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Abstract

Reducing adverse environmental consequences of modern industrial agriculture requires
an ecological transition of agricultural practices. An important determinant of adoption
of new agricultural practices by producers is the perceived profitability of these practices. The
profitability of ecological agricultural practices tends to rely on improved crop prices and reduced
input use. Transition to such practices often entails increased profit volatility (risk) and long-
term returns (temporal profile). Ideal candidates for transition would therefore be aware of
the output price and input costs dimensions of their profitability, as well as willing to assume
some risks and show patience to value long-term returns. We assessed the potential for such a
transition along these three dimensions (profitability, risk aversion and time preferences) in a
group of soybean producers in the agricultural frontier of the Brazilian Amazon. Primary data
were collected using a questionnaire and economic tests in the region of Santarém (State of
Par4, Brazil). We found that, while these producers have a low-risk aversion that could favor
the adoption of new ecological practices, their focus on increasing yields to enhance profits
and their high discount rates considerably reduces their propensity to adopt these practices.

Introduction

Most field crops worldwide are produced using ‘conventional’ agricultural practices, character-
ized by highly simplified agrosystems and repeated use of chemical inputs such as glyphosate-
based herbicides (Benbrook, 2016). This model has proved its effectiveness as evidenced by the
important productivity gains observed since the early 1990s (Duke, 2015). However, these
increased yields have led to local and global environmental drawbacks such as a gradual
loss of soil functions, biodiversity loss, diseases of cultivated plants, herbicide resistance in
some weed species and contamination of surface and underground water networks (Van
Bruggen et al., 2018). Furthermore, conventional practices continue to accentuate agricultural
producers’ dependence on fossil energies (Malézieux, 2012). While it is advocated that large
field crops production must increase to meet the global demand for food (FAO, 2009), an eco-
logical transition of agricultural practices is also imperative (IPCC, 2019). Ecological transition
in the agricultural context, sometimes called agroecological transition, refers to the implemen-
tation of sustainability transition frameworks. It relies on system analysis, both socio-ecological
and socio-technical, to propose avenues in order to change agricultural production from an
economic paradigm to one of sustainability, where the economic aspects are combined with
broader environmental and social considerations (Ollivier et al., 2018).

The adoption of standardized conventional field cropping systems is attractive to producers
throughout the world as variables to be optimized are easily defined, namely production yields,
short-term profits and earnings per unit of invested capital (Weiner, 2003). In contrast, alterna-
tive practices may be more complex, relying on chemical inputs reduction, an extension and
diversification of crop rotations, the adoption of direct seeding mulch-based cropping systems
and increased connectivity between ecological communities (Ferguson and Lovell, 2014;
Vincent-Caboud et al., 2017). Besides, alternative practices must be economically and socially
acceptable in order to be largely adopted by producers. Indeed, alternative practices can result
in similar or even higher incomes when compared to conventional agricultural exploitations
(Clark et al., 1999; Cavigelli et al., 2009; Delbridge et al., 2011). Nevertheless, the ecological tran-
sition has evolved slowly, as it is a complex innovation requiring significant strategic and sys-
temic changes. Some economic factors act as barriers to transition, including the cost of

https://doi.org/10.1017/51742170520000307 Published online by Cambridge University Press


https://www.cambridge.org/raf
https://doi.org/10.1017/S1742170520000307
https://doi.org/10.1017/S1742170520000307
mailto:seguin.charles@uqam.ca
https://orcid.org/0000-0003-0599-7869
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S1742170520000307&domain=pdf
https://doi.org/10.1017/S1742170520000307

Renewable Agriculture and Food Systems

materials and equipment, increased labor demands, the redefinition
of agricultural policies, the acceptance of profitability uncertainty,
increased risk and yield loss (Rodriguez et al., 2009). It is critical
to consider the determinants of transitions to understand and pro-
mote the adoption of ecological practices (Horrigan et al., 2002).

In the present study, we focus on three determinants of eco-
logical transition: profitability prospects, risk attitude and time
preferences, which have been shown to play an important role
in the adoption of agricultural practices (Ghadim et al., 2005;
Dugquette et al., 2013; Galor and Ozak, 2016; Liu et al., 2018).
These determinants are more likely to foster some transition ave-
nues than others. Hence the present study adopts a more specific
definition of ecological transition as ‘changes in agricultural prac-
tices that improve input use efficiency and reduce environmental
impacts’ (Duru et al., 2015).

Profitability prospects are key to decision-making processes of
producers. A large body of literature has shown that ecological
practices, even if they reduce production costs, fail to reach the
yields of conventional agriculture (Langley et al, 1983; Acs
et al., 2007; Seufert et al., 2012), particularly so for soybean pro-
duction (De Ponti et al, 2012). These studies have associated
lower harvests in organic soybean production to losses due to
weeds and phosphorus deficiencies, which are often found in
organic farming systems. Thus, when discussing their profitability
prospects, producers who are likely to undertake ecological tran-
sition process should consider reducing their production costs
rather than increasing yields per hectare.

The degree to which producers tolerate risk, their risk attitude is
central in the adoption of new agricultural practices, as they are
fundamentally uncertain to their adopters. In this study, the risk
is defined as uncertain consequences, specifically, exposure to
adverse consequences (Hardaker et al, 2015). Practices that may
prove more profitable on average may not be adopted if they pre-
sent greater variability in yearly profits. For example, a meta-study
(Knapp and van der Heijden, 2018) has found that organic agricul-
ture tends to offer more variable yields than conventional practices.
Indeed, a producer’s degree of risk aversion can significantly impact
his/her decision to consider an ecological transition of his/her agri-
cultural practices (Acs et al, 2009). More specifically, profitable
transitions for a risk-neutral producer may not be profitable for
another sufficiently risk-averse producer. Since many studies have
shown that farmers are generally risk-averse (Moscardi and De
Janvry, 1977; Grisley and Kellog, 1987; Barr 2003; Miyata, 2003;
Wik et al, 2004; Yesuf and Bluffstone, 2009; Harrison et al.,
2010; Tanaka et al, 2010), an ecological transition of agricultural
practices may be limited if it exposes producers to increased risk.

It is also relevant to inquire into producers’ time preferences,
because in any ecological transition period, profits may be delayed
for several years. Producers need to be patient before seeing their
business become profitable again (Dabbert and Madden, 1986).
Rodriguez et al. (2009) found that producers are reluctant to
adopt farming practices that are compatible with an ecological
model given that gains are not immediate. Consequently, the
degree of patience of agricultural producers, more generally
referred to as time preferences, should be measured to assess
their potential to begin an ecological transition of their practices.

Despite their importance, risk attitude and time preferences
have rarely been measured among agricultural producers, espe-
cially in middle-income countries. This study is the first to meas-
ure risk attitudes and time preferences of field crop producers in
the Brazilian Amazon. An established experimental method
(Andersen et al., 2008), usually applied to university students in
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laboratory settings, was used to elicit time preferences and risk
attitudes in soybean/maize producers from the region of
Santarém (State of Pard). This study contributes to the literature
on ecological transitions by analyzing how the measured charac-
teristics, in conjunction with profitability prospects, influence the
susceptibility of producers to undertake a transition.

The region sampled is currently at the frontline of the soybean
cultivation expansion in the Amazon. Field crops have expanded
rapidly in the Brazilian Amazon over the past years, contributing
to the massive clearing of the tropical rain forest (INPE, 2019).
This soybean ‘boom’ can be explained by a combination of fac-
tors: noticeable technological improvement of seeds in the
1970s; the introduction of subsidies and credit in the 1980s; mar-
ket deregulation and tariff reduction in the 1990s; rising soybean
prices coupled with favorable exchange rates between the Real and
the US Dollar in the late 1990s and early 2000s (Garrett et al.,
2013). The rapid development of the agricultural sector in the
region remains controversial as it puts pressure on the tropical
forest, which represents an invaluable ecological asset (Walker
et al., 2009). Producers have massively adopted the conventional
agricultural system, with the widespread use of pesticides and
chemical fertilizers as well as frequent plowings. Very few of
those newly installed producers in the region seem inclined to
adopt alternative practices.

Material and methods
Study area

Santarém is a city located in the State of Para, in the Brazilian
Amazon (see Fig. 1). It is located at the confluence of the
Tapajos River and the Amazon River. Over the last 15 years,
the region has been at the heart of a rapid economic development
driven by the growth of its agricultural sector. Since the opening
of the Cargill port in 2003, a facility owned by an American com-
pany of the same name, soybean growing areas have expanded
significantly. In the State of Pard alone, fields cultivated with
this oilseed barely occupied 1200 hectares in 2001 (IPEADATA,
2010). In 2015, this area was multiplied by nearly 300, reaching
337,000 hectares. During the same period, annual production
volumes increased by nearly 400, rising from 2600 to more
than a million tons (IBGE, 2016).

Sampling procedure

Based on the information provided by the Rural Union of
Santarém (SIRSAN), the estimated number of producers in the
Santarém area was 45. Among them, 35 producers were asked
to participate in the study. Their contact information was pro-
vided by the Union as well as by the Santarém office of the
Brazilian Agricultural Research Corporation (EMBRAPA).
Other producers were met directly during an on-farm visit. A
total of 27 producers agreed to participate and signed a consent
form approved by UQAM’s Research Ethics Board (CERPE). It
should be noted that our research design did not require partici-
pants to be of any gender. However, all producers in the region
were men, hence all the study participants are males.

Data

The two data collection tools used in this study to gather informa-
tion from the producers were a semi-structured questionnaire and
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Fig. 1. Map of the study area.

economic tests. Both quantitative and qualitative data were obtained
in late 2016. Open and semi-directed questions were asked to pro-
ducers in order to let them answer freely, without being forced to
choose from a set of defined answers. The interviews were con-
ducted by three Brazilian students from the Federal University of
Para (UFOPA) in the presence of the first author of this study.

The questionnaire was used to collect socio-demographic data
as well as data relating to the agricultural practices of the partici-
pants (such as costs and volumes of production) and their profit-
ability prospects. The economic tests were used to collect data on
risk attitude and time preferences, following the methodological
framework of Andersen et al. (2006, 2008). To the best of our
knowledge, this is the first application of this methodology to
agricultural producers.

In order to measure risk attitudes, participants were asked to
choose from repeated lottery pairs. For each lottery, the partici-
pant had a chance to win two different amounts of money each
associated with a specific probability of winning, expressed in per-
centages. Table 1 illustrates one of the 10 pairs from which parti-
cipants had to choose.

In the first alternative presented, if the participant chooses lot-
tery A, he/she has a 90% chance of winning R$ 65 and a 10%
chance of winning R$ 130. If he/she chooses lottery B, he/she
has a 90% chance of winning R$ 260 and a 10% chance of win-
ning R$ 10. Each participant was challenged with similar lotteries
ten times: the same amounts were repeated throughout the test,
but the probabilities of winning varied. Another test with different
amounts was also administered.

Variation in probabilities is structured to prompt participants with
low-risk aversion to keep choosing lottery B over lottery A, even when
the probability of winning the higher amount (R$ 260) decreases sig-
nificantly. Participants with high-risk aversion are expected to choose
lottery A throughout the test or to switch from lottery B to lottery A
sooner than participants with low-risk aversion. All participants are
expected to choose lottery A for the last row, as it guarantees a higher
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Table 1. Example of choices between two lotteries.

Lottery A Lottery B

R$' 65 RS 130 RS 10 RS 260
90% 10% 10% 90%
80% 20% 20% 80%
70% 30% 30% 70%
60% 40% 40% 60%
50% 50% 50% 50%
40% 60% 60% 40%
30% 70% 70% 30%
20% 80% 80% 20%
10% 90% 90% 10%
0% 100% 100% 0%

*Real, the Brazilian currency. Exchange rate as of January 2018: R$ 1=US$ 0.31.

amount than lottery B. The row in which a transition occurs from
lottery B to lottery A, or the fact that only lottery A is chosen
throughout, is informative of the risk attitude of the participant.

To assess time preferences, participants were asked to choose
amounts in multi-horizon payment tests. During the first test,
participants were given the possibility to receive an amount of
money in 1 or 7 months. In the second test, they were given
the possibility to receive the amount in 1 or 13 months. As
shown in Table 2 for the 3-month interval, participants were
asked to choose ten times between option A (R$ 100) or option
B (R$ 100 plus an annual interest rate increasing by 5% for
each option) as previously done in Andersen et al. (2008).

Theoretical framework

Participants’ choices were modelled using the expected utility model.
When faced with to lottery i € {A, B}, participants evaluate its rela-
tive desirability as if they were using the following utility function:

(w_,’_Mij)l—r

where @ represents the participant’s income, r is the coefficient of
relative risk aversion (CRRA) and p; and Mj; are, respectively, the
probability and the amount of option je{l, 2} for lottery i.
According to this representation of the utility function, r=0 corre-
sponds to risk neutrality; #>0 to risk aversion; and <0 to risk
tolerance.

When participants choose lottery B over lottery A, it was inter-
preted it as if their expected utility of lottery B were superior to
that of lottery A (EUp> EU,). Hence, parameter r was estimated
using maximum likelihood performed on a slightly modified
measure of the difference between expected utilities of lotteries:

EU™
VEU =
EUY* + EU,

where p is a noise parameter allowing for randomness in partici-
pants decisions. A detailed description of the estimation method
can be found in Andersen et al. (2008).
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Table 2. Test payment to multiple horizons on a 6-month time horizon.

Option A Payment Option A Payment Annual interest

in 1 month in 7 months rate (%)

1 100 102.5 5
2 100 105.0 10
3 100 107.5 15
4 100 110.0 20
5 100 112.5 25
6 100 115.0 30
7 100 117.5 35

100 120.0 40
9 100 122.5 45
10 100 125.0 50

The relation between the level of risk aversion of the partici-
pants and some economic and socio-demographic variables was
also assessed. Variables such as age, income, size of the exploit-
ation and production costs may influence the attitude adopted
by an agricultural producer in a risky situation (Binswanger,
1980; Kurosaki and Fafchamps, 2002; Wik et al., 2004; Yesuf
and Bluffstone, 2009; Harrison et al., 2010). The influence of
these variables on the risk attitude of producers was estimated.
The exploitation financing was also considered, namely whether
the producer had access to credit for his/her entire production,
part of his/her production or none of his/her production. In the
case of the Santarem producers, credit is often provided by the
crop buyer, generally Cargill. Inputs are provided through implicit
loans, which are repaid when crops are purchased.

The time preferences of the participants were calculated using
the tipping point for both tests, namely when a transition was
observed from option A to option B. Presenting the amounts as
two deferred income payments allowed participants to choose
an amount based strictly on time-related reasons, without being
tempted by instant financial gain. Data were processed using ver-
sion 15 of the Stata software.

Results

Participants (all males) had a mean age of 45 years (Table 3).
Eleven producers indicated that they had completed their higher
education, with eight having completed it in a field related to agri-
culture. All producers were pursuing a family tradition; they were
all sons of producers. None of them was from the region of
Santarém. They previously grew soybeans in the State of Mato
Grosso (64%) or in southern states, such as Santa Catarina,
Parand or Rio Grande do Sul (36%). Producers generally arrived
in the region in 2003, which corresponds to the opening year of
the Cargill port. Nearly 90% of the producers interviewed indi-
cated that they were alternating between corn and soybean
crops. Most of them (81%) cultivated rice upon arrival in
Santarém before converting their plots to soybeans. In 2015,
approximately 10% of them were still growing rice.

The decision to relocate production in the Santarém region
was generally justified by the construction of the Cargill port or
the opening of a new agricultural frontier. These motivations
were mentioned by 58% of the participants. Biophysical reasons,
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such as favorable climatic conditions and a good soil fertility
were mentioned by 38% of producers. Finally, less than a quarter
(23%) of producers were motivated by the low cost of land and,
incidentally, the acquisition of larger landholdings.

The producers sampled represented 43% of the soybean culti-
vated area in the region of Santarém in 2015. Their average prod-
uctivity of 3.06 tons ha™" is almost identical to the region average
of 3 tons ha™! (IBGE, 2017a).! In the State of Para, agricultural
producers are on average 49 years old and are 80% men, making
the sample slightly younger (45) and more masculine (100%) than
the state average (IBGE, 2017b) Although self-selection into sam-
pling bias based on unobservable characteristics cannot be ruled
out, participants in this study appeared like typical soybean pro-
ducers of the region and, to a lesser extent, typical of the State of
Para.

Profitability prospects

Of all participants, 81% agreed to disclose their production costs
and revenues from soybean production. The unit of measure used
to quantify the costs and revenues of soybean production was ‘bag
per hectare’, which is a unit of yield.

The average annual benefits of the exploitations studied ranged
between US$ 100,000 and 125,000 for soybean cultivation alone,
with a mean growing area of 645 hectares (Table 3). It can there-
fore be estimated that 1 ha of soybeans generates US$ 175 annu-
ally on average, which is similar to the returns observed in the
USA (Schnitkey, 2019). The average profits, shown in Table 3,
were estimated by calculating the difference between the annual
costs and revenues disclosed by the producers for the year 2015.
Revenues were calculated by multiplying the average yield by
the total number of hectares owned by the producers. In 2015,
productions were generally sold between May and August when
the average price of a soybean bag (60kg) was R$ 58.36
(CONAB, 2017). Estimates take into account the exchange rate
between the Real and US Dollar for two crop outflows in 2015
(May: 0.32 and August: 0.25) (XE, 2017).

Moreover, 81% of participants said they wanted to increase the
profitability of their business by improving the productivity of
their land using soil tillage, anticipated new technologies and bet-
ter adapted soy cultivars. Only two producers planned to reduce
their production costs to improve profitability (they also disclosed
their costs and revenues in Reals, rather than in ‘bags per hectare’,
and kept the details on paper).

Most participants (72%) were hoping to access currently
‘unused’ degraded areas or areas consisting of secondary forests
and abandoned pastures in the State of Para in order to acquire
new lands on which to grow soybean. During interviews, they
expressed this wish by presenting it as an economic opportunity
offered in the Amazon region. It should be noted that the
Brazilian government adopted a series of measures between
2004 and 2008 to slow the progression of deforestation, which
had been on the rise since 1977 in the Amazon. It has signifi-
cantly slowed down starting in 2005 but has slightly rebounded
since 2015. Producers in the region of Santarém operate since
2006 under the Soy Moratorium, where traders voluntarily
avoid purchasing soybean grown on lands deforested after July
2006 (Gibbs et al., 2015 and CAR, 2016).

"The region of Santarém comprises three municipalities, Santarém, Belterra and Mojui
dos Campos, which were used to compared cultivated areas and production yield with the
sample.
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Table 3. Profile of the producers.

Gabriel Leblanc et al.

Age Formal schooling Average profits Farm size Yields Production costs
(years) (years) (US$) (ha) (Tons ha™) (US$ ha™h)
Mean 45 12.87 112436 645 3.06 666.78
Maximum 67 17 492 324 3200 3.78 848.26
Minimum 26 8 13784 65 2.40 495.65
Standard deviation 11.37 2.53 110720 623.21 0.34 96.60

The average profits were estimated using the difference between the annual costs and revenues disclosed by the producers for the year 2015. Average profits, farm size, yield and production

costs are for soybean cultivation only. N=27.

Soybean producers in the region of Santarém evolve in the
peculiar economic context of monopsony where there is only
one buyer. In fact, the multinational company Cargill virtually
controls the soybean buying market. Another buyer, Avispara,
also operates in the region, but sales to this company remain lim-
ited. Only a little over half our sample did business with Avispara
for sales between 1 and 5% of their production.

Risk attitude tests

The maximum likelihood estimates for risk preferences under six
different specifications are presented in Table 4. Model 1 esti-
mates a CRRA of 0.3, without any other covariates, suggesting a
low-risk aversion among soybean producers in the region of
Santarém.” Models 2-6 add different covariates to the estimation,
including the age of the producer, the financing status of the pro-
duction, the area cultivated and the production costs.

For each specification, the first line presents the implicit value
of the CRRA (r) that can be calculated from the parameter values
in rows two to six and the mean values of the relevant covariates.
The next-to-last line of the table shows the estimate of the noise
parameter u. As p tends toward 0, the model determines the
choices made by participants more accurately. Thus, our estimates
indicate p < 0.15 whether we use @ = 0 or the reported value of the
income of participants (Table 4 only reports value for o=0).
These low values for the noise parameter indicate the model suc-
cessfully explains the participants’ decisions in all specifications. It
should be noted that each participant could answer a maximum
of 20 questions on risk preferences, hence the number of observa-
tions is higher than the number of participants. Standard errors
were clustered at the participant level to account for within-
participant correlation of errors.

A specification with all covariates is not presented, as the sam-
ple size was too limited to identify all their effects simultaneously.

Model 1 is the baseline specification. No covariates are
included. It provides a CRRA estimate of 0.3, which is statistically
different from zero at the 5% significance level.

Model 2 includes the age of the participant as a potential vari-
able to explain differences in levels of risk aversion. It has a stat-
istically significant negative sign, which means that older
participants have a lower level of risk aversion of 2.5 percentage
points per additional year of age. The average level of risk aversion
remains similar to the estimated of Model 1 (r =0.31), although it
is less precisely estimated and not statistically different from zero.

Model 3 includes the financing status of the participant pro-
duction as a covariate. It is a dummy variable that takes the
value 1, when the entire production of a participant benefited

2A detailed discussion of the intensity of risk aversion is provided in ‘Discussion’.
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from access to credit and takes the value 0 when part or none
of the production benefited from credit. The first group (full
financing) comprises 56% of our sample, while the latter accounts
for 44%. Despite its magnitude, the financing status coefficient is
not precisely estimated and it cannot be ruled out that it is differ-
ent from zero. The average CRRA level remains nearly identical to
the estimated value of Model 1 (r=0.29) and is statistically differ-
ent from zero at the 5% significance level.

Model 4 combines the two previous covariates, age and finan-
cing status, in the same estimation. While the age coefficient
remains almost identical (2.4 percentage points) and statistically
different from zero at the 5% level, that on financing status is
greatly reduced and remains imprecisely estimated. The average
CRRA level is similar to the previous models’ estimates (r=
0.31) but is not statistically different from zero as in Model 2.

Model 5 uses the area cultivated by each participant as a cov-
ariate. The covariate’s coefficient is very close to zero and is pre-
cisely estimated. It seems that risk aversion does not vary across
participants based on cultivated area. The average CRRA level
remains in the same range as with previous models (r=0.29)
and is statistically different from zero at the 5% significance level.

Model 6 estimates the CRRA using the participant’s produc-
tion costs as a covariate. The production costs coefficient is not
statistically different from zero at the 5% significance level. The
average CRRA level in this specification is lower than in previous
models (r=0.21) but remains statistically significant at the 5%
level.

Overall, our estimations of risk aversion are consistent across
models. The average CRRA varies between 0.21 and 0.31 and is
statistically different from zero at the 5% significance level in
models 1, 3, 5 and 6. Age is the only covariate that appears to
be significantly influencing risk aversion, as older participants
tend to have a lower CRRA. Finally, the area cultivated does
not appear to influence the risk aversion level among participants,
as its coefficient was precisely estimated zero.

Time preference tests

Results for the time preference tests are shown in Table 5.
Soybean producers of the Santarém region generally chose the
delayed option when the annual interest rate averaged 29%. In
other words, if the annual interest rate was not higher than
29%, producers chose to receive the proposed amount within 1
month.

In the first test (1 and 7-month horizons), producers chose on
average the second option (receiving the amount in 7 months)
when the annual interest rate averaged 28.37%. In the second
test (1 and 13-month horizons), the second option was chosen
when the annual interest rate was 28.93%.
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Table 4. Maximum likelihood estimates of risk aversion models.
Parameters/Variables Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
Implicit r 0.2966* 0.3128 0.2868* 0.3144 0.2878* 0.2063*
(0.1152) (0.2477) (0.1088) (0.2485) (0.0059) (0.0530)
Age —0.0245* —0.0236*
(0.0054) (0.0057)
Financing 0.2179 0.0511
(0.1538) (0.1411)
Area -9.02x107°
(7.12x107%)
Prod. costs 0.0105
(0.0093)
Constant 0.2966* 1.3720* 0.1858 1.3157* 0.2937* —0.2236
(0.1152) (0.1992) (0.1668) (0.3285) (0.1218) (0.3930)
u 0.1350* 0.1072* 0.1263* 0.1007* 0.1369* 0.1411*
(0.0342) (0.0279) (0.0318) (0.0309) (0.0349) (0.0375)
Observations 420 420 410 410 410 350

For each parameter/coefficient, estimates are presented on the first line and standard errors (clustered at the participant level) are below in parentheses. *Statistically different from zero at

the 5% significance level.

Nearly half (48%) of the producers showed a greater level of
patience in the first test (or when the amounts were to be received
after 6 months). The annual interest rate had to be 10.3 percent-
age points higher on average for them to choose the second
option in the test (with a 12-month interval between payments).
Just under a third (29%) of the producers showed a greater level of
patience when there was a 12-month interval between payments,
accepting a reduction of 11.3 percentage points in the annual
interest rate in comparison with the first test. Still, in the first
test, the annual interest rate had to be inferior to 37% in order
for them to prefer receiving the amount within a month. The
remaining participants (24%) had the same level of patience in
both tests, preferring the second amount when the annual interest
rates averaged 29%.

Discussion

The propensity of producers in the region of Santarém to begin
the ecological transition of their agricultural practices was
assessed using the collected data.

Profitability prospects

When asked how they wished to increase the profitability of their
business, the producers in the region of Santarém explicitly men-
tioned improving production yields per hectare and expanding
their exploitation. They indicated that improved yields could be
achieved through increased tillage and the use of new agricultural
technologies such as seed varieties that are genetically optimized
for the region. The questionnaires revealed that they wished
EMBRAPA would increase its research for the development of
soybean varieties better-adapted to the climatic and soil specifici-
ties of the region. In addition, questionnaires revealed that all pro-
ducers except two were not able to itemize their incomes and
costs. They only knew the total amounts (total revenues and
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total costs). For example, they were unable to quantify the cost
of various inputs but could sometimes estimate, with some accur-
acy, that the fuel for the machinery ‘is expensive’. Moreover, the
two producers who rigorously maintained accounts of their
expenses were the only one to mention that access to higher
incomes had to go through a reduction in production costs.
One of them wanted to use fewer herbicides to improve
effectiveness.

The vast majority of producers disclosed their costs and reven-
ues in ‘bags per hectare’. Rather than using a monetary unit (real
or dollar), they said to use the cost in bags per hectare and multi-
ply this number by the area of their land. Revenues and costs were
thus disclosed by using a unit of output, which reinforces the idea
that increased yields are central to the evaluation of their business
success.

The goal to increase production yields is reflected in the stat-
istical data of IPEADATA (2010) and IBGE (2016) on soybean
production in the State of Para. It can be observed that production
volumes increase more rapidly than cultivated areas, reflecting a
steady increase in productivity per hectare of land since 2000.
The improvement of soil quality by previous rice crops as well
as technological progress, supported by the biotechnology law
of 2005 which authorized the use of Roundup Ready® transgenic
seeds in the Brazilian territory, can explain this increase in yields.
Agricultural practices in the region of Santarém are based on only
a few genetically optimized soybean varieties as well as the abun-
dant use of chemical inputs (such as glyphosate-based herbicides
and synthetic fertilizers).

The widespread objective to increase yields among producers
does not make them spontaneous candidates likely to undergo
an ecological transition. Selling the idea that more sustainable
practices could reduce production costs and thus increase profits,
may be ineffective for initiating the ecological transition process.
Amazonian soybean producer should also consider changing their
accounting methods.
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Table 5. Results of the time preference tests: average annual interest rates.

Gabriel Leblanc et al.

Mean (%)
Participants Frequency T1 6 months T2 12 months Difference (%) Combined mean (%)
All 1.000 28.37 28.93 0.56 28.64
P. T1<T2 0.476 21.50 31.80 10.30
P. T1>T2 0.286 37.08 25.75 —11.30
P. T1=T2 0.238 29.00 29.00 0.00

P. T1<T2 refers to the results when the participants (P) have lower annual interest rate values in the first test (T1) than in the second test (T2). P. T1> T2 refers to the opposite situation,

whereas P. T1=T2 refers to the results when participants had equivalent values in both tests.

Another element to consider when studying ecological transi-
tions is the commercial situation of soybean cultivation in the
State of Para. Cargill's monopsony influences the economic cir-
cumstances under which soy is grown in the region of Santarém.
It has been reported to us that this multinational offers a single
price for soy, regardless of whether the production is transgenic
(Roundup Ready®) or not (Identity Preserved). Therefore, produ-
cers selling non-transgenic soybean do not receive a price pre-
mium. It is a major factor that could make these crops more
profitable than transgenic crops, even though the associated yields
per hectare may be lower (Hepperly et al., 2006).

The current situation creates a strong incentive for producers
to choose agricultural practices which are compatible with trans-
genic seeds. In addition, the company offers producers who sub-
scribe to specific credit programs, free technical assistance such as
soil analysis or agronomic advice on the choice of inputs as well as
free synthetic fertilizers. By doing so, the company acts as a ser-
vice provider and can pressure producers through a second chan-
nel. This is a significant factor to consider since 56% of the
producers subscribed to the credit programs for their whole pro-
duction, while about half of the remaining producers subscribed
for part of their production. Indeed, in this commercial environ-
ment where a price premium for alternative practices is lacking
and where credit is provided to purchase inputs for conventional
practices, the potential of soybean producers in the region to
undergo an ecological transition is limited.

Risk attitude and influence variables

An analysis of the results showed that producers in the region of
Santarém have low-risk aversion (r=0.30). This result is consist-
ent across specifications, although it was not always possible to
produce precise estimates due to the small size of the sample.
Nevertheless, it is clear that this value is lower than most estimates
found in the literature. For example, Rosenzweig and Wolpin
(1993) found a CRRA coefficient of 0.96 for their sample.
Kurosaki and Fafchamps (2002) estimated a mean CRRA coeffi-
cient of 1.83 (between 1.34 and 4.12), which reflects a clear risk
aversion. However, these studies were conducted with small pro-
ducers whose characteristics and realities were quite different
from those in this study.

In this regard, producers in this study are potential candidates
for an ecological transition since they are willing to take risks.
However, despite current Brazilian laws, the idea of increasing
production areas remains prevalent among producers in the
region of Santarém. This low-risk aversion could, for example,
lead to the acquisition of new lands even though it is illegal
(Garrett et al., 2013; Soares-Filho et al., 2016).
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The low-risk aversion estimates for the participants of this
study may reflect self-selection specific to the region. Data col-
lected using the questionnaires have shed a light on this selection.
Some producers mentioned that the resistance of social and envir-
onmental groups to the soybean cultivation in the Amazon
region, led by organizations such as Greenpeace, shows how vul-
nerable the development of this culture is. Although popular pres-
sures partly contributed to the adoption of the Soy Moratorium in
2006, production volumes and cultivated areas continued to
increase, which suggests that producers in the Santarém area tol-
erate enough risk to continue, or even intensify, soybean cultiva-
tions, despite this institutional risk.

Low-risk aversion could also reflect the fact that producers in
the region of Santarém do not have insurance plans to protect
their harvests. They bear the risk of a poor harvest, due in part
to rainfall dependency, which suggests that this business requires
a certain level of risk tolerance. In addition, many producers have
reported biophysical attributes such as climate or soil fertility as
strengths of the region. This suggests that they trust the product-
ivity of the land on which they grow crops, which may influence
their attitude towards risk.

The obtained value (r=0.30) could also result from a meth-
odological weakness. Indeed, the larger the amounts in lotteries,
the greater the evidence of increased risk aversion among indivi-
duals (Wik et al., 2004; Yesuf and Bluffstone, 2009). Thus, the
amounts presented in the lottery tests were perhaps too low com-
pared with the producers’ income. A higher risk aversion could
otherwise have been revealed.

Our results show that risk attitudes can depend on producer
characteristics such as age. Producers may not respond to risky
choices in the same manner. As a matter of fact, we found that
older producers were less risk-averse than younger ones. This
effect is both statistically and economically significant as an aver-
age 40-year-old producer would have a CRRA more than twice
superior as an average 50-year-old producer. The fact that older
producers will tolerate more risk is consistent with the literature
(Harrison et al., 2010).

On the other hand, no correlation was found between the char-
acteristics of the exploitations and the degree of risk aversion of the
participants. Regarding the exploitation area, the large heterogen-
eity in the size of sampled farms helps to estimate precisely this
absence of effect. Since there was a high correlation between
exploitation area and production volumes in our sample, we can
also interpret this result as pertaining to the size of the production.
It is possible that this absence of effect is hiding some unobserved
heterogeneity among our participants, as there is conflicting evi-
dence in the literature on the relationship between production
size and risk aversion. Yesuf and Bluffstone (2009) found that
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larger producers are generally more risk-averse while Kurosaki and
Fafchamps (2002) and Wik et al. (2004) suggested the opposite.

Finally, although the coefficient signs may suggest that the use
of credit and production costs are positively correlated with risk
aversion among participants, these effects were too imprecisely
estimated to be statistically significant. Larger sample sizes
could improve the precision of these estimates.

Time preferences

Our results indicate that soybean producers in the region of
Santarém are rather impatient, with an average discount rate of
29%. In other words, they would rather wait for 12 months before
receiving an amount only if it is more than 29% higher than the
amount they could receive immediately. For a 6-month time hori-
zon, the amount must be 14.5% higher, hence half of the annual
rate of 29%. Except for the producers with equivalent estimates
for both tests, most producers (in 63% of cases) required a higher
interest rate when the time horizon between the receipt of both
amounts increased from 6 to 12 months.

This indicates that producers are usually more impatient when
payment is delayed. In comparison, Andersen et al. (2008)
showed that the Danish population prefers to wait for a larger
amount if the latter is at least 10.2% higher (average between a
6-month and a 12-month wait). However, the qualitative differ-
ence between both samples was considered, as the sample in
Andersen et al. (2008) was composed of individuals from dispar-
ate backgrounds. In addition, the average inflation in the con-
sumer price index over the last 10 years in Brazil was around
6%, whereas it was 1.44% in Denmark over the same period
(Trading Economics 2020a, b).

Knowing that the ecological transition causes some delay in
the receipt of profits (Dabbert and Madden, 1986), it seems that
soybean producers in the region of Santarém are not likely to
massively undergo this process. In fact, measures should be
adopted to mitigate the depreciation of investments or to offer
soybean price premiums in order to encourage producers to
begin the transition process.

Conclusion

This study has analyzed three determinants of agricultural prac-
tices adoption for soybean producers in the region of Santarém,
namely their profitability prospects, their risk attitude and their
time preferences. These determinants were assessed to discuss
the extent to which they may favor or impede the ecological tran-
sition of these producers production practices.

The results show that producers have a low level of risk aver-
sion, which could make them potential candidates for the transi-
tion. On the other hand, their general inclination towards
increasing production volumes to improve profitability as well
as their time preferences, oriented towards short-term gain, sug-
gest that they do not display a propensity to begin the ecological
transition of their practices.

This study raises additional questions that will require further
research to better understand the profile of profitability prospects,
risk aversion and time preferences across regions and production
types. Because of the small size of our sample, the results of this
study should not be readily transposed to all contexts of conven-
tional agriculture in low- and middle-income countries.

Finally, the extent to which individual characteristics interplay
with the broader socio-economic framework should be studied to
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determine how it affects the potential for ecological transition. For
example, this study suggests that the characteristics of the market
can impair the development of more environmentally friendly
agricultural practices, as the virtual monopsony of a single
buyer in the region of Santarém reduced the potential for stimu-
lating the adoption of alternative practices with price premiums.
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