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ABSTRACT

Eight rice lines viz. CNA 8983, IAC-1732, IAC-1733, IAC-1748, IAC-1736, IAC-201, Volano and
Arborea were evaluated in greenhouse for resistance against the leaf blast disease caused by Magnoparthe
gracea. Lines CNA 8983, IAC 1732, IAC 1733 and IAC 1748 showed satisfactory resistance against the
blast fungus while IAC 1736 and IAC 201 were intermediate and Volano and Arborea susceptible. All
lines did not have lipoxygenase activity increased by methyljasmonic acid, however enzyme activity
showed a positive relationship with resistance.
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RESUMO

ATIVIDADE DE LIPOXIGENASE EM CULTIVARES BRASILEIRAS DE ARROZ  COM
VÁRIOS NÍVEIS DE RESISTÊNCIA A BRUSONE

Oito linhagens de arroz (CNA 8983, IAC-1732, IAC-1733, IAC-1748, IAC-1736, IAC-201, Volano e
Arborea) foram avaliadas em casa de vegetação para a resistência contra  a brusone causada por Magnoparthe
gracea. As linhagens CNA 8983, IAC 1732, IAC 1733 e IAC 1748 foram satisfatoriamente resistentes contra
o fungo; IAC 1736 e IAC 201 foram intermediárias e Volano e Arbórea, suscetíveis. Em todas as linhagens
não ocorreu atividade de lipoxigenase aumentada pela exposição ao ácido metiljasmônico, no entanto, a
atividade enzimática mostrou correlação positiva com a resistência.
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Introduction

Plants have developed multiple defense
strategies to avoid pathogen colonization. These
resistance strategies may exist as chemical or physical
constitutive barriers or they may comprise an
inducible second line of defense. Certain chemical and
biological treatments can induce susceptible plants to
become systematically resistant to a subsequent
inoculation with virulent pathogens (KESSMANN et al.,
1994). This is known as Systemic Acquired Resistance
(SAR) in which there is the involvement of the enzyme
lipoxygenase (Lox) and jasmonic acid and derivatives
such as methyljasmonic acid (MJ). Jasmonates are
synthesized through the octadecanoid pathway, in
which linolenic acid is converted into jasmonic acid
by a multi-step process involving Lox (FARMER and
RYAN, 1992).

Some of the essential elements of SAR have
been characterized in well studied dicotyledonous
model systems like Arabidopsis and tobacco (STICHER

et.al., 1997). In contrast, there is paucity of knowledge
on SAR in monocotyledonous plants. In rice,
biological and chemical activating agents have been
reported to be effective in inducing acquired resistance.
Although LAR (Local Acquired Resistance) of treated
leaves is well documented, induction of systematic
resistance in monocots is still controversial. While
some reports described the observation of SAR in rice
(SMITH and METRAUX, 1991; SCHWEIZER et al., 1998), other
experiments succeeded in demonstrating LAR, but not
SAR (MAUCH and DUDLER, 1993; SCHWEIZER et al., 1997;
MAUCH et al., 1998).

Several rice cultivars with durable blast
(Magnoparthe grisea) resistance have been identified
(BONMAN and MacKill, 1988; MACKILL and BONMAN,
1992) and these plants have been used as resistance
donors in breeding programs. Major resistance genes
have been successfully used for developing leaf blast
resistance cultivars and several dominant resistance
genes have been identified which confer complete
blast resistance (YU et al., 1987; MACKILL and BONMAN,
1992; NAQVI et al., 1995; NAQVI and CHATTOO, 1996; YU

et al., 1996).

Breeding for leaf blast resistance in Brazilian
rice cultivars showed that several factors are involved
in the blast resistance. In a previous work we reported
RAPD markers for blast resistance and susceptibility
in three rice cultivars lines (SANDHU et al., 2003). Here
we report that one of the parameter for blast resistance
is Lox activity that although was not induced by MJ,
it was always higher in resistant lines than in
susceptible.

In the present study eight rice lines viz. CNA
8983, IAC-1732, IAC-1733, IAC-1748, IAC-1736, IAC-
201, Volano and Arborea were evaluated in field
conditions for resistance against the leaf blast disease
caused by Magnoparthe grisea. Lines Volano and
Arborea were introduced from Italy in Brazil by
Instituto Agronômico (IAC), in Campinas, and they
are originally used to prepare risotto. CNA 8983 is a
comercial variety from Empresa Brasileira de Pesquisa
Agropecuária (EMBRAPA) and IAC 201 is a
commercial variety released by IAC; IAC 1732, IAC
1733, IAC 1748, and IAC 1736 breeding lines.

Resistance was evaluated according OU (1965
ou 3). Each material (5 g seeds) was sowed in 50 cm
lines spaced by 10 cm and after every two lines a third
line was sowed with a mixture of susceptible material.
Externally, in the border of the experiment three lines
were sowed with susceptible material. Fertilization
was adjusted to 50 kg/ha P2O5 at sowing and 240
kg ha-1 N (1/3 at sowing, and 2/3 after 15 and 25
days of seedling emergence). Irrigation was provided
once a day. The estimates of resistance were carried
out after 45 days of seedling emergence, using a visual
score ranging from 1 to 9 as suggested by the
“Standard Evaluation System for Rice” (http://
www.knowledgebank.irri.org/ses/SES.htm). This
scale is recommended only for nursery evaluations
and it ranges from 0 (no lesions observed) to 9 (more
than 75% of the leaf area affected by the disease).
Evaluations were carried out in five experimental
stations of the IAC at Pindamonhangaba, Capão
Bonito, Monte Alegre do Sul, Mococa and Ribeirão
Preto. Two replicates were used in each locality.

Lox activity was determined as described by
SHIMIZU et al. (1990) using a Clark oxygen electrode
(DELIEU and WALKER, 1972). Leaves from induced and
non-induced controls were ground with 100 mM Na-
phosphate buffer, pH 7.0, containing 5 mM
2-mercaptoethanol, and 10 mM ascorbic acid, and
centrifuged at 15,000 rpm, 4 oC. The supernatant was
recovered and filtered in PD-10 Sephadex G25
columns (Amershan-Pharmacia) using 25 mM  Na-
phosphate buffer, pH 7.0, as elution buffer. Leaf
extracts were incubated with 100 ìm linoleic acid in
100mM sodium acetate buffer pH 6.5. Tween 20 was
added to a final concentration of 0.1%. Protein content
was estimated in the extracts (BRADFORD, 1976) and the
lipoxygenase activity expressed as nmoles O2 /
min.mg protein.

Fifteen days old seedlings growing in plastic
pots (0.5 L), with the third leaf expanded were used
for MJ treatment. A cotton piece which received 25 µl
of MJ was left on the surface of the pot substrate and
then the plants were covered with plastic bags (size
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70 cm x 90 cm), which were tied to the plastic pot with
a rubber band. Control plants were also placed in
plastic bags but without MJ. After 24 h, a second
application of 25 µl of MJ was made. After 24 h of the
second MJ application the leaves were harvested and
immediately stored in liquid nitrogen for Lox activity.
The data were submitted to analysis of variance and
means were compared by Tukey test at 5%.

Eight rice lines viz. CNA 8983, IAC 1732, IAC
1733, IAC 1748, IAC 1736, IAC 201 Volano and
Arboreae were evaluated for resistance against the
blast disease (Table 1). A large variation was observed
ranging from the highly resistant line CNA 8983
(score 1.0) to the highly susceptible lines Volano and
Arborea (8.5 and 9.0, respectively). These later
varieties have shown susceptibility for most of the rice
fungal diseases in Brazil (Cândido R. Bastos, personal
observation).

As depicted in the table 1 there was not
significant induction of Lox activity by MJ
application. However, it is evident that resistance was
associated with the enzyme activity, as a high activity
was strongly associated with resistance, except for the
Volano line, probably due to its genetic background
very divergent.

et al., 1995) and Lox genes being expressed in specific
tissues (STEINER-LANGE et al., 2003). A chloroplast rice
Lox was shown to be induced by several chemical
inducers but not by inoculation with compatible and
incompatible races of the rice blast fungus and the no
host  pathogen Pseudomonas syringae pv. syringae
(SCHAFFRATH et al., 2000).

In conclusion, although not induced by MJ,
Lox might be a screening factor for blast disease
resistance in rice.
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