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Economics/ Original Article

Economic and productive
analysis of irrigated rice crops
using a multicase study

Abstract — The objective of this work was to evaluate the relationship between
grain yield and production costs of flood-irrigated rice (Oryza sativa) in the
state of Rio Grande do Sul, Brazil, in order to determine the yield range that
maximizes the profit of farmers. There are estimations pointing out that the
yield range that maximizes the profit for farmers is about 75 and 85% of the
yield potential; however, this still needs to be validated for irrigated rice in
Brazil. To validate these values, a technical and economic monitoring was
carried out for eight farmers of irrigated rice, whose production costs were
measured and compared with the mean yield and the percentage of potential
yield achieved. To determine the potential yield of each crop, SimulArroz, a
process-based model developed for the simulation of rice growth and yield in
the South of Brazil, was used. The grain yield achieved by the farmers ranged
from 6.3 to 11.0 Mg ha! (48 to 83% of the potential yield), costs ranged from
R$4,197.00 ha! to R$6,227.00 ha', and profit ranged from R$-52.00 ha to
R$3,599.00 ha'. Farmers who reach between 69 and 83% of yield potential
achieve the highest profitability. The investment planning based on the yield
potential calculated by the SimulArroz model can be efficiently adopted for
irrigated rice crops.

Index terms: Oryza sativa, production costs, profitability, yield potential.

Analise economico-produtiva de lavouras de
arroz irrigado por meio de um estudo multicasos

Resumo — O objetivo deste trabalho foi avaliar a relag@o entre a produtividade
de graos e os custos de producdo de lavouras de arroz (Oryza sativa) irrigado
por inundagéo, no estado do Rio Grande do Sul, Brasil, para determinar a faixa
de produtividade que maximiza o lucro do produtor. Existem estimativas de
que a faixa de produtividade que maximiza o lucro para os agricultores ¢ de
cerca de 75 a 85% do potencial de produtividade; porém, isso ainda precisa ser
validado para a cultura do arroz irrigado no Brasil. Para validar esses valores,
foi realizado um acompanhamento técnico-econémico para oito produtores de
arroz irrigado, cujos custos de produgdo foram determinados e comparados
com a produtividade média e a percentagem da produtividade potencial
atingida. Para determinar o potencial produtivo de cada lavoura, utilizou-se o
SimulArroz, um modelo, baseado em processos, desenvolvido para a simulagao
do crescimento e da produtividade de arroz no Sul do Brasil. As produtividades
atingidas pelos produtores variaram de 6,3 a 11,0 Mg ha™' (48 a 83% do potencial
de produtividade), os custos variaram de R$ 4.197,00 ha' a R$ 6.227,00 ha', ¢ o
lucro variou de R$ -52,00 ha' a R$ 3.599,00 ha'. Produtores que atingem entre
69 ¢ 83% do potencial produtivo alcangam maior lucratividade. O planejamento
de investimento com base no potencial produtivo, calculado pelo modelo
SimulArroz, pode ser adotado eficazmente nas lavouras de arroz irrigado.

Termos para indexacio: Oryza sativa, custos de producdo, lucratividade,
potencial produtivo.
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Introduction

Rice (Oryza sativa L.) is the staple food for half of
people worldwide, playing a key role for world food
security (Deng et al., 2019). To feed nine billion people
by 2050 (OECD-FAO..., 2018), food production may
have to be increased by more than 50%, especially
staple food for low-income people (Ittersum et al.,
2013). This production increase can be achieved either
by expanding the cropping area or by incrementing
the crop yields (Marin et al., 2016). The latter choice
is preferred because it is more sustainable in the
long term, since new areas, in general, have fragile
ecosystems (Lobell et al., 2009; Ittersum et al., 2013).
However, it is important to determine not only the
maximum attainable yield, but also the most profitable
one, which is the main information that farmers chose
to decide which rice management they will use.

Outside the Asian continent, Brazil is the largest rice
producer, from which Rio Grande do Sul (RS) state
is the country’s largest producer, accounting for 70%
of Brazilian rice production, covering a production
area of about one million hectares (Usda, 2019).
Although grain yield has been increasing in recent
years (Acompanhamento..., 2018), there is a lack
of economic gains for rice farmers due to the rising
production costs and falling prices (Irga, 2019). There
are three main causes for this financial imbalance, as
follows: farming inputs, such as fertilizers, pesticides,
and oil, which are mainly determined by global
market, and the rice price that is mainly determined
by domestic market (Arbage, 2012); the reduction
of rice consumption per capita due to the increasing
purchase power of Brazilian population (IBGE, 2009),
and the emergence of close substitutes to rice; and
the competition with other Mercosur countries, such
as Paraguay and Argentina, both with lower rice
production costs. These factors demanded an average
rice production of 8.5 Mg ha'! from the farmers, to
equalize the incomes and costs in the last five years
(Irga, 2017). Unfortunately, in this same period, the
average rice yield in RS was only 7.6 Mg ha' (Usda,
2019). This chaotic scenario is a rationale to search for a
better understanding and to look for possible solutions
aiming to maintain rice production sustainable in RS.

To enhance economic and environmental
sustainability, it is necessary that researchers, extension
programs, and farmers work together to identify the
key factors which combine maximum yield with higher
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profits and lower environmental impacts (Cassman et
al., 2003). The yield that maximizes profit has been
referred to as exploitable yield (Ittersum et al., 2013).
Some theoretical studies show that the best profit for
farmers is about 75 and 85% of the yield potential
(Cassman et al., 2003; Lobell et al., 2009; Grassini
et al., 2015; Fischer, 2015); however, those estimates
should to be validated for each farming system and
country based on local data. It is not known which yield
level fits better to maximize profit for irrigated rice in
Brazil. Hence, it is necessary to validate the impact of
farmer’s management on the yield and economics.

The objective of this work was to evaluate the
relationship between grain yield and production costs
of flood-irrigated rice in the state of Rio Grande do
Sul, Brazil, in order to determine the yield range that
maximizes the farmers’ profit.

Materials and Methods

The research was carried out in flooded rice fields,
located in the Regido Central of Rio Grande do Sul
(RS) state, Brazil. This region is representative of
flooded rice production systems in RS, for its soils,
management practices, yield levels, and farm sizes
varying from 20 up to 500 hectares. From a data set
(184 surveys) taken during three growing seasons
(2014/2015, 2015/2016, and 2016/2017), eight farmers
were selected and surveyed. During the 2017/2018
growing season, they were surveyed again for the
following four characteristics: plentiful agreement
to cooperate with truth data on all the economic
information asked; production scale; average yield
from the last three years; and crop management.

A technical and economic monitoring of information
on the inputs, machinery, and labor was performed
during the 2017/2018 growing season in the eight farms.
Taxes, interests on financing and lease were set out.
Besides these information, each farmer’s property was
analyzed, during the growing season, to characterize
and collect additional information, and to identify the
main limiting factors to yield. The estimation cost was
based on the Irga’s methodology used to reach cost and
profit per hectare for irrigated rice in RS (Irga, 2017).

To analyze the data, the rice management practices
used in the farms were divided into nine phases: soil
preparation, seeding, dressing fertilization, weed
control, pest and disease control, water management,
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harvest and labor, taxes, interests on financing, and
land cost (Figure 1). For each phase, the cost per hour
and the number of working hours per hectare were
calculated. Machine and input values were obtained
from market and labor costs, according to each farm
situation. To compose the actual machinery value,
the new value of each machine was obtained from the
market, as well as the residual value, lifetime, and the
working hours per year. The fuel consumption and the
operating speed were obtained from the technical and
economic monitoring. The main prices and equations
used to calculate the costs were based on Irga (2017).
To set the maximum attainable yield, the
methodology proposed by the Global Yield Gap Atlas
(GYGA, 2020) was used. The SimulArroz rice model
(Rosa et al., 2015) was used to calculate the potential
yield because of its widely validation for flooded
rice grain yield in RS (Ribas et al., 2017, 2020). The
SimulArroz is a process-based model which simulates
the rice growth, development, and grain yield, in a
day-time step. To calculate the yield potential by the
SimulArroz, in the present study, the following inputs
were used: meteorological data — daily solar radiation,
and maximum and minimum temperatures (°C);
cultivars (IRGA 424 RI, Puita Inta CL, Guri Inta CL,
BRS 7 Taim, IRGA 426, and IRGA 417); sowing or
emergency date; technology level of the field; ambient
carbon dioxide concentration (CO,); and plant density
(Rosa et al., 2015). In the simulations for the present
study, CO, and plant density were set at 400 ppm

Depreciation Yinputs used in each)

of machi_nery operation, with Standardized
fromits  fstandardized prices| (ooncye Flat rates
market value ) as the market’s the pogver o fy %ﬁi}?:i;?g;i
= machines. and yield.
Hours worked
: : are calculated
Soil preparation, as the crop 1
seeding, coating management. Taxes
fertilization, weed + + . >
control, pest and - interests on
disease control, water financing
management, and harvest. anld C§St
an

Real values
of fields
Figure 1. Framework for assessing the full values of each
subdivision of the costs used in the analysis of eight flood-
irrigated rice (Oryza sativa) fields, which were sampled for

the technical and economic analysis during the 2017/2018
growing season, in the state of Rio Grande do Sul, Brazil.

and 200 plants m™?, respectively. The meteorological
data used to run the model were daily minimum and
maximum temperatures (°C), and daily solar radiation
(MJ m? per day) of the municipalities of Cachoeira do
Sul and Santa Maria weather stations, that represent
the climate of the study area and are located 84 km
from each other. According to the K&ppen-Geiger’s
classification, the climate of the region is Cfa, a humid
subtropical, oceanic climate, without dry season, and
with a hot summer (Alvares et al., 2013). The maximum
and minimum mean annual temperatures are 25°C and
17°C, respectively, and the annual mean solar radiation
is 17 MJ m? per day (Wrege et al., 2011). The model
was run for short and medium maturity group cultivars
(IRGA 424 RI, Puita Inta CL, Guri Inta CL, BRS 7
Taim, IRGA 426, and IRGA 417), at the potential level
that represents rice yield potential, with no influence of
biotic and abiotic factors (Rosa et al., 2015). The dates
used by the farmers for sowing ranged from October
7™ to November 29, 2017. For each farmer’s property,
a weighted mean yield potential was estimated, that is,
if one farmer sowed three cultivars, the potential yield
was calculated with the potential yield of the three
cultivars, and not only with the highest potential; this
same procedure was used for the sowing dates. Actual
yield was obtained from the farmer surveys, and then,
the yield potential was calculated, as follows:

Yield potential (%) = Actual yield (kg ha') / Yield
potential (kg ha™)

The analysis of the results was done by comparing
the values of each farmer studied. Direct costs that
directly influence yield are composed of the oil used in
the preparation of soil, seed, fertilizers, and pesticides
(Arbage, 2012).

Results and Discussion

High yield and profit variability were observed among
the farmers. The average yield of farmers ranged from
6,369 to 11,000 kg ha!, and the production costs varied
R$2,040.00 ha'! between the lower and higher value
(Table 1). Profit per hectare ranged from R$3,599.00 ha™!
to a negative income (R$-52.00 ha') (Figure 2); on the
average profit, it was R$966.00 ha! higher than other
economic profits found in the literature (Smith et al.,
2011; Chang et al., 2017; Oliveira Neto, 2017). This fact
can be explained by some reasons, as follows: there
are farmers with higher production efficiency than the
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average one; labor costs are lower for the famers who
have the rice production based on family labor; and the
use of irrigation is moved by natural resource (gravity),
which is less expensive than pumping irrigation.

The results showed that the combination of yield
and efficiency in the use of resources are the key
role to the sustainability of rice production. To better
understand this relationship, the eight farmers were
grouped into four groups (Figure 3). Two farmers who
represent higher efficiency in the use of resources have
farm sizes between 47 ha and 55.8 ha, and, at least two
family members work in rice activity. The results for
the farmers who have low to medium percentage of
the yield potential, with good profitability, showed
no relation between farm sizes (20 and 130 ha),
but it displayed some difficulty of the farmers for
the crop management, which are limiting them to
achieve a greater yield. The farmers who attained
high percentages of the yield potential, but with low
efficiency in the use of resources, have properties
between 77 and 524 ha, and only one family member
working in it in an administrative way, but with little
or no intervention in crop management. At last, there
were farmers with very low percentages of yield gap,
whose properties have size areas between 28 and

Table 1. Technical and economic characterization of eight
flood-irrigated rice (Oryza sativa) fields evaluated during
the 2017/2018 growing season, in the state of Rio Grande
do Sul, Brazil®.

Farmer City Area Total Grain Yield
(ha) costs Yield  potential
(R$ ha')  (kgha') (%)
! P(S)*I’é’sijr‘l’:‘(’s‘}‘l’,) 93 4322 6369 56
2 Santa Maria 130 5,517 9,000 69
3 Restinga Seca 28 4,197 6,518 48
4 Santa Maria 77 4,747 7,807 72
5 SJP 20 4,822 9,890 69
6 Cachoeira do Sul 524 6,227 8,510 73
7 Santa Maria 47 4,382 11,000 77
8 Agudo 55.8 5,986 10,500 83
Mean - 66 4,785 8,754.9 70
CV (%) - 137 16 20 17

(DTaxes, interests on financing, and lease were not included in the total
cost. The yield potential of rice was calculated with the SimulArroz
model. CV, coefficient of variation.
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93 ha, with one and two family members working in
rice activity, respectively.

This information could lead to two hypotheses
described for further in loco economic analysis.
The first one relates to the fact that, in larger areas,
it is more difficult to achieve a good management

4.0 4
3.5 1
3.0 1
2.5 1
2.0 1
1.5 -
1.0
0.5 1
0.0 1

-0.5 JFarmer3 Farmerl Farmer2 FarmerS Farmer4 Farmer6 Farmer7 Farmer8
48% 56% 69% 69% 72% 73% 77% 83%

Yield potential (%)

Profit (x1000 R$ ha)

Figure 2. Profit per hectare versus rice (Oryza sativa) yield
potential attained by farmers in eight flood-irrigated rice
fields, in the 2017/2018 growing season, in the state of Rio
Grande do Sul, Brazil.

4.5

3.5 A

25 o
15 A

0.5

Profit (x1000 RS ha™)

-0.5

45 55 65 75 85 95
Yield potential (%)

A High and profitable yields ¢ Low yields, but highly profitable

O High yields, but low profitable B Low yields and low profitable

Figure 3. Profit of eight flood-irrigated rice (Oryza sativa)
field samples versus rice yield potential attained by farmers,
for the technical and economic analysis during the 2017/2018
growing season, in the state of Rio Grande do Sul, Brazil.
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and, consequently, it is more difficult to attain high
efficiency in therice production. The second hypothesis
is that, in farms where there are more family members
engaged in the production system, there are more
efficiency because of the greater care and lower labor
cost. Data interfering with the causes of the worst
performing farmers are presented in Table 2. Cost is
not the explanatory factor because, in both cases, it
is lower than the general average. Yield, however, is
the cause of poor performance, since it is up to 27%
lower than the general average, in gross value, and
with a large yield gap in relation to crop potential. This
indicates that the percentage of the yield potential can
be an important influence factor on the profitability
(Fischer & Connor, 2018).

The first and the third more profitable farms had
more than 75% of the yield potential, which, according
to the literature, is the range where the highest
profitability is achieved (Lobell et al., 2009; Grassini
et al., 2015). Production costs were less sensitive than
yield to variation due to factors that increase grain
yield, without causing cost increases (Figure 4). With
similar amount of direct costs, a great variation was
observed between the farmers’ yield and profit, which
suggests that the first step to increase the profit of less
productive crops is to increase yield.

Farmyields tend to stagnate when they reach 75-85%
ofyield potential, which can be attributed to diminishing
returns from investments in additional production
inputs, and to effort as yields approach the potential
yield ceiling (Grassini et al., 2011; Deng et al., 2019).

This was the case for the farmer 8, who reached 83%
of the yield potential;, a reduction in the yield gap
above this range yield may not be environmentally
sustainable and, in most cases, does not justify the
investment (Cassman et al., 2003; Grassini et al., 2011;
Farmaha et al., 2015).

Labor force was the factor that most influenced the
poor performance. For the farmer 7, this component
had a low cost due to the almost exclusive use of
family labor. However, for the farmer 6, labor force
was very high because of the large number of fixed-
term employees, which increases the production cost
(Table 2). The use of the labor force is very costly and
directly affects the cropping profitability (Smith et al.,
2011; Chang et al., 2017).

Therefore, the result of the farmer 6 was the lack of
management of the resources, that is, despite the high
yield achieved in relation to the yield potential of that
growing season, the farmer had to bear a very high
cost (Figure 4). It is not enough, therefore, to have a
high yield, since, if there is not an efficient use of the
resources, the investment should be proportional to the
yield potential of the crop (Mueller et al., 2012). It is
important to consider that the farmer 6 was the one
with the largest area under cultivation, and this causes
greater difficulty in management.

The other important case was the farmer 7, who
obtained the highest profitability (Figure 4), thus this
case will be analyzed in comparison to the average.
The contribution to this performance was yield, which
reached 77% of the yield potential, included in the

Table 2. Variable production costs of eight flood-irrigated rice (Oryza sativa) fields sampled for the technical and economic

analysis, during the 2017/2018 growing season, in the state of Rio Grande do Sul, Brazil.

Farmer Coverage fertilizer Weeds Insects and Water management  External labor" Profit
(RS ha') (RS ha') diseases (R$ ha') (R$ ha') (RS ha) (R$ ha')
1 339.0 401.0 211.0 569.0 52.0 300.0
2 529.0 488.0 201.0 721.0 204.0 1,014.0
3 326.0 405.0 123.0 238.0 185.0 532.0
4 291.0 209.0 161.0 397.0 546.0 918.0
5 384.0 414.0 118.0 672.0 100.0 2,354.0
6 517.0 548.0 209.0 513.0 1,500.0 -52.0
7 451.0 166.0 63.0 298.0 51.0 3,599.0
8 320.0 265.0 235.0 418.0 917.0 1,633.0
Mean 394.6 362.0 165.1 478.2 4443 966.0
CV (%) 24.0 37.0 36.0 36.0 117.0 94.0

(WContracted, excluding family labor. CV, coefficient of variation.
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margin that provides the highest economic income,
according to the literature (Cassman et al., 2003;
Arbage, 2012; Grassini et al., 2015). Gross yield was
the highest among the studied farmers, which means
a high technical efficiency and a high gross revenue.
Little was spent on the external labor because it comes
from family working, and water management cost is
low because it is done by gravity, without pumping
costs. The low cost of pest and disease management
(Table 2) can be explained by the cultivars used which
have a great rusticity and resistance to diseases (Ogoshi
et al., 2018). As to weed management, the expense was
significantly lower than the average because the field
was already free of infestations. The cost that exceeded
the average among the analyzed ones was that of the
fertilization in coverage by the high dose of nitrogen,
and the application of potassium chloride.

In summary, if you invest more in the factor that
builds yield, fertilization, and in the other analyzed
components, and if you work with low costs, avoiding
waste because they are indirect in relation to yield. The
best performance of farmer 7 is therefore explained by
the high yield combined with the efficient management
of the production factors. It was also observed that
the variation of direct costs with a direct influence
on yield, among farmers, is less significant than the
variation of profitability and total costs between them
and, as previously observed, the variation between
yields is even greater. This shows that even though

[ = Total costs —e—Direct costs = o - Profit |

(3] w2 E-S W (=)} ~
s s s s s

Total cost (x1000 R$ ha™)

—_
s

’ Farmer3 Farmerl Farmer2 Farmer5 Farmer4 Farmer6 Farmer7 Farmer8
48% 56% 69% 69% 72% 73% 77% 83%

Yield potential (%)

Figure 4. Total production cost versus rice (Oryza sativa)
yield potential attained by farmers in eight flood-irrigated
rice fields samples, for the technical and economic analysis
during the 2017/2018 growing season, in the state of Rio
Grande do Sul, Brazil.
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the impact of management differences is important for
increasing yield, they were not cost-intensive.

The two farmers with the highest yields were those
who spent least on weeds (Tables 1 and 2). And the
farmers who invested the most in controlling weeds
were the least productive and profitable. In fact, the
occurrence of significant infestation by weeds was
verified in the visits to these cultivations, which
required investment. Weed control in the right moment
favors the reduction of yield loss, and it increases
the costs with control after an increased infestation
(Mueller et al., 2012). In addition, the fertilizer costs
of the most productive farmers was not higher than
the others, which suggests that in the other cases there
are factors limiting yield that prevent the full use of
the fertilizer applied. The presented results, as well
as the example of an analysis on the agronomic and
administrative elements can be instruments for the
construction of a methodology and the first step for
further studies on the cultivation of rice and other
agricultural crops.

Conclusions

1. The highest profits are obtained when the yield
of flood-irrigated rice (Oryza sativa) attained ranges
from 69 to 83% of the yield potential.

2. The closer the attained yield is to the yield
potential, the higher is the crop profit for farmers.
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