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RICE SEEDLING AND PLANT DEVELOPMENT AS AFFECTED BY INCREASING

RATES OF PENOXSULAM UNDER CONTROLLED ENVIRONMENTS1

Desenvolvimento de Plântulas e Plantas Adultas de Arroz em Função de Doses Crescentes de
Penoxsulam em Ambiente Controlado

CONCENÇO, G.2, LOPES, N.F.3, MORAES, D.M.3, ANDRES, A.4 e MELO, P.T.B.S.5

ABSTRACT - Rice is a major staple in many countries. Weed control is one of the factors limiting
higher rice yield. ALS (acetolactate synthase)-inhibiting herbicides are desirable weed control
herbicides because of their high efficacy, low toxicity to mammalians, and low rates used. An
important herbicide characteristic is high selectivity to the crop, since it facilitates fast crop
establishment and greater crop advantage over the weeds. The objectives of this work were to
study the effects of increasing rates of the ALS-inhibiting herbicide penoxsulam on seed integrity
and germination, and seedling and plant development of rice cv. BRS Pelota under controlled
laboratory and greenhouse conditions. The results showed that penoxsulam affected rice
germination and seedling and plant growth at rates above 54 g a.i. ha-1, and that penoxsulam is
safe for rice seedling development at the currently recommended rates.

Keywords: initial establishment, herbicide, Oryza sativa.

RESUMO - O arroz é componente importante da dieta humana em vários países. Entre os
fatores que limitam o aumento na sua produtividade está o controle de plantas daninhas. Os
herbicidas inibidores da ALS (acetolactato sintase) são preferidos em razão da alta eficiência
no controle de plantas daninhas, da baixa toxicidade aos mamíferos e das baixas doses
utilizadas. Uma característica importante que um herbicida deve possuir é a alta seletividade
à cultura, pois ela implica estabelecimento mais rápido, com vantagem competitiva sobre as
plantas daninhas. O objetivo deste trabalho foi estudar os efeitos do herbicida inibidor da ALS
penoxsulam em doses crescentes sobre a integridade e germinação das sementes, bem como
sobre o desenvolvimento inicial das plântulas e da planta adulta do cultivar BRS Pelota, sob
condições de ambiente controlado (laboratório e casa de vegetação). Os resultados mostraram
que o penoxsulam afetou a germinação e o crescimento de plântulas e plantas adultas nas
doses acima de 54 g i.a. ha-1 e que ele é seguro para o desenvolvimento da plântula de arroz
nas doses atualmente recomendadas.

Palavras-chave: estabelecimento inicial, herbicida, Oryza sativa.

INTRODUCTION

Rice is extensively used for human
consumption in many countries. It is cultivated
all over the world, mainly in the Asiatic
continent, and is an important source of
carbohydrate (Azambuja et al., 2002). World rice
trade is segmented according to local

preferences in relation to grain type and quality,
determined by the importing countries. The
consumption per capita around the world is
87 kg per year, with Asia being the greatest
consumer (FAO, 2000).

In Brazil the main production areas are
located in the southern region (Rio Grande do
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Sul, Santa Catarina), and Goias located in the
Mid - western region where highland rice is
grown. Almost all the Brazilian production is
consumed in situ because Brazil is not self-
sufficient.  In the state of Rio Grande do Sul,
rice grain yields are comparable to those
obtained in other productive regions of the
world.  However, problems with high costs of
production, high red rice infestations,  and
occurrence of abiotic factors (such as cold at
the flowering stage), limit regional production
to about 10 ton ha-1 (Magalhães Jr. et al.,
2002).

Weed control is indispensable to guarantee
economic profit. Herbicides contribute
significantly to increase yield, mainly under
the conventional sowing system, where
herbicidal chemicals are the main method
used for weed control (Magalhães Jr. et al.,
2002). Without control, weeds can reduce grain
yield in as much as 80% (Smith, 1988). Rice
establishment, regardless of the cultivation
system, is a critical component of the practices
used to ensure competitive advantage of rice
over weeds.

Amongst the weeds occurring in rice
culture, red rice is characterized for its difficult
control, junglerice (Echinochloa colona) and
barnyardgrass (Echinochloa crusgalli) by high
infestations around the world, and cyperaceous
weeds, which are problematic in many fields
(Andres & Machado, 2004). In conventional rice
growing systems which are strongly dependent
on chemicals, there are many possible options
for weed control. A key problem is the control
of cyperaceous weeds in pre-emergence, before
competition begins. The main difficulty in pre-
emergence is to achieve broad spectrum weed
control using just a single product.

Herbicides with a wider spectrum of action
and smaller risks to human and animal health
have been developed over time. The desire for
foods containing lower levels of herbicide
residues has promoted the development of a
new herbicide group inhibiting the enzyme ALS
(acetolactate synthase), that controls weeds
efficiently with minimal environmental impacts
(Vidal, 2002). ALS is the first common enzyme
responsible for the synthesis of branched chain
amino acids valine, leucine and isoleucine
(Shaner, 1991; Eberlein et al., 1997) and it is
also present in chloroplasts. ALS-inhibiting

herbicides are widely used because they control
many weeds at low rates, provide excellent crop
safety, and have low mammalian toxicity (Beyer
et al., 1988; Brown, 1990; Newhouse et al.,
1991). Organisms other than plants are not
strongly affected because they do not possess
this enzyme (Leite et al., 1998).

Very ef ficient herbicides can cause
phytotoxicity to the crop resulting in severe yield
reductions. ALS-inhibiting herbicides have
selectivity to rice culture. Four chemical classes
are known: sulfonylureas, imidazolinones,
triazolopyrimidine sulfonanilides, and
pyrimidinyl benzoates (Sprague et al., 1997).

Weed seedlings emerging with or just
before the rice are a major problem because
they interfere more with crop growth and
development than do later emerging weeds
(Schweizer et al., 1998).  In some situations,
when water is a limiting factor, interaction
between water management and application
of a residual pre-emergence herbicide is a
powerful tool to bring grain yield to a maximum
level.

Water management is of great importance
in weed control and increasing grain yield in
rice (Gomes et al., 1999). Water reduces the
O2 availability to roots (De Datta et al., 1979;
Gondin, 1983; Grillo, 1985). Thus, a pre-
emergence herbicide should maintain active
weed control at least until flooding starts
(Freitas, 2004).

A new ALS-inhibiting herbicide,
penoxsulam, has recently been made available
for use in irrigated rice, combining a wide
spectrum of action selectivity to rice culture
(Freitas, 2004; Pinto et al., 2004), and pre-
emergence control of cyperaceous weeds.
However, it is important to know how rice
plants respond to this new herbicide. Efficient
weed control must be associated with minimal
damage to the crop, in order to afford the best
initial establishment.  This will allow the crop
to have the advantage in development, covering
weedy plants, and consequently avoiding
greater infestations during the growing season.

The objectives of this work were to study
the influence of increasing rates of penoxsulam,
applied in pre-emergence, on seed integrity and
germination, initial development of the
seedlings and adult plant of rice cv. BRS Pelota,
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under controlled conditions in the laboratory
and greenhouse.

MATERIAL AND METHODS

Two experiments were conducted under
controlled conditions. The first was carried out
at the Seed Development Laboratory,
Department of Botany, Universidade Federal
de Pelotas, Capão do Leão-RS, from April to
June, 2004. The second was installed under
greenhouse conditions at Embrapa Clima
Temperado, Capão do Leão-RS, from May to
June, 2004.

The laboratory experiment was conducted
at different phases. An imbibition’s curve
for rice cv. BRS Pelota was determined
initially (Figure 1). A conductivity test was
performed to determine the influence of
herbicide penoxsulam on membrane integrity.
The experimental design was completely
randomized with three statistical replications
and four test replications for penoxsulam rates
of 0, 49, 98, 147 and 196 mg a.i. L-1. Based on
preliminary results from the imbibition
curve, fifty seeds were soaked in herbicide
solutions for a period of one hour.  Conductivity
was measured 0, 1, 2, 3 and 24 hours after
imbibition, according to Krzyzanowski et al.
(1991).

One hundred seeds were sowed in
Germitest papers pre-soaked in herbicide
solutions for one hour. Twelve replications were
used for each rate (four test and three

statistical replications). The replications of each
rate were put into a plastic pack and all
treatments placed in the germinator regulated
to 25 oC. The following tests germination curve,
root and shoot fresh and dry matter, length
and water content, and germination at 7 and
14 days were determined for the same rates
used for the conductivity test.

The second experiment was conducted
under greenhouse conditions with treatments
consisting of penoxsulam rates of 0, 18, 36,
54 and 72 g a.i. ha-1. One hundred seeds were
sowed in washed sand (one experimental unit),
at 20 mm depth, with two test and four
statistical replications. The herbicide was
applied with a precision apparatus using four
nozzles TeeJet 110.015, propelled by CO2 at
35 PSI and a flow rate of 150 L ha-1 outlet. The
herbicide was applied two days after sowing,
outside the greenhouse, without wind. The
experimental units were irrigated to near
field capacity two hours before herbicide
applications. The experiment was conducted
over a 20 day period (6 days before and 14 days
after emergence).Fresh and dry shoot weight,
length, I50 (rate causing 50% of reduction on
the measured parameter), correlation analysis
between length and fresh weight, water
content, germination and emergence curve
were determined.

The experimental data were submitted to
analysis of variance (ANOVA) at 5% level with
polynomial regression when significant.

RESULTS AND DISCUSSION

The ideal time for rice seed imbibition was
one hour (Figure 1), coinciding with results of
Krzyzanowski et al. (1991).

Electrical conductivity increased with
increasing penoxsulam rates, especially for
the highest rate tested, and ranged from 0.46
to 0.56 S m-1 g-1 seed for 24 h (Figure 2).
Electrical conductivity was primarily affected
by imbibition’s time rather than by the rate
used (Figure 2). The electrical conductivity is
thought to be related directly with the ability
of the seed to germinate in field conditions.
The increasing rate in electrical conductivity
must decrease the seed’s ability to germinate
(Colete et al., 2003a, b).

Figure 1 - Water absorption by rice seeds cv. BRS Pelota as a
function of imbibition time. UFPel/DB, Capão do Leão-
RS, 2005.
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Penoxsulam reduced shoot and root
length, up to 66% and 91%, respectively,  at a
rate of 196 mg a.i. L-1 (Figure 3). In the young
leaves of susceptible plants, cell division and
elongation are strongly inhibited within a few
hours after application (Shaner, 1991; Leite
et al., 1998).

Increasing penoxsulam rates reduced the
water content in roots but not in the shoots,
and a polynomial regression curve could not
be fit to the shoot data (Figure 4). Increasing
penoxsulam rates reduced shoot and root fresh
weight (Figure 6), similar to the reductions in
shoot and root length (Figure 3), showing a
strong correlation between fresh weight and
cell elongation. However, root and shoot length
was reduced more drastically than root dry
(Figure 5) and fresh (Figure 6) weight.
Shoot and root dry weight (Figure 5) was
reduced less drastically than fresh weight
(Figure 6), confirmed by water content (Figure
4), decreasing as a function of increasing
penoxsulam rates. Root water content was
reduced with increasing rates of penoxsulam
causing greater reductions in fresh matter than
in dry matter (Figures 5 and 6).

The water content reduction caused
cellular contraction, decreasing turgor
pressure, consequently concentrating solutes
into the cells. In addition, turgor-dependent
functions such as leaf expansion and root
elongation, are significantly more sensitive to
water deficit (Bressan et al., 2004). This helps
to explain why root system expansion was more
affected than leaf fresh weight.

The minimal effect of penoxsulam rates on
electrical conductivity (Figure 2) reflected a
homogeneous capacity to germinate for all
treatments (Figures 7 and 8). In addition,
penoxsulam caused a slight retardation in rice
germination at about 1 day (Figure 8).

The percentage of germinated seeds
decreased linearly with increasing penoxsulam
rates at 7 and 14 days after sowing (DAS),
showing similarity and stability in herbicide
effects over time (Figure 7).  Penoxsulam began
to act soon after application, resulting in
immediate damages to plants.  Almost all seeds
were germinated at 7 DAS with only two or
three percent additional germination at 14 DAS
(Figure 7).  The correlation analysis between

these two evaluations indicated similarity at
5% level, with an absolute correlation of 0.891.
The 2-3% decrease in germination was not a
limiting factor for seeds, mainly because rice
is a very plastic crop (Magalhães Jr et al.,
2004), and little seed germination reduction
could be offset by tillering.

Penoxsulam reduced seedling growth and
had little effect on rice germination (Figure 8).
Penoxsulam, an ALS-inhibiting herbicide, did
not affect seed germination in considerable
amounts, but did inhibit roots and shoots
because these herbicides inhibit mitosis (Leite
et al., 1998). In addition, these herbicides
accumulate in meristems, causing clorosis
followed by necrosis in damaged plants. These
symptoms were not observed under laboratory
or greenhouse conditions at any penoxsulam
rate tested.

It is important to emphasize that this
experiment was conducted under a controlled
environment, and that the seed stayed
permanently soaked in the herbicide solutions.
This may differ from actual field conditions,
where ambient effects (leaching, degradation,
or adsorption to colloidal particles) can
attenuate herbicide presence and consequently
absorption by the root system (Worthing et al,
1982).

The interaction between an adsorbent
surface and herbicide molecules causes the
adsorbate to be attracted to the surface,
reducing its concentration in the soil solution.

0

0,2

0,4

0,6

1 2 3 24

Soaking time (hours)

E
le

ct
ri

ca
l c

o
n

d
u

ct
iv

it
y 

(S
 m

-1
g

-1
)

Figure 2 - Electrical conductivity of rice seeds cv. BRS Pelota
as a function of soaking time for several solutions of
penoxsulam, where zero (�); 49 (�); 98 ( ); 147 (+); 196
( ) mg a.i. L-1. UFPel/DB, Capão do Leão-RS, 2005.
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Figure 3 - Shoot ( ) and root (�) length of rice seedlings cv.
BRS Pelota as a function of penoxsulam rates. UFPel/DB,
Capão do Leão-RS, 2005.
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Figure 4 - Shoot ( ) and root (�) water content of rice seedlings
cv. BRS Pelota as a function of penoxsulam rates. UFPel/
DB, Capão do Leão-RS, 2005.

Figure 5 - Shoot ( ) and root (�) dry weight of rice seedlings
cv. BRS Pelota as a function of penoxsulam rates. UFPel/
DB, Capão do Leão-RS, 2005.
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Figure 6 - Shoot ( ) and root (�) fresh weight of rice seedlings
cv. BRS Pelota as a function of penoxsulam rates. UFPel/
DB, Capão do Leão-RS, 2005.

Figure 7 - First count (�) and germination standard test (�) of
rice seeds cv. BRS Pelota as a function of  penoxsulam rates
under controlled environment. UFPel/DB, Capão do
LeãoRS, 2005.
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Figure 8 - Germination  curve  of rice  seeds cv. BRS Pelota as
a function of  days after  sowing and  penoxsulam rates,
where zero (�),  49 (�),  98 ( ),  147 (+) and  196 (x) mg
a.i. L-1. UFPel/DB, Capão do Leão-RS, 2005.
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As a result, the effect of a given rate varies
with soil type, and the levels of herbicidal
imbibition observed under greenhouse
conditions using washed sand would
probably be attenuated in field conditions
with increasing clay content (Walker et al.,
1982).

For the second experiment, conducted
under greenhouse conditions, fresh weight, dry
weight and plant lenght were reduced (Figure
9, 10 and 12) by increasing penoxsulam rates.
Correlation between plant length and fresh

weight reductions showed similarity at 1%
level, with a correlation of 0.98. Consequently,
herbicidal reduction in fresh weight should
result from direct reduction in length rather
than from a direct consequence of herbicidal
application, because leaves were not narrowed
with increasing penoxsulam rates.

In contrast to laboratory conditions (Figure
4), the water content was not affected by
penoxsulam rates (Figure 11), probably
because plants in this experiment were not
constantly in contact with herbicide solutions

Figure 9 - Shoot fresh weight of rice seedlings cv. BRS
Pelota as a function of  penoxsulam rates, growing under
greenhouse conditions.  UFPel/DB, Capão do Leão-RS,
2005.

Figure 10 - Shoot dry weight of rice seedlings cv. BRS Pelota
as a function of penoxsulam rates, growing under
greenhouse conditions. UFPel/DB, Capão do Leão-RS,
2005.
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Figure 12 - Shoot length of rice seedlings cv. BRS Pelota as a
function of penoxsulam rates, growing under greenhouse
conditions. UFPel/DB, Capão do Leão-RS, 2005.

Figure 11 - Shoot water content of rice seedlings cv. BRS Pelota
as a function of penoxsulam rates, growing under greenhouse
conditions. UFPel/DB, Capão do Leão-RS, 2005.
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as they were under laboratory conditions.
Following this tendency, the presence of the
herbicide and consequently its absorption by
the root system, would probably be attenuated
under field conditions (Worthing et al, 1982).

Penoxsulam reduced plant length linearly
with increasing rates. At the greatest rate
(72 g a.i. ha-1) the reduction reached about
30% of that observed for the control treatment
(Figure 12). This reduction was enhanced under
laboratory conditions (Figure 3). External
phytotoxicity symptoms, such as necrosis,
yellowing or blighting, were not observed in this
experiment.

It is important to note that the sowing was
done in washed sand rather than soil, where
part of the herbicide should remain adsorbed
to the colloidal particles. Under these
conditions, the herbicide is totally available
because the experimental units were not drilled
and volatilization losses are minimized (Leite
et al., 1998). Thus, under these conditions,
other factors like microbial degradation are
drastically reduced (Mattos, 2004).

The I50 (rate that reduces the evaluated
parameter by 50%) rates for plant length and
fresh weight were of 85.09 g a.i. ha-1 and
68.54 g a.i. ha-1, respectively, while rates of
36 - 42 g a.i. ha-1 are effective in weed control
with high selectivity to the crop (Andres et al.,
2004a, b; Menezes et al., 2004; Pinto et al.,
2004). These rates are almost twice lower than
the I50 values.

The emergence curve (Figure 13) was
not affected by the penoxsulam rates, and
both initial emergence speed and total
emerged plant number were not significantly
influenced. Penoxsulam did not directly affect
rice seedlings, contributing to rapid stand
establishment which is essential for optimum
crop development during the growing season
(Concenço et al., 2004).

Summarizing, membrane integrity was
affected by time of imbibition, with discrete
effects of increasing rate; in permanent contact
with the solution, root and shoot length, water
content, fresh and dry weight were affected at
rates between 147 and 196 mg a.i. L-1. Seed
vigor was not reduced, and seed germination
was not affected at considerable amounts. In
addition, rice establishment was not affected

by penoxsulam at rates below 72 g a.i. ha-1.
Thus penoxsulam was safe at currently tested
rates, showing discrete effects over rice cv. BRS
Pelota. Finally, penoxsulam did not cause
visible phytotoxicity to rice plants.

When working with penoxsulam under
field conditions, phytotoxicity symptoms
should be evaluated mainly as shoot and root
growth reductions. Common herbicide
phytotoxicity symptoms, like necrosis,
yellowing and blighting, if observed, could be
due to external factors. Besides, the water
content is a parameter to observe when
studying penoxsulam phytotoxicity before it
could be visible in other variables.
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