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Abstract

Understanding the influence of nitrogen under the physiological behavior of rice and red rice in competition is
critical to success in integrated weed management. In view of this, the objective of this work was to evaluate the
physiological effects of the competition of rice and red rice submitted to different nitrogen concentrations. The
experiments were conducted under greenhouse conditions in the 2011/12 crop year. The experimental design
was completely randomized, with six replicates. The treatments were arranged in a factorial scheme, consisting of
different combinations of the rice cultivar IRGA 424 and the red rice biotype, varying the ratios between them
[intraspecific competition (100:0) and interspecific competition (50:50)]; and nitrogen doses (0, 30, 60, 90, and
120 g dm3) added to the soil as urea, divided in two periods, at 15 and 53 days after emergence. The variables
evaluated were: stomatal conductance of water vapor, photosynthetic rate, hydrogen peroxide and lipid
peroxidation. The results show that, in general, when compared to intraspecific competition, interspecific
competition causes greater oxidative stress and negatively interferes with photosynthesis even when plants are
submitted to high (90 and 120 g dm- N) nitrogen doses. For red rice, in turn, it is the intraspecific competition that
causes higher oxidative stress and loss of photosynthesis in plants under lower (0 g dm- N) and higher (90 and
120 g dm N) nitrogen concentrations, respectively, in relation to interspecific competition.

Additional keywords: nitrogen fertilization; Oryza sativa; replacement series.

Resumo

A compreenséo da influéncia do nitrogénio sob o comportamento fisioldgico do arroz e arroz-vermelho em com-
peticdo € fundamental para o sucesso no manejo integrado de plantas daninhas. Diante disso, o objetivo do tra-
balho foi avaliar os efeitos fisioldgicos da competicdo de arroz-vermelho e arroz submetidos a diferentes concen-
tracdes de nitrogénio. Os experimentos foram conduzidos em casa de vegetacdo, no ano agricola de 2011/2012.
O delineamento experimental utilizado foi o completamente casualizado, com seis repeti¢cdes. Os tratamentos
foram dispostos em esquema fatorial, sendo composto por diferentes combina¢des da cultivar de arroz IRGA 424
e de bidtipo de arroz-vermelho, variando-se as proporcdes relativas de plantas por vaso [competicdo intraespeci-
fica (100:0) e interespecifica (50:50)]; e doses de nitrogénio adicionadas ao solo (0; 30; 60; 90 e 120 g dm-®) na
forma de ureia, dividida em duas épocas, aos 15 e 53 dias apds a emergéncia. As variaveis avaliadas foram:
condutancia estomética de vapores de &gua, taxa fotossintética, perdxido de hidrogénio e peroxidacéo lipidica.
Os resultados evidenciam que, em geral, a competicao interespecifica causa maior estresse oxidativo e interfere
negativamente na fotossintese, mesmo quando as plantas estdo submetidas a altas (90 e 120 g dm= de N)
doses de nitrogénio, comparado a competicéo intraespecifica. Enquanto para o arroz-vermelho, é a competicao
intraespecifica que causa maior estresse oxidativo e prejuizo na fotossintese em plantas sob menores (0 g dm-
de N) e maiores (90 e 120 g dm de N) concentra¢gfes de nitrogénio, respectivamente, em relagdo a competicao
interespecifica.

Palavras-chave adicionais: adubacéo nitrogenada; Oryza sativa; série de substituicéo.

Introduction (157 million tons) and Indonesia (70 million tons). Bra-

zil is among the 10 largest producers, with production
The rice crop has great social, economic and of 11.8 million tons in an area of 1.9 million hectares

cultural importance, with around 741 million tonnes (CONAB, 2018).
being produced worldwide (FAO, 2016). China is the Despite the prominent position worldwide in
largest producer (208 million tons), followed by India  the rice crop, especially as result of the use of cultivars
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with high yield potential and the investment in technol-
ogy, the level of productivity considered ideal for culti-
vation has not yet been reached. This is in part due to
unsatisfactory weed control, especially red rice, the
main weed affecting the crop (Agostinetto et al., 2001).

According to Dai et al. (2017), red rice pre-
sents faster emergence, higher production of adventi-
tious (secondary) roots, and greater fresh mass com-
pared to cultivated rice. The same authors also report
that red rice has higher photosynthetic pigment con-
tent, net photosynthesis rate, stomatal conductance,
intercellular CO2 concentration, transpiration rate, and
kinetic parameters of chlorophyll fluorescence, with
highest photosynthetic activity by the joint action of a
larger antenna, more active reaction centers, and
greater quantum yield for electron transfer; character-
istics that aid the competitive ability of the weed
against rice. However, it is known that the response to
the interference with the crop goes beyond intrinsic
characteristics of the plants, it also varies according to
other factors such as nutritional management, espe-
cially of nitrogen.

When competition for nitrogen is established
between the crop and the red rice, this reduces the
nutrient availability for the first, which causes stress. A
study showed that as soil nitrogen levels decrease,
plants of the rice cultivar IR64 in competition with red
rice biotypes from Malaysia, the Philippines, and
Vietnam, reduce their leaf area and shoot dry matter
(Chauhan & Johnson, 2011). Notwithstanding, despite
the possibility of verifying such responses through
growth variables, the consequences of competition on
plant physiology and the interaction with nitrogen fertili-
zation have not yet been elucidated.

Understanding the influence of nitrogen fertili-
zation under the physiological behavior of rice and red
rice in competition is fundamental for the adequate
choice of weed control strategies, and the nutritional
management of the crop. Therefore, the objective of
this work was to evaluate the physiological effects of
the competition of rice and red rice submitted to differ-
ent nitrogen concentrations.

Material and methods

The experiments were carried out under
greenhouse conditions, in the 2011/12 crop year. The
experimental units consisted of plastic pots with a vol-
umetric capacity of four liters (height: 16 cm; upper
diameter: 21 cm; bottom diameter: 17 cm; not perfo-
rated in the base), filled with samples of Red-Yellow
Argisol, with sandy loam texture (pH in water = 5.7;
O.M. =17 gdm3; P =22.6 mg dm=3; K= 112 mg dm-3;
Ca = 3.1 cmolc dm?; Mg = 1.1 cmolc dm=3; H + Al =
= 2.8 cmolc dm3; CEC (cation-exchange capacity) =
=7.1; Al = 0.1 cmol. dm3; base saturation = 61%,; and
aluminum saturation = 2.0%). The experiments were
carried out in a completely randomized experimental
design, with six replicates, using seeds of the rice
cultivar IRGA 424. Red rice seeds were obtained from

plants of a rice farm in the municipality of Rio Grande,
in the southern region of the state of Rio Grande do
Sul.

Firstly, a preliminary experiment with rice and
red rice in monoculture was carried out to determine
the population of plants m? from which the shoot dry
matter (SDM) per unit area (g m) becomes independ-
ent of the population, according to the “constant yield
law” (Radosevich et al., 2007). The tested populations
were 4, 8, 16, 32, 64, and 128 plants per pot (equiva-
lent to 143; 286; 571; 1,143; 2,286; and
4,571 plants m2),

The variable SDM was quantified at 45, 60,
and 75 days after emergence (DAE) by weighing the
shoots of plants after drying in a greenhouse with
forced air circulation at 60 °C for 96 hours. For data
analysis, the reciprocal production was used to deter-
mine the population of plants where SDM became
constant. Final yield was obtained with a mean popula-
tion of 32 plants per pot, equivalent to 1,143 plants m3;
and the time defined for the collection of plants was at
60 DAE (data not shown).

The second experiment was set up in a facto-
rial scheme, where factor A was composed of different
combinations of the rice cultivar IRGA 424 and the red
rice biotype, varying the ratios between them [intraspe-
cific competition (100:0), and interspecific competition
(50:50)]; and factor B was composed of nitrogen doses
added to the sail (0, 30, 60, 90, and 120 g dm) in the
form of urea, incorporated with water one day after
application from the flooding of the experimental units,
thus with no nutrient losses.

Nitrogen application was divided into two
equal parts, one performed on dry soil at 15 days after
emergence (DAE), at the beginning of tillering, and
another at 53 DAE. At sowing, fertilization was per-
formed at 25 and 20 g dm equivalent of P20Os and
K20, respectively, in the form of triple superphosphate
and potassium chloride incorporated into the soil.

At 60 DAE, evaluations were performed in the
last fully expanded leaf, in the middle third of the stem,
between 8 and 10 o'clock in the morning, using the
portable meter IRGA, brand LI-COR, model LI-6400. At
that time, the stomatal conductance of water vapor
(Gs - mol H2O0 m?2 s?') and the photosynthetic rate
(A - umol CO2 m? s1) were determined. Subsequently,
the leaves of the rice or red rice plants from each
experimental unit were collected separately and stored
at -80 °C until the moment of quantification of the other
variables that will be described next.

Cellitissue damage was determined from the
hydrogen peroxide (H202) content, as described by
Alexieva et al. (2001), and thiobarbituric acid reactive
species (TBARS) damage determined via malonic
aldehyde (MDA) concentration, as described by Health
& Packer (1968). To carry out these analyses, 0.2 g of
leaves were macerated with liquid nitrogen, homoge-
nized in 2 mL of 0.1% trichloroacetic acid (m/v), and
centrifuged at 14,000 rpm for 20 min. For the quantifi-
cation of H202, 0.2 mL aliquots of the supernatant were
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added in 0.8 mL of 10 mM phosphate buffer (pH 7.0)
and 1 mL of 1 M potassium iodide. The solution was
allowed to stand for 10 min at room temperature, with
the absorbance being read at 390 nm. The H20:2 con-
centration was determined using the standard curve
and expressed in milimol per gram of fresh weight
(mM gt FW).

To determine TBARS, 0.5 mL aliquots of the
supernatant, as described above, were added to
1.5mL of 0.5% (m/v) thiobarbituric acid (TBA) and
10% (w/v) trichloroacetic acid, and incubated at 90 °C
for 20 min. The reaction was stopped in an ice bath for
10 min. The absorbance was read at 532 nm,
subtracting the non-specific absorbance at 600 nm.
The MDA concentration was calculated using the
absorbance coefficient of 155 mM cm, the results
being expressed in nM MDA g FW.

The data were analyzed for their normality

(Shapiro Wilk test) and later submitted to analysis of
variance (p<0.05). In the case of statistical significance
for the factor competitors, the data were compared by
the mean confidence interval, whereas for the factor
nitrogen dose, a polynomial regression study was per-
formed (p<0.05).

Results and discussion

There was interaction of the factors ratio of
competing plants and nitrogen doses, in rice and red
rice, for all evaluated variables (Figure 1 and 2). The
data obtained for the variables were adjusted to a
guadratic equation, and the values of the coefficient of
determination (R?) ranged from 0.75 to 0.98, showing
satisfactory adjustment of the data to the model.
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Figure 1 - Stomatal conductance (Gs) (a), photosynthetic rate (b), hydrogen peroxide (H20z2) (c) and thiobarbituric
acid (TBARS) (d) of rice IRGA 424 under monoculture (100:0 - intraspecific competition) and competition with red
rice biotype (50:50 - interspecific competition), submitted to different doses of nitrogen, evaluated at 60 days after
emergence. The dots represent the mean values of the replicates and the bars, the respective confidence inter-
vals of the mean. Regression significance (*) (p<0.05) and non-significance (") (p>0.05).
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It was observed that the rice plants competing
with red rice had lower values of stomatal conductance
and photosynthetic rate at the doses of 90 and
120 gdm= N compared to intraspecific competition of
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the crop (Figure 1), whereas in the same doses, red
rice plants in competition with the crop showed higher
values of the variables compared to the intraspecific
competition of the weed (Figure 2).
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Figura 2 - Stomatal conductance (Gs) (a), photosynthetic rate (b), hydrogen peroxide (H202) (c) and thiobarbituric
acid (TBARS) (d) of red rice biotype under monoculture (100:0 - intraspecific competition) and competition with
rice IRGA 424 (50:50 - interspecific competition), submitted to different doses of nitrogen, evaluated at 60 days
after emergence. The dots represent the mean values of the replicates and the bars, the respective confidence
intervals of the mean. Regression significance (*) (p<0.05) and non-significance (") (p>0.05).

It is believed that the greater development of
red rice at higher doses decreases the interception of
light by the crop, caused by greater shading. This limi-
tation caused a stress condition in rice, resulting in
decreased stomatal conductance and, consequently,
lower photosynthetic activity.

From the equations, it was verified that the rice
and red rice plants presented increased stomatal con-
ductance and photosynthetic rate when submitted to
increasing nitrogen doses (Figure 1 and 2). For
stomatal conductance, the maximum points for rice
and red rice in interspecific competition were 104.7 and
1028 g dm3 N, corresponding to 0.71 and
0.95 mol H20 m s1 of the variable, respectively, while

in the evaluation of intraspecific competition of the
plants, the estimated values were higher than the
maximum dose tested in the study.

For the photosynthetic rate, the maximum point
for rice plants under intraspecific and interspecific
competition were obtained at the doses of 112.6 and
100.6 g dm N, providing 15.4 and 12.8 ymol CO2 m2st
of the variable, respectively (Figure 1). For red rice in
intraspecific and interspecific competition, the doses
that reached the maximum point were 95.1 and
101.4 g dm, indicating a photosynthetic rate of 12.7
and 16.3 pymol CO2 m* s, respectively (Figure 2).

The increase in the physiological variables as
a function of the increase in nutrient doses is probably
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due to the positive correlation between plant nitrogen
content and chlorophyll biosynthesis, in addition to the
rubisco enzyme activity and ATP synthase, as well as
the chloroplast size and thylakoid content (Laza et al.,
1993; Schadchina & Dmitrieva, 1995; Redillas et al.,
2011). On the other hand, nutrient deficiency leads to
decreased CO: assimilation capacity, photosynthetic
rate, stomatal conductance, and quantum vyield of
photosystem Il in rice plants (Kumagai et al., 2009).

For the variables that evaluate oxidative
stress, it was observed that rice plants submitted to
interspecific competition, and red rice in intraspecific
competition presented higher values of H202 at the
dose of 30 g dm-=2 N (Figure 1 and 2). It is hypothesized
that due to the limitation of nitrogen in the experimental
unit, it was established a condition of intense dispute
for the nutrient in the aforementioned associations of
plants, unbalancing the formation of reactive oxygen
species in the plants and, consequently, increasing
H202. The present results corroborate with those found
by Afifi and Swanton (2012), who observed an accu-
mulation in H202 content under competition.

H202 can inhibit the synthesis of proteins of
photosystem 1l (Takahashi & Murata, 2008), present
negative correlation with the activity of the rubisco
enzyme (Zhou et al., 2007), and cause damage to
lipids and other components such as nucleic acids,
essential for cell activity and integrity, suggesting that
such events are also activated during competition.

It was also verified that rice and red rice plants
presented a decrease of the H202 content when sub-
mitted to the increasing nitrogen doses. For rice in
intraspecific competition, a minimum point of
98.8 gdm?3 N was observed, which corresponds to
0.29 mM g of the variable, whereas for interspecific
competition it was not possible to characterize the
minimum point for the crop, since the estimated doses
are higher than the doses used in the study (Figure 1).
Regarding the weed, in intraspecific and interspecific
competition, we observed a minimum point of 111.9
and 107.6 g dm= N, representing 0.38 and 0.31 mM g
of the variable, respectively (Figure 2).

These results are probably related to the
decrease of the CO2 assimilation capacity induced by
nutrient deficiency, which restricts the consumption of
ATP and NADPH, resulting in the production of reac-
tive oxygen species such as H20: (Skilman &
Osmond, 1998). This study confirms the results
obtained in this research, demonstrating that nitrogen
deficiency can increase Hz0: in rice leaves, indicating
oxidative stress (Kumagai et al., 2009; Lin et al., 2011).

In the evaluation of lipid peroxidation, it was
observed that the rice plants submitted to competition
with red rice had higher MDA values at the doses of 30
and 60 g dm= N compared to intraspecific competition
(Figure 1). Moreover, it was verified that the weed
under monoculture also showed higher peroxidation at
the doses of 60 and 90 g/dm3® N in relation to
interspecific competition (Figure 2).

MDA is the product of lipid peroxidation, con-

sequently, the higher content of this compound indi-
cates oxidative stress (Liu et al., 2009). Thus, it is
hypothesized that competition for nitrogen may induce
the production of free radicals that oxidize the phos-
pholipid components of cell membranes, leading to an
increase in the contents of the variable. Recently, a
study has also demonstrated the competition capacity
to cause oxidative stress, with an increase in the MDA
content being detected in soybean plants competing
with susceptible and glyphosate-resistant ryegrass
(Agostinetto et al., 2016).

Based on the equations, it was verified that
rice and red rice plants presented a reduction in the
MDA content when submitted to increasing nitrogen
doses, reaching for the crop in intraspecific competi-
tion, @ minimum point of 91.2 g dm= N, which corre-
sponds to 5.9 nM MDA g FW of the variable; for inter-
specific competition, it was not possible to identify the
minimum point, since the estimated doses are higher
than the maximum dose in the study (Figure 1). On the
other hand, for the weed in intraspecific and interspe-
cific competition, the minimum points were obtained at
the doses of 94.7 and 87.6 g dm= N, indicating 7.1 and
5.1 nM MDA g! FW of the variable, respectively
(Figure 2).

Conclusions

In the rice crop, when compared to intraspe-
cific competition, interspecific competition causes
greater oxidative stress and negatively interferes with
photosynthesis even when the plants are submitted to
high nitrogen doses (90 and 120 g dm- N).

For red rice, it is the intraspecific competition that
causes greater oxidative stress and loss of photosyn-
thesis in plants under lower (0 g dm-= N) and higher (90
and 120 g dm? N) nitrogen concentrations, respec-
tively, in relation to interspecific competition.
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