VARIATION FOR RICE BLAST RESISTANCE

IN EARLY SOMACLONAL GENERATIONS DERIVED FROM IMMATURE PANICLES!
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ABSTRACT - Somaclones derived from immature panicles of the rice cultivars Bluebelle and Maratelli
susceptible to blast and their F,’s from crosses with resistant donors (Araguaia, Basmati-370 and
Ramtulasi) were compared in the R, (plants from self-pollinated seed from primary R, regenerants)
and R, generations in the greenhouse and field for blast resistance. In the greenhouse the R, plants and
R, lines were inoculated with the races IB-1 and 1B-9 of Pyricularia grisea. The frequency of plants
resistant to both races ranged from 16 to 42% in the F, derived somaclones, whereas no resistant plant
was recovered from the susceptible parents when inoculated with 1B-1, The means of the leaf blast
rating of R, and R, populations of F,’s were significantly lower than those derived from susceptible
parents. Similar results were obtained in field trials. However, the performance of the F, derived
‘somaclones varied depending on the resistant donor parent, In field trials, the mean visval ratings for
leaf blast of regenerants from F, derived R, and R, populations were significantly lower than those
regencrants derived from the parenta! genotypes Maratelli and Basmati-370.

Index terms: Oryza sativa, Pyricularia grisea, rice, tissue culture.

VARIAGAO SOMACLONAL DA RESISTENCIA A BRUSONE EM ARROZ
NAS GERAGOES INICIAIS DERIVADAS DE PANICULAS IMATURAS

RESUMO - Somaclones derivados de panfculas imaturas das cultivares de arroz Bluebelle e Maratelli
suscetiveis 4 brusone, e seus respectivos F,'s de cruzamentos com doadores de resisténcia (Araguaia,
Basmati-370 e Ramtulasi) foram comparados em R, (plantas obtidas de autofecundagio de sementes
de regenerantes primérios) e na geragdo R, em casa de vegetago e no campo com relagio A resisténcia
a brusone. Em casa de vegetago, as plantas R, ¢ linhas R, foram infectadas com as ragas IB-1 e [B-9
de Pyricularia grisea. A freqliéncia de plantas resistentes a ambas ragas variou de 16 a 42% nos
somaclones derivados de F|'s, enquanto nenhuma planta resistente foi encontrada nos pais suscetiveis
quando inocutados com araga IB-1. As médias de notas de brusone nas folhas das populagdes R, e R,
foram significativamente menores do que as derivadas dos pais suscetiveis. Resultados semelhantes
foram obtidos nos experimentos de campo. Contudo, 0 comportamento dos somaclones derivados de
F, variou dependendo do pai doador de resisténcia. Nos experimentos de campo, as médias de notas
~visuais de brusene nas folhas dos regenerantes derivados de F, das populagdes R, ¢ R, foram signifi-
cativamente menores do que os regenerantes detivados dos gendtipos Maratelli e Basmati-370,

Termos para indexagio: Oryza sativa, Pyricularia grisea, arroz, cultura de tecido.

INTRODUCTION

Rice blast caused by Pyricularia grisea (Cooke)
Saccardo (Syn P. oryzae) is one of the major yield
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constraints in both upland and irrigated rice in Bra-
zil. Breeding for blast resistance is the most eco-
nomical mean to reduce grain yield losses. Several
cultivars with different degrees of resistance have
been released but the durability of the resistance has
been limited. Most of them have narrow genetic base
{Cuevas-Perez et al,, 1992) and sources of the resis-
tance involved were restricted to a few genotypes.
The resistance gene sources available in nature are
being exhausted and there is a need for inducing
genetic diversity in the commercial varieties
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(Marshall, 1977). The induction of genetic variability
and the selection for improved gene combination
among variants are the important aspects of plant
breeding.

Somaclonal variation for diverse agronomic char-
acters including disease resistance has been shown
to be heritable (Larkin & Scowcroft, 1981; Fukui,
1983). Homozygous stable variants occur both in
polygenic and monogenic traits {Croughan, 1988;
Oono, 1988; Adkins et al, 1990). A great number
of resistant plants has been obtained from suscep-
tible parents for other crop diseases (Daub, 1986,
Cheng-Zhang et al., 1988; Pachén, 1989; Xic et al,,
1990; Bouharmont et al., 1991). The frequency of
variants depends upon the genotype utilized. How-
ever, not all genotypes show desirable variants in
acceptable frequencies. One of the methods to in-
crease frequency of variants for disease resistance
is the use of the F) of the crosses between suscep-
tible parents and resistant donors. The somaclonal
variation for resistance to rice blast has not been
adequately explored.

In the present paper, the frequency of somaclonal
variants from immature panicles of Fy's and suscep-
tible parents were compared in the R; and Ry gen-
erations.

MATERIAL AND METHODS

Genotypes and isolates

The genotypes Bluebelle and Maratelli were utilized
as susceptible parents in crosses made with four different
sources of resistance (Araguaia, Basmati-370, Ramtulasi
and Dawn). The donors are resistant to predominant races
of P. grisea in Brazil and were widely utilized in the breed-
ing program. Six parents and five F, progenies were used
for generating somaclones. Single conidial isolate T| was
established from the leaf lesions of the cultivar Tetep (race
IB-1) in the rice blast nursery located at Goibnia, GO,
Brazil, in 1990, and the isolate ECJ5P;-88 (race |B-9) was
obtained from the infected panicles of cultivar Guarani in
the experimental fields at Jaciara (MT) in 1988. The physi-
ologic races were identified based on the reaction on eight
standard international differentials (Atkins et al., 1967).
The cultivars Araguaia, Basmati-370 and Dawn are sus-
ceptible to race IB-1 and resistant to race 1B-9, whereas
Ramtulasi is resistant to both races.
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Induction of callus and regeneration of plants

Immature panicles were used as explant source. The
boots containing panicles were surface sterilized with 30%
of commercial bleach containing 1% of sodium hypochle-
rite for 40 to 60 minutes. Panicles measuring 1 to 4 cm
long were aseptically excised and placed on the MS
(Murashige & Skoog, 1962) culture medium supplemented
with 30 g/L. of sucrose, 50 mg/L of casein hydrolysate
and 4 mg/L of 2,4-D (Xie et al., 1990) and incubated in
the dark for 20 to 30 days.

For plant regeneration, calli were incubated on MS
culture medium supplemented with 0.5 mg/L of NAA and
3.0 mg/L of Kinetin at 26°C with a 16-hour day/8-hour
night photoperiod and light intensity of 75 pE.m 2.5 and
were subcultured to a fresh medium at intervals of 30 days.
Regenerated green plantlets at one to two leaf stage were
transplanted to pots containing 6 kg of soil fertilized with
2.5 g of NPK (4-30-16) and 0.5 g of micronutrients
FTE-BRI12 (Ferro Enamel do Brasil Ind. Com. Ltda,
S3o Paulo, Brazil). These plants were grown to maturity
under greenhouse conditions. Seed was harvested from
individual plants. Regencrated plants here are referred to
as R, generation and the subsequent generations as Rj,
Ra, ete, according to the nomenclature of Yurkova et al.
(1982).

Greenhouse experiments

Greenhouse experiments were conducted in plastic
trays (30 x 10 x 15 cm) containing 6 kg of soil fertilized
with 5§ g of NPK (4-30-16), 1 g of zinc sulphate, 2 g of
ammonium sulphate. Top dressing was made with 2 g of
ammonium sulphate per tray 20 days after planting.

The genotypes of the R; population evaluated in this
study included four parents (Blucbelle, Maratelli,
Ramtulasi, Basmati-370) and five F,’s (F;: Blucbelle x
Araguaia; F;: Bluebelle x Dawn; Fy: Maratelli x
Basmati-370; F,: Maratelli x Ramtulasi; Fy: Maratelli x
Araguaia) in addition to their respective controls. The con-
trols totalling nine were sown each in a separate lray in
two replications.

Seeds harvested from R plants of each genotype were
sown in 10 rows per tray. Eleven to twelve seeds were
sown per row and later were thinned to 10 plants. Twenty
two days old R; plants, 100 per tray totalling 200 in two
replications were inoculated with the aqueous suspension
of spores of the P, grisea isolate T-1 belonging to race
IB-1, at the concentration of 3x10* spores/'mL. The in-
oculations in plants were made using Devilbiss N® 15
{Health Care Division, Somerset, PA. 15501, USA), con-
nected to a compressor maintaining uniform pressure of
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11 g/sq.inch. The plants after inoculation were incubated
in the moist chamber for 24 hours before transferring them
to greenhouse benches at temperature varying from
25-29°C.

Leaf blast evaluations were made seven to nine days
after inoculation using a visual rating scale (0-9) accord-
ing to Leung ct al. (1988): 0 = immune; | = hypersensi-
tive reaction or brown necrotic specks; 3 = few small
spindle shaped sporulating lesions; 5 = several typical le-
sions often coalescing; 7 = many spindle shaped lesions
coalescing = 50% leaf area; 9 = many lesions coalescing
causing partial or total death of plants. The disease sever-
ity ratings 0 to | represent complete or vertical resistance,
and 3 to 9 susceptible reaction.

Seedlings showing susceptible reaction were removed
from the trays and the remaining resistant seedlings (0-1)
were inoculated with the isolate ECI5P, belonging to race
1B-9 when most of the seedlings had reached fourth leaf
stage. Seedlings resistant to both races were transplanted
to pots for harvesting the seed.

The Rj lines derived from individual resistant plants
of R, varying from 3 to 20 per genotype were inoculated
with two races [B-1 and IB-9 using the same method de-
scribed for evaluation of R; seedlings.

Field experiments

Assessment of Ry populations

Seeds harvested from individual self fertilized Ry plants
were utilized to obtain the Rz progeny in the field. Twenty-
-day-old seedlings, grown in the greenhouse in plastic trays
containing sterilized vermiculite and supplemented with
Hoegland’s nutrient solution, were transplanted to a field
under flooded conditions on December 7, 1993. The field
was fertilized with 250 kg/ha (4-30-16) NPK and
125 kg/ha of N in the form of ammonium sulphate and
20 kg/ha of zinc sulphate before transplanting. An addi-
tional 100 kg/ha of N in the form of ammonium sulphate
was applied as topdressing at the maximum tillering stage.
The Rz populations, totalling 10 consisted of four parents
(Bluebelle, Maratetli, Ramtulasi and Basmati-370) and six
Fy’s (F): Bluebelle x Araguaia; F: Bluebelle x Dawn;
Fy: Maratelli x Basmati-370; F: Maratelli x Araguaia;
F;: Maratelli x Ramtulasi ¢ F;: Maratelli x Dawn). Also,
14 controls including parental genotypes and Fy progenies
were evaluated in a randomized complete block design
with two replications. The bulk R, population of each
genotype totalling 222 seeds was derived from six R,
plants each with 37 seeds with the exception of Ramtulasi.
The R; population of Maratelli x Ramtulasi was composed
from 42 R, plants. Each plot consisted of 10 rows of
1.0 m length. A three row spreader strip with susceptible
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cultivars (Bluebelle, BR-IRGA 409, Alian¢a and Cica-8)
was established on both sides of the block 30 days prior
to planting.

Leaf blast was assessed 48 days after transplanting in
a total of 160 plants per genotype, 80 in each block, uti-
lizing a visual rating scale of 0 to 9 where 0 and 1 repre-
sent complete resistance and 3 to 9 susceptible reaction.
Also, elliptical susceptible lesions with white to grayish
center were counted on all leaves of the main tiller, Panicle
blast was evaluated based on the percentage of panicles
infected per genotype 10 days before harvesting. At ma-
turity, the height of the tallest tiller was determined based
on measurements of five randomly selected plants per plot.

Assessment of Ry population

Lines varying from 10 to 160 per genotype were as-
sessed in the field for leaf and panicle blast. The field trial
consisted of seven R populations including four parents
{Bluebetle, Maratelli, Ramtulasi, Basmati-370) and three
Fy's (Fy: Bluebelle x Araguaia, Fy: Maratelli x
Basmati-370, F) Maratelli x Ramtulasi) and their respec-
tive controls. Control material was harvested from both F)
plants and parent genotypes in R; field trial. The plots
consisting of one row of 2.0 m length and spaced 0.35 m
between rows were direct-seeded and fertilized at the same
rates as in R trial. The rows were space planted with
approximately 20 plants per row. The spreader rows were
maintained as described in R; field trial. The test rows of
each genotype were interspersed with one row of their
respective controls (parents and R; progenies) after every
10 rows. The standard cultural practices were followed as
in Ry, but the trial was replicated by planting at two dif-
ferent dates, one on 10 December 1994, and the other on
10 January 1995.

Leaf blast was evaluated using a visual rating scale as
described for Ry field trial, 50 days after planting, Dis-
€ase score was given on a row basis. Panicle blast was
also assessed 10 days before harvest on a row basis to
determine the percentage of incidence for each genotype.

Individual plants, one from each row, were harvested
except for lines which showed segregation for other mor-
phological characters such as height, grain color, grain
type ete. In segregating lines individual plants showing
variation for different traits were harvested separately, The
disease data from only the first planting was utilized for
analysis because of severe and uniform blast incidence.

Analysis

The segregation ratios of R plants inoculated with the
race IB-1 was subjected to a chi-square test for goodness
of fit. The means of the visual rating for leaf blast for
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regenerants derived from susceptible parental genotypes
{(Maratelli and Blucbelle) were compared with the means
of theit respective F; derived populations using the
Student’s t-test in both Ry and R; generations of field and
greenhouse tests. The ficld data was subjected to ANOVA
for visual leaf blast ratings and lesion number in Rz genera-
tion, Treatment comparisons of discase data were per-
formed by orthogonal contrasts {Steel & Torrie, 1980).
The number of observations of leaf blast for Bluebelle
and F, (Bluebelle x Dawn) was less than the rest of the
genotypes and thus omitted from this analysis. Analysis
of lesion number per plant was performed with trans-
formed data f{X+1) toimprove the homogeneity of vari-
ance.

RESULTS AND DISCUSSION

Greenhouse assessment

Segregation was observed among R; plant popu-
lations of parental genatypes and Fy's for leaf blast
reaction in artificial inoculation tests made with races
IB-1 and IB-9 (Table 1). The R; plant population from
cultivar Bluebelle segregated in the ratio of one re-
sistant to three susceptible, thereby indicating that
resistance in this cultivar is conferred by a single
recessive gene to race IB-1. Control plants of
Bluebelle were all susceptible. Of the 100 R; inocu-
lated plant population of Maratelli, only one was re-
sistant to race IB-1, which could be an escape
whereas all control plants were susceptible. Both R;
and control plant population of Ramtulasi were re-
sistant to race IB-1 indicating no breakdown of re-
sistance in ceil culture. The segregation of R; plants
of Basmati-370 did not closely fit the expected ratio
of 1:3(Table 1).

Segregation of R; regenerated plants from F, prog-
enies from the crosses of Bluebelle x Araguaia,
Bluebelle x Dawn, fitted the Mendelian ratios of 3:1
and 1.3, respectively. On the other hand the F, prog-
enies of crosses Maratelli x Basmati-370 and Maratelli
X Araguaia did not agree with the ratios of one resis-
tant and three susceptible plants expected for a single
recessive gene control of resistance to race [B-1. The
corresponding F| progenies utilized as control were
susceptible. The Chi-square value for 1:3 segrega-
tion in these crosses was significant and requires
confirmation in R families before drawing any con-
clusions regarding the genetic nature of this trait.
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The proportion of resistant and susceptible plants
in R; population derived from F, progeny of cross
Maratelli x Ramtulasi did not closely follow the 3:1
ratio expected for monogenic control of resistance,
while the corresponding F) control was resistant,
showing the dominant nature of resistance to race
IB-1 (Table 1).

The R; plants that were resistant to race IB-1 again
segregated into resistant and susceptible when in-
oculated with race IB-9. Qut of 26 R; plants of
Bluebelle, 13 were resistant and 13 were susceptible
whereas the control plants were all susceptible indi-
cating that the recessive genes controlling reaction
for these two races probably are different, and re-
quire further confirmation (Table 1).

The only one resistant R; plant of Maratelli be-
came susceptible to race IB-9. Out of 13 R; resis-
tant plants of Basmati-370, nine showed susceptible
reaction. The R; plants derived from F}’s (Bluebelle
x Araguaia, Bluebelle x Dawn, Maratelli x
Basmati-370, Maratelli x Araguaia, Maratelli x
Ramtulasi) segregated into different proportions of
resistant and susceptible plants (Table 1).

The results of inoculation tests of R3 population
obtained from phenotypic resistant variants selected
in Ry generation are shown in Table 2. The R; plants
of Bluebelle and Maratelli were all susceptible to race
IB-1 whereas all plants of Ramtulasi remained resis-
tant, The resistant plants to both races were recov-
ered from R, plants of F|’s (Bluebelle x Araguaia,
Bluebelle x Dawn, Maratelli x Basmati-370, Maratelli
X Araguaia, Maratelli x Ramtulasi). The frequency of
resistant plants varied from 16 to 34% whereas the
respective controls corresponding to F, progenies
showed no segregation for resistance.

Significant differences were obtained between
susceptible parental genotypes Bluebelle and
Maratelli and Fy"s in relation to mean of the leaf blast
score, both in R; and R populations inoculated with
race IB-1 (Table 3}. Even though the difference in
disease score of R» population of F) cross Bluebelle
x Dawn and Bluebelle was not statistically signifi-
cant, the Fy derived population was relatively supe-
rior. The R; population of F| from Bluebelle x Araguaia
had mean disease score of 2.8 compared to 5.3 for
Bluebelle, showing thereby a high degree of resis-
tance. The R; population of F's from Maratetli x
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Basmati-370 and Maratelli x Araguaia exhibited rela-
tively lower mean for leaf blast ratings than the R;
population of Maratelli x Ramtulasi.

Field assessment

A highly significant variation was cbserved, both
among somaclones and between somaclones and
controls for visual leaf blast ratings as well as lesion
number in field assessment of R, populations
{Table 4). The control x somaclones interaction was
also significant. Orthogonal contrasts using means
of the disease ratings and lesion number showed
significant {P<0.05) differences between control
Maratelli (CM) and the somaclones from its F;’s
(Maratelli x Basmati-370, Maratelli x Araguaia,
Maratelli x Ramtulasi, Maratelli x Dawn) as well as
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somaclones of Maratelli (SM) and those derived from
Fy’s.

Leaf blast assessment of eight R, populations in
the field showed significant differences among the
regenerants and their controls in relation to mean
visual ratings and lesion numbers (Table 5). The
mean of the leaf blast score as well as lesion num-
bers of somaclones from F; (Maratelli x
Basmati-370) and Basmati-370 were significantly
lower than their respective controls. On the other
hand, the somaclones from Fy’s (Maratelli x Araguaia,
Maratelli x Ramtulasi) had significantly higher mean
of the leaf blast rating and lesion numbers compared
to their controls. The Ry population of F| from
Bluebelle x Araguaia showed significantly higher leaf
blast score than the control but did not differ in le-

TABLE 1, Segregation of R, plants resistant to physiclogic race IB-t of Pyricularia grisea and the reaction of
the resistant variants selected for 1B-1 to race 1B-9.

Genotype Number of R; plants
IB- IB-9!
Resistant Susceptible Ratio  Chi-Square  Resistant Susceptible

Bluebelle (RGY* 26 74 1:3 0.09 13 13
Bluebelle (NRG Control)’ 0 100 g . - -
Maratelli (RG) 1 99 ) . 0 1
Maratelli (NRG Control) 0 100 S - - -
Ramtulasi (RG) 100 0 R? - 100 0
Ramtulasi (NRG Control) 100 0 R - 100 0
Basmati-370 (RG) 13 87 1.3 7.68% 4 9
Basmati-370 (NRG Control) 0 100 ) - - -
Bluebelle x Dawn (RG) 25 75 1:3 0 15 1o
Bluebelle x Dawn (F, Control) 0 100 S - - -
Bluebelle x Araguaia (RG) 31 19 31 1.92 62 19
Bluebelle x Araguaia (F; Control) 100 0 R . 75 25
Maratelli x Basmati-370 (RG) 38 62 1:3 892" 17 21
Maratelli x Basmati-370 (F, Control) 0 100 S - - -
Maratelli x Ramtulasi (RG) 64 36 KH| 6.45° 46 18
Maratelli x Ramtulasi (F, Control) 100 0 R . 0 100
Maratelli x Araguaia (RG) 46 64 1:3 19.25" 20 26
Maratelli x Araguaia (F; Control) 0 100 S - - -

! The number of plants resistant and susceptible was based on total number of resistant plants to IB-1.

! Regenerated genotypes.

) Nonregenerated parental control.
4 Susceptible,

$ Resistant,

*P<005,

s P < 0.0l
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sion number. The somaclones and controls of
Maratelli were highly susceptible whereas Ramtulasi
were highly resistant in the field.

The comparison of means of Rz and R; popula-
tions of F, (Bluebelle x Araguaia) showed signifi-

cantly lower leaf blast ratings than the mean of
regenerants from the susceptible parent Bluebelle,
under field conditions (Table 6). Similar results were
obtained for Maratelli in comparison with the Fy’s
(Maratelli x Basmati-370, Maratelli x Ramtulasi).

TABLE 2. The stability of resistant variants selected in R; generation to race 1B-1 and 1B-9 of Pyricularia

grisea in R, generation.

Genotype Number of plants
1B-1 IB-9
Resistant Susceptible  Resistant  Susceptible % plants resistant

Bluebelle (RG)' 0 160 - - 0
Bluebelle (NRG Control)? 0 60 . . 0
Maratelli (RG) - . - - 0
Maratelli (NRG Control) 0 60 - - 0
Ramtulasi (RG) 100 0 100 0 100
Ramtulasi (NRG Control) 100 0 100 0 100
Basmati-370 (RG) 0 3 - - 0
Basmati-370 (NRG Control) . . - - ]
Blucebelle x Dawn (RG) 17 45 17 0 274
Bluebelle x Dawn (F, Control) 0 60 - - 0
Bluebelle x Araguaia (RG) 75 25 M 41 340
Bluebelle x Araguaia (F, Control) 76 24 42 M 42.0
Maratelli x Basmati-370 (RG) 87 39 47 40 373
Maratetli x Basmati-370 (F, Control) 0 60 - -

Maratelli x Ramtulasi (RG) 98 203 47 51 15.6
Maratelli x Ramtulasi (F; Control) 0 60 - - 0
Maratelli x Araguaia (RG}) 189 212 106 83 264
Maratelli x Araguaia (F; Control) 0 60 - - 0
I Regenerated genotypes.

1 Nonrcgenerated parental control.

TABLE 3. Compsrison of means of the visual rating of leaf blast between susceptible parental genotypes and
F,’s derived from immature panicles of rice in R, and R, populations inoculated with race IB-1 in

the greenhouse.

Genotype Means of the visual rating Means of the visual rating
(R, population) (R, population)

n X n X t n X, n X t
Bluebelle,, vs Bluebelle x Araguaiay,, 100 41 100 1.1 83** 160 5.3 184 28 13.15"
Bluebelley,, vs Bluebelle x Dawnyy;, 100 41 100 39 05ns 160 53 62 44 2727
Maratelliy,, vs Maratelli x Basmati-370,,, 100 7.82 100 3.5 12.6** 0 - 126 21 -
Maratelliy, vs Maratelli x Ramtulasi;, 100 7.82 100 1.6 22.8%+ 0 - 301 38 -
Maratelliy,, vs Maratelli x Araguaiay;, 100 7.82 100 2.8 15.0** 0 - 401 26 -

! Number of test plants.
¢ p<0.0l.
™ Non-significant,
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TABLE 4, Analysis of variance for leaf blast visual ratings and lesion number in cight R, populations derived
from immature panicles of rice and controls under field conditions.

Source of DF Mean square value

variation' Visual ratings Lesion/number/plant?
Block 1 28.094** 158.572*+
Between somaclones and controls (C) 1 27.309* 71.633*
Among somaclones (SC) 7 2590.196** 1029.335%+
CxsC 7 407.863** 253.264%+
Experimental error 15 5.841%* 14.619**
Sampling error (Residual) 2528 0.697 0.666
Controls (Total) 2559 - -
CM vs SF, 1 2808.751** 1083.120**
SM vs SF, 1 2646.281** 898.676**

! C: contols (Maratelli, Basmati-370, Ramtulasi, F,: Maratelli x Araguaia, F,: Maratelli x Basmati-370, F, Maratelli x Ramtulasi, F,: Maratelli x Dawn,
F,: Blucbelle x Araguaia); CM: control Maratetli; SM: somaclones derived from Maratelli; SF,: somaclones derived from F's (Maratelli x Araguaia,
Maratelli x Ramtulasi, Maratelli x Basmati-370 Maratelli x Dawn).

1 Data were transformed 1o /x + 1 for analysis.

* P<0.05.

**p<0.0].

TABLE 5. Means of the visual rating and lesion number of leaf blast in eight R, populations derived from
immature panicles of rice and their controls under field conditions!,

Genotype Means of the visual rating Mean lesion number/plant
Population R, Controf? Population R, Control
Maratelli 8.86a 9.00a 6.12a 6.38a
F, : Maratelli x Dawn 6.63b 6.68b 5.37*a 3.19¢
F, : Maratelli x Araguaia 6.58*b 4.36¢ 5.43%a 2.22b
F, : Maratelli x Ramtulasi 3.02%cd 1.00d 1.79*b 0d
F, : Maratelli x Basmati-370 1.01%e 5.17ce 1.29*b 3.81ce
F, : Blpebelle x Araguaia 3.88*c 1.00d 1.47b 1.24d
Basmati-370 3.55% 4.68¢ 2.10*b 3.05¢
Ramtulasi of of 0b 0d

! Means followed by the same letter in a column do not differ significantly according to Tukey's test at the 0.05 probability level; means followed by the
asterisk differ significantly from the control according to Tukey's test at the 0.05 probability level.
 Nonregeneratcd

TABLE 6. Comparison of means of the visual rating of leaf blast between susceptible genotype and F’s de-
rived from immature panicles of rice in R, and R; generations under field conditions.

Genotype R; population R, population

X X t X o X, t

Bluebelley,, vs F: Bluebelle x Araguaiay, 160 60 3.8 160** 35 54 90 35  76%¢
Maratelliy, vs F,: Maratelli x Basmati-370,;, 160 89 10 372** 10 90 149 1.8  14.1+*
Maratelliy,, vs F,: Maratelli x Ramtulasip,, 160 89 3.0 242%* 10 90 127 34 88+

! Number of R, plants,
 Number of R, lines.
** P <0.01,
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The frequency distribution of leaf blast ratings in
populations derived from Fy's were compared with
their parental genotypes and their respective con-
trols (Figs. 1 to 3). Resistance and susceptibility of
R, populations of Araguaia and Bluebelle, respec-
tively were maintained in R (Fig. 1). While the R;
population from Bluebelle x Araguaia was highly
susceptible few resistant lines were recovered in Rs.
The F| nonregenerated control was resistant and F;
showed susceptible leaf blast scores of 5 and 7. A
high frequency of resistant R lines derived from
Basmati-370 exhibited resistant reaction whereas
both regenerants and nonregencrants of Maratelli
were susceptible (Fig. 2). The distribution of popu-
lation from Maratelli x Basmati-370 skewed more to-
wards resistance both in R; and R; generations rela-
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FIG. 1. Frequency distribution of somaclones accord-
ing to leaf blast rating in the field. A: R,
population derived from Bluebelle and
Araguaia and their nonregenerated controls;
B: R, population of Bluebelle and Araguaia
and their nonregenerated controls; C: R,
populations derived from F,: Bluebelle x
Araguaia and the nonregenerated F, control;
D: R, populations derived from F,: Bluebelle
x Araguaia and nonregenerated F, control.
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tive to F; and F3 controls. The regenerants from
Ramtulasi remained resistant in R; and R genera-
tions (Fig. 3). The frequency of resistant plants of
R» derived from Maratelli x Ramtulasi was not
greatly altered in Rs. The distribution of R; popula-
tion was nearly normal and wider than the F; con-
trol.

Field incidence of panicle blast in R; and R3 popu-
lations derived from Bluebelle, Maratelli, F,’s of
Bluebelle x Araguaia, Maratelli x Basmati-370 and
Maratelli x Ramtulasi and the controls is illustrated
in Fig. 4. Panicle blast incidence was 100% both in
Bluebelle and Araguaia in R; and R3 generations.
Furthermore, it was low in R; populations from
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FIG. 2. Frequency distribution of somaclones accord-
ing to leaf blast rating in the field. A: R,
population derived from Maratelli and
Basmati-370 and their nonregenerated con-
trols; B: R, population of Maratelli and
Basmati-370 and their nonregenerated con-
trols; C: R, populations derived from
F: Maratelli x Basmati-370 and
nonregenerated F, control; D: R, populations
derived from F,: Maratelli x Basmati-370 and
nonregenerated F, control.
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Bluebelle x Araguaia and did not differ from its F)
nonregenerated control. The incidence in the popu-
lation from Maratelli x Ramtulasi was negligible. A
high percentage of Rj lines from Bluebelle x
Araguaia, Maratelli x Basmati-370 and Maratelli x
Ramtulasi showed resistance to panicle blast as com-
pared to their controls and these results are consis-
tent with those obtained for leaf blast,

The Ry and Rj generations of rice cultivars and
F,’s that had been regerierated in vitro from imma-
ture panicles were screened for blast resistance in
the greenhouse under artificial inoculation condi-
tions and in field trials for over a period of two years.
The inoculations of R; and R; populations with races
IB-1 and IB-9 showed that the leaf blast reaction of
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FIG.3. Frequency distribution of somaclones accord-
ing to leaf blast rating in the field. A: R,
popwlation derived from Maratelli and
Ramtulasi and their nonregenerated con-
trols; B: R, population of Maratelli and
Ramtulasi and their nonregenerated con-
trols; C: R, populations derived from F,:
Maratelli x Ramtulasi and nonregenerated
F, control; D: R, populations derived from
F,: Maratelli x Ramtulasi and nonregenerated
F, control.
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the highly susceptible cultivar Maratelli and the re-
sistant donor parent Ramtulasi utilized in the crosses,
did not differ from their respective controls. Similar
results were obtained in field assessment of Ry and
Ry populations. The cultivars Maratelli and
Ramtulasi also did not show any variation for other
morphological and agronomic characters in the field.
These results are in accord with the observations of
Xie etal (1990) that some rice cultivars such as Tetep
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FIG.4. Incidence of panicle blast, A: R, and R, popu-
lations derived from Bluebelle (Blw.) and
Maratelli (Mar.) and their nonregenerated
controls; B: R, populations derived from
F,: Bluebelle x Araguaia (Ara.), Maratelli x
Basmati-370, Maratelli x Ramtulasi {Ram.)
and their nonregencrated F, controls; C: R,
populations derived from F,: Bluebelle x
Araguaia, Maratelli x Basmati-370, Maratelli
X Ramtulasi and their nonregenerated F,
controls under field conditions {percentages
were based on plants in R, and lines in R,).
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and Taipei 309 are tissue culture stable and seldom
produce variants. According to Evans & Gamborg
{1982); callus was cultured only for 30 to 45 days in
induction medium to obtain a limited change for one
trait such as disease resistance because much of the
variation is proportional to the duration of culture.

The R; regenerants derived from F plants segre-
gated while the nonregenerated Fy’s utilized as con-
trols were either uniformly resistant or susceptible
to race 1B-1. The plants resistant to race [B-1 segre-
gated again when inoculated with race IB-9. The
abetrant ratios to race IB-1 could be attributed to
the cytogenetic abnormalities or disturbed Mende-
lian segregation resulting from culture medium (Larkin
& Scowcroft, 1981). The R; population derived from
resistant plants of R; segregated again for those two
races. A high percentage of resistant plants were
recovered in R; only from regenerants derived from
Ry's while the F, progeny maintained as controls
were all susceptibte (Table 2). Genetic variation in
the regenerated plants appears to have resulted from
the gene heterozygous for blast resistance in the F;
progeny from which they were derived. However,
genetic stability has to be further tested in advanced
generations.

The results of field tests are consistent with those
obtained in the greenhouse. Among the regenerants
derived from F) plants, only the populations derived
from Maratelli x Basmati-370 and Basmati-370
showed high degree of leaf blast resistance as com-
pared to their nonregenerated controls. These results
indicated that the frequency of stable variants de-
pends on the genotype utilized in the cross.

Variations which are not included in this paper
were found for other traits such as plant height, head-
ing date, grain color, apiculus, awn length, etc, in
R; and R; generations. A high frequency of
somaclonal variation have been reported in rice in
earlier studies (Kucherenko, 1979; Fukui, 1983; Oono,
1983; Sunetal., 1983). The fertility of the regenerants
derived from F) crosses was greater in R; than their
F3 segregating populations utilized as controls. Some
of the lines in R; field trial showed uniform blast
reaction suggesting a significant change in initial
regenerants and this would reduce the number of
generations to produce fixed blast resistant lines.

In the field, leaf blast was uniform and severe in
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both years as compared to the panicle blast inci-
dence. However, the performance of R; and R; popu-
lations in relation to panicle blast incidence was simi-
lar.

The identification of variants for blast resistance
depends greatly on the screening and selection pro-
cedures, Minor variations and mutations for blast
resistance cannot be distinguished under field con-
ditions. The segregation of R; populations for resis-
tance to races [B-1 and IB-9 and their stability in R;
indicate the potential for obtaining somaclones re-
sistant to specific races. The mechanism by which
the variation occurred has not been elucidated in this
study.

Attempts to select variants in tissue culture for
resistance to rice blast are very few and the results
are conflicting (Pachén, 1989; Xie et al, 1990).

CONCLUSIONS

1. Somaclones derived from F, crosses using re-
sistance gene donors and commercial cultivars as
parents are useful for obtaining a high frequency of
resistant, fertile and uniform lines in the early R; gen-
eration.

2. Somaclones produced in this study may be of
value for basic studies and for their use in crosses
for resistance breeding.
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