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been referred to as "vertical resistance","specific resistance", 

or "major gene resistance". Another type of resistance is stable, 

it is unaffected by variation in pathogenicity of races. This 

type of resistance has been called "horizontal resist.ance", "field 

resistance", "general resistance", "r.ace non-specific resistance~, 

as well as by other terms. Many genes .are usually involved in 

controlling this type of resistance (Van der Plank, 1963;Caldwell, 

1968; Robinson, 1969). 

"Vertical resistance"against a specific race will break down 

because when a new virulent race multiplies, the population in

creases and all individuals are pathogenic to the variety, i.e., 

breed true to the new race. lf, however, the new race does not 

breed true and produces other races in its progeny and if the 

variety has a strong gene or genes for resistance or a broad 

spectrum of resistance against most of the races developed,severe 

outbreak will not occur because few of the original pathogenic 

races occur in the progeny. This seems to happen for the blast 

fungus, Pyricularia oryzae, against varieties that have a broad 

spectrum of resistance. The fungus seems to be extremely vari

able in pathogenicity. Even with pathogenic races, the resis

tance of the varieties does not seem to break down because 

the fungus has changed. The resistance seems to be stable (Ou et 



aL, 1971). It could be called "horizontal resistanoe" but it 

does not agree with the definition of the term by Robinson (1969). 

Variability in nature and identificationof broad spectrum resis

tanoe through the International Blast Nurseries 

Durinq the half oentury, numerous tests have been made in 

several oountries to identify blast resistant varieties and use 

them for breeding. The success in these breeding programs has 

been limited. The new varieties were resistant only for a few 

years, possibly beoause the variability of the funqus was under

estimated. Varietal reaction varies from looality to locality as 

well as from sea son to sea son in the same looality while the work 

of testinq varietal resistance in the past was limited to a rel

atively small number of varieties, a few seasons, and a limited 

number of geographic areas. The resistant varieties selected as 

donors of resistanoe have not been exposed to many pathogenic 

races and consequently they did not have a very broad base of 

resistance. 

Some of the work done in the Philippines illustrates the 

change of varietal reaction by localities and by seasons. From 

1962 to 1964, 8,214 varieties of the world collection of the 

International Rice Research Institute (IRRI) were tested in a 



blast nursery. Of these, 1,457 were found highly resistant in 

the first test. These resistant varieties were tested seven 

additional times in the same blast nursery. Only 450 remained 

resistant. The 450 varieties were tested in seven stations in 

different regions of the Philippines and after a few repeated 

tests only 75 remained that showed resistant reaction in all 

tests at all stations. 

4. 

In closer examination of changes of races in a blast nursery 

during a 21-month period (Quamaruzzaman and Ou, 1970) (Fig. 1), 

we found that both the composition (different races) and frequency 

(population of each race) are different each month. Of the 363 

samples tested, 60 races were identified. Though the number of 

sampIes is smaI1 in comparison with the actual number of conidia 

and races that might have been present in the nursery, it never

theless illustrates the changes of races in the same blast nursery. 

It is conceivable that such changes al so occur in the field and 

this may explain the observations that certain varieties, while 

resistant in seedling stage, are susceptible to neck blast. 

To identify material that has a broad spectrum of resistance, 

blast resistance must .be tested repeatedly in many geographic re

gions. Thus, an international program is essential. The Intlí'rna

tional Uniform Blast Nurseries (IBN) was started in 1963. Testing 

matarials included 258 leading commercial varieties and the va

rieties used by three countries for differentiating races. In 
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1966 another 321 resistant varieties selected froro the IRRI blast 

nursery were added to constitute group 11 of testing varieties. 

In 1969 most of the susceptihle varieties were deleted, a few 

other varieties were added and the two groups were consolidated 

to forro one group of 356 varieties. Up to 1970, more than 200 

test results were obtained froro 50 stations in 26 countries, 

mostly in Asia, some in Latin America and Africa. Detailed data 

are reported biannually in International Rice Commission News

letters, 1964, 1966, 1968, and 1970. 

The results of the IBN showed that many rice varieties which 

are resistant in one station, one country or in a region of sev

eral countries are susceptible to other stations, countries, or 

regions because of the existence of different prevailing races. 

Many of the varieties tested in a new region are resistant, at 

least initial1y, i.e.,many japonicas are resistant in tropical 

Asia while many indicas are resistant in Japan and Korea. The 

blast fungus apparently is capable of producing new races all 

the time. But the new races can only survive when there are sus

ceptible host varieties. Thus, after a long period of time, pre

vailing races in Japan or Korea are virulent to japonicas while 

the races inthe tropios are virulent to indicas. 

The most valuable inforroation obtained from the IBN is the 

identification of many varieties thathave a broad spectrum of 
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resistance, although no variety was resistant in all tests (Ou et 

al., 1970). Some of the most resistant varieties are shown in 

Table l. Varieties such as Tetep are consistently more resistant 

than others. It is resistant in 97.5 percent of the tests made. 

Fanny, a susceptible variety, was resistant in only 19 percent of 

the tests. 

Variability among conidia from single lesions and from single 

conidial cultures. 

strains of g. oryzae differing in pathogenicity were first 

noticed by Sasaki (1922). Latterell et al. (1954) first identified 

physiologic races in the United States. During the last decade, 

such identification oi r8ceS was carried out in many countries 

using different sets of differential varieties. Many races were 

:dentified in each country (Ou and Jennings, 1969). Atkins et al. 

(1967) recommended an international set of differentials and Ling 

and ou (1969) suggested the standardization of the international 

raee numbers. 

In all the above studies, a pure culture was obtained by a 

single conidium fraro a sample. The inoculum was prepared from the 

pure culture for testing pathogenicity. Ou and Ayad (1968) tested 

56 monoconidial cultures from one leaf lesion on the Philippine 

set of differentials and found 14 races. The 44 monoconidial cul-

tures from another lesion were differentiated into eight races. 

They alao found that 25 monoconidial aubculturea each from two 

single conidial pure cultures were differentiated into nine and 
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ten races (Table 2). 

Giatgong and Frederiksen (1969) found that 20 monoconidial 

lines were separated into four to seven races by testing on four 

varieties. In three consecutive generations. the monoconidial 

lines continued to change into new races in each generation. 

These studies indicated that the conventional method of race 

identification by use of only one C'oniditimpresents only a partial 

arid transitory picture of pathOgenicity' •. 

It is known that plant pathogenic fungi do changa, but once 

changed, the new races are generally stable. P. oryzae, as shown 

in the above study, changes in each generation, and if more va

rieties were used as differentials,each of the conidia wouldhave 

a different pathogenicity. This wes shown early in our study 

on races of P. oryzae (Bandong and Ou~ 1966). Of the 50 mono

conidial isolates none had the same pathogenicity on the 110 

varieties selected as candidates for differentia19. X. oryzae 

geems to have a new dimension of variability. 

The cause of such great variability is still uncertain. 

Suzuki (1965) reported that the conidia, appresoria, and mycelial 

cells are in a "persistent" heterokai'yotic st.ate,t.hat anastomosis 

is C'ommon~ and t.hat each of tbese cells oontains three to seven 

nuclei. Yamasaki and Niizeki (1965},hOwever,reported on the con

trary that most of the cella are uninucleate, though in certain 
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strains 13 to 20 percent of the cells were multinucleate, con

taining from two to six nuelei. Anastomosis and migration of the 

nueleus were observed, and nuclei had apparently fused to forro 

diploids. Other studies also showed that most cells are uninuc

leate (Wu, 19677 Giatgong and Frederiksen, 1969). Kiyosawa (1967) 

reported that the frequency of spore mutation from avirulent to 

virulent to a variety may be as high as 26,3 percent in eertain 

strains. A cytological study Py Giatgong and Frederiksen (1969) 

concluded that variation could have derived from mutation, sexual 

hybridization, the parasexual eyele, or heterokaryosis. The per

feet stage of P. oryzae iB not known nor ia any ~vidence of any 

of these genetic changes known. 

variability in relation to varietal resistanee 

As a result of constant change in pathogenicity, numerous 

raees are present in the field and the blast nursery. This was 

substantiated by isolating 363 single conidia from a blast nur

sery froro which 60 races were identified as mentioned above 

(Quamaruzzaman and Ou, 1970). 

The variability of ~ oryzae also extends the range of the 

host varieties. The group of varieties with a broad spectrum of 

resistance identified by the international blast nurseries (Ou et 

al., 1970), while usua11y free from 1~fection. oecasionally showed 

susceptible reaction (Table l). According to eonventional thought, 

new races have developed and the resistant varieties will break 
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down when the popu1ation of the new races increases. 

These varieties have also been tested in our b1ast nurseries 

over 40 times during the 1ast 8 years. Under epiphytotic condi

tions, a few 1arge susceptible type lesiona occasionally ~ppeared. 

This gives us the opportunity to study the fungus races and to 

find whether these varieties wi1l break down or maintain their 

level of resistance by producing only few lesions. 

The possib1e reasons why these varieties produce few lesions in 

the blast nurseries are: (1) conidia population of the patlogenic 

races specific to these varieties are. low, and (2) genetical1y 

controlled interaction petween the fungus and the host variety. 

To determine this, the pathogenic races on Tetep. one of the 

most resistant varieties, were isolated, cultured and inoculated 

back to Tetep and another resistant variety, Carreon. The races 

were also reisolated and inoculated. A very susceptible variety, 

Khao-teh Haeng 17 (KTH). was u.aed as control. 

The results of 37 such im~culations show that Tetep consis

tently produced a few suscep.tible type lesior,'! while there were 

many on KTH (Table 3). The average number of lesions per seedling 

on Tetep was 2.2 and on KTH, 32.7. One inoculation produced 14.1 

lesions on Tetep and another produced 16.1 lesions. Several iso

latesproduced no lesiona on Tetep. These results indicated that 

the few lesions produced on Tetep are not due to the low conidial 
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population of the pathogenic r~ces inoculated. 

The small number of lesions on Tetep and the large number 

on KTH in the same inoculations suggest that many of the conidia 

failed to infect Tetep even though the fungus was isolated from 

Tetep. To determine this, many single-conidium subcultures were 

rnade froro six of the pathogenie iSQlates from Tetep: 160 from 

isolate FR-l. 48 from FR-1-138 (single-conidial reisolate from 

FR-l), 45 from FR-78. 100 from FR-78-16 (the most pathogenic 

single-conidial reisolate from FR-18¡ it produced 16.1 lesions 

on Tetep), 52 from FR-79, and 49 from FR-80. All these subcul

tures were inoculated to Tetep, Carreon, the 12 Philippine dif

ferentia1 varieties (BanQong and Ou, 1966) and eight internation

al differentia1s (Atkins et al •• 1967). The number of susceptible 

and interroediate types of lesions on Tetep, Carreon and KTH were 

counted in each inoculation. Lesions of intermediate type were 

not inc1uded in the data as they produce a relatively sma1l number 

of conidia and are unimportant epidemio1ogically. 

By the Philippine differentials, the 160 single-conidial 

subcultures of FR-1 were 'separated into 28 pathogenic races¡ 48 

of FR-1-138 into 12 races, 45 of FR-78 into eight races, 100 of 

FR-78-16 into 51 races, 52 of pR-79 into 19 races, and 45 of FR-80 

into seven races (Table 4). Altogether, 78 different races were 

identified among the 450 single~conidia1 subcultures of the six 

isolates. These races differ greatly in their pathogenicity. 
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Soma infect only one or two varieties, others infect 11 or all 

the 12 differential varieties. Based upon the number of the 

Philippine differential varieties infected by these races,they 

were grouped as shown in Table 5. The distribution of subcultures 

among the races developedvarie.s .t1sual}.y .a few races have a 

larger number of subgultures. 

Tbe numbers of races separated by the international differ-

entials and combination of the two sets are shown in Table 6. . . 

When more d~fferentials are used, more races are differentiated • . . , 

The number of races and number of subcultures that infect 

Tetep, Carreon, and KTH,and the'n~r of susceptible type of 

l~sions an these three varieties are shown il:\ Table 7. Many of 

the races and many of the subcultures originally isolated from 

Tetep failed to infect Tetep. The numbers of lesions en Tetep 

and Carreon were consistently and significantly smaller than 

that on KTH. Even if the races or the subcultures are consid-

ered pathogenic, the numbers of lesions produced on Tetep and 

Carreon are small. 

Tetep and Carreon were planted in several blocks, each of 

10 rows, in our blast nursery and a susceptible variety,Tjeremas, , ' 

was planted as control after every two rows of either Tetep or ,. 
.' 

Carrean. Befare the appearance of any lesion an young seedlings 

they were inaculated with an isolate fram Tetep, FR-78-l6. The 
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number of lesions on 100 seedlings was counted every other day, 

about a week after inoculation. ~etep and Carreon showed only a 

small numper of lesions in cQmparison with Tjeremas (F!g. 2). 

The results agree very well with greenhouse inocu1ations. 

The pathogenic fungus raes. f~om the few 1esions on other 

resistant varieties are being studied in the same manner. Pre

liminary resulta show they behaved similarly to those froro Tetep. 

The aboye e~periments suqqest that the few lesions produced 

on Tetep and other resistant varieties are probably tbe result 

of a genetically controlled reaction between the fungus and the 

host variety. The original pathogenic fungus races separate intoa 

great number of races in each generation of multiplication and the 

broad spectrum resistance of the host operatesagainst most of the 

races developed. 

Oiscussion 

The aboye studies showed the extreme variability in patho

genicity of pyriculªria oryzae. M~y races are present in nature 

and are produced froro single lesions ano single conidial cultures. 

They vary greatly in pathogenicity. This phenoroenon is unusual, 

but not unique. Snyder (1~33), in studying the variab:llity :.n 

Fusarium, said "All evidence froro studies upon variation in fungi 

illustrate the hazard of using ~ingle-spore culture in the study 

of a species exhibiting variatiQn, unless lat9~ nqmbers of 
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monoconidial cultures are employed." Moreover, " ••• within a 

given monoconidial line it was possible to assemble, through the 

phenomenon of dissociation, a group of cultures almost represen

tative of the range in colony types and virulence exhibited by 

the entire group of strains. Thus a monoconidial parent has 

been shown in certain instances by its dissociates to possess.the 

potentialities of most of the type of oolony character and viru

lence of the 15 strains studied." Snyder and Hansen (1954) stated 

"A1though the principle (variability of fungi) is recognized and 

accepted, the significance of variability is not yet fully appre

ciated, nor is it widely utilized." It is well illustrated by 

the pathogenic variabi1ity of ~. oryzae. Such variability may 

also exist in some other fungus pathogens. 

Stakman (1954), after the outbreak of race 15B of Puccinia 

c¡raminis tritici, wrote: "Concepts regarding the dynamics of 

rust must be broadened and deepened by extensive and intensive 

investigation." And, "The number of biotypes of P. graminis 

tritici appears to be comparable to Ustilago zeae and Helmintho

sp?rium sativum. At 1east 15,000 biotypes of ~. ~ and at 

1east 1,000 of ~. sativum are present in Minnesota and there is 

no visible limit to numbers." 

The great variabi1ity of ~. oryzae enables the fungus to 

extend the range of host varieties. On the other hand, a partic

ular pathogenic race cannot build up rapidly, they become sep-
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arated into many raees. The popu1ation of original raees present 

in the progeny is ama11 or nil.as indieated by some iso1ates 

(Tab1e 3). Sinee the varieties possess a broad speetrum of resis

tanee. most of the raees deve10ped eannot infect the varieties. 

Thus at most a few 1esions deve1oped. These varieties are there

fore not broken down by the presenee of new pathogenie races. 

Tetep and other varieties seem to be stab1e in resistanee 

to b1ast but they are not "raee non-specific" nor "horizontal" 

as defined by Robinson (1969). They react different1y to differ

ent races. They are resistant to most races. but susceptible to 

a few. at 1east in a qua1itative sense. though they have few 

1esions. Such a pathogen-host re1ationship resu1ting in a stab1e 

resistance is seeming1y new. 

The level of resistanee in varieties such as Tetep depends 

on how broad the speetrum of resistance is. The more raees the 

varieties are able to resist. the fewer lesions that deve1op. 

As shown in Table 3.Carreon is resistant to the iso1ates from 

Tetep. It may be possible to combine the resistanee of such 

varieties to further broaden the spectrum of resistance. The 

degree of resistanee to b1ast may be measured by the percentage 

of a1l raees. potentia1 or in existenee. to Which a varietyis 

resistant. 

Sakuri and Toriyema (1967) and YUnoku et al. (1970) reported 
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varieties St 1 and Chugoku 31 have "field resistance." By green

house and blast nursery tests, both varieties produced a small 

number of lesions. It may be specualted that a similar genetic 

mechanism, as described above; is involved, though they did not 

study the fungus in detail. 

The genetics of resistance in Tetep and other varieties are 

not known. It would be most interesting to learn whether few 

strong genes or many genes are involved. BaQause of the lack 

of genetic information. extensive ana intensive tests must be 

used to select a genotype with broad spectrum resistance in 

breeding programs. 

BIS LILJ ," ~ '- "" 
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Table 1. Tbe most resistant varleties selected from the InternationalUniform Bla.t Murleries. 

1964-65 1966-67 1968-69 1910 

Variety 110 • 110. 110 • 110. 110 • 110. 110 • No. 
Tests Suscept. Tests Suacept. Tests Suscept. Tests Su.cept. 

Prom Group 1 varietles 

Tetep 22 2 59 O 62 2 23 .1 
Nang ehet eue 39 2 49 2 63 3 23 O 
Tadukan 56 3 57 2 63 5 23 O 
R 67 51 4 51 2 63 1 2l 3 
C46-15 56 2 60 3 63 4 22 4 

el 7787 50 4 59 2 63 4 20 2 
Pah Leuad 29-8-11 47 4 59 4 59 4 20 2 
D25-4 31 3 60 6 64 3 23 2 
Trang Cut L. 11 27 4 50 5 64 2 23 o 
Pah Leuad 111 18 2 55 5 63 3 22 2 
Fanny (susce~tible) 5i• 51 49 3h 1,7 32 23 23 

From Group 11 varieties 

IIamoriaka 32 o .• 62 o 22 1 
Huan-sen-goo 32 1 63 1 21 o 
Dia81 Hatif (08-2) 32 o 63 1 22 2 
Carreon 31 o 62 3 22 o 
Pah Leuad 29-8-11 31 1 61 o 22 2 

Ram Tu1ad 32 O 60 1 22 2 
C46-15 30 1 61 1 23 1 
Ram Tu1ad (ael) 33 o 60 2 19 1 
Ca 435/6/5/1 31 1 62 2 22 1 
00-60 29 1 62 1 22 2 

110. 
Tests 

199 
116 
201 
188 
203 

194 
187 
180 
166 
160 
173 

117 
116 
117 
115 
114 

114 
112 
112 
115 
113 

Total % 

110. Resis-
Su.capt. tane 

5 
1 

la 
la 
13 

12 
14 
14 
11 
13 

11,0 

1 
2 
3 
3 
3 

3 
3 
3 
4 
4 

1-' ... 

97.5 
96.0 
95.0 
94.7 
93.6 

93.9 
92.5 
92.3 
9lI.ü 
91.9 
19.0 

99.1 
98.4 
97.5 
97.4 
97.3 

97.3 
97.3 
97.3 
°7.4 
96.5 



20. 

TABLE 2 .. Pathogenk taces oí PyriCtÚdm oryz/lt among monoconidial cultures from lesíon !\o. 1, k"ion :\u :( an' 
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Table 3. Lesion development on varletles Tetep, Carreon, and Khao-teh-haong 17 
lnoculated st the same time with iso lates and reisolstes of t. 2¡I~ae from Tetep • 

!solates and Average number of lesiona p\lr • .,edling!!! 
retaolateo 
from Tetep Carreon Tetep KTH 

FR-l O 0.0 63.4 
FR-4AlO O 14.1 53.3 
FR-1J-141 O 0.1 67.3 
FR-U-la O 0.3 42.5 
FR-2B O 0.0 39.2 
FR-30A2 O 0.4 20.3 

-30A3 O 2.5 26.0 
-30A5 O 5.8 44.5 
-30A6 O 2.6 43.0 
-30A7 O 2.1 61.4 
-30A8 O 0.2 62.8 
-30A42 O 0.4 15.2 
-30M3 O 0.0 15.7 
-30A44 O 0.9 17.0 
-30A45 O 0.5 14.6 
-30-1a O 0.1 38.4 
-30B1 O 0.8 14.1 
-30B2 O 0.6 29.7 
-30B3 O 0.0 14.6 

n-31 O 0.1 58.3 
FR-3S-1b O 0.7 38.6 
FR-SO-lb O 0.3 30.3 
FR-52-lb O 0.0 24.1 
FR-54-1b O 0.4 17.7 
n-56 o 4.B 55.6 

-S6A2 O 2.5 15.6 
-56A9 o 5.0 16.3 

FR-57 o 0.3 35.5 
-57-lb o 0.2 17.2 

FR-59 Al o 8.1 34.5 
-59-lb o 0.2 20.3 

FR-18 o 0.8 22.4 
-78A4(1) o 3.7 44.0 
-78A4(2) O 3.8 19.9 
-7B-la o 3.1 21.5 
-16-lb O 1.3 9.7 
-78-16 16.1 44.6 

Average O 2.2 32.7 

Al Counted from 20 p lants. 
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Table 4. Pathogenie raeea of f. oryzae from monoeon1dial subeultures of s1x 
isolates from Tetep; based on the reaet10n of Ph111pp1ne d1fferential 
v.rtettea. 

Parental Total no. of 
iso lates Phi11pplne raees Total no. monoeonidial 
and race (OO. isolltea) of race. subsultures 

FR-l 
(P8) P 8(61) PI8 (1)P32 (3) P64 (2) PIIS(l) PI49(1) 

P12(29) Pl9 (2)P36 (4) P70 (1) P125(1) P150(2) 
PI5 (1) P21 (1)P50(14) PSO (1) P14l(4) PI53(l) 28 160 
P16 (1) P25 (1)P52 (4) PSl(13) P142(2) 
Pl7 (3) P30 (2)P62 (1) PS7 (2) P143(1) 

FR-l-138 P 8(19) Pl7 (6)P52 (1) PIIS(l) 
(PSI) P 9 (1) P36 (2)P62 (1) P141(l) 12 48 

P12(10) P50 (4)P98 (1) P175(1) 

FR-7B P87 e2} P92(33)P120(l) P131(2) 
P89 (l) Pl12(4)P123(1) P166(1) 8 45 

FR-78-16 
(p-n) P 8 (1) P 26(l)P 77(1) P148(1) Pl79(1) P189(1) 

PIS (1) P 28(3)P87(11} P152(1) P180(1) PI90(1) 
Pl6 (1) P 33(1)P89(2) PI53(l) P182(1) PI91(l) 
P17 (1) P 35(2)P90(1) PI66(2) P183(1) P192(1) 
P18 (2) P 46(I)P92{14) PI67(1) P184(1) PI93(1) 51 lOJ 
P19 (3) P 48(I)P100(1) PI72(1) P185(1) P194(1) 
P20 el) P 52(B)P102{4) PI73(3) PI86(1, 
P21 (1) P 66(5)'114(1) PI74(1) p¡a70) 
.25 (1) P 70(1)P120(2) P178(2) PIP't:) 

'R-79 P 8(10) P 35(4)P102(5) PI68(4} 
P12 (1) P 81(4)PI20(2) PI69(1} 19 ,2 
P16 (1) P 90(2)P165(1) PI70(1) 
Pl7 (5) P 92(4)P166(1) PI77(I) 
P18 (2) PIOO(2)P167(l) 

FR-80 P 8(37) P 17(2)P 52(1) PI17(l) 
Pl2 (2) P 50(I)P 62(1) 7 45 



Table S. Pathogenie raees derived from iso lates FR-I, FR-l-13a, FR-la, FR-7&-l6, FR-l9, and PR-BO 
grouped by th. number of the Philippine differential varieties ini.ct"d. 

FR-l FR-l-138 FR-lB FR-78-l6 FR-79 
No. of differential No. No. No. No. No. No. No. No. No. No. 
vari.ties infected Races Sube. Races Sube. Rae •• Sube. Races Sube. Races Sube. 

1 1 1 

2 1 1 1 1 

3 1 1 6 6 

4 4 4 7 9 5 12 

5 7 15 2 2 5 7 1 1 

6 5 22 5 11 7 10 5 17 

7 1 61 1 19 6 12 2 11 

8 3 34 3 12 2 3 6 13 2 2 

9 3 17 1 4 3 6 7 11 3 5 

10 1 33 3 17 1 4 

11 2 3 2 3 2 13 

12 1 2 

Total no. of raees 28 12 8 51 19 

Total no. of subcultures 160 48 45 100 52 

FR-BO 
No. No. 

Raees Sube. 

2 3 

1 37 

2 3 

2 2 

7 

45 

"" r' 
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Table 6. Number of pathogenic races differentiated from the single conidial 
subcultures of seven single conidial parental iso lates of Pyricularia oryzae 
by three different sets of differential varieties. 

Isolate and By 8 international By 12 Philippine By combination of two 

total no. of differential differentia1 set¡; and Tetep & Carreon 

subcu1tures varieties varieties (20 varhties) 

FR-1 (160) 20 28 59 

FR-1-138 (48) 6 12 22 

FR-78 (45) 3 8 11 

FR-7R-16 (100) 23 51 63 

FR-79 (52 ) 25 19 37 

FR-80 (45) 3 7 12 



Table 7. QUalitative (pathogenlc raees) and quancttatlve (no. susceptible 1"si",ns) pathozenicity of 
monoconldial subcuUures of boletes FR-l, FR-l-138, FR-78; FR-78-16, FR-T9 .FR-Bo, isolated f'rom Tetep when 
lnoculated on Ietep, Carreon, and Kbao-teh-baeng 17 (K'rH). 

No. of races 110. subcultures Ave. no. 1esion Ave. no. lesion 
per plant by al1 per plant by 

Iso late Variety Total Pathogen!c Total Pathogen!c Bubcu1tures psthogentc 
8ubeultures 

FR-l " Carreon 28 11 160 60 0.3 1.1 
, Tetep 28 5 160 19 0.1 1.4 
"KTI! 28 28 160 160 33.9 33.9 

1"11-1-138 Carreon 12 6 48 15 0.8 2.8 
Tetep 12 1 48 .3 0.1 6.2 
KTH 12 12 48 48 56.6 56.6 

FII-78 'l'etep 8 7 45 44 5.2 6.1 
K'rH 8 8 45 45 22.6 22.6 

FII-78-16 carreon 51 1 100 1 0.1 8.7 
Tetep 51 17 100 43 3.6 8.9 

.A KTI! 51 48 100 97 17.4 18.0 

1"11-79 Carreon 19 1 52 1 0.01 0.5 
Tetep 19 11 52 17 0.7 2.5 
KTI! 19 19 52 52 46.3 46.3 

Fll-80 Carreon 7 3 45 7 0.6 4.1 
Tetep 7 1 45 1 0.2 7.9 
KTI! 7 7 45 45 41.9 47.9 

All isolatl"!J ::11 r' '.."t.-' •• 0.3 1.7 
Tctep 1.5 6.6 
KIlI 34.ú 34.8 
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Plant pathogenic fungi are notorious for their ability to vary. 

Their capacities to generate increased or novel parasitic abilities 

are the principal reasons for man's continuing efforts to control 

plant diseases by rneans of host resistance. Stable resistance would 

be ccm®onplace in an era of stable pathogens. 

Plant pathogenic fungi effectively exercise the conventional 

mechanisrns of genetic variation and, in addition. ernploy other 

means of variation which rnay be unique to certain of their members. 

Pungi change rapidly and drarnatically by rnutation and by genetic 

recombination through "conventional" sexual processes. Genetic 

reassortrnent via parasexuality or mitotic recombination is an ac-

knowledged rneans of variation within sorne fungal species, as is 

heterocaryosis, the coordinated capacities of genetically dissirn-

ilar nuclei in vegetative or asexual systerns. It is not the pur-

pose of this paper to discuss how these rnechanisrns function or to 

docurnent thern as functional phenornena for any given fungal species. 
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Although mutations constitute the ultimate source of genetic 

diversity, the reassortment of genetic material during the sexual 

process probably is the most important mechanism contributing to 

pathogen variation within many fungal pathogens. variation in cer

tain parasitic attributes may be dependent upon the combined or 

additive effects of two or more genes. In such cases, single muta

tions within a population would not improve a particular attribute. 

Another population may incur a different mutation which again would 

not significantly enhance a given trait. The recombination of these 

two mutant genes into a single genotype during the sexual process 

would provide the appropriate gene combination to create a new 

pathogenic variant. It seems safe to conclude that species with a 

perfect stage should passess greater opportunities to generate new, 

impartant genotypes than species lacking a system that assures ge

netic recombination. 

Pyricularia oryzae, the incitant of the blast disease of rice, 

is recognized widely for its extreme variability. Many pathogenic 

variants can be obtained fr.om a single monoconidial culture. The 

mechanism(s) contributing to such variation are not well under

stood. The perfect stage of the fungus is not known, although a 

Ceratosphaeria ascigerous stage of pyricularia grisea, a species 

which is considered to be morphologically identical to~. oryzae, 

has been produced in vitro. To date, isolates of P. grisea from 

crabgrass have not been crossed with isolates of P. oryzae from 

rice. The ability to detect the perfect stage of ~. oryzae and 
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to readily induce its formation in vitro would provide the oppor

tunity to analyze the genetic control of pathogenicity and viru

lence. An understanding of the factor s influencing variation 

within and among populations of the fungus could be derived from 

studies with its perfect stage. The detection of stable resistance 

to any parasite is a more likely prospect when pathogen variation 

and pathogen potential is at least reasonably well understood. The 

first portion of this paper discusses some techniques, knowledge. 

and theories that may be helpful in discovering perfect stages of 

fungal pathogens. The latter portion briefly outlines and discusses 

the value of research with perfect stages to better understand 

pathogen variation and host resistance. 

certain basic generalities regarding the nature and production 

of fungal perfect stages probably are germane to most species. 

although notable and obvious exceptions are readily evident. The 

fOUowing remarks acknowledge these exceptions. 

It is reasonable to assume that fungal species that fail to 

produce their perfect stages readily ln vitro are heterothallic. 

Most homothallic species produce their sexual stages abundantly in 

vitro on natural or synthetic sUbstrates when relatively few basic 

requirements are evaluated. Light and temperature regimes are read

ily monitored by the investigator. Nutritional requirements usually 

are less exacting for hemothallic species.Exogeneous applications 

of specific compounds enhance reproduction of homothallic species 

in a quantitative manner more often than they serve as definitive, 
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qualitative nutrient sources. 

Assuming that a particular species, such as P. oryzae, is 

heterothallic, certain generalities are more or less applicable to 

a search for perfect stages. The vast majority of species which 

reside in the Fungi Imperfecti and for which no perfect stage is 

yet known will ultimately be shown to have perfect stages in the 

class Ascomycetes. There are relatively few examples in which im

perfects have be en associated with a Basidiomycete stage and no 

example of an association with a Phycomycete stage, since species 

in the latter class largely are identified originally on vegetative 

and/or asexual characters. 

AII known heterothallic species of Ascomycetes exhibit a basic 

pattern of bipolar sexuality, a mechanism whereby compatibi1ity or 

incompatibility between strains is conditioned by a single major 

gene locus. While some species are reported to have a mu1tiple 

a11e1ic system at the compatibility 1ocus, most heterothallic spe

cies ef Ascomycetes pessess only two alternate states which often 

are cited in allelic form as + or - or A or A. Such species consist 

of only two kinds of potentia11y eros s-compatible populations. From 

the standpoint ef probabilities, there is but a 50 percent chance 

that any two strains of a species when paired will be ef eppesite 

cempatibility types and potentially capable ef preducing a perfect 

stage. 

Thus far in eur theoretical approach to discover the perfect 

stage of an imperfect species, we can assume with a high degree of 
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confidence that we are seeking a heterothallic Ascomycete with but 

two alternate compatibility types. The two principal tasks that 

reroain are finding compatible strains and determining the envíron

mental and nutritional regimes that are conducive for the in vitro 

production of the ascigerous stage. Sorne of the author's experience 

with the detection and development of perfect stages of Helminthos

porium species will be used to illustrate certain basic points. 

The failure to detect the perfect stage of a heterothallic 

plant pathogenic fungal species in nature may be due to: 1) the pres

ence of but one compatibility type in a given area: 2) the relative 

infrequency of its occurrence; and/or 3) the failure of the investi

gator to detect ita presence. The author's research with Cochliobolus 

heterostrophus Drechs. (Helminthosporium maydis Nisik. and Miyake). 

the incitant of SOuthern corn leaf blight. can speak in part to 

these possible reasons, at least from the standpoint of probability. 

The fungus ia a heterothallic Ascomycete with two distinct comp~ti

bility groupa designated in allelic forro as A - ~. Its perfect 

stage is readily induced in vitr~ when compatible strains are paired 

on an appropriate substrate and under an appropriate environmental 

regime. The disease is incited exclusively by the asexual or coni

dial stage, from disease onset through initial and SUbSeqUent gen~ 

erations of disease spread. On only rare occasions have strains of 

both compatibility types been isolated from a single corn field. 

Whether this phenomenon can be accounted for by concluding that the 

perfect stage plays a relatively minor role in the life history of 
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the species i8 a moot point. The perfect 8tage of H. maydis has 

been detected in nature only on rare occasions and exclusively on 

dead or senescent plant parts. With notable exceptions, heterothal-

lic species with perfect and imperfect stages fit this pattern, 

i.e., the perfect stage is not an active part of the parasitic phase, 

but rather serves as a means of survival during a non-parasitic 

stage. Perfect stages of some parasites provide inoculum for initial 

infection, e.g •• Venturia inaegualis, the incitant of apple scab. When 

living host material is available for active parasitism, the impetus 

of the parasite tends towards continued vegetative growth or asexual 

reproduction. When known compatible strains of a heterothallic species 

are available for mating studies, a search for its perfect stage 

would be most profitable in an area where both mating types have been 

determined to exist in vivo. Furthermore, a search for perfect stages --
in nature should be confined largely, if not exclusively, to senescent 

plant material, unless the perfect stage is known to be active during 

the disease cycle. 

The author has sought for and successfully detected perfect 

stages of several Helminthosporium species for almost twenty years. 

A number of lessons have been learned; some of them were learned 

the hard way. One lesson has virtually become a principIe to this 

investigator. That le5son i5 to obtain a wide geographic distribu-

tion of isolates before attempting to detect the perfect stage. 

precisely what constitutes a wide geographic diatribution ia impos-

sible to comment on. The general principIe of diversity is related 



t@ ~rebabilities. The prebability of securing isolates ef beth 

cempatibility types ameng 50 isolates frem 50 different areas is 
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far greater than it would be if 50 isolates were cellected, fe.!:' 

example, from an area ef ene square mile. Bsth mating types may 

well be present in a one square mile area 0.1:' even in a single field, 

hut the probabilities are less. The chances are further diminished 

if the perfect stage does net readily oeeur in nature. In summary, 

and in a sense a word ef seund advice, ohtain a eelleetien sf i80-

lates frem a wide geogra~hic area. 

Compatible isolates of~. grisea from orab,rass have been re~ 

portad te be incompatible with isolates of~ oryzae from rice. It 

was suggested; and appropriately so, that the failure of isolates 

of E... grisea to cross with isolates of L oryzae probably was 

genetically based rather than bein':J due to different envir®nmental 

or nutritienal requirements. The author has reported previously en 

the effects of geegraphic origin and hoet associatien on cross-fer

tility between isolates of Helminthosporium epecies. In ene study, 

for example, a total of 79 iselates ebtained from 37 epecies of 31 

genera of ~ramineae were etudied for matinq behavior and degree of 

reproduction isolation (incompatibility). Viable ascospore proqeny 

were produced in 464 of a possible 1155 pairinqs between ieolatee 

of opposite compatibility', a frequency of 40 percent. Eleven isolates 

exh:i:bited complete reproductive isolation in all paired cultures. 

The frequency of fertile croeses between isolates from cultivated 

haste wae 43 percent of such crosees, while the frequency between 

isolates fraro wild hosts was 14 percent. The frequency between iso

lates from cultivated and wild hosts was intermediate. Ten of the 

11 reproductively-isolated strains were obtained from wild epecies. 



-8 -

These results suggest tnat host as~eeiatien may be an important 

factor conditioning the evolution and cemplexity ef sexual meeha~ 

nisms. The intermediate frequeney obtained with eresses between 

isolates from wild and eultivated hosts $uggests that the redueed 

fert:i:lity between iS0lates frem wi:ld h0sts is due in part i¡¡0 gene tic 

deficiencies and inhibitors rather than to entirely opposing cempa

tibility mechanisms. 

The author has reported in several pUblieations on the presence 

of gene tic factors that block the sexual process in Helminthosporium 

species. Genetic blocks are known to inhibit perithecial, aseus, 

and ascospore formation in pairings of isolates ef opposite mating 

type. Such genetic block s are detected mere frequently in isolates 

obtained from wild hoste. This thought, as well as the foregoing 

discussien ef host association and cross fertility, may well serve 

as advice to obtain a majority of isolates that form a wide geo

graphic source for a collection from cultiva.ted hosts. FGr example, 

a search for the perfeet stage af ~ oryza~ may be more profitable 

if many of '!:he eo11ected iS01ates were obtained frem rice. 

certain general guidelines use tul in studies desi9ned te induce 

perfect stages of heter0thallie species can be deriyed tr0m a review 

ef Kleb's postulates. Ris postulates, tormu1ated in 1900, are eon~ 

cerned with growth and repreduction and briefly stated are: l)growth 

and reproduction are life processes which a11 organisms depead upon 

under different conditions. Lower organisms are influene~ to a 
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greater extent by their external environment; 2) reproduction does 

not set in as long as the external conditions necessary fer growth 

are presento Conditions favoring reproduction in general do not 

favor growth; 3)working conditions are narrower for reproduction, 

Growth may occur even though certain factor s inhibit reproduction; 

and 4} growth appears prirnarily as a preliminary for the initiation 

of reproduction and therefore as an inner condition for it. Other 

food for thought can be obtained from the reflections of Sachs, the 

German physiologist, who a century ago advanced the hypothesis that 

proper development and functioning of sexual organs in plants depend 

upon specific chemical compounds. Through the ensuing years, research 

on the physiology of sexual development in the fungi has accepted and 

supported this hypothesis. Research has repeatedly demonstrated that 

the initiation and differentiation of sexual reproduction structures 

are controlled by the manipulation of the chemical and physical fac

tors of the fungus' environment, particularly its nutritional regime, 

Numerous attempts have been made to understand the physiological 

processes by which these effects are achieved but it is not olear as 

yet how such changes occur or what their role is in the processes 

that regulate sexuality. It has been concluded, nevertheless, that 

positive qualitative and quantitative responses resulting from exc

geneous applications of specific compounds are due to the compounds 

functioning directly as regulators either of the sexual process or 

of biosynthetic pathways controlling sexual processes. However, it 

may be assumed with equal validity that stimulatory compounds trigger 
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met.abe1ic Jilathways whieh ser-ve as precursors te subse'luent pre .. 

eesses which may be initiated by other unre1ated biosynthetic path-

ways. 

The perfeet sta~e ef !... ,risea has be en induced in culture by 
¡ 

pairin~ e~J!ilatible strains en Sach's a!ar with barley ~rains and 

rice straw. Perfect sta~es ef severa1 heteretha11ie sJileeies ef 

Helminthgsporium have been indueed ~ vitro between compatible 

strains by essentia11y the same teehnique. The specific substrate 

er the particular p1ant parts are prebably not as important as some 

ef the <:general princiJ!illes that \u!dlt.ri'~e their success. Saeh:' lB aqar 

is basica11y a salts medium with relatively 1itt1e nutriticna1 va1ue. 

Most funqa1 species that the author has studied exhibit sparse ve~e-

tative qrowth 01'1 the substrate. Cenverse1y, most species exhibit 

pre1ific veqetative CJrcwth 01'1 )!iIOtato-dextrose .. aqar (PDA), an example 

of a nutritional1y rich substrate. Sexual reproducti~n ef heterctha1-

lie Helmintiospori~ species is significantly more abundant in matin<:!Js 

9n 5acl'l'sagar as compared with matil'llJs of the same strains 01'1 PDA. 

The lJenera1 Jilrinciple seems te be that reproduction i5 mere likely 

to oceur and wi1l occur more abundantly on substrates that are not 

optimum for ve~etative qrowth. That principIe probably sheuld be 

respeeted when eOl'lsiderin~ possible substrates to use in inducinq 

sexual repreduction. 

There are s9vera1 ~ossible reasons to account for the need of 

some plant part as a requisite to sexual development in many hete

rothallic species. The re~uirement of a plant part on which the 

sexual structures deve10p probab1y satisfies both a physical and a 
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nutritional need. It has been said that competition for oxygen is 

the fundamental reason for the absence of reproduction under con

ditions which allow abundant growth. Some stimulus apparently starts 

with the utilization of a stored food supply by oxygen and leads to 

reproduction when an organism is in a hunger state. While some of 

the particulars of these statements may not be directly pertinent 

to the present consideration, the general idea of competition for 

oxygen may relate to enhanced reproduction of heterothallic species 

when plant parta or other solid materials are used. It is possible 

that the lack of a direct contact with the agar substrate creates 

a more aerobic environment which triggers reproduction. Agar !!fub .. '

stratel!f.~e .1st and moisture can contribute to an anaerobic state. 

In this connection. the author has found that increased perithecial 

production by heterothallic species of Helminthosporium is directly 

correlated with increased concentrations of agar. A twenty-five fold 

and greater increase in perithecial formation has occurred consis

tently on a 5 percent agar substrate as opposed to a 1 percent agar 

concentration. Substrates with 5 percent agar are considerably more 

dry than substrates with 1ess agar. The increased dryness of a more 

concentrated agar substrate may permit a greater availability of 

oxygen. Other evidence that a physical requirement must be satisfied 

will be discussed later in the texto 

That plant parts satisfy a nutritional need for sexual reproduc

tion is well documented for heterothallic species of Helminthosporium 

and probably have a comparable pertinence to all species which require 
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similar mating techniques. Several general principIes appear to have 

emerged from studies by the author and several of his studants and 

associates. Many of these studies haya utilized strains of Cochlio-

bolus carbonum Nelson (Helminthosporium carbonum Ullstrup), a hete-

rothallic Ascomycete parasitic to corn and other gramineous species. 

The sexual process is initiated and completed in a precise and C0n~ 

sistent fashion when compatible strains are paired under an appro-

priate chemica1 and physical environment. certain paired strains 

are high1y cross-fertile and consistently produce a dense ridge of 

perithecia in the zona of mycelia1 contact, permitting a raliable 

evaluation of qualitative and quantitative responses to altered 

nutritiona1 environments. 

Sexual reproduction in C. carbonum occurs readily and abun-

dant1y when compatible strains are paired on opposite sides of a 

small disc of sterile senescent corn leaf (Zea mays L.) placed on 

the surface of Sach's nutrient agar in petri dishes. However, 

pairingsof the same eempatiblestrains on green corn leaves, agar 

substrates, .filter paper, cellophane, or membranes fail to initiate 
• 

the sexual stage. These observations suggested that: 1) paired 

strains of C. carbonum are not able to synthesize all of the bio-

chemical requirements for sexual initiation and development: 2) the 

biochemical requirements for sexual reproduction are present in 

senescent corn lea ves; and 3) chemica1 changes occurring in the 

transition from green to senescent tissue provide the required 

metabolites. Consequently, a systemic screening of compounds was 
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initiated and included those known to be present in senescent 

tissues or in differential amounts between green and senescent 

corn tissues and those tested previously by other workers in 

studies on sexual reproduction. 

One early phase of the screening studies was concerned spe

eífícallywith inorganic compounds. Incorporation of any zinc salt 

i'1 Sach' s nutrient agar enabled compatible strains to produce the 

sexual stage When paired on filter paper. Further studies demon

strated that perithecial production depended upon the concentra

tion of zinc used and that zinc effects in turn were influenced 

by the concentration of agar utilized in the preparation of the 

basal medium. 

Maximum perithecial development consistantly occurred when 

crosses were made on a Sach's nutrient substrate containing 5 

percent agar supplemented "ith 30 ppm zinc. However, tha use of 

a 5 percent agar substrate posad considerable difficulty in keeping 

the filter paper sections adhered to the substrate, presumably due 

to a les ser amount of available free moisture. When 40 ppm or more 

zinc/l liter ware usad, vegetative growth was retarded and perithe

cial initiation required several additional days. Thus, a 4 percent 

agar substrate and 30 ppm zinc in the form of Zn 804 were usad as 

part of a second basal medi~~. 

Because of tha important role of zinc in many physiological 

processes in fungi and higher plants, the study was expanded to 

include those relatad to zinc. Compounds were tested for their 
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effects on reproduction in the presence and absence of zinc. The 

number of perithecia formed on Sach's nutrient agar with zinc was 

a quantitative measure of a compound's activity. 

A total of 173 organic and inorganic compounds were tested at 

various concentrations on Sach's nutrient agar supplemented with 30 

ppm zinc and without zinc for their effects on sexual reproduction 

in~. carbonum. Of these, 37 organic and inorganic compounds increased 

perithecial production in the presence of zinc, as compared to crosses 

paired on Sach's nutrient agar plus zinc. However, sexual reproduc

tion did not occur when these compounds were used in the absence of 

zinc. The compounds included several carbohydrates, vitamins, sterols, 

amino acids, and fatty acids. 

Eight compounds, betaine, choline, homocysteine, homocystine, 

lecithin, DL-methionine, D-methionine and L-methionine, increased 

perithecial production at most concentrations in the presence of zinc 

and supported perithecial development to varying extents in crosses 

paired on Sach's nutrient agar without zinc. Sexual reproduction in 

crosses on sach's nutrient agar without zinc was sparse when betaine, 

choline, or lecithin was applied to the filter paper sections, while 

application of homocysteine, homocystine, and 0-. L-. or DL-methionine 

resulted in perithecial development numerically similar to that 

occurring in check crosses paired on Sach's nutrient agar plus zinc. 

The remaining 128 compounds, including all inorganic salts other 

than zinc compounds, were either non-stimulatory or inhibitory in 

the presence of zinc and totally ineffective in the absence of zinc. 
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With all salts of zinc tested. perithecial production occurred con

sistently on Sach's nutrient agar. provided the concentration of agar 

was at least 2 percent. 

Vegetative growth was not stimulated markedly by compounds in

creasing perithecial production. although sOrne increases were observed. 

Sorne inhibition of vegetative grówth occurred in the presence of com

pounds inhibiting perithecial production, although no general corre

lation existed between vegetative and sexual inhibition. In general, 

no stimulation of ascus or ascospore development was evident when 

perithecial formation was increased, suggesting that the stimulatory 

compounds function in the early stages of reproductive ontogeny. Sim

ilarly, ascus and ascospore formation were not markedly reduced in 

crosses in which perithecial development was inhibited. 

These results suggest that the diverse kinds of compounds that 

initiated or stimulated sexual reproduction in c. carbonum may have 

served as cornmon sources of specific nutrilites in different biosyn

thetic pathways that lead to the ultimate synthesis of further com

pound(s) directly responsible for the regulation of the sexual pro

cess. If so, no one specific precursor biosynthetic pathway would 

be categorically required to initiate the sexual process. 

One specific characteristic of most of the compounds which ini

tiate or increase sexual reproduction is the presence of methyl groups. 

Further analysis of the molecular configurations of these compounds 

showed that the c- ~d O-metbylated compounds and C- and 0- compounds 

bearing metbyl groups .were effective stimulators of reproduction only 



~ 16 ~ 

in the Fresence ®f zinc. Conversely, the N~ and S~methylated C0m~ 

Founds were active in initiatin~ repreduction in the absence of 

zinc and stimulatory in the presence of zinc. The relatienship of 

methyl groups and zinc involvement may explain the role sf zinc 

in the demethylatisn ef compounds and/or in the enzymatic break~ • 

down ef the stable bindin9 of the methyl 9rouP linked te C~and 

O~methylated cempeunds. The active effect en N~ and S~ethylated 

compounds in the absence of zinc may be based on their knewn alky~ 

lating properties. Increased activity in the presence of zinc may 

be due te the effect of the ion en this reaction. 

One phase ef eur studies has shown a complete dependency of 

sterel activity en sexual reproduction on the presence ef zinc ions. 

This apparent association ef zinc in the conversién ef sterols may 

offer an opportunity to investigate the biochemical nature of steral 

activity in sexual reproduction in the fungi. Preliminary studies 

with SR & F compound 3301-A, a known inhibitor of cholesterol bio

synthesis, suggest that sterel metabolism per ~ i5 net an essential 

re~uisite for sexual reproduction. Perithecial production in~. car

bonum was totally inhibited by applications ef 0.03 mg/mating of 

the inhibitor compound. Sexual reproduction in similar crosses treated 

with the inhibitor was partially restored by applyin~ .4 mg/mating ef 

methionine. Gas chromatographic studies have shown that preduc~s of 

eholesterol de9radation by~ carbonum have retentien times similar 

te stereids witheut the side chain. These results tend te substanti

ate Qur contention that the diverse group of stimulatory compounds, 

ineluding aterols, may serve primarily as sources of nutrílites. 
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The stimulatory effect of severa1 concentrations of sterols was 

obtained consistently and without difficulty. The activity of sterols 

appears to be dependent upon the presence and/or length of the chain 

at the Cl7 position, since none of the steroids,including estrone, 

estriol, progesterone or testosterone, was active even in the pres

ence of zinc. 

A few compounds not bearing methyl groups were active stimu

lators in the presence of zinc. Some of the compounds may be involved 

in a process serving a regulatory function. Xylose, ribose, and some 

amino acids are involved in nuc1eic acid synthesis. Sugars and fatty 

acids are energy sources. Reducing agents such as the sulfites are 

active in the reductive fission of the s-s link in biologica1 systems 

and iodoacetic acid is a well-known alkylating agent. It is possib1e 

also that these non-methylated compounds may forro part of a biological 

methylation by fission so as to eliminate a molecule haing involved 

in an as yet unknown one carbon fragment metabolismo 

The componente of agar have been studied. Components of particu

lar interest he re are agarose and agaropectin, which are products of 

the hydrolysis of agar. Agaroee is comprised of several O-methylated 

sugars and may, in part, account for the increasing perithecial pro

duction with increasing agar concentrations in the presence of zinc. 

It is possible that methylation of the sulfur atom occurs readily, 

involving hydrolysis, reduction, and further methylation. Prelimi

nary studies with different lengths of time of sterilization of 

Sach's nutrient agar have shown that perithecial production is 
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increased proportionately with increased sterilization time and thus 

increased hydrolysis, at least up to and including 60 minutes. 

The effect of zinc and S- and N- methylated compounds, such as 

methionine, on sexual reproduction in c. carbonum led us to investi

gate the role of such activity at a metabolic level. Briefly surnma

rized, a selective inhibition of perithecial production was obtained 

by certain concentrations of several azaderivatives of RNA bases, but 

not of DNA bases. Reproduction was partially or completely restored 

when various concentrations of their normal bases were applied simul

taneously with inhibitory concentrations of the analogues. Signifi

cantly, sensitive applications of DL-methionine also restored sexual 

reproduction when applied with inhibitory concentrations of the anal

ogues. RNA content per unit dry weight ranked from least to greatest 

in crosses on Sach's agar, Sach's agar plus zinc, Sach's agar plus 

methionine, and Sach's agar plus zinc plus methionine. RNA content 

increased with increasing sexual reproduction stimulated by increasing 

amounts of rnethionine. Incorporation of l4c of the methyl group of 

L-rnethionine in extractable RNA was detected in crosses on Sach's 

agar plus methionine and in increased arnounts in the presence of 

zinc. The dependency of the s~ual process on RNA metabolism is in

dicated by zinc and rnethionine stimulation of sexuality through a 

primary effect on RNA synthesis. 

The biochemical requirernents for the forrnation of perithecia. 

asci, and ascospores in c. carbonum are present in senescent corn 

leaves. A crude chloroform-methanal extract from senescent corn 
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leaves. an "ether extract" and a "methanol extract" from the original 

crude extract were shown to stimulate perithecial production when 

aIiquots were applied to fiIter papero No concentration of the extracts 

stimulated ascua and ascospore formation. Perithecial production in

creased only when extracts were applied prior to the physiological 

time of perithecial formation. which. under the conditions of our 

studies. was 6-7 days after pairing. 

Gas chromatographic analyses of sterol and fatty acid fractions 

of each of the three extracts reveaIed no quaIitative and no quanti

tative differences among the extracts. The bulk of the fatty acid 

fractions was made up of paImitic acid and linolenic acid. rnjections 

of the sterol fractions produced peaks corresponding to ergosterol. 

beta~sitester01 and stigmasterol. 

ChemicaIIy pure palmitic and linolenic acid failed to stimuIate 

perithecial formation or reduce ascus and ascospore production when 

appIied singly or in combination at several concentrations. Similarly. 

no response was observed when ergosterol. beta-sitosterol. and stig

masterol were applied to filter paper. 

Relatively large and easily measurable quantities of sterols 

and free fatty acids were obtained from 500 mg samples of crude extract 

by the procedure used during preparation of sterols and fatty acids 

for gas chromatography. Each 500 mg sample yielded about 40 mg of 

sterols and 25 mg of free fatty acids. an 8 percent and 5 percent 

yieId respectiveIy. These two fractions were then tested for activit.y 

at known concentrations. 



- 20 -

The 0.1-0.2 mg/pairing applioations of the sterol fraotion 

significantly increased peritheoial numbers over solvent checks. The 

fatty acid fraction failed to stimulate perithecial formation. Com

binations of the two fractions were no more active than the sterol 

fractions. No concentration of the sterol fraction was as effective 

as the 0.1 mg/pairing application of the crude extracto 

Perithecial numbers increased to 6-7 fold over solvent-treated 

checks when the sterol fraction and a solution of water soluble 

materials from senescent corn leaves were applied together. At cer

tain concentrations of the mixture perithecial development waa greater 

than when 0.1 mg of crude extract was applied. 

These studies demonstrate that the metabolites required for ini

tiation of the sexual process in Cochliobolus carbonum can be extracted 

from senescent carn leaves with chloroform-methanol. Suitable concen

trations applied to filter paper stimulated perithecial formation 

comparable to that in croases made on the corn leaf. Materials re

quired by the fungus during perithecial formation apparently were 

present in the crude extracto 

Other compounds active in stimulating perithecial production may 

be present in the corn leaf or in the chloroform-methanol (crude) 

extract and were not identified during this investigation. 

Time of application studies suggests that the mode of actian of 

perithecial-stimulating chemicals extractad' fram senescent corn leaves 

i8 nutritional. The extracts stimulated perithecial development only 

when they were applied prior to the physiological time at which 
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peritheciaform. The similar stimulation observed from applications 

made from 0-6 days suggests that the materials become part of a 

nutritional reserve pool available to the strains as they reach the 

physiological time for sexual differentiation. 

These studies further suggest that the requirements for peri-

thecial formation in~. carbonum are different from the requirements 

for ascus and ascospore formation. None of the material s which stimu-

lated perithecial production increased the numbers of asci or ascos-

pores formed per perithecium at any of the concentrations tested. 

Concentration of materials and concentration balance between 

materials appear to be important considerations. Active materials had 

an optimum stimulatory concentration and a limited range of concen-

trations that resulted in increased perithecial numbers. 

The nutritional studies summarized to this point have been treated 

in some detail to offer possible techniques and approaches that may 

be useful to others who seek to culture perfect stages of different 

species. The specific materials and methods that have proven useful 

in our studies with Helminthosporium species may not be similarly 

use fuI to others. The general principIes which we have learned. 

however. should be pertinent to other species. 

Our studies on the biochemical requirements for the initiation 

and successful completion of sexual reproduction provide an enhanced 

understanding of certain other phenomena. It was suggested earlier in 

the text that plant parts or other solid materials may satisfy a 

physical. as well as a nutritioh&l, requirement for reproduction. 
~ v 
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We may now conclude that such is the case. Sexual reproduction can 

be induced when compatible strains are paired on opposite sides of 

a section of sterile filter paper to which one of a number of chem

ical compounds or extracts from senescent corn leaves have been 

applied. No sexual development occurs when the same compounds or 

extracts are incorporated in or applied to agar substrates. 

It was st.atec1 earlier thi.'.t Lh., perfect stage of H. maydis has 

never been found in nature on actively growing corn plants. We have 

learned that sexual reproduction in vitro does not occur when sec

tions of green corn leaf tissue are used instead of seneseent corn 

tissue. The reason for this quite probably is one of nutrition. 

Actively growing corn leaves either do not possess the necessary 

nutrients or not enough of them to enhance fungal reprpduction or 

they contain metabolites that are inhibitory to the sexual process. 

Many biochemical changes occur as active plant growth ceases and 

maturation and/or senesence prevail. Sterols, for example, increase 

significantly with maturation. Seeds or kernels have stored compounds 

not present in green leaves or which are present in markedly lower 

quantities. It seems likely, from these observations, that the perfect 

stage of g. maydis cannot occur during the active growth phase of its 

host. The same likelihood may well exist for other heterothallic 

species, even if compatible strains are present in the same localized 

area. This prospect should give an added ímpetus to concentrating a 

search for perfect stages in nature on dead or senescent plant parts. 

There ís always a possibility, however, that díseased tissue may be 
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cemprised of breakdown products that may su,~ort repr~ductien. 

If the need te use ~lant parte te induce sexual repreductíon 

in paired cultures is at least theoretically acknowled~ed, the 

eheiee of plant parts ccomes under eensidera,tien. .!!.. JIIaydi5' is 

parasitic to a variety cof gramineeus hasts ather than cerno Ne 

have demenstrated that the perfect stage of the fungus is indueed 

readily on senescent leaf material of a number of gramineeus 

species. Leaf tissue of some specias induces reproductien to a 

greater extent than ethers. The point 5eems to be that many specias 

ef the ~ramineaa probably poseess a variety of cemmen biocheJllical 

eonstituents. Their evelutionary relatienships make it under

standable that they would. rf a choice of host species were to 

be made, it may be loqical te select senescent leaf tissue frem 

j!>lant epecies which serve as hosts for the fun'iJal j!>arasite in 

question. Related plant species not serving as hosts to the 

parasite would be a sound alternative choice. 

Light requirements should be considered in any attam,t te in

duce perfeet stages of heterothallic species, Sexual repreduction 

in heterothallic species of Helminthosporium and ether qenera of 

Aacomycetes is retarded and oan be totally inhibited when paired 

strains are cultured under continuous liqht. While this phenome~ 

non may not exist for all species, the potential influenoe of 

light ia sufficiently important to culture pairings of potentially 

cempatible strains in liqht and darkness. 

Temperature requirements usually are not overly exa~ting. Te be 

aure, maximum sexual reproduction often ocours within a relatively 

narrew range, e.g. c + or - S"C. However p deviations above ar below 
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the more optimum temperature range usually restrict the abundancy of 

reproduction rather than to totally inhibit it. Temperatures which 

support satisfactory vegetative growth probably will also support 

sexual reproduction. 

A brief surnmary of the techniques and philosophies that may be 

useful in studies designed to induce the perfect stage of a plant 

pathogen in artificial culture may be helpful to the reader. The 

assumption will be made that the search is for the perfect stage of 

a plant pathogen and that our potential guidelines are based on prob

abilities. 

1) The fungus will be a heterotha1lic Ascomycete. 

2) A basic pattern of bipolar sexuality wi1l be present, whereby 

eompatibility between iso lates is governed by a single gene 

with two alternate alleles. 

3) The perfect stage does not play an active role during the 

parasitie phase, but rather serves as a means of survival 

during a non-parasitie stage, if and when it does occur. 

4) Isolates of both compatibility types se1dom will be present 

in a confined localized area, e.g.,a field. 

5) The perfect stage will be induced most often between isolates 

colleeted from different geographic areas and will occur more 

often in pairings of iso lates obtained from eultivated spe

cies serving as hosts to the parasite. 

6) The produetion of the perfect stage ~ vitro will be depen

dent on eertain physical and nutritional requirements which 
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include: 

al The need for some plant tissue. or solid material on which 

the sexual structure will be produced. 

bl The agar substrate will be a minimal medium which fails 

to support vigorous vegetative qrowth. 

cl Senescent pIant tissue may contain the biochemical re

quirements for sexual initiation and deveIopment, green 

pIant tissue will not support reproduction. 

d) certain nutrients applied exogeneously to senescent plant 

tissue may enhance reproduction and will induce reproduc

tion when applied to inert materials such as fiIter papero 

e) Certain compounds will trigger different biosynthetic 

pathways that will lead to the ultimate synthesis of 

further compounds which reguIate sexuality. 

f} The selection of compeunds te induce perfect stages can 

take advantage ef available knowledge concerninq their 

petential activity and usefulness in other fungal systems. 

g) Light and temperature requirements should be monitored. 

The techniques and conceptual approaches pertinent te inducing 

funqal perfect stages in vitre may not be familiar to many of the 

readers who have not had the need to pursue such aventure. The po

tential benefits of being abIe te work with the sexual stage te 

study several genetic aspects of a parasite no deubt are well knewn 

to most readers. They are briefly cited herein and discussed enIy 

in a cryptic fashion. 
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Normally, different strains or populations of a fungal pathogen 

will vary in their ability to attach different host genotypes and/or 

in the extent to which they can do so. A considerable understanding 

as to the number of genes conditioning these qualitative and quan

titative parasitic abilities can be gained by evaluating hybrid 

progeny obtained frorn eros ses of isolatea exhibiting different para

sitie aptitudes. At least theoretically, it should be possible to 

develop a more effective and stable resistance in plants with sorne 

knowledge of the gene tic capacities of a parasite. 

One of the more significant benefits that accrue frorn working 

with the perfect stage of a plant pathogen is a genetic study designed 

to evaluate and/or predict the genetic potential of future races. 

Racea of plant pathogens ariae totally independent of the relative 

resistance or susceptibility of their hosts to existing races. To 

assume any degree of dependency upon their hosts would dictate an 

acceptance of the idea of "directed" origin for which there is no 

evidence. Host genotypes will influence the ultimate frequency or 

the sustained presence of new races, but not their origino 

The continued appearance of strains of fungus pathogens that 

are virulent to supposedly resiat.ant varietiea of planta has re

duced many programa of breeding for disease resistance to a stop-gap 

basia. Knowledge of the number of genes conditioning pathogenicity, 

the mechanisms controlling their inheritance, and the pathogenic 

response of genes in the fungus to genes for resistance in the host 

should permit a partial evaluation of the potential pathogenicity of 
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the species. With such knowledge, it might be possible te develop 

plants with resistance to current and potential genotypes, partic

ularly in instances where increased resistance is due to greater 

numbers of genes rather than to more favorable gene combinations. 

The terro "potential" is used herein in an operational sense, in that 

there probably is no theoretical limit to potential resistance or 

pathogenicity. 

The increasedbequency of virulent races and the concurrent 

"loss" of resistance of a host variety usually is associated with 

cases in which varieties have been developed with resistance to a 

specific race. Resistance of this type commonly is referred to as 

race-specific resistance or vertical resistance (VR). While VR is 

effective against a certain race or races it is equally ineffective 

against other races~ plants lacking VR to a race usually are highly 

susceptible. Genes for VR function against epidemic development of 

plant diseases by reducing the initial amount of inoculum available 

for disease onset. Races lacking virulence genes to match VR genes 

are essentially disqualified from epidemic involvement. Genes for 

VR are considered to have no influence on epidemic increase of 

disease by races with patching genes for virulence. From a gene tic 

standpoint, race-specific VR is usually conditioned by a single gene. 

A race which increases in distribution and frequency among pop

ulations of a plant pathogen must exhibit two fundamental assets. 

The race must, of course, possess the necessary gene(s) for viru

lence which negates a particular gene for VR. It must also possess 
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the ability to become a more.dominant member of the species. These 

abilities can be characterized as "fitness attributes" and include: 

1) the ability to attack its host under the different environmental 

regimes in which the host is grown; 2) the ability to become dissem

inated over wide areas; and 3) the ability to persist or survive in 

the absence of its primary host. 

Other attributes may not directly affect the ultimate frequency 

of a race but influence the rate at which that frequency is attained. 

Races able to cause a greater amount of disease in less time and able 

to produce greater amounts of inoculum would assume a more dominant 

position among populations in a shorter periodo 

In constrast with race-specific or vertical resistance, sorne 

resistance mechanisms are effective to some extent against all races. 

Resistance of this type often is called non-specific. Non-specific 

resistance functions by reducing the amount of disease and the rate 

of disease development. Such resistance mechanisms may retard pene

tration, increase the incubation period, restrict les ion size and 

reduce the amount of sporulation and the period in which sporulation 

occurs. Sorne or all of the effects are imposed upon all races of a 

pathogen in a similar although not equal manner. 

From a gene tic standpoint, non-specific resistance is usually 

polygenic in inheritance. More often than not, non-specific resis

tance has remained stable and effective for long periods of time. 

It is likely that a race would have to acquire several new gene tic 

abilities to overcome resistance conditioned by several genes. Each 
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genetic improvement in the pathogen occurs independently of other 

improvements needed to overcome polygenic resistance. Tbe stabili

ty of polygenic resistance, then, seems based on probabilities of 

sequential eventa occurring in the pathogen. 

Tbe need to detect tbe occurrence of new races before they 

cause serious problems is imperative, Whether the accent is on 

race-specific or non-specific resistance. Anticipating genetic 

potentials need not be a theoretical exercise in wisbful thinking. 

Tbe autbor has demonstrated that genetic studies with several 

Helminthosporium specias can reveal new and potent gene tic capaci

ties among strains obtained by crossing compatible strains. If new 

genotypes can be "manufactured" in vitro tbey most certainly can 

occur in nature by similar means. Whetber new strains can arise to 

overcome non-specific resistance is only a matter of probabilities. 

Investigating tbese probabilities by genetic analysis of recombinant 

strains may provide considerable insight into this matter. 

Some recent studies by the author on Southern corn leaf 

blight suggest that virulent races can acquire epidemiological 

attributes over time. Tbe 1970 epidemic of Southern corn leaf blight 

in the united states was incited by race T of the patbogen, with an 

unprecedented virulence to corn hybrids in male sterile cytoplasm. 

Studies witb isolates of the pathogen collected in previous years 

demonstrated that race T has been in existence in the United States 
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at 1east aince 1955. Comparative studiea with an iso1ate of race 

T collected in 1955 and preserved in 1~bo in leaf tissue since 

that time and an iso1ate of race T co11ected in 1970 revea1ed 

that the 1970 iso1ste poaaesaea up to 15 times greater sporulation 

capacitiea and colonizes susceptible tissue more rapidly than the 

1955 isolate. Either of these attributea cou1d contribute aignif~

cantly to the increased frequency of the race. Studies are 

currently in progresa to eva1uate the gene tic control of sucn im

proved fitneas and serve as another example of the value of working 

with the perfect stage of a plant pathogen. 
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l. Area, production and importance of rice in Peru 

Rice is one of the main baaie cereal crops grown in Peru and 

in the world. About 1.5 parcent of the total American area 

planted with rice ia in Peru. This area contributes 3 parce~t 

of the total American production. Peru ranks sixth among the 

highest yield par area countries in the world and second in 

America after the United Statea. The national average rice yield 

is 4.098 kg/ha (Contreras & Giron. 1969). 

The importance of this crop in Peru is economical and social 

mainly because of the habitual consumption among the poPulation. 

Almost 77 percent of the cultivated area and 80 percent OY the 

production is concentrated in the north coast. The jungLa region 

planta 19 percent of the national rice area and supp1ies 15 per-

cent of national production (Contreras & Giron, 1969). 

2. Main characteristics of the rice lands in Peru 

The main characteristics of the rice lands in Peru are (Ve-

lasquez. Huerta & Sanchez. 1970): 
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Coast Alluvial soils, plains a.d variable texture; low 

organic matter content, nitrogen fertilizer response. Desertic 

subtropical climate, high solar radiation. The relative humidi

ty average is low althoughwith high dew accumulation on plants 

during the night. Rice is commonly planted under intermittent 

flooding conditions. 

High Jungle (Zones of Jaen, B~ua and Huallaga Central.) 

This area has alluvial and vertizolie soils with satisfactory 

fertility and with good response to nitroqen and phosphorous 

fertilization. Its climate is classified as dry and tropical 

hLgh pluvial precipitation, high temperature and good solar 

radiation. In the Jaen and Bagua zones, rice is sown under 

lowland conditions While in Huallaga central zone it is sown 

under upland conditions. 

Low Jungle Its climate is humid tropical forest; studies 

indicate the predominance of ultisols including those formerly 

known as red-yellow podzolics and ground water laterites. There 

is a good possibility of increasing the cultivated areas in this 

region.Direct sowing method is practicad under upland conditions. 

3. Predominant disease in each regian 

Coast Blast disease is the most important disease, mainly 

in the years when there is high dew aecumulation on the plant 

surfaces. Apparently the amount and duration of the dew formed, 

between 10 p.m. and 9 a.m., is considered the main factor in 

the spread of blast. Another factor which has increased this 



- 3 -

disease has been the high nitrogen fertilization used recently. 

lt is common to find blast at seedling stage and then from panicle 

initiation stage to prematurity. Rice blast disease is not gener

al in the coast¡ it is only found in certain areas, probably be

cause of the microclimate conditions present in specific areas. 

type of soils or amount of nitrogen used or plant pathogens distri

bution -- all apparently geverned by an epidemiologic factor still 

unknown to uso 

stem ret incitedb1L!pthosphaeria salvinii and brown spot in

cited by Helminthosperiuro eryzae are considered as secondary dia-

eases. 

8igh and Low Jungle As on the coast. blast is the most 1m

portant disease here. It ia largely helped by rainfall.Which is 

very common. In other geographical areas. brown spot disease is 

the main trouble. Other diseases found in a minor scale, although 

certain rice varieties are seriously affected by them. are leaf 

scald (Rhynchosporium oryzae),false smut (Ustilaginoidea virens) 

and linear spot (cercospora oryzae). 

4. Creation of National Rice Proqram in Peru 

Since its creation in September, 1968, the National Rice 

Program was integrated by researchers from "Pedro Ruiz Gallo Uni

versity", the Ministry of Agriculture and the North Carolina 

State University Agricultural Mission to Peru. Among the different 

groups ef work, the plant pathology staff is comprised ef 17 
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members Who are carrying out research works in the main rice 

production zones in Peru. It is advised by Dr. Teddy T. Hebert. 

Plant Pathology Professor at North Carolina State University. 

Great successes have been obtained in all branches studied. 

and results were published in National Rice Program Technical 

Reports. As a consequence. our supply now meets the national 

demand in rice~ many other factors have also contributed to 

this self-sufficiency. 

The main targets of the plant pathology group can be summa-

rized as follows: 

a) Evaluation of rice varieties and lines resistant to main 

diseases. 

b) Determination and preponderance of physiological races of 

Pyricularia oryzae in each sea son and each rice 1and area. 

e) Study of some epidemiologic aspects from the most impor

tant diseases in each rice area. 

d) Control of the main diseases with fungicides. 

5. Resistance to Blast 

5.1 The internationa1 b1ast nurseries 

The methods used in these tests were tha ones suggested 

by Ou (1965) and have been usad since January. 1969. At first 

they were started in the jungle (Yurimaguas. Tarapoto and Tingo 

Maria). At present we have installed other ones in Bagua (jungle) 
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and the coast (Tumbes and Lambayeque). These results will help 

us to have a wider view and clearer idea of the performance in 

these areas of the traditional rice varieties as well as the se

le'ctions made by national rice program breeders. 

From the beginning we had rice varieties and lines resis

tant to blast from national rice selections and from the world 

collection as well as from the Philippines. Colombia and U.S.A. 

collections. We obtained them by interchanging material and 1n

formation with the International Rice Research Institute (IRRl). 

the Philippines; from the Centro Internacional de Agricultura 

Tropical (CIAT), Colombia; and from the United States Department 

of Agriculture from Dr. J.G. Atkins of Beaumont. Texas. 

In Table 1 it is possible to see the number of groups and 

lines of rice evaluated in each rice zone. The majority of the 

tests were carried out in the tropical regions. Where the climatic 

conditions were the best. 

At the beginning. we tried to test the higher number of rice 

varieties and lines in order to know their reaction to rice blast 

disease in Peru. Our first evaluations began in the 1969/1970 

growing season. and we introduced collections from a different 

origin and selection (Table 2). The collections were: World 

Collection (Cl); AgricUltural Experimental Station Collection 

from Lambayeque (CEL). the lnternational Blast Nursery fer the 
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Americas (lBNA) and a group from IR lines, brought from the 

Philippines (IRRl) and Colombia (CIAT). From all these col

lections we obtained a major number of rices from IR type with 

resistant and intermediate reaction (Table 2). 

Frorn the tests made in the 1969-1970 growing season, lines 

with resistance or intermediate reaction were selected~ they 

showed important agronomic characteristics. Those varieties 

formed the l-PNA group that was evaluated during the 1970;1971 

season. This group, together with other national and inter

national collections.formed the groups to be evaluated the next 

season. Origino number of lines in each group, number of evalu

ations for each one, the percentage of resistant, intermediate and 

susceptible varieties are shown in Table 3. PNA IV was the 

group Which showed the highest number of resistant varieties: it 

mainly had IR lines such as IR 790: IR l147~ IR 10931 IR 14161 

IR 667; IR 828; IR 4981 IR 1006; IR 1163; IR 925; IR 854; IR 8221 

IR 879; IR 1157; IR 841; IR 1112; IR 844; IR 835, IR 790; IR 930; 

IR 1154: IR 1170; etc. 

However, in other eva1uations a lot of the resistant varieties 

became susceptible under our conditions (Huerta,1971). It will be 

necessary to do other tria1s to corroborate thase results. 

I-PNA and V-PNA groups did not show any resistant lines in 

the evaluations done (Table 3). The V-PNA group showed a high 
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number of varieties with intermediate reaction. This was expected 

because these varieties belonged to blast moderately resistant 

varieties (lll-lRRl group), and were sent by Dr. ou in the Philip-

pines. 

Table l. Number of sets and lines tested in several Peruvian 

rice zones. 1971. 

Places No. of sets Ro. of lines 

YUrimaguas 20 4,173 

Tingo Maria 15 1,960 

Tarapoto 10 2,316 

Bagua 7 1,243 

Tumbes 1 511 

Lambayeque 1 511 

Tab1e 2. B1ast reaction types by groups tested in Peru from 

1969 to 1970 
Reactions tvees in ~ 

Groups.* No. of lines Resistant lntermediate Susceptible 

* 

el 259 3 10 87 

eEL 508 1 20 79 

lBNA 178 14 5 81 

IR 292 41 36 23 

el = International Collection~ eEL = Lambayeque Experimental 
Station Co11ection~ lBNA = Internationa1 B1ast Nursery for the 
Amerieas, U.S.A.~ IR = l~the Philippines and elAT, colombia 
co11ections. 



- 8 -

From I-PNA group, 31 percent of the lines showed intermediate 

reaction (Table 3) in more than 30 evaluations made in different 

rice areas since 1969. Table 4 shows a list with seleeted lines 

from that group. Selection was made beeause, in most of tbe 

evaluations, lines had a resistant reaction and, in a few evalu

ations, intermediate reaction was found with type 3 Jesions according 

to the OU (1965) scale. From those varieties studied,lR 480-5-9-2 

has been considered by the National Rice program as a promising 

variety for the jungle, while Tetep is considered as potential 

genetic material. 

The 1ast IRRI Annual Report (1970) displays a rice varieties 

list, se1eeted for their permanent resistance to blast on rnter

national Nurseries in different countries from 1964 to 1970. The 

reactions of these varieties in Peru are shown in Table 5.Except 

CI 7787, which was susceptible, all had resistant reaction or 

intermediate reaction. 

5.2 Identification of races 

Identification of physiological races of g. oryzae was initi

ated in Peru in 1970. In general, international differentia1 varie

ties have been used (Atkins, .!ll! al., 1967). Later Philippine 

differential varieties were included. Prom the different identified 

races, the most eommon one was lB-l raee. Other identified races 

were lA-65 ab, lB-5c, IB-38, and rC-li. Althoughthe number of 
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Table 3. Blast reaction types by groups tested in Peru from 

1970 to 1971. 

Groups No. of No. of Reaetions types in % 
PNA* lines sets Besi,tant Intermediate susceptible 

1 511 30 31 69 

11 356 3 31 41 28 

III 251 2 20 26 54 

IV 923 1 69 27 4 

V 150 3 68 32 

VI 484 1 30 68 2 
* 1 = Lines IR selected in Peru¡ 11 = Rice varieties selected for 

International Partia11y Resistant b1ast nursery, IRRI; 111 = Inter
national Partially Resistant blast nursery, CIAT; IV = International 
Yield Trials, IRRI; V = Blast Moderately Resistant Varieties, 
Group 111, IRRI¡ VI = Pedigree II-CRIAN, Lambayeque, Lines F6! 
IR 8 x F5 (Fortuna x Minagra). 

Tab1e 4. The most resistant varieties selected from the International 
Blast Nurseries from 1969 to 1971 in more than 30 trials in 
Peru. 

yariety Variety 

IR 4-114-3-2-1 IR 593-1-34-1-3-3 
IR 4-114-3-2-2-3 IR 661-17-2-1 
IR 5-114-3-1 IR 662-2-7-2-2 
IR 480-5-9-2 IR 662-2-7-2-2 
IR 503-1-103-3 IR 665-4-4-5 
IR 503-1-104 IR 667-112-3-3-3 
IR 532-1-144 IR 667-113-1-1 
Tetep IR 682-23-2 
IR 586-13-2-1 IR 822-432-2 
IR 589-56-2-2 IR 822-432-4 
IR 589-57-1 IR 822-432-5 
IR 589-65-6-1 IR 848-44-1 
IR 589-66-2-1 
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trials were few, it is possible te demonstrate that Peruvian racea 

are different from Colombian (Galvez & Lozano. 1968) and Filipino 

races (IRRI, 1961). 

Our present target ia the identification of more reces of P.oryzae 

f.rom S<U\lples brought from different places. varieties and parts 

of plants. 

Another aspect faced was the study of some factors that 

would be favorable for the sporulation of X. oryzae growing on 

artificial mediums. Diaz (1910), according to those targets. 

evaluated different mediums. photoperiod cyclea, and incubation 

periods using several monosporic cultures from pathogens of differ

ent origino Ris concluaions showed that a better sporulation is 

gotten with potato-dextrose-agar plus coconut water and with 

B-Takahashi medium, made up from rice leaf extracto The beet 

photoperiod was when the plates were incubated for the first seven 

days in darkness and the other seven days under uninterrupted 

white light. At the same time the skills to produce spores of 

the X. oryzae isolations were different. In a general sanse, the 

photoperiod of incuhation did not affect the sporulation as much 

as the interaction medium x photoperiod did. 

6. Chemical control 

As Peru does not yet have a rice variety with good agronomic 

and commercial characteristics and at the same time ie resistant 

te blast disease, we have decided to test many chemicals te control 
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it. Results gotten over the years as well as in the present one 

have been variable. They have changed with the fungicide and 

the places Where the trials were carried out. The fungicides 

that seem to give relative control to blast according to Delgado 

~~. (1970), Jimenez & Mujica (1971), Panizo & Incio (1968) and 

Panizo & Hebert (1971) were: Hinosan. Duter. Bla-S, Kasumin, 

Conen, Benlate, Dithane M-45; and Calixin. Other chemicals 

sprayed on seedling rice that were effective in controlling blast 

(Huerta. 1971) were: Blastin, Kitazin EC. and Antracol (Propineb). 

6.1 Pield test on chemical control to blast 

During the last 1970/71 growing season a series of trials 

were carried out in different parts of the country. One of them 

was conducted by Engineer Juan zapata (Ministry of Agriculture, 

Agrarian Zone 11, Bagua) and the fungicides tested were: Kitazin 

17 percent granulated. 41 kg/ha; Binosan 50 percent, 1 litro/ha; 

Blastin 50 percent, 1 kg/ha; Bla-S 4 percent. 1 kg/ha; Benlate 

50 percent. 0.8 kg/ha, Kitazin 48 percent EC. 1 liter/ha; Dithane 

M-45. 80 percent (Mn ethylene bisditiocarbamate plus ions zinc). 

2.5 kg/ha, Manzate-D (Maneb 80 percent with a zinc salt added). 

2.5 kg/ha; Antracol 70 percent (propylene bis-dithycarbamate of 

zinc), 1 kg/ha; Conen 50 percent (S-benzil- O-butil S-etil thio

phosphate). 2.5 liter/ha; p-605 (In code: Farmagro Co.).l liter/ha; 

BAS 3201 F (In code: BASF CO.). 1 kg/ha; Calixin 75 percent 



N-tridecil 2.6- dimetil- morfolina: Tridemorph), 0.6 liter/ha, 

Sclex 30 percent (3.5 dichlorophenyil = 5.5- dimethyl exazolidine

dione- 2.4 = Dichlozine), 1 kg/ha; TPTA (Tri-phenyl tin acetate), 

1 kg/ha and Triazine 50 percent (2.4- Dichloro-6- O-chloroanilino)-l, 

3,S-triazine), 1 kg/ha. 

A complete and detailed result of this research work will 

be reported in the near future by the National Rice Program in 

a technical bulletin. Partial results are shown in Figure l. 

Kitazin 17 percent granulated has displayed the most effectiveness 

in controlling blast. It attained a significant difference among 

the chemicals tested and checked. 

As a rule, part of the chemicals tested had relatively good 

control to blast, but their performance changes from place to 

place or from year to year. At present, we have not obtained 

conclusive results from one chem!cal. The only one chemical which 

has a very good performance is Kitazin P 17 percent granulated. 

6.2 Damage caused by fung!cides in rice grain formation 

The increase of the blast disease in almost a11 the rice 

landa, the use of chemicals in its control and the speculation 

raised by the salesmen and farmers about the phytotoxicity of 

certain chemicals, made it necessary to study the influence of 

them on grain production. During the growing season 1970/71 



- 13 -

Eng. Daniel eumpa from "Pedro Ruiz Gallo"University started 

a trial on the IR 8, variety. The rates used in our chemical 

Table 5. The most resistant varieties selected from the Inter
national Blast Hurseries from 1964 to 1970 around 
the wor1d* and their reactions in Peru 

Variety Reaations to B1ast 

Tetep Resistant 

Nang Chet euc Resistant 

Takudan lntermediate 

R 67 Intermediate 

e 46-15 Resistant 

el 7787 Susceptible 

Pah Leuad 29-8-11 Resistant 

D 25-4 Resistant 

Tranq cut L.11 Resistant 

Pah Leuad 111 Resistant 

Mamoriaka Resiatant 

Huan-sen-goo Resistant 

Dissi Hatif ( DH 2) Intermediate 

Carreon Resistant 

Ram Tu1asi Resistant 

Ram Tulasi Sel Resistant 

Ca 435/8/5/1 Intermediate 

DliJ 60 lntermediate 
* lRRI. Annua1 Report for 1970. 
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control test and the doses of the funqicides used were qiven by 

the manufacturero Each chemical was sprayed on a predetermined 

rice plant at bootinq staqe, one-third. two-thirds, and three

thirds of the panicle emerqence, with two different volumes of 

water. The water rates were 50 and 300 liters/ha correspondinq 

to airplane and knapsack mist blower sprayers, respectively. Tbe 

phytotoxicity effects were evaluated by percent of unfilled qrains 

and deformed grains at harvest. Complete results will be reported 

in the future in a National Rice Program technical bulletin. 

Apparently there was no damage from the fungicides when they 

were sprayed in all of the heading stages (Table 6). However, 

Bla-g in two water rates has shown the highest (number- percent) 

of grain damaged. A mercurial compound Granosan, used as a check. 

has also displayed certain damage, but only when it was sprayed at 

the rate of 50 liters/ha of water. Exact results will be reported 

after the statistic analysis. 

7. wild host of P. oryzae 

Laberry & Jimenez (1971) have found that K. oryzae was capable 

of infectinq Stenotaphrum secundatum (American grass) and that 

Pyricularia sp., found normally on S. secundatum in Piura (coast), 

was a rice pathoqen too. Of another 35 weeds inoculated with P. 

oryzae, none displayed reaction. However, Panicum repens L •• 

Sorghum vulgare, Cynodon dactylon, PasPñlum sp.,ñnd other~chino-
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ch10a epacies reported as hosteof P. oryzae by Asuyama, 1965, 

Ma1agutti et al., 1951 and Revilla, 1953, were not infected. 

Tab1e 6. Eva1uation of damage from 13 fungicides on the for
mation of rice seeds on IR 8 variety (reported by 
D. Cumpa, unpublished U.N.P.R.G., Lambayegue,1971). 

Deformed grainsin % Unfi11ed grains in % 
Fungicides* 50 L/Ha**300 LIBa 50 L/Ha 300 L/Ha 

Kasumin 3.0(0.2)***3.1(0.3) 14.5(15.1) 14.5(11.4) 

B1astin 1.6(0.4) 4.8{0.3) 8.9( 6.6) 12.7(13.2) 

B1a-5 1.5{5.6) 1.1(1.6) 12.8( 7.1} 12.8( 7.3} 

Kitasin EC 4.2(5.9} 2.3(0.8} 11.5(15.6) 13.0( 7.5) 

BAS 3201-F 2.3(2.1) 2.0{2.9) 8.2(18.3) 9.9( 6.7} 

Ben1ate 1. 2 (1. 2) 0.6(2.6) 7.4( 6.2} 8.1( 6.2} 

Antraco1 1.4(1,7} 3.8(0.7} 9.0(12.8) 8.9( 7.4) 

Dithane 1-1-45 1.2(1.6) 1.5(2.1) 8.5 ( 6.1) 13.5(17.7) 

Manzate D 1.4(1.6) 1.0(0.0) 8.8( 4.8) 7.9(11.9) 

Conen 1.5(0.0) 3.2(2.0) 8.7 (19.8) 8.7( 6.6) 

p- 605 2.4(1.8) 2.1(2.4) 8.4 ( 8.3) 9.5(11.5) 

Calixin 5.6(4.1) 1.0(2.0) 13. O ( 9.4) 8.0(25.4) 

Granosan 2.6{2.3) 1.8(4.5) 16.4( 9.S} 7.7( 7.0) 

* Dases used are found in the texto 
** The vo1ume of water used par hectare. 
*** The numbers in parenthesis are the percent of damage 

obtained on the contro1s. 
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8. Summary 

B1ast is the most important rice disease in Peru, especia11y 

in the tropical areas. Research works on blast dieease control 

began with the creation of the National Rice program in September, 

1968. 

NOW, eeventeen workers are engaged in the patho1ogy group 

of the programo Efforts were concentrated on Internationa1 Blast 

Nurseries to obtain resistant rice lines; about 4,000 lines have 

been eva1uated recently, after more than 30 trials carried out 

in different p1aces and seasons. Only 25 resistant lines have 

been selected; among them, IR 480-5-9-2 and Tetep are the best 

ones. Chemical control trials consistedof evaluation of 20 

fungicides. Kitazin P 17 percent granulated, 41 kg/ha was the 

best treatment studied. Rice grain formation was not influenced 

by the fungicide activity. Among 36 weeds artificially inoculated, 

only Stenotaphrum eecundatum showed positive for the reaction to 

blast pathogen in the triale for the purpose of finding out weeds 

which act as a host for Pyricularia oryzae. 
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}Iany plant pathogenic fungi lack a known sexual cy<'1e or in the absence 

of their sexual staga undergo numerous changes in pathogeniclty. Sorne 

observen vRriability for psrhogenicity ts flot explained on thc basi. of 

conventional mechaniams. 

The tremendous economíc significance 01' plant pathogens an~ the problems 

that nathogenic variabtlity introduce into disease control pr~grams are 

closely relaterl. Prev10us researeh in this lahoratory has ñemonstrated that 

the funp,us pathogen causing rice blast may provido a model system for .tudies 

on the meehanisms of varlability. 

'1ecent rep"rts and studies inrlieate that there i s en .mu"ually high rate 

of pathogenic variability in Pyricularia oryzae Cavo (6,7,Q,11). These reports 

agree on the rate, type ano significanc~ of the pathogenic variability. The 

variation in pathogenicity is eviñent on the internationa1 sat of 1ifferentín! 

rice varietie, (7,13) used for irlentifying physiologic races of the Fungus (5). 

The genetic origin of the variability ls not known. 3as~d on Suzuki's 

(12) ann Chu'a (4) observations, Ou and Awan (11) belíeveñ that heterokaryosis 

i8 responsible, ~ut they regognized that othere have founrl celIa oi l. oryzae 

to be uninucleate (15). 

Giatgong (7,9) observed a high freouency of pathogenic variani1ity in 

~ single coniáisl isolates of l. oryzae (Tables 1, 2 and 3). His work fndicate~ 

that heterokaryosis was probably not responsible since myceli~l an~ conid1al 



Table l. Disease reaction of twenty first-generat1on monoconidia1 

lines of Pj!icu1aria oryzae. U.S. raCe 1, tested on four 

differential rice variet1es. 

Variety 
Reaction Class !I or 

C.I. Number Parental Isolate Monoconid1al Iso1ates 

Zenlth S S S S RW 

C. l. 8970-P R R S R S 

C.1. 8970-S S S S R S 

P.I. 180061 S S S S R 

Frequency 13 4 2 1 

Reaction of Second-Generation 
·Parental !solate Monoconidial Isolates 

Zenith R R R :aY S S R S 

C.I. 8970-P S S R S R S R S 

C.I. 8970-S S S S S S S R S 

P.I. 180061 R R R S S S R R 

Frequency 7 5 3 2 1 1 1 

Reaction of Thlrd-Generation 
Parental Isolate Monoconidial rsolates 

Zenith R R R R R 

C.I. 8970-P S S S R S 

C.I. 8970-5 S S S :a R 

P. l. 180061 S S R R R 

Frequency 15 2 2 l 

~I R • Res1stant, S - Susceptible. 
El lsolate se1ected for testing in the next generation. 
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Table 2# Disease reaction of twenty first-generation monoconidia1 

lines of Pyricularia oryzae, U.S. rae e 3, tested on four 

differential rice varieties. 

Variety 
or 

C.1. Number 

Zenith 

c.!. 8970-P 

e.1. 8970-S 

P.I. 180061 

Zenith 

C. I. 8970-P 

e. I. 8970-S 

P. l. 180061 

Zenith 

C.1. 8970-P 

C. I. 8970-S 

P. l. 180061 

Reaction elass !I 
Parental bolate Monoconidial ¡solates 

R R bl R R 

S S R S 

S S S R 

R R R R 

Frequency 18 1 1 

Reaction of Second-Generation 
Parental lsolate Monocon1dial lsolates 

R R R E.I R 

S S S R 

S S R R 

R R R R 

Frequency 17 2 1 ._ ...... __ .... _-

Reaction or Third-Generation 
Parental lsolate Honoconidial Isolates 

R R R R 

S S S R 

R R S R 

R R R R 

Frequency 15 3 2 

~ al R = Resistant, S = Susceptible. 
~I lsolate selected for testing in th" next generatían. 
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Table 3. Disease reactions of twenty monoconidia1 

Unes that originated from l!y.ricularia 

oryzae, U.S. race 1, subcu1ture 12 on 

the internationa1 differential varleties. 

Race, Group and Number Frequency 

IB-5 2 

U-2l 2 Y 
lB-29 1 

lB-33 1 

lB-37 2 

lB-4l 1 

lB-45 2 

lB-53 3 

lB-61 4 

lB-62 2 

IB-64 1 

a/ Parental source. 



cells of K. oryzae used in his studíes were uninucleate. However, Giatgong 

was unable, cytologically or genetically, to determine the mechanism which 

caused the variability. He a180 observed that the concentration of inoculum 

(Table 4) and the temperature (Table 5) during the infectlon process did not 

contribute to the conidial variability. Mutatíon rate for virulence of one 

lsolate on one differential host was estimated to be 3.2 x 103• This rate 

of mutatíon is unusually high for most plant pathogenic fungi, and is 

probably due to sorne mechanism other than gene mutstion or heterokaryosis. 

In preliminary work, Giatgong (6) observed sorne changes in the rates of 

variabilityby exposing K. oryzae to mutagens, high temperature, and by 

prolongad periods of culture storage prior to inoculatíon. However, from the 

relatively small populations of pathogenic isolates that were tested, he was 

unsble to explain the observad variation. 

High rates of hereditary variabílity are known for many fungi: 

Phytophthora infestans (2), Aphanornyces euteiehes (1), Ustilago rnaydis (3) and 

Aspergillus nidulans (14) are but a few examples. Many workers report high 

levels of cultural and pathogenie variation, but have not completed the work 

necessary to define the mode or mechanisms of this variability. In other words, 

the variability problem i8 not unique to K. oryzae, but it is even more diffi-

cult to explain the basís tor the variability in a mononucleate fungus without 

a sexual stage, su eh as!. oryzae. 

Our previous observatíons and evidence (6,8,9) do not support hetero-

karyosis as a basis for hereditary varíability in!. oryzae, and we have no 

bona fideevídence for sexuality or parasexuality. However, since there was 

continual segregatíon or mutatíon for pathogenicity in sorne serial single-

conidial subcultures, and because thc nuclei in conidia of P. oryzae are each , 
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TabIe 4. Effect of conidial concentration on host reaction 

(race 1G-2). 

Concentrations 

6.OxlO5 2.8x1O 5 1.6xlO5 7.5x1O 4 

Zenith R. R. R. R. 

C.I. 8970-P s+t+ 5*' 5* s+ 

C. I. 8970-S s+t+ s* s* 5+ 

p.r. 180061 R. R. R. R 

R- low reaction 
S - high reaction 

• 



-7-

Table 5. Reaction of twenty second-generation monoconidial isolates, 

U.S. raee 1, subcu1ture 3 at three different eontrolled 

temperatures. 

Variety 
Class· at 20C !I or Reaet10n 

C.1. Number Parental Iso1ate Monoeonidíal Iso1ates 

Zenith S S R S R 

C.I. 8970-P R R R R R 

C. r. 8970-S S S S R R 

P. I. 180061 S S S S S 

Frequency 17 1 1 1 

Reaction Class at 25C 
Parental Isolate Monoconidia1 Isolates 

Zenith S S R S R 

C. I. 8970-P R R R R R 

C.1. 8970-8 R S R R R 

P. I. 180061 S S S S S 

Frequency 17 1 1 1 

Reaction Class at 30C 
Parental Isolate Honoconidia1 Isolates 

Zenith R R R R R 

C. I. 8970-P R R R S R 

C.1. 8970-8 R R S R S 

P.1. 180061 S R R R S 

Frequency 10 4 3 3 

al R , 
~ 

; Resistant, S Susceptible. 
, , 
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derived from a aingle-nucleated apore mother-cell. it ia suggeated that extra

chromosomal or cytoplasm1c 1nheritance ia involved. 

The p08aible role of extra-chromosomal inheritance in!. eryzae, if 

any, must be c1early d1fferent1ated frem that of gene mutatien and hetere

karyesis befere the mechanism of pathogenic variability can be studied and 

understood. 
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The rice (Oryza sativa L.) blast disease caused by Pyricularia 

eryzae Cavo is ene el the lrmiting factors in rice production in 

the trepics. Many efferts have been made te ebtain resistance 

varieties te this pathegen in several c0untries throughout the 

world, but witheut MQch success. 

The use sf "major ~ene resistant~ ("vertical resistance" or 

"specific resistance V , has failed in the control of certain diseases 

due te the great pathC!><g'enic:l variability of sorne plant pathogens. 

Becauee ef this fact, researehers are leoking for a different type 

ef resistance usually centrolled by minor genes, that here will be 

referred te as "partíal resistance" ("herizontal resistance", gen-

This article is based en the material for a thesis that the main 
author will present te the ~raduate Pregram lCA-UN as a requirement 
fer his M.S. degree. 
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eral reaistance", "race non-apec:ific: resistance", "stable resistance", 

etc,). Plants showinq partial resistance may develop low diaeaae 

levels, and they ahould not be affected by specific racea (2, 19). 

The fungus X. oryzae has a qreat variability, as shown by the 

identification of several raees from monoeonidial subcultures. It 

suqgests frequent genetic changes of the pathoqen (4). The genetic 

variability is even more complex When one considera that OU and Ayad 

(12) were able to identify 14 raee$ from 56 monoconidial cultures 

obtained from just one lesiono 

The pathoqenie variability ia still not understoad, as the per

fect stage of the funqus has not been found o Nevertheless,Rebert (7) 

has obtained artificially the perfect stage of X. grisea (Cke.) Saec., 

Ceratosphaeria grisea n.sp., a speeies very similar to X. oryzae. 

Type 3 lesions, pradueing few conidia per day (15-50) in short 

periads of time, and few numbers of type 4 lesions, haye been consid

ered as an indication of partial, stable, field, horizontal, or poly

genic resistance in the rice blast disease work (13, 16. 17). 

ou and hia co-workers (13) haye suggested that the varieties 

Carreon and Tetep haye horizontal resistance because they showed few 

lesions of any type per planto Theae varieties showed either highly 

reaistant or susceptible type lesions depending on the race. Howeyer, 

type 4 lesion number (susceptible) was always amall in these yarieties 

(ll) • 

Likewise,in searching for partial resistance in Colombia. it has 

been observad that certain varieties haye shown a hiqh and broad 



- 3 -

spectrum of resistance including Carreon, Tetep. and Colombia 3 after 

20 Cll!)I'I.t:!:nlleusplantinqs under highly epiphytotic field conditions in 

los Llanos Orientales (3). These varieties and others have also been 

constantly resistant in Brazil, Panama and Peru. 

Size and color of the lesions, amount of sporulation, and speed 

of penetration of the fungus in the host have been used to evaluate 

resistance or susceptibility. Suzuki (15) considers that plants showing 

pin-point and dark brown lesions are highly resistant, those having 

lesions of an intermediate size and brown color are moderately resis

tant, Whereas those showing lesions of large size with White, purple, 

or green-gray color are susceptible. 

The amount of sporulation per lesion is an important factor in 

considering varietal resistance to a plant pathogen. In tbe case of 

P. oryzae tbe amount of sporulation has been related to the type of 

lesion: the highest number of spares has been found in lesions showing 

a gray central zone and purple to dark brown borders (9). Bowever, a 

high relative humidity, particularly durinq the night, is necessary 

for tbe occurrence of this type of 1esion (1). 

This paper reports the study of some factors that might be in

volved in the partial resistance of rice to P. oryzae. 

Materials ADd methods 

These studies were carried out in the greenhouses and laborato

ries of the Centro Nacional de Investigaciones Agropecuarias, "Tibai

tata", of tbe Instituto Colombiano Agropecuario, lCA. The varieties 

used (Tab1e l) were selected for tbeir high, intermediate and suscep-



tibIe reaetren te the races el ~.eryzae present in the beds 

et the C.N. r .A., La Libertad, Vil1avleene!<:)" ln los Llan<:)s 

orientales, wnere the disease is endemie and epiphytetic 

thr0u~h0ut the y~ar. 

Rice seeds were plantad in plastic pots (10 cms di~f,and 

10 CJIlS l'1i~h) j conta:b!i'rl~ leal'lly,,"sand seil. The plants were 

gr",wn in a 9reenheuse ter 20 te 25 days at a temperature of 

20~300C, a photoperiod el 12 hours¡ and SO pereent relative 

humidíty betere they were usad. 

.,. 4 -

:rB-l, rC.,.1; :IG-l and 1D ... 8 ef...f.. oryzae from Peru, Colombia 

(Llanes Orientales and Cauea Valley), and Brazil, respeetive1y, 

were used. They were 9rewn in rice-polish-a9ar (RPA), and oats

aga'l1 (OA} media, at 2 perl/.:ent el each in<Jredient. The cultures 

were kept at 4e C te stop sporulation. The inoculum consisted 

el an al\flleeus suspensien (!)f mel'lidia (30 te 4 O coilÍdia~ per 11\1) 

frem a :l!UI'l~US cu1tu:t'e 9r0wn durin9 12 days in an ineubator at 

25 Q C and a 12 hour dai1y f1uoreseent 1i<jJht exposure. Gelatine 

0.25 pereant was added to the ineculul'II suspension as a spreader, 

In tl'le laberatery( Hsu and Ou (8) technique was usad for 

in0culatin~ tour leaf perttens of 6-7 cm lon9, previously disin-

fested by tmmerstnq them in a 50:50 solution of alcohol (95 

pereent) and sedtum l'Iypechlerite (5.25 pereent) for one minute. 

Then they were immediately- wC'1&hed in disti1led water fer 15 

minutes, 

The leaves were ~laeed in Fetri dishes 01'1 filter papel' moistened 

in an aqueous selutien of m®nosodic phosphate at 0.01 m. Then the 

ineculum was sprayed usin~ a manual atomizar De Vilviss No,14 at 20 cm 
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panny and IRS leaves were sprayed only with an aqueous solution of 

gelatine (0.25 percent) as absolute checks. 

Twenty plants/variety in 4 pota were inoeulated in the green

house. The inoculum was prepared to contain 30-40 eonidia per 100X

microscope field, and sprayed at 10 p.s.i. by a De Vilbiss No. 15 

atomizer. Fanny and IRS were sprayed only with a gelatine (0.25 per

cent) solution as checks. The plants were kept in the dark fer 24 hours 

in a growth chamber at 20-30 e and 100 percent relative humidity. 

Then they were supplied with 12 hour photoperiod for an additional 

72 hours under the sama conditions. 

Lesion types 

The evaluation of lesion types was made according to the inter

national scale (10). The readings were taken 8 days after the inocu

lation. 

Lasion size 

The lesions in each variety were measured 8 days after inocu

lation. The width and length of S lesions at random were measured, 

and the results were averaged in the laboratory tests. The lesions, 

taken at random from eaeh of the 4 replications,were measured for 

each variety in the greenhouse. 

Lesion color 

The lesion color from the center to the borders was determined 

under a stereo microscope 8 days after inoculation, using Ridgway's 

sea le (14). 



- 6 -

Sporulation time 

Prom the third day alter the inoculation the sporulation time 

was daily determined under a light microscope at lOOX. Individual 

lesions of leaves maintained in Petri dishes were observed daily for 

10 days. 

Number ol conidia per lesion type 

The number ol conidia per lesion type was determined from the 5 

best visible lesions in each variety alter 10 days ol the inoculation. 

The lesion was cut and placed in one-ml aqueous ge1atine solution 

(0.25 percent) in an test tube. After one minute t;)f' shakin!, 'aliquets 

were examined in an hemacytometer to determine the number of conidia 

per ml. 

In the greenhouse tests, the leaves were cut 8 days alter the 

inoculation and p1aced on moistened fi1ter paper for 2 days before 

examination. 

Influence of the relative humidity in the development of the lesion 

type 

Race 18-1 was used in these studies. The leaves were placed as 

usual in Petri dishes and sprayed with a conidia suspension containinq 

30-40 conidia par 100X microscopa field. 

The inoculated leaves were kept at 25°C in the dark. IRS and 

Fanny were sprayed only with 0.25 percent gelatine. The excess inocu-

1um was dried by hot air after O, 6. 8, 10, 12 and l4 hours ol e~po

sure at 100 percent relative humidity. To avoid moist condensation 

on the leaves, a dry filter paper was placed at the top of the petri 
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dish. 

The influence of the ;z;e:latíve humidity in the development of the 

lesion type under greenhouse conditiona waa determined by inoculating 

30 plants per variety with a conidial suspension of 30 to 40 apores 

per 100X microscope field. Groups of 5 plants per variety were exposed 

to O, 6, 8, 10, 12 and 14 hours at 100 percent relative humidity and 

25-3~~. The excess inoculum was dried as previously de.cribad. The 

lesion type was estimated B days after the inoculation. 

F¡eguency of sporulation in type 3 and 4 lesions 

Six varieties showing type 3 and 4 lesions under qreenhouse con

ditions were used in this study. Leaf samples with type 3 and 4 le

sions were placed on the inside top of a Petri dish that contained 

water agar (~). The samples were kept in an incubator at 25°C in 

the dark and at 90 to 100 percent relative humidity. The conidia that 

fell down on the agar were counted daily under a light microscope 

(lOOX) far 18 days. 

RESULTS 

lAsion type 

The results on lesion type are presented in Tables 2 to 6 for 

each variety and race. Great fluctuations were observed among vari

etias when they were inoculated with the different races under green

house and 1aboratory conditionso In general, type 1 1esions prevai1ed 

over the other types. on1y the variety Fanny showed type 3 and 4 1e

sions with the race 1B-l in the greenhouse (Table 3). 
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Fanny was the most susceptible variety under laboratory condi

tions to all the races. Bluebonnet 50, Colombia 3, Fa-yiu Tsai, Perola, 

and laca Escuro showed an intermediate reaction (Type 3) only te the 

races IB-l and IC-I. The rest of the varieties had a resistant reac

tion (Table 2). 

All tbe varieties were more vulnerable to the pathogen under 

greenhouse conditions. with race lB-l. the highest number of type l 

lesions was presented by Carreon. type 2 lesiona by laca Escuro, and 

type 4 leaions by Fanny. The reat of the varietiea ahowed a fewer 

number of leaions (Table 3). 

Witb race IC-l, the largest number of type 1 and 2 lesions was 

observed on the varieties Carreon. laca Escuro, Colombia 3 and Panny. 

The other varieties showed few leaiona (Table 4). 

With raee ID-8, the varieties Colombia 3 and Carreon had tbe 

higheat number of type 1 lesiona whereas Fanny. Bluebonnet 50 and 

C46-l5 had type 2 and type 3 lesiona. Fanny alao ahowed type 4 le

siona (Table 5). 

With raee IG-l. the variety Colombia 3 had tbe highest number 

of type 1 leaions whereas Fanny, Bluebonnet 50 and C46-15 had the 

highest number éf typ. 2 and 3 lesions. Bluebonnet 50. Fanny, and 

laca Eacuro a1so produced type 4 lesions. Kowever, the latter had 

few type 4 lesions as compared with ranny and Bluebonnet 50 (Table 6). 

Lasion size 

Fanny and Bluebonnet 50 produced the largest lesions under labo

ratory conditions. The varieties C46-15, Perola, laca Escuro and 
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Fa Yiu Tsai showed larger lesions than the other varieties. but never 

as large as those of the two susceptible ones. 

The results were similar under greenhouse conditions. Fanny and 

Bluebonnet 50 developed the largest lesions. laca Escuro and C46-l5 

showed larger lesions than the other varieties but smaller than the 

susceptible ones (Table S). 

Lesion color 

The results are presented in Tables 9 and 10 for the laboratory 

and the greenhouse studies. Type 1 lesions showed predominantly light 

seal-brown and seal-brown colors whereas types 2 and 3 had more vari

able colors. The susceptible variety Fanny always had an oil-green to 

a cerro-green color. 

In tbe greenhouse. a diversity of colors was observed at the 

center of the lesion, particularly with types 2. 3. and 4. As will be 

described later, the color of the leaiona was related to the number 

of conidia produced by the lesions, 

Sporulation time 

In general, the varieties with type 1 lesions seldom sporulated. 

In this caae,the conidia production always occurred in lesions by 

the leaf bordars. Type 3 and 4 les1ons, and occasionally type 2 le

siona, sporulated earlier, usually 4-5 days after inoculation in the 

laboratory studies (Table 11). 

The varieties with intermediate and susceptible types (3 and 4) 

sporulated 4 to 5 days after inoculation in the greenhouse. C46-l5, 

IR 8/2 x Zenith, Carreon, Diasi Hatif, and Colombia 3 sporulated 5 
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to 7 days after inoculation, having type 2 lesions which produced 

fewer conidia. In the other varieties, sporulation occurred 8-10 

days after the inoculation (Table 12). 

Conidia numher per lesion type 

The resulta are ahown in Tables 13 and 14 for the laboratory 

and greenhouse studiea, respectively. The highest aporulation occurred 

in lesiona with oil-qreen, olive-gray aftd c~o-green centera. These 

lesions have bordera light-seal-'brown to seal-brown. Perola and C46-15 

produced few conidia álthough they had oil-green centers. Leaions with 

draq-gray, marron and seal-brown colora produced few conidia or none 

at al1. 

Under greenhouse conditions the numher of apores varied consid

erably. Lesions with cerro-green, oil-green, olive-green or drab-gr~y 

centers produced the highest numher of conidia, except for the vari

eties c46-IS and colombia 3. The variety l"a-Yiu Tsai showed leaiona 

with similar colora to the aboye, but it did not produce any conidia 

with race IG-l. In general, lesions showinq liqht seal-brown and 

seal-brown colors did not produce any conidia. 

Influence of the relative humidity in the development of the lesion 

type 

The results are presented in Tables 15 and 16. The minimum time 

necessary forthis kind of study and for the develapment of typical 

lesions of the fungus in rice W8S from 8 to la hours bacause even 

susceptible varieties showed only type l lesions When tbey were ex

posed to 100 percent relative humidity from O to 6 hours at 25°C. 
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Sporulation freguency in type 3 and 4 lesions 

The results are shown in Table 17. The conidia production was 

abundant after the third day of inoculation, particularly in the sus

ceptible varieties Fanny and Bluebonnet 50. In these varieties the 

fungus produced conidia for 10 days, Whereas in Colombia 3 with type 

3 lesions it sporulated for 11 days. In the varieties~~ Yiu Tsai, 

Perola and laca Escuro, ~. oryzae produced conidia for 17-18 daya. 

Hawever, the number of conidia was lower in comparison with the other 

varieties. 

DISCUSSION 

The study of the behavior of rice varieties- susceptible,inter

mediate, and resistant toblast-,unde'l! laboratory and greenhouse con

ditions indicated that the type, size, color of the lesiona, and 

number of conidia per lesion are important factora in determining 

resiatance to ~ oryzae. Susceptible varieties showed larger size 

(type 4) and h!gher number of lesions. sporulation took place in 

lesser time and the number of spores produced was considerably higher. 

Intermediate varieties in certain cases had type 3 lesions but they 

produced a higher number of conidia. It implies that lesion size is 

not a big enough factor in determining resiatance. Large size lesiona 

producing few conid!a may be less important epiphytologically than 

srnaller size lesiona, but rnay also be active conidis producers. In 

general, type 3 lesions produced fewer conidia than type 4. ou et al 

(13) found that the varieties Carreon and Tetep produced few leaiona 
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to a11 the races teat~ althouqh in some cases type 4 lesions were 

observed on Tetep, 

Sporulation was higher in the qreenhouse than in the laboratory. 

The leaves, because yellow, died in 5 days and this miqht be the 

reasan for the ama11er number af canidia observed in the laboratory 

studies. The time from inoculation to sporulatian initiation was 

shorter in susceptible varieties than in intermediate ones. However. 

the time difference was amall. Type 3 lesions produced hiqher numbers 

of conidia than type 2 lesiona, in general. But, in some cases,a high 

sporulation occurred in type 2 lesions. These observations differ 

from Yorinori and Thurston (18) who found no differences in conidia 

productian between types2 and 3. These discrepancies miqht be due ta 

the different varieties as well as the races of the pathoqen used in 

both caseso 

The time required fer high humidity in the development of typical 

lesions of ~o oryzae was in aqreement with Hashioka (6). The labora

tory studies for this factor were not valid because of the condensa

tion present on the surface and borders of the inoculated leaves in 

the Petri dishes. Furthermore. this factor did not establish any dif

ference amonq varieties. 

Daily discharge of conidia was different for the susceptible 

and intermediate varieties. High sporulation occurred durinq the first 

days for type 4 lesions of Fanny and Bluebonnet 50. However. the type 

4 lesions of laca Escuro always produced few conidla, an important 

epiphytoloqical factor in the development af the disease. Colombia 3 
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showed type 3 lesions but they produeed hiqh numbers of eonidia after 

the 5th day. This kind of resistance with a late discharge may be a 

critical factor in part!al resistance of rice to X. oryzae. 

In the late blight disease of pota toe s (Phytophthora infestans 

Mont de Bary), partial resistance is eonsidered to be present in 

varieties that show a low number and amall size lesions, low and slow 

s·p0l7ang:l::aproduction per leaf area, la.te penetration in the leaf, and 

long time for iesion appearanoe per a qiven quantity of inoculum (2, 

5). Differences in size of the lesion, number of lesiona per leaf, 

number of conidia, and lesion color were observed consistently in 

these studies for the varieties selected for their reaction under 

field conditionso Partial resistance, or stable resistance, or gen

eral resistance. or horizontal reaistance, whatever name is used to 

express this kind of resistanoe, ls difficult to prove in a short 

period oE time and under limited variability of the fungue. Neverthe

less, these etudies sugqest its pr~bah:e 3xistence in rice varieties. 

A worldwide cooperation to establish a uniform partially resistant 

blast nursery to be tested under different conditions and under stan

dard disease estimation procedures ia urgent and necessary. Green

house and laboratory studies may be useful in understandinq its nature. 

Tbe finding of a variety with a sufficient number of genes to hold 

resistance to X. oryzae. and not to be broken by new races, will un

doubtedly. be u~cful to the rice plant breeders. 



TASLE l: Rice cultivara usad in tha atudles of partial raaistanca to 

!. oryzaa. 

Cultivar 11_ 

'auny 

Bluebounet 50 

IR 8 

Colombia 3 

(T 319 E-2M-2M-IM-SH) 

fa :tia Teai 

Perola 

laca Escuro 

tR 8/2 lt Zeni th 

IR 1154-106 

1Iahng Mon s4 x Tlfl 

IR 160-27-3-1-1-3 

IR 8 x (Dawn x Tlf1) 

IR 782-24 

Canaan 

'tetep 

01+615 

Disa1 KaUf 

Franca 

u. S. A. 

l'billppinell 

Colombia 

China 

BTazl1 

BrazU 

l'bUippines 

l'bilippinea 

l'bllippinea 

l'bilippines 

Japan 

Burma 

senas al 

Africa 

Reaiatance grada 

(1-7) !l 

7 

7 

7 

3,4 

5 

5 

3 

1,2 

5 

1 

1 

Kany 1 

_____________ 8=:: ____ =--= ___ m ________ _ 

!I 1 - Ktably reai.tent 

7 - Highly susceptible 



TABLE 2: Ledon types on rice cultivars inoculated with 4 races of 

!. oryzae under laboratory conditions • 

Race Identification aud les ion type !I 
CUltivar Mame 

IB-l IC-1 ID-8 IG-l 

Fanny 2-4 2-4 2-4 2-4 

B1uebonnet 50 1-3 1-3 2 1-2 

IR 8 1-2 1 1 1 

Colombia 3 1-2 1-3 1-2 1 

Fa Yiu Tsai 1-2 1-3 1 1 

Perola 1-2 1-3 1-2 1-2 

laca Escuro 1"3 1-3 1-2 1-2 

IR 8/2 x zenith 1 1 1-2 1 

Mahng !ton s-4 x TN1 1 1-2 1-2 1 

IR 8 x (Dawn x m1) 1-2 1 1-2 1 

Carreon 1 1 1 1 

Tetep 1 1 1 1-2 

C46l5 1-2 1-2 1-2 1-2 

Dissi Hatif 1 1-2 1 1 

Mamoriaka 1 1 1 1 

=--_____ .~ ____ ==-=-_=_ ____ c ____ ==~~==a==== ___ CD_== __ =_ ___ ~= __ = ____ = 

~I Lasion type (1-4) according to the International Scale 



TABLE 3: Average number of lesiona due to race IB-l of P. O:yzae in 15 

cultivars of rice under lreenbouse conditions. 

Cultivar Name 

Fanny 

Bluebonnet 50 

IR 8 

Colombia 3 

Fa Yiu Taai 

Perola 

laca Escuro 

IR 8/2. x Zenith 

Nahng Mon 54 x !NI 

IR 8 x (Dawn x !Ni) 

Carreon 

Tetep 

c4615 

Diui Hatif 

Mamoriaka 

Type and average number of lesiona 8 days 

al 
after inoculation -

1 2 

29.0dY 17.25 

117.15 34.75 

63.50 2.50 

119.50 4.50 

90.00 13.50 

94.25 3.75 

92.50 52.00 

134.25 0.25 

103.50 0.00 

143.00 0.00 

256.25 14.75 

24.50 0.00 

182.50 6.00 

215.75 1.75 

18&.25 0.00 

3 

48.75 

46.50 

0.00 

1.50 

15.50 

2.00 

16.75 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

4 

57.00 

4.50 

0.00 

0.00 

0.00 

0.00 

4.25 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

!I Type of les ion (1-4) according to the International Sea le. 



TABLE 4: Average nUlllber of lesion8 due to race IC-l of !. oryue 1n 15 

cultivara of rice under greellhaule condltions,. 

Type and average numbel" of lesions 8 days 
Cultivar N_ aftel" inoculation !I 

1 2 3 4 

Fanny 1.2 8. ()()...!I 79.25 63.50 30.00 

Bluebonnet 50 206.00 38.25 49.00 7.25 

IR8 129.75 16.50 0.25 0.00 

CoIOlllb la 3 296.75 68.50 15.75 0.00 

Fa nu Tui 395.00 69.50 33.25 1.25 

Pel"ola 376.75 43.75 31.00 2.75 

laca Escuro 435.75 43.25 24.75 2.00 

IR 8/2 le Zeni th 119.00 6.00 0.00 0.00 

Nahng Han 8-4 le mi 183.00 10.00 2.00 0.00 

IR 8 x (Dawn le mI) 147.75 3.75 0.00 0.00 

Cartean 831.25 9.50 0.00 0.00 

Tetep 398.00 6.00 0.00 0.00 

~615 239.00 8.50 2.00 0.00 

Dlss1 Hatif 286.00 7.00 0.00 0.00 

Mamodaka 275.50 0.00 0.00 0.00 

• _____ ........ ___ = ... ___ -....... ______ w. ______ .. =--------
~I Type of les ion (1-4) according to the International Scale 



TABLE 5: Average number of lesiona due to raee ID-8 of f.. 0nzae in 15 

cultivars of rice under greenhouse conditions. 

type aud average number of lesiona 8 daya 
Cultivar N_ after inoculation !!I 

1 2 ;J 7+ 

Fanuy 246.25 !I 58.25 87.00 17.50 

Bluebonnet 50 685.50 21.00 4.50 0.00 

IR 8 428.00 0.00 1.00 ~I 0.00 

Colombia 3 125.25 17.00 0.00 0.00 

Fa Yiu Tsal 144.75 6.00 0.25 0.00 

Perola 407.25 3.75 0.00 0.00 

laca Escuro 504.25 13.25 1.75 0.00 

IR 8/2 x Zeni th 93.50 1.00 0.00 0.00 

Nahng Kan 5-4 x mI 220.50 0.00 0.00 0.00 

IR 8 x (Dawn x mI) 39.50 0.00 1.00 0.00 

Carreon 720.75 0.00 0.00 0.00 

Tetep 82.25 1.25 0.00 0.00 

C4615 448.50 13.75 4.50 0.00 

Dissi Rat!f 383.50 2.50 0.00 0.00 

Mamoriaka 533.25 0.00 0.00 0.00 

__ .~".-=S=.".-=~===." ____ D_= __ Da __ a=a. ________ a.D= ___ ~C=======_ 

!!I Type of les ion (1-4) aceording to the lnternational 5cale 

!!.I Lesions at the tip of ehe leaves. 



TABLE 6: Average number of lesionll due to raee IG-l of P. Oryzae in 15 

cultivars of rice under greenhouse conditions. 

Type and average number of lesiona 8 daya 

Cultivar Name after inoculation !I 

1 2 3 4 

Fanny 94.75!1 33.25 41.75 6.76 

llluebonnet 50 237.00 42.75 55.50 10.00 

IR 8 83.50 1.50 0.00 0.00 

Colombia 3 439.25 0.50 0.00 0.00 

Fa Yiu 1:5a1 75.75 3.50 0.00 0.00 

Perola 98.25 5.75 1.50 0.00 

laca Escuro 240.25 2.75 1.75 0.25 

IR 8/2 K Zenith 29.75 1.00 0.00 0.00 

Nahng Mon 54 x TN 1 113.75 4.00 0.00 0.00 

IR 8 K (Dawn x TNI) 8.75 0.00 0.00 0.00 

Can~eon 273.25 0.25 0.00 0.00 

Tetep 20.50 1.50 0.00 0.00 

C46l5 115.50 12.75 9.75 0.00 

Dissi Hatif 254.00 1.75 0.00 0.00 

Hamoriaka 246.75 1.25 0.00 0.00 

======_._=.===== ___ ••• _.====:e=_mR== __ =~=~==== __ • __ =_==_ ••••• --=------

!I Type af lesian (1-4) accarding to the Internatianal Sea le. 



l'AIILE 7: Ledon aize induced by l. oryz.. 8 days aftar inoeu1ation 

under 1aboratory conditioDa. 

Leaion aize in llIIll . due to 
Cultivar N_ 

i. A e E s 
IB-1 le-1 m-8 IG-l 

Fanny 7.84 !/ 6.92 6.25 6.35 

Bluebonnet 50 3.16 4.03 2.84 1.69 

IR 8 0.91 0.97 0.75 -0.50 

Colombia 3 0.87 1.85 1.06 -0.50 

Fa Yiu Teai 0.50 2.04 0.69 -0.50 

Perola 0.69 3.25 1.47 1.37 

laca Eacuro 1.28 2.16 1.17 1.25 

IR 8/2 x Zenith 0.37 0.72 0.62 -0.50 

1'Iahll8 Mon 8-4 x TNl 0.50 1.03 0.69 -0.50 

III 8 x (DaWn x mI) 0.94 0.51 0.91 -0.50 

earreon -0.50 -0.50 -0.50 -0.50 

Tete, 0.37 0.69 -0.50 0.62 

C4615 1.69 1.95 0.84 1.56 

Diad Hatif -0.50 1.16 -0.50 -0.50 

Mamorialta -0.50 -0.50 -0.50 -0.50 

______ z:: __________ =-_____ • _________ s .. __ .. _ 

1../ Average of Che 8 largest lesion8 



TABLB 8: lAdon size lru1uced by!. oryzae 8 days after inocu1ation 

under greenhouae corulitiona. 

!.esion ahe in mm. due to 
CUltivar llame 

Fanny 

B1uebonnet 50 

IR 8 

Colombia 3 

Fa Yiu Tsa! 

Perola 

laca Escuro 

IR 8/2 x Zenith 

Nahng Mon S~ x ml 

IR 8 x (Dawn x mI) 

Carreon 

Tetep 

C4615 

Dissi BatH 

MaInorialta 

R A 
IB~l IC~l 

17.90 ~I 9.88 

10.12 8.27 

0.52 1.52 

1.76 3.30 

3.85 3.80 

2.00 4.87 

4.65 5.32 

- 0.50 0.99 

~ 0.50 2.20 

- 0.50 0.92 

1.14 1.49 

- 0.50 1.58 

2.31 2.68 

1.37 1.90 

- 0.50 ~ 0.50 

C 

20.14 

5.81 

~ 0.50 

2.35 

2.08 

1.16 

2.74 

~ 0.50 

~ 0.50 

- 0.50 

0.41 

0.58 

2.77 

0.77 

- 0.50 

~I Average of the largest 10 lesions/4 replications 

E S 
IG~l 

13.79 

17.20 

1.20 

0.86 

1.37 

3.24 

3.53 

1.07 

1.47 

• 0.50 

• 0.50 

- 0.50 

4.83 

0.90 

0.77 



TABLE 9: Colora presented by lesions due to different racea of ~. oryzae 

in rice variet!e. under laboratory conditians. 

Color of the lesion 
CUltivar Rama 

R A c E s 
0-1 IC-l 1D-8 IG-l 

Fanny Oig, Liab !I CeS, Lisb Ceg, Lisb Oig, Liab 

Bluebonnet: SO 

IR 8 

Colombia 3 

Fa Yiu Tasi 

Perola 

laca Escuro 

IR 8/2 x Zen1th 

Nahng Han B-4 x TNI 

IR 8 x (Dawn x TNl) 

Carreon 

Tetep 

C4615 

D1881 Hatif 

Mamoriaka 

OlS, Seb 

seb 

seb 

OlS, Seb 

Olg, Seb 

Olg, Sab 

Beb 

Lisb 

Oig, Beb 

Lisb 

Lisb 

Drs, Beb 

Beb 

Beb 

Oig, Beb Olg, seb 

seb Ma 

OiS, seb Beb 

01g. Beb Sab 

OiS, Seb 01g, seb 

01g. Seb Sab 

Sab Sab 

Oig. Lisb Lisb 

Beb Beb 

Lisb Lisb 

Lisb Sab 

Oig, Seb Oig, Bab 

Drg, Seb Sab 

Beb seb 

Olg, Beb 

Beb 

seb 

Seb 

Oig, Beb 

01g. Seb 

Bab 

Lisb 

Seb 

Lisb 

Lisb 

Seb 

Beb 

L1ab 
_______ =_=x:::o ______ =n:_e=====_== __ == ______ aa ___ ==-____ _ 

!I 01g • Oil green, Lisb ~ Light seal brown, Olg - Oliva gray, Seb • 

Seal brOWll. Drg - Drab gray, Ceg - Cerro green, Ma - Marran. 

following ehe Ridgway scsIe (14). 



TABLE 10: Colora preaented by leaiona due to different races of !. oryzae 

in rice varieties under greenhouse conditions. 

Fanny 

Bluebonnet 50 

IR8 

Colombia 3 

Fa Uu Taai 

Perola 

laca Escuro 

IR 8/2 x Zenitb 

Nabng Mon s-4 x TNl 

IR 8 x (Davn x TN1) 

Carreon 

Tetep 

<:4615 

Diasi Hatif 

MalDOrialta 

IB-l 

Ceg. Ha !I 

Ceg. Seb 

&eb 

Ola. &eb 

Cas, Lisb 

Ola, LilJb 

01g, Seb 

Seb 

Lisb 

Seb 

Lisb 

Seb 

Dr, Seb 

Seb 

Seb 

Color of tbe ledon 

e 
IC-l 

Cea, L1sb 

Ola. Seb 

Dr, &eb 

Oigo Seb 

Ceg, Lillh 

Olg, Lisb 

Olg. Seb 

Dr, Seb 

01g, Lisb 

Seh 

Dr. Lisb 

Dr, Seb 

Oigo Seb 

Dr. Seb 

Seb 

E 
lD-8 

Ces. Lisb 

Cea, Seb 

Seb 

Seb 

Oigo Liab 

Oigo Lisb 

Oig, Seb 

Seb 

Lisb 

Dr, Seb 

Llab 

Seb 

Dr, Seb 

Dr, Seb 

Seb 

s 
IC-l 

Oigo Liab 

Ceg, Seb 

Seb 

Oigo Seb 

Oi8, Lisb 

018, Llsb 

Ola, Seb 

Seb 

Lisb 

Seb 

Llsb 

Seb 

Dr, Seb 

Seb 

Dr, Seb 

=-__ --=--re. ______ :: .. __ .. ..__--=_=·· .--..... -------

!I Cea· Cerro green, Ha .. Harron, Seb ,. Seal brOWll. Oig • Oil green. 

Cag .. Cella green. Lisb .. Liaht aeal brO'tll'l, Olg .. Ol1ve gray. Dr .. 

Drab. following tbe Ridgway s.cale (14). 



TABLE 11: Time of sporulstion initiation of !. oryaae in rice leaves 

inoeulated with 4 different races under Iaboratory eondit1ons. 

Beginning of sporulation after inoeulation (days) 

Fanny 

Bluebonnet 50 

IR 8 

Colombia 3 

Fa Yiu Tsai 

Perola 

laca Escuro 

IR 8/2 x Unith 

Nahng Mcn 8-4 x !NI 

IR 8 x (Oawn x TRI) 

Carreon 

Tetep 

C4615 

Oissl Hatif 

Mamoriaka 

R 
lB-l 

4 

s 

5 

6 

5 

6 

~I Les10n4' that did not sporulate 

A 
lC-l 

4 

4 

5 

s 

s 

6 

6 

6 

6 

!I 8porulatlon only at the leaf borders 

C 
10-8 

S 

4 

7!1 

8 

8 

6 

9 

6 

5 

E 
IG-l 

4 

4 

5 

5 

6 

6 

s 



TABLE 12: Ti_ of sporulatiOll initiat10n of !. oryaae in rice leaves 

inoculated with 4 diffe~ent ~ace8 unde~ g~eenhouse conditlOll., 

Cultivar N_ 
Beginning of sporulation after lnoculation (day.) 

a Á e E s 
lB-l le-l ID-8 lG-l 

Fanny 5 4 6 5 

Bluebonnet 50 5 4 5 4 

lila 7!1 7 !.I 

Colombia 3 6 5 6 5 

Fa Yiu Teai 7 5 8 6 

Pe~ola 6 5 9 6 

laca Escu~o 6 5 6 5 

1Il S/2 x Zenith -l!! 5 10 Y 

Nahng Mon 5-4 x !NI 5 7 

IR a x (Dswn x !Nl) SY 

Ca~on 7 5 

Tetep 6 

a.6l5 5 5 6 6 

Dissi Ilatif 6 5 7 

Mamoriaka 8 

____ ... _=-_-=~_IIIIIi_ .. _.= __ =: _______ s~= .... ___ 

!.I Lesiona only at the tip af ehe leaves 

l!! Lesiona ehat did not sporulate. 



TAlLE 13: Rumbar of cOIIidia producad by!. oryzaa 10 el.,.. afear iIIocu1atiOll 

under 1aborator,. conditiOlla. 



TABLE 14: Number of conidia produced by!. oryzae 10 daya after inoculation 

under greenhouse conditiona. 

Number of conldla and prevalent type les ion 
Cultivar Name 

a Á e E s 
IB-l IC-l m-S 10-1 

Fanny 9.466 (4) !I 20.300 (4) 11.633 (4) 12.700 (4) 

Bluebonnet 50 3.433 (4) 12.633 (4) 2.600 (3) S.800 (4) 

IR 8 !!/ 

Colombia 3 1.533 (3) 1.500 (3) 966 (2) 1.250 (2) 

Fa Ylu Teai 1.800 (3) 2.700 (3) 66 (2) 

Perola 1.200 (3) 3.800 (3) 833 (2) 3.866 (3) 

laca Escuro 3.200 (4) 4.733 (3) 466 (2) 4.800 (3) 

IR 8/2 x Zenith 100 (2) 166 (2) 

Nahng Han s-4 x mI 233 (2) 1.700 (2) 

IR 8 x (Dawn x mI) 444 (3) 

Carreon 266 (2) 433 (2) 

Tetep 133 (2) -
C4615 1.500 (2) 1.366 (2) 1.233 (3) 4.433 (3) 

Dias! Hatif 633 (2) 333 (2) 366 (2) 

Mamoriaka 666 (2) 

~=-_.;:a= ___ =-IiI:':;CIl"". ___ • __ flllS=-_IiIIIIa ___ ._" _______ ,c: ___ =_ 

!I 1'he number in ehe paren ehes 1111 i s the type le810n 

!!/ Lasion that did not sporulate 



TABLE 15: Times of relative humidity (lOO'¡) nece88ary for the development 

of typical lesions due to raes IB-l of R. 0rraae under Labora· 

tory conditions • 

Exposure time to lOO¡ relative hum!dity 
Cultivar Name (houra) 

R A e E s 
o 6 8 10 12 14 

Fanny l!l 1 :; 3 :; 3 

Bluebonnet 50 1 1 3 :; :; :; 

IR8 1 1 1 1 1 1 

Colombia :; I I 1 :; :; :; 

Fa Yiu Tssi 1 1 1 I 1 1 

Perola 1 I 1 1 2 2 

laca Escuro 1 1 2 2 2 2 

III 8/2 x Zenith 1 1 1 1 1 1 

Nahng Mon s~ x TNI 1 1 1 l 1 1 

IR 8 x (Dawn x TNI) 1 1 1 1 I 1 

Carreon I 1 1 I 1 1 

Tetep 1 1 1 1 1 1 

C4615 1 1 1 2 2 2 

Dlss! Hatif 1 1 1 I 1 1 

Kamoriaka 1 1 1 1 1 1 

" =_. ___ -= __ = _____ ~c==¡::;IiCa=._.Q_ .. ~=_taC __ ._=_.,. ____ 

!I Type of lesien (l~) according to the Internatienal Scale 



TAlLE 16: Timu of rel.ti ... hllllidity (1001) _c .... ry for tba d .... lopment 

of typical l.dOlUl due ta r.c. m-l of ~ omu uncl.r sree

houa. conditiOlUl • 

Ezpoaura tt.e to 1001 ral.ti.- hllll1dity (houra) 
OIllU".r K_ 

It A e I s 
o 6 8 10 12 14 

F_y ~I 1 4 4 ,. ,. 
Jlueh_t SO 1 1 1 3 3 3 

11.8 1 1 1 2 2 2 

CoIOlllbi. 3 1 1 1 2 2 2 

F. 'lia Tui 1 1 1 2 2 2 

Perola 1 1 1 1 3 3 

laca Eacuro 1 1 1 1 3 3 

IR 8/2 x Zanltb 1 1 1 1 1 1 

NahD3 Non 8-4 x mi 1 1 1 1 1 1 

III 8 x (Deva x ml) 1 1 1 1 1 1 

Qarraon 1 1 1 1 1 1 

Tatep 1 1 1 1 1 1 

<:4615 1 1 1 2 2 2 

Di .. i Batlf 1 1 1 1 1 1 

Maorlaka 1 1 1 1 1 1 

--- ----------
!1 'fype of 1 •• 1011. (1-4) accorilll1 to tb. Intera.ational Scale 

.. 



TABLE 17: 

Cultivar Name 

Fanny 

Bluebonnet 50 

Colombia 3 

Fa Yiu Tsal 

Perola 

laca escuro 

Lesion type 1 

Average number of conidia of !: oryzae (Raee IB-1) produced dai1y in 

1esions type 3 and 4 during 18 contlnuous days • 

Number of conidia produced at day: 

2 :1 4 S 6 7 8 9 10 11 12 13 14 

4 1.2!./14•8 243.8 39.8 22.4 34.6 16.6 12.8 10.6 3.4 0.0 0.0 0.0 0.0 

4 0.4 3.0 12.4 103.0 58.2 40.8 15.2 8.4 6.8 0.6 0.0 0.0 0.0 0.0 

3 0.0 3.8 8.4 24.4 23.0 214.0 95.3 112.4 70.6 41. 8 24.2 0.0 0.0 0.0 

3 0.0 1.6 3.8 2.4 2.0 35.2 8.2 10.6 2.4 0.0 2.0 6.0 7.4 2.0 

3 0.0 6.2 5.2 1.0 2.4 16.8 7.2 14.2 24.6 23.8 47.4 9.4 12.4 33.4 

4 0.0 0.0 2.2 20.2 16.0 29.4 21.6 14.0 24.0 33.4 18.0 13.8 11.0 3.2 

15 16 17----.lá 

0.0 0.0 0.0 0.0 

0.0 0.0 0.0 0.0 

0.0 0.0 0.0 0.0 

8.2 7.6 11.0 3.4 

4.4 0.4 1.2 0.0 

1.4 1.8 0.4 0.0 

= •• _ •• _a"_._"_.~ __ .-=_CE~_-=C __ ~==.-=.=-====_=========_==.~. ______ =="m: __ .. = __ ~.~_ ..... _ •• __ .. ="=_= •• _ •• ~_= __ .=_==D •• 

!I Average of 5 microscope fie1d countings at 100X. 
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Rice blast, causad by Pyricu1aria oryzae Cav.,is perhap~ the 

single most destructive disease of rice. Probably half of the warld's 

rice is grown in the tropics (8). In temperate areas where rice is 

grown such as Japan, chemical control has been emphasized. A1though 

effective chemical control is available for temperate zones, rice blast 

control in the tropics is limited by social, economic and environmental 

conditions, and economic chemical control for the tropics is not yet 

available. Thus, the development of rice varieties resistant to X. oryzae 

is essential. 

No single rice variety has shown resistance to a11 races of the 

pathogen and, in addition, tbe fungus has proven to be highly variable, 

with a single conidium capable of producing many races (16). Nevertheless, 

the major sources of resistanc~ to P. oryzae utilized in commercial 

plantings is simply or qualitatively inherited. Such specific or verti-

cal resistance is rapidly lost with the appearance of new races. General 

or horizontal resistance has been shown to be stable and i5 not 10st 

with the appearance of new races. Galvez et al (3), Magai et al (14) 

and more recently, OU et al (17), have shown that such resistance is 
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ch~;-"ct°t'~ n:ls;ht bJ ns"1'\l! in measuring and identifying relative levels 

;:Iu 

:~A'rE.RIALS AND METHODS 

;;tudy was gro'dng healthy rice seedlings 
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potted seedlings were watered daily with 60 mI of nutrient solution per 

poto Seedlings were grown in a greenhouse with a temperature variation 

of 26 to 38 C. 

Culture of P. oryzae 

The isolates of~. oryzae used in the study were rec~i.ved ~rorr 

Dr. J.G. Atkins, U.S.D.A., Beaumont, Texas; Dr. C.R. Adair, u.s.n.A., 

Beltsville, Md., and from Dr. W.N. Harnish, Niagara Chemical Division, 

Middleport, New York. CUltures were maintained by monthly transfers on 

2 percent rice polish agar slants oontaining one or two pieces of rice 

nodes. For initial tests, inooulum was prepared using the techniques of 

Latterall et al (12). Of several artificial media tested, rice polish 

agar (12) gave the best results. but many isolates sporulated poorly 

and with oontinued transfers many isolates had a marked decrease in 

sporulation. An observation that profuse sporulation occurred When co

nidia germinated on an injured part of the rice leaf led to the idea 

that the fungus oould be grown and inooulum produced on fresh crushed 

leaves after surface sterilization (Fig. 1). The youngest fu1ly devel

oped leaves of 30 to 40 day-old greenhous~grown plants were cut into 

lengths 5 to 6 cm long. The sections were surface-steri1ized by dipping 

into a 50:50 solution of aloohol and sodium hypoohlorite for one minute, 

and then were washed in running water for 10-15 min in a 500 mI beaker 

covered with cheese cloth. Four or five leaf sections were stretched 

on a filter paper in a Petri dish moistened with 2 mI of 0.01 M mono

sodium phosphate and 70 ppm benzimidazole (6). Leaves were crushed by 
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rolling them with an aluminum cylinder (1.3 cm x 3.5 cm long) (Fig.l). 

The leaves were inoculated by taking a small piece of the fungus grown 

on rice polish agar and rubbing it on the leaf, after Which they were 

placed in the dark at 24 C. Most isolates produced spores three days 

after inoculation. and by thefourthday sporulated profusely (Fig. 1). 

spore suspensions for inoculation were prepared by cutting the spor

ulating leaves into sections of about one cm long, placing them in test 

tubes with 2 to 3 mI sodium oleate-gelatin solution (1), and dislodging 

the spores by shaking the test tubas with a Vortex Jr. shaker. 

For subsequent trans'fers pieces of the sporulating leaf were rubbad 

on newly prepared leaves. Using this procedure, it was possible to grow 

the fungus continually on fresh rice leaf tissue. Leaves of the yari

eties Peta, Saturn, Taichung Nativel, Binato and IR5-47-2 were used as 

the substrate. The varieties Taichung Native 1 and IR5-47-2 were highly 

resistant (lesion types l and 2) (7) to most of the isolates we have 

used in tests with excised leaves or Whole plant inoculation, but abun

dant sporulation was observed When leaves of these varieties were used 

for cUlturing the fungus. The fungus grows better on the upper two-thirds 

of the younger leaves. Older and basai portions of the leaves became 

brown to yellow within two to three days after crushing, and the fungus 

sporulated poorly. To obtain good sporulation it is necessary that leaves 

maintain a green color four days or more aftercrushing. 

When sporulating leaves were dried 5 to 7 days after inoculation 

and stored at 3 e, spores were viable up to one Week. All isolates had 

maximum sporulation by the fifth to sixth day, but beyond this period. 
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if leaves were kept moist, the spores fell off and germinated. For 

inoculation purposes spores should be harvested 4-6 days after inocu

latíon. Stocks of fresh rice leaves were maintained in excellant ccn

dition for over 20 days in the refrigerator at 3 C. Leaves were detached, 

washed thoroughly in tap water, wrapped in soaked paper towels, and 

stored in plastic bags. 

Inoculation of detached leaves 

Inoculation with microdrops. The detached leaf technjqve, desc~ 

by Hsu and Ou (6), was used with a slight modification in an attempt to 

find a method of inoculation wherehy siza, color of lesions, time of 

sporulation, number ef spores produced, and time of ingress could be 

accurately measured. 

In order to test as many isolates and varieties as possible at the 

same time. the following experimental design was adoptad. One isolate 

was used t.O inoculate the twelve youngast, fully expanded leaves detached 

from tl"elve 25 to 30 day .... old plants. From each leaf, a 6 cm long section 

was cut from the middle, widest area of the leaf, and placed in a Petri 

diah on moist filter papero Six leaf sections were placed in ene Petri 

dish. 

To determine what part of the leaf is most suitable for the detached 

leaf inoculation method, tests were also made by inocvJ'iting the upper 

(A) and the lower (B) half parts of the same leaf. In this case eight 

leaf sections from four leaves were placed in each Petri ñish, anO. three 

dishes were inoculated with one isolate. 
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Inoculatlons were made with a specla! microdrop pipette made by 

stretching a Pasteur pipette until a fine needle of 250 to 300 u in 

diameter was obtained (Fig. !). A small eyedropper rubber was fitted 

on the other end. Inoculation was accomplished by pIacinq three or 

four droplets (about 1 ul) on the upper surface of each leaf section. 

Thus, each variety was inoculated with 36 to 48 microdrops. Due to the 

high surface tension of the drop!ets on the waxy surface of the rice 

leaves the droplets tended to remain attached to the tip of the needle 

or roll off When too large. This was solved by coating the tip of the 

needle with a thin layer of vaseline, which tended to repel the droplets. 

Placement of droplets was also made easier by preparing the spore sus

pension with a solution containing T.ween 20 (0.20 ml/l) , or a gelatin

sodium oelate solution used as wetting agents. The later was more ef

fective. 

To reduce the variation in spore number in each droplet, due to 

settling, the eyedropper rubber was always partially compressed and, 

after three to four droplets were app!ied, a smal! amount of air was 

allowed to enter the pipette. thus mixing the suspension. One droplet 

of spore suspension was placed on each leaf section at a time. Inocu

lated leaves were incubated in the dark at a constant temperature of 

21 (+ 0.5 e) or 24 (+ 1.0 el. Between 16 to 20 hours after inocu1ation, 

the plates were removed to the laboratory at room temperature and the 

droplets dried for 20 to 30 minutes under a fan after which the plates 

were again returned to the incubator. 
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Determination of lesion types 

In general, the classification of lesion types was made according 

to the international classification, as proposed by Ou (15) at the 

Symposium on Rice Blast Disease. The criteria for rating resistance and 

susceptibility on detached leaves was slightly changed. The lesion types 

were classified in five scale units and were primarily based on color, 

relative size of lesions, and on presence or absence of a necrotic center. 

For standard colors, the Dictionary of Colors (13) was used. A list of 

color s used is given in Table 1. The necrotic center (area of collapsed 

cells), as mentioned in the international classification (15), corre

sponds to the central area of the lesions with a gray (Cu, Sb), opaline 

green (Opg), olive green (Olg), white (w) to pinkish (Iv, Wj) color 

which is surrounded by a ring of dark discolored cells. Table 2 gives 

the five scale units used and the characteristics of each scale. 

Determination of lesion size 

Lesion size was measured only once, eight days after inoculation. 

The criteria adopted for the measurements were as follows: six sections 

were chosen at random from each variety with 12 leaf sections inoculated; 

of these, two lesions, the largest and the smallest, were measured. The 

·len~th and width of each lesion was measured and multiplied, and the 

result given in mm2• The results were then presented as the average 

size (mm2) of twelve lesions. Likewise, when the apical (A) and the 

basal (B) portions of the same leaf were inoculated, twelve leaf sec

tions of each leaf position were inoculated. Recordings of size were 

made as described above, first, separately for each leaf portion (A and 
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Observations on the time of sporulation were made daily, from the 

third day after inoculation, and up to the tenth day. Notes were taken 

on the first appearance of conidia using a microscope at 100X. After 

each observation the plates were put back into the incubator. 

Determination of number of sporeb produced 

The number of spores produced was determined 10 days after inocu

lation. Great variation in lesion types within and between varieties 

was observed. Some varieties had no sporulating lesions, whlle others 

had few to almost all of the lesions producing spores. To measure 

spore production, the five best sporulating lesions of each variety 

were selected using an BOX dissecting microscope. In some cases only 

two or three lesions had sporulated and spore production could be 

counted directly under a lOOx microscope. 

The five lesions were cut from the leaf with a scalpel, washed in 

a test tube with 1 mI of gelatin-sodium oleate solution, and the spores 

dislodged by shaking the test tubes with a Vortex Jr. shaker. The num

bers of spores were given as the average of six aliquots taken with a 

Pasteur pipette and counted with the Spencer "bright line" hemacyto

meter. Results are given as the average of five lesions. 

Inoculation of qreenhouse plants 

Greenhouse-grown·plants were al so inoculated in order to compare 

the reactions of inoculations of detached leaves with the reactions on 

planta in pots. The main objective of this work was to test as many 
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varieties and iso lates as possible and then select those varieties 

showing lesion types 3 or 4 'for use ín;J:eats with the detaehed leaf tech ... 

nique. However, due to the difficulties in growing rice plants. both 

tests had to be made simultaneously whenever healthy leaves were 

available. 

Observations were also made on lesion types, lesion color, time 

of sporulation, number of spores produced and time of ingress. 

For inoculation tests of greenhouse plants, seedlings were grown 

for 25 to 30 days under the conditions previously described. Six or 

eight pots, each representing one variety and containing seven seedlings, 

were sprayed with 20 mI suspension of conidia of one isolate. Inoculum 

concentration was the sama as previously described. When more than one 

isolate was used simultaneoualy, the concentrations were adjusted as 

closely as possibIe. Inoculations were always made between 8:30 to 

9: 30 p.m. ¡when greenhouse temperatures were Iower and the relative hu

midity higher. 

Inoeulations were made using a DeVilbiss hand atomizer No. 127, 

attached to a General EIectric 1/6 h..p'. vaeuum pump; with la poundlJ 

pressure, and with the nozzle held about 24 to 28 cm from the plants. 

Before inoculation, the seedlings were sprayed with about 10 mI of 

distilled water. Since the inoculations were made outside of the humid 

chamber, this extra spraying was done to prevent drying of the inoculum 

droplets befere the plants were taken to the incubation ehamber. Check 

planta were sprayed only with thegelatin-sodium oleate solution. Fol

lowing inoculation. the seedlings were maintained in a plastic chambe%' 
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(1.20 m x 1.82 x 1.36 m high), which was built by coverinq a steel 

frame over a greenhouse bench with plastic. The chamber was divided in 

three sections using plastic so that three isolates could be tested at 

one time. The base of the chamber was covered with a plastic sheet to 

hold a nutrient solution (about 0.5 cm deep), in Which the pots were 

left for 20 to 24 hours after inoculation. After a1l plants were inocu

lated, the plastic chamber was sealed and high inside humidity was 

maintained for 12 to 14 hours by producing a mist with a DeVilbiss at

omizer attached to the vacuum pump and set for 15 pounds pressure. 

Twelve to 14 hours after inocu1ation, before the inside temperature went 

above 30 C. the chamber was partial1y opened, so that the cooler air 

could circu1ate inside. Temperatures in the moist chamber varied from 

21 e at night to 30 e during the day. Although a constant high humidity 

was maintained throughout the incubation period, the maximum relative 

humidity recorded was around 96 percent. Followinq the high humidity 

periad of 12 to 14 hours, the relative humidity in the chamber varied 

from 54 percent during the day to 86 percent during the night. TWo days 

after inoculation, the plants were watered daily with 60 ml/pot of 

nutrient solution. 

Determination of les ion types 

Notes on lesion types were taken eight days after inoculation using 

thefirst five scale units of the international classification (15). 

Since thereadinqs of qreenhouse tests were take.n at a shorter time 

after inocu1ation, and because qreerihouse experiments had a higher 

inoculum concentration,and amore favórable condition for symptom deve1-
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opment than tests with detaehed leaves, the international classifíca

tion was slightly modified and adapted for the greenhouse tests. In 

the international classification,the scale units 5 to 7 are based on 

les ion number and area affected. In these tests, the sea le 5 is meant 

to include all the susceptible reactions beyond scale 4 (Table 3). The 

color of the lesions given indicate only the most predominant discolor

ations observed, and are based on the color charts of the Dictionary 

of Colors (13). 

Determination of lesion color 

Lesion color was determined eight days after inoculation, and the 

methód was the same as for the tests using detached leaves. 

Determination of time of sporulation 

On the same day when notes were taken on lesion type, infected 

leaves Which were fully expanded at the time of inoculation were de

tached and placed in Petri dishes with moist filter paper. The time 

of sporulation was then checked, considering the time of detaching as 

the O hour, and thereafter observations were made every hour, up to 

10 hours, fol1owing at 12, 14, 16, 24, 30 and 48 hours. Notes were 

taken on time of first emergence of conidiophores and first appearance 

~ conidia. Observations were made at room temperature and,between each 

observation, the plates containing the leaves were kept in the dark at 

240 C. • 

netermination of number of spares produced 

Forty-eight hours after infected leaves were detached, spore counts 
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were made by dissecting out the five best sporulating lesions of each 

variety and washing them in 1 ml of gelatin-sodium oleate solution in 

a test tube. Spores were dislodged by shaking the test tube with a 

Vortex Jr. shaker. Six aliquots of the spore suspension were taken with 

a Pasteur pipette and counted with a Spencer "bright-line" hemocytometer. 

The number of sporulating lesions varied greatly from one variety 

to another and the criterion adopted was to take up to five of the.best 

sporulating lesions of each variety, from a population of seven plants 

(in one 6-inch plastic pot). Each test was made with the same number of 

plants for all varieties. In some cases, few lesions had developed and 

only two to three sporulating lesions were available. The results are 

given based on the average number of spores per five lesions. 

RESULTS 

Lesion type 

On both detached lea ves and whole plants inoculated in the green

house a considerable variation in lesion types was observed even on the 

same variety inoculated with a single iso late (Table 4). The most sus

ceptible lesion type was considered as representative of the actual 

reaction of the variety. 

Lesion color 

Smaller lesions generally had darker coloration, delayed sporula

tion, and reduced number of spores. A relationship of lesion color with 

other characteristics suggested that plants with lesions having green 

(surf green, olive green, pea green, opaline green or acacia) to gray 
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(cub, sandy beige and mineral gray) centers were more susceptible, had 

1arger 1esions, more rapid sporu1ation, greater number of spores formed, 

and a 1arger yel10w margino White to pinkish (ivory or White jade) cen

ters occurred in many lesions of types 3, 4 and 5 and on these light-co1-

ored areas sporulation was de1ayed and fewer spores were formed. Lesions 

with wider black or purp1e (graphite) to dark brown (autumn and burnt 

urnber) and brown (chipmunk, cinnamon, spice or ta1avera) areas had le

sions with a center with restricted size (1 to 2 mm in diameter) and 

usua11y white to pinkish color. The lesion size was restricted by the 

yellow margin, sporu1ation was de1ayed, and there were fewer spores 

produced. 

Detached 1eaves general1y had more susceptible reactions than 

plants inoculated in the greenhouse with the same isolates. The 1esions 

were darker in color among the resistant varieties in the detached leaf 

inoculation as compared to susceptible varieties. The center of lesions 

on detached lea ves was mostly green to gray and genera1ly had fewer 

dark areas. Except for 1esion type 3, no white or pinkish coloration 

was present in the center of lesions inocu1ated by the detached 1eaf 

technique While this was common in lesion types 3, 4 and 5 in the 

greenhouse inoculations. 

Size of lesions 

Lesion size was only measured on detached 1eaves. Lesions formed 

on susceptible varieties and selections had a large yellow margin that 

often coalesced with the neighboring lesions. In all measurements the 

entire co1ored area of the lesions was ~onsidered. Results are given 
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in Table 5. Lesion size of varieties and selections showing only hyper

sensitive reactions did not enlarge beyond the are a Where the microdrops 

of inoculum had been placed. The lesions rarely measured more than 1 mm 

in diameter. Variation was observed within the same lesion type on the 

same variety when inoculated with different isolates. This may have been 

due to a varying number of lesions, which were selected as being typical 

and taken as the basis for classifying the les ion types of each variety 

and selection. In general, the results indicated that the average size 

of lesions increased with greater susceptibility (Table 6). Analysis 

of variance on size of lesions made between varieties Binato. Peta and 

saturn, and the five isolates shown in Table 5, indicated a highly sig

nificant difference among isolates, among varieties and in the inter

action variety x isolates. Each variety had 12 lesions measured (mm2), 

representing 12 replicates out of 36 or 48 lesions developed on 12 leaf 

sections. 

Inoculations made on the apica1 (A) and basal (B) portions of the 

same leaf of different varieties and isolates to determine whether a 

difference existed in susceptibility, indicated no difference on the 

resistant varieties. Differences in lesion size among varieties and 

selections Padma, T-l4l, TKM-6, Peta and Saturn (increasing order of 

susceptibility), using isolates 27, 59L13 and 68 Tl, are shown in 

Table 7. These differences were highly significant for varieties and 

leaf positions A and B. Size of lesions on position A was significantly 

smaller than on position B. The average aize of lesions on both leaf 

positions A and B increased with an increase in susceptibility (Table 8). 
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Considerable variation in size of lesion was observad among isolates. 

Time of sporu1ation 

Observaticns of sporu1ation on detached 1eaves were made dai1y, 

starting 3 days after inocu1ation and continuing for 10 days. No spores 

were formed on 1esion type 1, on1y rarely en type 2, but spores were 

a1ways observed en 1esion types 3, 4, and 5, often as early as 4 days 

afrer inecu1ation on types 4 and 5. Usua11y,sporulation took longer en 

types 3 and 2. 

The results of sporulatien en seedlings inoculated in the green

house are more use fuI. A great variation in time of sporulation was 

observed in the same lesion type and on the same variety. Results on 

time of conidiophore and conidia formation are presented in Table 9. 

Conidiophores and conidia appeared as early as 1 hour after infected 

lsavas were detached from the varieties Peta and Saturn inoculated 

with isolate 68L4. No conidiophores were formed 14 hours after leaves 

were detached and the longest period to produce conidia was 30 hours. 

Spores were not formed c,n lesion types 1 and rarely on type 2. 

A comparison of range and average tima of conidiophore and conidia 

formation with le,sion types showed that lesion type 5 took the least 

amour.t of time to sporulate, and was followed by lesion types 4, 3 and 

2 (Table lOL. When conidiophorE>s emerged four hours after leaves wera 

placed in the moist chamber, conidia fermation generally fellowed in 

one tO three hours. When conidiophores took more than five hours to 

emerge, conidiafQrmation was delayed from four to 20 hours (Table 9). 
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Number of spores produced 

The number of spores produced increased with an increase in sus

ceptibility, both in the greenhouse and detached leaf inoculations. 

en lesion types 3, 4, and 5, the number of spores varied greatly 

within the same lesion type. The results obtained with seedlings in 

the greenhouse are given in Tables 11 and 12. 

Time of ingresa 
• 

A study of time of ingreaa with the detached leaf technique 

failed to show notable differences among varietiea and isolates.Like

wiae, in a greenhouse test, no relationship was observed between time 

of ingress and the other characteristica studiej in the one test 

made; therefore, the results of these tests are not given. 

DISCUSSION 

ene of the most difficult problems encountered in making this 

study was the diveraity of lesion types observed on the varietiea 

and selections used. This occurred even when a single isolate of 

~ oryzae waa used. Such resulta might'be expected When one considers 

the reaults of Ou ~ al (16). KObayashi and Abumiya (11) found that 

higher concentrations of inoculum resulted in severe damage to the 

leaves, and that varietiea differed in the number of lesiona produced 

with varying inoculum concentrationa.lt is possible that the differ

ences in size and inoculum concentrationa of the droplets on the 

leaves may be the explanation for the highly resiatant reactiona Which 

were observed along with highly suaceptible reactionJon the same leaf. 

Reporta on the actual aize of lesiona and their relationahip with 
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color. shape and sporulation was not found in the literature. References 

in the literature to size of lesions and their relationship to resistance 

or susceptibility were usually made as "small" or "large" lesions. 

Hashioka (4) noted that when lesions were large with typical fusiform 

shape and dark gray centers,sporulation was most abundant; and that a 

decrease in size resulted in less sporulation and increased dark color 

of the lesiona. similar results were obtained in this study. 

It was found that the intensity and distribution of lesion color s 

may be a good indication of the degree of resistance of the rice plant 

to the blast fungus. Differences in color of lesions observed between 

detached leaf and greenhouse inoculations should be studied more care

fully. Study should also be made on whether or not the color and other 

characteriatics observed on detached leaves actually indicate the re

action patterns that are éxpressed by plants exposed to greenhouse or 

field inoculations.As mentioned by KObayashi and Abumiya (11), inoculum 

concentration affects disease severity and may also alter the color 

intensity of the lesions. In future studies it would be useful to 

standardize, as well as possible, the concentration of inoculum in the 

droplets of apore suspension applied on detached leavea and also the 

inoculum used for field or greenhouse inoculations. The lighter color 

and higher susceptibility observed in detached leaf inoculations may 

be related to higher concentration of inoculum in each droplet. 

Toyoda and Suzuki (20) observed that sporulation on greenhouse 

plants wa's more rapid and abundant on lesion type 4. less on 5 and 3, 

and spores were sparsely formed on 2 and were absent on type 1. The 
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present study indica te s that the average time (hour) of sporulation on 

inoculatedqreenhouse plants was shorter on lesion type 5 with more 

abundant spores being formed. Also in contrast to Toyoda and Suzuki (20), 

the number of spores produced was highest in lesion type 5 when detached 

leaves were inoculated. 

Sporulation was more abundant on detached lea ves in Petri plates 

than on leaves inoculated in the greenhouse and then detached. Detached 

leaves al so gave a more susceptible reaction. This may have been caused 

by the yellowing which began from the cut ends within four to five days. 

In many instances the leaves were entirely yellow before any symptoms 

developed. A more valid reaction would undoubtedly be obtained with 

leaves from healthy plants. 

Differences in susceptibility between the apical and the basal 

portion of the lest fully developed leaves could be related to tissue 

age. The leaf unfolds or emerges from the tips, thus the basal section 

has the youngest tissue. This observation agrees with that of Rato et al 

(10) that sporulation was greater when leaves were inoculated at the 

middle stage of expansiono Kahn and Libby (9) reported that younger 

upper leaves were the most susceptible, with resistance increasing 

upward. For future tests it would appear that only the basal half of 

the youngest, but most fully developed, leaf should be used for the 

detached leaf inoculation. No relationship was observed between time 

of ingress and susceptibility. The experiments made during this study 

were not replicated and should be repeated with additional varieties 

before definite conolusions can be drawn. 
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It should be pointed out that the present studies were conducted 

under conditions un favorable for normal rice plant development. Plant 

chlorosis and other physiologic disorders. referred to as "winter sick

ness", were constant problems. Therefore, experiments should be made 

with healthier plants before conclusions can be made regarding the re

lationships among the characteristics observed. Experiments should be 

repeated with healthy plants, grown together under identical conditions 

and inoculated with the same spore suspension. Since physiological di s

orders in rice plants seem to be a common problem in greenhouse cultures 

(12), experimental results should be confirmed with healthY plants grown 

in the field. 

No conclusions can be made as to what might represent general re

sistance in rice to R. oryzae from the results of these studies. In 

addition, the results obtained were highly variable. Nevertheless, it 

has been demcnstrated that the characteristics considered can actually 

be measured, and the study may serve as a valuable source of information 

for further studies. 

SUMMARY 

A study af certain factors which may affect general reaistance in 

rice to Pyricularia aryzae Cavo was made in the laboratory by inoculating 

detached leavea in Petri diahea and by inoculating patted planta in the 

greenhouse. The inoculatian of patted planta in the greenhouse was made 

primarily in order to find varieties with lesion types 3 and 4. Unfor

tunately, plants grew poorly so that studies with detached leaves and 
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greenhouse inoculations had to be made simu1taneously with a limited 

number,of varieties and isolates. Inoculum of R. oryzae was initially 

produeed on 2 percent rice po1ish agar, but culture on fresh, sterilized, 

crushed leaves gave better resu1ts and inoculum from this source was 

used during the rest of tbe study. 

General resistance in rice to R. oryzae might be expressed through 

reduced size of 1esions, de1ayed time of aporulation, reduced number of 

spores, de1ayed time of ingresa, and specific color of lesiona. Thus 

the factors studied as possib1e indicatora of general resistance were: 

al size of 1esion, b) color of lesions, el time of sporulation, dl num

ber of spores produced, and el time of ingress. Attempts were made to 

find re1ationships among these characteriatics which would expresa gen

eral resistance. Tests were also made to determine the differences in 

susceptibility between the apical and basal portiona of the youngest, 

but fully expanded leaves. 

Even using a single iso late, a wide variation in lesion typea 

occurred on the same variety in both the detached leaf and greenhouse 

inoculations. Reactions varied from high1y resistant to highly sus

ceptible. The size of 1esions measured on 'detached leaves a1so showed 

extreme variation among and within the same varieties with different 

isolates. In general, size of lesions increased with an increase in 

susceptibility. 

• Sma11er lesiona generally had darker coloration. delayed sporula-

tion, and reduced number of apores. A relationship of lesion color with 
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other characteristics suggested that plants with lesions hav~ng green 

(surf green, olive green, pea green, opaline green or acac~a) te gray 

(cub, sandy beige and mineral gray) centers were more susceptible, had 

larger lesions, more rapid sporulation, greater number of spores formed, 

and a larger yellow margino White to pinkish (ivory or white jade) cen

ters occurred in many lesions of types 3, 4 and 5 and on these light-col

ored areaa sporulation was delayed, and fewer spores were formed. Lesiona 

with wider black or purple (graphite) to dark brown (autumn and burnt 

umber) and brown (chipmunk, cinnamon, spice or talavera) areas had le

siona with a center with restricted size (1 to 2 mm in diameter), and 

usually wbite to pinkish color. The lesion size waa restricted by the 

yellow margino sporulation was delayed, and there were fewer spores 

produced. 

Detached leaves generally had more susceptible reaction than plants 

inoculated in the greenhouse with the same isolates. The lesions were 

darker in color among the resistant varieties in the detached leaf in

oculation as compared te susceptible varieties. The center of lesiona 

on detached lea ves was mostly green to gray and generally had fewer 

dar k areas. Except for lesion type 3, no white or pinkish coloration 

was present in the center of lesions inoculated by the detached leaf 

technique, while this was common in lesion types 3, 4 and 5 in the 

greenhouse inoculations. 

Time of conidiophore and conidia formation in the greenhouse in

oculations showed variation in the same les ion type among varieties. 

In general, the time to produce spores increased with increased resis

tance. 
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Conidiophores were rarely formed in less than 4 houlSunder high hu

mldity in susceptible to highly susceptible varieties. When conidio

nhores ,,,ere formed within 4 to 5 hours under high humidity, conidial 

formation followed 1 to 7 hours latero Conidial formation was fre

quently delayed when conidiophores took more than 6 hours to emerge. 

No differences were noted between lesion types 4 and 5 in regard 

to time of sporulation on detached leaves. Sporulation took longer on 

lssion types 3 and 2. Sporulation rarely occurred on lesion type 2. 

The number af apares produced increased with an increase in sus

ceptibility, both in the greenhouse and detached leaf inoculations. 

On lasian typea 3, 4 and 5, the number of apores varied greatly within 

the same lesion type. In general, sporulation was more abundant when 

detached leaves were inoculated. 

lnoculations of the apical and basal portions of the same leaf, 

with the same isolate, indicated that the basal portion was more sus

ceptible. Lesions were much larger, sporulation was faster, and a 

larger number of aporea were produced on the basal portions. No dif

ferences were observad among the highly resistant varieties between 

the apical and basal portions of the same leaf. 
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Table l. List of colors observad on lesions caused by f. oryzae on 

rice leaves inocu1ated in Petri dishes and the greenhouse. 

Standard 1/ Key te the Com:non 11 

Symbels color Dietionary colors 

a b ell 
01g Oliva green 22 B 6 
Opg Opalina green 17 A 6 

Pg Pea green 20 G 6 Green 
Sg Surf green 20 C 7 
T;1 Ftax 12 B 2 
Ac Acac:!.a 11 K 1 erayish-green 

Cu Cub 15 e , 
~ 

Sb Sandy Beige 14 A 3 Gray 
Mg Mineral gray 20 A 2 

Wj White jade 10 A 2 
Light pink Iv Ivory 10 B 2 

W White White 

er erapbite 48 e 7 Black, purp1e 

Au Autumn 8 A 12 Dark brown Bu Bumt umbar 15 A 12 

eh Chipmunk 13 L 9 
Cm Cinnamon 12 E 7 Brown 
Sp Spice 13 A 12 
Iv Talsvera 12 A 12 

Ap Apricot 10 F 7 Reddish-broWll 

el Gold 1esf 11 K 8 
My Martit1s yellow 9 1 1 Ye110w 

Lcy Light chronla yallo" 10 L 4 
Sy Spruce yello" 12 K 8 

!I According ~o the Dictionsry of Colora (13) • 

'1.1 Common names cited in the literature • 

..1/ a) Plata numbar, b) Column, and e) Líne 



Table.:l. Ftve scde units of disease reactlon on detached rice leaves 

Sede 
Wllts 

1 

used in the classification of leslan types caused by!. 

oryzae. 

!.es1on types 11 

Lestons limitad to the site of inoculation; graphite (Gr) 

to bumt umbar (Bu); no neerotic center; no yellow margin 

formed. 

2 Restrlcted lesion, about 2-3 mm long; graphite (Gr). 

autumn (Au) to humt umher (Bu) center; spice (Sp), gold 

leaf (G1) to. mut1us ye110w (My) marg1.n; no necrotic center. 

3 Leslons up to 6 mm long; small (2-3 mm) opalina green 

(Opg). pea green (Pg), olive green (Olg), to ivory (Iv) 

neerotic center; thick graphite (Gr), autumn (Au) bumt 

umber (Bu) te spice (Sp) zone; and gold leaf (Gl) to 

martius ye11o\o1 (My) Il'.argin. 

4 Lestons up to 10 mm long; frequently with pea green (Pg). 

o11ve green (Olg) to mineral gray (Y~) necrotic center; 

hume umber (Bu) and occ3sionally graphite (Gr) zon~; 

¡old leaf (Gl), mcrtius yellow (My) to llghe chrome yellow 

(Ley) margino 

S Lesions more than l~ ~ long; pea green (Pg), opaline 

¡raen (Opg) to olive green (01g) canter; rarely with bumt 

umber (Bu) zone; spice (Sp), gold leaf (Gl), light chrome 

yellow (Ley) to Ulartius yellow (My) margir •• 

!/Color of the leslons are rrom the center toward che margino 
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Table 3- Flve scale units of disease reaction on rice plants inacu

lated in the greenhouse, used in the classification of 

lesion types caused by P. oryzae. 

Scale 
unltíS 

Lesion types 1/ 

l OI\ly sma11, brown (autumn to spice) apecks, few or m¡,my 

wlth no necrotic (cóllapsed cell) spets. 

2 Slightly larger (2-3 mm in diam), graphite (Gr), autumn 

GAu) to apice (Sp) spots, with goId leaf (Gl) marginj no 

necrotic (collapsed ce11) apats. 

3 Small , roundiBh, necrotic, gray (eu or Sb) to olive green 

(Olg) center (about 1-2 mm in diam); surrounded by graphite 

(Gr), autumn (Au) to apiee (Sp) and gold leaf (Gl) margin, 

which la somewhat elliptleal. 

4 Typical blaat les ion, elliptical. somewhat restrlcted 

(up ta 6 mm long), with larga neerotie. gray (Cu or Sb), 

olive ¡reen (Olg) to opal~ne green (Opg), and sometimes 

white center; graphite (Gr). auturen (Au), spiee (Sp) to 

¡oId leaf (GI) margino 

S Lesions larger and broader than in scale 4 (more than 6 mm 

long); large gray (Cu or Sb), olive green (Olg), opaline 

green (Opg) to white center; graphite (Gr) to autumn (Au) 

uot always present, mostly spice (Sp) te gold leaf (GI) 

marginj upper por.tion oi seedling leaves may be killed 

by coalescence 0= large leslans. 

1/ 
- Adapted from the intenl3tional classtf1caticn far field and 

nursery tests (15). 
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Tabla 4. Range of lesian types en detacbed leaves of 13 rice 

var1eties inoculated w1th f1ve 1so1ates of !. oryzae. 

Varieties 
md 

aalections 

Tatchung 
(Nativa 1) 

W-47-2 

Fortuna 

Padma 

T-141 

T-l':m6 

PI215-936 

Bluebelle 

Bluabonnet 50 

Peta 

Binato 

Saturo 

US5 

1 

1 

1 - 2 

1 - 2 

1 - 3 

1 - 3 

1 - 3 

1 - 4 

2 - 5 

1 - 3 

Isolate number and lesian types 1/ 

27 

1 

1 

1 

1 - 3 

1 - 3 

1 - 3 

1 

l. 

1 - 2 

1 - 3 

1 

59113 

1 - 2 

1 - 2 

1 - 2 

1 

1 - 2 

-
1 - 3 

1 - 4 

1 - 3 

1 - 4 

1 

6814 

1 

1 - 2 

1 

1 - 3 

1 - 3 

1 - 4 

1 - 3 

1 - 4 

3 - 5 

6liTl 

-

1 - 4 

1 - 4 

1 - 2 

2 - 5 

2 - 5 

1-1 Lesien types: 1) Highly resistant; 2) Resistant; 3) Moderately 

resistant; 4) Susceptible; 5) Highly susceptible. 

L-I Materials not avai1ab1e 
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Tabla~. Si~a of lesiona (mm2
). meaaurad aight d'yl after inocul.tion of det.ched leave. of 

rice wlth l. oryzae.!/ 

Varietles leolate no. .nd lize of lesiona (mm2) 1/ 
and 

selections US5 27 59 L 13 68 L 4 

Padma 2.87 (3)11 1.07 (2) 1.06 (2) 

T-141 - 3.78 (3) 1.00 (1) 0.77 (1) 

'l'l'J.!-6 - 5.11 (3) 1.86 (2) 7.11 (3) 

IRl54·6l-1-l 9.37 (3) 2.77 (3) 1.45- (3) 

Bluebonnet SO 13.42 (4) 14.26 (4) 

Peta 5.70 (4) .3.09 (2) 11.37 (3) 6.33 (3) 

Blnato 25.74 (S) 6.25 (3) 8.08 (4) 12.70 (4) 

Saturn 1.53 (3) 1.00 (1) 1.00 (1) 29.99 (5) 

!/varieties. isol.tes end interaction differed at l~ level (aea Teble 10). 

~/Average oi 12 lesiona/ieoleta. 

l/Number in parentheses indica tes the leslon type. 

~/Not tasted. 

68 T 1 

4/ --

4.22 (4) 

13.25 (4) 

1.14 (2) 

16.90 (5) 

25.46 (5) 
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Table 6. 2 Range and average aize of lesiona (mm ) of eaeh lesian 

type on detaehed leaves. 

Slze of les ion (mm2
) 11 

tes10n type 1I.ange Average 

1 0.77 - 1.00 0.99 

2 1.06 - 3.09 1.84 

3 1.71 - 11.37 S.07 

4 4.22 - 14.26 10.22 

S 16.90 - 29.99 24.52 

l/Average of 12 lesions/isolate. 



'lable 1. Compar1son between abe of lesiona on detached leaves. of 

tb. apical (A) and basal (B) pcsitions of the same leaf, 

lnocu1ated witb P. oryzae.11 

Varleties 
and 

se1ections 

Leaf Isolate number and size cf lesions (mm2) 1/ 

Padma 

'l-141 

IRIS4-6I-I-I 

'Bltteboonet 50 

Peta 

liaato 

Satttrn 

pos. 

A 

B 

A 

B 

A 

B 

A 

B 

A 

B 

A 

B 

A 

B 

A 

B 

US5 

31 --

-
5.59 
5.82 

25.74 

1.53 

27 

1.00' 
4.66 

6.14 

1.43 

0.95' 

9.28 

1.01 

5.17 

6.25 

1.00 

1.00 

59L13 

1.00 

1.14 

1.00 

1.21 

1.07 

2.98 

1.50 

4.04 

5.75 

24.50 

6.75 

16.00 

10.08 

6.08 

1.00 

1.00 

68L4 

1.00 

1.12 

0.92 

0.63 

0.64 

14.29 

1.45 

7.52 

21.00 

4.91 
7.75 

8.43 

16.97 

21.12 

36.87 

68Tl 

1.91 

6.54 

9.66 

16.85 

1.19 
1.00 

14.66 

19.25 

20.22 

31.70 

11 
- Varieties, lso1ates, leaf pcsitions and interactions differed at 

11 1evel (see Table 12), 

21 
- Average of 12 lesiona/leaf position/isolate. 

11wot tested. 

41 
- Only ene leaf section/leaf was inoculated. 
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Table 8,. 2 Range and average size of ,lesions (mm ) on detached leaves 

(leaf position A and B). in relation to lesion types. 

Size of lesion (Illli) 
Leston type Leaf pos. 

Range Average 

A 0.92 - 1.00 0.98 
1 

B 0.63 - 1.21 0.96 

A 1.00 - 1.19 1.04 
2 

B 1.00 - 4.66 2.67 

A 0.64 - 6.75 3.44 
3 

B 1.43 - 16.00 8.79 

A 1.91 - 10.08 6.99 
4 

B 5.82 - 24.50 13.96 

A 14.66 - 21.12 18.76 
S 

B 19.25 - 36.87 29.27 



Tabla 9. Time(hour)of conidiophore snd conidia formation by!. oryzae on rice leaves 
- ~)~l -

detached eight daya after inoculation in the greenhouse and observed in 

moist Petri dishes for 48 hours. 

Varieties Iaolate number snd time (br) of conidiopbore and conidia formation 
Ilnd 

lelections USs 27 59L13 68AIO 68A12 68Al4 68L4 68Tl 

s bY a b a b s b a b a b a b s b 

Padma 2/ x- x 4 10 4 9 10 '14 5 12 x 10 14 

IR154-61-1-1 6 14 6 14 3/ -- -
PI215-936 x :le x X S 14 4 12 :le 5 12 

T-141 x 10 14 x 8 14 14 24 .x x 4 7 

Saturo 6 10 6 24 x x x x 1 1 4 5 

Peta 2 6 le 4 8 x x x 1 1 11: 

Dinato 10 16 12 16 x x :le X x 4 5 

TKM-6 10 14 10 30 5 9 4 7 5 10 10 14 4 7 

U a) Time of conidiophore formation; b) Time of conidia formation. 

11 Neltber conldiopbores nor conidia formed. 

2/ Not tested. 



Table 10. Relationship of lesion types, range snd average time{hour)of 
• 36 • 

conidiophore and conidia formation in !. oryzae, produced on 

rice leaves detsched eight days after lnoculation in the green-

house and kept ln molet Petri díshes for 48 hours. 

Conidlophore Conidia 

Leston type range average range average 
hr hr hr hr 

1 11 
]4.- x x x 

2 8 - 14 11.06 14 - 24 18.00 

3 4 - 12 7.16 3 - 30 14.41 

4 1 - 6 4.55 1 - 24 11.00 

S 1 • 5 3.43 1 - 10 5.85 

!I No spores fomed. 



Table 11. Numher of conidia of eight iaolates of f. oryzae produced on r1ce 

leaves, detached eight days after inoculation 1n the greenhouse 

and 48 hours after helng placad ln moist Petrl diahes. 

Val'lettee Ieolete numhel' and numbel' of contdta pl'oduced 1/ 
and 

selecttans US5 27 59L13 68AIO 68A12 68A14 

1000X 1000K 1000K 1000K 1000K 1000K 

padma O O 1.66 9.33 1.33 0.66 

IR154·61-1-1 1.80 0.55(4)~l _ 1/ 

P1215-936 O O O O 0.33 0.16 

T-141 O 0.07(3) - 0.07 (3) 0.10 O 

Saturn 6.20 0.26 O O O O 

Peta 2.00 O 1.75 O O O 

Blnato 0.05 0.14 O O O O 

TKM-6 0.03(2) 0.10 9.00 4.50 3.12 

68L4 68Tl 

1000K 1000X 

O 2.50 

O 5.33 

O 18.00 

6.14 20.20 

11.80 O 

O 18.33 

0.50 2.70 

1/ Results are the average offlve bese sporulatlng lesions selected under 80X dissecting 

micl'oscope. 

1/ Numbers in pareneheses indicste number of sporulating leaions that wel'e aval1able. 

1/ Not tested. 

.. 
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Table 12. Relationship of les ion types wlth range and average number 

of conidia of e1ght 1solates of l! oryzae produced on rice 

leaves, e1ght daya after inoculatlon in the greenhouse and 

46 hours after baing placed in molet Petri dishes. 

Number of conidia 
tesion type 

Range Averase 

1 O O 

2 SO - 100 73 

3 30 - 2500 669 

ti 160 - 9330 4447 

S 2000 - 20200 10878 

.. 
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Rice blast, caused by Pyricularia oryzae Cav.,is perhap~ the 

single most destructive disease oí rice. Probably half of the world's 

rice is grown in the tropics (8). In temperate areas Where rice is 

grown such as Japan, chemical control has been emphasized. Although 

effective chemical control is available for temperate zones, rice blast 

control in the tropics is limited by social, economic and environmental 

conditions, and economic chemical control for the tropics is not yet 

available. Thus, the development of rice varieties resistant to X, oryzae 

is essential. 

No single rice variety has shown resistance to all races of the 

pathogen and, in addition, the fungus has proven to be highly variable, 

with a single conidium capable of producing many races (16). Nevertheless, 

the major sources of resistance to P. oryzae utilized in commercial 

plantings is simply or qualitatively inherited. Such specific or verti-

cal resistance is rapidly lost with the appearance of new races. General 

or horizontal resistance'has been shown to be stable and ia not lost 

with the appearance of new races. Galvez et al (3), Nagai et al (14) 

and more recently, ou et al (17), have shown that such resistance is 
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available in rice. If varieties can be bred with such resistance, the 

resistance might be maintained indefinitely and not lost with the ap

p2~rance of new races of the pathogen. 

'rhis study was mada during 1969··1970 and presented as a H.S. thesis 

in January 1971 by the senior author (21). The object of the study was 

to determine if conststent differences in characteristics which have 

been shown to be associated ~ith general resistances in other crops such 

as potatoes (19) cou1d be found in rice inocu1ated with X. orvzae. These 

characters might be use fuI in measuring and identifying relative leve1s 

of general resistance in rice. Characters studied were a} size of lesions, 

b) color of lesions, el time for sporulation, d} number of spores pro

duced, and el time of ingress. 

MATERIALS ANO METHODS 

Culture of rice plants 

A serious problem in this study was growing healthy rice seedlings 

in the greenhouses and controlled climate chambers. Iron deficiency was 

a major problem and varieta1 susceptibi1ity to the deficiency varied 

among the varieties used, Another problem, similar to what Latterell 

et al (12) called "winter sickness". was also common. 

Numerous soi1 rni~turcs and environmental conditions were used in 

the attempt to grow healtby rice seedlings. The best success was obtained 

when seedlings were gro'''I1. in a modification of the nutrient solutions of 

Hoag1and and Arnon (5) and Tanaka et al (lB) for about 10 days and then 

transplanted to 4-inch p1astic pots containing fine white sand. The 
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potted seedlings were watered daily with 60 mI of nutrient solution pet 

poto Seedlings were grown in a greenhouse with a temperatura variation 

of 26 to 38 C. 

Culture of P. oryzae 

The isolates of~. oryzae used in the study were received f.rom 

Dr. J.G. Atkins, U.S.D.A., Beaumont, Texas; Dr. C.R. Adair, U.S.D.A., 

Beltsvilla, Md., and from Dr. W.N. Harnish, Niagara Chemical Division, 

Middleport, New York. Cultures ware maintained by monthly transfers on 

2 percent rice polish agar slants containing one or two pieces of rice 

nodes. For initial tests, inoculum was prepared using the techniques of 

Latterall et al (12). Of several artificial media tested, rice polish 

agar (12) gave the best results, but many isolates sporulated poorly 

and with continued transfers many iso lates had a marked decrease in 

sporulation. An observation that profuse sporulation occurred When co

nidia germinated on an injured part of the rice leaf led to the idea 

that the fungus could be grown and inoculurn produced on fresh crushed 

leaves after surface sterilization (Fig. 1). The youngest fully deve1-

oped leaves of 30 to 40 day-old greenhous~,grown plants were cut into 

lengths 5 to 6 cm long. The sections were surfac~sterilized by dipping 

into a 50:50 solution of alcohol and sodium hypochlorite for one minute, 

and then were washed in running water for 10-15 min in a 500 mI beaker 

covered with cheesa cloth. Four or five leaf sections were stretched 

on a filter paper in a Petri dish moistened with 2 mI of 0.01 M mono

sodiurn phosphate and 70 ppm benzimidazole (6). Leaves were crushed by 
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rolling them with an a1uminum cylinder (1.3 cm x 3.5 cm long) (Fig.l). 

The leaves were inocu1ated by taking a sma1l piece of the fungus grown 

on rice polish agar and rubbing it on the 1eaf, after Which they were 

placed in the dark at 24 C. Most isolates produced spores three days 

after inoculation, and by thefourthday sporu1ated profusely (Fig. 1). 

spore suspensions for inocu1ation were prepared by cutting the spor

ulating leaves into sections of about one cm long, placing them in test 

tubes with 2 to 3 ml sodium oleate-ge1atin solution (1), and dislodging 

the spores by shaking the test tubes with a Vortex Jr. shaker. 

For subsequent transfers pieces of the sporulating leaf were rubbed 

on newly prepared 1eaves. Using this procedure, it was possible to grow 

the fungus continually on fresh rice 1eaf tissue. Leaves of the vari

eties Peta, Saturn, Taichung Nativel, Binato and IR5-47-2 were used as 

the substrate. The varieties Taichung Native 1 and IR5-47-2 were high1y 

resistant (lesion types 1 and2) (7) to most of the iso1ates we have 

used in tests with excised leaves or Whole plant inoculation, but abun

dant sporulation was observed when 1eaves of these varieties were used 

for culturing the fungus. The fungus grows better on the upper two-thirds 

of the younger leaves. Older and basal portions of the leaves became 

brown to yellow within two to three days after crushing, and the fungus 

sporulated poorly. To obtain good sporu1ation it is necessary that leaves 

maintain a green color four days or more after crushing. 

When sporulating leaves were dried 5 to 7 days after inoculation 

and stored at 3 e, spores were viable up to one week. A11 iso lates had 

maximum sporulation by the fifth to sixth day, but beyond this period, 
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if Ieaves were kept moist, the spores fell off and germinated. For 

inoculation purposes spores should be harvested 4-6 days after inocu

lation. Stock s of fresh rice leaves were maintained in excellent con

dition for over 20 days in the refrigerator at 3 C. Leaves were detached, 

washed thoroughly in tap water, wrapped in soaked paper towels, and 

stored in plastic bags. 

Inoculation of detached leaves 

Inoculation with microdrops. '!'he detached leaf technique, descrl.bed 

by Hsu and Ou (6), was used with a slight modification in an attempt to 

find a method of inoculation whereby size, color of lesions, time of 

sporulation, number of spores produced, and time of ingress could be 

accurately measured. 

In order to test as many isolates and varieties as possible at the 

sama time, the following experimental design was adoptad. One isolate 

was used to inoculate the twelve youngest, fully expanded leaves detached 

from twelve 25 to 30 day~ld plants. From each leaf, a 6 cm long section 

was cut from the middle, widest area of the leaf, and placed in a Petri 

dish on moist filter papero six leaf sections were placed in one Petri 

dish. 

To determine what part of the leaf is most suitable for the detached 

leaf inoculation method, tests were alao mada by inocc'] l'l.ting the upper 

(A) and the lower (B) half parts of the same leaf. In this case eight 

leaf sections from four leaves were placed in each Petri (Uah, and t.hree 

dishes were inoculated with one isolate. 
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Inoculations were made with a special microdrop pipette made by 

stretching a Pasteur pipette until a fine needle of 250 to 300 u in 

diameter was obtained (Fig. 1). A small eyedropper rubber was fitted 

on the other end. Inoculation was accomplished by placing three or 

four droplets (about 1 ul) on the upper surface of each leaf section. 

Thus, each variety was inoculated with 36 to 48 microdrops. Due to the 

high surface tension of the droplets on the waxy surface of the rice 

lea ves the drop1ets tended to remain attached to the tip of the needle 

or roll off when too large. This was solved by coating the tip of the 

needle with a thin 1ayer of vaseline. which tended to repe1 the droplets. • 

Placement of droplets was also made easier by preparing the spore sus

pension with a solution containing T.ween 20 (0.20 ml/l), or a gelatin

sodium oelate solution used as wetting agents. The later was more ef

fective. 

To reduce the variation in apare number in each droplet. due to 

settling, the eyedropper rubber was always partial1y compressed and, 

after three to four droplets were applied. a ama11 amount of air was 

allowed to enter the pipette. thus mixing the suspension. One droplet 

of spore suspension was placed on each leaf section at a time. Inocu

lated leaves were incubated in the dark at a conatant temperature of 

21 (+ 0.5 e) or 24 (+ 1.0 el. Between 16 to 20 houra after inoculation, 

the plates were removed to the laboratory at room temperature and the 

droplets dried for 20 to 30 minutes under a fan after which the plates 

were again returned to the incubator. 
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Determination of lesion types 

In general, the classification of lesion types was rnade according 

to the international classifieation, as proposed by Ou (15) at the 

Syrnposiurn on Rice Blast Disease. The criteria for rating resistance and 

susceptibility on detaehed leaves was slightly changed. The lesion types 

were classified in five sea le units and were prirnarily based on color, 

relative size of lesions, and on presence or absence of a necrotic center. 

For standard colors, the Dictionary of Color s (13) was used. A list of 

colors used is given in Tab1e 1. The necrotic center (area of collapsed 

cells), as mentioned in the international classification (l5), corre-

sponds to the central area of the 1esions with a gray (Cu, Sb), opaline 

green (Opg). olive green (Olg), white (w) to pinkish (Iv, Wj) color 

which is surrounded by a ring of dark disco10red cells. Table 2 gives 

the five scale units used and the characteristics of each scale. 

Determination of lesion size 

Lesion size was measured only once, eight days after inoculation. 

The criteria adopted for the rneasurements were as follows: six sections 

were chosen at random frorn each variety with 12 leaf sections inoculated; 

of these, two lesions, the largest and the srnal1est, were measured. The 

-len~th and width of each lesion was measured and multiplied, and the 

result given in mrn2• The results were then presented as the average 

size (rnrn2) of twelve lesions. Likewise, When the apical (A) and the 

basal (B) portions of the same leaf were inocu1ated, twelve leaf sec

tions of each leaf position were inecu1ated. Recerdings ef size were 

rnade as described above, first, separately fer each leaf portien (A and 



B}, and second, as the average between both. 

Determination of time of sporulation 
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Observations on the time of sporulation were made daily, from the 

chird day after inoculation, and up to the tenth day. Notes were taken 

on the first appearance of conidia using a microscope at 100X. After 

each observation the plates were put back into the incubator. 

Determination of number of sporeb produced 

The number of spores produced was determined 10 days after inocu

lation. Great variation in lesion types within and between varieties 

was observed. Soma varieties had no sporulating lesions, while others 

had few to almost all of the lesions producing spores. To measure 

spore production, the five best sporulating lesions of each variety 

were selected using an 80X dissecting microscope. In sorne cases only 

two or three lesions had sporulated and apore production could be 

counted directly under a 100X microscope. 

The five lesions were cut from the leaf with a scalpel, washed in 

a test tube with 1 mI of gelatin-sodium oleate solution, and the spores 

dislodged by shaking the test tubes with a Vortex Jr. shaker. The num

bers of spores were given as the average of six aliquota taken with a 

Pasteur pipette and counted with the Spencer "bright line" hemacyto

meter. Results are given as the average of five lesions. 

Inoculation of greenhouse planta 

Greenhouse-grownplants were also inoculated in order to compare 

the reactions of inoculations of detached leaves with the reactions on 

planta in pots. The main objective of thia work was to test as many 
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varieties and iso lates as posslble and then select those varieties 

showing las ion types 3 or 4 for use in i:ellts with the detaehed leaf tech

nique. However, due to the difficulties in growing rice plants, both 

tests had to be made simultaneously whenever healthy leaves were 

available. 

Observations were also made on lesion types, lesion color, time 

of sporulation, number of spores produced and time of ingress. 

For inoculation tests of greenhouse plants, seedlings were grown 

for 25 to 30 days under the conditions previously described; Six or 

eight pots, each representing one variety and containing seven seedlings, 

were sprayed with 20 mI suspension of conidia of one isolate. Inoculum 

concentration was the same as previously described. When more than one 

isolate was used simultaneously, the concentrations were adjusted as 

closely as possible. Inoculations were always made between 8:30 to 

9: 30 p.!!!. ¡when greenhouse temperatures were lower and the relative hu

midity higher. 

Inoculations were made using a DeVilbiss hand atomizer No. 127, 

attached to a General Electric 1/6 h.,. vacuum pump; with 10 pound. 

pressure, and with the nozzle held about 24 to 28 cm from the plants. 

Before inoculation. the seedlings were sprayed with about 10 mI of 

distilled water. Since the inoculations were made outside of the humid 

chamber, this extra spraying was done to prevent drying oí the inoculum 

droplets before the plants were taken to the incubation chamber. Check 

plants were . sprayed only with the gelatin-sodiumoleate solution. ·Fol

lowing inoculation, the seedlings weremaintained in a plastic chamber 
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(1.20 ro x 1.82 x 1.36 ro high), which was built by covering a steel 

frame over a greenhouse bench with plastic. The chamber was divided in 

three sections using plastic so that three iso lates could be tested at 

one time. The base of the chamber was covered with a plastic sheet to 

hold a nutrient solution (about 0.5 cm deep), in which the pots were 

left for 20 tO 24 hours after inoculation. After al1 plants were inocu

lated, the plastic chamber was sealed and high inside humidity was 

maintained for 12 tO 14 hours by producing a mist with a DeVilbiss at

omizer attached to the vacuum pump and set for 15 pounds pressure. 

Twelve to 14 hours after inoculation, before the inside temperatura went 

above 30 e, the chamber was partially opened, so that the coo1er air 

cou1d circu1ate inside. Temperatures in the moist chamber varied from 

21 e at night to 30 e during the day. A1though a constant high humidity 

was maintained throughout the incubation period, the maximum relative 

humidity recordad was around 96 percent. Fo1lowing tha high humidity 

period of 12 to 14 hours, the relative humidity in the chamber varied 

from 54 percent during the day to 86 percent during the niqht. Two days 

after inoculation, the p1ants were watered daily with 60 ml/pot of 

nutrient solution. 

Determination of les ion types 

Notes on lesion types were taken eiqht days after inoculation using 

the .first five scale units of the international c1assification (15). 

Since the readings of qreenhouse tests were taken at a shorter time 

after inocu1ation, and because greenhouse experiments had a higher 

inoculum concentration,ana amore favorable condition for symptom devel-
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opment than tests with detached leaves, the international classifica-

tion was slightly modified and adapted for the greenhouse tests. In 

the international classification. the scale units 5 to 7 are based on 

lesion number and area affected. In these tests, the scale 5 is meant 

to include all the susceptible reactions beyond scale 4 (Table 3). The 

color of the lesions given indicate only the most predominant discolor-

ations observed, and are based on the color charts of the Dictionary 

of Colors (13). 
. 

Determination of lesion color 

Lesion color was determined eight days after inoculation, and the 

method was the same as for the tests using detached leaves. 

Determination of time of sporulation 

On the same day when notes were taken on lesion type, infected 

leaves which were fu11y expanded at the time of inoculation were de-

tached and placed in Petri dishes with moist filter paper. The time 

of sporu1ation was then checked, considering the time of detaching as 

the O hour, and thereafter observations were made every hour, up to 

10 hours, following at 12, 14, 16, 24, 30 and 48 hours. Notes were 

taken on time of first emergence of conidiophores and first appearance 

of conidia. Observations were made at room temperatureand, between each 

observation, the plates containing the 1eaves were kept in the dark at 

Determinat;on of number of speres produced 

Forty-eight hours after infected 1eaves were detached, spore counts 
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were made by dissecting out the five hest sporulating lesions of each 

variety and washing them in l mI of gelatin-sodium oleate solution in 

a test tube. Spores were dislodged by shaking the test tube with a 

Vortex Jr. shaker. Six aliquots of the spore suspension were taken with 

a Pasteur pipette and counted with a Spencer "bright-line" hemocytometer. 

The number of sporulating lesions varied greatly froro one variety 

to another and the criterion adopted was to take up to five of the hest 

sporulating lesions of each variety, from a population of seven plants 

(in one 6-inch plastic pot). Each test was made with the same number of 

plants for all varieties. In sorne cases, few lesions had developed and 

only two to three sporulating lesions were available. The results are 

given based on the average number of spores per five lesions. 

RESULTS 

Lesion type 

On both detached leaves and whole plants inoculated in the green

house a considerable variation in lesian types was observed even on the 

same variety inoculated with a single isolate (Table 4). The most sus

ceptible lesion type was considered as representative of the actual 

reaction of the variety. 

Leston color 

smaller lesions generally had darker coloration, delayed sporula

tion, and reduced number of spores. A relationship of lesion color with 

other characteristics suggested that planta with lesions having green 

(surf green, olive green, pea green, opaline green or acacia) to gray 
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(cub, sandy beige and mineral gray) centers were more susceptible, had 

larger lesions, more rapid sporulation, greater number of spores formed, 

and a larger yellow margino White to pinkish {ivory or white jade} cen

ters occurred in many lesions of types 3, 4 and 5 and on these light-col

ored areas sporulation was delayed and fewer spores were formed. Lesions 

with wider black or purple (graphite) to dark brown (autumn and burnt 

umber) and brown (chipmunk, cinnamon, spice or talavera) areas had le

sions with a center with restricted size (1 to 2 mm in diameter) and 

usually white to pinkish color. The lesion size was restricted by the 

yellow margin, sporulation was delayed, and there were fewer spores 

produced. 

Detached leaves generally had more susceptible reactions than 

plants inoculated in the greenhouse with the same isolates. The lesions 

were darker in color among the resistant varieties in the detached leaf 

inoculation as compared to susceptible varieties. The center of lesions 

on detached leaves was mostly green to gray and generally had fewer 

dark areas. Except for lesion type 3, no white or pinkish coloration 

was present in the center of lesions inoculated by the detached leaf 

technique while this was common in lesion types 3, 4 and 5 in the 

greenhouse inoculations. 

Size of lesions 

Lesion size was only measured on detached leaves. Lesions formed 

on susceptible varieties and selections had a large yellow margin that 

often coalesced with the neighboring lesions. In all measurements the 

entire coloredarea of the lesions was ~onsidered. Results are given 



- 14 -

in Table 5. Lasion size of varieties and selections ahowing only hyper

sensitive reactions did not enlarge beyond the area where the microdrops 

of inoculum had been placed. The lesiona rarely measured more than 1 mm 

in diameter. Variation was observed within the same lesion type on the 

same variety When inoculated with different isolates. This may have been 

due to a varying number of lesions, which were selected as being typica1 

and taken as the basis for classifying the lesion types of each variety 

and selection. In general. the results indicated that the average size 

of lesiona increased with greater susceptibi1ity (Table 6). Analysis 

of variance on size of 1esions made between varieties Binato, Peta and 

saturno and the five iso lates shown in Table 5, indicated a highly sig

nificant difference among iso1ates, among varieties and in the in ter

action variety X isolates. Each variety had 12 lesions measured (mm2), 

representing 12 replicates out of 36 or 48 lesions developed on 12 leaf 

sections. 

Inoculations made on the apical (A) and basal (B) portions of the 

same 1eaf of different varieties and iso lates to determine whether a 

difference existed in susceptibility, indicated no difference on the 

resistant varieties. Differences in lesion size among varieties and 

selections Padma, T-14l, TKM-6, Peta and Saturn (increasing order of 

susceptibility), using isolates 27, 59L13 and 68 TI. are shown in 

Table 7. These differences were highly significant for varieties and 

1eaf positions A and B. size of lesions on position A was significantly 

smaller than on position B. The average size of lesions on both 1eaf 

positions A and B increased with an increase in susceptibility (Tab1e 8). 
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Considerable variation in size of lesion was observed among isolates. 

Time of sporulation 

Observations of sporulation on detached leaves were made daily, 

starting 3 days after inocu1ation and continuing for 10 days. No spores 

were formed on lesion type 1, on1y rarely on type 2, but spores were 

always observed on lesion types 3, 4, and 5, often as early as 4 days 

after inoculation on types 4 and 5. Usually,sporulation took longer on 

types 3 and :2. 

The results of sporulation on seedlings inoculated in the green

house are more useful. A great variation in time of sporulation was 

observed in the same lesion type and on the same variety. Results on 

time of conidiophore and conidia formation are presented in Table 9. 

Conidiophores and conidia appeared as early as 1 hour after infected 

leaves were detached from the varieties Peta and Saturn inoculated 

with isolate 68L4. No conidiophores were formed 14 hours after leaves 

were detached and the longest period to produce conidia "was 30 hours. 

Spores were not formed on lesion types 1 and rarely on type 2. 

A comparison of range and average time of conidiophore and conidia 

formation with lesion types showed-that lesion type 5 took the least 

amount ~f time to sporulate,and was followed by lesion types 4, 3 and 

2 (Table 10). When conidiophores emerged four hours after leaves were 

placed in the moist chamber, conidia formation generally fo11owed in 

one to three hours. When conidiophores took more than five hours to 

emerge, conidia formation was delayed from four to 20 hours (Table 9). 
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Rumber o, spares produced 

The number of spores produced inereased with an inerease in sus

ceptibi1ity, both in the greenhouse and detaehed leaf inoculations. 

en lesion types 3, 4, and 5, the number of spores varied greatly 

within the same lesion type. The results obtained with seedlings in 

the greenhouse are given in Tables 11 and 12. 

Tue of ingress 

A study of time of ingress with the detached leaf technique 

failed to show notable differences among varieties and isolates.Like

wise, in a greenhouse test, no relationship was observed between tue 

of ingress and the other characteristics studieo in the one test 

made: therefore, the results of these tests are not given. 

DISCUSSION 

Ooe of the most difficult problems encountered in making this 

study was the diversity of lesion types observad on the varietiea 

and selections used. This occurred even When a single isolate of 

~ oryzae waa used. Such resulta might be expected When one considera 

the results af Ou ~A! (16). Kobayashi and Ahumiya (11) found that 

higher concentrations of inoculum resulted in severe damage to the 

leaves, and that varieties differed in the number of lesions produced 

with varying inoculum concentrations.lt is possible that the differ

ences in size and inoculum concentrations of the droplets on the 

leaves may be the explanation far the highly resistant reactiona Which 

were observed along with highly susceptible reactionaon the same leaf. 

Reparts on the aetual size of lesiona and their relationship with 
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color, shape and sporulation was not found in the literature. References 

in the literature to size of lesions and their relationship to resistance 

or susceptibility were usually made as "small" or "large" lesions. 

Hashioka (4) notedthat when lesions were large with typical fusiform 

shape and dark gray centers, sporulation was most abundant; and that a 

decrease in size resulted in less sporulation and increased dark color 

of the lesions. Similarresults were obtained in this study. 

It was found that the intensity and distribution of lesion colors 

may bea good indication of the degree of resistance of the rice plant 

to the blast fungus. Differences in color of lesions observed between 

detached leaf and greenhouse inoculations should be studied more care

fully. Study should also be made on whether or not the color and other 

characteristics observed on detached leaves actually indicate the re

action patterns that are expressed by plants exposed to greenhouse or 

field inoculations.As mentioned by Kobayashi and Abumiya (11), inoculum 

concentration affects disease severity and may also alter the color 

intensity of the lesions. In future studies it would be useful to 

standardize, as well as possible, the concentration of inoculum in the 

droplets of spore suspension appliedon detached leaves and alsothe 

inoculUm usad for field or greenhouse inoculations. The lighter color 

and higher susceptibility observed in detached leaf inoculations may 

be related to higher concentration of inoculum in each droplet. 

Toyoda and Suzuki (20) ob.$erved that sporulation on greenhouse 

plants was more rapid and abundant on lesion type 4, le$s on 5 and 3~ 

and spores were sparsely formed on 2 and were absent on type l. The 
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present study indicates that the average time (hour) of sporulation on 

inoculated·qreenlilouse planta was shorter on lesion type 5 with more 

abundant spores being formed. Also in contrast to Toyoda and Suzuki (20), 

the number of spores produced was highest in lesion type 5 When detached 

leavea were inoculated. 

Sporulation was more abundant on detached leaves in Petri plates 

than on leaves inoculated in the greenhouse and then detaehed. Detached 

leaves also gave a more susceptible reaction. This may have been caused 

by the yellowing which began from the eut ends within four to five days. 

In many instances the leaves were entirely yellow before any symptoma 

developed. A more valid reaction would undoubtedly be obtained with 

leaves from healthy plants. 

Differences in suseeptibility between the apical and the basal 

portion of the last fully developed leaves could be related to tissue 

age. The leaf unfolds or emerges from the tipa, thus the basal section 

has the youngest tissue. This observation agrees with that of Kato et al 

(10) that sporulation was greater when leaves were inoculated at the 

middle stage of expansiono Kahn and Libby (9) reported that younger 

upper leaves were the most susceptible, with resiatance increasing 

upward. For future tests it would appear that only the basal half of 

the youngest, but most fully developed, leaf should be used for the 

detached leaf inoculation. No relationahip was observed between time 

of ingress and susceptibility. The experiments made during this atudy 

were not replieated and should be repeated with additional varieties 

before definite eonclusions can be drawn. 
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It should be pointed out that the present studies were conducted 

under conditions un favorable for normal rice plant development. Plant 

chlorosis and other physiologic disorders, referred to as "winter sick

ness", were constant problems. Therefore, experiments should be made 

with healthier plants before conclusions can be made regarding the re

lationships among the characteristics observed. Experiments should be 

repeated with healthy plants, grown together under identical conditions 

and inoculated with the same spore suspension. Since physiological dis

orders in rice plantsseem to be a common problem in greenhouse cultures 

(12), experimental results should be confirmed with healthy plants grown 

in the field. 

No conclusions can be made as to what might represent general re

sistance in rice to P. oryzae from the results of these studies. In 

addition, the results obtained were highly variable. Nevertheless, it 

has been demonstrated that the characteristics considered can actually 

be measured, and the study may serve as a valuable source of information 

for further studies. 

SUMMARY 

A study of certain factors which may affect general resistance in 

rice to Pyricularia oryzae Cavo was made in the laboratory by inoculating 

detached leaves in Petri dishes and by inoculating potted plants in the 

greenhouse. The inoculation of potted plants in the greenhouse was made 

primarily in order to find varieties with lesion types 3 and 4. Unfor

tunately, plants grew poorly so that studies with detached leaves and 
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greenhouse inoculations had to be made simultaneously with a limited 

number of varieties and isolates. Inoculum of P. orV!ae was initially 

produeed on 2 pereent rice polish agar, but culture on fresh, sterilized, 

erushed leaves gave better results and inoculum from this souree was 

used during the rest of the study. 

General resistance in rice to R,. oryzae might be expressed through 

redueed size of lesions, delayed time of sporulation, reduced number of 

spores, delayed time of ingress, and specific color of leaions. Thus 

the factor s studied as possible indicators of general reaiatance were: 

a) size of les ion, b) color of lesiona, e) time of sporulation, d) num

ber of spores produced, and e) time of ingress. Attempta were made to 

find relationships among these characteristics Which would express gen

eral resistance. Tests were also made to determine the differences in 

susceptibility between the apical and basal portions of the youngest, 

but fully expanded leaves. 

Even using a single isolate,a wide variation in lesion types 

occurred on the same variety in both the detached leaf and greenhouse 

inoculations. Reactions varied from highly resistant to highly sus

ceptible. The size of lesions measured on detached leaves also showed 

extreme variation among and within the same varieties with different 

isolates. In general, size of lesions increased with an increase in 

susceptibility. / / 

Smaller lesions generally had darker coloration, delayed sporula

tion, and reduced number of spores. A relationship of lesion color with 
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other characteristics suggested that plants with lesiona having green 

(surf green, olive green, pea green, opaline green or acacia) to gray 

(cub, sandy beige and mineral gray) centers were more susceptible, had 

larger lesions, more rapid sporulation, greater number of spores formed, 

and a larger yellow margino White to pinkish (ivory or white jade) cen

ters occurred in many lesions of types 3, 4 and 5 and on these. light-col

ored areas sperulation was delayed, and fewer spores were formed. Lesions 

with wider black or purple (graphite) to dark brown (autumn and burnt 

umber) and brown (chipmunk, cinnamon, spice or talavera) areas had le

sions with a center with restricted size (1 to 2 mm in diameter), and 

usually white to pinkish color. The lesion siza was restricted by the 

yellow margin, sporulation was delayed, and there were fewer speres 

produced. 

Detached leaves generally had more susceptible reaction than plants 

inoculated in the greenhouse with the same isolates. The lesions were 

darker in color among the resistant varieties in the detached leaf in

oculation as compared to susceptible varieties. The center of lesions 

on detached lea ves was mostly green to gray and generally had fewer 

dark areas. Except for lesion type 3, no white or pinkish coloration 

was present in the center of lesions inoculated by the detached leaf 

technique, while this was common in lesion types 3, 4 and 5 in the 

greenhouse inoculations. 

Time of conidiophore and conidia formation in the greenhouse in

oculations showed variation in the same lesion type among varieties. 

In general, the time to produce spores increased with increased resis

tance. 
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Conidiophores were rarely formed in less than 4 houmunder high hu

midity in susceptible to highly susceptible varieties. When conidio

phores were formed within 4 to 5 hours under high humidity. conidial 

formation followed 1 to 7 hours latero conidial formation was fre

quently delayed when conidiophores took more than 6 hours to emerge. 

No differences were noted between les ion types 4 and 5 in regard 

to time of sporulation on detached leaves. Sporulation took longer on 

lesion types 3 and 2. Sporulation rarely occurred on lesion type 2. 

The number of apores produced increased with an increase in sus

ceptibility. both in the greenhouse and detached leaf inoculations. 

On las ion types 3, 4 and 5, the number of spores varied greatly within 

the same lesion type. In general, sporulation was more abundant when 

detached leaves were inoculated. 

Inoculations of the apical and basal portions of the same leaf. 

vJith the same isolate, indicated that the' basal portion was more sus

ceptible. Lesions w.ere much larger. sporulation was faster, and a 

larger number of spares were produced on the basal partions. No dif

ferences were observed among the highly reaistant varieties between 

the apical and basal portions of the same leaf. 
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Table 1- List of colors observed on lesions caused by f. oryzae on 

rice leaves lnoculated in Petri dishe.s and the greenhouse. 

Standard 1/ Key to the COI!IDlon 1:.1 

Symbols color Dictionary colors 

a b e 1.1 
01g Ol1vc green 22 B 6 
Opg Opaline green 17 A 6 

Pg Pea green 20 G 6 Green 
Sg Sud green 20 C 7 
n Flax 12 B 2 
Ac Acacia 11 K 1 Grayish -green 

en Cub 15 C , .. 
Sb Sandy Beige 14 A 3 Gral' 
Mg Mineral gray 20 A 2 

Wj White jadE! 10 A 2 Light pink Iv Ivory 10 B 2 

W White White 

Cr Graphite 48 C 7 Black, purple 

Au Autumn 8 A 12 Dark brown Bu Bumt umber 15 A 12 

eh Chipmunk 13 L 9 
Cm Cinnamon 12 E 7 Brown 
Sp Spice 13 A 12 
Iv Ta1avera 12 A 12 

Ap Aprteot 10 F 7 l!.eddish-bro-.m 

GI Go1d 1eaf 11 K 8 
My Martins ye110w 9 1 1 Yc110w 

Ley Lig\1t ehrome yellml 10 L 4 
Sy Spruce yello" 12 K 8 

.!.I Aeeording to the Dietionary of Colors (13). 

1/ COmmOn names eited in the literature. 

_2/ a) Plate number, b) Column, and e) Line 



Table 2. Five scale units of dlaeasa reactlon on detached rice leaves 

Scale 
unlts 

l 

used in the classificatlon of lesion types caused by ! . 

. o:r:yzae. 

!.eslan types !I 

Lestons limitad ta the sito of inoculation; graphite (01') 

te bumt umber (Bu); no necrotic center; no yellow margin 

fontad. 

2 Restricted lesion, about 2-3 mm long; graphite (Gr). 

autumn (Au) to bumt umber (Bu) canter; spice (Sp), gold 

leaf (Gl) too martius ye110w (My) marg:l.n; no neC'rotlc center. 

3 Leslons up to 6 mm long; sma11 (2-3 mm) opalina ¡reen 

(Opg). pea green (Pg), olive ¡reen (Olg), ta ivory (Iv) 

necrotic center; thlck graphite (Gr), autumn (Au) bumt 

umber (Bu) ta spice (Sp) zone; and gold leaf {Gl) to 

maTtiua yellow (My) lI'.argin.. 

4 Lesiona up to 10 mm long; frequently wieh pea ¡re en (Pg), 

oliva Brean (Olg) to mineral gray (~~) necrotic eenter; 

humt umber (Bu) and oceasionally graphite (Gr) zone; 

¡old leaf (Gl). murtiua yellow (My) to llght chroma yellow 

(Ley) margino 

S Lesions more than X~ mm long; pea green (Pg), opaline 

¡raen (Opg) to olive green.(Olg) cantel', rare17 with bumé 

umber (Bu) zona; spice (Sp), ¡old leaf (G1), light chrome 

ye110w (Ley) to martius yellow (Mi') margine 

l/Color of the lesions are from the cantel' toward che margino 
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Tabl. 3- Flve scale unlts of dlsease reaction on rice plants lnocu-

lated in the greenhouse, used in the classification of 

lesion types caused by!. oryzae. 

Scale 
unita 

Lesion types 1/ 

1 Only sma11, brown (autumn to a~ic6) epecks, few or many 

with no necrotic (Cdllap~ed cell) spoes. 

2 Sltghtly largar (2-3 mm in di~), graphite (Gr), autumn 

(An) to apice (Sp) apots, with gold leaf (GI) margino no 

necrotic (collapsed cell) spota. 

3 Small, roundiah, necrotic, gray (Cu or Sb) to olive green 

(Olg) center (about 1-2 mm in diam); surrounded by graphite 

(Gr), autumn (Au) to spice (Sp) and gold lesf (Gl) margin, 

whiCh 15 somewhat elliptieal. 

4 Typical blast les ion, elliptieal, somewhat restricted 

(up to 6 mm long), with larga necrotic, gray (Cu or Sb), 

olive green (Olg) to opaline green (Opg), and sometimes 

white center; graphite (Gr). suturen (Au). spiee (Sp) to 

gold leaf (Gl) margino 

S Leslons larger sud broader than in seale 4 (more than 6 mm 

long); large gray (Cu or Sb), olive green (Olg), opaline 

Breen (Opg) to white eenter; graphite (Gr) to autumn (Au) 

not always p:esent, mostly spiee (Sp) te gold leaf (GI) 

margin; upper portion of seedling leaves may be killed 

by cealescence o~ large lesions. 

1/ 
- Adapted from the intenlationsl class~f1eation fer fieId and 

nursery tests (lS). 
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Table 4. Range of les ion types on detached leaves of 13 rice 

varieties inocu1ated wlth five lso1ates of l. oryzae. 

V"rieties Isolate number and lesion types 11 
end 

.electiona US5 27 ,59L13 681.4 65T1 

IR8 1 1 - '1:/ 
Taichung 1 1 • 

(Ka Uve 1) 

IRS-47-2 1 • 2 1 1 - 2 1 

Fortuna 1 - 2 1 - 2 

Padma 1 - 3 1 - 2 1 - 2 

T-141 1 • 3 1 1 -
'l'-KIIl6 1 - 3 1 - 2 1 - 3 

P1215-936 1 - 3 1 

IRI54-61-1 1 - 3 1 • 3 1 - 3 1 - 4 

Bluehelle 1 - 3 1 

Bluebonnet 50 1 - 4 1 - 4 1 - 4 

Peta 1 - 4 1 • 2 1 - 3 1 • 3 1 - 2 

JU.nato 2 - 5 1 - 3 1 - 4 1 - 4 2 - 5 

Saturn 1 - 3 1 .1 3 - 5 2 - 5 

l.! Lesion types: 1) High1y resistant; 2) Resistant; 3) Moderately 

resistant; 4) Susceptible; S) Highly susceptible. 

~I Materials not available 

- 30 -



2 
Tabla~. Siza of laaiona (mm ). maasured eigbt daya after inoculation of detached leavea of 

rice witb !. oryzae.!/ 

Varietiea 22/ Iaolate no. and aize of lesiona (mm ) -
and 

se1ections uss 27 59 L 13 68 L 4 

Padma 2.87 (3)11 1.07 (2) 1.06 (2) 

T-J4l 3.78 (3) 1.00 (1) 0.77 (1) 

'l'Y~!-6 5.11 (3) 1.86 (2) 7.11 (3) 

IRIS4-6I-I-I 9.37 (3) 2.77 (3) 1.45- (3) 

B!uebonnet 50 13.42 (4) 14.26 (4) 

Peta S.70 (4) .3.09 (2) 11.37 (3) 6.33 (3) 

Binato 2S.7/. (S) 6.2S (3) 8.08 (4) 12.70 (4) 

Satum 1.53 (3) 1.00 (1) 1.00 (1) 29.99 (5) 

!/Varieties. iso1atea and interaetion differed at 1~ 1eve1 (see Tab1e 10). 

llAverage of 12 1esions/iso1ate. 

31 - Number in parentbeses indieates the les ion type. 

~/Not tested. 

68 T 1 

4/ --

4.22 (4) 

13.2S (4) 

1.14 (2) 

16.90 (S) 

25.46 (5) 
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2 Table 6. Range and average size of lesions <_ ) of eaeh lesion 

type on detached leaves. 

S1ze of les10n (mm2) 11 
tea10n I:ype Range Average 

1 0.77 - 1.00 0.99 

2 1.06 - 3.09 1.84 

3 1.71 - 11.37 S.07 

4 4.22 - 14.26 10.22 

S 16.90 - 29.99 24.S2' 

1/ -Average of 12 les1ons/1so1ate. 



Table 7. Compar:l.son between stze of lesions on detached leaves. of 

the apical (A) and basal (B) positions of the sama leaf. 

lDoculated with !. oryzae.11 

Varieties 
and 

selections 

Leaf IaoIate number and size of lesions (mm
2) ~I 

Padma 

'1:-141 

'BIuebonnet SO 

Peta 

llinato 

Satum 

pos. 

A 

B 

A 

B 

A 

B 

A 

B 

A 

:a 

A 

B 

A 

B 

A 

B 

USS 

31 --

5.59 

5.82 

25.74 

1.53 

27 

1.00· 

4.66 

6.14 

1.43 

0.95' 

9.28 

1.01 

5.17 

6.25 

1.00 
1.00 

S9L13 

1.00 

1.14 

1.00 

1.21 

1.07 

2.98 

1.50 

4.04 

5.75 

24.50 

6.75 

16.00 

10.08 

6.08 

1.00 

1.00 

68lA. 

1.00 

1.12 

0.92 

0.63 

0.64 

14.29 

1.45 

7.52 

21.00 

4.91 

7.75 

8.43 

16.97 

21.12 
36.87 

68Tl 

-
1.91 

6.54 

9.66 

16.85 

1.19 

1.00 

14.66 

19.25 

20.22 

31.70 

l/Yarieties. isolates, leaf 

l~ level (see Table 12). 
positions and interactiona differed at 

2/ 
-Average of 12 lesions/leaf position/isolate. 

~/NOt. tested. 

!/Only one leaf section/lesf was inoculated. 
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Table 8,. 2 Range and average size of.lesians (mm) an detached laaves 

(leaf position A snd B). in relatian ta lesian types. 

Size af lesian (mm
2) 

tesian type Leaf pos. 
Ranga Average 

A 0.92 - 1.00 0.98 
1 

B 0.63 - 1.21 0.96 

A 1.00 - 1.19 1.04 
2 

B 1.00 - 4.66 2.67 

A 0.64 - 6.75 3.44 
3 

B 1.43 - 16.00 8.79 

A 1.91 - 10.08 6.99 
4 

B 5.82 - 24.50 13.96 

A 14.66 - 21.12 18.76 
S 

B 19.25 - 36.87 29.27 



Tabla 9. Time(hour)of conidiophore and conidia formation by f. oryzae on rice leaves ", ... ;) -
detached eight days after inoculation in the greenhouse and observed in 

motst Petri dishes for 48 hours. 

Varletles Isolate number snd time (hr) of conldiophore and conldia formation 
and 

ae1ectiona USs 27 59L13 68AIO 68A12 68A14 68L4 68T1 

a b 1/ a b a b a b a b a b a b a b 

Psdms 2/ x- le 4 10 4 9 10 '14 5 12 x 10 14 

IR154-61-1-1 6 14 6 14- 3/ -- -
PI215-936 le le x le 5 14 4 12 le S 12 

T-141 le 10 14 x 8 14 14 24 ,x x 4 7 

Satum 6 10 6 24 le x le le 1 1 4 S 

Peta 2 6 x 4 8 x x le 1 1 le 

Binato 10 16 12 16 le x x le le 4 S 

TKM-6 10 14 10 30 S 9 4 7 S 10 10 14 4 7 

!-' s) Time of conidiophore formation; b) Time of conidis formation. 

!I Neither conldlophores nor conldla formed. 

:J./ Not tested. 



Table 10. ~elationship of lesion types, range and average time(hour)of • 36 -

conidiophore and conidia formation in R. oryzas, produced on 

rice leaves detached eight daya after inoculation in the green-

house and kept in moist Petri dishes for 48 hours. 

Con id iophore Conldia 

Leaian type ranga average ranga average 
hr hr br br 

1 1/ x x 1- X 

2 8 - 14 11.06 14 - 24 18.00 

3 4 - 12 7.16 3 - 30 14.41 

.. 
4 1 - 6 4.55 1 - 24 11.00 

5 1 - 5 3.43 1 - 10 5.85 

11 Na sparas formed. 



Table 11. Number of conidia of eight isolates of f. oryzae produced on rice 

Vsrietiea 
and 

se1ections 

Padma 

IR154-61-l-l 

P1215-936 

T-141 

Satum 

Peta 

Binato 

TKM-6 

leaves, detached eight days after inoculation in the greenhouse 

and 48 hours after being placed in moist Petri dishes. 

US5 

1000X 

o 

1.BO 

O 

o 

6.20 

2.00 

0.05 

lsolate number and number of conidia produced 1/ 

27 

1000X 

o 

0.55(4,1/ 

O 

0.07(3) 

0.26 

O 

0.14 

0.03(2) 

59L13 

1000X 

1.66 

O 

O 

1.75 

O 

0.10 

6BAIO 

1000X 

9.33 
_ 1/ 

o 

0.07(3) 

O 

o 

O 

9.00 

6BA12 

1000X 

1.33 

0.33 

0.10 

O 

O 

O 

4.50 

6BA14 

1000X 

0.66 

0.16 

O 

O 

O 

O 

3.12 

6B14 

1000X 

O 

o 

o 

6.14 

11.BO 

O 

0.50 

6Brl 

1000X 

2.50 

5.33 

lB.OO 

20.20 

O 

lB.33 

2.70 

1/ - Results are the average offive best sporulating lesiona aelected under BOX dissecting 

microscope. 

2/ - Numbers in parentheses indicate number of sporulating lesions that were available. 

1/ Not tested. 
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Table 12. Relationship of lesion types with range and average number 

of conidia of eight bolates of 1:: oryzae produced on rice 

leaves, eight days after inoculation in the greenhouse and 

48 hours after being placed in molst Petri dishes. 

Number of conidia 
Lesion type 

Range Average 

1 O O 

2 SO - 100 73 

3 30 - 2500 669 

4' 160 - 9330 4447 

S 2000 - 20200 10878 

- 38 -
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Braai~ occupies the sixth p~ace in the wor~d as a rice~ 

producing country, with a cu~tivated area of approximately 

5 mil~ion hectares, of which ehout 3S per cent i8 irrigated 

and ehout 6S par cent unirrigated, w1th a total yie~d of 

ehout 7 m11l1on tons/year. The ma1n producers are the States 

of Go1as, R10 Grande do Sul, Sao Paulo, Minas Gera1s and 

Maranhao (Map 1). 

In the State of Sao Pau~o 78.8 per cent of the c~t1vated 

area is on un1rrigated s011 and only 2.6 per cent is on irri

gated soill the rema1ning 19.1 per cent :ie cultivated on hum1d 

soils without 1rr1gat10n. In the State of Río Grande do Sul, 

the situation is the oppos1te, 98 per cent of the cu~tivated 

area is irrigated. 

The main rice diseases founa in the growing areas of Brazil 

are caused by funq.1, and their occurrence depends on several 

factors, most~y climatic conditions (hum1a1ty, temperature and 

sun~ight) which together w1th defective agricultura~ practices, 

favour the appearance, development and d1ssem1nation of the 

causal agents and increase the susceptibi11ty of the p~ants. 



2. 

Rica hlast disease 

Rice hlast caused by Pyricularia oryzae, Cav., is the most 

common and ¡mportantrice disease in Brazil. Considerable damage 

to the crops, limitingnational average rice fields, is due to 

blast. 

According to the availahle literature the first findings 

were rnade in 1912 (3) and 1920 (9) in the Sta te of Sao Paulo, in 

1930 (18) in the State of Minas Gerais, in 1935 (20) in Rio 

Grande do Sul, in 1946 (4) in Bahia and the northern States, 

particularly in the Sao Francisco River Valley. 

The' incidence of rice hlast has heen increasing year after 

year in the main producing areas. When the environrnental condi

tions are favourábletothe development of the disease, it becomes 

epiphytotic, causing large lossas in either irrigated or unirrigated 

are as (1, 7, 10, 11, 15, 16, 17, 19, 21, 23, 25, 26, 27, 29, 30). 

The symptoms of the disease are usually found on leaves, 

culms, branches of the' panicle and floral structures; hut in Rio 

Grande do Sul one of the mo'st commonly observed symptonís is the 

"rotten-neck"(5, 23). 

Research work on rice blast disease has been carried out 

mainly at the Instituto Biologico, Sao Paulo, in the State of 

Sao Paulo, at the Instituto Riograndense do Arroz, Porto Alegre, 

and Instituto de Pesquisas Agropecuarias do Sul, pelotas, hoth 

in the State of Rio Grande do Sul, according to the following 

lines: 

I - Laboratory studies: b:1ology andmorphology of the causal 

fungus Pyricularia 0rizae. 



II - Identification of the pbysiologic races of P. 0;rYl1Iae 

in Brazil. 

III - Varietal resistance. 

IV. - Control. 

I - Laborato;}' studies on the bioloiY and morpboloqr of tbe 

fungus Prricularia o;}'za,. 

1.1 - sao Paulo State 

The results obtained indicated that: 

3. 

a) In PDA culture medium the optimum growth temperature 

lies between 27 and 30 p e (24). 

b) Optimum temperature for spore ge.i:mination is 27°C 

at pH 5.5 to 6.0 (l). 

e) Isolates can be elassified in three morpblogieal 

groups according to the spore lenqthl 1) 23.2 to 

26.2 miera; 2) 17.2 to 20.1 micra; 3) intermediate 

measures (24). 

II - Identification of the pbysiologic raees of P. or)"zae 

For tbe identification of the physiologic races, the inter

national method&logy proposed by Aekins et al (2) has been used. 

, !l'he,race group and classification number was based on the 

Table proposed by lnternational Rice Research Institute, IRRI, 

(28) • 

The results obtained showed that: 

II.l - Sao Paulo State. 

a) Physiologic races may ocour in large number since a 



high pathogenie variability has been deteeted. Four 

raceSl ID-13, IA-65, IB-l and IC-5 were identified in 

a group of 5 isolates obtained from upland rice plants 

eolleeted at Itu, Sao Joao da Boa Vista, Lins, Monte 

Aprazivel and Ribeirao Preto munieipalities. In another 

group of 4 isolates from Bebedouro, Santa Barbara do Rio 

4. 

Pardo, Ituverava and Campi~as munieipalities,three other 

raees will certainly be identified, depending on Raminad 

Str.3 reaction,which has not yet been observed (1). 

b)Four isolates of P. oryzae, obtained from the basal node 

of the paniele, did not affect the leaves of any of the 

varieties included in the International Differential Group, 

nor of a set of 42 Brazilian cultivars: Dourado-peludo, 

Dourado-agulha, Cateto-braneo, Jaguari, Iguape-peludo, 

7-V-IO, 4 meses, Matao Branco, Espinho, Perola, Cateto-

dourado, Iguape-agulha, Bieo-braneo, Gaiano, Pindorama, 

Guedes, Birigui- Santa America, Agulha ESALQ-12, Ponta-

Preta LAMG, Terra Roxa, Paulinia, Dourado-cearense, 3 me-

ses, Dourado-precoce, 7-V-4", 7-V-8, Veranopolis, IAC-B, 

IAC-9, IAC-4, Come-cru, Chatao, Aviao, Guarapiranga, , 
Guaiba, IAC-120, IAC-435, IAC-1246, IAC-209l, Pratao-

precoce and Pratao comercial (1). 

e) The raees IA65 and IBl were found to be the most pathogenic 

on 42 Brazilian eultivars, sinee 35.7 per cent and 33.3 per 

eent of these cultivars were respectively infected by the 

two races. Raee IC-5 was les s pathogenie on these cultivara 



5. 

since it affectea on1y 11.8 per cent of them (1). 

rr.2 - Rio Grande do Sul State 

rcs '" lC"l' lE , IG , IG , IR , II were idantified 
, ~ 512 1 1 

in a group of 63 isolates obtained from rice plants 

cultivated on irrigated soil, located at the Coastal 

area, SE Slopes, Central Lowland and SE Bills. This 

result shows that there is a high pathogenic variability 

in the fungus population in the Rio Grande do Sul State 

(22-23) " 

b) lt has been possible to identify several sub-races by 

inoculating the above mentioned races onto a group of 

6 local cultivars: Stirpe Sel.Pelotas, ESA 404, EEA 405, 

EEA 406, Sel.IPEAS 2169 ana ESA 201 (22). 

e) Many ::x,aces, although differant, eaused similar reactions 

on these 6 cultivars. The Stirpe Sel. Pelotas cultivar 

proved to be the most resistant and ealoro the most 

susceptible. 

d) In Rio Grande do Sul the predominant races are: IG
l 

(19.61 per cant of the isolates) les s pathoganic to 

the local cultivars; lAS and lBS (13.74 and 11.77 per 

cent of the isolates, respectively) which, with the 

races IAl and lB2 , are highly pathoganic to the cultivar s 

generally grown in the State, i.e., ESA-404 and others 

resulting from interbreeding Zenith and Maravilha (22) •. 



6. 

e) A set of 145 cultivars was inocuíatea with the prevailing 

races lA ana IG , and with a mixture of both: a deerease 
5 1 

of pathogenieity of the raee IA-5 was observed when the 

mixture was inoculated (23). 

111 - Varietal resistance 

111.1 - Sao Paulo State 

a) The tests for blast resistance under field conditions 

on unirrigated soil began in the agricultural year 1964/65 

with 519 cultivars (14). In the subsequent years 

another 36 cultivars (hybrias from the Instituto Agro-

nomico of Campinas, and new1y introauced ones) were 

addea to these tests. 

Two experimental fielas were annua11y established in 

Campinas, one at Mario D'Apice Experimental Station of the Insti-

tuto 8iologico, and the other at the Theodureto de Camargo Experi-

mental Station of the Instituto Agronomico. 

In the 1964/65 mentioned field, seeds of each cultivar 

were sown in one 2 meter long line with a spacing of 0.5 m. In 

the successive tests two cfose lines of 2 meters were sown with 

each cultivar, with two replications. The border lines as well 

as every tenth line in the field were sown with susceptible 

cultivars: 7-V-IO, IAC-l62 aml Dourado-precoce. At the tillering 

stage some of the rice plants from the border lines were inoculated 

as follows: in the 1964/65 test,inocu1um of the fungus was put 

inside the still uprolled newast leaf; in the subsequent tests, 

spore suspension of·each of the races IC-5, IA-65, IB-l, lD-13 



and iso la tes number G-138 and G-Vi5 were sprayed on all the 

border lines plants. 

7. 

The reading of the incidence of blast on leaves and panicles 

was made according to the type of lesions (R, MR, M, MS, S) and 

the percentage of the affected area (-t (trace), 5, 10, 20 ••• 

100), (14). 

The sama reading method was used for estimating the incidence 

of other di seas es which occurred by natural infection, such as: 

helminthosporiosis-Helminthosporium oryzae, cercosporiosis -

Cercospora oryzae,"mulata"or bronzing of the stem {unknown causa}; 

"lista parda" or brown stripe - a wall marked brown-red longitudinal 

stripe which, beginning at the basis of the sheath, extends to 

the end of the leaf (unknown cause), although sorne microorganisms 

have been consistently isolated from the lesions (a fungus of the 

genus Fusarium and a bacteria of the genus Xanthomonas) (1). 

After successive screenings, always eliminating the cultivars 

which showed susceptibility over 10 S ( = 10 per oent of the leaf 

area affected), only 31 out of the 555 tested cultivara were used 

in the 1970/71 fields. 

As a result 20 of them were found to be reaistant to blast. 

From these on1y 4 were resistant to a11 the aboye mentioned 

diseases: Binicol, H-4, Down and Hsedni-56 (Tabla 1). 

Six cultivar s {64/75 = (7-V-4 x 59/90), 64/47 = (IAC-1246 

x 1391), IAC-435, IAC-5032, IAC-2091.and aico-ganga) which showed 

resistance in the 1970/71 test had been previously found susceptible 

at the ~dureto de Camargo Experimental Station in 1969/70, 



8. 

where the incidence of blast dis~ase was much more severe than 

at the Mario D'Apice Experimental Station. Therefore these six 

cultivars must be inc1uded in the next fie1d test in 1971/72 (1). 

The tests at the Theodureto de Camargo Experiment Station in 

1968/69 and 1970/71 were lost due to drought. 

b) At the bed-test carried out in 1969/70 with the 1AC-435, 

1AC-1246, IAC-120, Batatais, IAC-l06, IAC-146, Pratao-precose, 

Dourado-precoce and IR-a cultivars, 'inoculated with blast infected 

rice 1eaves, the cultivars IR-a, IAC-I06, and Pratao-precoce were 

the most resistant. In the 1970/71 bad-test the cultivars IAC-435, 

IAC-1246, IAC-47, IAC-120, IAC-6e, IAC-162 and Batatais were 

inocu1ated by spraying a spore suspension of races 1D-13, 1A-65, O 
IB-33, IC-5 and iso1ate number G-765, the cu1tivars 1AC-l20, 

IAC-1246 and 1AC-47 showed to be higher resistant (ll. 

IIh2 Rio Grande do Su1 State 

al Fie1d and greenhouse research work for blast resistance 

started several years ago (6, a, 12). The field selection of 

resistant cultivars was carried out by natural infection under 

no .• mal conditions of spacing between 1ines, ferti1ization and 

irrigation, Under these conditions, al1ied to ec010gical factors, 

the incidence of the disease was not always favoured. In spite 

of this defective method sorne cultivars with good b1ast resis

tance were se1ected: Stirpe Sel.Pelotas, EEA 404 and EEA 201 (23)" 

b) In the subsequent tests the reaction to blast incidence on 

1eaves was read using the international scale proposed by the 

Symposium of the Rice B1ast Disease (IRRI-1963l. For theevaluation 



of the panicle basal:node infection, the percentage of damaged 

panicles on each plant was ca1culated. 

9. 

During the agricultura1 year 1968/69, 850 rice cu1tivars were 

tested for b1ast resistance, 90 of which were rated as resistant 

(13). In the tests carried out in 1969/70 and 1970/71, 49 and 

30 cultivars, respective1y, were tested, and 16 cultivara were 

found to be resistant: Suwon n0152, ~aichung 65, CI 5309, Down, 

~ainan 3, Kaoshuing 21, Kaoshuing 24, Chokoto 14, Xanto 106, 

Kanto 51, Norin 20, Norin 22, Stirpe Se1. Pelotas, IR.532-1-17l, 

MQ-R-500 x Nato and SWon nOl58 (23). 

e} In 1969/70, a set of 256 cultivars from ~he International 

lJniform B1ast N"urseries was suhmitted to bed-tests (OU system). 

lJp to now three of these bed-tests have been completed. As a 

result several of those cultivars showed horizontal resiatance 

under the prevailing conditions in the State of Rio Grande do Su1 

although sorne of them did not flower. Considering the group of 

the most resistant cultivars in the world, the following ones 

ahowed to be susceptible: Pah Leaud 29-9-11, Zenith, Ram ~lasi 

and Ram ~u1asi (sel.); among the resistant cultivara only the 

fol1owing ones f1owered: R-67, CI-7787, E-425, Down, KPE 6, Kataktara 

01\,2, Mamoriaka, NP 130, Ca/902/b/2/2, Amri tsari HR 22, DT .10, 

DNJ-60, 370 Basmati, Pusur, T , Ca /435/6/5/1, 268 b/Pr!J!l/l, 

E.~. Gopher, Rajbohog N-2l and DV-75 (23). 

~cal cultivars and sorne introductions were included in a11: 

the tests mentioned above. 
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The cultivars that presented the greatest number of resistant 

reactions are mentioned below. the ones which flowered under Rio 

Grande do Sul conditions are underlined: 

al Susceptibi1ity 0/3: 

Tep-pep, Tadukan, C-46:-1S·, 0-25-4, H-4, N-S, a-lOS, a-SOl, 

Murungakayan, Jae Keun (Suwon neIS:.'!), Radin Ebos 33, Radin China 4, 

Lembu Basah, K.P.F.6, E.L., B-E-3, Fa-86, MiIbuer S, Chianung-Yu 280, 

Taiwan 3, Lewang 28:-1-14, Nang Chet C~c, Trang cut L.Il, Doc Phung, 

O 'l.'.re, Nang Quot (floating), Nang Chol, Cl' 231 x HO 12 (Dawn) , 

Remadja, Sigadis, Ta-poo-cho-z, N-3D:.'!, Ram 1'ulasi (sel)*,Ram 1'u1asi*, 

UnbIatuzi Va1.Sugar Co., Mamoriaka, Sorna Vari, Ramgarh, T3,NP-97, 

Milketan - 20, J-519, Laka, Huan-sen-goo, Taichung line 47720, 

Badshabag, Jhug paddy n07, Acheh Puteh, Leter 08, ~ataktara DA 2, 

Rajbhog N.22, Thava lakkannan Ptb 9, T9, TI, 1'23, Basmati T3,Pi 4, 

Cl' 231 x HO 12 (215), Cl' 231 x HO 12 (216), C-46-15, S20J.K.W., 

S .. 39.J.K,W., 268b/Pr/8/1/1, Pusur, DF-l, DN-J-60, ONJ-S2, DZ-78*, 

DZ-74 .• DL-5, DL-8*, DL-9*, 00-63, 00-80, DD-89, 00-99, DD-lI3, 

Ctg 250, Ctg 680, Ctg 1516, UCP 6, UCP 27, DM-32, DV-2, OV-12, 

DV-68, DV-73, OV-I07, DV-I09, DV-112, Samba, Murungakayan, Basmati 

(C 5836). 

D) Susceptibility 0/2 + 1 . intermediate reaction (3.0 - 4.0) 

Cl 5309, PI 231128, Norin 22, 1'aichung 65, Pai-kan-tao,C-33-18, 

M-302, Co25, N°K-60, Norin 22, Kongo (sr. nOl), Acheh, Hagi Haroun, 

Eng Katek, padang Trengganu'22,' R 67, Taichung 181, Kaoshiung 24, 

Kaoshiung 21, Kaoshiung-1'a-lichin-yu, Tam Vout, 'Samo Trang, Doc 

phung Lun A, Nang Dum to (floating), Pah Leuad 111, Pah Leuad 29-8-11, 
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. Kanto5J, "" 79, n, Cl 6037-4, Basmati 370, N 12, !...E, Cl 7338-5, 

. Cl6914, BIIlt ·!B'R 3540, Raa Shabbaq (scenteél.), Ahmee Puthe, W.R.C. 

n04, 818-3 BR 9, Carreon, Maaae 30My 137, Cheu Kayama Ptb 26, 

Chuvanna Moélan Ptb.30, Ca 902/Q/3/3., Ca 902/b/2/1, Tun Start, 

SUrjamukhi DA 4, Amritsari !iR 2i, 370, Basmati, 46 Palman, Karia, 

Saraya, Pi 3, S 18 J.K.W., PI 184675-4, PI 184675-2, Donauni KUnluz, 

268b/PQ/22/1/1, 268/PQ/22/2/3, Ta 68, DNJ-128, DNJ-10l, DJ-74*, 

.oJ-41, DZ-192, .oK-ll, DL-IO. ºº=!, .00-54, .0.0-100, Ctq 1206, .oV-52 , 

DV-83, DV-I01, Basmati (C5875), 

e) SusceptiQi1ity 0/1 + 2 intermedia te reactions (3,0 - 4.0) 

Ram Tu1asi (sel), Hashikalmi, Kataktara, Tan Chet Cut, Zi1anica*, 

Pendok, Charnock (Aust), NP-130, T9, J-I09, Ca 435/6/5/1, 

Ca 902/b/2/2, 406, 41 Mushkan, 3 month variety, E.L. Gophar, Nanq 

Sawn, 268 Q/Pb/22/1/2:;268 b/Pr/22/3/2, 268 Q/Pr/50/2/2, Dissi Hatif, 

DZ-105*, DK-13, ~, .oL-ll*) DD-24*, 0.0-120, OH-30, OH-59, .oM-68, 

DV-114, .oV-150, T412 (W349), JC-170, St,¡, 1, Columbia 1, MD-R-500 

:le Nato. 

a) Moderate suseeptibility (3 intermeaiate reaetions = 3.0 - 4.0) 

E-425, ~ 3812A e .oNJ 171. 

Several new screening tests are planned te Qe established in 

the next agricultura1 year, in the States of Sao Pau10, Rio Grande 

do Sul, Parana ana Para. Local cultivars wil1 Qe testea in each 

of the mentioned States, along with intreducea ones. 

* More than 50 par cent of the panicles were infected ("neck-rot"¡ 
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It seems very important that.standard uniform reading methods 

for evaluating rice blast infection be estab1ished, so as to permit 

the comparison of results obtained in tests carried out at different 

parts of the country. 



Table 1 Rice cult1vars which showed resistance to blast in the 1969/70, 1970/71 tests and their 

reaction to other rice diseases. 

Origin Life Cultivation Helmintospo- Cerios- Mulata Lista 
per~~ syStem ~!osis p~riosis parda 

Binicol 
H - 4 
Down 
Hsedni-56 
IR - 8 - 288 - 3 
Tremesino 
Saturn 
IAC-1246 = (Pratao x PerOla) 
IAC-5l00 = (Pratao x Perola) 
60/1175 = (Pratao x Perola) 
64/32 = (7-V-4 x 59/442) 
64/9 = (6-V-1 x 3 meses) 
IAC-5544 = (Pratao x Perola) 
Taiwan nOl 
6047 Days to flower 93 
60/80 = (Pa1awar x Pratao) 
IAC-6S" = (Iguape-agulha x Nira) 
IAC-1300 = (Iguape-agu1ha x IAC-3) 
Victory** 
BMT - 22** 

Philippines 
Ceylon 
USA 

? 
Philippines 
Italy 
USA 
Brazil 
arazil 
Brazil 
Brazil 
arazil 
Brazil 
Formosa 
British Guiana 
Brazil 
Ilrazil 
Brazil 
India 
Philippines 

oaSERVATIONS: * Included in the 1970/71 test, 

30 MS 
30 MR S 
70 MR S 

130 upland S S 
130 upland S 
130 upland S S 
130 upland S S 
130 upland S 
130 upland S 

S 
S 

140-150 irrigated S 
140-150 irrigated S 
140-150 up1and 

S 

o. MS Reaction to b1ast on the joint of the leaf sheath and leaf blade in 1970/71 test. 

NOTEs:tguape~agulha = Mass selectlon-Instituto Agronomico of caropInas. 
Perola Mass selection-Instituto Agronomico of Campinas. 
Pratao = Mass selection-Instituto Aqronomico of Campinas. 
3 meses = Mass selection-Instituto Agronomi~ of Campinas. 
7-V-4 = (Nira x Dourado-agulha). 
6-V-l = (Mira x Dourado-agulha). 
IAC-3 = (Jaguarl x Yola). 

S 
S 

S 

S 

s 

... 
w 

.' 
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At the beginning of tha 1960's,annual rice consumption in Africa amounted to 

about 2.7 millior: metric tons. In the FAO Indicative World Plan th ~ c:uoted estimate 

for annual rice consumption in Africa by 1985 is in excess of 5 miUlon metrlc :ons. 

Rice production in most tropical African countries ls inadequate to meet the pre'<ert 

consumption, and imports of rice add a heavy burden to foreign exchange balences. 

In the coming years, if the damand for rice ls to be met, there mus~ be either an 

excesslve increase in rice lmportation or a masslve increase inho~e rice production, 

The ímp::Jrtance of rlce in the kitchens and economíes of tha various countries oE 

tropical Africa i5 shown in Table 1 (p. 2). With the exception of Madagascar the 

East African countries are in general not so rice orientad as are many of the Central 

and West African cou:1tries. 

Present unit yields of rice in Afrlca are estimated to be very low,with an 

average of about 1,000 kg per ha. There ls obvtously a great deal of improvement 

to be made in the technology of production on the present area cropped with rice. 

Also there are huge areas which have the potential for rice production which ha ve 

not yet been developed. Certain West African countries (e.g:, Ivory Coast, Ghana, 

Nigeria) have initiated programmes to increase rice production through both the 

expansion of the area cropped and promotion of improved technology (provision of 

new varieties, provision of fertilizer subsidies, etc.). However, considerable efforts 

will have to be made on many aspects (productton, marketing, prices, supply of 

seed to growers, extension services,etc.) for rice proctuction to :neet present 

and projected demands. 
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Table 1: Rice production. trade and consumption data for 
tropical African countries* 

% in 
Population1 Agric. 

2514 
1159 

364 
3916 
3988 
4553 
5058 
8839 
5438 
3851 

63578 
1863 

16353 
3410 
473 

5239 
1459 
5470 

860 
3968 

7224 
12173 
7124 
7934 
9928 
3400 

14355 
4130 

1.000 people 
1.000 metric tons 
1.000 hectares 
100 metric tons 

80 
80 
88 
75 
85 
81 
90 
60 
86 
91 
79 
79 

70 
95 
84 
83 
85 
84 
65 
81 

83 
95 
69 
91 
84 
95 
77 
80 

Rice Prod Rice Movements Ann. 
Pred2 

400 
152 

20 
126 
330 
336 
140 
43 
42 
33 

391 
32 

120 
33 
1 

33 
7 

13 
3 

1700 
115 

74 
8 

16 
4 
2 
4 

Area 3 Imports4 Exports4 per capita 
consumption(k!i 

300 300 115.35 
190 344 114.75 

18 86 60.44 
89 1534 2 60.01 

250 187 58.43 
300 241 52.71 
162 17.99 

36 401 7.69 
50 38 5.70 
12 14 5.97 

240 15 4.03 
34 27 1. 29 

115 450 7.52 
25 6.16 

1 16 4.24 
22 20 30 3.82 

7 1 3.43 
13 89 1 3.11 

3 14 2.33 
3S 1. 01 

820 400 147.43 
110 24 4 6.33 

51 53 6.04 
3 82 1 1. 64 
3 1 1.01 
3 0.88 
1 69 0.56 
5 14 0.48 

* Table prepared by Dr. D. D. Hedley, 
TITA Economist. 
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Rice culture in tropical Afrioa 

The various types of rioe oulture are differantiated in terms of the way water 

ls mada availabla to the crops. They include: 

(1) Upland rice, which ls entirely dependent upon precipitation 

for its water supply; 

(2) Swamp rice, which is grown in flood plains or poorly-drained 

low lying areas, and stand s in surface water for much oí lts 

development, the level of which ls not controllable; 

(3) Rice grown in irrigated paddies where the water level is closely 

oontrollable by the farmer; 

(4) Floating rioe, which 15 grown in amas where the water level 

rises greatly throughout the season, and varieties are needed 

whioh are able to elongate rapidly to keep 3-5 leaves above 

the water level. 

Upland rioe acoounts for over sixty-peroent of rice production in West Africa 

(Cooper, 1970) and swamp rice makes up most of the remainder. 

Rice research centres 

Research into rice production has been carrled out at a number of centres for 

many years in West and Central Africa. At the end of the second World War regional 

rice research bodíes were set up by the varlous colonial powers, e.g., Centre Des 

Recherches Rízicoles at Koba, Guinea. whose activities covered a11 countries oi the 

former French West Arrica; the Rice Research stations at Rokupr (Sierra Leone) and 

Badeggi (Nigeria) for the COF.lmonwealth countries; and the Yangambi Research Station 

of the then Belgian Congo. When the countrie,; gninecl inrleppnoF'nce. the research 
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stations met with various fates. Por the Prancophone countries the Institut de 

Recherches Agronomiques Tropicales et des cultures Vivrleres (1. R. A. T .) was created 

in 1960, and conducts research into rice in Madagascar, 1vory Coast, Mali, Senegal, 

Niger, Cameroun and the Central African Republic. In the Anglophone countries rice 

research is undertaken at the Rokupr Station, Sierra Leone (which has undergone 

several changes of adminlstration and 15 now part of Njala University of Sierra 

Leone); Kumasi and Kpong Stations in Ghana; Badeggi Federal Rice Reseafch Station, 

Nigeria; and very recently the Intemational Institute of Tropical Agriculture (lITA) 

at Ibadan, Nigeria. Withln the last two years an attempt has be en made to establish 

a West Mrlcan Rice Development Association (WARDA) but at the present time WARDA 

ls sun very much in the planning stage. 

Blast dlsease in Africa 

The first report of blast disease in Africa was made by Small (1922a & b) who 

stated that the blast of rice consistently reduced yields in Uganda and was the oniy 

major disease of rice in that country. Since 1922, biast has been reportad wherever 

rice has been grown in Africa (Anon., 1968a) and many workers cite blast as the most 

severe rice disease problem encountered (Bunting, 1924 and 1928; Deighton, 1936; 

Hansford, 1943; Anon., 1951; Lawrence, 1951; Anon., 1960; Abo-EI-Dahab & 

Michails, 1966; Awoderu, 1970). 

In Africa, as in Asia, blast can occur in the fice crop at aH stages of growth. 

As much of the fice crop in Mrlca ls dependent upon direct preclpitation for lts 

water supply, and as rainfaH ls unreliable, especially at the beginning of the wet 

season (Cocheme, 1971), rioe can be expected to experience periods of drought 

stress, which according to the evidenoe of Suzuki (1934 & 1935) will increase its 
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suseeptibility to bIast. Lamey (1971, unpublished) noted reIativeIy little bIast in 

an irrigated nursery at lITA, whereas in an upIand nursery nearby, several varleties 

(which were also present in the irrigated nursery) developed severe leaf blast. The 

effeet of drought stress on varletal susceptíbUity will have to be carefully considered 

when techniques for the assessment of varietaI reactions to bIast are being developed. 

Perlods of drought aItemate with periods of heavy rains with overeast skies for many 

days, and during these periods the rice plants eontinuously have free water on thelr 

lea ves and culms. Rice which Is heading ln these wet, overcast conditions ls 

particularly vulnerable to the rotten-neck phase of bIast. In a summary of rice 

research by IRAT in West Africa (Anon., 1970) lt ls stated that when rice is heading 

during heavy ralns without sun, neck-blast is so severe that chemical treatment 

ls the only way to save the crop. At IITA,varieties have been observed with very 

little leaf blast and extremely severe neck-blast (e.g., IR22 , M7-28). eIearly, both 

the leaf and panicle phases of the disease need be examined in evaluation of 

varietal resístance to blast. 

The variability within the population of Pyricularia oryzae in Africa has not 

been studied in any great detail. The lntemational Blast Nursery has been tested 

in Sierra Leone and Nigeria and the results indicate a wide spectrum of pathogenícity 

withinl'. oryzae in these countries. The results of IBN tests in Nigeria (at the 

Badeggi Federal Rice Research Station and at IITA,Ibadan) reveal the presence of 

virulence within the local population ofl'. oryzae to several var1eties (E425, 

Arr.¡itsariHR22, DLIO, DNJ-60,Rajboñog" DV-73, el 7787, el 27-3,7ua Sart, 

3 1Uontñ variety LEntry 2:¡Ji, e5561 & TD 70) that ha ve been consistently 

resistant in most other parts of the world (Ou ~ al 1970; Tables 2 & 3). Awoderu 

(1970) described eleven physiologic races of f. oryzae in Nigeria, but from the 
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Table 2. The blast reaetions at lITA of those varieties found most 
resistant in the International Blast Nurseries. 

No. 

11 
88 
41 

105 
12 

1 
98 
42 

106 
122 

44 
76 
91 
56 

119 
46 

117 
63 

123 
79 
78 
45 

101 

Test 
Group I Vars. 1 2 3 

Tetep 2 (4) 3 1 
R67 2 (3) 1 2 
C46-15 1 4 1(2) 
Nang Chet Cue 2 1+ 1 
Tadukan 2 2 (4) 1 
Cl7787 3 2 3 
Pah Leuad 29-8-11 2 1+ 1+ 
D25-4 2 1+ 1+ 
Trang Cut L 11 2 1 1 
Pah Leuad 111 2 1+ 1+ 
M-302 2 2 1 
Padang Trengganu 22 2 1+ 1(2) 
E-425 5 4 3(4) 
Ram Tulasi (SEL) 1 1 1(2) 
Ramadja 2 1+ 1 
H-5 2 1+ 1 
Dawn 
No. K-60 4 3 1 (3) 
MO-R-SOO x Nato 
K.P.F.6 3 (4) 3 3(4) 
Kataktara DA-2 
H4 1 2 (3) 1(2) 
Zenith 2 4 2 

A minus sign following leston type indicates very few lesions. 

A plus sign following les ion type indlcates very many leslons. 
A figure in parenthesis following another figure)e.g .)3(4) 
indieates that although there were a few of the more severe 
reaction the predominant reaction was that given by the first 
figure. 
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Table 3: The blast reactions at IrTA of those varieties found most 
resistant in the International Blast Nurseries. 

No. 

137 
244 
126 
128 
149 
164 
189 
201 
203 
127 
291 
217 
257 
136 
147 
255 
205 
254 
135 
265 
180 
191 
196 
233 
207 
224 
188 
328 

Test 
Group II Vars. 1 2 3 

Mamoriaka 2 1 2 
Dissi Hat!f (DH-3) 2 (3) 1 2 (J) 

Pah Leuad 29-S-11 2 1+ 112) 

Ram Tulabi 2 1 1(2) 

NP 130 2 (3) 1+ 1(2) 
Huan-Sen-Gt);) 1 1- 1 
Thavalakkannan Ptb 9 2 1 1 
Ca 902/b/2/2 2 2 1(::) 

Amritsari HR22 2 3 (5) 1 
Ram Tulabi (sel) 1 1 1 (2) 

DL-I0 3 (4) 5 ~ 

C46-15 ~ 3 (4) lí2) G 

DNJ-60 2 (1) 3 (5) • (?1 . ~ 
Unblatuzi Valley 2 (3) 2 1(2) 
T3 1(2) 2 1(2) 
:OB-3 4 2 (3) 3 
370 Basmati 2 (3) 2 
Pusur 3(4) 5 1 
TI (3392) 2 1 1+ 
DNJ-146 .2 (3) 2 ~-

Carreon 2 1 1~ 

TI (S294\ 1 ](3) 
Ca 435/b/5l

] 2 " 2 ,;. ,"'t / 

2686/PrIS/l/l ~ '..L (4) 1-'-~ 

T23 
. , 

1(2) 1;3) 
L. '" j 

E.L. G0phar 2 , 2 . 
R3jb()hog N22 3 4(5) 3 
DV-71 3 (4) 5 3-

A minus sign following ¡",sion type indicates very fcw lesions. 
A plus sign foll()wi7\g les!,,:- t"Pf> !ndicatcs ,,,'ry :'1any lesions. 

A figure in parenthesis '011m'¡inq ar,:>'¡'c~r figure,e. g .)3(41 
indicates that althoug!~ t'1ere wer!) a rew of tne more 
severe reaction the predomin ant rC:ilction was that aiven 
by the first figure. -
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evidenoe of Ou and Ayad (1968) on the extreme variability within monooonidial 

oultures oí f. oryzae it 1s probably more valid to desoribe a speotrum of virulenoe 

within a looal population oí.f. oryzae than to attempt to define distinot physiologio 

raoes. The IBN tests should be established in many more looations throughout the 

rioe=qrowing areas of tropioal Afrioa to provide oomprehensive 1nformat1on on the 

spectrum of virulenoe genotypes of.f. oryzae in the continent. 

Resistanoe to blast has been a selection criterion in several rice"'breeding 

programmes in West Africa for many years, and varieties ha ve been developed with 

quite a high degree of what appears to be horizontal resistance (e. g .• the OS6 and 

OS4 varieties developed at the Yangambi Researoh Station in the Congo). However, 

these varieties ha ve a relattvely low yield oeiling, with poor plant type and poor 

qua lit y grain, and improved varieties are being introduoed from Asia and elsewhere. 

Several of the IRRI varieties (IR5, IR8, IR22) have been found particularly susoeptible 

to blast in Africa, and resistance to blast oontinues to be one of the major selection 

criteria in most of the ,ice:breeding programmes, in Africe. 

BIast disease at nTA 

The rice programme is one of the major crop improvement programmes already 

underway at UTA. The objectives of the rice pathology team are stated as: 

(a) identify and develop broad spectrum (horizontal) resistance 

to the major African diseases of rice; 

(b) explore methods of chemioal control of rice diseases; 

(c) study pathogen varia bllity , ecology and biology, and in 

collaboration with other international bodies organise and stimulate 

interest in Pan-African biast tests (both the International BIast 

T , 
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Durlng 1970. 874 entries were planted in both upland and irrigated nurserfes 

for comparative evaluation and seed increase. Frequent disease observations were 

made in both nurseries and disease encountered includad blast, leaf scald 

(Rhynchosporium oryzae Hashtoka & Yokogi), brown leaf spot (Cochliobolus 

miyabeanus Ito et Kuribayashi), narrow brown leaf spot (Cercospora oryzae Miyake) 

and false smut (Ustilagenoide v1rens (ckc.) Tak.). The only serious disease 

problem was blast. Of 539 entdes assessed for leaf blast reaction in the upland 

nursery in 1970, 216 were highly resistant (Reaction types 1 or 2), 78 were 

moderately resistant (Reaction type 3 or very few type 4 lesions), 189 were 

moderately susceptible (Reaction type 4) and 58 were highly susceptible (Reaction 

type 5 and aboye). During 1971, 387 entries were grown in upland nurseries and 

again a wide spectrum of varletal reactions was observed. The varieties that 

consistentIy develop reaction type 3, or very few type 4 lesions, will be the 

candidate varieties for further testing for horizontal resistance. 

As stated aboye the International Blast Nursery (IBN) was testad at lITI'. en 

three occasions. and varieties were observed to be susceptible at UTA that are resistant 

in most other locatlons where the IBN has been tested. Several varieties were 

hlghly resistant in one plantinq, and highly susceptible in another, indicating a 

shifting spectrum of virulence in the local population of P. oryzae. In the futura 

the TBN tests will be planted more frequently at lITA, and the lITA rice team will 

promote the establishment of many testing locations throughout tropical Africa for 

both the TBN and horizontal (or partial) resistance nurseries. 

Studies of horizontal resistance to blast at lITA 

The programme to develop varieties of upland rice with a high degree of 

horizontal resistance to blast ls just getting underway at ITTA. Tdeas on methods 



- 10 -

for the selection of the resistance are being developad and testad. One idea is 

te obtain a precise measurement of those hosj;..controllad factors that affect the 

rate of development of an epidemic (e.g .,lncubation period, sporulation capac1ty 

related to lesion size, number of lesions per unit leaf area, efficiency of spore 

production per unit lesion area) and compare varieties for these parameters. This 

would be done with controllad inoculation with a standard concentration of conidia, 

a standard drop size, and a controlled environment for maintenance of seedlings 

(the use of detachad lElllf aegments cfters the greatest precision in such an operation). 

However.degree of varietal susceptibility in the field will depend upon the interaction 

of many factors including: 

(i) the complement of major resistance genes the variety possesses; 

(11) the complement of polygenes for resistance in the variety; 

(Ui) the complement of virulence genes in the inoculum; 

(iv) the aggressiveness of the races in the inoculum; 

(v) environmental conditions including soH-water relations, soil 

nutrient status, temperature, humidity ,etc. 

The questions that artse when considerlng precise measurement of host::.controlled 

epidemic factors include: 

(i) what nutrient levels are to be usad in raising the plants; 

(H) should the plants be subjectad to water stress, and if so, how much; 

(Hi) do seedling leaf reactions tally w1th the reacUons of adult plant leaves; 

(iv) what i9 the spectrum of virulence in the inoculum; 

(v) even if leaf bIast resistance ls good, is the varlety resistant to 

neck rot phase of the disease. 
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Precise measurement of the host controlled epidemic factora mentioned above wiIl 

be conducted in conjuction with field testing at many locations, wlth several 

dates of planting at aach locatlon. In this way an evaluation will be made of the 

usefulness of the controlled precise measurement method for identification of 

horizontal resistance. 

Chemical control oí blast in Africa 

Many fungicides are known that can control the blast disease organism, but 

tha!r usefulness depends upon the economics of their application. In Africa. yield 

ceilings for rice are very low compared with those in many parts of Asia; there ls 

no chemical industry,and pesticides are very expansive; there is a lowavailability 

of hardware for the application of pesticides and the general level of technicaI skill 

at the farm level ls low. At the present time. therefore. there ls Httle practical use 

of chemlcal control of bIast in Africa. Tests are being made on the effectiveness el 

various chemicals for bIast control at various research stations in Africa (Anon. , 

196Bb,Anon., 1969, Anon., 197n and at lITA in 1971 over threefold increases in 

yield were obtained with two applications (at 50 parcant flowe::-ing and again 12 

days later) of Benlate (600 9 in 1000 1 per ha) with the rice variety IR22. At the 

present time the information gained on chemical control can be usefully applied to 

control blast in experimental crops of rice, but 1t ls the efforts of the genet1cists 

and plant breeders that can be expected to have the major technological impact in 

the control of rice blast disease in Africa in the next decade. 
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HORIZONTAL RESISTANCE: SIX SUGGESTED PROJECTS 

IN RELATION TO BLAST DISEASE OF RICE 

J.B. van der Plank 
Department of Agricultural 
Technical Services, 
Pretoria, SouthAfrica 

There are two.possible sorta of resistance to disease: 

vertical reaistance and boriz~nt~l resistanee. Vertical resiatanee 

is when there is a differential interaction between varietiea (geno-

types) of the host plants and races of the pathogen. Horizontal 

rasiatanca is when there is no differential interaction, i.e.,when 

reaiatance is spread equally against,all raees of the pathogen. 

Vertical resistance is'lost'when a new raee ofthe pathogen 

arises that can attaek toe host genotype. Pyrieularia oryzae has 

shown itself to be plastic, and well able to produce the virulence 

genes that match and make useless the resistance genea which breeders 

have introduced into rice cultivars. Horizontal resistanee on the 

other hand is not affected by the plastieity of the pathogen. The 

pathogen reaps no benefit from produeing new races because horizon

tal reaistance acts against all races. A horizontally. reaistant 

cultivar remaina a resistant cultivar, however much the pathogen can 

vary. That is the advantage of horizontal resiatance. 

Vertical resiatance can be introduced into cultivars relatively 

easily (if the neoessary resistance genes are available), and ita 

effeots are olearly and immediately obvious. That is why rioe 

breedera and pathologiats have ehosen it in the pasto 

Horizontal resistanoe is relatively difficult to introduoe into 
" 

cultivars, and its effeots are often· obscure and not immediately 
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apparent. Rice breeders will turn to horizontal resistance, not 

because it is convenient to use, but becauae it ia necessary. As 

the years go by and rice becomea more and more vulnerable to blast, 

so will horizontal resistance become more and more necesaary. 

The manifestationsand inheritance of vertical resistance to 

P. oryzae have been relatively well studied. Horizontal resistance 

on the other hand has been less atudied in detail; and much of what 

we have to say of it must be inferred from what we know about other 

diseases. 

Manifestations of vertical and horizontal resistance 

If leaves of a young rice plant ,are infected artificially with 

spores of P. oryzae, the presence or absence of vertical resistance 

in the rice plant can be determined within a few days. If the plant 

responds by forming only reddish flecks or amall reddish spots without 

differentiation into distinct zones, th~ plant is vertically resistant 

to the pathogenic race. If the plant responds by forming large 

spindle shaped lesions several millimetre,s broad, and these lesions 

.in time bear spores, the plant ia vertically susceptible. The 

cr~terion of vertical resiatance is the type of lesion, not the 

number of lesions. (Horizontal resistance affects both the number 

and the type of les ion, the type of lesion reflecting the abundance 

of sporulationi) 

Horizontal resistance manifests itself in three ways. First,the 

number of lesions formed in a horizontally resistant variety is less 

than in a susceptible variety, in the same conditiona and inoculated 

with the same number of spores. Second, the time taken by a newly 

formed lesion for itself to form spores (i.e., the period between 

inoculation and aubsequent sporulation) ia longar in a resistant 
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variety. Third, sporulation is less abundant in lesions on a 

resistant variety. (This third manifestation should be subdivided 

to allow for the duration as well as the abundance of sporulation, 

but we shall ignore the distinction here.) 

Horizontal resistance is determined by quantitative characters 

(the number of lesiona produced by a given number of,spores, the 

period needed for lesions to sporulate, and the amount of sporulation). 

Research projects must therefore be based on quantitative measure

ments in natural eonditions. 

Suggested'projects 

First: Determininq horizontal resistaDce as field resistance 

In the absence of vertical resistance, resistance is horizontal 

resistanee. Therefore, if one can exclude all vertical resistance, 

one can simply compare cultivars or lines in the field, and the 

comparison will measure horizontal resistance alone. This is the 

simplest and most direct method. 

When is vertical resistance absent? Oh avallable knowledge,the 

answer is: when the lesions are of a vertically susceptible type, 

i.e., when the lesions are large and normal and classed as reaetion 

type 4 or 5 in the U.S. classification. 

The method, then,is to exposelines (or cultivars) to infection 

in the field by virulent raees to which the lines are (vertically) 

susceptible. The resistance that remains is horizontal resistance. 

The difficulty comes in here. The lines must be exposed tO a 

raes virulent on all of them or to several races,each of which is 

virulant on all of them. Falsa results are given whenever lines are 

exposed to a mixture of races,some of which are virulent on some 
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races but avirulent on ether races, (Then vertical resistance enters 

and confuses the results,) The easiest comparisons are when all the 

lines are susceptible te all the local racea. Otharwise special 

precautions ara needad. 

Second: The selection of lines and cultivars that are more 

difficult to infact 

The problem hera ia to select the rice lines and cultivars that 

ara the most resistant to infection. That is, if ene uniformly 

inoculates several lines or cultivara, ona wishaa to select those 

that develop tha feweat lesions per plant or per leaf or per square 

centimetra of leaf. The principle is easy) the practice may be 

difficult. 

First, one naada an inoculator that gives reproducible results 

so that lines or cultivars can be accurately compared. 

Second, one must avoid artifacts. Conditions must be natural. 

Plants should be of an age at which blast epidemics normally occur; 

one cannot aasume a priori that comparisons made with young seedling 

plants will hold for older plants. Plants must be grown under natural 

conditionsi one cannot assume a priori that planta raisad under cover 

behave like plants in a rice field. Therefore, one must devise a 

method of growing planta in the field,bringing them to the inoculator 

and returning them immediately to the field without significant 

disturbance; or,alternatively, one must devise an inoculator that 

can be usad in tha field. 

Third, the ratio of the number of leaiona to the number of spores 

used as inoculum varies with the conoentration of apores, if the con

centration is high. Therefore,one ahould aim at apore concentrationa 
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that give no more than an average of one lesion per sguare centimetre 

of leaf surface. 

Fourth, it is worth investigating the possibility that resistance 

to infectionas a manifestationof horizontal resistance can be 

measured even in the presence of vertical resistance (i.e., in the 

presence of hypersensitivitYJ. It is possible thatone could count 

the average number of infections per square centimetre of leaf 

surface,irrespectlve of' whether the infections are hypersensitive 

flecks (indicating vertical resistancelor normal lesions. This 

would greatly expedite investigations. To test the possibility one 

could compare two or more rice lines or cultivars by inoculating 

them wíth a race of P. oryzae virulent on all of thelines (i.e., 

giving normal lesions on all); then repeating the experiment with 

a race avirulent on all the lines (i.e., giving only hypersensitive 

flecks on all the lines); thert repeating it again with a race 

virulent on one líne but not the others; and so on. If one then 

ranks the rice lines in order of decreasing resistaoce,startiog 

wíth the line that gives the fewest infectiona (lesions or flecks) 

per aguare ceotimetre of leaf~ the order of ranking should be iodepen

deot of the raee used. lo other words,all the different races of 

p. oryzae should inliieate the same rice line as being the inost 

resistaot. 

1 have written enough to show that a great amount,of prelimioary 

research is oeeded before ooe can begin to measure resistanee to 

infeetion quantitatively. 

Third: The selectioo of lioes and cultivars in whieh the period 

from inoculation te sporulation is greater 

A long períod between inoculation and sporulation,i.e., a loog 
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period needed for newly formed lesions to start releasing spores, 

is a manifestation of horizontal resistance that can be selected 

foro If plants of different rice lines or cultivars are inoculated 

and examined regularly, the period needed before sporulation can 

begin can eaaily be meaeured. 

The iaolate of P.oryzae used to compare the linea muat be 

virulent on all the linea (i.e.,there must be no complications from 

vertical reaiatance); Artifacte muet be avoided. (Avoid ueing 

detached leavee in a laboratory.l Plante muat be of an appropriate 

age, and must be grown under natural conditions. 

Fourth: The eelection of lines and cultivars on which sporulation 

ie less abundant 

The linesto be selected are those that produce feweat apores 

per lesiono 

Again, use virulent isolates of P. oryzae and avoid artifacts. 

It is poasible thát these second, third and fourth projects 

will select much the same linea. That is, it is possible that lines 

which are the most difficult to infect (second project) are on the 

average alao the linea in which the period needed for sporulation 

is longest (third projectl and also thoae in which sporulation is 

less abundant (fourth project). If this is so, it will be a great 

help. 

Fifth: The accumulation of,resietance by breeding 

Horizontal resistance ie almost certainly polygenic in inheritance, 

and should be accumulated by a prograrome of breeding. Selected linee 

or cultivare could be pairad, and appropriate segregatea isolated in 

the F3 or later generations. The parent lines and the segregates 

would of eourae be seleeted both for agronomic charactere and for 

horizontal resistance. 
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A long-term project suitable for an institution to undertake 

would be to prepare a composite. Selected parents would be paired 

in all possible corobinations, the FI's bulked, and the bulked 

composite grown for several genarations to remove most ofthe heter

ozygotes. Plants could then be selectad on agronomic characters to 

start new lines, and the lines then tested for horizontal resistance. 

An intrinsic difficulty with horizontal resistance 

The benefit of horizontal resistance does not show fully at the 

start. Horizontal resistance is a- -slowing-down in the rate of infec

tion. This slowing-down is les s evident in single rows or sroall 

plots of the host plants, because inoculuro moves in from outside. 

Only when the horizontally resistant plants cover whole fields or 

the whole countryside do the full effects of the slowing-down become 

apparent. Only if resistance to infection (the subject of the 

second suggested project) is very high, will the benefit of the 

resistance be iroroediately apparent. 

One must take care therefore not to ignore aroounts of resistance 

which could ultiroately be effective but which are not very impressive 

while the new line is confined to small experimental plots. 

Sixth: The-corobination of horizontal with vertical resistance 

Vertical resistance is iroroediately apparent even in small plots. 

Indeed, in relation to the nurober of hectares on which a cultivar 

is cultivated, vertical resistance and -horizontal resistance show 

opposite trends. Vertical resistance is bestin small plots; by 

the time the vertically resistant cultivar is grown over a large 

are a (e.g., by the time it becomes the dominant cultivar in a country) 

new virulent races of the pathogen are likely to have developed and so 
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'destroyed'the resistance. Horizontal resistance on the other 

hand keeps on gaining effectiveness· in a cultivar whenthat culti

var is grown over a larger and largar araa. 

The ideal solution then is to combine the two sorts of resis

tance. The vertical rasistance will keep the cultivar protected 

in its early years. By the time the cultivar is widely grown, 

horizontal resistance can take overo 

The two' forms of resistanée can be combined by using a horizon

tally resistant line as the racurrant parent in a programma of 

backcrossing. 

Continuity with the past 

The sixth suggested project is really a suggestion for continu

ity with the past plus horizontal resistance. In the past, vertical 

resistance has be en used without proper attention to the horizontal 

resistance or susceptibility of the cultivar in which it is usad. 

The change suggasted for the future is that genes for vertical 

resistance should be incorporated by backcrossing only into linas 

which have been selected for horizontal resistance. This would 

apply both to new genes for verticál resistance and to old genes 

that have been used and are judged to be still warth using in new 

cultivars. 

The sixth suggested projact would still' require that the other 

suggested prajects be carried out in arder to supply the horizon

tally resistant lines needed as recurrent parents in backcrossing. 

Organization of research 

It would be proper for the Symposium toconsider what research 

is naeded and hów to organiza it. 



The suqqested projects indicate what research is needed: 

research on the quantitative relations involved in horizontal 

resistance. Apparatus must be devised and built. It may be 

unnecessary to repeat this research in different countries; it 

may be possible to concentrate it at an international centre. 

That is also a proper sUbject for the Symposium to considero 

9. 
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resistance and that we should be working on methods to facilitate 

the transfer of both types of resistance to rice varieties. The 

availability of the sexual stage of the causal fungus will enable 

us to study the genetics of pathogenicity. More information is 

needed on the genetics of resistance. in the host. 

It would be highly desirable to have a set of rice lines 

each with a single major gene for resistance to pyricularia 

preferably in a common gene tic background. A good example to 

follow is the case of resistance to powdery mildew in wheat (1) 

where variety of wneat (Chancellor) susceptible to all known 

races of the powdery fungus was selected and single major genes 

for resistance were transferred to this variety in a backcrossing 

programo Such a set of rice lines with single major genes for re

sistance would greatly facilitate the monitoring of genes for 

pathogenicity in Pyricularia in the variousrice-growing areas ;Jf 

the world and would facilitate the identification of raoes of the 

fungus. 
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banana and pearl millet produced perithecia containing only a 

fewascospores. In additio~sterile perithecia (without ascos

pores) were produced by two other rice isolates. 

Discussion 

At the initiation of these studies fYricularia oryzae Cavo 

was considered to be a specialized pathogenic forro of ~. grisea. 

It seemed reasonable to suppose that at one time this fungus 

produced a perfect stage in nature and that with the passage of 

time the gene tic factors responsible for the production of the 

perfect stage have been disappearing froro the fungus population. 

Since fYricularia isolates froro rice appear to be more highly 

specialized pathogenically than isolates froro wild grasses, they 

are considered to be more highly evolved and therefore should 

have a lower probability of still retaining genetic factors for 

producing the perfect stage. Results thus far tend to confirro 

this idea. Only one isolate froro rice, of 140 tested. was fully 

fertile whereas 10 of 62 isolates froro other hosts have produced 

ascospores. Testing of these isolate~ is continuing and it may 

be that others will be found to be fertlle. 

While the emphasis at this symposium ls on horizontal re

slstance to Pyricularia in rice. 1 think that we should not 

neglect vertical resistance. 1 believe that our eventual goal 

should be varieties with combined horizontal and vertical 
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crabgrass and also with6 other rice isolates from this group. 

In ene of these matings a rice isolate from the north coastal 

area of Peru produced fertile perithecia with a minus tester 

line derived from crabgrass isolates. Single ascospore iso

lates have been obtained froro this cross and tests have been 

initiated to determine the pathogenicity of these ascospore 

isolates to rice and to crabgrass. 

In other tests, Latterell's isolate 904 from banana pro

duced a few perithecia with ascospores when mated with a plus 

isolate from crabgrass. Iaolate 906, alao from banana, produced 

a few fertile perithecia when mated with a minus isolate derived 

from crabgrass. A mating of isolate 904 with iaolate 906 failed 

to produce perithecia. In matings with the nine isolates from 

pearl millet, one iaolate produced a few fertile perithecia 

with few aacospores when mated with a minus iso late from crab

:fIass. Five of the 19 isolates from crabgrass from North Caro

lina were fertile; 3 of these were of the plus mating type and 

2 belonged to the minus group. '!'he 10 isolates from sto Augu9-

tine a~~ss from North Carolina and tbe 9 isolates from this 

host from Peru failad to produce perithecia. 

To date, 11 Pyricularia isolate.s have produced fertile 

perithecia. One ef these is frem rice, seven frem crabgrass, 

two frem banana, and ene frem pearl millet. '!'he isolates from 
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When mated with certain other tester lines. Latterell's 

isolate SS3 from rice from Arkansas and iso late 46 from rice 

from Peru produced perithecia but no ascospores When mated 

with some tester lines. These three isolates reacted only 

with lines of the minus matinq type. 

The 22 additional isolates obtained from Latterell were 

mated with each other in all possible combinations. Each iso

late was also mated with ten tester lines of the plus matinq 

type and with ten tester lines of the minus matinq type. 

Isolate No. 776 from Digitaria from Florida produced fertile 

perithecia with 7 of the 10 minus tester lines. Isolate 904 

from banana from Honduras produced two empty perithecia with 

one of the plus mating lines. The other matinqs produced no 

perithecia. Each of these 22 isolates was then mated with 

each of the 32 isolates from rice listed in the previous re

port (2). No perithecia were produced in these 704 matings. 

Each of the 17 pyricularia isolates obtained from rice 

from Peru in December 1970 was mated with 4 plus tester lines 

and 4 minus tester lines from crabqrass and al so with 8 other 

rice isa lates from this group. No perithecia were produced. 

Each of the 74 isolates obtained from rice from Peru in May 

1971 was mated with 3 plus and 3 minus tester lines from 
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438 rice Taiwan (IE-3), 453 rice El Salvador (IS-33), 479 rice 

the Philippines (ID-13), 499 rice India (ID-S), 540 Oryza 

rufipogon Australia (IG-l), 549 rice India (IE-l), 559 rice 

Malaya (ID-16), 590 rice Japan (IH-l), 603 rice Arkansas, (IH-l), 

649 rice India (ID-l), 721 rice Japan, 740 rice Sierra Leone 

(IB-35). 748 rice the Philippines (ID-14). 776 Digitaria Florida 

(II-l), 794 rice Dominican Republic (IG-lA). S25-0-6 rice Costa 

Rica x-ray (IB-ll, 900 rice Louisiana (lE-S), 901 rice Louisiana 

(IG-l). 904 banana Honduras (II-1), 906 banana Honduras (II-1), 

907 platano Honduras (II-l) and 908 setaria Mary1and (II-l). 

Nine cultures of g. grisea froro pearl mi11et (Pennisetum glaucum 

(L.) R. Sr.) froro Georgia were obtained from Dr. Horoer Wells. 

The fo11owing additional isolations were made by the author: 19 

iso1ates from crabqrass froro North carolina, 10 isolates froro 

sto Augustine grass froro North Carolina and'9 isolates froro this 

host froro Peru. 17 isolates froro rice from Peru in December 1970 

and 74 isolates froro rice froro Peru in May 1971. Matings were 

made on Sach's agar as described previously (2). 

Results 

Further testing of the iso lates listed in the previous 

report (2) showed that Latterell's isolate 8BS from crabqrass 

froro Arkansas Which had produced very few perithecia when mated 

with certain tester lines produced an abundance of perithecia 



PRODUCTION OF THB PERFECT STAGE OF 

PYRICULARIA FROM RICE ANO OTHBR HOSTS 

T. T. Hebert 
Professor ofPlant Pathology 
N. C. State university 
Raleigh. North Carolina, 27607 

The perfect stage of Pyricularia grisea (cke.) Sacc., 

Ceratosphaeria grisea, was produced in culture by mating two iso-

lates of the fungus from crabgrass (Digitaria sanguinalis (L.) 

scop.l from North Carolina (2). An isolate of the fungus from 

crabgrass from Arkansas also produced a few perithecia when mated 

with tester lines of fertile ascospore isolates from the original 

and subsequent crosses. Seven other iso lates of Pyricularia from 

crabgrass from North Carolina, one isolate from sto Augustine 

grass (stenotaphrum secundatum (walt.) Kuntze) from Peru and 32 

isolates from rice (Oryza sativa L.) from various parts of the 

world failed to produce the perfect stage in matings with the 

tester isolates. This paper reports the results of further mating 

tests with these and with additional isolates of Pyricularia from 

rice and other hosts. 

Materials and Methods 

The following Pyricularia isolates with origin and race 

number (in parenthesis) were obtained from Dr. Frances Latterell: 
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RECENT PROGRESS OF STUDIES ON HORIZONTAL RESISTANCE IN 

RICE BREEDING FOR BLAS'l' RESISTANCE IN JAPAN 

INTRODUC'l'IúN 

Kunio Toriyaroa 
Chugoku National Agricultural 
E~perimental Station 
Fukuyama-shi, Hiroshima-ken 
Japan 

Since the establishment of scientific rice breeJing in Japan, 

great efforts have be en made to develop the varieties possessing 

resistance to blast disease causad by Pyricularia oryzae Cavo 

As a result, sorne outstanding blast resistant varieties have 

been developed. These blast resistant varieties have greatly 

contributed to the etabtlizing of rice production by controlling 

an,epidemic of blast in Japan. 

'!'he blast resistant paddy rice varieties which have been 

deve.loped h'itherto in .:rapan were classified into four groups: 

1) varieties developed from the crosses among Japanese dornestic 

varieties, 2) varieties derivad from the cross with the upland 

rice variety. 3) varieties possessing the resistance gene incor-

porated from Chinese ones of the japoni?a type, and 4) varieties 

possessing resistance gene or genes in the itidica varieties. Of 

these, the varieties belonging to the third and fourth groups had 

been generally Qonsidered to be highly resistant to hlast until 

they were unexpectedly affected by blast more severely than Japa-

nese domestic varieties were. 

Breakdown of high resistance from alien varieties occurred 

within three to five years after the release of the varieties 



possessín~ resistance of this kind. The dama§'e en the hiqhly res:i.s~ 

tant varieties was receqnized to be due to the selective propagation 

of newly developed pathetypes te the resistance gene or genes frem 

alien varieties. Therefore, utilization of horizontal resistance to 

blast has been emphazieed in the rice~breeding program in Japan. 

Horizontal resistance has been called either field resistance 

or generalized resistance. In this repert, the term "field resis

tance V will be employed in place ef the term "hórizontlal resistance", 

because resistance showing horizontal reaction in a strict sense by 

Van der Plank (1963} has net been observed in any rice varieties by 

the Japanese investigators up to date. Rice breeders in Japan, 

therefore, classified blast resistance into two categories: "true 

resistance" and "field resistance". In this sense, true resistance 

is specific and qualitative resistance characterized by a hypersensi

tivity to the pathogen. On the other hand, field resistance is 

recoqnized to be remainders of resistance other than true resistance. 

For clarifying an essential nature of field resistance', main efforts 

of investigation in Japan have been paid en the basis of information 

on true resistance with the procedure of elimination method. 

, ;,;,: :;The"presént:,report will cO'lerthé recent progress of studies 

en field resistance te blast together witb some important investiga~ 

tione on true resistance in '~ice' " breeding in Japan. 

Exjsteoce Qf field resistance to blast 

The varieties }POss-essin,gtbe true resistance gene er genes 

exhibit a high resistance due te a hypersensitive reaction to the 

pathegen when the varieties are exposed te the fungus race without 

virulence to true resistance. In this case, field resistance of 
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the vaxíetias ca:::. not be exhibited bacliuse true rasistance plays 

epista·tically over field resistauce. Field resistance, therefore, 

is distinguishóiiJd under such conditiQns where the fungus races 

virulentto al1 the true resistance gene or genes of given vari-

atles are prevalen!:. 

Information on the trae res.illt.a.ncQ genes «nd onthe virulence 

of fangas race wQre materially necessary to investigate field 

res1.stance to b1ast, because vari'iltal difference on field resis-

tance can be discriminated by the vüulent fu:ngus races only on 

the same b.ases of the trae resistance genotype. In Japan, geno-

types for ttue resistance to bIas!.; '\liere estimated by the reaction 

pattern to the injection testing method =ing the seven standard 

fungus iso lates selected by Ymasaki ar.d Kiyosawa (1966). By the 

injection method and sorne additiona.i mea.¡s, 11 genes for true 

xesistance to bIast were faund by Kiyos;¡rwa and his co-workers (1971). 

Thcse are ~,~. ~~.;I:.!,!, l?i_ta
2

,. Pi=-~, Pi ... z t , Pi-k, Pi-kS"Pi-kP , 

Bythe rea-::t.iO'll par.leen to the seven standard 

isclal:.es in tbe injection test, Japanese rice varieties, including 

domestic and nawly bred varietie;¡¡ .. :Ltn a:Lien blast resistance 

genes, axe class.lfied into 12 reaction toyp.eS¡ Shin 2 type; Aichj-

asan::' type, Kanto 51 type, Ishi:k.,¡¡;d-shiroke type, Yashiro-m.ochi type, 

Pi -4 ·typ@, Fukú~nishiki type, 'torlde 1 type, To-to type, Shinsetsu 

type! Shimokita type and Zeni1:ll type (Ki:~'vsawa, 1967; Yokoo and 

Kiyosawa, 1970). 

For d::vidlng react.ion types into moLe detail than the above 

systEllll. s·ome other fungus strains can be used as shown in Taole 10 

Ther'.iby • .&4 va:l iet.al groups can 06 discr iminated according to the 

xeaction pattern" 
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In the testing field of the blast nurseries, it has been 

observQQ that resistance to blast ia different among the varieties 

possessing even the same genotype for true resistance. The vari

etal difÍerance within the sama genotype for true resistance is 

considerad to be caused by the difference in field resistance of 

given varieties (Hirano ~ ~., 1967; Hirano and Matsumoto, 1971; 

Asaga and Yeshimura, 1969). 

'EVa'lu:a't'ion nf' de9!e'e of field resistanee 

If the varieties lack field resistance, they are sevaraly 

affacted by the virulent fungus raees against the true resistance 

gene or genes. Field reaiatanea of the varietias is estimatad 

by the degree of damage in the field whera the virulent fungus 

races are prevalent. In genaral, eonstitution of tha fungus racas 

varied with year, location and season (Gato et al., 1964; Yamada --
aud Iwano, 1970). lf, for example, in Fukuyama, Hiroshima Pref., 

the atrains belonging to the N raee group propagated in the early 

season of the ricepgrowing period, then the straina be10nging to 

the e race group followed (Mataumoto and Okamoto, 1963; Okamoto 

and Matsumoto, 1964; Ezuka ~ ~., 1969b). This phenomenou of race 

change was repeated every year. Major fungus atraina of the N 

raee group collected in Fukuyama-field probably be10nged to the 

Np·;2 race, because they showed viru1ence to Pi-a gena of the Aichi

aaahi type but did not attack the gene Pi-i of lshikari-shiroke 

type. The strains af the e race group which fálJ.owed the N race 

graup were estimated to belong to the e-s race, beeause they were 

virulent to the P1~k and Pi-a genes of To-to type and avirulent to 
~ -

, !:!.::! gene (E:ruka et. ~., 1969b). 
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In Soma, FukushimaPref., however, the composition of fungus 

races was distinctly different from that in Fukuyama. The gene 

'l"i"k did not shQW any resistant reaction from the early season 
~ 

of rice growth.· 'l'he gene' Pi-a exhibi ted rnoderate resistance, 
~ 

because the major fungus strains in Soma were virulent to uhe 

gene'l"i-k but were avirulent to the 'í1ene Pi-a. 

Resistance in the field, therefore, did not directly indicate 

field resistance itself becausa of the complex reaction against 

raeas. If field resistance of varieties is evaluated only by 

the observad value in the testing field, field resistance of the 

varieties possessing Pi-i gene may be ranked at a high level of 

resistance, and field resistance of the varieties possessing 

, ~ gene roay be classified as high grade when observed in the 

early season of the rice growth in Fukuyama. For the same reason, 

field resistance oí the varieties witn Pi-a gene may be graded at 

higher classes than those without Pi-a gene in Soma. Of course, 

there were a few pathogens, virü!ant' to: P,i-i and Pi-a genes in 

Fukuyama and soma, respectively. These facts indicate that a 

comparison of field resistance is worthwhile only when within 

the varieties of the sama genotype for true resistance. 

Some attempts were made to develop the testing method for 

evaluating field resistance of rice varieties under the different 

conditions: paddy field, upland nursery, and the greenhouse. 

Ev'aluat:i:ono'ffie1d resistancein the paddy field 

Ezuka et ~ (1969b) made an attempt to evaluate field resis

tance of rice varieties in the paddy field at two locations. Sorne 



varieties, which _re representative of Shin 2 type (+)! Aichi

asahi type "(Pi-a), Kanto 51 type (Pi-k), To-to type (Pi-a, Pi-k) - -
and lshikari-shirote type (Pi-i), were grown in the paddy fie1ds 

of different 10ca1ities, and thair levals of field resistance 

were evaluated by the number of susceptible lesions per hill. 

Althougb the outbreak of blast in the varieties with Pi-k gene 

6. 

was delayed as compared with that in the varieties without Pi-k 

gene, marked differences among varieties within the same genotypic 

group were observed (Fig. 1). In this experiment, it was pointed 

out that the true resistance gene Pi-a had no influence on the 

degree of damage, probab1y due to prevalence of the fungus races 

virulent to Pi-a gene. For comparison of field resistance of 

given varieties, therefore, the varieties be10nging to Shin 2 type 

and Aichi-asahi type, and those belonging to Kanto 51 type and 

To-to type, _re lumped together as the same group, respectively. 

The results indicated that Moko-ine, Norin 8, Norin 17, 

Norin 18 and Jukkoku showed a low level of field resistance, espe-

cially MOko-ine, which showed the lowest. Ginga, Norin 22,Homare-

nishiki, Fujiminori and Shuho showed a fairly high level, and St 1 

showed the highest of all. Among the varieties with Pi-k gene, 

Kusabue and Yuukara showed a low level of field resistance, but 

Chugoku 31 showed a much higher level than the others. Since the 

varieties of Ishikari-shiroke type showed only a few susceptible 

lesions because of minor races possessing virulence to the Pi-i 

gene, the varietal difference within this type was no~ recognized. 

As a result, it appears that there was a different lavel of 

field resistance among the varieties possessing the same true resis-
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tanoe, and that the severe damage of the so-called "highly-resis-

tant variety" such as Kusabue and Yuukura¡ possessing the pi-k gene 

from Chines& varieties, was caused by the lack of field resistance 

and by the rapid propagation of virulent pathogens. 

, Ev'a'l.u'at::i'Q'nc '0'1: 'fie'l'Q' resistance in the blast nursery 
( etc 

Ezuka ~~. (1969b) tried to eva1uate the level of field 

resistance and to determine a fluctuation of field resistance 

throughout the year in the blast nursery beds. The tests were 

repeated six timas from June to August. A progressive status of 

the disease severity in representativa varietias is shown in Fig.2. 

Since the'Pi~a gene appeared to have no effect in this experiment, -
the varieties were grouped into three: Shin 2 (+) and Aichi-asahi 

'(Pi-...a) group, Kanto 51 (Pi-k) and To-to (Pi-a, ~) group and 

Ishikari-shiroke (Pi~i) group. The records were taken on the , 

percentages of the diseased leaf area in total leaf area. Daily 

percentages of the diseased leaf area in given varieties were 

summed Up by getting the approximate quantity of the integral 

calcu1us of the curved 1ine in Fig. 3. The disease rating index 

devised by Sakurai and Toriyama (1967) is calcu1ated from the 

ratio of susceptibility of a given variety to that of a standard 

variety which is the most susceptible variety chosen from the 

sama trtle. rea-i'stanee genotype. 

Surnmed up value of given variety 
Disease rating index = .. X 100. 

Maximum surnmed up value in the group 

The disease rating indices of the representative varieties are 

shown in Fig. 4. The tendency of the varietal difference in the 

blast nurseries resembled closely those in the paddy field (Fig.5). 



However, the difference among the varieties possessing the lower 

level of field resistance _8' , observed more evident1y in the 

paddy field than in the blast nurseries, but the difference among 

the varieties possessing the higher level of field resistance vas 

recognized more apparently in the blast nurseries than in the 

paddy fields. The bIast nurseries, therefore, have been used by 

many rice breeders for evaluating field resistance of their 

breeding materials. 

''Ev'aluation of fitilid resistance by the seedling inoculation method 

Niizeki (1967), Sakurai and Toriyama (1967), and Yunoki et al. 

(1970a) tried to evaluate fieId resistance of rice varietiesby a 

spray method for seedIings, and Kiyosawa (1966a, b, I970b) attempted 

an injection method. When field resistance is evaIuated in the 

paddy field or in the blast nursery, the degree of damage is 

influenced by the weather conditions such as temperature and rain

fall, and by the constitution of fungus races existing in the 

testing field. Conversely, the seedIing inoculation method can 

use the virulent fungus strains to the testing rice varieties and 

can be conducted under artifioially controlled condi tions. The 

testing resuIt, therefore, is expected to be evaluated at the 

same level in every test. At the same time, it may be observed 

whether or not the evaluation of fieId resistance is influenced 

by the fungus strains or environmental factors. 

Niizeki (1967) conducted the seedling inoculation test in a 

greenhouse and the fieId test in a paddy field for three years 

repeatedly with the same varieties at the same place. He chose 

the testing paddy field where most of the fungus strains belonged 



te the C~l raoe ~r~up. The testin! varieties were transplanted 

late under mueh nitrogen fertilizer for brfn.g:tneg out a natural 

epidemic 0f blal!t. The susceptible variety, Kusabue, in tile 

testing field.was damAged heavily with stunting. Por the seedling 

ineoulation' test, rice seedlings were grown in a nursery bo~ in 

a greenhouse. The seedlings were inoculated by the spray method 

with suspension of fungus spores of C-l race when tile seedlings 

attained the fourth, fifth and sixth leaf-age. 

The relationship between the grade of field resistance evaluated 

in the paddy field and by the seedling inoculation methed is shown 

in Fiqs. 6 and 7. Field resistance eva1uated at the sixth leaf-aqe 

shewed a high correlatien coefficient of 0.B64,but that at the 

fourth leaf-age shewed a low of 0.389, and that at the fifth 1eaf-, 

age showed half'way between them. 

Niizeki (1967) evaluated the degree of field resistance of 

SO'llle varieties which were representative of the most susceptible 

te the most resistant enes traded by the rice hreeder's experiences 

fer a long time. At the sixth leaf-age the seed1inqs were inoculated 

with eight funqus strains belonging to different races, As shown 

in Fiq. 8, the resistant varieties sueh as Homare-nishiki and 

Yamahiko ~howed resistanoe, and the susceptible varieties such as 

Jukkoku and Asahi showed a hi~h susceptihility in this test. The 

~rade evaluated by the seedlinq inocu1ation method cotncided well 

with the ~rade estimated by the hreeder's experiences, and the 

order of field resistance of the varieties was influenced little 

by tha fungus strains, tha amount of fertilizer application, 

temperature and seasons. 

Niizeki (1967) concluded that field resistance was effeotiva 

to a number of funqus strains, and only one fungus strain virulent 



to all the testing materials was enough to evaluate the grade 

of field resistance when inecu1ation by spray was made of the 

spore suspension at the sixth leaf~age of varieties. 

10. 

Sakurai and Toriyama (1967) and Yunoki!! a1.{1970al also 

examined the inoculating conditions such as the amount ef nitrogen 

fertilizer; leaf-age ef seedlings and the concentration of spore 

suspension. Three fungus strains belonging to the N~l, C-l and 

T-l races were employed te inoculate the seedlings of varieties 

which were representative of the different levels of field resis

tance. Field resistance was evaluated by the number of susceptible 

lesions per seedling. 

The relationships· between field resistance and amount of 

the nitrogen fertilizer application is shown in Table 2. A large 

amount of nitrogen application (10 9 of ammonium sulphate per 

35 X 27 X 12 cm pet) markedly increased the number of susceptible 

lesions on the seedlings inoculated, and the differencea oi the 

number of susceptible lesiona among the varieties increased with 

amount of nitrogen application. 

As to the leaf-age; field resistance of the seedlings appeared 

to become higher with the increase of age (Table 3); and the 

varietal difference seemed te increase with the age (Fig. 9). Por 

example, the ratio of resistant variety, Homare-nishiki; te suscep

tible variety, Jukkoku, was about one and half the number of 

susceptible lesions at the fifth leaf-aqe, but about three times 

at the seventh leaf-age. 

The number of susceptihle lesions per plant was also influenced 

by the concentration of spore suspension. When too dense or too 
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thín oeneentratíon of inoeulum was used for seedlinq ineeulation, 

ít became difficult to dete~íne the varietal differenee of field 

resistance because the number of susceptible lesions was either 

tee muoh or tea little (Fiq. 10)~ The optimum eoncantration ef 

.pere suspension was dete~ined to be 100,000 to 250,000 spores 

par 1 mI of water. -
The order of field resistanee oE varieties in eaeh test deter-

mined by the seedlin'lf inoculation method coincided well with that 

in the paddy field and the hlast nursery hedo Acoordinqly', 

Sakurai and Toriyama (1967) propesed the testinq method for eeedlinq 

inoculation as follows: 

(1) inoculum i8 selected from the fungue strains possessinq 

a pathogenioity to the varieties tested: 

(2) a 1arge amount of nitrogen fertilizer i5 app1ied, 

(3) seedlings of the sixth te seventh leaf-aqe are inoculated; 

(4) the concentration of spore 8uspension for inocu1um is 

100,000 to 250;000 spores per mI oE water. 

By this method, Yunoki Jl\.S. Al. (1970a) evaluated fie1d resistanee 

of a number of varieties qrewn in Japan. 

Kiyosawa (1966a) considerad that field resistance would be 

evaluated by the injection method in a qreenhouse when a weakly 

aqgressive fungus strain was usad for inoeulation, and he examined 

his propasal by using the fun'lJus strain Ken 54-04 which was ahosen 

as an inspecífically and weak1y aqqressive strain. At the 5.3 

leaf.age of seedlings, two funqus strains ineluding Ken 54.04 and 

check strain Ken 54-20 were ineeu1ated by the injection methed 

with suspensicm of 200·;000 spores per 1 mI, and the number of lesions 
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were ceunted accordinq to their symptom types. As shown in Tabla 4, 

there were no varietal differences when the fungus atra!n Ken 54~2~ 

possessing ordinary aggressiveness,was injected. 

On the other hand, when the weakly aqqressive strain Ken 54-04 

was inoculated, the percentaqe e¡f lesi0ns sh0wing the pg symptom 

type (9ray center with purple marlJin~ most susceptible ty¡;!!'e) in 

total lesiona waa found to he si!nificantly different ameng the 

varietiea tested. The degree ef field resistance e~aluated by 

this injection method showed considerably high correlatie¡n coeffi~ 

clenté from. 0.63 te 0.84 with the value observad in the paddy 

field and the blast nursery bad. 

Kiyosawa (1966a) alse examined a symptom type by the injection 

method in a t0tal of 909 varieties, and tabled the results gotten 

by these two fungus atraíns te each of the true resistance gen0-

types e~ varieties. As shown in Table 5, about one-thírd of the 

varieties belonging to Shin 2 type (+) showed the S reaction type 

~ symptom type excelled) when Ken 54-04 was injected, and the 

remainder of this varietal group showed more or less a resistant 

reaction, but the reactien te¡ Ken 54~20 was almostall the! ~ype. 

In Aiehi-asahi type varieties pessessing the Pi~a gene, almost 

all the varieties showed the S reaction type by Ken 54-20, but 

there were wide variations by Ken 54-04 (Table 6). The same 

tendency was observed in the varieties of Ishikari-shiroke type 

possessing Pi-i gene and of Shinsetsu type poseeesing Pi~i and 

Pi-a genes. The reaction ol the foreign varieties ie shown in 

Table 7. Though the deviation ol frequency in tabla showed little 
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differenc:e from that ef the Japanese varieties, the weak aggres .. 

siveness ef Ken 54~04 was aleo ehserved in the foreiqn varietal 

group. 

Kiyosawa (1969) oencluded that a weak aqgressiveness of 

Ken 54 ... 04 weuld be non .... sll"ecifie; and the resistance .gene or ':Jenes 

te Ken 54 ... 04 _uld als0 he non ... specific. Therefore, hesu9.gested 

that the resistanee gene er genes el this kind weuld exhibit 

resistance more or less in a paddy field, because field resistance 

types were qenerally considered to be non-specific. 

Evaluation el field resistance by the sheath inoculatien methed 

The sheath ineculation method was proposed by Takahashi (1951) 

for evaluating resistance to blast, In this method, it was recem

mended by Takahashi (1967) that the highest de':Jree of hyphal growth 

in the host cell was used as the criterion of susceptibility or 

resistance. The value of resistance evaluated by this method was 

more cOll'lplex than that ef the spray er injectien methodsí because 

the hyphal growth ef ll"atho':Jens in host cells was affected by both 

true resistance and field resistance of the varieties testeg.', The 

deqree of field resistance evaluated by this method coincided 

with the disease rating índex which was proposed by Sakurai and 

Teiriyama (1967) within the same varietal group of the true resis

tance genotype in blast nurseries. 

Field resistance and fungus strain 

As the definition af field resistance of rice amon':J the Japa

nese rice breeders is the remaining resistance except fer true 

resistance, exhibitian of field resistance was generally considered 



, 
14. 

te be n0n~specific te fungus strains. Early experiments by 

Niizeki (1967) and 5akurai and Toriyama (1967) showed the possibil-

ity of existence of nen-specific resistance. In these experiments, 

the degree of field resistance was evaluated by the number er 

percentaqe of susceptible lesions, and the varieties showinq·suscep .. 

tibIe lesions were classifiad into the same group aqainst the 

pathetype. 

When St 1 and Chuqoku 31 were inoculated by the spray method 

with the virulent strains which shewed pathoqenicity by the injec

tien and the spray method, only a few susceptible lesiens were 

usually observed, and a few ll..uml'lerlS ,ef the susceptible lesions of 

these varieties were also observed in blast nursery beds. There .. 

fore', it was considered that both St 1 and Chugoku '31 fiad thé 

highest grade of field resistance. However', it was reported that 

5t 1 was severely di sea sed in Fukushima Prefecture when these 

varieties were widely testad to ascertain their high field resis-

tance by the blast nursery method all over Japan. Therefore, 

Yunoki ~~. (1970b) tried to ascertain whether field resistance 

varied with the fungus strains or noto 

In general, when the rice varieties possessinq true resistance 

were inoculated with avirulent fungus strains by the spray method, 

ne lesions usually formed on the seedlings, but e'xcept:' in a few cases 

susceptible lesions were rarely observed on the resistant varieties. 

In such ca.cSep,fungus strains isolated from these susceptible lesiens 

en resistant varieties showed virulence to the varietal gr0u~ from 

which fungus strains were isolated. Appearance of a new pathotype 
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el this kind was c~nsidered te be due te mutatien ef pathe~enicity¡ 

and the different mutatien ratios fer different resistance genes 

were observed by Niizeki (1967). 

Some funqus strains were isolated from the susceptible lesions 

of 5t 1 and Chu~oku 31 in the hlast nursery bed in Pukuyama, 

Hir~.hima Pref., and were inecu1ated by the spray méthod to the 

seed1intgs of St 1 and ChugOKu 31, respective1y. As shown in 

Table 8 only a few susceptible lesions were found on the seed1inqs. 

Thení the funqus strains were reisolated frern the susceptible 

lesione of inoculated seedlings~ and reiselated funtgus strains 

were atgain used to inoculate each variety. These reisolation 

tests were repeated three times, and the results were similar te 

the first iselation test. In this respect, it was considered 

that hitgh resistance ef St 1 and Chuqoku 31 belonged te a different 

category frern true or vertical resistance in rice. 

Yuneki et al. (l970b) collected fungus strains from different 

locations and from different rice varieties, and tested their 

aQ9ressiveness te St 1 and ChU90ku 31. Of these collections, sorne 

funqus strains isolated from Kisa~ Hiroshima Pref., showed stronq 

a,gressiveness te St 1 and Chugeku 31~ and the number ef suscep

tible lesions on both varieties was about equal te those on the 

usual varieties possessing the lew level ef fie1d resistance 

(Tab1e 9). Erosion of high resistance of these varieties was also 

observed when the fungus strains from Fukushima Pref. and serne 

ether strains were used to inoculate. Furthermere; it wa& observed 

that the resistance of these varieties was reduced to a low level 

when they were qrown under unfavorable cendit:t'ons. in a greenhouse 

durin9 the winter season. 



Such breakdown ef high resistance of St 1 and Chugeku 31 

was apparently due to the specific reaction to the fungus 

strains~ and this phenemenen is similar te the breakdown of 

vertical resistance. 

High field resistance alike to St 1 and Chugoku 3l was 

found in Zenith and its derivatives by Ezuka et.ru,.. (1969b) 

and Yunoki ~ al. (1970b). Zenith and its derivatives were 

classified by the injection method into twe varietal greups 

accordinq to reaction pattern against the seven standard fungus 

strains, Zenith', Fukei 67 and l"ukei 73 were classified into 

Zenith type possessing ~ and Pi-z genesl and 54 Be-68, Puku

nishiki, Ou 243 and OU 244 were classified into Puku-nishiki 
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type possessing Pi-z gene. Nevertheless, these varieties were 

clearly divided into two groups of different category from the 

above grouping when tested in the blast nursery bed in Fukuyama 

and inoculated by spray method with the virulent fungus strains 

such as FS 66-59, chu 66-45 and TH 65-105. One is the high level 

of field resistance·¡ to which Zenith, 54 BC .. 68 and 011 244 belonged, 

and another is the low 1evel of fie1d resistance, to which Ou 243, 

Fukei 67, Fukei 73 and Fuku-nishiki be1onged. 

Though the varieties belonging to high level of field resis

tance showed a typical susceptible symptom, they deve10ped only 

a few number of susceptible lesions. Breakdown of high resistance 

in Zenith and Ou 244 has net be en observed in Japan, but the 

possibility of breakdown yet remain. because susceptible reaction 

of Zenith was reported at some locations in the world during 

1964-1965 in the tnternational Uniform "BlastNUrseries(FAO, 1966). 



Some 3apanese up1and rice varietiesó such as Kureka and 

Pukuten·í have a1so been f0und te !'lave an extremely hiqh fie1d 

resistance 1ike Zenith. By the injection method, Kuroka was 

feund to have the true resistance qene ~ on1y, and Pukuton 

to have no true resistance gene (Ezuka!! al., 1969a). Never~ 

theless, when tested in h1ast nursery beds and when inocu1ated 
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hy the spray methed wit!'l virulent fungus strains te ~i~a ~ene, 

t!'lese varieties deve10ped only a few lesions of moderately resis

tant symptom type, and were recegnized te have a high level of 

field resistance (EzukaJU;. al. , 1969h, Yuneki II al.; 1970a). 

Recently, it was found that high field resistance in these upland 

rice varieties was specific to the funqus strains, hecause some 

fungus isolates cculd develep a numher of susceptible lesions en 

these upland varieties (Sekiguch{, personal communicationl. This 

was quite unexpected evidence for the Japanese rice breeders. Up 

until this findin9, they believed that the Japanese upland rice 

varieties sheuld be afaverable. gene source fer high field resis

tance, because the Japanese upland rice had been planted formany 

years in Japan and had exhihited atahle resistance to blast. 

Hewever, breakdown of high level o! field resistance in the upland 

rice varieties was only observed in a lahoratory test, and it has 

not yet been proved under field conditions. 

The other type of high field resistance may he due te a simul

taneeus effect of a true resistance gene to some fungus strains. 

Some varieties descended fr~ the upland rice variety Sensho were 

feund to have true resistance when inoculated hy the spray method 

with the fungus strains helonging to the N-6 or C-6 races, These 
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varieties were observed te have a eonsiderably high level ol field 

resistance in the blast nursery beds and in the ~addy fields where 

fun<gus strains virulent t0 these varieties were prevalent, as 

compared with the ordinary varieties susceptible to the N~6 and 

C-6 races (Nakanishi and Nishioka, 1967). 

Conversely, it has been C!lonsidered that an existenoe ef the 

trua resistance gene Pi~k brought decreasing field resistanee 

against fungus strains virulent to ~ (Suzuki and Yoehimura, 

19661 Iwano, ~amada and Yoshimura~ 1969). Howevar¡ it was feund 

that the gene Pi~k was inde~endent with the degree of field resis

tanee (A saga and Yoshimura, 1970). Decreasing field resistanee 

in the variantes possessing Pi-k gene might be due te the Verti

folia effect pointed out by Van der Plank (1963). 

Effect of fungus strains on field resiatance of a middle er 

lewer level was also inveatigated. According te the early investi

gaUona by Hirane..!! al. (1967) and Niizeki (1967) I almost the 

same reaction to different fungue strains were observed on the 

respective varieties for different levels of field resistance. 

Hirano and Matsumoto (1971) repeated the seedling inoeulatien test 

with six fungus strains belcmqing to the C ... l race and with aoother 

two fungue strains. As showt'l in Table 10', highly significant 

corre1atione were obtained between fungus strains employed. As 

far as these resu1ts are concerned, middle to lower leve1 of field 

resistance in rice had the same ~eaning oi horizontal resistance 

as defined by Robinson (1969). However, the variation of field 

resistance of a middle to lower level was observed by Yunoki ~ ~. 

(1970b) and Ito (personal communication). 



Yun0ki~~. (1970b) investiqated the variability ef tield 

resistance in numerous varieties with fourteen tunqus strains ef 

srx raees whieh were cellected from northern to southern aa~an. 

The de!ree ef field resistance was evaluated by the ratio ef a 

susce~tible les ion number en the qiven variety te that sn the 

standard variety and was qraded aceerdinq te thé fol:lowinq cri'teria I 

.!!. is less than 20,..L 21 te 40, l!!. 41 ta 60, .!. 61 to 80 and ss is 

mere than 81 pereent. Serne exam~les of results are shown in 

Tab1e 11. Varieties such as Hatsu-nishiki showed wide ranqe of 

variation from rr to ss; en the other hand some varieties sueh as 

Akibare showed a stable deqree of resistance hetween !!.. te:>!) and 

some varieties such as Nerin 29 and Aiehi-asahi showed a constant 

suseeptibi1ity of ss. The varieties were grouped into a variable 

one or stable one for field resistance, and it was feund that the varie

tiés, irithe variable group by the seedlinCj inoeu1ation method 

were also variable when tested in the blast nurseries. Te the 

eentrary, the varieties showin'!f a stability by the seed1ing ineou .... 

lation method were also stab1e in the b1ast nurseries. 

If field resistanee of varieties possessing the same true 

resistance gene or <:fenes is not inf1ueneed by the fungus strains, 

the erder of field resistance in the varieta1 9rou~ with the same 

true resistance gene or genes is expected te he eonstant even in 

different environments such as locations and grewing seasons~ 

Interaction hetween variety, funCjus strain and locatien was inves

tigated by Ito in cooperatien with five national agricultural 

experiment stations (pers~nal ccmmunication, briefly reported 
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in Year Beok tent. A~r. Exp. Sta. 1969, 1970). Pitteen varietie~, 

ef whi~h ten belen,ed te Kante 51 type and five te Shin 2 type, 

were inoculated by sprayin, with six tUftgus strains under isolated 

nursery conditiena. ot the six tunqus strains, five belonged to 

the C-l raee and twe to the N~2 raee. The experimenta were 

~onducted at :Hve locations with twe replicatiens each. 

The deqree of field resistance was graded frGm O (rr) to 11 

t~s) at intervals ef 0.5, and the tesults ef analysis ot variance 

en fieldresístance is shown in Table 12. Siqnitícant interaction 

was indicated between main factarsl variety X funqus strain, 

varíety X location and tunqus strain X location. Por example~ 

Tatsumí-lllochi", which wafl considered to be a moderately hiqh level 

with the order of 3 to 4 within 15 varieties; sl'lowed marked varia'" 

tion of X.te·Id resistance with tungus strain. When tungus strain 

Ken 53-11 was inoculated, Tatsumi-mochi was evaluated as a low 

level of resistance", and the order ef resistanee was 11 within 15. 

Therefore', when the level of tield resistance was evaluated 

due to the order by eaeh tungus strain, the range varied with 

variety. In the sama manner~ the order evaluated in eaeh location 

varied with variety. The variable range by fungus strains and 

hy locations indieated a positive correlati6n (Fig. 11). As a 

result, it is coneluded that field resistance ~f rice varieties 

varied with the fungus strains~ so the term field resistance does 

n®t coincide strictly with the term horizontal resistance • 

• Inheritance of field resistanee 

A high level of field resistance i. found in St 1 and Chugoku 31, 

descended from the Pakistan variety Modan by successive back-
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er0ssin~ te aapanese paddy rice variety Norin 8. Inheritanee 

ef tilie hi~h field resistance was investigated with eleven ereesee 

by Teriyama, Yunoki and Shinoda (1968). Highfield resistance 

was dominant over suseeptihility', and monC!lgenic inheritance was 

observed threugh all the crosses investigated. Linkage relation 

hetween the high fie1d resistance gene pi-f and the true resis

tanee gene ~was alBO ana1yzed with the crosseB invo1ving 

Chugeku 31, which possessed both Pi-f and Pi-k genes; 14.5 per

cent of the recombination value between Pi-f and pi-k was obtained, 

and the arrangement of genes on Chromosome 9 (la linkage ~roupl 

(Ilreup 8) was estimated (Pig, 12), (Toriyama et aL, 1968,) 

Inheritance of high field resistance of Ou 244', which was 

incerporated frem Zenith', has not heen investigated yet, but this 

trait segregated very clearly into either high field resistance 

er susceptihility in the offsprings of the croases invo1ving Ou 

244. Major genic inheritance, therefore, was expected in thia 

high field resistance of Ou 244, the same as that of St l. 

The genetic achame of high resistance in Japanese upland riee 

~as investigated with the erosses between upland rice Kuroka and 

the ehromosome reciprocal translocation lines by Shinoda et al. 

{1970}, High field resistance was dominant over susceptibility, 

and major genic inheritanee was ebserved', but it was not determined 

whether the number of genes was two or three. By the analysis of 

linkage relationships between high fie1d resistance and chroMosome 

reeiprecal point', it was found that one of the· genes for high field 

resistance was located on Chromosome 4 (lllinkaqe grouPI ~roup 3) 

and the other on Chromosome 11 (ti linkage groupl Group 2). 



The other kind el moderately hi~h field resistanoe was faund 

in the s~e varieties desoending frem upland rice variety Sensho. 

Exhibition of this moderately high field reáistanee was estimated 

to be due to the simultaneous effect of a true resistance gene 

to the funqus races N~6 and C~6. This true resistance was reco~-

nized when the spray method was used tor inocu1ation but did not 

exhibit even when injected with the same fungus strains. Though" 
\ 

inheritance of this true resistanee gene has not been investigated 

yet, it was estimated that trua resistanee was eontro11ed by the 

major genie system froro the view point of the varietal lineaqe. 

Moderately high field resistance of Monare-nishiki, whieh 

was ene of the descandants e! Sansho, was investigated in ite 

qenetio system with F3 line analysis under blast nursery conditions 

by Yunoki~ Toriyama and Kiyosawa (1970). It was observed that 

mederately high field resistanoe was contro11ed by tW0 wairs of 

cemplementary genes which were linked with 20 to 30 pereent ef 

recombination value. Te know the relationship between field 

resistance and reaction to the injection with weakly aqgressive 

fungus strain Ken 54 ... 194", J!' 3 lines of the erosses invelving 

Homare-nishiki and Ginga were empleyed for the injectien test 

with Ken 54-04 by Kiyesawa (1970b). One major gene and two miner 

genes were estimated to control reaction to the Ken 54-04 injec

tion", and the sensitivity to environmental eonditions appeared 

to be dependenl mainly upon the miner genes and partially upon 

the major gene. Comparison between the data by the injection 

method and by the blast nursery on the same J!'3 lines indieated 

that exhibitión of. resistanee to two testint,J method.:'was aontrolled 

by different qenetic systems because of a non-significant corre

lation between them (Yunoki", Toriyama and Kiyosawa, 1970). 
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A11 the ab0veMenti~ned examplee of high field resistanee 

were e~tiMated te be speeifie te fun~us strains or te be a simul. 

tane0~& effeet of true resistance gene. Major genie system of 

inheritance of fie1d resistance, therefere, Miqht be eorresponding 

vith the speeifie pattern cf resistanee te fungue strains. 

Inheritanee ef a Midd1e er lower level of field resistance 

and the relationship between field resistanee and true resistance 

were analyzed with the F3 and F4 sister linee of three crosses by 

Asaga and Yoshimura (1969j1970,1971). Three cresses were Made 

aMGng Kusabue, YaMabiko and Norin 29~ of which Kusabue had the 

Pi~k gene and extreMe susceptibi1ity~ Yamabiko had the Pi-a gene 

and a middle level of field resistance, and Nerin 29 had no true 

~esistanee genes and suseeptibility. F3 lines were grouped 

accerding te the true resistance genotypesl pi-k and Pi-a greuPi 

Pi.k group, ~ group, + group and heterogenic group. The degree 

ef fie1d resistance was evaluated in the b1ast nursery where 

funqus strain Ken 60-19 belonginq te the C-l raee was inoculated 

by spraying for eliminating the action ef the trua rasistanee 

genes. The Mean and standard deviation of field reéistance in 

each ~enetype are shown in Table 13. 

Marked differences ef field resistanee were found amen! 

sister lines with the same true resistance qenotypes, but the 

variable ranqe within sister lines was less than the differenee 

between the parental varieties~ and the mean values were about 

the same of mid-parent. F3 lines ef the hiqhest and the lowest 

deqree ef field resistance were selected from each true resistance 



genety~e !reup in each cress. Each 1"4 family including 45 lines 

were tested fer their resistance te stem ret in the paddy field. 

oifferences within each l"4 fai'llily were ebserved en field resis-

24. 

tance and marked differences between the twe families seleoted fr0m the 

sama '1enetype were alse ebserved. As shewn in 1"i'1. 13,; a highly 

si'1nifioant correlation was obtained between the l"3 linea and 

p 4 families. This positive cerrelation", 0.891***, and the nearly 

normal distribution ef field resistance within the family, meant 

that the middle er lewer level ef field resistance was inherited 

and would be controlled by pelygenic system. 

In this experiment'; field resistance evaluated in the blast 

nursery bed and p¡:¡ddy field showed a high correlation"/ and the 

re,istance te stem rot also correlated well with the degree ef 

field resistance. 

Mathematical studies on field resistance 

Mathematical study on epidemiole'1y was established by Van der 

Plank (1963). He used the equatiens 

• dre 
at = 'YX tI) 

as a model ef increase of infection, where X ls the propertion 

ol disease and 'Y is infection rate, and 

{2J 

as a model when the amount of the host is limitad, and the 

propertion ef disease 

(3) 



wltere X is the initial prepertien ef disease« and when the 

le~arithmio stage ef an epidemic was censidered 

25. 

(4) 

where ~ is 

Van der 

, 
the latent peried and ~ i8 the infeotious periodo 

Plank (1963) peinted out that horizontal resistanoe 

reduoes the infectious rate", inereases the latent periad? 
, 

and reduces infectieus period ~. 

IndeJilendently of the work ef Van der l'lank', Kiyesawa (1965) 

prepesad the followinq equations 

1[=;..1 

.dL =)¿ (;/_ L) 
dt L 

(5) 

(6) 

(7) 

(S) 

where~ is the number el lesiona. at the initial time,~s the 

number el lesions at t, A. is the fitness of pathogens and ~iS 
the eoeflicient related with the number of lesions at tha initial 

infectien. 

In these eqUations,~depends upan true resistance ef the 

variety but not upon the degree of field resistance. On the 
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eentrary;~ depends upen the de!ree ef field resistanee hut net 

upon t3!ue resistance from the peint of view of variety. Namely, 

¿ depends u1gen virulenee but net uJ!l<!ln a!'lJres'siveness er fitness, 

and A. depends upon agressiveness er fitness but not upon vírulenee 

from the point of view ef funqus strain. 

Kiyesawa (1969b) prepesed that true resistance and field 

resistance were defined by the variables of equations. ey this 

definitien', field resistance ia expressed by ~, and true resis

tanee eerrespcmds tCl,!". He sU\J'lJested that the varietal difference 

ei field resistance should compare the value of ~ in' eaehváriety. 

The influenee of an environmental eondition and the increase 

of resistance with a'lJin! of the plant was theoretically given as 

f<!,llewsl 

(9) 

(10) 

L 
1 +le-A a-t~T) (11) 

where field resistance of plants linearly increases till a time 

( T ) when increase of the number of lesions becames Or in other 

words, the disease ihorease terminates. 

Usin! the equation (l:J.), Chiba.!i\,.t al. (personal oOl\lll.unica1!.l:ol)) 

investigated.the effect ot some factors on de!ree ef field resis-
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tanee. Tbe variable ter fie1d resistanoe~1 ~as affected larqely 

by yeaply differenee of climatic faetors and the amount of addition~ 

al fe!l'tilizer, and 1J1i'!Jñt1y by varietal difference amonq the 

factors investigated. A siqnificant negative 

against¿was found as a result of a density 

regression ef ).. 

effect. The va1ue 

ef Á eerrected by the regression eoefficient showed that when the 

ran§es ef variation wereA hy year, the variety and additiona1 

fertilizer were 0.32,0.20 and 0,31, respective1y. Average ef A's 

ehtained under various conditions for four years was 0.36. 

Cenclusion 

Field resistance to blast disease in rice is now hein~ inves. 

tigated not only by rice hreeders hut also plant pathologists in 

Japan. There are many problemlJ to be investigated. As was reviewed 

in this paper, we have little information on field resistance in 

rice, especially on a varietal difference of latent and infectieus 

periods. 

Throughout this review, it was emphasized that studies of 

field resistance by Japanese investigators did not coincide in 

part with studies of horizontal resistance by Van der.Plank (1963), 

and that the difference between true resistance and fie1d resis-

tance was due to the difference of a standpoint for recognitión •• 

In fact, descendants ef upland rice variety Shensho, which was 

recegftized te have true resistance by spraying with the C~6 or N~6 

raees, showed a high field resistance . to numerous funqus strains in 

the ~addy fie1ds and blast nurseries • 
• 



In addition-, such varieties as St 1, Ou 244 and Kuroka _re 

rece~nized te have an extremely hiqh field resistance according 

to a few susceptible lesions under spray ineculation, and were 

feund to show specific reactien to some fungue strains on the 

number of susceptible lesions. Since in horizontal resistance 

there was no interaction between pathotype and pathodeme, the 

definition will be applicable in the limited field until the 

discovery of the new pathotype which shows the patho~ype~patho

deme interaction. Tbis is because the possibility of an existence 

of such new pathotypes can not be denied. The rice breeders have 

te give strong attention te developinqc,prmb:isint¡Jva1!teties -which 

poseess high and stable field resistance te blast • 

• 
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TabIe 1: Reactian af varietal gTOUp ta fungus straina 

---------- - ----~---~==.-~--=:.- --='--:-:-::= 
~rlÓculation metnod Injection method Spray method 

--_._~--- ----- 35. 
Funíiu~ ;;train p- K(!n Ina 'Hoku Ken Ken In. In. Ina Ina <en 

21:> 5J-JJ 72 1 5fl-20 5'*-04 168 168 168 168 65-20 Gt::natype cstim."lted 
+ + ":"3~;'!!! '-~ + 

Fungu8' race 
-!!~~ 

Reaction ty'pe 
T-2 T-l C-J N-1 N-2 N-J N ... lt e-s C-6 

Shin 2 type S S S S S MS S S + 

S S S S S MS S R t I {'1) 
- - - ----------

Aiehi-asahi type S S R S S S R S 

S S R S S S R R 
-----------

I~hi~ri-shiroke M S M S MS MIl M S 

type H S M S MS MR M R 

Sh,insetsu type M S R S MS HU R S 

M S • S MS MR R R ~~, Pi-í, (?) 
------------

Kanta 51 type HS S S .h Sh .h Sh S S S S Pi-1< 

MR S S Sh .h Rh Rh 
- R s ~.!:!9 Pi-i 

MIl S S Sh Rh Rh Rh 
H S S R Pi-k, Pi"""m 

MIl S S .h Rh Rh Rh 
R R Pi-k, Pi,:!, Pi-m 

To-to typq: MR S R .h Rh ah Sh s S s S !!.-k 
MIt S R Hh Rh Rh "h R s Pi-k. Pi-i 

HR S R Hh Rh Rh Rh 
H S S a Pi-k. ~ 

HR S R Rh 
R

h 
R

h Rh 
R R ~. Pi -i • .!:!::.!! 

----- _.- --,~--
12shirc_mochi type S S M Ml! .M MIl s 

._--_._--~". __ . -------- ------
Shimoki tu ty~ S S R flR M :m1: R P! .. ta 

Pi 4 type S M R H R >IR L S M Rh 
H R H R !'i-ll., ,~~_ti12 ---- - --~--- ._-_._-

1<'ulwnishikt type M M M NR M HR H I !~t.~ 
- - - ------- -- ----,------

Zrn t th type M M R HR M ~m: H ~k:::.J 1'1-z _ .. __ ." .. 
._---~ . 

Tor~,ic 1 type Hh 
H

h Rh Hh Rh Hh Rh 
S 

t 
Pi~ 

Hh l{h ah ¡¡h j{h ¡¡h nh Pi·~n t Pi-¡~ 
t 

R -- -----_.- - ----. - - - -- --- - --_ ... --- _._-



36. 
~le 2. ri~ld resistance and amount of nitror,cn ferti1izer 

V~iety 
rlGenotype ,1 Rl[l'.Jl~ str~iun""-l..I(r","'"i.!:'c¿¡¡<,,':I· ),:-r::--:-;---r--c:'--=---'''''''''~--

for truo '¡T':>!:>l 373 (;;-1) I ¡(en 60-19 (C-l) Ken 53-33 (T-ll 
¡rc:;istance low [middle cxces:; 10',1 Il'!'.iddle 3Xcess 10'11 midd1e excells 

Xorin 6 

;';¡ji.-..inori 

Ishi.!,ari
s:¡j,roke 

53ns;j;uraku 

! Pi-f 
I~-, 

I ~;.-" 
i Pi-a 1-
l~ 
I Pi-k 
j--

I 

2.8 

1
19

•
6 

22.0 

7.9 

3.8 

o 
! F'i-!, O 
¡-- I 

::::~~.;;~tS-""-MOc..'l~ ?i-k O 

':~gcku 31 
¡-

¡"j.;~PiIO ~ ~ ... "-re; 
I Pi-a, l':.-kl O 

I
! "'-' ::=J O ::.::::"i:> ... -K'I 

Pi-m 

5.8 

25.6 

2S.7 " 

10.6 

14.71 

~ I 
O I 
o 
O 

O 

I 

9.2 3.9 

35.4 16.2 

33.0 17.5 

24.2 S.7 

23.0 10.4 

O 22.1 

O 14.8 

O 15.0 

O 2.3 

O 20.8 

O 4.5 

5.3 

21.8 

20.2 

17.6 

18.2 

30.4 

23.8 

32.6 

10.6 

8.4 4.4 

30.7 17.5 

38.4 23.4 

18.9 6.9 

45.2 22.0 

35.4 10.7 

26.1 13.5 

6.7 1.8 

40.8 1S.9 

14.5 9.6 

~ote. Figures in the table mean the number oÍ susceptible lesions. 

6.8 

25.6 

29.0 

;1.4.8 

17.3 

30.5 

22.3 

17.8 

4.9 

21.3 
11.0 

10.7 

40.5 

39.7 

21.2 

19.5 

3S.0 

31.5 

22.8 

8.6 

41.4 
18.4 

• 
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':i'able 3. Leaf age and field rcsistance 

ueno yp" .!"~n... aP'\~ 

V;;.riety I for trua ';th , 6th 1 7th 
resistance lcw Imiddlo¡exc~ssl low !~iddle¡excossl low ;middlc CAcess 

J _. . I j , I . ! I 
6. 3! St 1 Pi-f 9.S¡ 14.3! 14.BI S.5 10.7 3.9 3.5 7.4 --

36.61 47.51 55.1! 
-

Norin 8 , .¡. 19.61 24.B' 35.4 18.9 29.6 33.4 
; ¡ 1 ¡ 

I Pi-::. 
, 

óO.9! 63.41 J1¡kkoku 48.41 18.7 33.3 46.8 16.9 34.7 45.0 ¡ I ¡ 
! , 

S!1.uho I Pi-::. 32.4i :33.6 i 49.8: 15.4 20.5 2B.3 13.7 lB.l 23.7 
I 

I I i 
I I 

Ho~aro-nishi~¡l :i-~ 29.6

1 

40.3: 42.4i 10.6 17.4 24.5 ll.4 20.4 15.0 
1- ! I 1 

Kus¡;!:l1;.e i 34.7
1 

58.?: 70.9' 24.8 29.8 43.6, 24.6 27.9 41.0 : I 

Svnshurak .. """ . 3o.5i 50.41 5'" "¡ 28.3 21.41 29.1 14.7 13.4¡ :n.5 ", .... -;t ..... :)l -- • ; t , , 
S4.2! 

, 
¡';.:mg<!1ts.1-mochi Pi-k 28.71 45.61 13.6 27.3 31.6 15.1 15.4j 20.8 -
Chugoku 31 Pi-f, Pi-k 10.8 20.8 19.7 4.4 3.8 7.4 1.8 1.,1 3.1 --

t f' 

líongo Pi-a, Pi-k, 19.5 29.4 3,.8 8.? 14.2 20.6 9.7 16.7 14.6 
n-m -

Note. Figures in the table mean the number of susceptible lesione. 
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Table 4. Reaction te fungus at~~~ by injection method 

I Parcentage oí susceptible lesiona showing EL SymptOlll Evaluation by 
• ¡ 
. Kon 54-04 I ICen 54-20 I exceeding 
: (we¡;klY aggressive strain) (ordinary aggressive strainH Sll!lP.tol!U:'JIllL--

!}~~--¡ OrdSigni.f'iCan~-;.}:m ~d-:Signincance I Ken Ken 

Variety 

: value 1 el' : l value er , : 54-04 54-20 
-----....;.' ----j. ,1 I 

llchi-asald' , 

¡,j'¡;¡ko-ine 

~in 2 

Ta-sensho 

¡.lb,tab .. 

Norin 8 

Sllinju 

Norin22 

Ginga 

1 : 
67.3 .1 _ 88.1 1 not I 

I 44.7 

31.1 

26.1 

13.8 

7.6 

5.4 

2.4 

2.2 

0.6 

2 

b 

3 

4 

5 

6 a b 

7 a 

8 ; a 

9 a 

10 a 

o 

c 

83.2 

72.1 

87.8 

87.2 

70.6 

81.0 

81.7 

69.8 

62.6 

4 

? 

2 

8 

6 

5 

9 

10 

; 
I 
I , 

, I 

s 

MS 

MS 

MS 

M 

M 

M 

M 

M 

Mi 

s 

s 

s 

s 

s 

s 

s 

s 

s 

Note. Itero oí significance 1s measured by DUncan's mult1ple range test (1% level) 

l>::i¡ moderately resistanoe. M: med1um. MS: moderate' susceptibility. 

s: susceptibility 
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Table 5. P~sist;:. .. cc of 'Shin ;2' typo evaluatod by a."l predom:inant symptom 

type with the injection el we~<l7 aggrc¡¡sive strain Ken 54-04 

and erdinar,r aggressive strain Ren 54-20 

?'u.ilg\lS strai."l t 1=-i ah R !!,R l{ y,s S f 

Ken 54-01, I I 

.,-,h 1 

I 
o .. 

R I o 
o 

I a '" "'" O .,.. 
~ 

,., 
e) 
¡., ..... 

.¡.> 
l{ O '" a 

i " " '" ~ 

ZS :2 ~ 5 1 8 

~ 
S 1 4 18 74 24 52 

j 
173 

Total 1 4 18 79 26 53 ! 181 i 

Xote. ~ : ~ágh resistance, R: Resistance, hIt . l'.oderate: resistance , . 
~1 :. }~di~i HS : Moderate. susceptibilitY'. S . SusceptibilitY' . 
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Table 6. Rasistance o~ 1 Aichi-asahi 1 typc: evaluated by an predominant symptom 

type With the injection of we¡¡kly aggressive strain Ken 54-04 

and ordinary aggressive strain Ken 54-20 

&ngus strain 
¡f R MR M 1".5 S Total 

Kan 54-04 

1 
~ O 

R ¡ 
O I 

o I 
(\t }:R, O , 

;i ~ 

'" , 
f4 

I ' .. O ::.. e .. .., () 

I ti) :.: 

" 1'.3 3 1 4 6:, 

I c: S 1 11 47 25 60 144 ;::l .... 
Total 1 11 50 26 60 I 148 :, 

Note. See Table 5. 
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Table 7. Rasistance oí foreign varieties evaluated by an predominant s,ymptom 

type wi~~ tr~ injection oí weakly aggressive strain Kan 54-04 

a."'Id ordinary aggressi ve strain Ken 54-20 

~ 
¡ 

Rmg\l.s strain ¡ , 
ah R 1'.R M 1;;S S I Total 

!\en 54-04 ¡ 

¡:f 15 2 17 

R :2 19 2 2:; 

MR 4 6 
o 18 :; 1 J2 

'" .:: 1 H 6 25 67 2 1 101 .... ~ " ,~ '" ... 
.;.> .:: !,;s 23 7 :;0 Ol <1> 

"" 00 ~ 
1 ~ i S 2 8 6 11 27 

cla I 1 .... _ ... 
Tot.:.l j 21 :;3 47 101 15 13 I 230 

! 

NOte. See Table 5 
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TabIe B. Reaistanee oí "st 1" and "Chugoku 31" to fungus atraina isolated ' 

repe .. tedly frOlll "St 1" and "Chugoku 31 H 

" 

liUngus ¡7z¡,riety I }.'u;.¡ber of susceptible lesiona 

troro race 

1 

St 1 Olugoku 31 Norin 22 Moko-ine 
strain which 

* * 3 *! 1 isolated 1 2 2 3 1 2 3 1 2 3 

(hu 66-10 St 1 >0-8 2.2 5.2 ; 5.4 O O O 12.0 13.8 35.8 42.039.7223.7 

a--... 66-11 .St 1 0-8 0.9 O 1.0 0.5 0.6 0.8 12.9 2.1 S.l 55.0 12.2 70.6 

Chu 66-.12 St 1 o-S 1.9 1.3 2.2 0.3 0.9 0.8 15.5 2.8 7.9 82.0 14.4 82.4 

Chu 66-131 St 1 ? 2.9 0.2 2.7 1.8 O 3.3 16.3 0.3 33.5 50.6 1.4 201.9 

C:-¡Il 66-.14 st1 _ .. ~ .... l 8.8 1.3 10.4 O O O 15.9 2.3 49.2 71.4 3.6 357.8 • 

r-1 Cl'.u 66-15 St 1 0.2 3.5 3.7 0.3 8.9 0.3 23.0 6.,.28.5 134.948.8 97.9 

"'" ,6-" --1 <>8 

. 
2.4 8.6 1.0 2.6 10.3 1.7 23.9 '7.2 15"F.7 32.4108.1. 

! 

Chu 66-.231 Chu goku 3 ? 0.8 1.2 1.6 1.6 0.2 0.4 18.8 2.2 21.2 i S9.7 8.8 179.5 

C".u 66-24 ChugOk-ol 3~ ? 10.6 9.6 0.1 0.2 4.9 0.3 50.9 9.7 4.1 ~.o 37.0 56.2 
• 

Olu 66-25 Olugoku :3 I ? 1.4 1.1 0.2 0.2 0.5 0.1 21.4 0.4 24.0 81.4 6.2 213.3 

c:."lU 66-.26! Oiugoku 311 ? 0.1 3.9 0.4 0.1 4.5 0.3 3.1 1.2 4.9 12.6 5.6 29.0 
I 

Chu 66-27 Chugoku 311 
. I 

? 1.3 2.3 0.1 0.2 1.2 0.1 19.7 2.0 9.9 ~.6 17.6"103.; 

, • 
J::er. 60-191 !\anto 52 I 0-1 1.9 4.3 1.6 1.0 2.4 1.2 3.3 7.2 6.2 86.1:22.7 115.0 

* means times of isolating 



7able 9. F.leld rasistance and the fUngus stra1ns collected írom 

cifíerent locations 

I Location I V;¡riety '1 Il'\u~b~r oí suscentib1e 1ellions 
, , Race i St Chugoku ¡,orin .lichi- P.omare-! cOllecteq iso1ated 1 .31 22 asah1 n1shiki strain 

C!lu 00..32 I P.1h<1.y"'"'1<l. 

C!lt;. 66-35 i do 
¡ 

I 
C.1U 66-33 i do 

Gi';.;. 66-46 do 

c¡,.u 66-51 ! Kisa 

Cr,u 66-58 I do 

Chu 00..59 I do 

Cic.u 00.. 64 I do 
I 

C:~.¡ 66-65 do 

Nak~i2 7-2 l! 1.0 

do ~6 3.2 

1 
do 0-1 

I -, l:'J..\,'".l.... N-l 
¡ nishiki 1 

r:orin 18 
I 
t &nshu-• i raku 

I do 
I 
i 

Into 51 

do 

!N-2 
¡1~-2 
¡0-3 
! 
¡ ~ , 
~V-.a. 

i 
¡o-l 

0.8 

o 

1.0 

¡ ,45.0 
i 

121.6 
¡ • 
I 7., 
I 

164.4 

O. 

1.6 4.8 

o 11.4 

o 15.6 

0.4 10.5 

O 12.0 

O 21.4 

O 18.2 

31.0 22.0 

10.6 

12.2 

42.6 

28.2 

57.0 

44.0 

O. 

2.0 

12.7 

o 

1.2 

O 

22.4 

9.0 

Kanto 
51 

6.0 

14.8 

o 

o 

38.4 

O 

O 

O 

41.0 

107.0 

35.9 



44. 

Tab1e 10. Oorre1ation coefficient between fie1d resistance 

evaluated bY' different 1'ungus strains 

Rmgus strain A E F H 
0-1 0-1 c;.1 0-8 

, 

E 0-1 0.939**" 
'. 

F 0-1 0.971*** 0.954*** 

H 0-8 0.953*'~ 0.972*** 0.973*** 

I };-1 0.935~ 0.970**"" 0.898*** 0.985*** 

*** 0.1 parcent 1eve1 
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45. 

'1'able 11. Range ol variation of field resistan ce of varieties possessing 

middle to low 1eve1 ol rcsista~co 

Kcn 53-33 

P'.oku 63-Z7 

Kan 60-19 

I''lll 72 

P.oku 1 

P~ku 373 

::'- 12 

Ken 54-20 

p- :20 

H 67-1 

H 67-4 

FS 67-14 

FS 66-59-9 

!na 168 

rr: hir.:h 

ss :: tdgh 

'1'-1 

'1'-1 

C-1 

0-3 

N-l 

1\-1 

N-1 

N-2 

N-2 

N-2 

1':-2 

N-2 

K-2 I 
}l..4 I 

I 

P.atsu
nishiki 

ss 

rr 

s 

m 

r 

r 

L: 
ss 

rr 

s 

ss 

ss 

ss 

.ss 

r 

Kansai 
6 

rr 

rr 

rr 

rr 

r 

rr 

rr 

TI' 

l' 

r 

r 

In 

rr 

rr 

resistancé. r; resistance. 

susceptibility 

• 

Shi~
ei 

+ 

r 

rr 

s 

rr 

r 

r 

m 

m 

s 

-• 
s 

r 

s 

rr 

l{ogane
nishiki 

r 

r 

s 

r 

r 

~-•• 

rr 

ss 

S 

m 

m 

m 

rr 

rr 

Ya¡~a
biko 

Pi-a 

In 

r 

Sil 

r 

r 

m 

rr 

111 

In 

s 

s 

m 

-

P.aimei J.:d.bare FIljisaka 
5 

Pi-a Pi-i 

rr rr l' 

rr rr ss 

r l' r 

r r r 

r r rr 

l' r m 

rr l' 

r r 

r r 

r r -
s rr 

rr rr 

m; mediUlll. SI susceptibility 
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Table 12. Analysis of variance of field resistance by 

varieties, 10cations and fungus strains 

Sourc.:l of Variance Degree of Y.;;¡an square F 
freodom 

Varieties 14 63.6 43.Z7-

Locations 4 302.6 205.82-

Rlngus strains 4 120.2 81.74-

Varict:!.cs X 56 4.6 3.11-
Lc;,cations 

Varietics X 
56 1.56* 

Rlngus strains 2.3 

Locations X 16 44.1 30.03-
fu.ngus strtins 

Erro:- 224 1.5 

** ~d * Significa.~ce .t 1 and 5 percent level, respective1y. 



47. 

'¡'.:.ble 13. ~.¿, ... "l a...d standard deviation of rield resistance in 13 
lines 

I i 
~mber of Standard I Cross Genotype ¡'lean l-lax. Hin. 

I l:ines 
I ! 

deviation 
I 

Yamabiko Pi-k, !:.!::!. 23 22.3 34 15 5.3 

Pi-k 17 22.1 30 13 4.7 
X 

Pi-a 16 21.1 32 12 5.5 --
~sabue - 18 ! 20.9 33 12 4.9 

Heter 264 21.3 37 10 5.2 

Norin 29 Pi-k 85 27.7 38 16 4.8 --
X 

76 26.0 - 38 15 5.0 
Kusabue I , ¡ 

I 
, , 

, E:;::tero 159 26.9 37 12 , 5.2 
! 

. 
Yamabiko Pi-a 60 14.9 27 10 2.8 

X - 52 16.4 23 10 3.5 

Norin 29 Hetero 153 16.2 
I 

26 10 3.3 
, 

l&lsabue Pi-k, Pi-a 1 33.6 39 20 3.6 -
Horin 29 - 1 18.5 27 9 3.9 

Ya.'llabiko Pi-a 1 11.7 18 7 2.1 --

Note: Figures in the table mean the degree of field resistance; O to 100: 

9usceptibility to resistance. 
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Fig. 1. Varietal difference of fleld resistance evaluated 

by the paddy field test. 
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Since a systemic rice breeding program with the cooperation 

of eight National and forty-seven Prefectural Agricultural Bxperi

ment Stations was organized in 1927 in Japan, much effort has been 

directed to the breeding of blast resistant varieties, using Japa

nese paddy rice in the first stage, and by the use of resistant 

varieties derived from Japanese upland rice, then by the use of 

resistant varieties derived from Chinese and indica varieties. 

In these decades, special efforts were made to introduce race-

specific resistance genes of foreign varieties into Japanese paddy 

rice, because most of the foreign varieties were found to be 

immune to most races of the causal fungus in Japan. Many new vari-

eties were deve10ped in this way, The breeding processes of repre

sentative new varieties were reviewed in detail by R. Ito (1963), 

K. Nagai (1966) and T. Hirano (1967). 

These new varieties showed excellent resistance for some years 

after being discharged as commercial varieties, but lost their high 

resistance due to the occurrence of a new race or races within three 

years in the case of the shortest period, and about ten years in 

most cases. The dynamic changes of predominant races make a breeding 

program of resistant varieties very complicated, and the importance 

of .the use of horizontal resistance has been re-recognized. Further 

researches have started in Japan from the point of distinguishing 



between vertical or race specific and horizontal resistance of 

the rice varieties. 

In this paper horizontal resistance is understood as a quan-

titative resistance which can be measured by either the number or 

the size of lesions of susceptible reaction type, but not as a 

qualitative one detected by the reaction type of lesions or by 

the hypersensitive reaction of host cells. Exact definition for 

horizontal resistance is another problem. 

I. Vari~tal differen~e in horizontal resistance of rice 

l. Testing methods 

The most widely used ones are described below: 

., . 

a) Grouping test varietias on thebasis of blast rasistance 

genotype or of reaction type to tiJe rdces. 

For the test of horizontal resistanoe, it is of primary impor

tance to use compatible races that are highly virulent to all vari

eties to be tested. For this purpose, the test varieties are 

grouped generally on the basia of race-specifio resistanoe geno

type or of reaction type to the races found in Japan, then two or 

three test isolates are selected for each variety group. 

Almost all varieties in Japan have been tested for their 

reaction to the races in Japan, and grouped into more than eleven 

groups of reaction type. Genetic studies have also been conducted 

for the representative varieties of each reaction type, and-eight 

or more major resistance genes are identified (Kiyosawa, 1967) 

(Ezuka ~~ 1969). Most Japanese varieties are included in three 

or four reaction types (Table 1). (Yamada et al, 1969.) 



~able l. NUmber of Japanese origin varieties of major reaction 

types to the races found in Japan. 

Reaetion type Resist. 
¡ene 

Shin 2 type no 

Aichiaeahi 
type Pi-a 

Ishikari-
shiroke type Pi-i 

Others 

Reaction to the races 

C-3 C-6 N-l N-2 N-3 N-4 N-S 

s s ,8 s s s s 

R s s s s R R 

R s s R R R s 

Total 

Nuraber of 
varieties 
ineluded 

910 

332 

47 

57 

1349, 

(67'S) 

(25 ) 

( 3 

3. 

Standard test isolates for each variety group have also been 

selected, but as desoribea later tbere remain:some~unsolved prob

le~ in selecting test isolates. 

b) Seedling tests by spray inoculation under greenhouse condi-

tioneo 

The seedlings of the varieties to be tested are grown in amall 

seedling boxee under upland conditions as in the ease of race iden-

tification. They are inooulated by spraying with spore suspension 

at 7 to 8 leaf stage, and incubated at 26°C for 18 to 20 hours,. 

then kept in an air conditioned greenhouse at 26°C for about two 

weeks. Evaluation is made on the first two leaves from the top at 

the time of inocu1ation on the basis of lesion are a (Fig. 1). 

e) Nursery test by inocu1ation. 

Preparation of nursery is the same as in the case of the"Inter

national Uniform Blast Nursery Program"by FAO.Border_rows consisting 
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of the most susceptible variaties are lnoculated with infectad 

leaV&13 by 8catterin!JI these are prepared' in advance in ~o:thar' " 

nursery bed by spray inoculation with test isolates, and cut !nto 

amall pieces 3-5 cm long at the time of inoculation. 

Evaluation is made on the basis of percent of diseased leaf 

are a when the disease covers almost all leaves of the most sus-

ceptible varieties. 

Special caution is taken to arranqe in order to develop 

the disease from 7 to 9 leaf stage¡ too early or too late inocula

tion should be avoided. 

d) Field test. 

Test varieties are transplanted by ordinarr> cultivatinq 

methods in rows, three to five rows of two to three meter s long 

per variety. The most susceptible varietyis mixed with every two 

or three test varieties as border rows. Inoculation is often made 

10 to,20 days after transplanting by scatterinq on border rows 

with diseased leaves, whieh are prepared in advance in the same 

way as in the nursery test. Soma times they are under natural 

infection. 

Evaluation for leaf blast is usually made at the young pani-
.-

ele formation stage to bootinq staqe on' the basis of pereent of 

diseased leaf area or of percent of diseased leaves. Evaluation 

for neck blast ls made about 25 days after heading on the basis 

of percent of diseased panicle. 

2. Representative re,sults of the tests for horizontal 

resistance 

Intensive tests for horizontal resistence of rice were conducted 
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in Japan in severa! National Agricultural Experiment Stations in 

1966 - 1968, in which almost al1 varieties obtained in Japan 

(inc1uding foreign varieties or inbred varieties with foreign vari

atias) were tested by nursery or field tests. 

The results showed that there is a clear difference in hori

zontal resistance among the varieties of the same blast resistance 

genotypeor reaction type to the known races in Japan. The resis

tant varieties have either a fewer number of lesions or smaller 

size of lesions of susceptible reaction type, or both, in compar

ison with the susceptible varieties. 

The representative results are shown in Table 2. 

The results obtained al so indicate that some varieties are 

very consistent in their horizontal resistance, but some othervari

ietias - more than ten percent of the total - fluctuate consider

ably among localities and years, in spite of the condition of the 

sama raee constitution. (See Table 2.) 

11. The major factorsinfluential to the evaluation of horizon

tal .resistance of varieties 

A joint work on horizontal resistanee of 59 selected varieties 

of five representative blast resistance genotypes was carried out 

in 1967 - 1968 in ten loealities throughout Japan in arder to de

teet the major faetars responsible for the fluetuation of the vari

eties in resistanee. The results are summarized as follows: 

l. lnfluenees of isalates used 

lt was found generally that the isolates, compatible to all 

the test varieties and belonging to the same raee, differ from eaeh 

other in their virulenee to the varieties (Table 3). 
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Table 2. Number of varieties of different degree of horizontal 

resistance included in representative variety groups 

of reaction types to the races in Japan (Ezuka et al, 

1969). 

Reaction type Resist. 
genotype 

Shin 2 type + 

Aichiasahi 
type 

-
Ishikari
shiroke 
type 

Kanto 51 

Pi-a 

Pi-i 

Pi-k 

Horizontal 
resistance 

rr 

r 
m 
s 

ss 

rr 

r 
m 
s 

ss 

rr 

r 
m 
s 

ss 

rr 
r 
m 
s 

ss 

Number and name of varieties 
included 

13-- Chiyohikari, Ohu 247 
Tokai 26, Sanin 63,Harima, 
Shito,St.l, Suzuhara-mochi 
Norinrikuto 24, Rikuto-Kan
to 83,Sensho,Fukuton,Riku
to Norin mochi 26 

30 
36 
34 
22 

10-- 65A-8,Heirokumochi, 
Rikuto Norin l,Shinhakaburi, 
Hiderishirazu, Kuroka, Kiri
shima,Kahei,Hirayama,Akamai 

27 
21 
30 
10 

7-- Yoneshiro,Hokkai220, 
Joiku 232, Soraiku 9, Sora
kei 22, Toyamawase, Kumochi 

8 
3 
1 
2 

1--- Reishiko 
3 
8 
9 

12 



Tabla 3. Tha number of lesions of susceptible type on a variety 

Manryoby spray inoculation with different isolates of 

the races at 20 x 104 / ml spore concentration (Suzuki 

and Yamada 1969). 

7. 

Races identified Isolates Number of susceptible lesions 
per 60 plants 

C-l 1 1472 
2 810 
3 1917 
5 ,540 
6 1080 
7 900 
8 990 
9 2160 

10 2120 

N-l 1 540 
2 240 
3 630 
4 780 
5 1170 
6 960 
8 2160 
9 1170 

N-2 1 2730 
2 1250 
3 1619 
5 1258 
6 2130 
7 1730 
8 1120 
9 490 

A highly viru1ent isolata produc~s a larga numbar or largar 

size of susceptible reaction type lesions on the plants in compar

ison to the isolates of the less virulento It is, moreover,recog

nized that the degree of rasistance of the varieties is somewhat 

different to each of the isolatas. 



Fig. 2 shows one of the tests with different isolates of the 

same Japanese raee e-l, in whieh the isolate Ken 66-19 was the 

most virulent ana Ken-117 the least virulent, and ~ varie~y' 

8. 

such as Ugonishiki was variable in a wider range in ita resistance 

to the isolates. Fig. 3 also shows a similar result indicating 

that Norin 8 and Norin 25 were very variable in resistance to each 

isolates (See Figs. 2 and 3). 

An .other extreme example is Observed in a line St.l. This 

variety shows high horizontal resistance to many isolates of all 

known races in Japan, producing a very small number of lesions of 

susceptible reaction. Some isolates collected from FUkushima, 

Ibaragi and Hiroshima prefecture, however, showed high virulence 

te the variety, preducing as many lesions as in the mest suscepti-

ble varieties as shown in Fig. 4 (Sakurai,1969). A major gene 

Pi-f is assumed te control this type of resistance in St.l (Tori-
~ 

. yama et al, unpublished). 

A variety Sto l was derived from the fifth backcross involving 

Norin 8 as a recurrent parent and Modan as a donor for the purpose 

of developing stripe virus-resistant varieties. Norin 8 is a Japa-

nese paddy variety susceptible to stripe, while Modan i8 a typical 

indica variety of Pakistan origin, showing highly resistant to 

stripe. St.l is highly resistant to stripe as well as Modan. 

A very similar result was al so obtained in a variety Minehikari. 

Minehikari showed high horizontal resistance to all isolates of 

Japanese race e-8 until 1968, but becarna susceptible to the isolates 

of the sama race collected from Aichi prefecture in 1969 (Aichi Agr. 

Exp. Sts.1969l. Genetic studies have not yet been made. Minehikari 
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ia one of thelead~gvarieties in central Japan, derived from 
. , 

multiple crossing between a qhinese variety Bokushi-taimai and a 

Japanese upland and lowland variety by breeders Drs. Iwatsuki and 

Ujihara. It is immune to JapaneseN race qroup, most predominant 

races in Japan, and also highly horizontal resistant for more than 

ten years to Japanese races C-S and C-l, the second dominant races,. 

As mentioned at the begi~ing, I understand hor~zontal resis

tance as a quantitative one which can be measured by either the 

number or the size of lesion of susceptible raaction type, but 

not as a qualitative resistance detected by the reaction type of 

lesion or by the hypersensitive reaction of host cells. In this 

tentative definition, the rasistance observad in Sto 1 and Mine-

hikari is, beyond doubt, considered to be horizontal resistance, 

because they produce a small number of lesions to some isolates 

and a larger numbar of lesions to some'other isolates, but the 

resistance of these varieties is found to be an isolate specific, 

probably controlled by a single major gene. Isolate specific 

resistance does not differ essentially from race specific resis

tance, which is known generally to be qualitative. 

As many varieties have been recognized as highly horizontal 

resistant with the tests uSing a limited number of isolates,there 

is a small possibility that some of them may be highly susceptible 

to soma unknown isolates, with a higher possibility in more resis

tant varieties. 

These facts suggest much difficulty in evaluating horizontal 

resistance of the varieties with a limited number of isolates. 
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2. Aginq of the plants 

It is well known that the planta are more susceptible at the 

younger stage, 4-5 leaf stage, and become mora reaistant with 

aging (Tabla 4). 

, ',.<-

Table 4. Change of varietal resistance of rice with aging. 

Figures indicate the degree of disease of O (healthy) 

to 10 (dead). (Central Aqr.Exp.Sta. 1967.) 

teaf stages a'E tne. time ol: inocu!ation 
V'lrieties Resist. o • 

genes 4 6 8 10 12 . 
Kongo Pi-k!a . 5. O 5.5 2.3 2.2, 0.2. 

Esunan 30 Pi-k[a 7.0 7.0 4.3 3.5 1.0 

Senshuraku Pi-k,a 4.8 1.5 0.7 

Kanto 59 Pi-k,a 10.0 8.5 5.5 4.5 1.8 

Kusabue Pi-k,a 10.0 9.0 6.~ 5.5 0.8 

Shinano- Pi-i 9.0 8.0 3.0 0.7 1.5 
hikari 

Takane-nishiki Pi-i,a 8.5 8,0 4.8 3.7 0.5 

Homare-nishiki Pi-a 7.0 7.0 1.8 0.7 0.3. -
Aichiasahi Pi-a 9.5 8.5 6.3 5.5 2.0 -. 

Kogane-nishiki 4.5 2.1 1.0 

Norin 22 Pi-a 8.5 7.5 4.8 2.0 0.8 
~ 

Norin 29 Pi-a 9.5 8.0 5.2 4.3 0.8 

, ) 

The used iso1ate: Ken 60-19 
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The rate of inerease of re~istanoe wi~ aging differs among 

varieties, although, it waE! in,f;lueneed by other faotors such as, 

fertilizer. Sorne varieties whieh are of the most s~soeptible at 

younger leaf stage beeorne~re resistant at the older stage in 

oomparison with sorne oth~r suseepti~le varieties. 

Inmany cases, ,a definite varietal difference in horizontal 

rasistanoe is exhibited well after 8 to 10 ,leaf stages. 

TIle results indioated in Fig. 5 show that the susoeptible 

varieties did not beoorne resistant by the time of 9-10 leaf stage, 

whileresistant varieties beoome more resistant in earlier stages. 

In the field under natural'conditions,the disease occurs 

generally soon after transplanting, at 8 to 9 leaf stage, in 

southern Japan, and after 10 leafstage in northern Japan. These 

,facts .support the importanoe fer the praoticalpurposes of the 

evaluationof horizontal resistanoe of older plants after 8-9 
leaf stagEi. 

3. Effeots of fertilizer an:d shading of sunshine 

In Japan a good supply of nitrogen fertilizer and a long spell 

of eloudy days are major raotors that favor the disease. There

fore, the diffe'renee in the response of the varieties to those 

two faotors are important. The results showed that the order of 

the varieties in resistance was not so greatly disturbed by these 

faetors. One of the results is shown in Fig. 6. 

4. Influenee of temperature 

a} Air temperature at the timeof inoculation. 

As little research was made, a definite conclusion has not yet 

been obtained. Results indicat,ed in Fig. 7 showed that',the optimum 
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temperature for infection is somewhat different among varieties, 

but gene rally the susceptible varieties are infected severely in 

any test temperature. 

b) Air temperature after inoculation. 

A definite conclusion has not yet been obtained. One of the 

results is shown in Table 6. F&wer varietal differenceS" in response 

to the temperature were found. 

tabla 6. Effectsof at'r temperature' after inoculation on varietal 

resistance. The figures indicate number of lesions per 

leaf (Central Agr. Exp. Sta. 1968). 

. , 

Varieties Resistant 
genes Di!!'~~~~~ : ¡j~! ~~ 

Sanin 68 Pi-k 13.8 10.5 8.5 6.6 2.7 2.2 1.6 1.6 0.5 

Senshuraku Pi~~: 5.1 5.5 3.3 3.6 2.9 1.5 2.0 1.3 0.1 

Kanto 59 Pi",k: ~ 14.7 11.0 11.1 4.0 2.5 3.0 2.3 1.3 0.3 
) 

Xusabue l'h-JC 10.3 10.5 9.6 7.7 8.1 5.0 3.2 1.4 0.7 
8 

Ohu 248 .. fi,..k 5.3 4.4 2.9 1.7 0.9 0.2 0.4 0.1 0.4 
¡ 

Senbonasahi E!..:!. 4.9 5.7 1.4 l.8 1.3 2.0 1.2 0.4 0.4 

Kinmaze Pi-a 10.1 6.7 2.1 3.1 1.2 0.3 0.7 0.2 0.0 

Yamabiko Pi-a 5.6 5.1 2.8 2.1 0.4 1.0 0.6 0.2 0.1 
e 

Chiyohikari + 4.8 4.5 2.6 3.3 2.4 4.5 0.4 0.3 0.0 

Kogane-nishiki Pi-a 3.3 2.3 0.9 0.8 2.4 0.1 0.1 0.1 0.0 
L 

Norin 29 Pi-a 13.4 15.8 8.8 7.6 6.8 2.9 2.0 1.8 0.4 
'1 

st.1 Pi-a 6.3 2.8 1,0 3.2 1.0 0.1 0.6 O. O 0.2 

Tozan 38 Pi-a 8.6 10.2 2.3 3.8 2.4 1.7 0.6 1.2 0.2 
ínoculatedat 7 leaf'st~ge,evaluation was made 10 days alter 
inoculation. 
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5. Influences of spore concentration, and of mixed inocu

lation with more than two isolates. 

With the increase of spore concentration, the numbar of lesions 

produced increases, but tha rata of incraase sometimes differs 

slightly among varieties (Fig. 7) even in the case with the sama 

isolates. 

Figure 8 shows a representativa example of mixed inoculation. 

As shown in the figure, if one of the two isolates to be mixed is 

incompatible with the test varieties, and the othar is compatible, 

the numher of lesions or siza of lesions produced on the compatible 

varieties decrease proportionally to the mixing ratio of incompatible 

isolates, due to the interaction between isolates, which is recog~ 

nized to be the effect of production of phytoalexin (Chata and 

Kozaka, 1967). 

Mixed inoculatien should be mede with the isolates which are 

both virulent to the varieties to be tested. 

111. lnheritance of horizontal resistance 

A few research varieties, Norin 22, Homarenishiki and Ginga, 

have been made. These varieties are all very old ones bred in 

Japan and recognized te be highly horizontal resistant expeximental

ly for a long time. Recent experiments also support this. 

Kiyosawa (1970) reported that segregation of the Fa progenies 

of the hybrids of Homerenishiki x Aichiasahi and Aichiasahi x Ginga 

against isolate Ken 54-04 under various environmental conditions 

could consistently be explained by one mejor gene and two minar 

genes. Be also reported that Homerenishiki and Ginga have probably 
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at least one common gene, and that a major gene of Homarenishiki 

and Ginga behaved independently to the race-specific resistance 

genes Pi-a, Pi-k and Pi-i, which are carried in Aichiasahi,Kanto 51 - ---- ~. 

and IShikarishiroke, respectively. 

Kiyosawa, Matsumoto and Lee (1967) suggested that the horizon-

tal resistance of Norin 22 against iso late Ken 54-04 was controlled 

by one major and two ór more minor genes by the analysis of segre-

gation of the F3 progenies of the hybrids of Norin 22 x Aichiasahi. 

These results, however, were obtained by a particular isolate 

Kan 54-04 using an injecting method into sheathes. This isolate 

shows very weak viru1ence to the varieties tested. 

Sorne questions stil1 remain, however, about what method is most 

adequate to study the inheritance of horizontal resistance. 
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Fig. 2 Difference in varietal responses to the isolates. 
The listed varieties, 1 Ranto 51, 2 Sanin 68, 
3 Rusabue, 4 Fu-69,S Tatsumi-mochi, 6 Kanto 59, 
7 Ohu 248 8 Mangetsumochi, 9 Ugonishiki, 10 Sen
shuraku 
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Fig. 3 Difference in varietal responses to the isolates. 
The listed varieties: 1 Norin 29, 2 Manryo, 3 Koshi
hikari, 4 Norin 8, 5 Norin 25, 6 Norin 22, 7 Nihon
bare, 8 Chiyohikari, 9 Koganenishiki, 10 Ginga 
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Fig. 6 Effects of nitrogen fertilizer and shading of sunshine 
on the varietal resistance (Central Agr. Exp. Sta. 1967) 
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GEOGRAPHICAL, DlSTlUBUTIONS ;AND, 'PREDOMINANT ,RACES OF PYRICULARIA ORYZAE , 

Sbohei Matsumoto 
Tropical Agriculture Research Center 
2-2-1, Nishigahara, Kita-ku, Tokyo, Japan 

Several countries other than Japan, U. S.A. and Taiwan have carried out 

studies on the pathogenic races of the rice bIast fungus slnce the symposium on 

too rice bIast disease held at the lnternational Rice Research Institute (lRRI) in 

1963. 

It will be useful to too study of horizontal resistance to the disease of rice 

ro take a view oí geographical distribution of pathogenic and predominant races in 

certain countnes from the data which have be en reported. 

r. Geographical distribution of the pathogenio races 

According to the paper, "Patbogenic races of Pyricularia oryzae Cavo in 

Asian and some other countries" by S. Matsumoto !!..!!.:' nearly two hundred 

speclmens of diseased plants in thirteen countries were tested on their pathogenie 

races at the National Institute of Agricultural Soienees of Japan from 1962 to 1966. 

At too same time, workers at the Japan-United States Cooperative Blast Project 

oonducted inoeulation tests oí the isolates which had been exchanged between both 

countries. (Figure 1 and Table l). 

From the results oí these tests, four geographical areas are distinguishable 

on the basis oí race distribution: 1} Japanese, 2) Philippine, 3) lndian and 

4) American. The races found in each of these areas have some pathogenic charac

teristics while showing differenees from each otOOr. The common characteristics 

in the pathogenicity of the races in each area are summarized below: 

1) Races found in the Japanese area 

Major races encountered in Korea and Taiwan belQng to those characterized 

in Japan, namely, Japanese race N-l, N-2, N-S, N-4 and N-5. They are pathogenic 

to 8011 varieties oí Japonica type, 1. e., Homarenishiki, Ginga, Norin 20, Norin 22 

and Caloro, but are nonpathogenic to the majority of Indica type varieties, 1. e., 

Tetep, Tadukan, Usen, NP-l25, Raminad Str. S and Wag wag. Many varieties of 

Japonica type are cultivated widely in this area. 
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2) Races found in the Philippine area 

Most major races found in the Philippines, Vietnam, Cambodia and 

Tbailand and to sorne extent in Taiwan and Indonesia are identical to or closely 

resemble sorne of too US races 5, 6 and 11. As shown in Table 1, they show 

similar reaction patterns onthe Japanese differentíal varieties, with susceptible 

reaction on on1y two or three varieties, namely, Usen, Ishikarishiroke and 

Aichiasahi. They are characterized by: a} nonpathogenicity to aU varieties of 

Japonica type except Aichiasahi and Caloro, thus indicating a striking contrast 

to the reaction observed with races in the Japanese area, and b) nonpathogenicity 

to the so-called Chinese type varieties, i. e., Chokoto, Yakeiko, Kanto 51, C. I. 

5309 and D.!lar, also indicating a striking contrast to the reaction of rae es in the 

ludian area. Among the varieties of Indica type, these races are aIl pathogenic 

to Usen, and some oí thero are pathogenic to Raminad Str. 3 and Wag wag. 

3) Races found in the lndian area 

Major races fonnd in India, Ceylon and West Pakistan, and some races 

in Indonesia, are identical or show close similarity to the US race S or 9. As sbown 

in Table 1, all the major races in this area are nonpatbogenic to most of the varie

ties of Japonica type, and in tbis respect are similar to the races in the Pbilippine 

area. However, they are patbogenic to most varieties oí the Ch1nese type such as 

Chokoto, Yakeiko, Kanto 51, C.!. 5309 and Mar, thus indioating a striking oontrast 

to the raaction of the races in the Philippine area. They also differ in that they are 

pathogenic to NP-125, wbich is resistant to most lsolates from other arcas. 

4) Races found in the Amerioan area 

According to the results reported by United States workers, the most 

prevalent races were US race 3 11.00 6 followed by US race 16. 

G. E. Galvez reported tbat US race 6, which corresponded to ID-13, 

was the most prevalent one in Colombia, which was followed by the races U-l, IB-7, 

IA-l 11.00 IB-3S in the proposed international race number by lEEl. Oí these, 

the race U-l showed pathogenic reactions to Aicbiasahi 11.00 Bluebonnet 50, wbich 

were used as supplemental varieties in cOntrast with the lBolates quoted in previonB 
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papere which were suspected as cultural variants 01' other species of Pyrlcularia. 

On the otber band, tbe races witb a distinct pathogenicity to Zenith were conected 

from most of this area, namely U. S. A., Mexico, El Salvador, Nicaragua, Costa 

Rica, Colombia, Venezuela and Brazil, and the wider distrlbution of these kinds 

of races could be ebown to be characterletic of this area. Zenith and Gulfrose are 

cultívated in this area. 

Among areas not included in the above, isolates from Hong Kong díd not 

sbow difierent patterns to Philippíne isolates but did sbow distinct pathogenicity to 

Dllar, which ie nonpathogenic to almost a11 the Philippine r8.Oes. It ls suspected 

that the isolates from Hong Kong indicate character1stics of ls01ates of mainland 

China, especially southern China, bacause their pathogenicity difiers from those 

of neighboring countries such as Taiwan, the Philipplnes and Vietnam. 

Isolates from Guinea in West Mrica were similar to Indian races and showed 

a wider spectrum oí reaction on tba difierential varieties. However, it would be 

better to omit them from tbe grouping, because tested isolates were few, and no 

further information ia available on the races of this area. 

Isolates from Hungary, Egy:pt and Australia showed onJy narrower spectrums 

of reaction on the differential varieties, and tested isolates were too few to group 

them lnto areas. 

JI. Predominant races in several countries 

Research on predominant 01' common racea of the fungus suggesta the global 

distribution of the races. Predominant races in a certain country can be presumed 

from the existing data, tbougb the data do not always aim at systematic saIDpling to 

know the actual distribution of the 1'aces. 

The frequency of races differentiated in Japan in 1961 (Table 2) did not result 

froID systematic sampling during the year-Iong study thronghout the country. Japa,.. 

nese 1'aoe N-2 was the IDost prevalent r8.Oe, followed by 1'aoe N-l. Because the full

acale breakdown of resistance of so-called Chinese type variettes started two 01' three 

years later, C-l and C-2 were collected in only limited areas in 1961. 
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Results of last year's isolates (Table 2) were insufficient because data of four 

prefectural experimental stations were simply accumulated without any statistical con

sideration. Considerable numbers ol N-2 and N-l were collected throughout other 

countries, though there was some increase or decrease in limited areas. e-s increased 

strikingly in number and over a large area from one isolate in 1961 to 220 in 1970, 

while none of e-2 was collected; C-l still had considerable numbers hut did not show 

as wide distributions as c-s. The increase ol e group races can be explained by the 

increase in cultivstion of the varieties which were originated from so-called Chinese 

type varieties, though there ls inadequate explanation for the striking increase of e-s, 

whieh overwhelms other raees. It is interesting that predominant raees in T, e, and 

N groups, whieh are T-2, e-s, and N-2, respeetively, show the same reaetion on the 

N-group differentlals in Japanese differential varieties compared with those of other 

races. 

M. Yamada, who studied systematie sampling of the pathogenie races of too 

fungns, pointed out the pathogenie strength of e-s as the reason for dominat1Iig . other 

raees. Though lnexaet, tlpathogenie strengthtl means aggressiveness or horizontal 

pathogenic1ty, which is quantitattve as well as horizontal resistanee. 

As the eomposition of pathogenic raees in Japan is simpler than those in other 

countries such as the Philippines, a relattonship between the predominant races and 

the raees which were derived from them appears elearér in Japá:Ílihail. tha. othel' cO\1ntI'ies. 

From the viewpoint of the pathogenie gene, serial ehanglng of the major raees in Japan. 

might be explained as follows: 

N-2, whieh eorresponds to international race IR-l, turns lnto N-l by obtaining 
+ 

pathogenic gene from Ishikanshiroke, whieh is named Av-i by Klyosawa. and those 

two raees, N-2 and N-l, turn lnto C-S and C-l respectlvely by obtaining pathogenie 
+ gene, Av-k , from Kanto 51. 

Table 3 shows the unpublished results of my work in Ceylon froID 1967 to 1969. 

In addition to the set of international differential varieties, seven lmportant vaneties 

in Ceylon at the time were tested as supplemental vaneties, which divided theinter

national races into subraees. 

From the result, the raees eorresponding to international races LE-l. ID-13 
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and IC-17, occupíed major parts oí Ceylonese races. Among them there 6eemB to be 

serial passa,ges d changíng from one subrace to another by the addition of pathogenicity 

to a certain varíety. For example, rE-l group appears to be varied from aubrace 

No. 26 to No. 22 one after another by the additíon oí pathogenícity to Aichíasahí, Podiwee 

a-8, H-4, and IR-8-68, successívely. IE-l and IC-17 seem predomínant races because 

of their frequencles. However, ID-13 ls still doubtful, because lt díd not ínclude the 

subrace pathogenic to H-4, which at that time was the most Widely distríbuted variety. 

Table 4 shows the results of the race differentiation in India by S. Y. Padmanabhan 

et al. re-17 was the most predominant race and IE-1 also showed a larger frequency in 

Ceylon. On the other band, ID-1 and IA-number races whích were infrequent in Ceylon 

were commonly distributed in India. Of these, most of the IA-Illlmber races from India 

showed pathogenicity to Dular and Kanto 51, while phílipplne IA-number races are 

mostly nonpathogenic to both varieties. Generally speaking, India and Ceylon can be 

included in the same race composition group (pages 1-5), and the predominant races of 

both countríes also can be the same or close to each other. 

Table 5 was taken from the Annual Report oí the International Rice Research 

Institute 1967, from which races possessing less than four isolates were omitted. 

IA-group races, especially IA-I09, whích adds the pathogenicity of Raminad Str. 3 to 

ID-13, occupied greater parts of the isolates tested. In the same report, the results 

of dlfferentiatíon of Phílíppine races by Phílippine differentíals, together wíth the 

Illlmber of iBolates, were aleo reported. It was impossible from the data oí the Annual 

Report to directly relate international races to Phílíppine races, hecause corresponding 

tables were not available. Among the Phílippine races, P 8, P 15, P 12, and P 30, 

respectively, showed larger frequencies and they were preaumed to be deríved from 

IA-I09 or adjacent races from their reaction to Phílippine differentials. From those 

results, IA-109 instead oí ID-13 could be a predominant race. Unfortunately, the 

annual reporta of folloWing years at IRRI did not gíve cumulative numbers of isolates 

of reported races but only the IlUmber oí isolates of new races in 1968 and the reaction 

patterns of newly discovered Phílippine races. T'herefore, the changing trend in frequen

cíes of races could not be obtained although increases of races pathogenic to so-called 

Chínese varíeties could be known. 
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Discussion 

With the advance oí the differentiation study of the races, many new races which 

were started with a limited numbers of specimens have been discovered in many countries. 

&tt in general view of geographical distribution of too races and their predominant race 

might not be influenced that mucho If this ls so, the following hypothesis arises: The 

actual process oí obtaining pathogenicity from a new variety or a new resistant gene 

ls still unknown. &tt it ls presumed that a new pathogenic race to a new variety or a 

new resistant gene occurs from the predominant race at a certain place in that time. 

For instance, in Japan, the occurrences of C-3, e-8, T-2 and also races pathogenic 

to Fukunishiki, which has a resistant gene from Zenith, could be good eumples of 

this case; and in Ceylon the races pathogenic to H-4 and IR-S-68 also could be presumed 

to be derived from predominant races at the time. Considering this hypothesis, tt would 

be interesting to know the predominant races of a certain place by using differential 

varieties which include severalindigenous varieties, and to check the race of the varie

ties on which it is deslrable to have a special resistant gene grown in bIast nurseriea 

in aH important rice-growing areas throughout the world. 

TIle race of blast fungua corresponding to "race O" of Phytophthora infestants 

has not yet been discovered, 1.e., there may be no rice variety to be susceptible to 

all the iaolates of Pyricularia oryzae in terma of vertical resistance. Caloro, Usen, 

P. Perumal and some other varieties showed susceptibUity to the all isolates obtained 

from a certain country, but they still might not be susceptible to the a1l of those from 

other countries. In this regard, a special affinity of the predominant or common races 

in a ceriain place to the variety which is indigenous or widely cultiva.ted in the same 

place could be one of the reasons. In this, evaluation of the resistance of the variety 

to the blast fungus should be stressed, especially where too variety which alms to be 

wtdely IlPplied at every place has the p08sibility oí being cultivated. 



Tab1e l. Geographic distribution of the representative 
races of rice b1ast fungus - 7 -

Variety Reaction of races 
a~' b d f h 

, • K I o p q r s 1; e e g 1. J ro n 

Zenith + + + 
Rexoro + + + + + + + + + + + + + + 
Lacrosse + + + + + + + + + + + + + + + 
Caloro + + + + + + + + + + + + + + + + + + 
Sha-tiao-tsao P + + + + + + + + + + + + + + + 
Sha-tia,o-tsao S + + + + + + + + -+ + + + + + + + + 
C.I. 5309 + + + + + + + 
Dular + + + + + + + + + 
NP-125 + + + + 
Raminad Str. 3 + + 
\'lag-wag + + + 
Taichung 65 + + + + + + + + + + + + 
Tetep ± 
Tadukan ± 
Usen + + + + + + + + + + + + 
Chokoto + + + + + + 
Yakeiko + + + + + + + ? 
Kanto 51 + + + + + + + ? 
Ishikari-shiroke + + + + + + + + + + + + + 
Homare-nishiki + + + i; + 
Ginga + + + + + + + ± 
Norin 22 + + + + + + + ± 
Aichi-asahi + + + + + + + + + + + + + + + + + 
Norin 20 + + + + + + + + 

Japan xl> x x X x 
Korea x x x 
Taiwan x x x x x 
Philippines x x x 
Vietnam x x x x x 
Thailand x x x x 
Cambodia x x 
Indonesia x x x x x x 
India x x x x 
West Pakistan x 
Cey10n x x x 
U.S.A. x 'le 

Brazil x 
.. 

1) existence oí race • 
'-) Reaction Name oí races Reaction Name of races Reaction Name of races 

a Japan C-l h ID- 13 (JU-2) o IE- 1 (JU-Z) 
b Japan N-l i ID- 13 (JU-3) p 10- 17 (JU-2) 
e Japan N-2 j IA-109 (JU-2) q IC- 17 (J\J-l) 
d 10- 1 (JU-3) k ID- 15 (JU-l) r IB- 54 
e IH- 1 (JU-l) 1 ID- 14 (JU-l) s IB- 33 
í 10- 13 (JU-l) m !D- I (JU-l) t IB- ? 
g lA-109 (JU-1) n ID- 1 (JU-) 

T .... +~~ .... +.;'"'~'"'1 ,....-::¡, n.o l"I:t,.,."hA'rQ " .. p h~ C!~ñ tm t:h p ... r(,H'")~,,rl numhe'l'" bv TR¡::¡L 
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'l'able 2. Japanese races of rice blast fungus • 

GrouE T Grou.Q e GrouIl N 
1 2 3 1 2 3 4 5 (5 7 S 9 1 2 .3 4 5 6 

Variety "' 
Te-tep ± 

Tadukan :1: ± 

Usen + + + 

Chokoto + + ± + + + 

Yakeiko + + + + + + + + 

Kanto 51 + + + + + + + + + + 

Ishikarishiroke + + + + + + + + + + + 

Homarenishiki + + + + + + + + + + + 

Ginga + + + + + + + + + + + + + + + 

Norin 22 + + + + + + + + + + + + + + + + + + 

Aichiasahi + + + + + + + + + + + + + + 

Norin 20 + + + + + + + + + + + + + + + + + + 

No. ot:--isolates* 1 1 3 52 30 O 1 1 9 10 1 2 51 113 6 14 3 6 .in 1')61 
No. of i sola tes ¡«f O 33 O 129 () 17 O O O O ~20 O 137 220 20 2 .3 O 

Í!1 1920 
rE 

International le ID ID 1 1 r.' IF lE lE lE lF lF lF IG lH IH IH IG ? or ~ 
Race Group 1 15 13 IF 1 3 1 1 1 .3 3 1 1 1 1 1 1 

1 ? 

lnter.nationa1 raee numbers are based on the proposed number by IRRI. 
(* Gato, K. et al. 1964.;¡'« Aichi, HOkkaido. Nagano. and Ooita Agr·Exp. sta. 1971) 

00 
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Tabla 3. Pathogenic races of rice b1ast fungus in Cey10n (1967-1969) 

---------------------------
ubr<!;ce 1 2 ) 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 2; 24 25 26 27 O 

ariety 

l. Raminad str. 3 

2. Zeníth 

J. NP-125 

4. Usen 

5. Dular 

6. Kanto 51 

+ + 

:1; :l: 

+ + + + + + + + + + + + + 

+ + + + + + + + + + + 

+ ¡ + + +. + + + + + + + + + + + 

+ + + + + + + + + + + + + + + 

7. Sha-tiao-tsao S + + + + + + + + + + + + + + + + + + + 

8. Caloro + + + + + + + + + + + + + + + + + + 

Oo, 

+ + + + + 

+ + + + + 

+ + + + + + 

+ + + + + + 

,--------------------------------------------------------------------------------------------------------
9. lI'l-:302 

.0. IR-8-68 

.1. H-4 

.2. Ptb 16 

l3. Podiwee a-8 

Aíchiasahi 

i5. P.Peruma1 

+ + + 

± + + + + 

+ + + + + + + + + 

+ + + + + + 

+ + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + + + 

Internatíonal A A e e e C e e e e e e e D D D? D D D D----¡y--E E E E E G 
racel 81 81 1 1 1 17 17 17 17 17 17 1718 1 1 13-13 1J 14 15 16 1 1 1 1 1 1 

~--o----~-----------------------------------------------------------------------------------------------. ~um i~o1~tesl :3 1 1 :3 2 2 10 2 26 14 11 35 7 1 5 2 2J 6 ? 2 2 10 16 18 4 lJ 4 21 

Internatíona1 race numbers are based on the proposed number by IRRI. 

'" 



t Table 4. Reaction of international rice differentials -le 
t 

to pathogenic races of Pyricularia oryzae in India 

Reaction per differential variety 
.Irlter-
national Inter- Rami- O. l. No. 
race national nad NP Kanto 8970 iso-
group race Str. 3 Zenith 125 Usen Dular 51 (s) Calero late 

lA 1* ( 97)** + + + + + + 3 
4 (113) + + + + + 5 
g (101) + + + + + 1 

( 65) + + + + + + + 3 
7 (114) + + + + 2 
8 (116) + + + 1 
9 (122) + + + 1 

10 (121) + + + + 1 
11 ( 81) + + + + + + 13 

le 1 ( 1) + + + + + + 12 
3 ( 17) + + + + + J1 
4 ( 19) + + + + 1 6 ( 18) + + + + :3 7 ( 20) + + + 1 
8 ( 24) + + 1 

ID 1 ( 1) + + + + + 19 
J ( 5) + + + + 1 

10 ( 15) + + 1 
12 ( 2) + + + + 1 

rE 1 ( 1) + + + + 13 
2 ( 3) + + + 1 
3 ( 6) + + 1 
4 ( 4t + + 3 5 ( 2) + + + 1 
6 ( 5) + + + 1 
7 ( 2) +. + + 1 
8 ( 8) + 1 

IF 1 ( 1) + + + 5 3 ( 2) + + 2 
4 ( 4) + 1 

IJ(II)** 1 ( 1) 1 • 
b1ank: resistant 
+ susceptible 
* International race number in original paper 
** I International race number proposed by IRRI. 
(S.Y. Padmanabhan ~ª~~ 1970) 



Table 5. Races of Pyricula~Q!:,vzae in the -11-
Philippines in international numbers (1967) 

International race No. 

o... o H N '-D 
V"\ '-D \J"\ o H H H N \J"\ !Jl c<'\ .:t '-D 
.:t .::t '-D .-j .-j H H H .:t H H H H 

I I I I I I I I I I I I I 
..: ..: ..: ..: ..: ..: ..: ..: It:l (,,) Q Q Q 

H H H H H H H J:-i H H H H H 

varle~ 

Raminad str. 3 + + + + + + + + 

Zenith + + + 

NP 125 + + 

Usen + + + + + + + + + + + + 

Dular + + 
Kanto 51 + + 

Sha-tiao-tsao S + + + + + + + + + + 
Caloro + + + + + + + 

No. of 28 28 25 2)0 81 8 29 5 6 14 21 6 isolates 7 

(from IRRI Annual Report 1967) 

• 
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