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ABSTRACT: Soybean plants grown in waterlogged soil and a low-light environment show losses in growth and production.
Thus, the objective of this study was to investigate the chlorophyll content, foliar nutrient content, gas exchanges, dry matter
accumulation and the production of soybean plants submitted to waterlogged soil and light restriction. The first factor was the
presence and absence of waterlogged soil; the second was the presence and absence of light restriction. For the treatments
with waterlogged soil, it was kept above the field capacity. For the imposition of the light restriction, a shading screen, with
the capacity to retain 80% of the incident light, was used. The treatments impositions occurred simultaneously, starting at full
bloom (R,), lasting for 30 days until the beginning seed (R;,). Plants submitted to waterlogged soil and light restriction showed a
reduction on the liquid photosynthetic rate, transpiration, and stomatal conductance. Plants conducted in waterlogged soil in full
sun showed chlorotic leaves with reduced levels of foliar nutrients and dry matter accumulation. Thus, the waterlogged soil and/
or light restriction, for a 30-day period, from R,, negatively affect the photosynthesis, the dry matter accumulation and causes less
soybean production.

Key words: environmental stress; Glycine max L.; photosynthetically active photon flux density

Trocas gasosas e producgao de plantas de soja em resposta ao encharcamento
do solo e restricao luminosa

RESUMO: Plantas de soja cultivadas em solo encharcado e ambiente com baixa luminosidade apresentam menor crescimento e
produc&o. Assim, o estudo teve como objetivo investigar o teor de clorofila, teor de nutrientes foliares, trocas gasosas, acimulo de
matéria seca e producao de plantas de soja em solo encharcado e restricdo de luminosa. O primeiro fator foi presenga e auséncia
de solo encharcado; o segundo foi presencga e auséncia de restricdo luminosa. Para os tratamentos com solo encharcado,
manteve-se acima da capacidade de campo. Para a imposic¢do da restricdo luminosa, foi utilizada uma tela de sombreamento,
com capacidade de reter 80% da luz incidente. A imposigdo dos tratamentos ocorreu simultaneamente, iniciando no pleno
florescimento (R,), com duragéo de 30 dias até o inicio do enchimento de gréos (R, ,). Plantas em solo encharcado e restrigao
luminosa apresentam reducao da taxa fotossintética liquida, transpiragéo e condutancia estomatica. Plantas em solo encharcado
a pleno sol apresentam folhas cloréticas com menores teores de nutrientes foliares e redugéo do acumulo de matéria seca.
Assim, o encharcamento do solo e/ou restricéo luminosa, por um periodo de 30 dias, a partir de R,, interferem negativamente na
fotossintese, acumulo de matéria seca e causa menor produgéo de soja.

Palavras-chave: estresse ambiental; Glycine max L.; densidade de fluxo de fétons fotossinteticamente ativos
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Gas exchanges and soybean plant production in response to waterlogged soil and light restriction

Introduction

Soybean (Glycine max L.) is a crop of great importance
for global agribusiness. For this reason, researchers seek to
study the consequences of soybean exposure to unfavorable
environmental conditions, to increase the knowledge about
metabolic responses and to comprehend the negative effects
caused by such conditions.

The soybean cropping occurs in most regions of the
world, and there may be production areas subjected to stress
conditions caused by environmental factors adverse to the
crop. In this way, excessive precipitation and cloudiness can
occur, promoting unfavorable conditions, such as waterlogged
soil (Beutler et al., 2014) and low incident light (Yang et al.
2017) which reduce the soybean production.

The soil waterlogging is characterized by a hypoxia
condition, low oxygen content, which occurs by the excess
of water that fills the soil pore space. For the roots, this
condition harms the respiration, dependent of oxygen,
causing metabolic disorders (Garcia et al., 2020), related to
the roots suberization, reducing the absorption of nutrients
and water and changing the gas exchanges (Dalmolin et
al., 2012). The hypoxia condition in soils also reduces the
1-aminocyclopropane-1-carboxylic acid production in the
roots, inactive in anaerobic conditions, which is transported
via xylem to the leaves where, in the presence of oxygen, is
converted into ethylene (Fukao et al., 2019). The increase in
the ethylene content in the tissues causes symptoms of plant
senescence, such as the chlorotic aspect on the leaves, for
increasing the activity of chlorophyllase and oxidase enzymes
that degrade chlorophyll molecules (Taiz et al., 2017).

Due to changes caused in the gas exchanges and a
reduction in the chlorophyll content, plants submitted to
development in waterlogged soil normally present a reduction
in the photosynthetic rate (Posso et al., 2018). This way, plants
in waterlogged soil show metabolic changes that compromise
both growth and yield.

The growth and productivity of soybean plants are also
affected by the availability of solar radiation (Yang et al.
2018), because it directly influences the photosynthesis
process. The reduced interception of solar radiation by leaves
can reduce carbon sequestration and the production of
assimilates destined to the growth and yield of plants. Thus,
the interception of light in the reproductive phase is essential
for high productivity of the crop, being that the restriction of
light causes a reduction in production and accumulation of
mass and int the production of soybeans (Yang et al., 2017).

Therefore, soybean plants simultaneously exposed to
waterlogged soil and light restriction present physiological
and biochemical changes that negatively affect the crop
growth, development, and production.

In this context, the objective of this study was to
investigate the chlorophyll content, foliar nutrient content,
gas exchanges, plant height, dry matter accumulation and the
grain production of soybean plants submitted to waterlogged
soil and light restriction.
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Materials and Methods

The study was carried in a randomized block design in a
factorial scheme 2 x 2, with 6 repetitions in duplicate. The
first factor was the presence and absence of waterlogged
soil. The second factor was the presence and absence of light
restriction on soybean plants. Treatments constituted of:
plants conducted in waterlogged soil in full sun (waterlogged
soil + without light restriction); plants conducted with regular
irrigation and light restriction (without waterlogged soil + light
restriction); plants conducted with waterlogged soil and light
restriction (waterlogged soil + light restriction) and plants
conducted with regular irrigation in full sun (soil with regular
irrigation + without light restriction).

The experiment was implanted on December 15% using
the soybean cultivar Bayer 2606® IPRO, which has the
following characteristics: maturation group 6.0, medium size
and indeterminate growth habit. For the study were kept
two plants per pot, each one had a nominal capacity of 8.7
dm?3, which were filled with soil from the A horizon of an
Oxisol (Santos et al., 2018). The soil used as substrate had
the following chemical characteristics in the 0-20 cm layer: P
=13.19 mg dm?; OM = 49.21 g dm?; pH (CaCl,) = 6.37; H + Al
=2.54 cmol dm3; Al =0 cmol dm3; K* = 1.56 cmol, dm3;
Ca** = 8.78 cmol_dm?; Mg* = 3.46 cmol_dm=; CEC = 16.34
cmol_dm?; V% = 84.46.

The soil used as substrate was fertilized using the
recommendation for experiments in pots, supplying: 150
mg dm= of K as potassium chloride and 300 mg dm=3of P as
single superphosphate, which added 40 mg dm3of S and 85
mg dm3of Ca (Novaes et al., 1991).

All plants used in the experiment were conducted until
the imposition of the treatments in full sun, being constantly
monitored to ensure adequate development. For the
maintenance of a satisfactory vegetal hydric status, daily
irrigation regimes were performed to maintain the pots with
humidity close to field capacity, until the imposition of the
treatments.

The treatments with waterlogged soil were carried keeping
the soil above the field capacity, being the pots immersed in a
constant water blade of 0.15m, ina 0.5 x 0.5 m and 0.2 m high
wooden box covered with a plastic film. The pots immersed in
the water blade were maintained with moisture above field
capacity due to the phenomenon of capillarity that allowed
the rise of water. To maintain the 0.15 m water line, water was
replaced daily in the structure to prevent the soil from not
being waterlogged. For the treatment’s imposition with light
restriction a wooden structure was used with the following
dimensions: 1.5 x 1 m and 1.5 m high, being the structure
made of 5.0 x 4.0 cm boards, covered with a shading cloth
capable of retaining 80% of the solar radiation. Treatments
were simultaneously imposed from the full bloom (R,) stage
and lasted for 30 days, until the beginning seed (R, ,).

Gas exchanges were evaluated 20 days after the beginning
of the treatments impositions, with the equipment Infra-Red
Gas Analyzer (IRGA) Li-6400XT. These were made during the
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morning between 9:00 p.m. and 11:30 p.m., being determined
on completely developed leaves, photosynthetically active
and without injuries. The leaves were located in the plant
medial third, which were identified before the treatments
were imposed. It was determined: CO, liquid assimilation
rate (A) (umol CO, m? s%), transpiration rate (E) (umol H,0
m=2 s?), and stomatal conductance (gs) (mol m? s?). It was
also determined the chlorophyll relative content (SPAD index)
with the portable device SPAD502-Plus Konica Minolta.
Measurements were made on four fully expanded leaves from
each of the two plants in each pot, obtaining an average value.

Biometric evaluations were made at 30 days after the
experiment was implanted. It was determined plant height (PH)
expressed in centimeters (cm). Next the plants were sectioned
into aerial part and root system, being the samples placed into
kraft paper bags and put to dry in an air forced circulation oven
at 65 °C for 72 h. The material was weighed on a chapel type
analytical scale, determining the aerial dry matter (ADM) and
root dry matter (RDM), expressed in grams (g).

At 30 days after the treatments were imposed, leaf samples
were also collected, diagnoses leaf, for the determination
of macronutrients in the foliar tissues. For this, half of the
foliar samples were submitted to the Kejdahl method for
the determination of nitrogen, phosphorus, and potassium
content, expressed in g kg of dry matter (Silva, 2009). The
other half of the foliar samples were submitted to the dry
digestion method for the determination of calcium and
magnesium, expressed in g kg of dry matter (Silva, 2009).

At the end of the plant cycle the soybean production
components and the production per plant were determined,
then determining the number of pods per plant (NPP). Next
the grains were collected and their mass was determined,
providing the data of grain production per plant (PRODP),
expressed in grams (g), correcting the moisture content to
13% according to the methodology of Marcos Filho (2015).
For the one hundred grain mass (OGM) a sample of each
experimental plot was separated, where 4 repetitions of 25
grains were counted and the mass of one hundred grains was
subsequently determined.

Data were submitted to analysis of variance (p < 0.05) and
compared by the Tukey test (p < 0.05), using the SISVAR 5.1
software (Ferreira, 2014).

Results and Discussion

Foliar gas exchanges and chlorophyll relative content

The soybean development in waterlogged soil condition
and light restriction, from the full bloom (R,), negatively
affected the gas exchanges, with a significant effect for the
interaction between the factors presence and absence
of waterlogged soil and presence and absence of light
restriction in the plants for the CO, liquid assimilation rate (A),
transpiration (E), and stomatal conductance (gs) (Figure 1).

In Figure 1 are presented the data for the gas exchange
readings carried 20 days after the treatments were imposed.
The results show that plants submitted to regular irrigation
and light restriction presented a reduction of A, E, and gs
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in the order of 34.0, 22.0, and 32.0%, respectively, when
compared to the plants cultivated with regular irrigation in
full sun. For plants conducted in waterlogged soil in full sun
it was also observed reduction of A, E, and gs in the order of
40.0, 28.0, and 31.0%, respectively, when compared to plants
cultivated under regular irrigation and full sun. For the plants
conducted in waterlogged soil, those in full sun presented an
inferior value for A of 11.0%, compared to plants cultivated
with light restriction (Figure 1A and 1B).

For plants under waterlogged soil condition in full sun, the
existent changes in the gas exchanges are related to the low
oxygen content available to the root system. To explain this
relationship, it is necessary to highlight that under hypoxia,
low oxygen concentration, the suberization or lignification
of the root may and a low activity of aquaporins may occur
(Aroca et al., 2012) which reduces the capacity of absorbing
water. Thus, roots in hypoxia condition present lower hydraulic
conductivity, reducing the water potential in the plant.
The smaller water potential in the plant provides a higher
production of abscisic acid in the roots and, consequently,

The columns followed by similar lower case letters do not differ by Tukey test with a
5% probability. The calculated F values followed by * (p < 0.05); ** (p < 0.01); ™ not
significant. The bars in the columns represent the standard error of the average.

Figure 1. CO, liquid assimilation rate (A) and (B), transpiration
rate (C) and (D), and stomatal conductance (E) and (F) of
soybean plants cultivar Bayer 2606® IPRO. The data was
obtained 20 days after the treatments were imposed referent
to the presence and absence of factors waterlogged soil (WS)
and light retriction (LR).
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increase its content in the leaves promoting the stomatal
closure (Bashar et al., 2019), even though the leaves present
no turgor loss.

Thus, the hypoxia state of the root tissue conditions
both metabolic and morphological changes that alter water
relations in plants, resulting in a less stomatal opening which
may be the cause of the reduction of E observed in this study
of plants submitted to waterlogged soil in full sun in relation
to plants with regular irrigation in full sun. In the hypoxia
condition, reductions in the stomatal opening may be a survival
mechanism, in view of the need to reduce water loss through
transpiration, since water absorption is impaired (Dalmolin et
al., 2012). However, the reduction in the stomatal opening,
with consequent reduction of transpiration, to maintain
satisfactory water status, results in less CO, diffusion through
stomata which reduces the photosynthetic rate (Ploschuk et
al., 2018), a common response for plants with the root system
exposed to the waterlogged soil condition (Posso et al., 2018).
These statements are confirmed with the reduction of A found
in this study for plants in waterlogged soil condition in full sun.

For plants in waterlogged soil in full sun, the decrease
of A is also associated with the reduction in the chlorophyll
relative content in the leaves (SPAD index). At 20 days after
the treatments were imposed, the plants exposed to the
waterlogged soil condition and full sun presented a chlorotic
aspect and consequently a reduction in the SPAD values of
14.0 and 13.0% in relation to plants conducted with regular
irrigation without light restriction and plants conducted under
waterlogged soil and light restriction, respectively (Figure 2).

The chlorotic aspect of the leaves of plants submitted to
the waterlogged soil condition in full sun may be associated
with a depletion of oxygen content in the tissues of the
roots conducted on waterlogged soil, which stimulates the
production of 1-aminocyclopropane-1-carboxylic acid, an
ethylene precursor (Bashar et al., 2019). Posteriorly this
precursor is transported to the aerial part, where in the
presence of oxygen is converted to ethylene (Fukao et al.
2019). The increase in the ethylene concentration in the leaf
tissues stimulates the greater activity of chlorophyllase and
oxidase enzymes that degrade chlorophyll molecules (Taiz et
al., 2017). Associated with it is the increase in the production
of oxygen reactive species (Posso et al., 2018) which also
promote the degradation of chlorophyll molecules, turning
the leaves into chlorotic. This way, due to the chlorophyll
molecules being directly responsible for the photosynthesis,
in hypoxia condition, probably this is the main cause of the
reduction on the CO, assimilation (Garcia et al., 2020).

Still for plants conducted under waterlogged soil condition,
those exposed to light restriction presented higher A and
SPAD index, discording from the results found by Dalmolin et
al. (2012) in study with Vochysia divergens, a plant adapted to
the development in environments with low luminosity, in the
presence and absence of the factors waterlogged soil and light
restriction. According to the authors, plants in waterlogged
soil condition, with light restriction or in full sun, presented
chlorotic leaves and higher losses in the liquid photosynthesis
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The columns followed by similar lower case letters do not differ by Tukey test with a
5% probability. The calculated F values followed by * (p < 0.05); ** (p < 0.01); ™ not
significant. The bars in the columns represent the standard error of the average.

Figure 2. Chlorophyll relative content (SPAD index) (A and B)
of soybean plants cultivar Bayer 2606® IPRO. The data was
obtained 20 days after the treatments were imposed referent
to the presence and absence of factors waterlogged soil (WS)
and light retriction (LR).

in comparison to plants with regular irrigation with the
presence of shading.

For plants conducted under light restriction, the reduction
observed for A, E, and gs may be explained by the lower
photosynthetically active photon flux density (PPFD). The
photosynthetic processes are very sensitive to the low
availability of photosynthetically active radiation (Yang et al.
2018). With this, it is observed that the average PFFD on the
treatments with light restriction and in full sun during the
evaluation were 362.86 umol m2s?and 1,623.73 umol m?s?,
respectively, with a reduction of 78.0% in the PFFD inside the
structures with shading cloth.

Su et al. (2014) found similar results studying the effect
of shading on soybean plants cultivated in intercropped with
corn. In this study the soybean canopy intercepted 50.0%
less photosynthetically active radiation in relation to the corn
plant canopy. According to the authors, the shading caused by
the corn in the soybean plants caused a reduction of A, E, and
gs in the order of 38.0, 43.0, and 55.0%, respectively, being in
accordance to the results found in this study.

It can then be said that the data indicate that soybean
plants exposed to the conditions of waterlogged soil and
light restriction, for a 20-day period from the full bloom (R,),
presented variations on the gas exchanges, with reduction of
the photosynthesis. However, for plants under waterlogged soil
condition, the light restriction seems to attenuate the negative
effects from the hypoxia, with no apparent symptoms of
chlorosis in the leaves and minor drops in net CO, assimilation.

Biometric analysis and nutrient foliar content

The 30-day period of development of soybean plants in
waterlogged soil from the full bloom (R,) resulted in negative
effects on the accumulation of dry matter. In Figure 3 are
shown the results referent to the treatment’s averages with
waterlogged soil and regular irrigation. The development in
waterlogged soil in the reproductive phase caused a reduction
in the accumulation of both aerial dry matter (ADM) and root
dry matter (RDM) in the order of 38.0 and 20.0%, respectively,
when compared to plants with regular irrigation.
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The columns followed by similar lower case letters do not differ by Tukey test with a
5% probability. The calculated F values followed by * (p < 0.05); ** (p < 0.01); ™ not
significant. The bars in the columns represent the standard error of the average.

Figure 3. Aerial dry matter (A) and root dry matter (B) of
soybean plants cultivar Bayer 2606° IPRO. Values are averages
of treatments with waterlogged soil and regular irrigation,
obtained 30 days after the imposition of treatments referring
to the presence and absence of soaked soil factors waterlogged
soil (WS) and light retriction (LR).

Inplantssubjectedtowaterlogged soil conditionareduction
on the photosynthetic rate occurs and, consequently, there is
a decrease in the photoassimilates used during the plant’s
development (Barickman et al., 2019). However, other events
associated with the hypoxia condition also help to explain the
reduction in the dry matter accumulation, for example the
oxygen depletion, that drastically reduces the production of
metabolic energy destined to the root system maintenance.
For the maintenance of the metabolic activity of the root
tissues the metabolism becomes anaerobic (Borella et al.
2017).

It is still worth highlight that, in the anaerobic route,
which is less efficient in the production of energy, occurs the
production of high amounts of pyruvate, which is converted
into acetaldehyde and lactic acid, toxic compounds when
in high concentrations in plants, capable of causing lesions
in the leaf and root tissues (Zhang et al., 2017). In addition,
plants developing with their root system in a state of hypoxia
also present increased production of free radicals that also
cause damage to leaf and root tissues (Wang et al., 2017).
In the present study damages in the root tissues were
observed, with the presence of a necrosed tissue, which may
be one of the causes of the reduction in the root dry matter
accumulation.

The growth and development of plants conducted in
waterlogged soil may also be negatively affected by the
reduction in the membrane permeability of tissues exposed
to the waterlogged soil condition (Aroca et al., 2012), causing
a reduction in the absorption of ions in the root tissues.
Besides, plants with the root system in a state of hypoxia
present reduction in the production of ATP and consequently,
reduction in the active absorption of nutrients (Marashi
2018). The smaller capacity of ions absorption of the root
tissues in hypoxia condition reduces the nutrient content in
the aerial part of plants cultivated in waterlogged soil, such as
nitrogen, phosphorus, potassium, and magnesium (Sharma et
al., 2018) and, consequently, contributes to the reduction in
the soybean growth and dry matter accumulation.

This discussion is confirmed for plants conducted on
waterlogged soil in full sun, because they presented a
reduced foliar content of nitrogen, phosphorus, potassium,
and magnesium. However, for plants in waterlogged soil with
the presence of shading the nutrients foliar content were not
affected (Table 1).

One explanation for this result, although speculative,
is the possibility that there was less dilution of nutrients
in the tissues of the aerial part of the plants conducted in
waterlogged soil and the presence of light restrictionin relation
to the plants in waterlogged soil in full sun. To comprehend
this possible relationship, it is observed that plants conducted
in waterlogged soil and the presence of light restriction and
plantsin waterlogged soil in full sun presented aerial dry matter
averages of 32.5 + 3.4 and 54.1 + 3.22 g, respectively. Thus,
this condition may have provided less dilution of nutrients in
the aerial part and, consequently, avoided the reduction of
the foliar content of nutrient evaluated in plants conducted in
waterlogged soil with the presence of light restriction.

Data presented in Table 1 show that plants in waterlogged
soil and full sun presented reduced nitrogen, phosphorus,
potassium and magnesium content in the order of 43.0,
32.0, 22.0, and 65.0%, respectively, when compared to
plants cultivated with regular irrigation in full sun. For plants
in waterlogged soil in full sun it was also observed a lower
content of nitrogen, phosphorus, potassium and magnesium
in the order of 44.0, 38.0, 21.0, and 65.0%, respectively, when

Table 1. Foliar content of nutrients in soybean leaves (g kg!) cultivar Bayer 2606® IPRO. The data were obtained 30 days after full
bloom (R,), when the treatments related to the presence and absence of waterlogged soil (WS) and light restriction (LR) factors
were imposed, in the municipality of Marechal Candido Rondon, PR, Brazil, 2018/2019 ",

) Averages followed by similar uppercase letters in the row and lowercase letters in the column, do not differ by Tukey test at 5% probability. @ Sufficient nutrient content according
to Silva (2009). ® The calculated F values followed by * (p < 0.05); ** (p < 0.01); ™ not significant.
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compared to plants cultivated with regular irrigation and light
restriction. In addition, plants in waterlogged soil in full sun
present foliar content of nitrogen, potassium and magnesium
lower than the sufficiency levels for soybean (Silva, 2009),
corroborating for the reduction in the accumulation of dry
matter observed in the study.

The 30-day period of development under light restriction
from the full bloom (R,) also negatively affected the soybean
dry matter accumulation. In Figure 4 are shown the average
results of the treatments with presence and restriction of light
and in full sun, in which plants submitted to the light restriction
presented a reduction of ADM and RDM of 32.0 and 23.0%,
respectively when compared to plants in full sun. However,
the exposition to light restriction provided a 10.0% increase in
plant height (PH) in relation to plants in full sun (Figure 4A).

The increase in PH of plants conducted under light
restriction is related to changes in the hormonal balance.
The smallest interception of solar radiation results in smaller
auxin degradation in the plant’s apex, causing a strong apical
dominance (Taiz et al., 2017). Wu et al. (2016) demonstrated
that soybean plants under shading condition, with less
interception of solar radiation, had greater apical dominance,
leading to the lengthening of internodes and, consequently,
greater plant height, corroborating the results of the present
study.

In soybean plants conducted under light restriction, a
reduction in the CO, liquid assimilation rate occurs (Fan et al.
2018) causing less production of photoassimilates destined to
the plant growth, contributing to reduce the ADM and RDM
as observed in this study. The lower carbon liquid assimilation
observed in plants conducted under light restriction is

The columns followed by similar lower case letters do not differ by Tukey test with a
5% probability. The calculated F values followed by * (p < 0.05); ** (p < 0.01); ™ not
significant. The bars in the columns represent the standard error of the average.

Figure 4. Plant height (A), aerial dry matter (B) and root
dry matter (C) of soybean plants cultivar Bayer 2606® IPRO.
Values are averages obtained 30 days after the imposition
of treatments referring to the presence and absence of light
restriction.
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explained by the sensitivity of the photosynthetic apparatus
to the decline in the interception of active photosynthetic
radiation (Yang et al., 2018). Thus, the smaller dry matter
accumulation in plants with low luminosity may be attributed
to the reduction in the production of photoassimilates.
Similar result was observed by Su et al. (2014), in a study
that evaluated the effect of light restriction in soybean plants
grown intercropped with corn. In the study carried by these
authors, the canopy of soybean intercepted only 50% of the
active photosynthetic radiation intercepted by the canopy of
corn plants. According to the authors, this condition caused
reduction of 78.7% on the soybean biomass cultivated
intercropped with corn in relation to soybean plants in full sun.
Wou et al. (2016) also demonstrated that soybean plants with
less interception of photosynthetically active radiation have
reduced phytomass production due to less carbon fixation.

Production components and production per plant

The 30-day period of the soybean development under
waterlogged soil condition and light restriction, from the full
bloom (R,), negatively influenced the grain production, with
a significant effect of interaction between the presence and
absence of waterlogged soil and presence and absence of light
restriction, for the production components and production
per plant (Figure 5).

For plants submitted to the regular irrigation and light
restriction, there was a reduction in the number of pods per
plant (NPP), one hundred grain mass (OGM) and production
per plant (PRODP) in the order of 42.0, 33.0, and 41.0%,
respectively, when compared to plants submitted to regular
irrigation in full sun. Plants conducted in waterlogged soil in full
sun also presented reduction for NPP, OGM and PRODP in the
order of 40.0, 34.0, and 42.0%, respectively, when compared
to plants under regular irrigation in full sun (Figure 5).

Beutler et al. (2014) found similar results to the ones
in this study, where the development of soybean plants in
waterlogged soil conditions, from the phenological stage R,
resulted in a 41.0% reduction in the grain yield, associated to
lower grain mass and smaller number of pods per plant.

For plants under regular irrigation and light restriction,
the reduction of NPP, OGM and PRODP is associated with
less interception of photosynthetically active radiation. The
smaller interception of photosynthetically active photons
by soybean plants causes a reduction in the carbon liquid
assimilation and, consequently, a reduction in the production
components, such as number of pods per plant, number
and average grain mass, reducing the production due to the
smaller photosynthetic rate (Yang et al. 2017). This discussion
is confirmed by the reduction of carbon assimilation found in
this study.

For plants submitted to waterlogged soil condition and
light restriction, no significant difference was observed for
NPP, OGM, and PRODP when compared to plants submitted
to waterlogged soil in full sun and plants submitted to regular
irrigation in light restriction (Figure 5). Thus, it is observed that
plants simultaneously submitted to the environmental stresses
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The columns followed by similar lower case letters do not differ by Tukey test with a
5% probability. The calculated F values followed by * (p < 0.05); ** (p < 0.01); ™ not
significant. The bars in the columns represent the standard error of the average.

Figure 5. Number of pods per plant (A) and (B), one hundred
grain mass (C) and (D), and production per plant (E) and (F)
of soybean plants cultivar Bayer 2606® IPRO. The data was
obtained 20 days after the treatments were imposed referent
to the presence and absence of factors waterlogged soil (WS)
and light retriction (LR).

waterlogged soil and light restriction, seems to acclimate,
resulting from the interaction between the waterlogged soil
and light restriction conditions, preventing the reduction of
the production of components from adding up to the isolated
effects of the stresses studied.

In plants, there is a gradual increase in the demand for
photoassimilates from the vegetative to the reproductive
stage, reaching the highest photosynthetic demand in the
period that comprehend the full bloom up to the beginning
seed. Thus, it is observed that the PRODP in the present study
is positively correlated to the CO, liquid assimilation rate (r =
0.93; p < 0.05) determined 20 days after the environmental
stresses were imposed. The positive correlation between
PRODP and A helps to explain the similar behavior of grain
production of plants exposed to conditions of waterlogged soil
and/or light restriction when compared among themselves.
Besides corroborating for the higher grain production in plants
from the treatment without stress, that presented higher CO,
liquid assimilation rate in this study.

To increase the understanding of the negative effects
generated by exposure to waterlogged soil conditions and/
or light restriction, there is a need for further studies. It
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is important to conduct studies to evaluate the effects of
exposure to stressful conditions at different phenological
stages and for different periods of time.

Conclusions

For soybean crops, the incidence of environmental stress,
waterlogging of the soil and light restriction, alone or together,
in the reproductive phase, provide less stomatal conductance,
transpiration and liquid photosynthesis compared to plants in
the stress-free condition.

Soybean plants in waterlogging soil condition in full sun
presented chlorotic leaves with less contents of nitrogen,
phosphorus, potassium and magnesium in relation to plants
from the other treatments.

Soybean plants exposed to development in waterlogged
soil presented smaller mass accumulation. For soybean
plants under light restriction a reduction in the dry matter
accumulation occurs, associated to the plant’s etiolation.

The production of grains of soybean and grain production
of plants exposed to the environmental stresses waterlogged
soil and light restriction in a conjunct way or isolate are similar
among themselves and inferior to plants without stress.

The damage to the metabolism of soybean plants grown
under waterlogged soil and/or light restriction conditions for a
period of thirty days from full flowering (R,) causes a reduction
in carbon assimilation that is related to a decline in dry mass
accumulation and grain yield.
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