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Abstract

Eight additional rice cultivars as differentials were selected to identify pathotypes occurring in the Tocantins State. They
were BRS Jaburu, BRS Taim, BRS Bigud, BR IRGA-417, Epagri 109, Javaé, Metica-1 and Supremo. These differentials were
used in addition to the international set to determine the pathogenic diversity of 193 Pyricularia oryzae isolates collected dur-
ing 1994-2002 from irrigated rice cultivars. They were conserved in Pyricularia culture collection of Embrapa Rice and Bean
Research center. From 193 P, oryzae isolates 38 pathotypes were identified based on leaf blast reactions of international set
and 29 pathotypes based on these additional differentials. The predominant pathotypes (TI-1, TG-2, TD-15 and TF-2) were
represented by 53% of the tested isolates. The major international pathotypes (I1B-45, IB-41, II-1 and ID-13) were represented
by 43% of the isolates tested. The virulence pattern of 28 isolates belonging to the pathotype IB-45 was further differenti-
ated into nine local pathotypes using additional set of differentials. The irrigated rice cultivars used as additional differentials
serve as complementary set to identify pathotypes of interest for breeding blast resistant cultivars for Tocantins State.

Key words: Pyricularia griseq, rice leaf blast, physiologic races, Oryza sativa, virulence, resistance, differential varieties.

Uso de cultivares local de arroz como diferenciadoras adicionais para identificar
patotipos de Pyricularia oryzae

Resumo

Um conjunto de oito cultivares diferenciadoras de arroz irrigado foi selecionado como diferenciadoras adicionais para iden-
tificar patdtipos que ocorrem no Estado do Tocantins. As cultivares foram BRS Jaburu, BRS Taim, BRS Bigud, BR IRGA-417,
Epagri 109, Javaé, Metica-1 e Supremo. A diversidade patogénica dos 193 isolados Pyricularia oryzae, coletados de cultivares
de arroz irrigado durante 1994 a 2002 e conservados na colecdo de cultura de Pyricularia do Centro de Pesquisa de Arroz e
Feijao, foi avaliada utilizando oito cultivares diferenciadoras adicionais. Foram identificados 38 patétipos utilizando as culti-
vares diferenciadoras internacionais e 29 patétipos com as diferenciadoras adicionais. Os patétipos predominantes foram
TI-1, TG-2, TD-15 e TF-2 representando 53% do total de isolados testados. Com as diferenciadoras internacionais os predo-
minantes foram IB-45, IB-41, II-1 e ID-13 representando 43% dos isolados avaliados. O padrao de viruléncia dos 28 isolados
pertencente ao patotipo IB-45 foi divido em nove patétipos quando foi utilizado as diferenciadoras adicionais. As cultivares
de arroz irrigado usadas como diferenciadoras adicionais servem como um conjunto complementar para detectar patétipos
de interesse para o melhoramento genético do Estado do Tocantins.

Palavras-chave: Pyricularia grisea, brusone, raca fisioldgica, Oryza sativa, viruléncia, resisténcia, cultivares diferenciadoras.

1. INTRODUCTION

Tropical irrigated rice was planted in 54,680 ha during
2003/2004, corresponding to nearly 50% of the total area
of 162.135 ha in Tocantins in Brazil. (LEVANTAMENTO
StsTEMATICO DA PRODUCAO AGRicoLA, 2004).

The low yields of 4.5 t ha' are mainly attri-
buted to rice blast caused by Pyricularia oryzae
(=Magnaporthe oryzae B. Couch). In the early 1950’

Larterere et al. (1954) first reported that the blast
fungus is composed of pathotypes in the United
States. Since then, several pathotypes have been re-
ported in different countries using an international
set of eight cultivars. Pathotypes identified based on
the reaction of these differentials are called inter-
national pathotypes and are coded from IA to IH,
followed by numerals to indicate pathotype numbers
(AtkiINs et al., 1967; LiNG and Ou, 1969).
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In Colombia, international pathotypes representing
all nine pathotype groups were recovered from 15 rice cul-
tivars (CORREA-VICTORIA and ZEIGLER, 1993). Xia et al.
(2000) reported the occurrence of two predominant pa-
thotypes IB-49 and IC-17 based on the analysis of 470
isolates from 18 farmers’ fields in the State of Arkansas,
U.S.A. On the other hand, MEkwaTANAKAM et al. (2000)
from Thailand and THiNLAY et al. (2000) from Bhutan
identified 175 and 53 pathotypes, respectively. In Brazil,
the occurrence of pathotypes has been reported by se-
veral investigators in irrigated rice in different States
(Frippr et al., 2002; PraBHU et al., 2002a). According to
FiLippr et al. (2002), 80% of the isolates collected from
four commercial farms in the State of Tocantins were
of pathotype ID-14, indicating high cultivar specificity
and narrow virulence diversity. Similarly, PraBHU et al.
(2002a) found that pathotype IB-45 was represented by
47 of the 53 isolates collected from Epagri 108 and 109 in
the epidemic year 1998-1999. Of 250 monosporic isola-
tes collected from irrigated rice cultivars in the same state,
Anjos et al. (2009) identified 45 pathotypes using inter-
national differentials indicating high variability.

In Japan, a set of nine differentials each with a known
resistance gene was proposed (Yamapa et al., 1976). Since
these differentials are not isogenic lines, the presence of
other unknown resistance genes may be present in culti-
vars and failed to describe adequately the diversity of pa-
thotypes in the tropics (Ou, 1980). At the International
Rice Research Institute (IRRI), a set of five near isoge-
nic lines (NILs) of cultivar CO39 was developed, with
single major blast resistance gene, for characterizing
pathogen population (MackiLL and Bonman, 1992).
However, their value became limited because only few
known genes are involved to describe the entire virulence
spectrum of pathotypes. Also, the cultivar CO 39 used
as recurrent parent posses other major resistance genes.
To overcome this problem, LinG et al. (1995) develo-
ped a new series of near-isogenic lines (NILs) utilizing
a cultivar with a highly susceptible background such as
LTH (Lijiangxintuanheigu) as recurrent parent and some
Japanese differentials with known genes as donors. Later,
Kosavasar et al. (2007) developed the first set of mo-
nogenic lines (MLs) as international differential varieties
which targeted a large number of resistance genes while
harboring a single one in each genetic background. The
IRRI-Japan collaborative project (Fukuta et al., 2009) has
further developed four universal differential variety sets,
monogenic lines with Japonica type variety LTH genetic
background and NILs with three genetic backgrounds,
LTH, an indica type variety CO39 and a universal sus-
ceptible line, US-2. Several of these differential varieties
are expected to contain minor or other major resistance
genes that were additionally introduced from donor pa-
rents. Selection of differentials is very difficult when the
resistance donors contain more than one resistance gene.

Even though, NILs with a universal susceptible line US-2
genetic background will be more useful tool, they are still
under development and may take some time to get pure
lines. When they are available they can be used as genetic
sources in breeding programs.

In a study with International Japanese and Korean
differential sets BonmaN et al. (1986) have shown that
none of the agriculturally important Philippine isolates
of R grisea could be differentiated. The conventional di-
fferential sets and the expression of results as pathotype
numbers did not yield useful information. According
to these authors, for practical purpose in studies on the
diversity of agriculturally important isolates of P grisea,
the use of widely grown local commercial cultivars as di-
fferential set is preferable to the conventional set of ei-
ght international differentials. Detailed investigations on
pathogenic variability of 2 grisea at Santa Rosa breeding
site in Colombia have also shown that several pathotypes
could be further differentiated into different pathotypes
when local commercial cultivars were used as differentials
(CorrEA-VICTORIA and ZEIGLER, 1993).

In China, detection of virulence changes in different
populations of P, grisea was conducted by measurement of
virulence frequencies to varieties planted in different areas
(Lretal., 2005). Jr et al. (2009) developed complementa-
ry differentiating host varieties from regional varieties, to
enhance the differentiating ability of national differential
hosts. There were no distinct links between the patho-
types differentiated by two sets. But, it was possible to
describe the evolution of virulence of 2 grisea in Sichuan
Province based on the virulence spectrum of individual
local pathotypes, the sequential release of restorer lines
and their resistance breakdown history.

In Brazil, a set of eight upland commercial rice cul-
tivars was utilized as additional differentials for descri-
bing the virulence pattern of P grisea. Utilizing Brazilian
differentials the 14 isolates of pathotype IB-1 could be
further classified into eight local pathotypes. Some of
the Brazilian pathotypes that showed differential reac-
tion on commercial rice cultivars such as Primavera and
Maravilha could be utilized for incorporating resistance
genes in susceptible cultivars using Brazilian pathoypes
(PraBHU et al., 2002b). In a recent study for identifying
pathotypes in upland rice, the Brazilian differentials
showed greater differential ability than with the inter-
national differentials (S1va et al., 2007). The virulence
pattern of isolates of P grisea from commercial fields of
widely grown upland rice cultivars Primavera and BRS
Bonanca was tested by Aratjo et al. (2005) on six newly
released cultivars. These cultivars permitted to differen-
tiate agriculturally important virulence in the pathogen
population which can be utilized in selecting breeding
lines for specific resistance in blast breeding program.
Knowledge on the pathotype composition of the patho-
gen in commercial rice fields is important for rational
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deployment of resistance genes in breeding programs
(CHEN et al., 2001).

The irrigated rice breeding program for the State of
Tocantins require information on the available resistance
gene sources in commercial cultivars that offer resistance
to local pathotypes. There is imminent need for selecting
differential local cultivars to identify pathotypes occurring
in the Tocantins State where approximately 50,000 hecta-
res are annually grown under tropical flooded conditions.
The present paper reports the use of cultivars adopted to
local conditions as additional differentials and pathotypic
diversity among the isolates retrieved from irrigated rice
cultivars and conserved during 1994 to 2002.

2. MATERIAL AND METHODS
Isolates

Single conidial isolates of 2 oryzae were obtained from
sporulating lesions on leaves of commercial irrigated rice
cultivars collected in farmers’ fields in the municipalities of
Dueré, Lagoa de Confusio, and Rio Formoso in Tocantins
State. 'The Brazilian Pyricularia oryzae isolates collected du-
ring nine years (1994-2002) were maintained on sterilized
filter paper discs in freezer at -20 °C in Pyricularia culture
collection of Rice and Bean research center.

Plant material

The virulence frequency of isolates was tested utilizing 24
genotypes, including 16 commercial irrigated rice cultivars
(BRS Chui, Supremo, BRS Taim, BRS Adanta, BRS Rio
Formoso, Metica-1, Javaé, Epagri 108, Epagri 109, Cica-8,
BRS Bigud, BRS Jaburu, Marajé, Jequetibd, BR IRGA-409
and BR IRGA-417) and eight international differentials
(Raminad Str3, Zenith, NP 125, Usen, Dular, Kanto 51,
Sha-tiao-tsao and Caloro). The test material was planted in
plastic trays (30x15x10 cm) containing 3 kg of soil fertili-
zed with NPK (5g of 5-30-15 + Zn and 3 g of ammonium
sulfate per 3 kg of soil). Twenty four cultivars were sown in
two trays (10 to 12 seeds/cultivar) in 5 cm long rows.

Plant inoculation and disease evaluation

One hundred and ninety three isolates of P oryzae were
utilized in the present study. The multiplication and spo-
rulation of the isolates for plant inoculation with conidial
suspension was according to FiLippr et al. (2002). A non-
inoculated tray containing international differentials was
maintained as a check to ensure that no contamination
had occurred at the time of inoculation. Inoculation tests
were repeated twice or thrice until consistent and uniform

reaction was obtained. Leaf blast was assessed 7 to 9 days
after inoculation taking into consideration only two ca-
tegories of reactions utilizing a 0 to 9 scale , where the
lesion types 0, 1 and 3 were considered resistant (incom-
patible) and 4 to 9 as susceptible (compatible) according
to INTERNATIONAL RicE RESEARCH INSTITUTE (1988).

Analysis

The pathotypes were identified based on eight standard
international differentials (ATkiNs et al., 1967; LinG and
Ou, 1969). The virulence frequency of these isolates was
based on similarity of reaction among the isolates. A bi-
nary matrix for the analysis of phenotypic virulence was
created considering number 1 for compatible reaction
and 0 for incompatible reaction for each isolate. A ma-
trix of similarity between all pairs of isolates was construc-
ted according to the coeflicient of Jaccard. The data were
utilized for calculating the coeflicient of similarity using
the unweighted pair-group method with arithmetic ave-
rages (UPGMA) employing the SAHN program of the
Numerical Taxonomy and Multivariate analysis (RoHLF,
1993). The phenotypic diversity between populations
was calculated according to year by using Margalef index
(MaRrGALEF, 1958) by the formula HM = (r-1)/In(N)
where r = the number of distinct pathotypes detected and
N = the number of isolates in the sample. Margalef index
was used to detect the number of distinct pathotypes pre-
sent indicating the great diversity in the populations using
two sets of differentials. An approach similar to the one
proposed by CHao et al. (2009) was employed in order to
estimate the values of alpha diversity of Margalef (MI). It
represents the expected values and their respective confi-
dence intervals at 95% of significance (MARGALEE, 1958).
The richness of pathotypes observed (8,,) was added to the
number of pathotypes theoretically expected (A). Therefore
the total of expected breeds (S ) will be equal to:

S,=8,+4

where:

(7 585)
and:

Q, = number of pathotype that occur with 1 individual
Q,= number of pathotype that occurs exactly with 2
individuals

m = total number of individuals.
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Therefore:

(S, 1)
=S

The expected values of MI were estimated using the
average of 20 thousand bootstrapping resamples (EFrRoN
and TiBsHIRANI, 1994) made in binary matrixes with di-
mensions (7 x S ) and confidence intervals (CI) calcula-
ted by using the formula:

Cr < (Per(0.975) ; Per(0.025)j

>

where Per(x) is the percentiles of the 20 thousand values
of bootstrapping of MI.

3. RESULTS AND DISCUSSION

The inoculation tests with 193 isolates using 16 irrigated
rice cultivars showed wide differences in virulence fre-
quency as shown in table 1. The similarity coefficients in
relation to phenotypic virulence ranged 0 to 0.9 to pre-
dominant pathotypes of P oryzae, indicating differential
reaction to some and similarity to others. For developing
local cultivars for differentiating pathotypes occurring
in tropical irrigated rice in Tocantins State, eight out of
16 commercial rice cultivars were selected based on the
similarity coefficients, virulence frequency, genetic ba-
ckground and agricultural importance. The cultivars BR

IRGA-409, BRS Chui, and Supremo exhibited similar
reaction to great number of isolates. On the other hand,
considering the reaction of BRS Bigud, in relation to
BRS Chui, Supremo, BRS Rio Formoso, Metica-1, Javaé,
Epagri 109, and Epagri 108, the coeflicients were low.
Among the cultivars BRS Chui, Supremo, and Atalanta,
which showed high coefficient of similarity (> 0.85),
Supremo was the one selected as differential based on
high percentage of compatible isolates (41.2%). Cultivar
Supremo is a selection made from a Colombian genotype
with unknown pedigree that was originally introduced
from Colombia by Josepar Pelotas Company. The cv. BR
IRGA-417 was selected as one of the differentials among
the cvs. BR IRGA-409, BR IRGA-417 and Atalanta, whi-
ch showed high similarity coefficient (> 0.73), whereas
the cv. BRS Taim was selected based on its agricultural
importance among the BRS Taim, Cica-8, and Marajé.
The cultivar BRS Taim occupied approximately 90% of
the total area cultivated corresponding to 72,000 ha du-
ring 1996-97 growing season. Currently, it is planted in
30.000 ha in the State of Mato Grosso do Sul and repre-
sents 50% of the area planted. It occupies second place in
area planted in Tocantins State. The Metica-1 was selected
because of its high susceptibility to great number of isola-
tes (50.5%) to compliment international differential Sha-
tiao-tsao and low similarity coeflicient to 15 of 16 culti-
vars (< 0.37). The BRS Jaburu was selected to substitute
Raminad str 3 which showed low compatibility (1.0%) to
majority of field isolates in Tocantins. The BRS Bigu4 also
showed low coeflicients of virulence to relatively higher
number of isolates (4.1%).

The frequency of isolates virulent to eight commercial
rice cultivars selected as additional differentials ranged
from 1% on BRS Jaburu to 50.5% on Metica-1, whereas

Table 1. Coeflicients of similarity among 16 rice cultivars with compatible and incompatible phenotypic reaction, in inoculation tests

with 193 isolates"

Rice cultivars 1 2 3 4 5 6 8 9 10 11 12 13 14 15 16
1- BRS Chuf 1

2- Supremo 0.89 1

3- BRS Taim 023 0.21 1

4- BRS Atalanta 0.85 0.85 0.02 1

5- BRS Rio Formoso 0.11  0.10 0.09 0.11 1

6- Metica-1 030 027 020 027 035 1

7- )Javaé 001 0.01 0.07 001 0.02 0.09 1

8- Epagri-108 0.16 0.15 0.10 0.16 065 0.37 0.00 1

9- Epagri-109 012 0311 009 012 074 036 000 0.72 1

10- Cica-8 020 020 0.77 018 008 020 0.07 0.07 0.0 1

11- BRS Bigua 003 0.02 014 010 0.00 0.03 027 0.02 0.00 009 1

12- BRS Jaburu 001 0.01 0.01 001 000 0.0 000 002 0.00 000 O0.11 1

13- Marajé 023 022 071 020 008 022 007 006 009 084 010 001 1

14- BRS Jequitiba 0.01 0.2 0.05 001 000 000 O0.11 002 0.00 001 033 020 001 1

15- BR IRGA-409 090 089 019 087 0.0 027 001 015 011 020 020 0.01 022 0.0 1

16- BR IRCA-417 0.73 0.71 015 075 011 025 001 018 013 015 002 001 019 0.00 0.79 1

(") Jaccard coeficient was calculated according to the following formula: a/a+b+c. Where a = virulent isolates for two cultivars. b and ¢ = virulent isolates for one cultivar and

avirulent for other and vice-versa.
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among standard set of international differentials the viru-
lence ranged from 6.2% on Raminad Str3 to 87.0% on
Sha-tiao-tsao (Table 2). The relative virulence frequency
in both sets of differentials was considered as one of the
criteria for selection of differentials. The genetic back-
ground of the selected Brazilian commercial cultivars was
distinctly different. Care was taken to avoid cultivars with
similar genetic background such as Epagri 108, Epagri
109 and BRS Rio Formoso. The Epagri 109 was selected
as differential because it is still widely grown in the State
of Tocantins.

For the identification and numbering of pathotypes
occurring in Tocantins State the key for the identification
of international pathotypes (Ling and Ou, 1969) was
adopted. The groups were designated as TA, TB, TC, TD,
TE, TE, TG, TH and T1. The isolates of P oryzae showing
susceptible reaction on BRS Jaburu belong to TA group
(128 reaction patterns) similar to the international group
IA, and the numbers following the group letters indicate
the pathotype number. Similar system was adopted for
identifying Brazilian pathotypes in upland rice (PraBHU
et al., 2002b).

The inoculation tests using eight international diffe-
rentials showed that the pathotypes 1B-45, IB-41, II-1,
ID-13, IB-1 and IG-1 in descending order were predo-
minant (Table 3). The pathotypes pertaining to group 1B
(31%) were encountered in high frequency among isola-
tes retrieved from commercial rice cultivars. By contrast,
the pathotypes TI-1, TG-2, TD-15, TF-2, TB-64, TH-1,
and TD-13 were identified in higher frequencies using lo-
cal differential rice cultivars. Four pathotypes belonging
to four different groups (TI-1, TG-2, TD-15 and TEF-2)
were predominant and represented by 53% of the isolates
collected over years. These differential isolates are important
than pathotypes identified using international set for incor-
porating specific resistance in widely cultivated commercial
cultivars such as Epagri 109 and BR IRGA-417. The utility
of using both sets was compared using the isolates collec-
ted in different years obtained from different commercial

cultivars and experimental sites. Of 193 isolates tested it
was possible to identify 38 pathotypes using internatio-
nal differentials and 29 pathotypes using the additional
set of differentials. The two sets were complementary in
detecting pathotypic variation.

Several pathotypes of importance can be identified
from predominant pathotype IB-45 using additional lo-
cal differential set (Table 4). These additional differentials
do not substitute the standard international differentials
but permit to identify pathotypes of local importance for
breeding purpose. The pathotype IB-45 showed resistant
reaction on Raminad Str3, NP125, Dular and Kanto 51,
and susceptible reaction on four other differentials. This
pathotype could be further classified into nine different
pathotypes using local cultivars as additional differen-
tials, the predominant once were TF-2 and TD-15. The
pathotype TF-2 exhibited susceptible reaction on two
of the additional differentials Epagri-109 and Metica-1
and resistant reaction to other six differentials. The unk-
nown resistance genes form the other differentials can be
selectively incorporated into the susceptible Epagri-109
using TF-2 by back cross breeding. The pathotype TD-
15 showed different reaction pattern exhibited susceptible
reaction on BR IRGA-417 and Supremo, and resistant
reaction on other six differentials. This pathotype is useful
for resistance breeding of BR IRGA-417, and Supremo.
The local differential set permitted to detect the presence
of some unknown avirulence genes in the 2 oryzae po-
pulation, which were not distinguished by international
set. The avirulence gene analysis is the best way to detect
the corresponding vertical resistance genes in the host and
should be considered for incorporation of resistance gene
strategy.

Identification of cultivar specific isolates or local pa-
thotypes is useful for inoculating F, populations to select
resistant plants in crosses using local cultivars. A triple cross
of Epagri-109, BR IRGA-417, and BRS Bigu4 require two
specific isolates exhibiting differential reactions on these cul-
tivars. For example, TF-2 is compatible to Epagri 109 and

Table 2. Pathotype group, standard international differentials, virulence frequency, additional differentials, and their parents

Pathotype International Virulence Additional Virulence Parents of additional differentials

groups” differentials frequency?® differentials frequency?®

A Raminad Str 3 6.2 BRS Jaburu 1.0 PDR/P3790//CT5746

B Zenith 50.3 BRS Taim 22.8 Unknown

C NP-125 31.1 BRS Bigua 4.1 Bluebelle/Pisari

D Usen 68.4 BR IRGA-417 32.0 NewRex/IR19743-25-2-2// BR IRGA-
409

E Dular 18.7 Javaé 3.1 P 3085//IR 5853-118-5/IR 19743-25-
2-2-3-1

F Kanto 51 38.9 Epagri 109 20.1 CT 7347/IR 21015-72-3-3-3-1

Sha-tiao-tsao 87.0 Metica 1 50.5 IR 930-53. IR 579-160. IR 22. IR

930-147-8. IR 930-31-10. IR 662.
Colémbia 1

H Caloro 86.5 Supremo 41.2 Unknown

(") The isolates which produce resistant reaction on all eight differentials pertain to the pathotype group I.
(?) The virulence frequency of isolates in percentage was based on number of compatible reactions in relation to total number of isolates tested.
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Table 3. Pathotypes of Pyricularia oryzae predominant in the State of Tocantins®

International Number of isolates Percentage
pathotype

IB-45 28 14.51
IB-41 21 10.88
11-1 19 9.84
ID-13 14 7.25
IB-1 11 5.70
1G-1 11 5.70
IB-61 9 4.66
IC-13 9 4.66
1B-9 7 3.63
IC-9 7 3.63
IB-13 6 311
IH-1 5 2.59
1A-1 4 2.07
ID-1 4 2.07
IF-1 4 2.07
1G-2 4 2.07
1B-37 3 1.55
1C-1 3 1.55
IA-65 2 1.04
1B-17 2 1.04
IB-33 2 1.04
ID-15 2 1.04
IA-125 1 0.52
1A-17 1 0.52
IA-45 1 0.52
1A-69 1 0.52
1B-2 1 0.52
IB-57 1 0.52
IB-64 1 0.52
1C-21 1 0.52
IC-25 1 0.52
1C-29 1 0.52
1C-45 1 0.52
IC-5 1 0.52
ID-10 1 0.52
ID-6 1 0.52
ID-9 1 0.52
IE-1 1 0.52

() Number of isolates analysed = 193

incompatible to BR IRGA-417, whereas TB-41 is incom-
patible to BRS Bigud and compatible to both Epagri 109
and BR IRGA-417. These two specific isolates are required
for artificial inoculations of F, populations to select plants
resistant to both these isolates. The local differentials give
more useful information in relation to isolate cultivar inte-
raction than international differentials.

The pathotypic diversity was studied using Margalef
index beginning in the year 1994 (Figure 1). There was no
decreasing or increasing trend but equally uniform with
both differential sets. The population was phenotypically
diverse, thus there was a relatively large number of pa-
thotypes for given number of isolates. It is expressed in
its simplest form as ratio of pathotypes to isolates (r/N)
sampled. This measure is extremely sensitive to sample

Local pathotype = Number of isolates Percentage
TI-1 28 14.51
TG-2 27 13.99
TD-15 24 12.44

TF-2 23 11.92
TB-64 17 8.81

TH-1 13 6.74
TD-13 12 6.22
TB-41 7 3.63
TB-45 7 3.63
TB-61 4 2.07
TB-62 4 2.07
TB-24 3 1.55
TB-63 5 1.55

TD-9 3 1.55
TB-13 2 1.04
TB-47 2 1.04

TG-1 2 1.04
TA-112 1 0.52
TB-32 1 0.52
TB-46 1 0.52
TB-54 1 0.52
TB-56 1 0.52
TC-24 1 0.52
TD-10 1 0.52
TD-11 1 0.52
TD-14 1 0.52
TD-16 1 0.52

TD-7 1 0.52

TI-2 1 0.52

size since for detecting rare pathotypes a large sample is
normally required. However, the past years data (sample
size) was standardized by Margalef index and bootstrap-
ping analyses (20 thousand runs) made in binary matrixes
with dimensions (7 x S ) and confidence intervals (CI)
(CHao et al., 2009).

It is important to use both sets of differentials to mo-
nitor the virulence pattern of 2 oryzae in tropical irrigated
rice in Tocantins State. This information furnished by lo-
cal cultivars as additional differentials will have predictive
value in determining the rare pathotypes which pose a
potential threat to the new released cultivars. The testing
of advanced breeding lines using these pathotypes will
also permit prediction of stability of resistance prior to
commercial cultivar release.




G.B. Silva et al.

Table 4. Virulence pattern of isolates classified as pathotype IB-45 of Pyricularia oryzae on local rice differentials

A B C D

BRS BRS
Jaburu Taim

Py778-96 R?) S@
Py5512-02
Py5755-02
Py5864-02
Py5950-02
Py1165-97
Py5781-02
Py5798-02
Py5912-02
Py5722-02
Py5920-02
Py5511-02
Py5607-02
Py5854-02
Py5644-02
Py5591-02
Py5583-02
Py1689-99
Py5662-02
Py5669-02
Py5685-02
Py2091-00
Py2099-00
Py2148-00
Py2885-01
Py5734-02
Py1237-97
Py504-95

Isolates™

. BR
BRS Bigua IRGA-417

w

X TV XV X X T T XV T T T XV XV T XV UV T UV UV XV UV UV WV OV WV UV
T TV XV T ™V T T T T T T XV IV XV T XV T UV PV WV WV OV XWXV IDTWLVL WLV
X VW XV XV XV X XV XV X X T UV X X XV UV UV UV XV XV TV UV IV UV WV UV
X VW XV XV XV XV T VW WV T T WV IV WV WXV T LULOKOOOOOOOnOn

F E G H
Epagri
109

R S

Javaé Metica-1 Supremo Pathotype®

)
wn

TB-13
TB-41
TB-47
TD-13
TD-15
TD-15
TD-15
TD-15
TD-15
TD-15
TD-9
TF-2
TF-2
TF-2
TF-2
TF-2
TF-2
TF-2
TF-2
TF-2
TF-2
TF-2
TF-2
TF-2
TF-2
TH-1
TI-1
TI-1

T XV XV XV XV X X XV X X XV X XV XV XV XV U U X XV UV XUV UV UV UV VD
T T T LLOLOLOOOnnnnnonmounmom o DD DI DD IOV

T T O LLOLOLOOnOnnnnnunounmononmo oD DV I DDV OOD
T VW LW XV VW XV XV XV XV XV UV XV XV XV XV IV ITLOLOLOOOOOOOOV

o

(") Accession number of P grisea culture collection of Embrapa Rice & Beans Center. Last two digits indicate the year of collection; ®R=resistant reaction; S=susceptible
reaction; @Pathotypes were identified using eight commercial upland rice cultivars as additional differentials.

The classification and designation of plant pathogen
population below species level as physiological races or
pathotypes is studied in order to furnish germplasm with
effective genes against prevalent pathotypes. The patho-
type still continues to be an important phenotypic marker
for characterizing P oryzae population. It has great value
for comparing the results of different investigators in re-
lation to population diversity, originating from different
cultivars, years, locations and regions based on the stan-
dard methods of identification.

The additional differentials complement the existing
standard international differentials to enhance better un-
derstanding of the pathotype composition of the P oryzae
population occurring in the State of Tocantins. These di-
fletentials can also be used for studying pathotypes in
other irrigated rice growing States in Brazil.

The main aspect of this study demonstrate that the vi-
rulence pattern of 28 isolates of pathotype IB-45 was fur-
ther differentiated into nine local pathotypes using addi-
tional differentials which has great agricultural importance.
Similarily, another predominant pathotype IB-41 can be
further classified into several pathotypes and identify

resistance genes in the differentials for incorporating in
widely grown commercial susceptible cultivars. The sam-
ple size varied from 4 to 58 in different years of collection
and this study did not attempt to compare the popula-
tions in different years or changing pattern of virulence
with time. Another aspect is the identification of the
pathotypes occurring in low frequency using additional
differentials. A very small proportion of isolates caused
compatible reaction on cultivars BRS Jaburu, Javaé and
BRS Bigua with virulence frequency varying from 1 to
4%. The low virulence frequency in these cultivars sho-
wed that the resistance genes have not been widely used
in this area or they have a wider spectrum of resistance.
The isolates causing compatible reaction increase with
the increase in area cultivated or change in aggressive-
ness of the blast isolates pertaining to the same pathotype
(AHN, 2000). Further studies are required to monitor the
changes in virulence of the existing isolates and pathotype
diversity using these differentials.

Even though it is desirable to use the recently develo-
ped near isogenic lines, the NILs developed also carry se-
veral minor and other major resistance genes (CHEN et al.,
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Figure 1. Margalef index for isolates of Pyricularia oryzae collected
annually in Brazil from 1994 to 2002 and conserved in a culture
collection of the EMBRAPA-Rice and Bean Research Center.
Margalef index was used to detect the richness aspect of diversity
among pathotypes. The numbers of isolates according to the years
are: 1994 = 26; 1995 = 30; 1996 = 19; 1997 = 17; 1998 = §;
1999 = 14; 2000 = 4; 2001 = 17; and 2002 = 58. The bars are the

confidence intervals (p>0.975).

2001; Fukuta et al., 2009). However, the validity of
using additional differential hosts for monitoring virulen-
ce changes in the local cultivars with unknown resistance
genes is not reduced. The importance was justified by the
greater differential ability of the complimentary differen-
tials developed in Sichuan in China than using national
differential varieties (J1 et al., 2009).

Studies on genetic variability of P oryzae using DNA
markers showed that several distinct groups of pathogen
population representing lineages exist in different regions.
Some lineages consist of various pathotypes while others
are represented by single pathotype. There was no straight
relationship between lineages and pathotypes except few
exceptions and require further study. In Colombia each
lineage was associated with specific group of pathotypes
(CHEN et al., 1995). According to AuN (2000) the com-
bined use of pathotype and lineage would be more mea-
ningful and value for application in resistance breeding.
Further detailed investigations are required using mole-
cular markers to characterize the pathotypes identified by
the additional differentials.

The results from this study provided useful infor-
mation for adopting desirable breeding strategy for the
Tocantins State. These include diversification of resistance
genes or incorporation of multiple resistance genes in the
local highly productive and susceptible cultivars impro-
ved for grain quality.

4. CONCLUSION

Additional differentials of rice cultivars to identify P
oryzae pathotypes were detected. The P oryzae pathotypes
identified using the additional differentials can be used

for selection and incorporating resistance genes in new
rice cultivars in a breeding program.
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