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Abstract: In Brazil, the production of corn and soybeans has been growing significantly in recent years. 
Considering that the strategies for investing in the production of these crops are conditioned by production 
costs and risk, the objective of this article is to propose a simulation model that indicates the trend of production 
costs for these commodities, considering the dispersion and correlation of selected key variable prices and corn 
and soybean production costs practiced between the years of 2018 and 2022. Fifty specialized companies in the 
state of Sao Paulo, Brazil, provided data for this study, and Monte Carlo simulations showed that the total cost 
of corn production/ha is between USD 600.00 and USD 1150.00, with a level of certainty of 84.7%, and soybeans 
are in the range of USD 260.00 to USD 420.00, with a level of certainty of 86.4%. The model evidenced a trend 
of decreasing production costs for the crops for the 2023/24 and 2024/25 harvests, as the input with the greatest 
impact (fertilizer) is showing a downward trend. On the other hand, costs related to labor, soybean seed, and 
fungicides are showing an upward trend, while dolomitic limestone corrective remains stable. 

Keywords: commodity market; production costs; cost trends; agricultural inputs; corn production; soybean 
production 

 

1. Introduction 

Corn and soybeans stand out among the main commodities of agribusiness. In Brazil, over the 
last decade, these products have been the primary agricultural items produced and exported, 
contributing to the trade surplus with export revenues exceed-ing $53.889 billion in 2021 [1]. The 
competitiveness of exports for these crops is directly affected by long-term changes and adjustments 
in production costs, transportation, handling, as well as export policies and fluctuations in exchange 
rates [2, 3]. 

In early 2022, for instance, the prices of corn and soybeans were elevated due to strong global 
demand [3], rising fertilizer costs [4, 5], and the drought in South Ameri-ca caused by the La Niña 
phenomenon. Another impactful factor for the sector was the war in Ukraine, which contributed to 
the increase in production costs for all commodities [5]. 

According to current projections, it is likely that the high prices of soybeans and corn will 
continue during the marketing period of the 2022/2023 crops [6]. Given this scenario, analyses, 
comparisons, and forecasts of production costs in agribusiness have been utilized as tools for 
decision-makers [7-9]. Pitrova et al. (2020) [10] and Amorim et al. (2020) [11] mentioned that 
computational simulation has proven to be an appropriate support tool for decision-making on rural 
properties. Meade et al. (2016) [2] re-ported that such factors include logistics, land, and storage, 
while Oliveira et al. (2022) [5] include fertilizers, seeds, fuel, pesticides, among others. In this regard, 
information about the relationship of these variables is essential to maintain and/or improve the 
agricultural performance of the sector, providing projections for short, medium, and long-term 
decision-making [5, 11]. 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.
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The literature contains a substantial number of studies conducted in different countries focused 
on the production costs of corn and soybeans [2, 12-21], economic feasibility analyses using risk 
analysis through case studies [22-28], and analysis of soybean and corn prices [29, 30]. However, there 
is a gap in showcasing the impact of costs and their trend for the near future (24 months) for both 
crops, with recent data and a significant number of data/variables. 

Therefore, it is important to identify the inputs that significantly influence the price and cost 
variation in the production of corn and soybeans. Do input prices show the same degree of correlation 
with production costs for both crops? By understanding the key inputs and their degree of influence 
on production costs for corn and soybeans, what could be the outlook for production costs in the 
2024/25 and 2025/26 crops for these commodities? 

To answer these questions, the present study focused on the state of São Paulo due to the 
significant presence of both crops in the region. Its objective was to propose a model that evaluates 
the dispersion, correlation, prices, and production costs of corn and soybeans, and how these factors 
impact cost predictions for these crops' harvests. 

In this regard, the advancement of simulation applications in agribusiness has shown that 
models based on intelligent systems can be highly suitable for a wide range of applications in various 
fields. Unlike equations structured in linear, quadratic, or other predetermined formats, these models 
offer significantly greater adaptability to response data. They surpass the limitations of traditional 
statistical models, for in-stance. Using the Monte Carlo Simulation (MCS) model, the study aimed to 
explore various possible scenarios of production costs for these commodities, considering un-
certainty and variability in the prices of selected key variables. By integrating the cost trend analysis 
with MCS, it was possible to understand and predict how fluctuations in input and labor markets 
influence the final production cost of corn and soybeans. 

This model assists farmers in decision-making by enabling better financial planning and 
strategic decision-making. For example, it helps determine which crop to plant and facilitates 
negotiations and contracts involving the purchase of inputs and labor. It reduces the risk of financial 
losses and allows the adoption of strategies that maintain high competitiveness in the production and 
export of these crops in the country. This, in turn, boosts the Brazilian trade balance and strengthens 
its position in the global market for exporting these commodities. 

2. Materials and Methods 

2.1. Data Collection 

The sampling consisted of 50 establishments in the state of São Paulo, and data collection was 
conducted through the monthly administration of a questionnaire from January 1, 2018, to December 
30, 2022 (n=60). The obtained data (prices in USD) for diesel fuel, Trifloxystrobin Tebuconazole 
fungicide, Glyphosate herbicide, Thiamethoxam Lambda-Cyhalothrin insecticide, Dolomitic 
limestone corrective, NPK 05-25-25 fertilizer, Potassium chloride fertilizer, USD exchange rate, 
Soybean price per sack, Corn price per sack, Soybean seed, Corn seed, Tractor operator labor, Daily 
labor, and Urea fertilizer were tabulated and used for the analyses described below. 

2.2. Descriptive Analysis 

The descriptive analysis was conducted to elucidate the variability in the behavior of the prices 
(in USD) of the studied variables, to deepen the discussions on the factors that influence the 
fluctuations in their prices in the market. The elements included in the descriptive analysis were: 
sample size, minimum value, maximum value, arithmetic mean, total range, variance, standard 
deviation, coefficient of variation (low < 10%, medium between 10 and 20%, high between 20 and 
30%, and very high > 30%), skew-ness (symmetric variation=0; >0 positive <0 negative), and kurtosis 
(leptokurtic: K < 0.263; mesokurtic: K = 0.263; and platykurtic: K > 0.263). 

2.3. Pearson Correlation Coefficient (r) and Coefficient of Determination (R2) 
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The Pearson correlation coefficient (r) was used to measure the existence and degree of 
correlation between the price (in USD) of corn or soybean per sack (independent variable) and the 
price (in USD) of the other dependent variables used in this study, collected monthly. 

The result of this analysis is presented as a dimensionless index, with values ranging from -1.0 
to 1.0, reflecting the strength of a linear relationship between two sets of data. If the value of r is equal 
to 1, there is a perfect positive correlation between the two. If the value of r is equal to -1, there is a 
perfect negative correlation [31,32]. The Pearson correlation coefficient (r) is defined by Equation 1: 𝑟 =  ∑ (𝑥𝑖 − 𝑥)(𝑦𝑖 − 𝑦)𝑛𝑖=1√[∑ (𝑥𝑖 − 𝑥̅)2𝑛𝑖=1 ][∑ (𝑦𝑖 − 𝑦̅)2𝑛𝑖=1 ] (1) 

where 𝑥𝑖 e 𝑦𝑖  are the values of x and y, respectively, for the i-th individual. 
The coefficient of determination (R2) is the square of the Pearson correlation coefficient and is a 

measure of the quality of the model fit. It describes the proportion of variability in one variable that 
is explained by the variability in the other variable. The value of R2 can range from 0 to 1, and since 
it is difficult to find a perfect correlation in practice, higher values are associated with lower error 
variance. In this study, R2 values ≥ 0.7 were considered to indicate a strong correlation in the 
interpretation of the correlation data [32]. 

2.4. Cost Analysis 

The costs per sack of corn and soybean were calculated using Equations 2 and 3. The monetary 
value was converted to dollars using the exchange rate of US$ 5.25. 𝐴𝑇𝑃𝐶 (ℎ𝑎) = 𝑇𝑃𝐶 (ℎ𝑎) 𝐴𝑃𝑅𝑂𝐷 (ℎ𝑎)⁄  (2) 

𝑇𝑃𝐶𝑆 =  𝑇𝑃𝐶 (ℎ𝑎) 𝐴𝑃𝑅𝑂𝐷 (ℎ𝑎)⁄𝐴𝑃𝑅𝐼𝐶𝐸  (3) 

where: ATPC: Average Total Production Cost (ha) corn or soybean; TPC: total production cost (ha) 
corn or soybean; APROD: average productivity (ha) corn or soy-bean; ATPCS Average Total 
Production Cost per sack of corn or soybean; APRICE Av-erage price per sack of corn or soybean. 

2.5. Monte Carlo Simulation 

The main production costs per sack of soybean and corn were investigated in relation to all the 
variables through cumulative frequency analysis using the Crystall Ball® software [33]. 

To analyze the probability level of cost variation and gross net revenue, Monte Carlo simulation 
(MCS) was used to provide projections through a stochastic approach [5, 24-25, 34]. 

A MSC is a numerical method that uses random numbers to solve mathematical problems for 
which an analytical solution is not yet known. The input variables that support the simulation are 
referred to as "Assumptions" by Crystal Ball [34]. [34].  

In this way, possible numbers for the variable of interest are simulated, and then the average 
result of the process is obtained using Equation 4: 

𝑎𝑚 =  1𝑟  ∑ 𝑥𝑖𝑛
𝑖=1  (4) 

where: a_m is the average result of the MCS for the variable of interest, a, x represents the individual 
result of each simulated iteration, and n is the number of simulations (iterations). 

In the present article, 50,000 iterations were performed, which is the maximum number of 
iterations provided by the software and is a significant number for the problem of interest. Similar 
values were used in the studies by Oliveira et al. (2022) and Silva et al. (2019) [5, 34]. 

To forecast future events, the methodology employed the Predictor tool, a stochastic simulation 
tool available in the software. It is used to make predictions based on time series data by analyzing 
historical data to identify trends and seasonal patterns. These insights are then projected into the 
future to forecast the most probable out-comes. 
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The scenarios were forecasted using the software itself for a period of 24 months, based on the 
data captured from 2018 to 2022. The results revealed the expected costs considering the previously 
described conditions. The MCS utilized quantitative methods based on time series to conduct the 
forecast [33]: 

Simple Exponential Smoothing (Equation 5): This method weighs all the data with exponentially 
decreasing weights towards the past, extrapolating the limitations of moving averages. 𝑃𝑡 + 1 =  𝛼𝑅𝑡 + (1 − 𝛼)𝑃𝑡 (5) 

ARIMA (Equation 6): It is a method superior to smoothing methods when applied over long 
periods, capable of capturing autocorrelations in the data and suitable for databases with trends and 
seasonal patterns. 𝑅𝑡 =  ϕ1Rt − 1 +   ϕ2Rt − 2 + . . . + ϕpRt − p +  at −  θ1at −  1 +  θ2at −  2 + . . . +θqRt −  q (6) 

Damped Trend Non-Seasonal (Equation 7): Applies exponential smoothing twice, like double 
exponential smoothing. However, the trend component curve is damped (flattens over time) instead 
of being linear. This method is best for data with a trend but no seasonality. 𝑇𝑡 =  𝑏(𝐿𝑡 −  𝐿𝑡 −  1)  +  (1 −  𝑏) ϕTt −  1 (7) 

Double Moving Average (Equation 8): Applies the moving average technique twice, once to the 
original data and then to the resulting single moving average data. This method then uses both sets 
of smoothed data to project forward. This method is best for historical data with a trend but no 
seasonality. It results in a straight, sloped-line forecast. 𝐹𝑡 +  𝑚 =  𝑎𝑡 +  𝑏𝑡𝑚 (8) 

Double Exponential Smoothing (Equation 9): Applies SES twice, once to the original data and 
then to the resulting SES data. Predictive Planning uses Holt’s method for double exponential 
smoothing, which can use a different parameter for the second ap-plication of the SES equation. This 
method is best for data with a trend but no seasonality. It results in a straight, sloped-line forecast. 𝑇𝑡 =  𝑏(𝐿𝑡 −  𝐿𝑡 − 1)  + (1 −  𝑏) 𝑇𝑡 –  1 (9) 

3. Analysis of Results  

This section may be divided by subheadings. It should provide a concise and precise description 
of the experimental results, their interpretation, as well as the experimental conclusions that can be 
drawn. 

3.1. Characterization of Crops in the Study Area 

The cultivation of corn in São Paulo plays an important role in the state's economy. In 2022, the 
estimated corn production in São Paulo was 4.8 million tons [35]. The contribution of corn cultivation 
to the state's agriculture increased from 3.9% in 2017 to 6.1% in 2021 [36], and Brazilian exports 
experienced significant growth, leading to important changes in the domestic market. In 2021, the 
state of São Paulo contributed to the international shipment of 52,400 tons [35]. 

The cultivation of soybeans in the state of São Paulo is relatively more recent and has 
experienced significant growth since the 1990s. The planted area of soybeans in the state increased 
from approximately 580,000 hectares in the 2001/2002 crop season to 1,263.6 thousand hectares in the 
2021/2022 period [37]. Soybeans now represent the second-largest crop in the state's agriculture, 
accounting for 12.1% of the total cultivated area, second only to sugarcane, which remains the 
primary crop with a share of 48.3% [36]. In 2021, São Paulo exported approximately 1.3 million tons 
of soybeans, with a value of around 630 million dollars. The main destinations for these exports were 
China, Iran, Thailand, and Spain [37]. 

3.2. Descriptive Analysis 
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The result of the descriptive analysis (Table 1) revealed a significant variability in the total range 
of all the variables chosen for this study.  

Table 1. Descriptive measures referring to variables related to the price and cost of production of 
corn and soybeans from January 2018 to December 2022. 

 DOI

L 

FUT

T 

HEG

L 
INTL 

DLL

C 
NPKF DLR 

SOY

B 

COR

B 

SOY

S 

COR

S 

TRA

C 
DAI PCF URF 

N 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 

MIN 0.57 16.95 18.91 29.59 14.8 278.4 3.18 12.61 5.66 0.57 2.33 
302.2

6 
13.25 352.38 339.04 

MAX 1.41 22.66 92.02 48.68 40.98 
1205.2

4 
5.67 36.51 18.53 2.29 4.31 

387.0
1 

18.9 1256.63 
1201.4

8 
RANGE 0.84 5.71 73.11 19.09 26.18 926.84 2.49 23.9 12.87 1.72 1.98 84.75 5.65 904.25 862.43 

MEAN 0.80 19.28 36.22 38.17 25.28 
576.04

3 
4.66 22.57 11.27 1.332 3.299 

339.3
3 

15.37 602.53 580.38 

VAR 
0.058

6 
3.102

1 
625.3

5 
24.85 64.30 104435 

0.598
6 

72.13
2 

20.39
2 

0.307
5 

0.114 
706.8

5 
2.81 

113307.
91 

85958.
13 

SD 0.24 
1.761

3 
25.00

71 
4.985

1 
8.019

1 
323.16

45 
0.77 

8.493
1 

4.515
7 

0.55 0.33 26.58 1.67 336.61 293.18 

CV 
30.1
% 

9.1% 69.0% 
13.1
% 

31.7
% 

56.1% 
16.6
% 

37.6
% 

40.0
% 

41.6
% 

10.2
% 

7.8% 
10.9
% 

55.8% 50.5% 

SKEW 

(g1) 

1.215
8 

0.532
4 

1.329
1 

0.348
8 

0.73 0.947 
-

0.265 
0.215

3 
0.228

7 
0.471

2 

-
0.211

9 

0.229
4 

0.628
5 

1.0545 1.0692 

KURT 

(g2) 

0.076
5 

-
1.230

6 
0.026 

-
0.711

1 

-
0.759

6 
-0.8431 

-
1.443 

-
1.772

8 

-
1.693 

-
1.497

1 

1.154
9 

-
1.293

3 

-
0.839

8 
-0.7136 -0.5489 

N: sample size (monthly data collected from 2018 to 2022); MIN: minimum; MAX: maximum; RANGE: total 
range; MEAN: arithmetic mean; VAR: variance; SD: standard deviation; CV: coefficient of variation; SKEW: 
skewness; KURT: kurtosis; DOIL: diesel oil; FUTT: fungicide trifloxystrobin tebuconazole; HEGL: herbicide 

glyphosate; INTL: insecticide thiamethoxam lambda-cyhalothrin; DLLC: dolomitic limestone corrective; 
NPKF: NPK 05-25-25 fertilizer; DLR: dollar exchange rate; SOYB: soybean bag; CORB: corn bag; SOYS: 
soybean seed; CORS: corn seed; TRAC: tractor operator labor; DAI: daily laborer labor; PCF: potassium 

chloride fertilizer; URF: urea fertilizer. 

This fact can be explained by the increase in prices of inputs used in the production of corn and 
soybeans from 2018 to 2022. The 59% appreciation of the dollar is related to the rise in prices of 
fertilizers, soil amendments, and agricultural pesticides during the studied period [38-42], as the 
dollar is the currency used in international transactions, including the trade of agricultural inputs 
that need to be imported by farmers. 

In addition to these factors, uncertainties caused by the Covid-19 pandemic have led to 
imbalances between supply and demand of inputs in the global market, which have influenced 
significant fluctuations in prices of fertilizers, herbicides, fuel, and other inputs analyzed in this study 
[43]. The uncertainties stemming from the pandemic have affected all sectors of the agribusiness, 
from production to distribution and marketing, resulting in negative economic impacts across all 
segments, particularly in input costs [4, 44]. 

In contrast, the increase in the value of the dollar can also stimulate the exports of corn and 
soybeans, thereby reducing the domestic supply and further raising prices [45]. Given this scenario, 
it is crucial for the agricultural sector to be attentive to ex-change rate fluctuations and seek 
alternatives to mitigate the impact of the rising dol-lar on production costs. 
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The lowest variances and standard deviations were found for the collected prices of diesel fuel, 
dollar exchange rate, soybean seed, and corn seed. This indicates that the values of these inputs and 
the exchange rate did not deviate significantly from the mean during the study period. 

The coefficient of variation results indicated that the prices of the following variables: diesel fuel, 
glyphosate herbicide, dolomitic limestone corrective, NPK 05-25-25 fertilizer, corn bushel, soybean 
bushel, soybean seed, potassium chloride fertilizer, and urea fertilizer exhibited a high dispersion. 
On the other hand, the prices of tiamethoxam lambda-cyhalothrin insecticide, dollar exchange rate, 
corn seed, and casual labor had a moderate dispersion, while the prices of trifloxystrobin 
tebuconazole fungicide and tractor operator labor were classified as having low dispersion. 

The highest coefficient of variation was found for the glyphosate herbicide. The literature 
suggests that in addition to the external factors, internal factors such as market demand, production 
costs, distribution, and sales of each company, as well as government intervention (such as taxation 
on imported products), influence the costs and consequently the price formation of this herbicide 
[46]. 

The lowest coefficient of variation was found in the price of the variable "tractor operator labor." 
Although it showed low dispersion over the study period, expenses related to tractor operators' 
salary payments have shown great relevance in the total production costs of corn and soybeans [47-
48]. 

No variable exhibited symmetry in the analyzed prices during the period from 2018 to 2022. 
Positive skewness distributions were found for: diesel oil, fungicide tri-floxystrobin tebuconazole, 
herbicide glyphosate, insecticide thiamethoxam lambda-cyhalothrin, dolomitic limestone corrective, 
fertilizer NPK 05-25-25, soybean bag price, corn bag price, soybean seed, tractor operator labor, daily 
laborer labor, potassium chloride fertilizer, and urea fertilizer. This means that the prices of these 
inputs remained above the average for a significant part of the analyzed period, which can be 
explained by the factors discussed earlier. The US dollar and corn seed were the only variables in 
which prices exhibited negative skewness distributions, meaning that they remained below the 
average for a significant part of the analyzed period. Despite reaching high values at times, the dollar 
remained below the average in recent years due to a combination of factors, including a decline in 
the performance of the US economy, which has not remained as strong due to global instabilities and 
political tensions [49]. Regarding corn seed, the study conducted by Seidler et al. (2022) [50] suggests 
that in addition to the exchange rate, the prices of this commodity in São Paulo are influenced by the 
prices in Sorriso - MT and in Paraguay, as they are the main national production areas and the origin 
of most of the corn imported by Brazil. 

For the analysis of kurtosis, it was evident that the prices of corn seed exhibited a platykurtic 
distribution, meaning that the values were more concentrated around the mean. The price of corn 
seed in São Paulo increased by 120% from 2018 (USD 1,827.1) to 2022 (USD 4,028.54) [51]. This 
significant variability can be explained by changes in the commodities market and currency 
fluctuations that affect corn costs [52-54] 

Regarding the price of the herbicide glyphosate and the price of diesel fuel, the mesokurtic 
distribution found for these inputs (moderate concentration of values around the mean) may be 
related to economic and environmental factors related to production, supply, and demand of these 
products [46, 55]. The remaining variables exhibited a leptokurtic distribution (relatively low 
concentration of values around the mean). The leptokurtic distribution in the prices of the agricultural 
inputs studied may have been influenced by the pandemic [24, 43], variations in agricultural 
productivity [39], supply and demand [40], and the price of the dollar [38, 41-42]. 

Understanding the factors that influence the costs of inputs to produce corn and soybeans, as 
well as the behavior of price variability, is crucial for producers to make informed decisions and 
better plan their crops. By doing so, it becomes possible to ensure the sustainability of agricultural 
production and maintain competitive-ness in the global market. 

3.3. Financial Analysis of Corn and Soybeans  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 July 2023                   doi:10.20944/preprints202307.0884.v1

https://doi.org/10.20944/preprints202307.0884.v1


 7 

 

The data related to prices, dosage of inputs used in soybean and corn cultivation, production 
costs, the percentage that each variable represents, and net profit were collected (Table 2). The 
variables that had the highest percentage of contribution to the total production cost of these crops 
were NPK 05-25-25 fertilizer (45.9% in corn production and 56.5% in soybean production), soybean 
seeds (15.7% in soybean production), corn seeds (10.5% in corn production), potassium chloride 
fertilizer (9.6% in corn pro-duction), and urea (9.2% in soybean production). 

Table 2. Financial Analysis of Corn and Soybeans. 

Items Description Unit Crop Cost/ha (USD) 
Cost/ha/corn 

(%) 

Cost/ha/soybean 

(%) 

DOIL 36 L/ha Corn/soybean 29,8 4.7 5.8 
FUTT 0.750 L/ha Corn/soybean 28,9 4.6 5.7 
HEGL 5 L/ha Corn/soybean 36,2 5.8 7.1 
INTL 0.750 L/ha Corn/soybean 28,6 4.6 5.6 
DLLC 1 T/ha Corn/soybean 25,3 4.0 5.0 
NPKF  500 T/ha Corn/soybean 288,0 45.9 56.5 
DLR 60 Kg/ha Soybean 10,5 NA NA 

SOYB 20 Kg/ha Corn 11,3 NA NA 
SOYS 60 Kg/ha Soybean 79,9 NA 15.7 
CORS 20 Kg/ha Corn 66,0 10.5 NA 
TRAC 2 2 h/ha Corn/soybean 2.83 0.5 0.6 
DAI 2 2 h/ha Corn/soybean 3.84 0.6 0.8 
PCF 100 Kg/ha Corn 60,2 9.6 NA 
URF 100 Kg/ha Corn 58,0 9.2 NA 

TCOST 
NA ha Corn 627.7 NA NA 
NA ha Soybean 509.5 NA NA 

EPROD 
50 bag/ha 60 kg/bag Soybean 22,6 NA NA 
91 bag/ha 60 kg/bag Corn 11,3 NA NA 

                                    Gross 

Income 
                      USD 

             
Corn 

                      1026,3 

Soybean                        1128,6 
DOIL: diesel oil; FUTT: fungicide trifloxystrobin tebuconazole; HEGL: herbicide glyphosate; INTL: insecticide 

thiamethoxam lambda-cyhalothrin; DLLC: dolomitic limestone cor-rective; NPKF: NPK 05-25-25 fertilizer; 
DLR: dollar exchange rate; SOYB: soybean bag; CORB: corn bag; SOYS: soybean seed; CORS: corn seed; TRAC: 
tractor operator labor; DAI: daily laborer labor; PCF: potassium chloride fertilizer; URF: urea fertilizer.TCOST: 
Total Cost; EPROD: Expected Yield/Productivity; L: liter; T: tonelada; Ha: hectare; Kg: kilogram. h: hours; NA 
not applicable. Source: Elaborated by the authors based on Richeti and Ceccon (2020) [56] and IEA (2023) [57]. 

The levels of certainty regarding the average production cost per hectare of corn associated with 
the analyzed variables were calculated using MCS and are presented in the cumulative frequency 
graph (Figure 1). 
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Figure 1. Cumulative frequency graph Total cost soy/hectare. 

The simulation results presented in Figure 1 show that the range between USD 260.00 and USD 
420.00 contains the average production costs of soybean per hectare paid in the state of São Paulo, 
with a level of certainty of 86.4% for an average of USD 340.20 and a standard deviation of USD 53.55, 
considering the period from 2018 to 2022.  

These results provide information based on the analyzed historical prices. Thus, the analysis 
conducted can help minimize uncertainties regarding soybean production costs for the state and 
assist in making informed decisions regarding input purchases through this forecast. 

The values obtained in this study are supported by the data collected by Conab (2022) [58] for 
the state of São Paulo, specifically the city of Assis, one of the main corn-producing municipalities in 
the state. The values provided by Conab are in Brazilian Reais and have been converted to US Dollars 
using the average commercial ex-change rate (R$/USD) for each year. The data used in this analysis 
were obtained from IPEAdata, available from the authors upon request). For comparison purposes, 
the average calculation was performed considering only the costs of operating expenses, excluding 
other costs such as storage, charges, among others. The average production cost of soybeans was 
found to be USD 417.77 during the period from 2019 to 2021. 

The levels of certainty of the average production cost per hectare of corn associated with the 
analyzed variables were calculated using SMC and are presented in the cumulative frequency graph 
(Figure 2). 

 

Figure 2. Cumulative frequency graph Total cost corn/hectare. 

The simulation results show that the range between USD600.00 and USD1150.00 contains the 
average production costs of corn per hectare in the state of São Paulo, with a level of certainty of 
84.7% for an average of USD870.80 and a standard deviation of USD192.40, considering the period 
from 2018 to 2022. 

The monitoring data from Conab (2022) [59] regarding the production costs of the second corn 
crop for the years 2019 and 2020 show an average production cost of USD421.26, represented by the 
city of Assis. On the other hand, Ventura et al. (2020) [20] indicate costs in other productive states in 
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Brazil that corroborate with the results, ranging from USD613.00 to USD653.00 in the 2018/19 and 
2019/20 crops (using trans-genic seeds). 

The authors of this study observed that the production costs in each municipality/state were 
influenced by differences in productivity. Areas with higher productivity had lower production costs 
compared to smaller areas [19]. In addition to productivity, other factors contribute to the observed 
differences in corn production costs in different regions, such as climate [60], prices of inputs [61], 
and employed technology [62-63]. 

Considering the variables in this study, the most significant production costs for corn and 
soybeans (fertilizers and soil amendments) account for 68.7% and 61.5% respectively. Equally 
important, the costs of agricultural inputs (herbicides, insecticides, and fungicides) amount to 15% 
and 18.4% for both crops. 

An alternative to reduce these costs would be the use of Variable Rate Technology (VRT) 
(application of soil amendments and fertilizers according to each point analyzed by grid or 
management zone) [11]. Supporting the above statement, Baio et al. (2018) [64] reported that this 
technique is employed in precision agriculture for the application of inputs and agricultural 
pesticides, which allows for the rationalization of these products. The authors affirmed that the use 
of VRT system proved to be advantageous in agricultural production. 

Another hypothesis to reduce consumption and, consequently, the cost of chemical fertilizers in 
Brazil would be the use of organ mineral fertilizers (combinations of organic sources). Corroborating 
this, Freitas et al. (2021) [65] stated that this type of fertilizer emerges as an alternative for nutrient 
supply in corn cultivation and contributes to a reduced dependence on imported mineral fertilizers, 
in addition to being proven to increase productivity. 

Reinforcing the statement, a case study in soybean cultivation in Brazil demonstrated that organ 
mineral fertilizers proved to be effective, achieving a productivity of 3,648.96 kg/ha, and could be an 
alternative to traditional mineral fertilization [66]. In general, international evidence of the efficacy of 
using organ mineral fertilizers in agricultural production is emphasized by Marchuk et al. (2023) [67] 
and Smith et al. (2020) [68]. 

Another hypothesis to reduce the total cost regarding the use of agricultural pesticides, which 
has shown significant growth, is the use of biological products. Van Lenteren et al. (2018) [69] 
reported that the use of biological control is growing at a rate of 10% to 20% per year worldwide. 
Spark (2021) [70] stated that the use of biological products in Brazil covered approximately 33 million 
hectares, with the largest areas being soybean (20 million ha) followed by corn (9.8 million ha). 

To conclude, the gross revenue of corn is 9.1% lower than that of soybeans. This is due to several 
factors, such as the higher production cost per hectare for corn (18.8%) compared to soybeans, and a 
7.6% lower price per 60kg sack, as mentioned above. However, the average prices (paid to farmers 
during the studied period) for corn at USD11.3 and soybeans at USD22.6 are close to the price levels 
of September 2020, indicating stability in prices. 

3.4. Pearson Correlation Coefficient (r) and Coefficient of Determination (R2) 

The degree of correlation between the selected dependent variables for this study (diesel fuel, 
fungicide Trifloxystrobin Tebuconazole, herbicide Glyphosate, insecticide Thiamethoxam Lambda-
Cyhalothrin, Dolomitic Limestone amendment, NPK 05-25-25 fertilizer, exchange rate, soybean seed, 
corn seed, tractor operator labor, daily laborer labor, Potassium Chloride fertilizer, Urea fertilizer) 
and the independent variable (corn or soybean production) is presented in Table 3. 

Table 3. Pearson correlation coefficient (r) and coefficient of determination (R2). 

DV IV r R2 DC IV r 
R
2 

DC 

DOIL Corn 
0.
7
2 

0.5
2 

Strong Soy 
0.
8
1 

0.
6
5 

Strong 
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FUTT Corn 
0.
8
8 

0.7

7 
Strong Soy 

0.
9
2 

0.

8

5 

very 
strong 

HEGL Corn 
0.
6
5 

0.4
2 

moderat
e 

Soy 
0.
7
4 

0.
5
4 

Strong 

INTL Corn 
0.
7
9 

0.6
4 

Strong Soy 
0.
8
3 

0.
6
8 

Strong 

DLLC Corn 
0.
8
1 

0.6
5 

Strong Soy 
0.
8
7 

0.

7

7 

Strong 

NPKF Corn 
0.
8
0 

0.6
4 

Strong Soy 
0.
8
6 

0.

7

5 

Strong 

DLR Corn 
0.
7
9 

0.6
2 

Strong Soy 
0.
7
7 

0.
5
9 

Strong 

SOYB Corn 
0.
9
2 

0.9

3 

very 
strong 

Soy 
0.
9
7 

0.

9

3 

very 
strong 

SOYS Corn 
0.
9
2 

0.9

3 

very 
strong 

Soy 
0.
9
7 

0.

9

3 

very 
strong 

CORS Corn 
0.
1
5 

0.0
2 

negligibl
e 

Soy 
0.
2
7 

0.
0
8 

negligibl
e 

TRAC Corn 
0.
9
1 

0.8

3 

very 
strong 

Soy 
0.
9
5 

0.

9

0 

very 
strong 

DAI Corn 
0.
8
7 

0.7
5 

Strong Soy 
0.
9
2 

0.

8

5 

very 
strong 

PCF Corn 
0.
7
2 

0.5
4 

Strong Soy 
0.
8
1 

0.
6
6 

Strong 

URF Corn 
0.
7
7 

0.6
0 

Strong Soy 
0.
8
4 

0.
7
0 

Strong 

DV: dependent variable; IV: Independent variable; r: Pearson Correlation Coefficient; R2: coefficient of 
determination; DC: degree of correlation; DOIL: diesel oil; FUTT: fungicide trifloxystrobin tebuconazole; 

HEGL: herbicide glyphosate; INTL: insecticide thiamethoxam lambda-cyhalothrin; DLLC: dolomitic limestone 
corrective; NPKF: NPK 05-25-25 fertilizer; DLR: dollar exchange rate; SOYB: soybean bag; SOYS: soybean seed; 

CORS: corn seed; TRAC: tractor operator labor; DAI: daily laborer labor; PCF: potassium chloride fertilizer; 
URF: urea fertilizer. 

The results show the weight of the cost item in the cost structure of production. In this regard, 
the dependent variables: diarist, Glyphosate, and Trifloxystrobin Tebucon-azole do not have the 
same degree of correlation among the dependent variables. However, the remaining variables have 
the same degree of correlation among the de-pendent variables. 

The highlighted variables show a correlation coefficient ≥ 0.70 (strong). The variables that 
showed strong correlation and R2 ≥ 0.70 for both crops were selected for future forecasting analysis 
(24 months) using SMC (predictor). 
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3.5. Monte Carlo Simulation – Predictor 

For the next 24 months, it was evidenced that the urea fertilizer (Figure 3A) shows a trend of 
stability in its price, while the NPK 05-25-25 fertilizer shows a downward trend (Figure 3B). 

 

Figure 3. Price trends for the next 24 months of the variables urea fertilizer (3A) and NPK 05-25-25 
fertilizer (3B). 

In this sense, it is possible to infer that the production cost of soybean planting is likely to 
decrease for the next two harvests, as the price of the NPK 05-25-25 fertilizer shows a strong 
correlation with the production cost of this crop. The stability in the price of urea for the next 24 
months is due to the significant increase in the exchange rate in recent months, especially for the 
nitrogen component. It is important to note that the NPK 05-25-25 fertilizer utilizes 5% of this 
component in its formulation. 

Among the models suggested by the software to forecast costs/ha for the next 24 months, DTN-
S was able to capture the expected scenario for a near-term trend (730 days) for the cost/ton in Figure 
3A, while ARIMA was used for Figure 3B. 

The minimum cost/ha/soybean value for Figure 3A (urea) was USD 33.90, and for Figure 3B 
(NPK 05-25-25 fertilizer) it was USD 139.20. The average values were US$ 58.04 and USD 288.02, and 
the maximum values were USD 120.15 and USD 602.62, with a standard deviation of USD 29.32 and 
USD 161.58, respectively. The purchasing power of rural producers to acquire one ton of fertilizers 
was reduced until July 2022, when a recovery trend began, observed in October [42]. As of April 2023, 
the price of one ton of NPK 05-25-25 fertilizer is US$ 696.00, and the price of urea fertilizer is US$ 
718.00 [57]. These values are considered above the average predicted in this analysis. The difference 
between the maximum and minimum values presented in this analysis was significant. 

Using the penalizing criteria of AIC and BIC, the software found the best model for all the 
simulations performed. Knowing that the model that best fits the series is the one with the lowest 
value, it can be concluded that the most suitable model for Figure 3B is the ARIMA (1, 1, 2) series. 
The model indicates an order of 1 for the AR component (Auto Regressive), an order of 1 for the 2 
component (Integration or differencing), and the last 2 for the MA component (Moving Average). 
The values for AIC were 5.99 and for BIC were 6.10* for Figure 3B, based on the lowest mean squared 
error. For Figure 3A, the AIC was 3.32 and the BIC was 3.36*. 

The ARIMA model for Figure 3A showed that the series has an insignificant auto-regressive 
(AR) component. This is due to the partial autocorrelations of the series, as evidenced by the ARIMA 
(0, 1, 1) model. However, even so, the autoregressive coefficients and the model coefficient weighted 
the behavior of the forecast, increasing the accuracy of this variable, thus demonstrating an 
appropriate model. Additionally, it can be observed that the Durbin-Watson (DW) statistic values, 
which indicate no first-order correlation, whether positive or negative, are equal to 2.0 for Figure 3A. 

The TANS model for Figure 3B demonstrated that the series has a non-stationary stochastic 
process, as the statistical properties of at least one finite sequence of components differ from those of 
the sequence for at least one integer. In other words, a non-stationary stochastic process is one where 

BA 
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the joint distribution of any set of variables changes if we change the variables over time. This is due 
to the partial correlations of the series, as evidenced by the ARIMA (1, 1, 2) model. Additionally, it 
can be observed from the Durbin-Watson (DW) statistic values that there is first-order correlation, 
whether positive or negative, with values close to 2.0 for Figure 3B. 

The results from Figure 4 refer to the projected values of dolomitic limestone corrective. The 
forecast indicates a stable scenario for the next 24 months. The minimum cost/ha/soybean/corn value 
from Figure 4 was USD 14.80. The average value was US$ 25.29, and the maximum value was USD 
40.98, with a standard deviation of USD 8.02. 

 

Figure 4. Price trend for the next 24 months of the variable dolomitic limestone corrective. 

The current cost of dolomitic limestone corrective per hectare is US$ 25.3 [57], which falls within 
the predicted average. The literature indicates that the costs associated with this soil corrective are 
mainly influenced by the freight rates during its transportation [71]. 

According to the Predictor, for Figure 4, the best method with the lowest mean squared error 
chosen for all groups was the Damped Trend Non-Seasonal. Further-more, it can be observed that 
the values of the Durbin-Watson statistic indicate not first, second, or third-order correlation, whether 
positive or negative. The analyzed product is essential for the cultivation of corn/soybean, as soil 
acidification is a concern in almost all countries with significant production of these crops, and its 
reversal con-tributes to water and nutrient exploitation, aiding the plant during periods of drought 
[72]. 

The results in Figure 5 pertain to the projected values of the Fungicide Trifloxystrobin 
Tebuconazole, which showed a strong relationship with the production costs of corn and soybean. 
The forecast indicates a scenario of price increase for the next 24 months. This fungicide was the only 
agricultural pesticide with R² ≥ 0.70 for both crops, and thus, it can influence the increase in 
production costs for the studied crops. 

 

Figure 5. Price trend for the next 24 months of the fungicide variable Trifloxystrobin Tebuconzole. 

The minimum cost per hectare for soybean/corn, as shown in Figure 5, was USD 25.43. The 
average cost was USD 28.92, and the maximum cost was USD 33.99, with a standard deviation of 
USD 2.64. According to the IEA (2023) [57], the current cost of Trifloxystrobin Tebuconazole per 
hectare is USD 28.9, indicating that although there is a trend of price increase for this input over the 
next 24 months, the average cost remained within the estimated price by this forecast. 
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The statistical results conducted, according to the Predictor, showed that the best method with 
the lowest mean squared error chosen for all groups was DTN-S. This method is efficient for data 
with trends but without seasonality [33], which was the case in this analysis. 

The projected values for soybean seed are presented in Figure 6. The results correspond to the 
projected values for both analyzed crops as dependent variables (corn/soybean). The forecast 
indicates a scenario of price increase for the next two years. The minimum cost per hectare for 
soybean seed was USD 34.29. The average cost was USD 79.93, and the maximum cost was USD 
137.14, with a standard deviation of USD 33.28. The current cost of soybean seed per hectare is USD 
79.9 [58]. This value also falls within the predicted average of this study. 

 

Figure 6. Price trend for the next 24 months of the variable Soybean seed. 

For the variable Soybean seed, the most suitable method was DES. The results showed that the 
values of the DW statistic among all groups are close to 2.0. 

The results from Figure 7, presented below, refer to the projected values and trends for the costs 
related to the labor aspect of tractor drivers and day laborers for both crops (corn/soybean). Figure 
7A and 7B depict the trends for these variables, respectively. Both variables indicate an upward trend 
for the next 24 months. 

 

Figure 7. Price trend for the next 24 months of the variables tractor driver labor (3A) and day laborer 
labor (3B). 

The minimum cost per hectare for corn/soybean as shown in Figure 7a was US$ 2.52, and for 
Figure 7b it was US$ 3.31. The average costs were US$ 2.83 and US$ 3.84, and the maximum costs 
were US$ 3.23 and US$ 4.72, with standard deviations of US$ 0.22 and US$ 0.42, respectively. The 
average values obtained from the forecast align with the current values of US$ 2.83 for tractor driver 
labor and US$ 3.84 for day laborer labor [57]. 

The ARIMA models for Figure 7a and 7b demonstrated that the series has an insignificant 
autoregressive (AR) component. This is evident from the partial autocorrelations of the series, as 
shown in the ARIMA (0,2,0) model. The values of the DW statistic indicate that there is no first-order 
correlation, either positive or negative, with a value of 2.0 for Figure 7a and close to 2.0 for Figure 7b. 

BA 
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The results presented in Figure 8 are related to the projected values for the price trend per bushel 
of corn in the near future. However, it is evident that there is a stable price trend for corn per bushel 
in the coming months (24 months). 

 

Figure 8. Price trend for the next 24 months of the variable corn price per bag. 

The minimum price per bag for corn, as shown in Figure 8, was USD 5.66. The average price was 
US$ 11.28, and the maximum price was US$ 18.53, with a standard deviation of USD 4.52. The current 
price is USD 11.3, which falls within the predicted price range of this analysis [57]. 

Using the penalizing criteria of AIC and BIC, like Figure 3a, the ARIMA (1, 1, 1) model was 
found to be the best fit for the series. The AIC value was -0.65, and the BIC value was -5.58*, based 
on the lowest mean squared error. 

The statistical values for the MCS analysis conducted using the predictor, for Figures 3 and 8, 
are presented in Table 4.  

Table 4. Statistical analysis of the costs of corn/soybean and corn prices. 

 Statistic D-W Theil' s U 

DTN-S Arima (1,1,2) DES DTN-S 
Arima 

(1,1,2) 
DES 

NPKF  

(soybean) 
1.92 1.92 1.97 0.96 0.96* 0.97 

URF  

(soybean) 

Tans Arima (0,1,1) Sed Tans Arima (0,1,1) Sed 

1.91 2.0 1.64 0.94 0.92* 0.94 

DLLC 

(soybean) 

DTN-S DMA DES DTN-S DMA DES 

1.82 1.76 2.00 0.99* 0.96 0.94 

FUTT  

(soybean) 

DES DTN-S SES DES DTN-S SES 

2.00 2.01 2.01 0.98* 0.98 0.98 

CORS 
DES DTN-S SES DES DTN-S SES 

1.99 1.99 1.99 0.96* 0.96 0.97 

TRAC 

(corn/soybean) 

DTN-S Arima (0,2,0) DES DTN-S Arima (0,2,0) DES 

1.70 2.00 1.70 0.99 0.99* 0.99 

DIA  

(corn/soybean) 

DTN-S Arima (0,2,0) DES DTN-S Arima (0,2,0) DES 

1.58 1.82 1.58 0.99 0.99* 0.99 

CORB  

(corn/soybean) 

DTN-S Arima (1,1,1) DES DTN-S Arima (1,1,1) DES 

1.99 1.85 1.61 0.99 0.94* 0.99 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 July 2023                   doi:10.20944/preprints202307.0884.v1

https://doi.org/10.20944/preprints202307.0884.v1


 15 

 

Statistical D-W: Durbin-Watson; DTN-S: Damped Trend Non-Seasonal; DES: Double Exponential Smoothing; 
DMA: Double Moving Average; SES: Single Exponential Smoothing; NPKF: NPK 05-25-25 fertilizer; URF: 

Fertilizer Urea; DLLC: dolomitic limestone corrective; FUTT: fungicide trifloxystrobin tebuconazole; CORNS: 
corn seed; TRAC: tractor operator labor; DAI: daily laborer labor; CORB: Corn bag. 

4. Discussion and Conclusions 

In an industry highly dependent on fluctuations in agricultural input prices and market 
volatility, the ability to accurately predict costs is essential to ensure the economic viability of 
agricultural operations. In this context, this study identified historical prices (2018 to 2022) of inputs 
related to corn and soybean production and analyzed the influence of these variables on the 
production costs of these commodities. The results showed that inputs such as NPK 05-25-25 
fertilizer, Urea fertilizer, Dolomitic Limestone corrective, Trifloxystrobin Tebuconazole fungicide, 
soybean seed, day laborer labor, tractor driver labor, and corn seed are relevant variables in 
estimating the production costs of corn and soybeans. Based on this finding, cost forecasting using 
Monte Carlo simulation provided a clear view of the expected expenses for the next 24 months, 
enabling farmers to make strategic planning and resource allocation decisions.  

Although different approaches exist in the literature to enable such forecasting, classical 
deterministic approaches rely on fixed estimates for each variable involved and do not consider the 
uncertainty of projected scenarios. They often only consider an ideal scenario, resulting in unrealistic 
predictions and underestimation of risks [73-74]. On the other hand, the application of Monte Carlo 
simulation employs a stochastic approach in which the involved variables are modeled as probability 
distributions. Instead of providing fixed estimates, Monte Carlo simulation considers the 
uncertainties associated with each variable and generates multiple simulations to obtain a 
probabilistic distribution of possible outcomes, considering market variability and uncertainties [5, 
34, 73-76]. 

Considering the numerical simulations, adjustments, and error measures, the model proposed 
in this article has shown accuracy in estimating future production prices of corn and soybeans. This 
makes it a useful tool for generating prices under different production scenarios for these 
commodities, including periods of significant fluctuation. 

In practical terms, this model assists in the development of strategies and decision-making in 
trading, considering external factors that influence the production costs of corn and soybeans. It can 
also be utilized by other countries, especially emerging or developing ones that have similar 
production models to Brazil's. 

Methodological approaches can help agribusiness decision-makers understand the key cost 
variables. This way, investors/agriculturists have the option to seek cost reduction alternatives 
through the substitution of new products (technological innovation) and also identify and forecast 
intentions regarding better profitability in subsequent crop production. Thus, the prices of the 
commodities analyzed in this study (corn and soybeans) can serve as auxiliary predictors in this 
process. 

The cost and price variables can provide relevant information for decision-makers regarding the 
production behavior of the mentioned crops. We estimated cost and price forecasting models to 
statistically analyze/project the costs and prices of two agriculturally significant crops in Brazil, 
considering variables that have disparate correlations among them, including significant cost 
variables for the cultivation of these activities. 

The results reveal interesting findings, such as a reduction in fertilizer costs, an increase in labor 
costs, soybean seed and fungicide costs, and stability in dolomitic limestone corrective costs in the 
near future (24 months). Additionally, the Monte Carlo simulation (SMC) provided insights by 
considering a range for corn production costs between USD 600.00 and USD 1150.00, and for soybean 
production costs between USD 260.00 and USD 420.00. Our findings also revealed that soybean 
profitability surpasses that of corn based on the variables analyzed in this study. 

Although our results are valuable for agribusiness decision-makers, further research is needed 
to better understand the costs and prices for corn and soybean crops. For instance, replicating the 
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analysis in other countries with significant production of these crops, such as the United States and 
Argentina, would be highly beneficial. This way, countries that show higher profitability in the near 
future could estimate a greater or lesser propensity for farmers/investors to invest in these crops, thus 
reinforcing the countries that would benefit to a greater or lesser extent from exchange rate 
fluctuations. Moreover, these results can contribute to a better understanding of food security 
implications in the mentioned countries. 
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