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Description of the subject. Since the beginning of the twenty-first century, soybean cultivation areas have been expanding
in the Legal Amazon. Among the factors that contribute to the process of expansion of cultivation of grains in the Amazon,
favorable climate conditions are one of the most important, and these include high rainfall indices and good thermal regimes
during the cultivation period.

Objectives. In this context, the objective of this study was to describe responses of soybean production as a function of climate
variables, considering data from an important grain production center in the Amazon.

Method. Principal Component Analysis (PCA) was used including the following response variables: rainfall (R), air
temperature (T), real evapotranspiration, water stress (WST) and surplus, soybean area harvested (HVA), quantity produced
(PD), occurrence of El Nifio and La Nifa (LAN).

Results. Production variables were negatively correlated with precipitation and water surplus. There was also a negative
correlation between El Nifio, temperature and water stress. The variables that had greater weight in component 1 were R, T and
WST. Considering component 2, the variables that most contributed to the variation were HVA, PD and LAN.

Conclusions. The strong or severe occurrence of La Nifia influences the soybean production in the region of Belterra-PA, due
to the high rainfall index causing excess water in the soil, leading the plants to stress. The moderate occurrence of La Nifia
positively influences soybean production in the region to maintain the water supply at adequate levels for the plants. These
results show the importance of monitoring climate variables for agriculture in the region.

Keywords. Glycine max, climatic data, extreme weather events, evapotranspiration, water supply, Amazonia.

Comparaison des conditions agrométéorologiques au Para occidental et des variables de production agricole en utilisant
une analyse en composantes principales

Description du sujet. Depuis le début du 21¢ siecle, les superficies cultivées du soja se sont étendues en Amazonie légale.
Parmi les facteurs qui contribuent a I’expansion de cette culture agricole en Amazonie, les conditions climatiques favorables
sont le plus important, elles correspondent a des précipitations élevées et a des régimes thermiques favorables pendant la
saison de culture.

Objectifs. Dans ce contexte, le but de cette étude est de décrire les réponses de rendement du soja en fonction des variables
climatiques en utilisant les données d’une importante région de culture des grains en Amazonie.

Méthode. L’analyse en composantes principales (ACP) a été utilisée avec la matrice des corrélations de Pearson selon les
variables de réponse suivantes : la précipitation (R), la température de I’air (T), I’évapotranspiration réelle, le stress (WST)



88 Biotechnol. Agron. Soc. Environ. 2023 27(2), 87-95 Nascimento W., Guerreiro Martorano L. et al.
et ’excédent hydrique, la superficie récoltée du soja (HVA), le rendement du soja (PD), les occurrences des phénomenes
d’El Nifio et de La Nifia (LAN).

Résultats. Les variables de production étaient négativement corrélées avec les précipitations et I’exces de surplus d’eau. Il
y avait aussi une corrélation négative entre El Nifio, la température et le stress hydrique. Les variables qui avaient le plus de
poids dans la composante 1 étaient R, T et WST. Considérant la composante 2, les variables qui ont le plus contribué a la
variation étaient HVA, PD et LAN.

Conclusions. L’apparition forte ou sévere de La Nifia influence la production de soja dans la région de Belterra-PA, en raison
de I’indice de précipitations élevé provoquant un exces d’eau dans le sol, entrainant un stress des plantes. L’occurrence
modérée de La Nifia influence positivement la production de soja dans la région pour maintenir 1’approvisionnement en eau a
des niveaux adéquats pour les plantes. Ces résultats montrent I’importance du suivi des variables climatiques pour I’agriculture
de la région.

Mots-clés. Glycine max, données climatiques, événements météorologiques extrémes, évapotranspiration, approvisionnement

en eau, Amazonie.

1. INTRODUCTION

The area of soybean cultivation in the Brazilian
Amazon has greatly increased during recent years,
from alittle over 250,000 km? in 2006 to approximately
350,000 km? in 2017 (Gazzoni & Dall’agnol, 2018).
Before this expansion, soybean cultivation was
concentrated exclusively in the Central and South
regions of Brazil. However, in 2019, the area planted
with soybeans in the North region, wherein is located
the largest part of the Legal Amazon, reached a total
of 1.9 million hectares (IBGE, 2022a). The migratory
flux associated with this expansion of soybeans has
stimulated the growth of regional grain production
centers such as that of Western Para, which is
represented by such centers in Belterra, Mojui dos
Campos and Santarém (Costa et al., 2018).

In the Amazon, the climate element that shows the
highest variability is rainfall, and even in areas with
high annual rainfall (Martorano et al., 2017), which
can cause reductions in agricultural production. During
some years there are large oscillations in the rainfall
regime in the Amazon basin due to variations in the
global climate that alter the transport of mass and
energy as a result of teleconnections between dynamic
atmospheric processes (do Nascimento Moura et al.,
2018). These interannual global climate variations can
cause oscillations of thermoclines in the South Pacific
(El Nifio and/or La Niifia years) and on the surface of
the Atlantic Ocean, thus affecting the rainfall regime in
the Amazon and altering average temperatures (Moura
etal.,2019; de Souza Néia et al., 2020). In the Amazon
region, during La Nifia years, soil water surplus is
more common, and in years with El Nifo, soil water
deficits usually occur.

Extreme  climatic  variation  compromises
fundamental physiological plant processes and causes
economic loss. Amazonian climatic conditions are
generally favorable to agricultural crops, principally
because the range of air temperature is ideal for

many plants, besides the high level of rainfall. Long
periods with soil water stress can severely negatively
impact plant metabolism, principally during phases of
high-water demand such as germination, flowering,
and grain filling when there is also great demand for
photo assimilates (da Rocha et al., 2017; da Silva et
al., 2018).

Climatic variables can directly and indirectly
influence crop performance, and therefore these effects
will be reflected in production, reducing economic gain
by farmers due to a reduction in grain volume for export
and price increases, and these effects are transmitted
throughout the national soybean production chain
(Battisti et al., 2017). In this context, the objective of
this study was to identify the effect of climate variables
on the production of soybeans in the grain production
center in Belterra, state of Para.

2. MATERIALS AND METHODS

2.1. Study area and data collection

The study area is the grain hub in the municipality
of Belterra, located in the west of the state of Para,
Amazon. The territorial area of the municipality is
4,398.18 km?, with an estimated population of 17,944
inhabitants, included in the Amazon mesoregion,
located between the geographic coordinates of 02°25°
and 03°00° south latitude and 54°10° and 55°50°
longitude west of Greenwich. Soybean is cropped
on the part of the municipality formed by a plateau,
with clay soils (Truckenbrodt & Kotschoubey, 1981;
Oliveira Jr & Correa, 2001; IBGE, 2022b) (Figure 1).

Belterra’s climate is humid tropical with dry winter
(Am), according to the Koppen classification (1948)
(Alvares et al., 2014). According to Martorano et al.
(1993), the climatic subtype of the municipality is
Am3, with average annual rainfall varying between
2,000 mm and 2,500 mm.
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LANDSAT IMAGE OF THE YEAR 2020 IN BELTERRA, PARA AND
CLIMATE TYPOLOGY (Method Koppen adapted by Martorano et al., 1993)
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Figure 1. Grain center located in the municipality of Belterra, state of Pard, Brazil — Centre céréalier situé dans la municipalité

de Belterra, Etat du Pard, Brésil.

To carry out the analyses, meteorological and
soybean production data were collected, comprising
a historical series from 2006 to 2017. The response
variables used in this analysis were: annual rainfall
in millimeter (R), mean air temperature in degrees
Celsius (T), soybean harvest area in hectare (HVA),
soybean production in tons, considering the years with
occurrence of El Nifio (ELN) and La Nifia (LAN).
Meteorological data for the municipality of Belterra,
Para, were extracted from the BDMEP database, made
available by the National Institute of Meteorology
(INMET, 2022). Data on soybean production in
Belterra were taken from the Brazilian Institute of
Geography and Statistics (IBGE, 2022c) and data on the
occurrence of El Nifio and La Nifia were obtained from
the National Oceanic and Atmospheric Administration
(NOAA, 2022). The following variables were also
included in the analysis: real evapotranspiration in
millimeter (ETR), water stress (WST) and water
surplus in millimeter (WSP), obtained from the
calculation of the water balance (BH) described next.
Similar research using these variables to study the
behavior of the crop in the field can be found in Xavier

et al. (2016), Battisti & Sentelhas (2019), Reis et al.
(2020) and Zhao et al. (2021).

2.2. Southern oscillation classification

The classification system presented by the National
Oceanic and Atmospheric Administration (NOAA) was
used to classify the ENSO phases. The NOAA system
considers the anomaly of the Sea Surface Temperature
of the Pacific Ocean in relation to normal (SSTA) in
the region of El Nifio 3.4 (5°N-5°S, 120°-170°W).
When the SSTA is equal to or greater than 0.5 °C for
five consecutive 3-month averages it is classified as El
Nifio and when the SSTA is equal to or less than -0.5 °C
for five consecutive 3-month averages it is classified
as La Nifla. A Neutral year is classified when SSTA
remains between -0.5 and 0.5°C, according to table 1
(de Souza Néia & Sentellas, 2019; NOAA, 2022).

2.3. Calculation of soil hydrological balance

Considering that the water storage capacity of the root
zone is the key factor that determines the impacts of
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Table 1. Calculation of ENSO occurrence — Calcul de
l’occurrence ENSO.

El Niilo

SST > 1.5°C Strong
1.0°C < SST< 1.5°C Moderate
0.5°C <SST< 1.0°C Weak
-0.5°C < SST<0.5°C Neutral
La Nina

SST > -1,5°C Strong
-1.0°C < SST < -1.5°C Moderate
-0.5°C<SST < -1°C Weak
-0.5°C < SST < 0.5°C Neutral

SST: Sea Surface Temperature — température de surface de la
mer.

drought in meeting the water demands of the plant,
100 mm of readily available water (RAW) was
considered. Raw is the water that a plant can easily
extract from the soil as a boundary condition for the
crop (Weaver & Darland, 1949; de Albuquerque, 2010;
Martorano et al.,2017). The estimates of water balance
(WB) were done using the method of Thornthwaite &
Mather (1955), following the assumptions described
by Rolim et al. (1998).

2.4. Data analysis

For data analysis, PCA (Principal Component
Analysis) was used, with the objective of verifying
the simultaneous relationship between variables of
different natures, in addition to having the advantage
of being able to reduce the dimensionality of the data,
making the interpretation of the results simpler (Tourne
et al., 2016). PCA using a Pearson correlation matrix
was employed to avoid that the results were influenced
by the magnitude of the units of the variables. PCA is
a multivariate analysis technique that can explain the
structure of variance and covariance of a set of variables
through linear combinations (Principal Components)
of these same variables. It has the objective of reducing
the dimensionality of a set of variables and facilitating
the interpretation of interdependence between them
(Johnson & Wichern, 1998).

For a vector of variables xT = X, X,,..., X ) and

. . P

a covariance matrix cov(x) = X(A, a ), (A,, o), .
(}\ ) the eigenvalues A zh=..2 7\ > O) and

orthogonal standardized elgenvectors associated with
Y, the n" component is: Y, = o, X, + 0, X, + ... o, .
where var (Y)) = ?\ Cov (Y Y) =0 and OLJ measure
the importance of the i variable of the n® principal
component.
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The biplot graph (Gabriel, 1971) represents the
variables (physical or chemical) and individuals
(observations) in a cartesian plane, and in order to
construct this graph an approximation is sought (Y
matrix) for the X matrix based on the decomposition of
singular values. This way, the Y matrix can be factored
into a product of matrices GH’, where the rows of the
G matrix are marked by the observations (markers of
the X rows) and the columns H’ represent the markers
of the variables (markers of the X columns). Using
these markers, it is possible to verify the position of an
observation with respect to another, and the importance
of each variable for each genotype. It is also possible
to describe how the observations and the variables
are grouped. Further details can be found in Gower &
Hand (1996).

The Biplot graph aids in the visualization of the
results of the PCA analyses, wherein variables are
represented and the years of the data series are used
to verify relationships. It should be highlighted that
the coordinates of the years and the variables are not
constructed in the same space and that it is important
to observe the direction of the variables and not their
respective positions in the graph. In this sense, the
years are placed on the same side of a variable that has
a high value for a particular year, and in contrast, if the
year is on the opposite side of a variable it has a low
value for it.

Data analysis was conducted in the R statistical
package (R Core Team, 2019), using the FactoMineR
(L& et al., 2008) factoextra (Kassambara & Mundt,
2017) packages for analysis and graph construction.

3. RESULTS

During the time series considered in this study, there
were moderate occurrences of ELN in 2006 and 2007
and strong occurrences in 2015 and 2016. In the years
2008, 2011 and 2017 there was a moderate occurrence
of LAN (Figure 2). In these years, mainly 2011 and
2017, production was not harmed, but apparently it was
favored. It can be seen that in the years of moderate
occurrence of ELN, there was greater water stress and
decreased soybean production. Production during the
2006-2017 period increased by 213.6%, going from
19,200 t to 41,016 t, and the harvested area increased
by 170.9% increasing from 8,000 ha to 13,672 ha.
The annual precipitation ranged from 1,301.5 mm
to 2,435.7 mm and the average annual temperature
between 26.0 °C and 26.8 °C.

The PCA results show that the first principal
component concentrated 45.7% of the total variation of
the dataset, the second had 21.6% and the third 16% for
a total of 83.4% of the total variance across the three
components. The variables that most contributed to
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variation in PC1 were R (0.452), T (-0,443) and WST and LAN (-0.378); in PC3 these were ETR (-0.523),
(-0.369); in PC2 these were HVA (-0.526), PD (-0.464) WSP (0.502) and WST (0.415) (Table 2).

El Nino La Nina Neutral

40000+

30000 1
20000+
10000+

Figure 2. Soybean production during El Nifio, La Nifia and Neutral years in tons — Production de soja pendant les années
El Niiio, La Nifia et neutres en tonnes.

Soybean production (t)

Table 2. Principal components of soybean data in Belterra-PA — Composantes principales des données sur le soja a
Belterra-PA.

Principal components (PC) PC1 PC2 PC3
Contribution of PC (%) 45.7% 21.6% 16%
Cumulative contribution (%) 45.7% 67.3% 83.4%
R (mm) 0452 0.023 0.160
T (°C) -0.443 0.077 -0.182
WST (mm) -0.369 0.305 0415
PD () -0.333 -0.404 0.185
HVA (ha) -0.272 -0.526 0.222
ETR (mm) 0.298 -0.334 -0.523
WSP (mm) 0.331 0.202 0.502
ELN -0.260 0.336 -0.352
LAN 0.109 -0.378 0.190

R: rainfall — précipitations; T: temperature — température; WST: water stress — stress hydrique; PD: soybean
production — rendement du soja; HVA: harvest area — superficie recoltée; ETR: real evapotranspiration — évapotranspiration réelle;
WSP: water surplus — excédent hydrique; ELN: El Nifio; LAN: La Nifia.



92 Biotechnol. Agron. Soc. Environ. 2023 27(2), 87-95

2 a E

2008 R |

1 2011 V01
20 =

1y R e |

o | |

8 -1 — & i

WSP , 2009 . !

2007

_2 ]

-3 . 2006 |

5 0

Nascimento W., Guerreiro Martorano L. et al.

PC1 (45.7%)

Figure 3. Biplot for Principal Component analysis PC1 and PC2 — Biplot pour I’analyse en composantes principales PC1

et PC2.

R, T, WST, PD, HVA, ETR, WSP, ELN, LAN: see table 2 — voir tableau 2.

Considering figure 3, the variables HVA and PD
are strongly positively correlated with each other,
considering the acute angle between them, and
negatively correlated with R and WSP. ELN correlated
positively with WST and T, but negatively with LAN,
ETR and R.

There is a positive correlation of LAN with HVA
and PD, indicating a favoring of production due to
the greater amount of precipitation in the region,
provided it is provoked in a moderate way (Figure 4).
When plotting component 1 with component 2, it can
be seen that there is an apparent positive correlation
between PD and WSP. But, as the variables form an
angle of approximately 90°, it can be seen that the
dynamics is close to 0. This demonstrates that the
third component retained less information about the
relationship between these two variables.

4. DISCUSSION

It is possible to verify how the culture is sensitive
to climatic variations and that the ELN and LAN
climatic events, if they occur in the period that the
culture is in the field, can result in losses or increase
in production, respectively, according to the intensity
of its occurrence. Soybean is cultivated in the region
in the first six months of each year, because the rains
are concentrated mainly in this period. Therefore, the
occurrence of water deficit is more common in the

second semester. Thus, in this study, excess water is
more important because it is the phenomenon that
usually occurs when the crop is in the field (Barros
& Pacheco, 2005).

Precipitation was the variable that most
contributed to the variation of PC1 and that it
was negatively correlated with the PD and HVA
variables. According Grzegozewski et al. (2017), in
Brazil losses in soybean productivity are greater in
regions with higher rainfall rates and temperatures
and high incidence of solar irradiation, exactly the
prevalent conditions in the west of the state of Pard
during the months in which soybeans are cultivated.
It should be highlighted that water is approximately
90% of the total weight of plants and participates
in many biochemical processes, and therefore
is of fundamental importance to the success of
crop production, principally during the period of
germination and seedling emergence and flowering
and filling of grains. According to de Avila et al.
(2013), water is a limiting factor in the initial phase
of crop establishment because a seed needs to absorb
at least 50% and at most 85% of its weight in water
to assure good germination and uniformity in crop
establishment.

Air temperature is also an important meteo-
rological aspect that controls crop production,
including soybeans, because it has a strong influence
on growth and development during plant phases and
subsequent grain yield. Temperatures above 35 °C



PCA and climatic variables in soybean

2

PC3 (16.0%)

-3 2 -1

93

2008

~

. , 2010

PC2 (21.6%)
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R, T, WST, PD,HVA, ETR, WSP, ELN, LAN: see table 2 — voir tableau 2.

cause heat stress, retarding flowering and has harmful
effect on pod set of soybeans (Liu et al., 2008). In
this sense, as the average annual temperature varied
around 26 °C, this did not result in significant yield
losses for the producer. However, in El Nifio years
and with the increase in air temperature, there may
be a favoring of the occurrence of water deficit in the
soil and consequent reduction of evapotranspiration
rates of plants, which raises concern in relation to
grain production in the region. The impacts of ENSO
vary as a function of the phase of development of a
plant, type of cultivation, seeding date, and location.
El Nifio events can negatively impact soybean
productivity in the north of Brazil, and these impacts
can be minimized through correctly choosing seeding
periods (de Souza Néia & Sentelhas, 2019).

The positive relationship between rain and excess
water emphasizes that excess during the grain filling
phase can cause the loss of photoassimilates, which
is of great importance for grain filling. These results
show that, during La Nifia years, there is greater
precipitation in the Amazon region and, consequently,
excess water in the soil, thus creating potential for
significant losses in soybean production (Bortoluzzi
etal.,2017).

Extreme weather events are becoming increa-
singly frequent due to climate change affecting the
productive performance of crops by influencing
agricultural ecosystems and promoting the action of
pests and the manifestation of diseases (Burdon &

Zhan, 2020). Precipitation and higher temperatures,
for example, can accelerate the life cycle of insects as
plants reach the accumulated degree-day more quickly
(Kocmankova et al., 2009), reinforcing the need for
monitoring meteorological variables and their effects
on crops. In this context, agronomic performance of
a crop is influenced by variables that differ greatly
in their characteristics, and therefore it is important
to conduct analyses that take into consideration the
simultaneous relationships between these different
variables in order to verify the existence of significant
interactions due to effects such as those of climate
(Battisti & Sentelhas, 2019).

The PCA was extremely useful because it allowed
the simultaneous analysis of variables of different
natures and their effects on the soybean crop,
considering the study region, as well as providing a
broad view of the relationship between the variables
analyzed in this research. Furthermore, the use of PCA
has potential to predict effects related to agricultural
production as a function of a set of independent
variables that are associated or that are covariates
with the analyzed variables, such as occurred with the
abiotic ones. These results demonstrate the importance
of considering these agrometeorological variables in
studies of productivity. For each annual harvest it is
possible to analyze the effects of climatic variables
to explain the magnitude of variation and its effects
on production and productivity, as a function of the
explanatory variables. The application of such results
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from the PCA can be extended to aid in analyses of
agricultural credit and insurance and could also be
used by agricultural companies in market analyses at
a national level.

5. CONCLUSIONS

The monitoring of climatic variables helps the producer
in making decisions in the field.

The strong or severe occurrence of La Nifa
negatively influences soybean production in the region
of Belterra-PA, due to the high rainfall causing excess
water in the soil, leading the plants to stress.

The moderate occurrence of La Nifia positively
influences soybean production in the region by
maintaining the water supply at adequate levels for the
plants.
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