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ABSTRACT: Water deficits can alter vital physiological functions and negatively affect plant growth. These
effects can be intensified by weeds competing for water available to crops. The objective of this study was
to evaluate the effects of competition and temporary soil water deficit on the transpiration (E), stomatal
conductance (gs) and photosynthetic rate (A) of corn, Urochloa decumbens, and Bidens pilosa L. The
experimental design was in randomized blocks with eight repetitions. The treatments were arranged ina 5 x 2
factorial scheme, with the first factor corresponding to the species: corn + U. decumbens, corn + B. pilosa,
and corn, U. decumbens, and B. pilosa without competition. The second factor was two water regimes: daily
irrigation and water restriction, which corresponded to the suspension of irrigation from the beginning
of the V3 stage of corn until the time when their stomata were completely closed. The species B. pilosa
and U. decumbens worsened the negative effects on E, gs, and A of corn at different intensities under water
restriction. The U. decumbens was more aggressive in relation to B. pilosa while coexisting with corn in both
water regimes. The competition with corn affected the E and gs of U. decumbens in the two water regimes,
but the A was altered under water deficit. On the other hand, the physiological components of B. pilosa were
not affected by its coexistence with corn in the two water regimes.
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Trocas gasosas do milho e de plantas daninhas
sob competicao e regimes hidricos

RESUMO: O déficit hidrico pode alterar fungdes fisioldgicas vitais e afetar negativamente o crescimento das
plantas. Esses efeitos podem ser intensificados pelas plantas daninhas que competem pela dgua disponivel
para as culturas. O objetivo foi avaliar os efeitos da competi¢io e do déficit hidrico temporario do solo sobre
a transpiragdo (E), condutincia estomatica (gs) e taxa fotossintética (A) do milho, da Urochloa decumbens
e da Bidens pilosa L. O delineamento experimental foi em blocos casualizados, com oito repetigées. Os
tratamentos foram arranjados em esquema fatorial 5 x 2, com o primeiro fator correspondente as espécies
milho + U. decumbens, milho + B. pilosa, e milho, U. decumbens e B. pilosa sem competi¢do, e o segundo fator
dois regimes hidricos, irrigacao didria e restri¢ao hidrica, que correspondeu a suspenséo da irrigagdo desde o
inicio do estagio V3 do milho até o momento em que seus estomatos ficaram totalmente fechados. As espécies
B. pilosa e U. decumbens agravaram em diferentes intensidades os efeitos negativos sobre E, gs e A do milho
em condigio de restri¢ao hidrica. A U. decumbens foi mais agressiva em relagdo a B. pilosa em competi¢do
com o milho, em ambos regimes hidricos. A competi¢do com o milho afetou a E e gs da U. decumbens nos
dois regimes hidricos, mas a A foi alterada sob déficit hidrico. Por outro lado, os componentes fisiologicos
de B. pilosa ndo foram afetadas pela competi¢do com o milho, nos dois regimes hidricos.
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INTRODUCTION

Corn (Zea mays L.) is one of the most produced cereals
in the world. The crop is planted in tropical, subtropical,
and semi-arid regions (Cutti et al., 2016). However, stressful
conditions can hamper productive stability in each region
(Mickelbart et al., 2015).

Abiotic stresses alter growth and development, which can
reduce the productivity and quality of the harvested product
(Mickelbart et al., 2015). Among the abiotic factors, the water
deficit in the soil is one of the most relevant (Uzildaya et al.,
2012).

Under conditions of water restriction, plants tend to
decrease stomatal conductance as a strategy to prevent water
loss to the atmosphere. However, the complete closure of
stomata prevents the entry of CO, and, consequently, the
photosynthetic rate is reduced as the severity of water stress
increases (Lisar et al., 2012).

Several factors can increase the severity of water stress. In
addition to those environmental factors directly involved with
the decrease in water availability in the soil, other factors may
intensify the negative effect of the water deficit, such as the
presence of weeds (Dass et al., 2017).

Weeds can present different functioning strategies
depending on water availability, some of which are more
sensitive to this stress and others more tolerant (Lima et al.,
2016). These different forms of adaptation to stress can give
greater or lesser competitive capacity compared to crops.

Thus, the objective of this study was to evaluate the effect of
competition on transpiration (E), stomatal conductance (gs),
and photosynthetic rate (A) of corn (Zea mays L.), brachiaria
(Urochloa decumbens) and beggarticks (Bidens pilosa L.) under
conditions of temporary soil water deficit.

MATERIAL AND METHODS

The experiment was conducted from May to June 2017
in a greenhouse. The experimental unit corresponded to a
plastic vessel with a volumetric capacity of 8.5 dm? filled with
Inceptisol collected from the 0-20 cm layer. The physical and
chemical characteristics of the soil were as follows. The pH
(water) was 7.2, EC was 0.14 dS m™', and OM was 8.10 g kg™'.
The P, K, and Na were 2.2, 434.6, and 49.3 mg dm?, respectively.
The Ca, Mg, Al, H + Al, and effective CTC were 11.30, 2.10, 0, 0,
and 14.73 cmol_dm, respectively. The sand, silt, and clay were
0.57;0.10; and 0.33 kg kg™, respectively, indicating an obvious
sandy clay texture. Fertilization was carried out by applying
45.50 mg dm™ of monoammonium phosphate at planting. The
cover fertilization was done 15 days after planting with 33.3
and 16.67 mg dm™ of urea and potassium chloride, respectively.

The experimental design was in randomized blocks, whose
treatments were arranged in a 5 x 2 factorial scheme with four
replications. The first factor corresponded to the species: Z. mays
+ U. decumbens, Z. mays + B. pilosa, and Z. mays, U. decumbens,
and B. pilosa without competition. The second factor was the
water regime, either daily irrigation or water restriction, which
corresponded to the suspension of irrigation from the beginning
of the V3 stage of corn until the time when their stomata were
completely closed. The hybrid corn cultivar AG-1051’, Urochloa
decumbens (braquidria) and Bidens pilosa (beggarticks) were
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submitted to preliminary germination and emergence tests to
establish the sowing period of each species, so that the emergence
was simultaneous. Corn and weed seeds were sown in the center
and on the edge of each experimental unit, respectively. Thinning
was carried out five days after emergence, with only one plant
of each species remaining in the pot.

Irrigations were carried out daily in all experimental units,
keeping the humidity close to the field capacity (70-80%).
The soil moisture values of the field capacity (FC) and at the
permanent wilt point (PWP) were 0.345 and 0.113 cm® cm™?,
respectively, resulting in a total storage (AD) of 0.232 cm® cm™.
The volume of water applied to each pot was obtained by the
difference between the weight of the pot in its field capacity and
the weight at the end of each day, according to the methodology
proposed by Sousa et al. (2015).

The change in water regimes started when the corn plants
had their third leaf expanded (stage V3), a stage in which
weeds can reduce corn productivity by 10 to 15% (Gantoli et
al., 2013). In treatments with water restriction, the water deficit
was established only once with the suspension of irrigation
and maintained until the time when the stomata of the corn
plants were completely closed, with the CO, assimilation rates
reaching values close to zero.

The period required for the CO, assimilation rate to reach
zero was 5 days. From this moment on, irrigation was restored,
keeping the humidity close to the field capacity again. For
this, all the water-restricted treatment vessels were weighed,
applying the volume of water referring to the difference
between the weight of the vessels after the stress period and
the weight of the vessels in the field capacity.

On average, the mean total water depth applied was
equivalent to 154.2 mm in treatments irrigated daily, and
93.8 mm in the treatments subjected to temporary water deficit.
The climatic conditions in the greenhouse were a maximum
temperature of 35 + 2 °C, an average temperature of 28 + 2 °C,
a minimum temperature of 20 *+ 2 °C, and relative humidity
of 65 £ 5%.

The measurement of gas exchange was performed daily
from the suspension of irrigation until the time when
the photosynthetic rate of plants subjected to temporary
water deficit was similar to plants irrigated daily. The net
photosynthetic rate (A; umol CO, m™), stomatal conductance
(gs; umol H,O m™s™) and transpiration (E; mmol H O m?s") were
evaluated with the aid of an infrared gas analyzer (IRGA,
portable model LI-6400, LI-COR Biosciences’) (Lima et al.,
2016), readings were taken between 8 and 10 a.m. The CO,
concentration was fixed at 400 pmol mol’ and the light
intensity at 1500 umol of photons m?s™. The evaluations were
made on young leaves that newly expanded and undamaged.

The data were submitted to analysis of variance by test F
(p £ 0.05). When significant, the means were compared using
the Tukey test at p < 0.05. The statistical software used was
SISVAR' 5.6. The graphics were made using the Sigmaplot’
12.0 software.

RESULTS AND DISCUSSION

The water regime and species factors showed significant
interaction. In corn plants grown alone, the temporary water
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deficit reduced transpiration (E) from the third to the fifth
day of water restriction. After the resumption of irrigation,
the transpiration of the plants increased until reaching values
similar to those cultivated under daily irrigation (Figure 1A).

The smallest amount of water available due to
evapotranspiration can alter the physiological behavior of
plants in several ways. Corn plants probably reduced their
transpiration to maintain their leaf tissue turgor due to
reduced water availability (Rodrigues et al., 2014).

The presence of U. decumbens next to corn, under irrigated
conditions reduced the transpiration of the crop (from the third
to the eighth day) in relation to the isolated cultivation (Figures
1A and B). With water restriction, the reduction in transpiration
of corn plants was observed throughout the evaluated period
(Figure 1B). Unlike B. pilosa, U. decumbens is a monocot and its
root explores the same region as corn plants (Rodrigues et al.,
2014), reducing the water available for the crop. The competition
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severity increased in the condition of water restriction, and in
response to this condition, the corn plants reduced their E to
values lower than the irrigated treatment.

Unlike U. decumbens, the presence of B. pilosa did not affect
plant transpiration compared to isolated corn cultivation under
irrigated conditions (Figures 1A and C). In the water deficit,
the reduction in transpiration occurred until the fifth day after
the water restriction (Figure 1C). The corn and B. pilosa plants
may have explored different regions of the substrate due to the
root morphology of these species. B. pilosa has a pivoting root,
and it is capable of reaching greater depths in the soil (Yan et
al., 2016). Conversely, the roots of the corn are concentrated
in the superficial layers (fasciculate); therefore, B. pilosa plants
absorb water in deeper regions of the soil, do not restrict the
amount of water available to corn plants. This fact can explain
the similar E between treatments in competition and isolated
both in daily irrigation and in water restriction.
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the standard error of the mean. The arrows indicate the timing of the return of irrigation

Figure 1. Transpiration rate (E) and stomatal conductance (gs) of corn plants in monoculture (A and D) and in competition
with U. decumbens (B and E) and with B. pilosa (C and F), submitted to two water regimes, which were daily irrigation and

water deficit
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The stomatal conductance (gs) of corn plants grown alone
was lower in the condition of water restriction from the third to
the eighth day (Figure 1D). The gs measured in the leaves can
be changed due to two factors: the change in stomatal opening
and the vapor pressure deficit (VPD) between the interior of
the leaf and the atmosphere (Ryan et al., 2016).

Despite the lower gs on the first and second day after the
end of irrigation indicating reductions in stomatal openings,
the transpiration of corn plants was not affected. In the initial
periods, the corn leaves were still hydrated, and probably the
humidity of the sub-stomatal chamber was close to 100%.
The high humidity inside the leaves may have favored the
loss of water vapor due to the higher VPD generated, even
in conditions of less stomatal opening (Ryan et al., 2016).
However, as the leaf cells lose water, the moisture inside the leaf
and the VPD are reduced, resulting in the least transpiration
observed from the third day on under water restriction.

The presence of B. pilosa reduced corn gs only on the fifth
day after the end of irrigation (Figure 1F). On the other hand,
competition with U. decumbens reduced the gs of the crop
in all days of evaluation in the irrigated regime (Figure 1E).
Furthermore, in the presence of U. decumbens and after the
fourth day of water restriction, the gs of the corn plants were
even lower compared to all other treatments (Figure 1E).

Corn and U. decumbens have a C4 carbon fixation
mechanism, which allows these species to grow and accumulate
dry matter even under conditions with less water availability.
However, if the amount of water available from the soil was
rapidly reduced, it can affect the physiological mechanism
of the plants, as observed in the pots with the presence of
these two species. The response of corn to the condition of
low soil moisture when in coexistence with U. decumbens
in both water regimes was to reduce the loss of water to the
atmosphere through stomatal closure, explaining the lower
gs and E measures. The ability of corn plants to close their
stomata is related to the general signal due to water deficit
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in the soil. Under these conditions, the plants increase the
synthesis of abscisic acid (ABA) in their roots, and export this
hormone to the leaves, signaling to the cells the condition of
water restriction (Lisar et al., 2012). Once the cells receive
the signal, the guard cells lose turgor, promoting the stomatal
closure necessary to reduce E.
The photosynthetic rate (A) observed in treatments with
isolated corn was lower under the water restriction (Figure 2A).
Except for the reduction of A on the sixth day after the
suspension of irrigation, the species B. pilosa did not affect the
A of corn plants under the daily irrigation regime on the other
evaluated days (Figures 2A and C). The presence of B. pilosa
did not affect the A of corn under water deficiency, compared
to isolated corn, except on the ninth day (Figures 2A and C).
Corn plants when in competition with B. pilosa showed a
reduction in gs on the fifth day. However, A did not change
in this treatment. This fact can be explained due to the CO,
concentration mechanism inside the cells of the vascular
bundle sheath (Geissler et al., 2015). Despite the lower influx of
atmospheric CO, resulting from the partial closure of stomata,
corn plants were able to maintain constant photosynthesis due
to PEP-carboxylase, an enzyme that fixes atmospheric carbon
more quickly, even at very low concentrations of carbon gas.
The presence of U. decumbens in the pots reduced the A
of the corn plants from the fifth to the ninth day under daily
irrigation (Figures 2A and B). The lowest value for A was
observed in the treatment with water deficit and competition
with U. decumbens (Figure 2B). The photosynthetic rate (A)
equal to the corn monoculture verified in the competition
with B. pilosa was not observed when the corn competed
with U. decumbens in both water regimes. In this treatment,
the gs reached values close to zero, indicating the total
closure of the stomata. Despite the CO, concentration
mechanism, a minimum amount is necessary for corn plants
to maintain their positive net photosynthesis (Geissler et
al., 2015). Thus, in treatments in competition with
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Figure 2. Photosynthetic rate (A) of corn plants in monoculture (A) and in competition with U. decumbens (B) and B. pilosa
(C), submitted to two water regimes, which were daily irrigation and water deficit
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U. decumbens, the CO, concentration in the leaf tissues may
have reached values below the compensation point, reducing
the A of these plants.

The corn plants recovered A after the resumption of
irrigation (Figure 2A). However, A recovery was slower in corn
plants grown with U. decumbens, irrigated or not (Figure 2B).
In conditions of water deficit, the presence of U. decumbens
delayed recovery of A by 1 day (Figure 2B). The resumption
of the photosynthetic rate in corn plants followed the same
behavior as gs, proving the direct relationship between CO,
absorption and photosynthesis (Miner et al., 2017). Other
mechanisms do not have the same resilience when subjected
to water stress. For example, the water deficit strengthens the
mechanical properties of the wall, affecting leaf expansion
when this tissue is rehydrated (Tenhaken, 2015).

In isolated crops, the E and gs of U. decumbens plants
were lower in the water restricted regime (Figures 3A
and C). When coexisting with corn plants, U. decumbens
showed lower E and gs, even in irrigated systems (Figures
3B and D).

Urochloa decumbens
10 - A.

E (mmol H,0 m” s™)
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The lowest values of E and gs were obtained when
U. decumbens was harvested under hydraulic restriction and
in competition with corn (Figures 3B and D).

As in corn plants, the water deficit in the soil generated a
stimulus that allowed U. decumbens to reduce water loss via
stomata. This mechanism allows plants to withstand situations
of water deficit in the soil (Sharma et al, 2015). Although
stomatal closure reduces the influx of atmospheric CO, in the leaf
mesophile, the lower gs observed in the leaves of U. decumbens
reduced transpiration and water loss, maintaining the turgescence
of plant tissues. After the resumption of irrigation, both in isolated
crops and in competition, the plants of U. decumbens did not
restore their gs (Figure 3).

Plants can adjust their physiological system when subjected
to different stresses (Tenhaken, 2015; Miner et al., 2017).
In corn plants, the resumption of irrigation increased the
values of E and gs; however, U. decumbens did not show the
same behavior regarding these variables. Unlike corn, the
temporary water deficit in the soil prolonged the physiological
mechanisms of U. decumbens. Even after the resumption of
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Figure 3. Transpiration rate (E) and stomatal conductance (gs) of U. decumbens plants in monoculture (A and C) and in
competition with corn (B and D), submitted to two water regimes: daily irrigation and water deficit
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irrigation, U. decumbens plants in competition with corn still
maintained low values of E and gs. This behavior shows that
U. decumbens did not respond to the greater availability of
water (Moshelion et al., 2015).

The difference in behavior between corn and
U. decumbens can be associated with the life cycle of these
species. U. decumbens is a perennial species, so ensuring that
a new stressful condition does not occur is a mechanism to
ensure its survival. Conversely, corn is a species of annual
growth, and it needs to invest to generate decent income as an
alternative to perpetuating the species (Loon, 2016). In other
species, it is possible to observe that abiotic stresses such as
water deficit accelerate flowering for seed production (Loon,
2016).

The photosynthetic rate (A) of U. decumbens did not
change when in competition with corn under an irrigated
regime, except on the sixth and seventh day (Figure 4B).
In treatments with water restriction, competition with corn
reduced the A of U. decumbens from the fourth to the sixth
day (Figure 4B).

The reduction of gs in conditions of isolated cultivation
under water restriction and competition under irrigation
did not affect the A of U. decumbens. Lower gs values imply
less atmospheric CO, absorption for mesophilic cells,
and, consequently, less fixed carbon. However, the carbon
concentration mechanism of U. decumbens was efficient,
allowing the reduction of water loss without affecting carbon
fixation. Only the condition of high severity of stress (regime
with water restriction and competing with corn) was able to
reduce the values of gs to the point of damaging A.

The E and gs of B. pilosa plants were higher without
competition with corn and with water restriction from the
first to the third day after the suspension of irrigation (Figures
5A and C). After this period, there was no difference between
the two water regimes for the values of E and gs (Figures 5A
and C).
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The high E and gs in the initial periods of treatment
without competition with corn may be a strategy of B. pilosa
to increase the extraction of water from the soil after the
end of irrigation. Among the mechanisms of adaptation to
drought, some plants can increase their capacity to absorb
water from the soil, either by the greater accumulation of
solutes in the roots or by the greater negative pressure formed
by the transpiratory process (Fang & Xiong, 2015).

When recognizing the sign of less water availability,
B. pilosa increased the gs in its stomata, resulting in a higher
E. Greater water loss due to greater E can reduce the water
potential value in the plant, increasing water absorption in
the soil (Fang & Xiong, 2015). However, this behavior was
observed only in the initial periods after the end of irrigation.
As the amount of water in the soil was reduced, B. pilosa kept
the gs at levels similar to the treatment without competition
and irrigated.

The photosynthetic rate (A) of B. pilosa plants was higher
only in the isolated treatment with water restriction (Figure
6A). This greater A was observed only from the first to the
third day after the end of the irrigation (Figure 6A).

This behavior was a reflection of the greater gs measured
in the plants, which allowed a greater influx of CO, inside
the leaf mesophyll. B. pilosa is a C3 species, and the higher
concentration of CO, in the mesophile increases carbon
fixation (reduces photorespiration), allowing the greater
accumulation of dry matter (Ehlers et al., 2015).

The greater A of B. pilosa plants in the initial periods
of water restriction may result in a greater amount of
photoassimilates available for root growth, due to osmotic
adjustment and better efficiency of the photosystems and
enzymes involved (Luo et al., 2016). Since the roots of this
species explore a larger volume of soil, the capacity to absorb
the available water is increased, thus increasing the tolerance
to water stress. However, in conditions of greater severity of
stress (water restriction plus competition) and the absence

Zea mays + Urochloa decumbens
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Figure 4. Photosynthetic rate (A) of U. decumbens plants in monoculture (A) and in competition with corn (B), submitted to

two water regimes: daily irrigation and water deficit
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Figure 5. Transpiration rate (E) and stomatal conductance (gs) of B. pilosa plants in monoculture (A and C) and in competition
with corn (B and D), submitted to two water regimes: daily irrigation and water deficit
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Figure 6. Photosynthetic rate (A) of B. pilosa plants in monoculture (A) and in competition with corn (B) submitted to two
water regimes: daily irrigation and water deficit
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of water stress, the behavior responsible for the increase in A
was not evident.

The negative changes resulting from water restriction
were aggravated due to the presence of weeds, and these were
greater when corn competed with U. decumbens. These grasses
have some physiological and morphological similarities,
and, therefore, compete for the same resources at a similar
intensity, which does not happen between corn and B. pilosa,
explaining the lesser competition between these species.

The species U. decumbens and B. pilosa behaved differently
after the imposition of water restriction and when in
competition with corn. The physiological adjustments of each
weed allow them to survive underwater deficit conditions. In
addition, this difference in behavior was directly linked to the
competitive capacity exercised on corn.

CONCLUSIONS

1. The species B. pilosa and U. decumbens aggravated the
negative effects on transpiration (E), stomatal conductance
(gs), and the photosynthetic rate (A) of corn under water
restriction to different intensities.

2. Urochloa decumbens was more aggressive in relation to
B. pilosa in competition with corn, with daily irrigation and
with water deficit.

3. The competition with corn affected the E and gs of
U. decumbens in the two water regimes and the A was changed
only when the plants were coexisting under a water deficit. The
E, gsand A of B. pilosa plants were not affected by competition
with corn, in both water regimes.
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