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ABSTRACT - The objective of this work was to evaluate the characteristics related to the
photosynthetic ability of hybrid and inbred rice varieties, as a way to assess which of the two
presented higher potential to stand out under conditions of competition. The trial was set in
a greenhouse in completely randomized block design and 2 x 6 factorial scheme with four
replications. Factor A consisted of rice varieties (hybrid or inbred) and factor B by competition
levels. Treatments consisted in maintaining one plant of either BRS Pelota (inbred) or Inov
(hybrid) variety at the center of the plot, under competition with 0, 1, 2, 3, 4 or 5 plants of the
variety BRS Pelota at the periphery of the experimental unit, according to the treatment. Fifty
days after emergence (DAE), sub-stomatal CO

2
 concentration (Ci – mmol mol-1), photosynthetic

rate (A – mmol m-2 s-1) and CO
2 
consumed (DC – mmol mol-1) were quantified, as well as shoot

dry mass (SDM). Hybrid plants present higher photosynthesis capacity than inbred plants, when
competing with up to 3 times its own density. When under the same competitive intensity,
hybrid plants surpass the inbred. However, it should be emphasized that, when in farm
condition, the lower competitive capacity with weeds often attributed to the hybrid varieties,
probably is due to their lower planting density, but if weed competition is kept at low levels,
hybrid rice plants may perform in the same way or usually better than inbred plants.

Keywords:  competitive ability, plant physiology, Oryza sativa.

RESUMO - Objetivou-se com este estudo avaliar características relacionadas a capacidade fotossintética
de variedades de arroz híbridas e convencionais, de forma a quantificar seu potencial de competição.
O experimento foi instalado em casa de vegetação em delineamento experimental de blocos casualizados
e esquema fatorial 2 x 6, com quatro repetições. O fator A consistiu de variedades de arroz
(convencional e híbrida) e o fator B de níveis de competição. Os tratamentos consistiram em manter
uma planta da variedade BRS Pelota (convencional) ou Inov (híbrida) no centro da unidade experimental,
sob competição com 0, 1, 2, 3, 4 ou 5 plantas da variedade BRS Pelota na periferia, de acordo com
o tratamento. Cinquenta dias após a emergência (DAE), concentração de CO

2
 subestomática (Ci –

mmol mol-1), taxa fotossintética (A – mmol m 2 s 1) e CO
2
 consumido durante a avaliação (DC - mmol mol-1)

foram quantificados, bem como a massa seca da parte aérea das plantas (SDM). Plantas
híbridas apresentaram maior capacidade fotossintética que as convencionais, quando sob competição
com até três vezes sua própria densidade. Sob mesma intensidade de competição, plantas híbridas
são superiores as convencionais. No entanto, deve-se enfatizar que em condições de campo a menor
habilidade competitiva com plantas daninhas normalmente atribuída as variedades híbridas,
provavelmente se deve a sua menor densidade de semeadura, mas se a densidade de plantas
daninhas é mantida em níveis adequados plantas híbridas de arroz podem apresentar desempenho
similar ou normalmente superior ao de plantas convencionais.

Palavras-chave:  habilidade competitiva, fisiologia vegetal, Oryza sativa.
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INTRODUCTION

Rice is grown in more than 3 million
hectares in Brazil, and this grain is a staple
food in Brazilian diets (Fleck et al., 2008). Rice
growers at the Southern region of the Country
are highly specialized, and crop yields can be
as high as 12 metric tons per hectare, in some
commercial fields. On the other hand, in
the last cropping season (2009/2010) yield
averages were around 7.0 metric tons per
hectare at that region. Efficient weed control
is among the factors that cause relevant
damage to this crop, limiting yields as well
as the post-harvest grain quality. This is
due mainly to the lack of use of alternative
weed control methods (cultural, physical,
mechanical) as crop rotation and direct
seeding, depending mainly on chemicals for
efficient weed control. If from one side
chemicals are highly efficient in controlling
troublesome weeds, on the other hand they
can cause problems like crop toxicity and weed
resistance to herbicides.

There are some management options
which can be adopted to minimize the negative
effects of weed interference on the rice crop;
among them, use of varieties with faster
emergence, vigorous tillering and higher leaf
area index can be highlighted. Therefore, crop
canopy close faster, contributing to a better use
of environmental resources by the crop at
the expense of weeds (Agostinetto et al.,
2004; Galon et al., 2007; Fleck et al., 2008). The
ability of a plant to surpass competition favors
yield and the efficient use of environmental
resources, particularly regarding physiological
characteristics associated with photosynthetic
rate and mass accumulation (Vander Zee &
Kennedy, 1983; Melo et al., 2006).

Hybrid vigor is a feature that normally
provides to crops greater capacity of using
resources and increasing growth rate. For rice,
with highly homozygote plants, and very low
rates of cross-fertilization. Several researchers
reported variable crossing rates in rice of  0.27
to 0.4% (Reaño & Pham, 1998), 0.02 to 0.26%
(Noldin et al., 2002) and 0.1% (Messinger et al.,
2001). However, according to these studies,
these values found depend on anthesis
synchrony, variety, environment and
especially the distance between plants
involved in the process.

Currently, hybrid vigor is being explored
in hybrid rice crop in order to achieve higher
yields than those currently provided by
traditional homozygote varieties. A plant with
higher heterosis usually presents faster and
more vigorous growth, developing its canopy
first than most weeds, and increasing its
competitive ability (Harlan et al., 1973)
provoded that they were planted at the same
density, or in absence of weed competition
(Galon et al., 2007).

Vegetation modifies the light environment
in different ways depending on the geometry
of the plants, the distribution of biomass, and
the spectral properties and orientation of
leaves (Barbour et al., 1980). When light profile
is changed, several parameters are changed.
Shifts at these parameters can be used as a
tool to infer about plant communities, mainly
in terms of competitive ability. As stated by
Radosevich et al. (1997), a given plant species
may be more competitive either by capturing
more efficiently a given resource or by using
this resource more efficiently. In addition,
these authors state that light and water are
the main two factors prone to competition
inside a plant community.

So far, few studies have reported the
importance of photosynthetic rate and efficient
water use on the competitiveness of rice
plants. There are several factors influencing
photosynthesis rate directly or indirectly, such
as water deficit, heat stress (Loreto & Bongi,
1989), leaf internal and external gas
concentration  (Kirschbaum & Pearcey, 1988)
and light composition and intensity (Sharkey
& Raschke, 1981), among others. Whereas the
stomatal ability of conduction and gas
exchange is deemed to be the main limitation
for assimilation of photosynthetic CO

2

(Hutmacher & Krieg, 1983), it is unlikely that
gas exchange will limit the photosynthetic
rate when in interaction with other factors.

Photosynthetic rate is directly related to
the photosynthetically active radiation
(composition of light), to the factors of water
availability and to gas exchanges (Naves-
Barbiero et al., 2000). Plants have specific
needs for light, predominantly within red and
blue bands (Messinger et al., 2006). If the
plant does not receive these light lengths in a
satisfactory way, it will need to adapt to survive
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(Attridge, 1990). When plants are under
competition for light, it also becomes important
the red/far-red balancing (Weller et al., 1997),
which is modified by shading, affecting directly
the photosynthetic efficiency (Da Matta et al.,
2001).

The objective of this work was to
evaluate the characteristics related to the
photosynthetic ability of hybrid and inbred rice
varieties, as a way to assess which of the two
present higher potential to stand out under
conditions of competition.

MATERIAL AND METHODS

The experiment was set in a greenhouse
with automated sprinkler irrigation system,
in a completely randomized block design, in a
2 x 6 factorial scheme with four replications.
Factor A consisted of rice varieties (hybrid or
inbred) and factor B by competition levels.
Experimental plots consisted of plastic buckets
containing 13 L of soil, previously corrected
and fertilized according to soil analysis.
Treatments consisted in maintaining one
plant of either BRS Pelota (inbred) or Inov
(hybrid) variety at the center of the plot, under
competition with 0, 1, 2, 3, 4 or 5 plants of the
variety BRS Pelota at the periphery of the
experimental unit, according to the treatment.

At the center of the plot, three seeds of
the variety to be tested were planted, whereas
at the periphery of the same plot, six seeds of
the variety BRS Pelota were planted. Ten days
after emergence (DAE), the number of plants
was standardized to one plant of rice at
the center of the plot, varying from 0 to 5
the number of plants at the periphery. The
experimental units were kept equidistant,
so that the surface area available for the
development of plants corresponded to the
approximate area of the experimental unit.

Fifty DAE, the analyses were carried out at
the first fully expanded leaf of the plant located
at the center of the plot. It was used an infrared
gas analyzer - IRGA, model LCA Pro+ (Analytical
Development Co. Ltd, Hoddesdon) in open
greenhouse, allowing free air circulation. Sub-
stomatal CO

2
 concentration (Ci - µmol mol-1),

photosynthetic rate (A – µmol m-2 s-1) and CO
2

consumed (∆C – µmol mol -1) during the
evaluation period were quantified.

All the above-ground (shoot) mass of the
central plant were also collected and the
material was dried in a stove at 60 oC to
constant weight, and weighed on analytical
scale, which returned the shoot dry mass
(SDM) variable. Each block was evaluated in
one day, from 7:00 to 9:00 a.m. in order to keep
homogeneous environmental conditions
during evaluation of that set of treatments. In
each experimental plot, only the central plant
was evaluated; plants at the periphery were
used only to impose competition during the
development of the central plant, from
emergence to plant evaluations (50 DAE).

Data were submitted to analysis of
variance by F-test and in case of significance,
it was applied the DMRT test in order to
evaluate the effect of increasing the plants
density, and the Least Significant Difference
(LSD) test was used to evaluate differences
between the inbred or hybrid rice varieties in
each competition intensity. All data were
analyzed at 5% probability.

RESULTS AND DISCUSSION

Shoot dry mass of both varieties decreased
as competition increased (Table 1). Isolated
plants (checks) were superior to plants
submitted to competition. Similarly, hybrid
and inbred varieties did not differ in dry mass
accumulation in any of the treatments. It can
be inferred that the intra-plant competition -
between parts of the same rice plant - was
relevant in determining mass accumulation,
as described for basic and applied studies
by Radosevich et al. (1997) and Fleck et al.
(2008). It is possible to speculate that
hybrid rice plants have favored the growth in
height in lieu of mass accumulation in
leaves, as a way to stand out to in the
competition. This hypothesis was observed by
Aspiazu et al. (2008), who reported that
barnyard grass (Echinochloa crusgalli), even
presenting similar dry mass, may differ widely
as to the competitive ability according to the
partition of photosynthates, e.g. promoting
greater mass accumulation in stems at
expense of leaves, as a way to obtain advantage
in competition for light when under high
intraspecific competition, or when under
competition against plants with similar
morphophysiological characteristics.
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Results for consumed CO
2
 showed to vary

widely among treatments. However, in general
terms, it can be observed that when
competition was higher, there was a decrease
trend in CO

2
 use by rice plants (Table 2). The

authors hypothesize that under higher
competitive intensity, plants were subjected
to higher competition for light, and
photosynthetic rate was affected. As a
consequence, CO

2
 use was proportionately

smaller. It is also observed that at intermediary
competition intensities, CO

2
 consumed was

higher in Inov hybrid variety plants. When
under the same competition intensity, this
variety presented CO

2
 use rate 35% higher

than plants of the non-hybrid variety. This
superiority was observed when the central
hybrid plant was under competition with 1, 2
or 3 plants of BRS Pelota. For treatments 1:(4)
and 1:(5), the hybrid plant started being
affected by competition at the same level as
the inbred plant (Table 2).

Internal CO
2
 concentration in the leaf was

reduced for both varieties as competition
increased (Table 3). However, inbred
plants increased CO

2
 concentration in the

leaf at lower competition intensities than
hybrid plants. For BRS Pelota plants, CO

2

concentration in intercellular spaces was
around 320 µmol mol -1 at the higher
competition intensities whereas for Inov this
concentration was close to 305 µmol mol-1. At
smaller densities, hybrid plants presented CO

2

concentrations in leaves always lower than
that observed for inbred plants, under the

same competition level (Table 3). The internal
CO

2
 concentration in leaves is considered a

physiological variable influenced by
environmental factors as water availability,
light and energy, among others (Ometto et al.,
2003). Higher CO

2
 concentration inside leaves

of BRS Pelota under competition indicates high
interference by other plants and, probably,
smaller photosynthetic rate for this variety.
In simple terms, inbred plants were more
affected by competition than hybrid plants
because they were able to process less CO

2

under the same competition level.

Until recently, the most accepted theory
was that light affected indirectly stomatal
opening through its effect on CO

2
 assimilation

(Nishio et al., 1994). However, Sharkey &
Raschke, (1981) and Floss (2008) reported that
stomatal opening is less dependent on the CO

2

concentration in the leaf, responding directly
to light. Thus, under competition and shading,
light balance participates in stomatal opening
and gas balance between the internal part of
the leaf and the external environment (Loreto
& Bongi, 1989). In studies with sunflower plants
under stress, CO

2
 concentration inside the leaf

increased as photosynthesis rate reduced
(Corniani et al., 2006), corroborating with the
results obtained in this work. When the agent
causing the stress was removed, the plant
recovered its photosynthetic capacity and the
CO

2
 concentration was normalized.

The photosynthetic rate of both varieties
was affected as competition increased.

Table 1 - Shoot dry mass (g per plant) of rice plants, in function
of variety and competition intensity in controlled
environment, 50 days after emergence

ns – non-significant by the LSD; 1/ one rice plant in the center of

the experimental unit competing with the number of plants within

parenthesis; 2/ means followed by the same letter, in the column,

do not differ by the DMRT test.

Table 2 - CO
2
 consumed (µmol mol-1) by rice plants, in function

of variety and competition intensity in controlled
environment, 50 days after emergence

ns – non-significant and significant, respectively, by the LSD;
1/ one rice plant in the center of the experimental unit competing

with the number of plants within parenthesis; 2/ means followed by

the same letter, in the column, do not differ by the DMRT test.

Rice varietySDM

Treatment BRS Pelota Inov
Difference1/

1 : (0) 36.58 a2/ 36.48 a 0.1 ns

1 : (1) 13.10 b 12.28 b 0.82 ns

1 : (2) 8.76 b 6.99 b 1.77 ns

1 : (3) 6.33 b 6.47 b -0.14 ns

1 : (4) 5.84 b 5.66 b 0.18 ns

1 : (5) 4.47 b 5.17 b -0.7 ns

Rice variety�C

Treatment BRS Pelota Inov
Difference1/

1 : (0) 48.5 a2/ 42.8 bc 5.7 ns

1 : (1) 36.3 bc 56.3 a - 20.0 *

1 : (2) 37.0 b 58.0 a - 21.0 *

1 : (3) 33.0 c 46.3 b - 13.3 *

1 : (4) 43.5 ab 38.8 bc 4.7 ns

1 : (5) 32.8 c 35.8 c - 3.0 ns
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Varieties did not differ from the check free
of competition until the treatment 1:(2),
i.e., one plant at the center of the plot under
competition with two plants of the inbred
variety (Table 4). From this point on, hybrid
plants were more affected by the competition
than inbred plants. In the absence of
competition, photosynthetic rate of hybrid
plants was approximately 34% higher than that
observed in plants of the BRS Pelota variety.
Furthermore, plants of the Inov variety
were superior to the inbred, under the same
competition intensity, when competing with
up to 3 plants of the opposite variety. When
the variables associated with photosynthesis
are considered, it is observed that while the
photosynthesis (Table 4) decreased with the
increase in competition between plants, CO

2

concentration inside the leaf increased
proportionately (Table 3). Similarly, the
gradient between the amount of CO

2
 in the

air outside and the amount of CO
2 
inside the

leaf changed inasmuch as the plant did not
incorporate CO

2
 by photosynthesis (Table 2).

Even with higher photosynthetic rates
at lower competition intensities, hybrid
plants were not superior to inbreds on the
accumulation of dry mass, under the same
competition levels (Table 1). The most plausible
explanations are pointed as follows: (1) in
addition to greater photosynthesis, hybrid
plants present higher respiratory rates than
inbred plants. Thus, much of the amount
of CO

2
 incorporated is consumed by the

respiratory process to generate energy, which
may be being converted into heat. (2) Due to
the increased photosynthesis, plants of the
hybrid variety reduce very fast the amount of
CO

2
 available inside and close to the canopy,

and thus their photosynthesis rate is limited
by the resulting lower CO

2 
concentration in the

air layer next to the leaves. (3) Photorespiratory
rate in hybrid plants may be higher and help
reducing CO

2
 use efficiency. Although this is

possible, it was not measured and this is
unlikely to be the cause, otherwise such high
reductions in the internal CO

2
 in the leaf of

hybrid plants would not be observed, because
great part of the CO

2
 used by photosynthesis

would return to the air inside leaf through
photorespiration and again be available to be
reused.

Some field studies compared the
competitive potential of hybrid and inbred
varieties for their ability to compete with the
main weeds of rice crop, and concluded that
at the respectively recommended seeding
rates, the hybrid variety Avaxi was less
competitive than the others for some features
(Galon et al., 2007). Similarly, for this variety,
the economic threshold level (ETL) was
lower than that observed for the non-hybrid
varieties (Galon et al., 2007). It should be
noted, however, that the seed density of these
trials was 125 kg ha-1 for inbred varieties
and 50 kg ha-1 for the hybrid variety Avaxi,
according to recommendation of some works
(Sosbai, 2007). As stressed by the authors, the

Table 3 - CO
2 
concentration within the leaf (µmol mol-1) of rice

plants, in function of variety and competition intensity in
controlled environment, 50 days after emergence

ns – non-significant and significant, respectively, by the LSD;
1/ one rice plant in the center of the experimental unit competing

with the number of plants between parenthesis; 2/ means followed

by the same letter, in the column, do not differ by the DMRT test.

Table 4 - Photosynthetic rate (µmol m-2 s-1) of rice plants, in
function of variety and competition intensity in controlled
environment, 50 days after emergence

ns – non-significant and significant, respectively, by the LSD test;
1/ one rice plant in the center of the experimental unit competing

with the number of plants within parenthesis; 2/ means followed by

the same letter, in the column, do not differ by the DMRT test.

Rice varietyCi

Treatment BRS Pelota Inov
Difference1/

1 : (0) 267 b2/ 209 c 58 *

1 : (1) 298 ab 262 b 36 *

1 : (2) 321 a 280 ab 41 *

1 : (3) 324 a 292 ab 32 *

1 : (4) 315 a 302 a 13 ns

1 : (5) 316 a 309 a 7 ns

A Rice variety

Treatment BRS Pelota Inov
Difference1/

1 : (0) 15.37 a2/ 20.65 a -5.28 *

1 : (1) 11.52 ab 17.06 ab -5.54 *

1 : (2) 11.82 ab 18.52 ab -6.7 *

1 : (3) 10.55 b 14.73 bc -4.18 *

1 : (4) 11.16 b 12.37 c -1.21 ns

1 : (5) 8.87 b 12.44 c -3.57 ns
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objective was to simulate the situation that
rice growers meet in the field and what would
happen when these varieties are under
competition against the most aggressive weed
of rice fields, which is Echinochloa spp. But, in
this case the author agree that considering
proper weed control, hybrid plants would grow
faster than inbred plants, but also remarks the
great differences in seeding rates should be
considered for competitive aggressiveness
under field conditions.

According to the data from in this work, it
can be inferred that when under the same
competition levels or planting densities, plants
of the hybrid variety are more competitive
than inbred plants. Also, hybrid plants were
superior as to the photosynthesis rate when
competing with up to 3 non-hybrid plants. The
same was observed on the CO

2
 concentration

inside the leaf.

It is possible to infer that Inov plants
present higher photosynthesis capacity than
BRS Pelota, when competing with up to 3 times
its own density, when considering all other
resources (irrigation, fertilization) are properly
supplied and external interferences (pests and
diseases) are not an issue. When under the
same competitive intensity, hybrid plants
surpass the inbred. However, it should be
emphasized that, at farm conditions, the lower
competitive capacity with weeds often
attributed to the hybrid varieties, is probably
due to their lower planting density, but if weed
competition is kept at low levels, hybrid rice
plants may perform in the same way or better
than inbred plants.
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