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Abstract

The aim of these studies was to develop a semi-selective medium to differdfitedeochium oryzaandPinatubo

oryzae determine the frequency of seed infectiorivbforyzae study survival of the pathogen in stored seeds, and
determine the frequency of infection of seed components. To simulate epidemics of differing intensities, panicles
of rice cultivars that are susceptible (IR36) and resistant (IR42 and IR48) toyzaewere either non-inoculated,
inoculated once, twice, or three times with a conidial suspensibh ofyzae BothM. oryzaeandP. oryzaecolonies

were recovered from seeds and were similar in culture. A semi-selective medium developed 1d detgrdeseed
infection rates aided in differentiating. oryzaeandP. oryzaeby stimulating aerial conidiogenesis Bf oryzae

The conclusions taken from these results were: (a) seeds of IR36 had higher infebMicorpfaethan of IR42 and

IR46 from plants grown in the dry season, but had lower infectiod abryzaethan of IR42 and IR46 from plants
grown in the wet season; (). oryzaeinfected seeds increased with an increase in the epidemic intensity with the
highest occurring after three inoculations, the least occurring with non-inoculation, and intermediate with one, or
two inoculations; (c) survival dfl. oryzaedecreased over time in seed lots stored atCl@nd 40% relative humidity

and (d) all components of the rice seeds of IR36, IR42 and IR46 lots were infectellwattyzaewith the highest
frequency in the endosperm and lemma, intermediate in the basal glumes and palea, and the least in the embryo.

Introduction germination and seedling vigor (Singh and Gupta,
1985). Seed rot and seedling blight of rice, caused by
Leaf scald of rice Qryza satival.), caused by  Pinatubo oryzadvlanandhar & Mew, is an important
Microdochium oryza€Hashioka & Yokogi) Samuels  seedborne pathogen in the Philippines, reducing seed
& Hallett [teleomorph Monographella albescens germination and seedling vigor (Manandhar and Mew,
(Thiimen) Parkinson, Sivanesan & Booth] is 1996). BothM. oryzaeand P. oryzaeare frequently
widespread throughout the rice growing regions of recorded asvl. oryzaesince the growth characteris-
Africa(Thomas, 1983, 1984), Asia (Anonymous, 1979, tics of the both pathogens are similar on blotters (De
1982; Mia et al., 1985; Sanchez et al., 1979) and the Tempe and Binnerts, 1979). If aerial conidiophores
Americas (De Gutierrez, 1960; Faiad etal., 1993), caus- of P. oryzaeare absent (Manandhar and Mew, 1996)
ing up to 30% yield losses (Thomas, 1984). Although then M. oryzaemay be overestimated. Since there
M. oryzaecommonly infects leaves and sheaths, seed is no difference in detectiniyl. oryzaein six meth-
infection is also important because it reduces seed ods, viz. blotter test, 2,4-D, Deep-freezing blotter,
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potato-dextrose agar (PDA), guaiacol agar and rice Subram. & JainFusarium moniliformé&held. F. semi-
extract agar (Shetty and Shetty, 1988), a semi-selectivetectumBerk. & Cav.,F. solani (Mart.) App. & Wr.,

medium seems necessary to differentikte oryzae
andP. oryzae
Microdochium oryzaesurvives three to 18 months

M. oryzaeandP. oryzaewere isolated from rice seeds
grown in the 1993 wet season at the Central Research
Farm, International Rice Research Institute (IRRI) at

in infected rice seeds under ambient conditions (Mia Los B&hos. Identities of conidial isolates were based
et al., 1987; Sanchez et al., 1979; Singh and Gupta, on comparison with valid descriptions. The Mo-1 iso-
1986), but it can survive up to 11 years atb(Mia late of M. oryzaewas matched to Type D cultural char-

et al., 1985). All rice seed components are potential acteristics (Parkinson, 1980). Five-day-old colonies of
infection sites forM. oryzae(Kim et al., 1984; Mia all fungal species grown on PDA in dark were cut off
etal., 1986). The precise location of the pathogen in the from the margin using a 5-mm diam screw borer and
seed can help determine the efficacy of the seed treat-plated at the center of 9-cm diam dishes containing
ments (Faiad et al., 1993). The objectives of this work basal medium or MOSM. There were three plates of

were to develop a semi-selective medium to differen-
tiate M. oryzaeandP. oryzaefor accurate estimate of
seed infection, determine the frequency of seed infec-
tion of M. oryzaein plots differing in epidemic inten-
sities, study survival of the pathogen by estimating the
rate of decline in seeds stored at°@and 40% rela-
tive humidity (RH), and locate the pathogen in seeds by
estimating the frequency of infection in specific seed
components.

Materials and methods

Inhibition of hyphal growth of fungi in a semi-
selective medium.A M. oryzae semi-selective
medium (MOSM) was developed from a basal medium
containing 15 g KCI, 1 g sucrose, 10 g granulated agar
(Difco Laboratories, Detroit, MI) in 11 distilled water
and autoclaved at 12C and 100kPa for 15 min.
After cooling to 45C, 5 mg chloramphenicol (Sigma
Chemical Co., St. Louis, MO), 5mg erythromycin
sulfate (Sigma Chemical Co., St. Louis, MO), 25mg
tetracycline hydrochloride (Sigma Chemical Co., St.
Louis, MO), 20 mg neomycin sulfate (Sigma Chem-
ical Co., St. Louis, MO), 1 mg chlorothalonil (tetra-
chloroisophthalonitrile, Daconil 278 75WP, ISK
Biosciences Corp., Marietta, GA) and 20 mg man-

either basal medium without fungicides or MOSM for
each pathogen. The inhibition of the hyphal growth
of the pathogen on the MOSM was calculated from
the colony diam in 5 days after incubation at°28
as (colony diam in basal medium — colony diam in
MOSM)/colony diam in basal medium.

Assessment of seed infection using MOSMow-land
irrigated rice cultivars, susceptible IR36 and resistant
IR42 and IR46 tM. oryzag(Anonymous, 1979, 1982)
were sown in a dry seed bed nursery on 23 December
1993 and transplanted on 13 January 1994 for dry sea-
son production. The same cultivars were sown again on
6 June 1994 and transplanted on 28 June for wet sea-
son production. Experimental design was a split-plot
with 4 replications. The main plot was cultivar and the
sub-plot was differing epidemic intensities generated
by non-inoculating or inoculating rice panicles with
M. oryzaeconidia either once, twice, or three times. Iso-
late Mo-1 ofM. oryzaewas used for all tests. Individ-
ual plots were 3 nx 5 m with hills at 20 cm within and
between rows, and seedlings were transplanted 3 per
hill. Fertilizers (N: P :K::30:30:30kg per hayere
applied pre-planting, and 30 kg per ha N was applied at
both maximum tillering and grain filling stages. Herbi-
cides andinsecticides were applied as recommended by
the pesticide monitoring unit of IRRI. To produce coni-

cozeb (manganese ethylenebisdithiocarbamate poly-djal inoculum, three 3-mm diam hyphal plugs were cut
meric complex with zinc salt, Dithane M@580WP, from the edge of 5-7 day-old colonies grown on potato-
Rohm & Haas, Philadelphia, PA) were added. Approx- dextrose agar (PDA) and placed 4 cm apart in 9-cm
imately 25 ml of prepared basal medium (all ingredi- diam Petri dishes containing 25 ml of potato-sucrose
ents except chlorothalonil and mancozeb, pH 6.5) or salt agar (PSSA). PSSA was prepared by adding 209

MOSM (all ingredients including chlorothalonil and
mancozeb, pH 6.5) was poured into each of 9-cm
diam Petridishes. Single conidial-isolate#\tternaria
padwickii (Ganguly) M.B. Ellis, Curvularia lunata
(Walker) BoedijnDrechslera oryza¢Breda de Haan)

sucrose, 12 g KCI, and 15 g granulated agar to 770 ml of
distilled water plus 230 ml of potato decoction. Potato
decoction was prepared by simmering 300 g potato in
11 of distilled water for 1 h (Naito, 1982). Plates were
flooded with 10 ml sterile 0.01% Tween-20 in 7-10
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days after incubation in the dark at 25—<Z8 conidia dissected into basal glumes (referred to as the rachila
were dislodged with a sterilized brush and the result- with two sterile lemmas and with or without two ves-
ing conidial suspension was filtered through two layers tigial lodicules), embryo, endosperm (with two vesti-
of cheese cloth. A conidial suspension was adjusted to gial stigmas), lemma, and palea (with or without two
1x 1 conidia per mlin atotal volume of 500 mlusing  vestigial lodicules). Each of the components (25 per
a hemacytometer and sprayed on rice panicles (300 miplate) was plated on MOSM (four plates per replica-
per plot) during anthesis between 10:00 and 11:00 AM tion). Plates were sealed with a plastic bag and incu-
with a low volume sprayer. The first inoculation was bated for 7 days in the dark at 30. There were three
applied on 17 March 1994 for IR36, 29 March 1994 for replications. Incidence dfl. oryzaewas determined
IR46 and 4 April 1994 for IR42 during the dry season; using a binocular microscope.

and on 25 August 1994 for IR36, 10 September 1994

for IR46 and 17 September 1994 for IR42 during the ggatistical analysis. Percent inhibition of hyphal
wet season. The second and third inoculations were at 3growth of eight fungi was analyzed by analysis of vari-

and 6 days respectively following the first inoculation.  ance (ANOVA) using completely randomized design

Control plots were not spray-inoculated. and means were separated by Duncan’s multiple range
Harvested seed lots were dried for 96 h at@3o test (DMRT) atP = 0.01. Seed lots obtained from

10% moisture content. The effect of epidemic inten- jnocylated plots in the dry season and wet season exper-

sity on seed infection rates was determined by exam- jments were analyzed separately and means separated
ining seeds on MOSM. One hundred seeds per lot pyy |east significant difference (LSD) & = 0.05

were plated on MOSM to differentiatd. oryzaeand (Gomez and Gomez, 1984). Data from survival of

P. oryzae Twenty five seeds per dish were incubated in ;. oryzaein stored seeds were analyzed using linear

the dark for 7 days at 3@. The number OM.. oryzae correlation and plotted percent seeds wiihoryzae

orP. or_yzaenfected seeds was recorded using a binoc- against DAH. Data from seed components infected by

ular microscope. M. oryzaewere analyzed using randomized complete
block design with cultivar and seed component as fac-

Survival of M. oryzaein stored seeds. Seeds of IR36  torial combinations.

were harvested from plots inoculated with oryzae

during the dry season in 1994. Infection lly oryzae

determined by blotter (De Tempe and Binnerts, 1979) Results

was 11%. Seeds were stored in a cold room adjusted to

10°C and 40% RH, and 100 seeds from the same cold Inhibition of hyphal growth of fungi in a semi-selective

room were plated on MOSM for detectionldf oryzae medium. Percent inhibition of hyphal growth of

at 105, 145, 210, 245, 294, 326, 355, 372, and 403 daysM. oryzaeon MOSM was significantl( P = 0.01)

after harvest (DAH). Similarly, 100 seeds of IR42 from lower thanC. lunataandF. semitectunbut higher than

a seed lot having 18% seed infectiorbforyzaewere A. padwickij D. oryzae P. oryzaeandF. solani and

assayed after cold room storage at 85, 120, 155, 190, not different fromF. moniliforme(Table 1). Inhibition

and 224 DAH for comparison. To determine survival of P. oryzaewas lower than 6 test fungi but higher than

trends, the same seed lots were assayed by blotter tesD. oryzae(Table 1).

using 400 seeds per assay at 44, 96, 131, 159, 217, 224,

251,281, 312, 341, 369, 391, 414, 498, 530, 56_8’ 594, Assessment of seed infection using a semi-selective

622, 660, 688 and 733 DAH for IR36 lot grown inthe  megium. Percent seed infection duelb oryzaewas

dry season and at 44, 102, 133, 162, 190, 212, 235, 319*significantly(P _ 0_05) higher in IR36 (5.6%), then

351, 389, 415, 443, 481, 509 and 654 DAH for IR42. foljowed by IR46 (4.9%) and IR42 (2.1%) for the dry

lot grown in wet season. season means, whereas IR42 (4.0%) or IR46 (4.4%)
had higher seed infection than IR36 (1.6%) for the wet
Seed components infectedMyoryzae Seed lots of season (Table 2). There was significaft = 0.05)
IR36, IR42 and IR46 that were field inoculated with interaction between cultivar and inoculation for the dry
M. oryzaein the wet season had 11, 18 and 9% of season but not for the wet season (Table 2). However,
M. oryzaeinfection respectively based on the blotter percent seed infection due Rooryzaewas not differ-
method. Three hundred seeds of each cultivar were entamong IR36 (1.1%), IR42 (0.4%) and IR46 (0.8%)
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Table 1 Percent inhibition of hyphal growth on a semi-
selective medium (MOSM) of eight different fungi at 28

in dark

Fungus Hyphal inhibition (%)
Alternaria padwickii 72d

Curvularia lunata 85D

Drechslera oryzae 33f

Fusarium moniliforme 76 ¢

F. semitectum 100 a

F. solani 70d

Microdochium oryzae 79c

Pinatubo oryzae 62 e

*Numbers followed by the same letter are not significantly
different using Duncan’s multiple range t¢gt = 0.01).

Table 2 Percent rice seeds infected kljcrodochium oryzaén

lots harvested from plots differing epidemic intensities generated
by either non-inoculating (0) or inoculating (1, 2 or 3) panicles

with M. oryzaeconidia as determined by examining 100 seeds
per plot on a semi-selective medium (MOSM)

Cultivar  Dry seasoh Wet seasoh
Number of Inoculations
0 1 2 3 Meah
IR36 1.5 4.3 7.5 9.3 56a 1.6b
IR42 08 15 25 38 21lc 40a
IR46 1.8 4.8 5.8 7.3 49b 4.4a
Meart 1.3d 35c 53b 6.8a

IMeans over four replications. Least significant difference (LSD,
P = 0.05) between the number of inoculations within the same
cultivar= 1.5 and in different cultivars- 1.4.

2Means over four replications and four epidemic intensities (0, 1,
2, and 3).

SNumbers followed by the same letters are not significantly dif-
ferent with least significant difference (LSP, = 0.05).

“Means over four replications and three cultivars.

for the dry season, whereas significanty = 0.05)
higher seed infection was found in IR36 (9.8%), then
followed by IR46 (6.5%) and IR42 (4.0%) for the wet
season (Table 3).

Percent seeds infected dueMo oryzaewas signif-
icantly (P = 0.05) increased as the number of inoc-
ulations increased, with the lowest in non-inoculated
lots (1.3%), then inoculated lots with once (3.5%),
twice (5.3%), and three times (6.8%) for the dry sea-
son (Figure 1). Similarly, percent seed infection due to
M. oryzaewere not significantlyf P = 0.05) different
between lots of non-inoculated (1.7%) and once inocu-
lated (2.5%), or between once and twice (3.6%) inocu-
lated lots, but was found highestin lots inoculated three

Table 3 Pinatubo oryzaeseed infection rates in
plots differing epidemic intensities by either non-
inoculating (0) or inoculating (1, 2 or 3) panicles
with Microdochium oryzaeonidia as determined
examining 100 seeds per plot on a semi-selective

medium (MOSM)
Cultivar Dry seasoh Wet seasoh
IR36 1.1 9.84&
IR42 0.4 40c
IR46 0.8 6.5b
NS

Means over four (0, 1, 2, and 3) inoculations and
four replications.

2Numbers followed by the same letters are not sig-
nificantly different using least significant differ-
ence (LSD,P = 0.05).

3Nonsignificant.
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Figure 1. Percent of seeds infected wiMicrodochium oryzae

in plots of differing epidemic intensities generated by either non-
inoculating or inoculating rice panicles either once, twice, or three
times (means of three cultivars and four replications). Vertical
bars represent standard error of the means.

times (5.6%), intermediate in lots inoculated once or
twice and lowest in lots non-inoculated or inoculated
once for the wet season (Figure 1).

Survival of M. oryzaein stored seeds. Seed infection
due toM. oryzaedecreased significantly? = 0.05)

with increased storage for both the IR36 seed lot
harvested in the dry season and the IR42 seed lot
harvested in the wet season with negative coefficient



of correlation, r —0.99 (Figure 2). The result
of the blotter test showed a decline in survival of
M. oryzaelike fungi (M. oryzae P. oryzag and possi-
bly other fungi) over time for both dry and wet seasons
(Figure 3).

40
= @® \Wet season
< y = 45.44-0.12x
o 30 [ r=-0.99
N
>
Q
S 20
<
= 10 O Dry season
5 y = 31.88-0.06x
o r=-0.99
[9p]
O 1 1 1 1
0 100 200 300 400

Days after harvest

Figure 2. Longevity of Microdochium oryzaen IR36 seed lot
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Figure 4. Infection of seed components witllicrodochium
oryzaeon a semi-selective medium (MOSM) for cultivars IR36,
IR42, and IR46 seed lots harvested from the wet season 1994.
(Means of 3 replications, 100 components per replication, stan-
dard erroe= 0.5)

harvested in the dry season and IR42 seed lot harvested in the wetSeed components infected b oryzae All five

season and stored at 4D and 40% relative humidity using 100
seeds per assay on a semi-selective medium (MOSM).
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Figure 3. Longevity of Microdochium oryzadike fungi
(M. oryzaeandPinatubo oryza@nd possibly other fungi having
similar colony characteristics) on seeds of IR36 lot harvested in

seed components of three test cultivars were infected
or infested withM. oryzae(Figure 4). Cultivar, seed
component, and their interaction were found significant
by ANOVA test with standard erroy = 0.5. Mean

M. oryzaeinfection in the endosperm (5.8%) was sig-
nificantly (P = 0.05) highest over three cultivars and
three replications, then followed by the lemma (4.3%),
basal glumes (2.7%), palea (1.8%) and embryo (0.9%).
In IR42, highestM. oryzaeinfection was found in the
endosperm (10.3%) followed by the lemma (4.0%), the
basal glumes (2.3%), the palea (2.3%), and the embryo
(2.0%); but in IR36, infection was the highest in the
lemma (7.7%), followed by the endosperm (4.7%), the
basal glumes (3.7%), the palea (1.7%), and the embryo
(0.7%) (Figure 4). Similarly, highe$fl. oryzaeinfec-

tion was found in the endosperm (2.3%) and the basal
glumes (2.0%) followed by the lemma (1.3%), the palea
(1.3%), and the embryo (0%) among the seed compo-
nents of IR46 (Figure 4).

Discussion

the dry season and IR42 lot harvested in the wet season and stored ) ) )
at 10°C and 40% relative humidity using 400 seeds per assay on Although M. oryzaeis taxonomically different from

the blotters.

P. oryzae(Manandhar and Mew, 1996), their cottony
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hyphal colonies and salmon-colored conidial masses inoculating rice panicles three times during anthesis
(sporodochia) are similar on seeds plated on blotters oryielded a high percentl. oryzaeseed infection for
other media. Sparse aerial conidiogenesiB.afryzae both dry and wet seasons except that IR42 did not show
(Manandhar and Mew, 1996) is often overlooked or difference between lots of non-inoculated and inocu-

absent in assays using the blotter test. SMceryzae lated once, inoculated once and twice, or inoculated
andP. oryzaecolonies appear similar, colonies of both twice and three times. Similarly, IR46 was not differ-
fungi are frequently recorded 4. oryzaeoveresti- ent between lots inoculated once and twice in the dry
matingM. oryzaeand underestimating. oryzae Both season. IR42 may be more resistanWtooryzaeseed

M. oryzaeandP. oryzaecan also occur on the same infection than IR46 or may be influenced by the natural
seed making the estimate BF. oryzaeseed infection infection of P. oryzae Mean percenM. oryzaeseed
difficult. A selective medium foMicrodochiumspp. infection was low in lots grown in the wet season, which
has not been previously reported. Many fungi can grow may be due to increased natural infectioPajryzaelt
slowly on MOSM. However, MOSM was effective in  is not known whethe. oryzaeandP. oryzaecompete
differentiatingM. oryzaefrom P. oryzaeby stimulat- for the same site in the seed, since there was indication
ing the latter to form abundant aerial conidiogenesis. that M. oryzaeseed infection decreased Bsoryzae
A binocular microscope is necessary to confirm the seed infection increased or vice versa.
presence of the aerial conidiogenesis. Plots inoculated three times were expected to show
Leaf clipping and then spraying a conidial suspen- one-hundred percentl. oryzae seed infection but
sion of M. oryzaeresulted in leaf and sheath scald resulted in low. Conidia oM. oryzaeare discharged
(Anonymous, 1979, 1982). Grain abortion and spotted at mid-night and germinate to form appressoria-like
seeds due to leaf scald were reported (De Gutierrez, structures that infect healthy rice tissues (Naito, 1982).
1996; Naito, 1982; Soave et al., 1997). Leaf and sheath Conidial inoculation commenced between 10:00 and
scald, grain abortion, and discolored seeds were not11:00 AM which may not favor development of
observed in these studies. Although seed infection is appressoria-like structure. The pathogen may also be
related to leaf and sheath scald (Mia et al., 1986; Naito, sensitive to desiccation that occurred in drying pro-
1982), conidial inoculation dl. oryzaevastargetedto  cess of harvested seed lots at@5or 96 h. Although
rice panicles during anthesis to obtain high rate of seed the addition of polypeptone to conidial suspension
infection without causing leaf and sheath scald. Leaves seems to encourage the formation of appressoria-
were neither clipped nor targeted during inoculation. like structures and stomatal penetration on the leaves
In these studies epidemics of differing intensities were (Yamaguchi and Ito, 1975), polypeptone was not used
generated by inoculating rice panicles with oryzae in these studies.
either once, twice, or three times during anthesis. Seed Survival ofM. oryzadn naturally infected rice seeds
infection byP. oryzaewas all due to the natural infec- declines depending upon storage conditions (Mia etal.,
tion. The effect of epidemic intensity on seed infec- 1987; Sanchez et al., 1979; Singh and Gupta, 1986).
tion rates was then determined by examining seeds onThe rate of decline oM. oryzaeseed infection may
MOSM. be important from a non-chemical approach to dis-
Seed infection due tM. oryzaeor P. oryzaemay ease management. One report (Mia et al., 1985) indi-
be attributed to varietal susceptibility to one or both cated survival oM. oryzaeup to 11 years at 8. In
pathogens or could be influenced by dry or wet season. this study with the blotter tests only a small decrease
Microdochium oryzaeseed infection was expected to in percentage of seeds wi. oryzaelike fungi was
be higher in cultivar IR36 (susceptible to leaf scald) observed over two years supporting an earlier report
than cultivars IR42 and IR46 (resistant to leaf scald). (Sanchez et al., 1979Microdochium oryzaés prob-
However, percent seed infection dueMooryzaewas ably recorded foM. oryzae P. oryzae and possibly
highinIR36, lowinIR42, and intermediate in IR46 lots  other fungi that form similar colony characteristics in
growninthe dry season. For wet season lots, seed infec-the blotter assay. Rice seed lots grown inthe Philippines
tion was higher in both IR42 and IR46 than IR36. This usually harboP. oryzagManandhar and Mew, 1996).
discrepancy inM. oryzaeseed infection might have  Blotter test shows rapid decline bf. oryzaein coun-
influenced by the natural infection Bf oryzag which tries whereP. oryzaes not reported in seed lots (Mia
was higher during the wet season and lower during the et al., 1987; Shetty and Shetty, 1988; Singh and Gupta,
dry season. The highest epidemic level generated by 1986). In this study, survival ofl. oryzaein seeds
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declined rapidly only when seeds were assessed onFaiad MGR, Machado JC, Vieira MGGC and Célin VMO

MOSM.

(1993) Efeitos e transmissibilidade d8erlachia oryzae

Rice seed consists of the embryo, endosperm and (Hash. & Yok.) Gams em sementes de ar@zryza sativa..).

hulls, with hulls reported to have the highest fre-
guency ofM. oryzaeinfection (Kim et al., 1984; Mia
et al., 1986). This report is the first to show the high-
est frequency oM. oryzaeinfection in the endosperm.

Ciéncia e Patica 17: 357-362
Gomez KA and Gomez AA (1984) Statistical Procedures for
Agricultural Research. John Wiley & Sons, Inc., New York
Kim WG, Park JS and Yu SH (1984) Seed infection and damage
to rice seeds and seedlings by seed-bdbeelachia oryzae

When hulls were separated into basal glumes, lemma KorJ PI Prot 23: 126-131

and palea, the second highest frequenciylobryzae
infection was found in the lemmaMicrodochium

oryzaeappears to reside in between endosperm and

lemma. Location of the pathogen in rice seeds influ-
ences the potential efficacy of biological or chemical

Manandhar JB and Mew TW (199B)natubo oryza@ov gen. et
sp., and its identity during routine tests of rice seed. Mycotaxon
60: 201-212

Mia MAT, Mathur SB and Neergaard P (1985grlachia oryzae
in rice seed. Trans Brit Mycol Soc 84: 337-338

Mia MAT, Safeeulla KM and Miah SA (1987) Studies on survival

seed treatments (Faiad et al., 1993) and the formulation of leaf scald fungusGerlachia oryzaeBangladesh J Bot 16:

(Suzuki et al., 1994) for effective control. Unlike other
rice pathogens, literature av. oryzaeor P. oryzaeis

sparse, and the results presented here may contribute to

the knowledge oM. oryzaeandP. oryzaeseed infec-

1-7
Mia MAT, Safeeulla KM and Shetty HS (1986) Seed-borne
nature ofGerlachia oryzagthe incitant of leaf scald of rice in
Karnataka. Indian Phytopathol 39: 92-93
Naito H (1982) Studies on the mechanisms of infection of rice

tions and aid in rice seed rot and seedling disease con- plants by brown leaf spot. Bull Tohoku Natl Agric Exp Sta 66:

trol strategies.
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