xit + –2Zit + „i + “t + ›it (3.5)

Yit = —0 + —1Xit + —2Ait + „i + “t + Áit (3.6)

where
Zit = (Oxit, Acrit, Cambit, Dit, Oxit ú Dit, Acrit ú Dit, Cambit ú Dit)

and

“t =

Y
_]

_[

0, t = 1995/96

1, t = 2007/08

Variables Oxi, Acri and Cambi area dummies indicating whether the farm i is located on
oxisol, acrisol or cambisol, respectively. Oxit = Oxiú“t, Acrit = Acriú“t, Cambit = Cambiú“t

and Dit = Di ú “t, such as that the entire vector of excluded variables has value zero for all
units in the first period. Xit is a vector of observable characteristics of the farm unit including
total area, share of arable land and dummies for owner’s education. „i stands for the farm
unit fixed-e�ect and “t stands for the time fixed-e�ect, common to all farm units. A large
number of dependent variables ≠ ranging from agricultural output and land allocations to



Chapter 3. Empirical Strategy 26

production decisions and crop choices ≠ is represented by Yit. Also, we allow for correlations
at the municipal level by clustering standard errors in all specifications.

The exclusion restriction in each case is that the instruments, when interacted with the
time dummy equals to one in the second period, will a�ect the variables of interest only
trough DPS adoption. We can discard reverse causality concerns when using soil types
as instruments, but the validity of the exclusion restriction must be appreciate for each
dependent variable, separately.

First stage regressions are presented in the next section for all three instruments ≠ location
on oxisol, location on acrisol or cambisol and distance to di�usion centers ≠ and for the
combinations between soil types and distances. Although all instruments significantly impact
adoption in the way we expect they should, we decide to use only the location on oxisol as
instrument for adoption in the following analyzes5. The first reason we do this is to unify
the interpretation of the coe�cients of DPS adoption impacts. In the same fashion of the
impact evaluation literature, by using instruments for adoption we are identifying a local
average e�ect. The impacts in the IV regressions refer only to those farms that adopted
the technology specifically because they were located on oxisols. That is, the impacts are
captured only for those farms who moved from conventional planting to DPS because their
type of soil influenced them to expect more benefits than losses from adoption, like larger
savings in input consumption or lower costs of learning and adapting6. The use of a di�erent
instrument would yield distinct local average e�ects, as would do the use of two or more
instruments7. Moreover, the use of multiple instruments brings overidentification concerns
in many regressions rendering the choice of a unique instrument not only simpler but also
safer.

Whereas adoption on the extensive margin (whether the farm uses DPS in at least one
of its crops) is the focus of this study, we also investigate adoption at the intensive margin
measured as the share of acreage under DPS in the farm. The impacts of the intensity of
adoption are measured only for the subsample of adopters, though. And because they are
overall less informative, we discuss the impacts of DPS adoption at the intensive margin only
on indicators of agricultural output in this study.

5 Alternative two stage IV regressions for the main indicators of interest using the distance to di�usion
centers as instrument are presented in the appendix.

6 Those farm units would be what is called “compliers” in the treatment-e�ects literature. And the impact
estimates are “local” in the sense that they refer only to this special group of farms.

7 Note that in such cases, it is less clear to figure who are the farms in the group of “compliers”.
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4 Results

4.1 DPS adoption

Results of the first stage regressions, which regress DPS adoption on instruments and co-
variates, are presented in Table 5 and Table 6. All instruments (dummies for location on
soil types and distance to di�usion centers) are interacted with the time dummy. The F
statistics of the test of excluded instruments presented at the end of each table come from
the first stage of regressions of gross agricultural output on DPS adoption and covariates for
the entire sample.

Table 5 presents the results for DPS adoption at the extensive margin, in which adoption
takes value Ait = 1 if the farm unit uses DPS in any of its crops and 0 otherwise. Column
1 shows that location on oxisol increases the probability of DPS adoption in 4.9 percentage
points in average. Conversely, the second column shows that being located on acrisols and
cambisols decreases this probability by almost the same magnitude1. The third column shows
the impact of distance to di�usion centers on adoption. The greater the distance to the
closest di�usion center, the lesser is the probability that the farm will adopt the technology
(an increase of one hundred kilometers in this distance lowers the likelihood of adoption in
4 points in average). Coe�cients of location on soil types maintain their signals and their
significances and experience increases in magnitude when we include the distance to di�usion
centers and their interactions in the regressions (columns 4 and 5). In all specifications, the
share of arable land and the time dummy have significant and positive coe�cients.

Generally, results in Table 5 confirm evidence found in Assunção, Bragança and Hemsley
(2014), that information costs might be an important component of DPS adoption. The
coe�cient of distance to di�usion centers is always negative and significant. Furthermore, if
we believe that location on acrisols and cambisols is a reasonable approximation for farm het-
erogeneity, we also confirm that this heterogeneity hinders adoption suggesting that learning
costs are also important for DPS adoption.

Table 6 presents results of adoption at the intensive margin for the subsample of adopters
only. In all specifications adoption takes values ranging from 0% to 100% according to the
share of acreage under DPS in the farm. Results show similar patterns when compared to the
previous set of regressions. It is shown that being located on oxisol increases the proportion of
acreage under DPS in 9.3 points in average. Being located on acrisol reduces this proportion
1 These antagonistic results are better understood if we recall that nearly all farm units are located either

on oxisols or on acrisols and cambisols
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Table 5 – Adoption at the extensive margin

Dependent variable Adoption of DPS in any crop of the farm
(1) (2) (3) (4) (5)

Farm located on oxisol 0.0490*** 0.1192***
(0.0098) (0.0407)

Farm located on acrisol -0.0538*** -0.1517***
(0.0099) (0.0413)

Farm located on cambisol -0.0436*** -0.1524***
(0.0119) (0.0436)

Distance to the closest di�usion center (km) -0.0004*** -0.0001* -0.0006***
(0.0001) (0.0001) (0.0002)

Oxisol x Distance -0.0004**
(0.0002)

Acrisol x Distance 0.0005***
(0.0002)

Cambisol x Distance 0.0006***
(0.0002)

Farm area (100 acres) 0.0003 0.0003 0.0003 0.0003 0.0004
(0.0003) (0.0003) (0.0003) (0.0003) (0.0003)

Share of arable land in the farm (%) 0.0122** 0.0119** 0.0116** 0.0121** 0.0125**
(0.0051) (0.0052) (0.0054) (0.0057) (0.0058)

Owner’s education: basic school 0.0056* 0.0058* 0.0030 0.0058** 0.0062**
(0.0029) (0.0030) (0.0031) (0.0029) (0.0029)

Owner’s education: middle school 0.0057 0.0061* 0.0021 0.0053 0.0059*
(0.0034) (0.0035) (0.0035) (0.0034) (0.0034)

Owner’s education: high school 0.0048 0.0050 0.0009 0.0042 0.0044
(0.0035) (0.0035) (0.0035) (0.0033) (0.0033)

Owner’s education: college 0.0018 0.0021 -0.0020 0.0008 0.0011
(0.0030) (0.0030) (0.0031) (0.0029) (0.0030)

Time dummy (second period = 1) 0.0123*** 0.0617*** 0.1022*** 0.0394** 0.1678***
(0.0025) (0.0104) (0.0259) (0.0165) (0.0414)

Farm fixed-e�ects Y Y Y Y Y

R-squared 0.05 0.05 0.05 0.06 0.07
Observations 483,638 483,638 483,638 483,638 483,638

F test of excluded instruments F(1, 628) F(2, 628) F(1, 628) F(3, 628) F(5, 628)
24.72 15.83 10.27 10.50 7.67

Notes: Robust standard errors in parentheses, clustered by municipality. *** denotes significance at the 1% level, ** denotes
significance at the 5% level and * denotes significance at the 10% level. Values of the F test of excluded instruments come
from first stage regression on gross agricultural output for the entire sample. All instruments are interacted with the time
dummy.

by 15.8 points, but location on cambisol does not have significant impacts, possibly due to
the small number of adopters located on this soil type. The distance to di�usion centers
(column 3) has negative and significant impact reducing the proportion of DPS adoption in
15 points for each one hundred kilometers increase. The coe�cient of location on oxisol is
still positive, but does not retain its statistical significance when we control for both distance
and soil type in column 4.
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Table 6 – Adoption at the intensive margin

Dependent variable Share of acreage under DPS (%) - adopters sample only

(1) (2) (3) (4) (5)

Farm located on oxisol 0.0929** 0.1573
(0.0421) (0.0994)

Farm located on acrisol -0.1582*** -0.4313***
(0.0369) (0.1211)

Farm located on cambisol -0.0425 -0.7559***
(0.0575) (0.1578)

Distance to the closest di�usion center (km) -0.0015*** -0.0010** -0.0016***
(0.0003) (0.0005) (0.0004)

Oxisol x Distance -0.0005
(0.0005)

Acrisol x Distance 0.0018***
(0.0007)

Cambisol x Distance 0.0039***
(0.0008)

Farm area (100 acres) -0.0009 -0.0006 -0.0004 -0.0005 -0.0003
(0.0022) (0.0021) (0.0021) (0.0021) (0.0020)

Share of arable land in the farm (%) 0.0284 0.0127 0.0418 0.0444 0.0485
(0.0308) (0.0312) (0.0367) (0.0359) (0.0316)

Owner’s education: basic school -0.0285 -0.0338 -0.0277 -0.0275 -0.0316*
(0.0235) (0.0234) (0.0195) (0.0196) (0.0188)

Owner’s education: middle school -0.0130 -0.0182 -0.0215 -0.0227 -0.0276
(0.0294) (0.0298) (0.0258) (0.0259) (0.0257)

Owner’s education: high school 0.0170 0.0123 0.0112 0.0111 0.0068
(0.0250) (0.0253) (0.0212) (0.0211) (0.0210)

Owner’s education: college -0.0382 -0.0443 -0.0441 -0.0474* -0.0522*
(0.0296) (0.0306) (0.0275) (0.0286) (0.0282)

Time dummy (second period = 1) 0.6524*** 0.7463*** 0.9468*** 0.8197*** 0.9868***
(0.0446) (0.0364) (0.0489) (0.0938) (0.0476)

Farm fixed-e�ects Y Y Y Y Y

R-squared 0.83 0.83 0.84 0.84 0.85
Observations 15,279 15,279 15,279 15,279 15,279

F test of excluded instruments F(1, 239) F(2, 239) F(1, 239) F(3, 239) F(5, 239)
4.86 9.81 21.16 9.06 13.32

Notes: Robust standard errors in parentheses, clustered by municipality. *** denotes significance at the 1% level, ** denotes
significance at the 5% level and * denotes significance at the 10% level. Values of the F test of excluded instruments come
from first stage regression on gross agricultural output for the entire adopters sample. All instruments are interacted with
the time dummy.

4.2 Agricultural output

The following tables present the impacts of DPS adoption on the agricultural output of the
farm units. For these tables only, we present three di�erent specifications for each indicator.
First we regress using simple OLS, then including farm fixed-e�ects and finally using the
instrumental variables strategy. The measures of agricultural output used are those discussed
in section 2.3.

A few farms do not have any of its crops related in our auxiliary database (PAM) and thus
their computed agricultural output is zero. Also, a large number of farms deal exclusively
with livestock and/or forestry. Consequently, there are a large number of observations for
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which the value of agricultural output is zero. There are also a few farms whose calculated
output is abnormally high. Thus, we discard all observation for which the value of the
dependent variable is lower than the 0.5th percentile or higher than the 99.5th percentile
in the belief that regressions on the resulting subsample will yield estimates that are more
informative. We revert and alter this trimming process in the robustness checks presented
later in this section to see whether our results are sensitive to these sampling choices.

Table 7 presents the impacts of adoption at the extensive margin in the three measures
of agricultural output built for this study: gross agricultural output, agricultural output per
acreage (gross output divided by total acreage) and average agricultural productivity (gross
output divided by calculated acreage only). All values are expressed in current USD 1,000.
Coe�cients of adoption on the gross output show a positive correlation that is significantly
increased in the IV estimation. Once estimates of gross output are heavily influenced by
farm size, we center our discussion in the estimates of columns 4 and following.

DPS adoption seems to be negatively correlated with the agricultural output per acreage.
Column 4 shows that DPS adoption is correlated with a decrease of USD 115.70 per acre,
which falls to a reduction of USD 39.30 when farm fixed-e�ects are accounted for. IV esti-
mations presented in the sixth column, though, invert the signal of the coe�cient: for the
subgroup of farms a�ected by the instrument (local average e�ect) DPS adoption causes the
output per acreage to increase by USD 991.50 in average, which is more than three times the
mean value of this indicator in the data2. Columns 7 to 9 show the impacts of adoption in the
average agricultural productivity, which we believe approximates better the actual produc-
tivity of the farms. Again we have negative coe�cients in OLS estimations (columns 7 and 8)
and again it turns positive in the IV estimation. The significance, however, is lost rendering
the analysis of DPS impacts on agricultural productivity incomplete (if not inconclusive) in
this study.

We present results for the impact of DPS adoption at the intensive margin in the same
fashion in Table 8. IV estimates of the impact of DPS intensity on gross output and in the
output per acreage (columns 3 and 6) are positive again, but not statistically significant. IV
estimates for the impact on the average agricultural productivity (last column) is negative
for this subsample of adopters, but, again, it is not significantly di�erent from zero.
2 The mean value of agricultural output per acreage for both periods is USD 309.00. The median value is

USD 108.00.
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Table 7 – Impacts of adoption at the extensive margin: agricultural output
Dependent variable Gross agricultural output Agricultural output per acreage Average agricultural productivity

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Adoption of DPS 15.6435*** 9.6742** 118.7756*** -0.1157*** -0.0393** 0.9915*** -0.3086*** -0.1263*** 0.0585
(5.4022) (4.4567) (37.4019) (0.0179) (0.0188) (0.3442) (0.0264) (0.0221) (0.3174)

Farm area (100 acres) 9.7379*** 8.5815*** 8.4699*** -0.0028*** -0.0013** -0.0019** -0.0039*** 0.0015** 0.0014*
(0.9446) (1.1360) (1.1383) (0.0004) (0.0006) (0.0008) (0.0006) (0.0007) (0.0007)

Share of arable land in the farm (%) 44.0585*** 25.1368*** 21.1975*** -0.3674*** -0.2354*** -0.2724*** -0.6685*** -0.1668*** -0.1736***
(3.4194) (3.6126) (3.7587) (0.0456) (0.0369) (0.0384) (0.0926) (0.0504) (0.0509)

Owner’s education: basic school -5.4589*** -9.7883*** -10.4680*** 0.0345*** -0.0206** -0.0269** 0.0583*** 0.0009 -0.0003
(1.0869) (0.8834) (1.1028) (0.0089) (0.0096) (0.0109) (0.0111) (0.0108) (0.0112)

Owner’s education: middle school 2.9801** -10.4039*** -10.9755*** 0.0592*** -0.0060 -0.0116 0.0906*** 0.0035 0.0025
(1.4210) (1.1104) (1.3480) (0.0134) (0.0108) (0.0129) (0.0172) (0.0135) (0.0141)

Owner’s education: high school 11.7906*** -8.5396*** -9.1963*** 0.0424*** 0.0079 0.0019 0.0588*** 0.0154 0.0143
(1.7198) (1.2875) (1.5231) (0.0112) (0.0093) (0.0120) (0.0138) (0.0124) (0.0130)

Owner’s education: college 26.4898*** -8.2560*** -8.4922*** 0.0107 0.0015 -0.0011 0.0139 0.0094 0.0089
(2.4981) (1.3685) (1.5100) (0.0111) (0.0088) (0.0104) (0.0132) (0.0100) (0.0102)

Time dummy (second period = 1) 24.8627*** 24.0928*** 18.5930*** 0.1455*** 0.1412*** 0.0886*** 0.2279*** 0.2493*** 0.2398***
(1.0897) (1.1119) (1.5493) (0.0109) (0.0107) (0.0178) (0.0137) (0.0127) (0.0212)

Farm fixed-e�ects Y Y Y Y Y Y
Instrument (oxisol) Y Y Y

R-squared 0.25 0.09 0.01 0.05 0.09 -0.13 0.06 0.12 0.12
Observations 320,739 320,739 260,442 320,759 320,759 260,702 319,885 319,885 259,804

F test of excluded instruments F(1, 620) F(1, 620) F(1, 620)
21.14 21.22 21.16

Notes: Robust standard errors in parentheses, clustered by municipality. *** denotes significance at the 1% level, ** denotes significance at the 5% level and * denotes significance
at the 10% level. Observations lower than the 0.5th percentile or greater than the 99.5th percentile of the dependent variable distribution were not considered.

Table 8 – Impacts of adoption at the intensive margin: agricultural output
Dependent variable Gross agricultural output Agricultural output per acreage Average agricultural productivity

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Share of acreage under DPS 54.5055*** -3.7959 56.5028 0.2066*** 0.0319 0.2147 -0.2254*** -0.2212*** -0.1440
(14.2865) (8.7939) (78.4395) (0.0573) (0.0386) (0.3084) (0.0318) (0.0477) (0.3875)

Farm area (100 acres) 9.5800*** 8.9784*** 9.5428*** -0.0014** 0.0006 0.0012 -0.0009* 0.0005 0.0007
(1.8666) (2.8709) (2.8807) (0.0006) (0.0014) (0.0018) (0.0005) (0.0013) (0.0018)

Share of arable land in the farm (%) 45.1382*** 15.6614 12.5392 -0.3923*** -0.2159*** -0.2259*** -0.7367*** -0.2734** -0.2776**
(15.7557) (12.3244) (12.3688) (0.1057) (0.0807) (0.0819) (0.1754) (0.1329) (0.1340)

Owner’s education: basic school 4.2473 -12.7980*** -11.3239*** -0.0244 -0.0139 -0.0096 -0.0288 -0.0167 -0.0148
(2.6366) (3.5308) (4.2715) (0.0183) (0.0122) (0.0150) (0.0209) (0.0175) (0.0197)

Owner’s education: middle school 12.3436*** -16.5683*** -16.2038*** -0.0133 -0.0153 -0.0147 -0.0159 -0.0312 -0.0309
(3.7236) (4.1788) (4.5558) (0.0186) (0.0175) (0.0173) (0.0251) (0.0245) (0.0247)

Owner’s education: high school 23.0662*** -11.0339* -11.8873* -0.0113 -0.0224 -0.0250 -0.0119 -0.0365 -0.0376
(6.9499) (6.2965) (6.6915) (0.0198) (0.0184) (0.0183) (0.0239) (0.0263) (0.0281)

Owner’s education: college 32.8465*** -22.7202*** -21.0245** -0.0352* -0.0290* -0.0242 -0.0384* -0.0339 -0.0318
(6.0013) (7.4373) (8.6579) (0.0189) (0.0175) (0.0199) (0.0198) (0.0245) (0.0254)

Time dummy (second period = 1) -10.8167 36.9820*** -7.5183 -0.0554 0.0797*** -0.0550 0.2793*** 0.2890*** 0.2320
(10.6098) (6.4545) (56.0967) (0.0422) (0.0273) (0.2258) (0.0277) (0.0380) (0.2799)

Farm fixed-e�ects Y Y Y Y Y Y
Instrument (oxisol) Y Y Y

R-squared 0.26 0.12 0.08 0.07 0.08 0.06 0.09 0.09 0.09
Observations 14,077 14,077 13,096 14,208 14,208 13,284 14,199 14,199 13,264

F test of excluded instruments F(1, 217) F(1, 220) F(1, 218)
4.02 4.19 4.08

Notes: Robust standard errors in parentheses, clustered by municipality. *** denotes significance at the 1% level, ** denotes significance at the 5% level and * denotes significance
at the 10% level. Observations lower than the 0.5th percentile or greater than the 99.5th percentile of the dependent variable distribution were not considered.
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4.3 Land allocations and production choices

The following tables show the coe�cients for regressions of adoption on a wide range of
indicators of production decisions of the farms like land allocations, agricultural intensity,
agricultural diversity, cattle raising, machinery use and the adoption of other technologies.
Although we control for the same covariates and for time fixed-e�ects as before, for the sake
of space only the coe�cients of DPS adoption (at the extensive) margin are shown in the
tables3. The first set of lines display OLS estimates and the second set the IV estimates
(both accounting for farm fixed-e�ects). The F statistics from the test of excluded variables
are quite similar to those of Table 5 (column 1) and thus omitted.

Results in Table 7 revealed that coe�cients of adoption on agricultural output are very
sensitive to the acreage, or, conversely, to the crops considered in this computation. The
measures of agricultural output take into account only annual and perennial crops leaving
forestry and livestock (pasture areas) out. So, if adopters ≠ which were already more intense
in annual crops in the first period ≠ allocate more acreage to annual and perennial crops
after adoption takes place their agricultural output as measured in this study should rise by
construction. Precisely, this is what an analysis of impacts of adoption on land allocations
and production decisions suggest is happening.

Table 09 presents the impacts of adoption on land allocations, which confirm that adopters
increase acreage dedicated to annual and perennial crops while reducing acreage previously
allocated to pasture. IV estimates reveal that, for the group of farms a�ected by the location
on oxisol during the period of DPS promoting in the state of Sao Paulo, DPS adoption
increased the share of acreage allocated to annual crops in 42.50% percent and the acreage
allocated to perennial crops in 61.57% in average. Acreage allocated to pasture was greatly
reduced. That may explain the pattern of results observed in Table 7, columns 4 to 6, as
agricultural output per acreage varies only for annual and perennial crops remaining zero for
pasture and forestry.

We also investigate whether adopters become more intense or more diverse in agriculture.
Measures of agricultural intensity were obtained dividing the total acreage by the total area
of the farm for all crops and for annual and perennial crops only. Measures of agricultural
diversity are simply the number of di�erent crops in the farm (all crops or annual and
perennial crops only). OLS estimates show that DPS adoption is positively correlated with
agricultural diversity, but the coe�cients of IV estimations are not significantly di�erent
from zero for these indicators. DPS appear to have significant and negative impact only in
the agricultural intensity for all crops. The fact that this negative impact does not hold for
3 Results for the adoption at the intensive margin (not shown) do not di�er greatly and do not provide

useful insights for these indicators in general.
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annual and perennial crops intensity suggests that adopters may be reducing their forage
crops acreage more than they are increasing their annual and perennial acreages, i.e., not all
acreage previously allocated to pasture is being reallocated to agriculture.

Table 9 – Impacts of adoption: land allocations
Dependent variable Share of acreage allocated to Agricultural intensity Agricultural diversity

annual crops perennial crops pasture forestry all crops annual&peren. all crops annual&peren.
(1) (2) (3) (4) (5) (6) (7) (8)

Adoption of DPS 0.1079*** 0.0316*** -0.1413*** 0.0018 -0.0737 0.0691 0.2306** 0.3202***
(0.0253) (0.0041) (0.0242) (0.0019) (0.0588) (0.0650) (0.0934) (0.0924)

Farm fixed-e�ects Y Y Y Y Y Y Y Y
Instrument (oxisol)

R-squared 0.00 0.03 0.02 0.00 0.07 0.01 0.12 0.13
Observations 471,731 471,731 471,731 471,731 471,731 471,731 471,731 471,731

Adoption of DPS 0.4250* 0.6157*** -1.0252*** -0.0155 -0.8168** 0.1089 1.6622 1.6508
(0.2484) (0.1568) (0.2862) (0.0355) (0.3247) (0.3477) (1.1545) (1.0269)

Farm fixed-e�ects Y Y Y Y Y Y Y Y
Instrument (oxisol) Y Y Y Y Y Y Y Y

R-squared -0.02 -0.15 -0.14 0.00 -0.00 0.01 0.11 0.11
Observations 459,356 459,356 459,356 459,356 459,356 459,356 459,356 459,356
Notes: Robust standard errors in parentheses, clustered by municipality. *** denotes significance at the 1% level, ** denotes significance at the 5% level
and * denotes significance at the 10% level. Controls included in all regressions are the farm area, the proportion of arable land in the farm, dummies for
owner’s education and the time dummy. Agricultural intensity is measured as the total acreage divided by the total area of the farm, first for all crops
and then for annual and perennial crops only. Agricultural diversity is measured as the number of di�erent crops in the farm, again, first for all crops and
then for annual and perennial crops only.

Table 10 investigates further the impacts of DPS in areas of pasture looking at livestock
indicators of the farm. The IV estimate of column 1 reveals that DPS adopters are not just
reducing their pasture area, but also leaving cattle raising completely. Estimates in column
2 confirm this trend showing that adoption causes a decrease in the number of bovines in the
farm. For the subsample of farms that deal with livestock (and that are influenced by the
instrument), DPS adoption reduces in almost 114 units the number of bovines in the farm
in average.

Because crop residues in DPS can be used to cattle feeding, one might expect adopters
to become more intensive in grazing. They might allocate a larger number of bovines per
acre or use these residues in cattle feedlots. Thus, we look at impacts of DPS adoption on
such indicators. There is a positive correlation between DPS adoption and livestock density,
but IV estimates do not reveal any significant impact on the number of bovines per acre of
pasture, nor on indicators of whether the farm does intensive grazing or cattle feedlot.

As discussed before, farmers located on oxisols have greater quantity of machinery and one
of the main benefits of DPS is to reduce machinery use saving fuel consumption and decreasing
depreciation. We then investigate whether DPS adoption a�ects the quantity of agricultural
machinery in the farm or the intensity of the use of existing machines. Table 11 shows the
results of this analysis. IV estimates in columns 1 to 3 reveal that all types of machinery
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Table 10 – Impacts of adoption: cattle raising

Dependent variable Does cattle Total number Livestock Does intensive Does cattle
raising of bovines density grazing feedlot

(1) (2) (3) (4) (5)

Adoption of DPS -0.0524*** -15.6675*** 0.1092*** -0.0191 0.0001
(0.0152) (5.3902) (0.0369) (0.0254) (0.0033)

Farm fixed-e�ects Y Y Y Y Y
Instrument (oxisol)

R-squared 0.03 0.05 0.00 0.00 0.00
Observations 483,638 295,465 293,643 468,985 468,985
Adoption of DPS -0.5142*** -113.8916*** 0.1672 0.0183 -0.0279

(0.1965) (42.1432) (1.0048) (0.2937) (0.0367)

Farm fixed-e�ects Y Y Y Y Y
Instrument (oxisol) Y Y Y Y Y

R-squared 0.00 0.05 0.00 0.00 0.00
Observations 483,170 236,196 234,266 456,380 456,380
Notes: Robust standard errors in parentheses, clustered by municipality. *** denotes significance at the
1% level, ** denotes significance at the 5% level and * denotes significance at the 10% level. Controls
included in all regressions are the farm area, the proportion of arable land in the farm, dummies for
owner’s education and the time dummy. Livestock density is measured as the number of livestock per
acre of pasture.

investigated were reduced in average after DPS adoption. This e�ect is stronger for harrows,
which is quite expected since plowing is no longer necessary after DPS adoption. The IV
estimate of the impact of DPS adoption on the measure of machinery intensity calculated as
the number of tractors divided by the total acreage of the farm is not significant, despite the
positive correlation showed in the OLS estimation.

Lastly, we investigate whether DPS adoption is correlated with or cause the adoption of
other agricultural technologies. Table 12 shows that DPS adoption is positively correlated
with the use of irrigation (column 1), with the adoption of soil conservation practices (column
2) and with the use of certified seeds (column 6)4. IV estimates show that, at least for
the subgroup of farms a�ected by the instrument, the average e�ect of DPS is positive for
irrigation use and negative for the use of certified seeds (but this results is significant at the
10% level only).

4.4 Robustness checks

In this section we perform two robustness checks for the results of DPS adoption impacts on
agricultural output. First, we investigate whether the level of information used from PAM
a�ects our main results. Table 13 confronts the IV estimates of Table 7 with IV estimates
using municipal level information and state level information only. Columns 1 to 3 repeat
4 Soil conservation practices include, but are not limited to DPS.
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Table 11 – Impacts of adoption: agricultural machinery

Dependent variable Quantity of Machinery
harrows harvesters tractors intensity

(1) (2) (3) (4)

Adoption of DPS -0.0812 0.0018 0.0435 0.0022***
(0.0512) (0.0133) (0.0405) (0.0008)

Farm fixed-e�ects Y Y Y Y
Instrument (oxisol)

R-squared 0.01 0.00 0.01 0.00
Observations 483,638 483,638 483,638 471,731
Adoption of DPS -1.1325*** -0.1620*** -0.5438** 0.0097

(0.3454) (0.0589) (0.2705) (0.0167)

Farm fixed-e�ects Y Y Y Y
Instrument (oxisol) Y Y Y Y

R-squared -0.04 -0.01 0.00 0.00
Observations 483,170 483,170 483,170 459,356
Notes: Robust standard errors in parentheses, clustered by municipality. ***
denotes significance at the 1% level, ** denotes significance at the 5% level and
* denotes significance at the 10% level. Controls included in all regressions are
the farm area, the proportion of arable land in the farm, dummies for owner’s
education and the time dummy. Machinery intensity is measured as the number
of tractors per acre of acreage.

Table 12 – Impacts of adoption: technologies

Dependent variable Uses Does soil Uses technical Uses rural Uses certified
irrigation conservation assistance credit seeds

(1) (2) (3) (4) (6)

Adoption of DPS 0.0501*** 0.0339** 0.0530 0.0318 0.2293***
(0.0126) (0.0172) (0.0323) (0.0331) (0.0183)

Farm fixed-e�ects Y Y Y Y Y
Instrument (oxisol)

R-squared 0.00 0.01 0.00 0.00 0.13
Observations 471,731 468,985 468,985 468,985 468,985
Adoption of DPS 0.3570*** -0.1801 -0.2392 -0.2375 -0.6397*

(0.1321) (0.2516) (0.3836) (0.2077) (0.3524)

Farm fixed-e�ects Y Y Y Y Y
Instrument (oxisol) Y Y Y Y Y

R-squared -0.04 0.01 -0.01 -0.01 0.06
Observations 459,356 456,380 456,380 456,380 456,380
Notes: Robust standard errors in parentheses, clustered by municipality. *** denotes significance
at the 1% level, ** denotes significance at the 5% level and * denotes significance at the 10% level.
Controls included in all regressions are the farm area, the proportion of arable land in the farm,
dummies for owner’s education and the time dummy.
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the original IV estimations for the gross agricultural output, the agricultural output per
acreage and the average agricultural productivity. Columns 4 to 6 shows IV estimations
for the same measures of agricultural output recalculated using only information aggregated
at the municipal level in PAM (leaving it missing when not available). Columns 7 to 9
presents IV estimates of the impacts of DPS adoption for these measures of agricultural
output recalculated using information from PAM aggregated at the state level. In general,
the coe�cients di�er very little for the original estimations.

Table 13 – Robustness check: information of mean agricultural output
Information of mean agricultural output Combined information (original) Municipality level information only State level information only

Dependent variable gross output per average gross output per average gross output per average
output acreage productivity output acreage productivity output acreage productivity

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Adoption of DPS 118.7756*** 0.9915*** 0.0585 110.6353*** 0.9822*** 0.1304 120.2726*** 1.0502*** 0.0541
(37.4019) (0.3442) (0.3174) (36.0383) (0.3386) (0.3203) (37.7034) (0.3670) (0.2891)

Farm area (100 acres) 8.4699*** -0.0019** 0.0014* 8.1234*** -0.0017** 0.0011 8.8708*** -0.0023*** 0.0010
(1.1383) (0.0008) (0.0007) (1.1476) (0.0008) (0.0007) (1.1257) (0.0007) (0.0006)

Share of arable land in the farm (%) 21.1975*** -0.2724*** -0.1736*** 21.5069*** -0.2564*** -0.1671*** 23.5804*** -0.2698*** -0.1412***
(3.7587) (0.0384) (0.0509) (3.8513) (0.0390) (0.0470) (3.6792) (0.0391) (0.0394)

Owner’s education: basic school -10.4680*** -0.0269** -0.0003 -10.7077*** -0.0292*** -0.0045 -10.7950*** -0.0241** 0.0110
(1.1028) (0.0109) (0.0112) (1.1138) (0.0111) (0.0118) (1.0479) (0.0103) (0.0093)

Owner’s education: middle school -10.9755*** -0.0116 0.0025 -11.5531*** -0.0173 0.0003 -11.6462*** -0.0123 0.0072
(1.3480) (0.0129) (0.0141) (1.3561) (0.0128) (0.0144) (1.3252) (0.0127) (0.0118)

Owner’s education: high school -9.1963*** 0.0019 0.0143 -9.6806*** -0.0032 0.0069 -10.6693*** 0.0010 0.0208*
(1.5231) (0.0120) (0.0130) (1.5033) (0.0118) (0.0131) (1.5417) (0.0119) (0.0110)

Owner’s education: college -8.4922*** -0.0011 0.0089 -8.5966*** -0.0043 0.0059 -9.1725*** -0.0003 0.0150
(1.5100) (0.0104) (0.0102) (1.5227) (0.0103) (0.0104) (1.4594) (0.0109) (0.0098)

Time dummy (second period = 1) 18.5930*** 0.0886*** 0.2398*** 19.9307*** 0.0993*** 0.2458*** 19.4013*** 0.0956*** 0.2496***
(1.5493) (0.0178) (0.0212) (1.5898) (0.0181) (0.0216) (1.5184) (0.0166) (0.0173)

Farm fixed-e�ects Y Y Y Y Y Y Y Y Y
Instrument (oxisol) Y Y Y Y Y Y Y Y Y

R-squared 0.01 -0.13 0.12 0.03 -0.12 0.13 0.02 -0.17 0.17
Observations 260,442 260,702 259,804 246,254 246,618 245,806 260,486 261,018 260,452

F test of excluded instruments F(1, 620) F(1, 620) F(1, 620) F(1, 578) F(1, 578) F(1, 577) F(1, 620) F(1, 620) F(1, 620)
21.14 21.22 21.16 20.99 21.07 21.08 21.17 21.15 20.96

Notes: Robust standard errors in parentheses, clustered by municipality. *** denotes significance at the 1% level, ** denotes significance at the 5% level and * denotes significance at
the 10% level. Observations lower than the 0.5th percentile or greater than the 99.5th percentile of the dependent variable distribution were not considered.

We perform a similar test varying the number of observations in each sample. Table 14
presents the results for this robustness check of sample variations. Again, columns 1 to 3
repeat the original IV estimations from Table 7. Columns 4 to 6 shorten the interval of
values of the dependent variable for which observations are accepted: all observations whose
value of the output is lower than the 1st percentile or greater than the 99th percentile are
not used in the regressions. Once more di�erences between those and the original results are
not expressive.

We do find di�erent results in the estimates shown in columns 7 to 9, which present
results with no trimming at all: the entire sample of farms is used regardless their values
of agricultural output. The magnitude of IV estimates for the impact of DPS adoption in
the gross output and in the output per acreage (columns 7 and 8) increase greatly when
compared to their original values. This occurs most likely due to the large number of non-
adopters whose output is zero (e.g. farms that deals exclusively with livestock or forestry).
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The measure of average agricultural productivity takes as missing the majority of the
observations whose value is zero in the precedent measures, thus, this sample remains virtually
unchanged, not su�ering the same e�ect just discussed. The coe�cient of DPS adoption,
presented in column 9, does change when compared with the original one (the signal inverts),
but it is once more not significantly di�erent from zero.

Table 14 – Robustness check: percentiles of the dependent variable used for dropping obser-
vations

Observations used in regressions Between p0.5 and p99.5 values of dep. var. Between p1.0 and p99.0 values of dep. var. All observations

Dependent variable gross output per average gross output per average gross output per average
output acreage productivity output acreage productivity output acreage productivity

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Adoption of DPS 118.7756*** 0.9915*** 0.0585 94.0722*** 0.9402*** 0.2753 296.5086*** 1.2642*** -0.7037
(37.4019) (0.3442) (0.3174) (30.5035) (0.3223) (0.2958) (77.3607) (0.4128) (0.5627)

Farm area (100 acres) 8.4699*** -0.0019** 0.0014* 6.8846*** -0.0021*** 0.0013* 13.7133*** -0.0008 0.0022**
(1.1383) (0.0008) (0.0007) (1.0560) (0.0007) (0.0007) (3.6774) (0.0005) (0.0011)

Share of arable land in the farm (%) 21.1975*** -0.2724*** -0.1736*** 19.4594*** -0.2394*** -0.1382*** 19.6157*** -0.1832*** -0.2758***
(3.7587) (0.0384) (0.0509) (3.2214) (0.0355) (0.0381) (5.8490) (0.0464) (0.0909)

Owner’s education: basic school -10.4680*** -0.0269** -0.0003 -7.3107*** -0.0240** -0.0034 -22.3761*** -0.0248*** 0.0048
(1.1028) (0.0109) (0.0112) (0.9043) (0.0099) (0.0109) (2.1970) (0.0085) (0.0167)

Owner’s education: middle school -10.9755*** -0.0116 0.0025 -8.0960*** -0.0069 0.0007 -25.7151*** -0.0131 0.0045
(1.3480) (0.0129) (0.0141) (1.0841) (0.0114) (0.0138) (2.7939) (0.0102) (0.0200)

Owner’s education: high school -9.1963*** 0.0019 0.0143 -5.5002*** 0.0069 0.0197 -28.2450*** -0.0143 0.0125
(1.5231) (0.0120) (0.0130) (1.2061) (0.0109) (0.0124) (3.3109) (0.0094) (0.0179)

Owner’s education: college -8.4922*** -0.0011 0.0089 -5.1879*** 0.0039 0.0130 -33.4616*** -0.0117 0.0034
(1.5100) (0.0104) (0.0102) (1.1810) (0.0094) (0.0100) (4.3347) (0.0083) (0.0143)

Time dummy (second period = 1) 18.5930*** 0.0886*** 0.2398*** 15.6256*** 0.0918*** 0.2161*** 18.7588*** 0.0375** 0.3083***
(1.5493) (0.0178) (0.0212) (1.3131) (0.0159) (0.0179) (2.0603) (0.0161) (0.0440)

Farm fixed-e�ects Y Y Y Y Y Y Y Y Y
Instrument (oxisol) Y Y Y Y Y Y Y Y Y

R-squared 0.01 -0.13 0.12 0.02 -0.13 0.12 -0.01 -0.10 0.06
Observations 260,442 260,702 259,804 257,330 257,558 255,650 459,356 459,356 263,854

F test of excluded instruments F(1, 620) F(1, 620) F(1, 620) F(1, 620) F(1, 620) F(1, 619) F(1, 628) F(1, 628) F(1, 620)
21.14 21.22 21.16 20.94 21.21 21.15 24.72 24.72 21.29

Notes: Robust standard errors in parentheses, clustered by municipality. *** denotes significance at the 1% level, ** denotes significance at the 5% level and * denotes significance at
the 10% level.
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5 Conclusion

Technology adoption is one of the most promising ways by which poor economies can close
the gap with the richer ones experiencing boosts in productivity and ultimately in people’s
incomes. Since most of the world’s poor earn their lives from agriculture and this is in-
dustry is central in most of the developing world, understanding rural technology adoption
is immensely valuable to understand and to overcome poverty. In addition, rural technolo-
gies impact not only its adopters but entire rural and urban populations when externalities
are present. Even if they are not, rural technologies impacts still a�ect economic aspects
of general interest like food security, rural poverty and migration between rural and urban
areas.

This paper studied the adoption and the impacts of a technology that draws ever-
increasing interest in the world: the Direct Planting System (DPS), also know as no-till
planting or Conservation Agriculture (CA). This technology is alleged to have a wide range
of benefits, both private and public, and very few drawbacks. Because of this benefits, it has
been widely promoted in the world.

Brazil is the leader in the adoption and research of this technology in tropical and sub-
tropical regions. The country has overcome the challenges of adapting DPS to smallholder
farming, producing knowledge and experiences that are useful to other countries, particu-
larly in Africa and Latin America. Notwithstanding this central role of Brazil in developing
and promoting the DPS technology, its adoption in many parts of the country is still shy
and evidence on its private impacts remains confined to case studies and field experiments.
Moreover, national research does not reach international audiences due to language barriers.

The situation is not di�erent in Sao Paulo, the richest state in Brazil, with the largest
population and one of the most important agricultural industries in the country. Other than
the intrinsic importance of studying this location, singular characteristics of DPS adoption
and unique microdata make the investigation of DPS adoption and its impacts in Sao Paulo
specifically useful for confirming previous findings on the determinants of DPS adoption and
for providing large-scale evidence of its private impacts.

Using a large panel of microdata, this study explore variations in geographic locations
of farms in the state of Sao Paulo to obtain instruments for DPS adoption and to identify
the private impacts of this adoption in several indicators, controlling for farm and time
fixed-e�ects. Results suggest positive impacts in agricultural productivity arising mainly
from reallocation of acreage and changes in production decisions within the farm. Overall,
adopters increase their share of annual and perennial crops and reduce or even suspend cattle
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raising. Machinery use also decreases and the adoption of other technologies like irrigation
and certified seeds is also a�ected.

This paper contributes to two di�erent strands of the literature. First, it confirms pre-
vious evidence on the determinants of DPS adoption and their relation with the geographic
characteristics of farms contributing to the literature of technology adoption. That we reveal
a negative correlation between location on acrisols and DPS adoption is notably informative
for environmental policy design, because these soils are among the most sensitive to the prob-
lem of soil erosion. And erosion stands out amidst the main problems that DPS promotion
in the state of Sao Paulo (and in many other locations) aimed to mitigate (Neves-Neto, 2013;
Hernani et al., 2002). Furthermore, this study contributes to the technical literature on
conservation agriculture providing large-scale evidence of its private impacts and calling at-
tention to previously ignored e�ects of DPS adoption like changes in land allocations. Those
findings might help to design public policies of DPS promotion that account for indirect
impacts like reductions in cattle raising and increases in the farming of cash crops.

Empirical evidence on the public impacts of adoption remains needed as does more accu-
rate measures of agricultural output to properly access the impacts of DPS adoption in the
profitability of farms.
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A Variables

Table A1 – Description and summary of variables
Variables Mean Obs. Description

Covariates
Farm area (100 acres) 1.822 491,740 Total area of the farm measured in 100 acres (approximately

40 hectares)
Share of arable land in the farm (%) 0.855 491,271 Share of arable land to total farm area (excludes marsh, veg-

etation, rest area and complementary area)
Owner’s education: basic school 0.398 491,723 Dummy variable = 1 if owner has completed basic school
Owner’s education: middle school 0.113 491,723 Dummy variable = 1 if owner has completed middle school
Owner’s education: high school 0.131 491,723 Dummy variable = 1 if owner has completed high school
Owner’s education: college 0.194 491,723 Dummy variable = 1 if owner has completed college education

Instruments
Farm located on oxisol 0.386 491,740 Dummy variable = 1 if the farm is located on oxisol
Farm located on acrisol 0.533 491,740 Dummy variable = 1 if the farm is located on acrisol
Farm located on cambisol 0.044 491,740 Dummy variable = 1 if the farm is located on cambisol
Distance to closest di�usion center (km) 188.985 491,740 Distance to the closest di�usion center (growers’ associations

mainly), except those located in the State of Sao Paulo
Agricultural output

Gross agricultural output 42.525 474,418 Sum of gross agricultural output of all crops in the farm for
which crop information was available at PAM (in current 1.000
dollars)

Agricultural output per acreage 0.309 474,418 Gross output divided by the total acreage of the farm
Average agricultural productivity 0.734 324,919 Gross output divided by the sum of acreages of the farm for

which crop information was available at PAM
Share of acreage allocated to

Annual crops 0.319 474,418 Total area of annual crops divided by total acreage
Perennial crops 0.139 474,418 Total area of perennial crops divided by total acreage
Pasture 0.512 474,418 Total area of forage crops divided by total acreage
Forestry 0.029 474,418 Total area of forestry divided by total acreage

Agricultural intensity (acreage/total area)
All crops 0.876 474,418 Total acreage divided by total farm area (may be greater than

1)
Annual and perennial crops 0.412 474,418 Total area of annual and perennial crops divided by total farm

area (excludes pasture and forestry)
Agricultural diversity (# of di�erent crops)

All crops 2.448 474,418 Number of di�erent crops in the farm
Annual and perennial crops 1.437 474,418 Number of di�erent annual and perennial crops in the farm

(excludes pasture and forestry)
Cattle raising (beef and/or dairy)

Cattle raising 0.603 491,740 Dummy variable = 1 if the farm has at least one bovine
Number of bovines 72.122 296,716 The total number of bovines in the farm
Livestock density 0.984 294,483 The total number of bovines to the total pasture area of the

farm
Intensive grazing 0.163 474,773 Dummy variable = 1 if the farm uses intensive grazing
Cattle feedlot 0.023 474,773 Dummy variable = 1 if the farm uses cattle feedlot

Agricultural machinery
Quantity of harrows 0.281 491,740 Total quantity of harrows in the farm (imputed 0 if missing)
Quantity of harvesters 0.029 491,740 Total quantity of combine harvesters in the farm (imputed 0

if missing)
Quantity of tractors 0.566 491,740 Total quantity of tractors in the farm (imputed 0 if missing)
Machinery intensity 0.014 474,418 Total quantity of tractors to total acreage

Technologies
Irrigation 0.056 474,418 Dummy variable = 1 if the farm uses irrigation in any of its

crops
Soil conservation 0.584 474,773 Dummy variable = 1 if the farm adopts soil conservation prac-

tices (including DPS)
Technical assistance 0.646 474,773 Dummy variable = 1 if the farm uses technical assistance
Rural credit 0.158 474,773 Dummy variable = 1 if the farm uses rural credit
Certified seeds 0.384 474,773 Dummy variable = 1 if the farm uses certified (improved) seeds
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B Crop choices

Figure B1 – Distribution of growers on soil types (selected crops, 2007/08)

SUGAR CANE 

WINTER MAIZE 

SOYBEANS 

BEANS 

MAIZE 

WHEAT 

Source: LUPA census 2007/08 (SÃO PAULO, 2008) and Brazil Soil Map - EMBRAPA (Santos et al., 2011)
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Table B1 – Impacts of adoption: crop choices
Dependent variable Any field in the farm planted with

soybeans maize winter maize beans sugar cane wheat eucalyptus sorghum cotton pinus
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

Adoption of DPS 0.1324*** -0.0274 0.2902*** -0.0061 -0.0577*** 0.0293** -0.0187** 0.0303* 0.0142** 0.0023
(0.0223) (0.0770) (0.0731) (0.0241) (0.0190) (0.0124) (0.0094) (0.0155) (0.0065) (0.0016)

Farm fixed-e�ects Y Y Y Y Y Y Y Y Y Y
Instrument (oxisol)

R-squared 0.02 0.10 0.22 0.02 0.02 0.01 0.00 0.00 0.03 0.00
Observations 471,731 471,731 471,731 471,731 471,731 471,731 471,731 471,731 471,731 471,731

Adoption of DPS -0.5915*** -0.1800 0.4412*** 0.2302** 0.4888** 0.0148 0.0656 0.0427 0.2054** -0.0344*
(0.1649) (0.2468) (0.1141) (0.1148) (0.2488) (0.0163) (0.0940) (0.0286) (0.0961) (0.0186)

Farm fixed-e�ects Y Y Y Y Y Y Y Y Y Y
Instrument (oxisol) Y Y Y Y Y Y Y Y Y Y

R-squared -0.50 0.10 0.16 -0.01 -0.02 0.01 0.00 0.00 -0.00 -0.01
Observations 459,356 459,356 459,356 459,356 459,356 459,356 459,356 459,356 459,356 459,356
Notes: Robust standard errors in parentheses, clustered by municipality. *** denotes significance at the 1% level, ** denotes significance at the 5% level and
* denotes significance at the 10% level. Controls included in all regressions are the farm area, the proportion of arable land in the farm, dummies for owner’s
education and the time dummy.
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C Alternative instrument

Table C1 – Impacts of adoption (extensive margin) using alternative instrument: agricultural
output

Instrument for adoption Distance to the closest di�usion center (km)

Dependent variable Gross agricultural output Agricultural output per acreage Average agricultural productivity
(1) (2) (3) (4) (5) (6) (7) (8) (9)

Adoption of DPS 15.6435*** 9.6742** 46.6781 -0.1157*** -0.0393** 0.2395 -0.3086*** -0.1263*** 0.6356
(5.4022) (4.4567) (40.4385) (0.0179) (0.0188) (0.3652) (0.0264) (0.0221) (0.4522)

Farm area (100 acres) 9.7379*** 8.5815*** 8.5437*** -0.0028*** -0.0013** -0.0015** -0.0039*** 0.0015** 0.0010
(0.9446) (1.1360) (1.1363) (0.0004) (0.0006) (0.0007) (0.0006) (0.0007) (0.0008)

Share of arable land in the farm (%) 44.0585*** 25.1368*** 23.8007*** -0.3674*** -0.2354*** -0.2454*** -0.6685*** -0.1668*** -0.1949***
(3.4194) (3.6126) (3.6784) (0.0456) (0.0369) (0.0371) (0.0926) (0.0504) (0.0529)

Owner’s education: basic school -5.4589*** -9.7883*** -10.0188*** 0.0345*** -0.0206** -0.0223** 0.0583*** 0.0009 -0.0038
(1.0869) (0.8834) (0.9661) (0.0089) (0.0096) (0.0098) (0.0111) (0.0108) (0.0119)

Owner’s education: middle school 2.9801** -10.4039*** -10.5978*** 0.0592*** -0.0060 -0.0075 0.0906*** 0.0035 -0.0006
(1.4210) (1.1104) (1.1695) (0.0134) (0.0108) (0.0112) (0.0172) (0.0135) (0.0149)

Owner’s education: high school 11.7906*** -8.5396*** -8.7623*** 0.0424*** 0.0079 0.0063 0.0588*** 0.0154 0.0110
(1.7198) (1.2875) (1.3515) (0.0112) (0.0093) (0.0098) (0.0138) (0.0124) (0.0140)

Owner’s education: college 26.4898*** -8.2560*** -8.3361*** 0.0107 0.0015 0.0008 0.0139 0.0094 0.0074
(2.4981) (1.3685) (1.3941) (0.0111) (0.0088) (0.0089) (0.0132) (0.0100) (0.0109)

Time dummy (second period = 1) 24.8627*** 24.0928*** 22.2274*** 0.1455*** 0.1412*** 0.1270*** 0.2279*** 0.2493*** 0.2103***
(1.0897) (1.1119) (2.0316) (0.0109) (0.0107) (0.0203) (0.0137) (0.0127) (0.0253)

Farm fixed-e�ects Y Y Y Y Y Y
Instrument (distance) Y Y Y

R-squared 0.25 0.09 0.08 0.05 0.09 0.08 0.06 0.12 0.07
Observations 320,739 320,739 260,442 320,759 320,759 260,702 319,885 319,885 259,804

F test of excluded instruments F(1, 620) F(1, 620) F(1, 620)
9.59 9.63 9.62

Notes: Robust standard errors in parentheses, clustered by municipality. *** denotes significance at the 1% level, ** denotes significance at the 5% level and * denotes significance
at the 10% level. Observations lower than the 0.5th percentile or greater than the 99.5th percentile of the dependent variable distribution were not considered.
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Table C2 – Impacts of adoption (intensive margin) using alternative instrument: agricultural
output

Instrument for adoption Distance to the closest di�usion center (km)

Dependent variable Gross agricultural output Agricultural output per acreage Average agricultural productivity
(1) (2) (3) (4) (5) (6) (7) (8) (9)

Share of acreage under DPS 54.5055*** -3.7959 -53.8208 0.2066*** 0.0319 0.0397 -0.2254*** -0.2212*** -0.1017
(14.2865) (8.7939) (44.6417) (0.0573) (0.0386) (0.1354) (0.0318) (0.0477) (0.1622)

Farm area (100 acres) 9.5800*** 8.9784*** 8.5102*** -0.0014** 0.0006 0.0006 -0.0009* 0.0005 0.0009
(1.8666) (2.8709) (2.9745) (0.0006) (0.0014) (0.0013) (0.0005) (0.0013) (0.0014)

Share of arable land in the farm (%) 45.1382*** 15.6614 18.2518 -0.3923*** -0.2159*** -0.2163*** -0.7367*** -0.2734** -0.2798**
(15.7557) (12.3244) (12.4808) (0.1057) (0.0807) (0.0810) (0.1754) (0.1329) (0.1355)

Owner’s education: basic school 4.2473 -12.7980*** -14.0209*** -0.0244 -0.0139 -0.0137 -0.0288 -0.0167 -0.0137
(2.6366) (3.5308) (4.0313) (0.0183) (0.0122) (0.0124) (0.0209) (0.0175) (0.0181)

Owner’s education: middle school 12.3436*** -16.5683*** -16.8706*** -0.0133 -0.0153 -0.0152 -0.0159 -0.0312 -0.0308
(3.7236) (4.1788) (4.3826) (0.0186) (0.0175) (0.0174) (0.0251) (0.0245) (0.0250)

Owner’s education: high school 23.0662*** -11.0339* -10.3259 -0.0113 -0.0224 -0.0225 -0.0119 -0.0365 -0.0382
(6.9499) (6.2965) (6.3841) (0.0198) (0.0184) (0.0185) (0.0239) (0.0263) (0.0270)

Owner’s education: college 32.8465*** -22.7202*** -24.1269*** -0.0352* -0.0290* -0.0288 -0.0384* -0.0339 -0.0306
(6.0013) (7.4373) (7.2357) (0.0189) (0.0175) (0.0179) (0.0198) (0.0245) (0.0245)

Time dummy (second period = 1) -10.8167 36.9820*** 73.9004** -0.0554 0.0797*** 0.0740 0.2793*** 0.2890*** 0.2008
(10.6098) (6.4545) (35.4980) (0.0422) (0.0273) (0.1057) (0.0277) (0.0380) (0.1248)

Farm fixed-e�ects Y Y Y Y Y Y
Instrument (distance) Y Y Y

R-squared 0.26 0.12 0.09 0.07 0.08 0.08 0.09 0.09 0.08
Observations 14,077 14,077 13,096 14,208 14,208 13,284 14,199 14,199 13,264

F test of excluded instruments F(1, 217) F(1, 220) F(1, 218)
29.19 28.33 28.84

Notes: Robust standard errors in parentheses, clustered by municipality. *** denotes significance at the 1% level, ** denotes significance at the 5% level and * denotes significance
at the 10% level. Observations lower than the 0.5th percentile or greater than the 99.5th percentile of the dependent variable distribution were not considered.

Table C3 – Impacts of adoption using alternative instrument: land allocations
Instrument for adoption Distance to the closest di�usion center (km)

Dependent variable Share of acreage allocated to Agricultural intensity Agricultural diversity
annual crops perennial crops pasture forestry all crops annual&peren. all crops annual&peren.

(1) (2) (3) (4) (5) (6) (7) (8)

Adoption of DPS 0.1079*** 0.0316*** -0.1413*** 0.0018 -0.0737 0.0691 0.2306** 0.3202***
(0.0253) (0.0041) (0.0242) (0.0019) (0.0588) (0.0650) (0.0934) (0.0924)

Farm fixed-e�ects Y Y Y Y Y Y Y Y
Instrument (distance)

R-squared 0.00 0.03 0.02 0.00 0.07 0.01 0.12 0.13
Observations 471,731 471,731 471,731 471,731 471,731 471,731 471,731 471,731

Adoption of DPS -0.6840 0.1407 0.6203 -0.0771 -1.2272** -1.8176*** -2.9123* -4.5564**
(0.4274) (0.1314) (0.4199) (0.0555) (0.5922) (0.6212) (1.6136) (1.8495)

Farm fixed-e�ects Y Y Y Y Y Y Y Y
Instrument (distance) Y Y Y Y Y Y Y Y

R-squared -0.13 0.02 -0.10 -0.01 -0.10 -0.38 0.05 -0.08
Observations 459,356 459,356 459,356 459,356 459,356 459,356 459,356 459, 356
Notes: Robust standard errors in parentheses, clustered by municipality. *** denotes significance at the 1% level, ** denotes significance at the 5% level
and * denotes significance at the 10% level. Controls included in all regressions are the farm area, the share of arable land in the farm, dummies for
owner’s education and the time dummy. Agricultural intensity is measured as the total acreage divided by the total area of the farm, first for all crops
and then for annual and perennial crops only. Agricultural diversity is measured as the number of di�erent crops in the farm, again, first for all crops and
then for annual and perennial crops only.
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