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Inheritance in Rice of Reaction to Helmin
thosporium oryzae and Cercospora oryzae 1 
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Bureau of Plant Industry 
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INTRODUCTION 

Certain disrasrs of rice (Oryza sativa L.) arc of great economic 
importance and have bcc'll the object of considerable rrsearch. Among 
the principal diseasrs arc those caused by Helminthosporium O'l'1Jzae 
B. de H. and Oercospora oryzae Miy. The fungus H. oryzae causes 
seedling blight, a IN1f spot, and attacks the neck of the culm and 
branches of the panicle, the glumes, and the kemels of rice. H. 
O'l'1Jzae overwintrrs in the fi£'ld, cannot be controlled by sred treat
ment, and is pathogenic on oth('r grasses. The only satisfactory con
trol appears to be through the breeding of resistant varieties. The 
fungus, O. oryzae, causes a leaf spot on rict'. This disease is rather 
generally distributrd throughout the ricr-growing regions of Arkansas, 
Louisiana, and Trxas. In the ricc-brerding program in Arkansas, 
SQffie promising cercospora-resistant and moderately resistant medium
~in selections of desirable plant type have been isolated from the 
eross Kameji, resistant, X Supreme Blue Rose, susceptible. The 
~erage yield of two resistant selections from this cross in 1938 was 
~.9 bushels; of seven moderately resistant selections, 64.4 bushels; 
~seven susceptible selections, 40.7 bushels; and of Supreme Blue Rose, 
it5 bushels per acre. A wide range in reaction both to H. oryzae 
~eceived for publication June 15, 19-10. Contribution from the Division of Cerenl Crops and Diseases, 
Bureau of Plant Industry, U. S. Department of Agriculture, In cooperation with tho Arkansas Agricultural 
Experiment Station, Stuttgllrt, Ark. 
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and O. Dryzae has be('n observed among different varieties of rice. 
All varieties grown extensivrly in Arkansas are susceptible. Crossrs 
between rice varietirs differing in disrasc r('action were made und 
the present bulletin reports thn results of studirs on the inheritance of 
reaction to the two diseases in certain of the crosses. 

LITERATURE REVIEW 

Wei (20),3 who rrvirwrd tlw litrraturr OIl IIelmi71tllOsporium oryzae, 
statrd that the disNlsl' ",us fi['st llotrd by Von Tltut'lllPn in 1889, and 
that Van Brrda de Baan of ,Javu, num('(l till' clllIsal fllngllS in 1900. 
Ito and Kuribaynshi (5) found the prrft'ct stage in cllltur0 hut Jlot 
undt'r natural conditions, and. propost'd the mllne Opliioboi11S mi7/u
bealI1ls. Dn'chs}('[' (3) suggt'sb'd putting this fungus in the new gr'[IllS 
OochlioboZlls inst('ad of Ophiobolus. . 

OrfC'mit1. (10) st,udi('d SPl'cimC'l1S of Hclminllw8)J(})'i1Im 07'!/;Zae from 
T..Jollisinna, tlH' Philippines, ~Tu,va, and ,Jnpan and obs(lrvC'd slight 
physiological differences, but, concluded that tlH'Y \\'('1'(' nil strains of 
II. Ol'!lzae, 

The symptoms hu,ve been described fully by s('YC'ral i ll\'rstign tors. 
Tullis (17, p. 81) stated: 

EWl'pt for minor diff('T('tlccs, the manif('stations of the di!'cns!' as it Oel'111'S in 
t h(' rllitt'C1 Alates sc(,1ll to be the same fiS e\sewhl're in the world. The lesions 
produ('Pcl by thc fungus arc usually narrowly !'lliptical spots wilh grayish ccnt('rs 
and hrawn margilll;. \"ariOllS gradatiollH ar!' found fr0ll11lfirrowly !'Uipticallcsions
in SOHle ,'ul'ictics to circular spots ill others. 

Ocfrmit1. (11) rc·portccl thut although infpetiOlls of ('olroptile, 
Jl1Pso('otyl, filld seedling roots were more UhUlldHllt. and thr It'sions 
c1!'Yl'lopNl fnstrl' at higb than at low soil trm;Jrr:,tul'('S, til(' infC'ctions 
at highC'r t('mperaturcs were less harmful lind W('f(' finally outgrown 
by the plant. 

Ocfrmi:1. (10) reported thnt, in the Philippinrs, from 10 to .58 p(,I'C0nt 
of the plan ts wrl'r kil1('(] by II. orllzae. ~l Qny of tIl(' remaining plan ts 
\\'('re stulltNl and wcakC'nrcl so that thr" wrre lat('l' attu('k('d and 
kiJlrd by othrr £tmgi. CralLPy and Tullis (:<:.') l'0ported n. or!l::ae to be 
on0 of the most important fungi cnllsing s('('dling hlight of rice in 
Arkansas, listil1g it as second in importnn('c in tlwir r:-:prrimrnts. 
W0i (20) )'rport('(l that sC'pdling blight, caused by H. olyza(', wns so 
S0Y01'(' in s('edbcds in the area around Sungkiang, China, that in some 
casps it was llecessarv to l'('s('(>(1. 

The damnge cllUsrcl by this fungus during the growth of the rice 
planti from the seedling stage to maturity Cllllllot be estimated necu
ratdy. HOWeY0r, the author bas oiJsC'rved thn t plnnts sl'vereiy 
uttfl('kecl are stul1trd and weukened, and therefore probably do not 
produce normnl yields. 

The dmnage caused by H. oryzae during the flowering und maturing 
stages of the riee plnnts is :1 little more evident. Oefemiu, (10) 
observC'd thut infected panicles show a black mass of conidia and 
conidiophores on the' grain, in some cases ('ompll'trly enrIosing the 
caryopsis. Suzuki (Ui) ]'('ported that rice kel'llpls internally infected 
with this fungus showed u, gen('rul visible discolorntion and sometimes 
were shrivekd. Tullis (18), reporting Oil the ellUSt'S of discolored rice 
kernels in 13 varieties grown in Arkansas, Louisiana, and Texas in 

3 Italic numbers in parentheses refer to Literature Cited, p. 17. 
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2 years, found 0 to 88 discolored kernels per 50-gram sample of rough 
rice. H. oryzae was the cause of 15.5 percent of the discoloration. 

Nishikado (9) studied the temperature tolerance of H. oryzae and 
recommended treating the seed with hot water. Crilley and Tullis (2) 
concluded that none of the treatments they tried could be recom
mended for control of seedling blight in Arkansas. Ito (4), Lin (7), 
Suzuki (15), and Wei (20) reported that mycelia and conidia of 
H. oryzae remained viahle for 1 to 3 ycars under field conditions. 

A number of investigators have reportt'd varietal difft'rences in 
reaction to H. Ol'yzae. Ocfemia (10), Tullis (17), and Suzuki (16) 
}"('ported various degrres of resistance among rice varietics to I-I. oryzae 
and suggested that; the best; mt'ans of control would be to d('velop 
resistan t; varietks. Lin (7) tested 500 strains of rice for reaction to 
H. oryzae in the seedling stage, and also studied the mature plant 
r('action of 30 of tht'se strains. He conduclt'd that mature plant 
r('action did not coincide closely with the reaction in the seedling 
stnge. He fOlmd 3 varieties very l'rsistant to H. oryzae. 

Wei (20) listed 23 gruss('s sllsc('ptible to H. oryzae. ~[any of these 
grow in rice fields in the United State's. 

The literature On the mnt\c of inheritance of reaction to dist'ase
causing organisms in rice is limite'd. Kato, according to ,Jont's (6, 
.p. 452), reportt'd a single factor difference for l'('action to "Lepto
sphaeria, (Catt.) and ]!elallomma, oryzae" with resistance dominant. 
ThewOl·k of Kato is summarized by Ando (1). Sasaki (14), according 
to Jones (6), reported a single factor difference for reaction to Piri
C1.t1aria, 01'yzae Br. et Cay. with resistance dominant. N akatomi, 
according to Jont's (6), studied the inheritance of reaction to P. oryzae 
and reported segregation in a mtio of nine resistant to seven suscepti
ble. Ramiah and Ramuswami (12), in studies on the reaction to 
P. oryzae, found the mode of inheritance to be simple in one case and 
more complex in another. Tht'y obtained disease-free selections that 
:l (rlded bettet' than the susceptible parent. Nagai and Hara (8) 
stud it'd the inheritance of reaction to Helmintlwspori1lm oryzae and in 
the F2 generation obtained a mtio of three healthy plants to one 
diseased. 

Tullis (19) discussed the causal fungus and described the symptoms 
of the disease caused by Cerco8p0ra, oryzae. Ryker (13) discussed 
possibilities of developing strains of rice l'rsistant to this fungus. 

INHERITANCE OF REACTION TO HELMIXTHOSPORIUM 
ORYZAE 

MATERIAL AXD :METHODS 

In 1934, 21 varit'ti('s of ri('(' l"('portecl to be rrsistallt to disease'S were 
grown in single rOws. ObSl'lTations were made on their reaction to 
natural infection'" .;,wsed by leaf-spatting fungi. Sen'ral of these 
varieties appean\(~ to be resistant to Helminthospol'ium oryzae. 

In 1934, the cross l-,[ubo Aikoku X Supreme Blue Rose (C. V 5793) 
was made to study the inhe'ritance of reaction to II. oryzae, the former 
variety being modrratt'ly resi.stant and the latter susceptible to this 
fungus. 

Supreme Blue Rose is a vigorolls-gt'owing, high-yielding, late
maturing, mrdium-graill variet.y with normal gr(,(\Jl or straw color in 

I c.!. refers to IIccession number of the DIvision of Cereal Crops and Diseases. 
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the apex of the lemma and palea and is susceptible to both H. oryzae 
and Oercospora oryzae. It is an important commercial variety accord
ing to Jones (6), who reports that 50 percent of the rice acreage in the 
United States was sown to various strains of Blue Rose in 1934. 
Mubo Aikoku is an early-maturing, short-grain variety with red 
pigment in the apex of the lemma and palea, and it is moderately 
resistant to H. oryzae. 

The F 1 plants of the cross Mubo Aikoku X Supreme Blue Rose were 
grown in the greenhouse during the winter of 1934-35. The grain did 
not mature early enough for sowing in the field in 1935, but it was sown 
in 1936. The F2 plants were grown in rows 12 inches apart with the 
plants spaced about 4 inches apart in the row. Several rows of each 
of the parent varieties were grown for comparison. 

The entire area on which the F2 population and parent varieties were 
grown in the field was enclosed in a muslin and cheesecloth tcnt about 
the time the earliest plants began to head. The plants were inoculated 
with H. oryzae by spraying with a suspension of conidia of cultures 
gwwn on corn-meal agar and by placing naturally infected leaves from 
susceptible varieties in the enclosure. The inoculum was applied in 
the evC'ning, and the tent was moistened and kept moist during the 
day following inoculation. Data on time of heading and color of apex 
of lemma and palea were recorded at about 7-day intervals during 
this period by tagging the plants that had headed. A small F2 
population also was grown in the greenhouse during the winter of 
1935-36. 

Lines in the Fa and later generations were sown in the field in 8-foot 
rows spaced 1 foot apart. The seeds were not space planted but were 
sown thin enough so that the plants could be examined separately. 
Parent varieties were sown at frequent intervals for comparison. 

The Fa lines from the F2 population grown in the field in 1936 were 
inoculated in tents in the field in 1937 in a manner similar to that used 
in 1936, the only difference being that inocula.tion was started about 
2 weeks earlier and the inoculum used was conidia produced from 
cuI turps grown on on.t hulls. 

Preliminn.ry studies on the reaction of rice seedlings to H. oryzae 
also were made in the greenhouse during the winters of 1935-36 and 
1936-37. The following method of inoculation was found most satis
factory. The seedlings were grown by sowing 20 or 25 seeds in pint 
or quart pn.per cups. When the seedlings were 6 to 8 inches tall they 
were inoculated by spraying with a suspension of conidia of cultures 
grown on oat hulls. The plants were placed in a moist chamber at a 
temperature of 29° to 30° C. for 24 to 48 hours. They were then 
placed on greenhouse benches, and disease readings were made 
usually after 3 to 5 days. 

The seedling reaction to H. oryzae of Fa, F 4, and Fslines was likewise 
studied in the greenhouse in the winter of 1937-38. The plants were 
grown on Crowley silt loam in pint paper cups, and each line was 
grown in duplicate in the greenhouse. The same method was followed 
as was used in the greenhouse in 1936-37. If there was sufficient seed, 
each of the F a lines was divided into four parts. All of the lines studied 
in the greenhouse were sown in the field at Stuttgart, Ark., in 1938. 
The lines in which there was sufficient seed for four parts also were 
sown in the field at Beaumont, Tex., in 1938. 

http:Preliminn.ry
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The lines grown in the field in Arkansas in 1938 'were sown in 8-foot 
rows spaced 9 inches apart with frequent ro,vs of the parent varieties 
for comparison. Seed of the composite of several very susceptible 
yarieties were sown in the alleys. The lines sown in Texas ',vere 
alternated with rows of the susceptible composite. In Arkansas, 
straw from susceptible varieties grown in 1937 was applied to the 
land at the first irrigation. 

Five arbitrary classes, numbered 1 to 5, were used to record the 
reaction to II. oryzae. Plants with lesions less than 1 mm. in length 
that did not have grayish centers were placed in class 1. In classes 
2, 3, and 4 the lesions were about 1.5, 2.0, and 3.0 nun. in length, with 
gray-ish centers. In class 5 the lesions were large and not sharply 
delinlited. There wns an increasing number of lesions from classes 
1 to 5, so that in class 5 the lesions often merged to form large blotches. 

RESULTS 

The seedling reaction of a 111I]n1>('r of rice ,arieties to Helmintho
spotillm O7'1.jzae, inoculated a.s described herein, was observed during the 
winter of 1936-37. The varieties tested and their reaction are giyen 
in table 1. 

'TABLE I.-Reaclion of seedlings of n'ce varieties to lTelminthosporium oryzae, 
artificially inoculated and gr01l'1! in the greenhouse at different temperatures during
the u,inler oj 10,,0-87 

I H~nelioll rnting in different series at temperature of-

C'. I. I---;~~.--~· 24° C'. 28° C'.Yariety 
No. ,------/.-- Ayer.

ISpri(ls , Series . ~('ril's 8t'ril~S: S(lries I Srries age 
, 1 ; 2 ! II! 2 f 3 

---------------------1--- -.-- -. --', --~'---I--------
~[nbo Aikoku. ........•...... .. I 0346 I ! 1-2 I 1 J 1 1. 2 

"'~j 1-2 1-2 1-2 1.5~~ri~~k( ::::::::::::::::::::::::~ :., m~ 
<1-2 l.~ -. 1.5Gin noZll .• ~.... ~.................. II 6355 2 
 1-2 1 1.6Do..................... ......... 6S73 2 
 2 1.7

Kinni.. ........................... ~. 'I 6508 · .. ··-1·· .. •· .. 2~ ......1·· 1-3 2.0
~!eshibu................... ...•. .... 51i81 
 3-4 1 2.2Selection from Slorm Proof X Spnin 1 

3 i" .... 2.3z/~WJi=:::::::::::::::· '.: . I '7787" "·'''4· · .. ·4:.5· · .... ·2· .... 1~~. 2 J 1-2 3.0
l\irn................ ~ . I 2702 1....... 3--4 ~.......... ~ .. . 3 t 3.0
'I 

4 4.0~I~~~~~~~~I~:: ... ::: ..: i ~g~~·····H:::::::: ~'.;i~' .. ::::: 5 .... 4.3RupremeDlue Hose.... . .. 1 5793 ....... 1 5 ~..... 5 
 5' 5 ii.O
Enrlv Dlue Hose ...... ~.. . . ..•. 1 i7B5 ...•. ~'I' ... ~ .... '".~""" .... gI •..5J ,5.0
EarlyProlitlc................. ~'''''i 5S83 I·"~···· 5 I·..···r······ .5.0


I . 

Of the Yltrieties tested, Mnbo Aikoku was the most resistant, Tlus 
WitS in ng,'eement with the preliminll.ry field observations made on 
ndul t plants. 

The first seven varieties listed in table 1 are of the short-~rain, 
narrow-leaf type, The selection from Storm Proof X Spain Jap IS the 
progeny of a cross in which the male parent was of the short-grain type. 
The other seven varieties had wider leaves and were rank in growth. 
The difference between the first eight and last seven varieties in degreo 
of infection is probably related to the size of the intercellular spaces, 

http:preliminll.ry
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which are reported by Tullis (17) to be smaller in the short-grain 
varieties. 

An F2 population of the cross Mubo Aikoku X Supreme Blue Rose 
was grown ill the field at Stuttgart, Ark., in 1936, and the plants in
oculated with conidia of H. oryzae. Some infection was obtained but 
not enough to differentiate clearly between resistant and susceptible 
plants. The inheritance of time of heading and of anthocyan pig
ment in the apex of the lemma and palea also was studied. 

One-hundred and si.xty-seven Fa lines from this cross were grown in 
the field at Stuttgart in 1937. Seventy-seven of these lines were in
oculated with conidia of H. oryzae and classified according to reaction 
to that fungus. The results are given in table 2. 

TABLE 2.-Reaclion to Helminthospodum oryzae of Fa Unes from the cross Aruba 
Aikoku (cla.ss 2) X Supreme Bl1le Rose (class 4) grown 1'n the field in 1937' 

Plnnts or lin~s in r~nction clnss-
It I Aft~ 

em rt'nction 
2 3 4 'l'otnl 

--------------11---------------
Nnmber I]I.'umber Number NumberIndi"idual plants______ ______________________________ 210 47-1 US3 J,3(;7 3.2.5 

A"cragc F,lIncs..___________________________________ 1 40 36 77 3.45 

A definite genic analysis of the mode of inheritance of r<.'action to 
Helmintko8porium oryzae is not attempted, because of the absence of a 
distinct difference between resistance and susceptibility. Rutll<'r, 
there was a regular gradation from modern.tely resistant to very sus
ceptible. To set up arbitrary classes jn materin.l of this nature would 
seem to make genic analysis unreliable. All the observations incli
cated, however, that resistance was recessive and that there was more 
than one factor difference between the resistant and susceptible 
parents. 

Preliminary studies with a number of varieties appeared to indicate 
a rather close relationship between reaction in the seedling stage in the 
greenhouse and mature plant reaction in the field. The progenies of 
the cross Mubo Aikoku >< Supreme Blue Rose were used to determine 
further this relationship. The reaction of progenies of the same cross 
also was studied in the greenhouse. Most of the material was F~ 
lines from the Fa progeny reported in table 2. The Fa lines that were 
grown in the field in 1937 were grown in the greenhouse and arti
ficially inoculated in 1937-38 to check the reaction to I-I. oryzae under 
greenhouse conditions and to determine the possibility of eliminating 
susceptible lines by inoculating the seedlings in the greenhouse. 

The correlation between greenhouse and field reaction for the mate
rial used was highly significant in Fa lines but less significant in F4 
lines selected from the Fa lines. 

The results obtained with Fa lines in 1937 in the field, and in 1937-38 
in the greenhouse, are given in table 3. The correlation coefficient 
between reaction to H. orllzae in the field and in the greenhouse was 
+0.52. This value may be considered significant, as the value of Pis 
less than 0.01. 
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TABLE 3.-Reaction to HeZminthosporium oryzae of F3 lines from the cross ll'fubo 
Aikoku X Supreme Blue Rose grown in tlte field in 1937 and in the greenhouse 
in 1937-38 1 

Number of linps Ln greenhouse in 
reaction class

1.5-1.0 I 2.0-2.4 i 2.5-3.0 , Total 

2.0-2.4............................ _........................... ==1---1==---;
i:g::~:t:=:::=::=:::=:::::::::::=::::::::::::=:=::=::::::::::: 1 ~ 

1 

:------ ..4' ~ 
3.5-3.9.........._____________ ..--.- ...---- __ ....____ •__ ...... 5/ 7 12 

4.0..... - .----.•----.--........... --. --- ____..__....______... __ •__ ._ ..•__ ....... i 3 3 


TotaL .. _....... -- ••• ---_.------ •• __ ....__ ..___________ ---1--1-]1---,---26

14

I r,,= +0.52. l' 1",,-, thun 0.01. 

The results obtained with F4 lines in 1937-38 in the greenhouse, 
and in 1938 in the field, arc given in table 4. The correlation coeffi
cient was +0.23. This value is rather low, but it may be considered 
statistically significant, as the value of P is less than 0.01. 

TABLE 4.-Reaction to Helm.inthosp07·imn or?/zae of F4 Unes from the cross M1lbo 
A-ikoku X Supreme Blue Rose grown in the greenhouse in 1937-38 and in the
field in 1938 1 

, Lines in field In reaction cJass-
Reaction class in greenhOliSO 

2.0 , 2.5 2 3.0 , 3.5 3 4.0 3 Total
'--------- ---. 

Resistant: Number Number1.0.. _.......____• ___ • ____ .• __ .... __ __ 1 
~'u11/ber Number NIL1I/ber lV-umber 


J.5 ...... __________• ____ .... __ •____.. _ 3 2 2 8 
2.0 ..... ___ ...__________ •.•_________•__ 5 4 10 7 26 

Susceptible; 11 11 58
9 6 21 

2.5.. __ .......... __________ . ________... 6 (i 32 23 39 106 
3.0.. __ .... __ .... ______• __ •• __________ . '2 35 ]5 J3 26 61 

TotaL.... __ •.• _____ •__ ..... ____. ___ .--23-j--2-1;--8-1,--4-0 --8-5!~ 

, Resistant. 3 Susceptible. 

Table 5 is madr up from the data prf's('nt('d in table 4 in ordpr to 

point out the possibiliti(\s of eliminating susceptible lines on the basis 

of rpaction to Fl. ol'lIme of seedlings grown in the greenhouse. 


The results, on the basis of data shown in tables 4 and 5, strongly 
indicate that it is possible to eliminate somp of the susceptible lines 
on the basis of ReNlling r(,l1ction to Helmintho81JOriu1n orllzae. Thus, 
if all lines were grown in th(' gr('enhouse and inoculated with H. orllzae 
approximately a third of them would be saved as resistant (('lasses 
1.0-2.0), and of those, approximately 27 percent would be found to be 
resistant (class(\s 2.0-2.5) in the field ; whereas, if the lines were selected 
at random fo1' sowing in the ficld, approximately 17 percent would 
be found to be rrsistant (classes 2.0-2.5). This difference, when space 
is limited, appears to be sufficient to justify the labor and e)l:pense 
involved in testing the seedlings in the grernhouse. About 1,000 
lines can be grown in 100 square feet of grrenhouse bench. If the 
greenhouse sowing is early enough, the resistant plants probably can 
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be grown to maturity and seed obtained in time to sow in the field in 
the same summer. This procedure would save 1 year in the breeding 
Jr:-ogram. 

TABLE 5.-Reldtion between reaction to llelminthosporium oryzae in the greenho1lse 
and in the field of F~ Unes from the cross ~{1lbo Aikoku X Supreme Blue Rose 

Resistant All resistnnt Allsuscep
(mnctio,n (reaction tibleReaction class In greenholl~e 2.()-2.5) in 2.0-2.5) in (reaction 3-4) 

field tl~ld in field 

Perant Pfrcenl Percent1.()-2.0________________ . __ •• _____ •__ • _________ •...•. _. Zi.li 
2.5-3.0____ •______ •• _ ._...._............. _.......____ ....... __ 11. 38
1.0-3.0....___.. __ __ ___ ______________________________________ __ 16.9!l __________________________ __ 
1.()-2.0______ .. ___ .. _______ ..•.• __ . .•. ........ .. ....... -.. ____________._ .. 56.82 31. 16 
2.5-3.0____ ------------- ___ ---- ----- -- _-- _-.- -- -- _-- __ ---- ___._1__ ------------ 43.18 68.84 

____~_____c_______ 

The data on the mode of inheritance of time of hending and red 
pigment in the F2 population are given in table 6. From seeding to 
heading Mubo Aikoku and the early F2 plants required from 90 to 
107 days and Supreme Blue Rose and the late F2 plants from 108 to 
118 days. All plants classed as early and grown m the F 3 generation 
bred true for earliness. All plants dassed as lnte and grown in the 
Fa generation bred true for lateness or segregated for time of heading. 

The results show tha.t there is one main factor for time of heading 
wi.th la teness dominant and one nlain factor for glume apex color with 
red dominant. The 9 : 3 : 3 : 1 ratio in the F2 generation was col1
firmed by "!the breeding behavior of Fa lines. 'l'he chi square Cx2) 

value was 16.93 and the P value \vas between 0.05 and 0.02. The 
factors for earliness and red pigment were inherited independently 
as indicated by the x2 test for independence and association. The 
value of x2 was 0.77 and the value of P wus between 0.90 and 0.80. 
These factors for earliness and red pigment also appeared to be 
independent of reaction to Helmintho8porium oryzae. 

TABT>E 6.-Time of heading and pigmentation for the F2 popul.ation of the cross 
Jl!Iubo Aikoklt X Supreme Blue Rose 

Plants 

('ulculated PliesHeadIng and color class x' betwoon 
Obser\'ed 

0: 3: 3: 13: 1 rat,io ratio 
-------------------------I------------I--------I!------II--------

Number !{u11lher Jotu.mhcr 
746 756.i5 .•_.... __ .. 0.6t 0.50-0.30

Late_____________________________________ _ 
Early_____________________________ . ____ . _._ 252. 25 _____________ . _________ . _____________

263Red _________________________________. ___ __ 756. 75 ... __________________________________ _i42Green ___________________________________ __ 252. 25 ______________ 1.15 .3()- .20267Late. red ______________________________ . __ . ____________ 567.5625 ______________________ __554 
.. __________ 189.1875 .....___________________ _ 

188 ____________ 1 189.1875 ---------- -------------
75 _______ ____ 63.0625 2.66 .5()- .30i:rt:5~===::::::=::=::==:==::=::===::: 

192 

http:0.50-0.30
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INHERITANCE OF REACTION TO CERCOSPORA ORYZAE5 

~IATERIAJ. AND METHODS 

The following crosses were used in studies on the inheritance in rice 
of renetion to Oercospora oryzae and on other characters: Almbo X 
Supreme Blue Rose, Meshibu X Supreme Blue Rose, Gin Bozu (C. 1. 
6355) X Zenith, Enrly Proliiic X Onishiki, Gin Bozu (C. I. 6873) X 
Cnl"olina Gold, und }..,Ieshibu X Z('nith. Supreme Blue Rose, Zenith, 
and Early Prolific o,re medium-grain varieties and Carolina Gold is a 
long-grn,in variety; all are susceptible to C. oryzae. Akaho, Meshibu, 
Gin Bozu (0. 1. 6355), and Gin Bozu (0. 1. 68(3) are short-grain 
varieties, resistant to 0. oryzae. . 

Akaho has short culms and compncot pamcles, whereas Supreme Blue 
Rose has taller culm~ and more .open po,nides. The growth type of 
Supreme Blue Rose IS more deSIrable than that of Almho, so these 
characters in the segregati11g populations w('re observed in order to 
determine the possibilities of obtaming f~ resistant selection possessing 
the more desirable type of growth. 

This material was sown unci ho,nclled in the field in the same manner 
as reported in tho studies with Flelminthosporium oryzae. However, 
no attempt was made to inocul.ate the pln.nts artificially with Gel'co
S]Jora oryzae. The umount, of llloculum that occUlT('dl1f1.turnlly each 
year was sufficient to coause infections severe enough fOI" difi"erentinl 
readings. 

In the segregating generntioJls there was a very wide range in type 
of reaction to O. oryzae from plants that were immune to those that 
were completely susceptible, that is, with a reduction in leaf areD, of 50 
percent 01' more. This made it \Cry difficult to clnsRify the plants ac
curately. 11owever, they w~rc placcd in thre.e arbitrnry cll~sscs desig
nated as reSIstant, mtermedmte, and susceptible. The l'eSlsta,nt class 
wus recorded l1S class 1, mtermedia,te as class 2, and Rusceptible us 
class 3. Only plants that a.ppeared to be free of discH,ses were placed in 
class 1. Pla.nts that hud up to about 10 percent of tbe leaf nrea reduced 
were phced in class 2. Plants that w('ro reduced mor(' than 10 percent 
in leaf urea were placed in class 3. The readings were further compli
cated by the occurrence of u physiologiea,l spotting- thnt is ver~~ 
similar in effect to the cercosporn, leaf spot. Because of physiological 
spotting some plants were classed as intel1necliate, which ii1 breecling 
tests pro\-pd to be r('sistant. AIRo, some susceptible plants were 
clnssed as intermedinte, apparently becn.use they had partly escaped 
infection. . 

RESULTS 

The segregn.tions for renction to C(,7'COspora oryzae nnd other chn.r
acters in the F2 generation of the cross Almho X Supreme Blue Rose 
are given in tables 7 nnd 9. These results indicate thn.t there was 
one main dominn.nt factor for susceptibility. The l'esistuut class was 
deficient in number. The value of 1(2 wn.s 16.90 for u 1 : 2 : 1 ra.tio, 
nncl the value was 16.39 for n. 3 : 1 ratio. The vuIu!' of P was less thun 
0.01 in both cases. It is possible that SOUle resistant plants were 
classed as intermediate because of the physiological spotting. 

, 'Vhilc this bulletin WIIS in proce$S of pnhIlcution n puper entitled "rnlwritnllcc of resistnnce to Cercos. 
]lora orvza. in rice," br '1'. C. Rrkcr aud N. E. Jordan, appeared In Phytopatholog~- 30 (12): 1041-1047, 
December ]940. 

278040°-41-2 
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TABLE 7.-Reaction to Cercospora oryzae, plant height, and panicle length of S1!
preme Blue Rose, Akaho, and the F2 population of Akaho X Supreme Blue Rose 

Plants in reaction I Plant height Panicle length 
class I 

Variety 	 --------
Standard ?Iilli· StandardInches1 i 2 ! 3 i deviation meters deviation 

-------1------,------- 
1\1'ttm- ].,rum- .i..YlL1n-1 	 i 

beT ber ber
Supreme Bluc Rose __________ . __ . ______. All 499±O.30 I 3. 35±0. 21 I :!OS. 1±2. 25 ; 2.1. 13±1. 59 
,\"aho.. __ ._ .••• __ ._ .. _. All __ ...___ '_". 32.9± .48 3.38± .34 : 137. 9±2. 20 , 15. 39±1. 59 
A"nho X Supremo DIlle iRose F,________________ . 233 616 323 I 41.3±.1G! 5.32± .11 175.4±.81! 26.92± .55 

I : I 

TABLE S.-Reaction (0 Cercospora oryzae of Fa Unes of the cross Akaho X Supreme 
Hille Rose 

F,lines , _____" 	 __T ____~_,__ 	 ..,~__ 
Reaction classes of F, plants ; 'II I ,. \ se~regnting·1 Score,,,"!i,,", ISegregating, III I 

1 A crus classes 1 und class('s I, 2, classes 2 and A c ass 
i I 2 and 3 3 3 

------------------------' , ,---
I. ResistanL .. __ ....... __ .. __ .. ____ ....1NU11Ibrii: "'umber 6 Yumber 3 !_ ..~:~~b~~. _I NU11I~_ 

2. Intermediate_._ ...... __________ .... __ 8, 7 14 i 3 _ •. ----- 

3. susce~~::~-:·::::::::::~:~~::::::JI....-I~-:""" :~, 4 '--ii13 
~ -( l 

----------------~---.----------------. 

TABLE g.-Plant height and reaction to ('crco.~pora oryzae of an 1-'2 pOPlilation from 
the cross Akaho X Supreme Blue Ro,~1? (Inri height classification of parent variel-ies 

I 	 IF, Illants if: reaction class-
Plant hei~ht classes I SupremeAkuho(incbes) \---1 --i---~ ----~ 	 I Dlue Hose 

l 

Jo;umber i Sumba N!LmbeT Sumber Sumber Numbu 
24 _____ .. ______________________ ------.-----: ,...2, --------3-;- IO~. 341;--..-_ ------ 31. __ .. ________________________ 16 ; ,r , , 

38 __ ._________________________ 106 269 151 ' 526 14 t 1 
4,1. ___ __ _______________________ il 210 111 I 422 i. .. ____ , 36
52,.___________________________ 40 51 I 27, liS: _______ 88 

1--------------- ------
To ~L_________________ 2'&3 ' 616 : 323 i 1,172 i 49 : 125 

__________-'-- _____-'-I__.__-'-1____-'-.___'- ________1______ 

A number of F31ines were grown to determine the brpeding behavior 
of the F2 plants. The results for the Fa lines are given in table 8. 
Eighteen lines bred true for resistance, 40 segn'gated, fUld 11 bred 
true for susceptibility to Cercospora oryzae. The yalue of x2

, cl11cu
luted on the busis of a 1 : 2 : 11:atio, was 3.17. The value of P was 
between 0.10 and 0.05. This confirmed the assumption that there 
was one main factor difference between the two parents for reflCtion 
to C. oryzae. 

In height (table 7) the F2 population was intermediate between the 
parents and signifiC'antly more variable than eitlH'r parent. Like
wise, panicle length was intermediate and somewhat more variable 
than either parent. Apparently each of these characters was con
trolled by several factors. The distribution of the F2 population 
for plant height and panicle length in relation to reaction to O.oryzae 

http:175.4�.81
http:41.3�.1G
http:499�O.30
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is shown in tables 9 and 10. The x: test was used to determine whethertheze was any association between the characters studied. rfheresults are given in table 11. Resistance to O. oryzae appeared to beassociated with plant height. The high value of x2 was due largelyto an excess number of plants in the tall-resistant class. This apparentassociation was between resistance and tallness, the latter a character from the susceptible parent. The data did not indicate any association between reaction to O. oryzae and panicle length, but did indicate that plant height and panicle length were associated. Thiswould be expected, since a factor for elongation of the internodewould probably affect the internodes of both the culm and panicle. 
TABLE lO.-Panicle length and reaction to Ccrcospora oryzat; of F2 populationfrom the cross Akaho X Supreme Blue Rose and panicle length classification ofparent varieties 

F, plants in reaction class-
SupremeAkaho Bluenose

Total 

NUmbe!_1 Number Number 
351" " ~ -----------3 
408 2____________ 2656245 ____________ 2982 ____________ 11

18 _______________________ _

1.1.2\ 49 125 

TABLE ll.-Tests of independence or association among the characters, reaction toCercospora oryzae, plant height, and panicle length for Akaho, Supreme Bl1leRose, and Akaho X Supreme Blue Rose, F2 

Reaction to Cercospora oru,ne and-
Plant height and

Variety Plant height Panicle length 
panicle length 

x' p x' p p 

0.30-0.20
15.1. 371no .01- .00

380.12 .01- .00 

In a comparison between plant height and panicle length in F2plants and Fa lines the correlation coefficient for plant height was 0.87and for panicle length 0.73, and P was less than 0.01 in both cases.One-hundred and thirty-seven F 4 lines, progeny of the cross Almho XSupreme Blue Rose, were grown in 1938. The lines were from Faplants resistant to Cercospora Ol'?/zae and approached the SupremeBlue Rose parent in plant height and panicle length. Insofar aspossible only plants that had grains of mediwn length were used.This character had not received as much attention, however, so fewerof the lines'had this characteristic us compared with the other desiredcharacters. The results obtained are given in table 12. Seventy-sixlines were resistant to O. oryzae and had the desired plant height andpanicle length. Only two of these were of medium-grain type, but 
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they indicate that it is possible to get resistance to O. oryzae combined 
with desirable morphological characters. 

The cross Meshibu X Supreme Blue Rose was handled in the same 
manner as the cross Akaho X Supreme Blue Rose. Meshibu is an 
early variety und Supreme Blue Rose is late. The F2 and later 
generations segregated for time of heading, and this character was 
observed to determine if it was associated with reaction to Cercospora 
oryzae. The F2 population based on time of heading was divided into 
two classes. The first comprised all plants earlier than Supreme Blue 
Rose, and the second plnnts that were us lnte as Supreme Blue Rose. 
There were no F2 plants earlier than JVIeshibu and none later than 
Supremc Blue Rose. 

TABLE 12.-Plant height, panicle length, grain type, and react'ion to Cercospora 
oryzoe of F4 lines from the cross Akaho X Supreme Bl1te Rose 

Lin(?s 

Plant height Ponicle length Grain type 
't t SegreR eSls an gating 

--------1--------1--------1----- 
],'ltmber :£I-umberToU , ,, _____ ....___ .._____ Long".. __________________ lIIetlinm.. ________________ 2 

D04~~_~~M_"~ ___ ""."~_~_. __ do. __ .... ,.~ __ 4._ •• _____ Intf:rnwrlintc._____________ 12 ~::=~=:::~ 

Do, ,. ___ .. _.._________do ______ ... __ ... " .... Segregating ____ .._______ .. .10 9 

Do .. , __ , _________ '. ____ , do. __ , ____________ .. , Short ___ ' _____________.. 12 1 


Intl'rmediato___ ..... _____ , , __ do,. _______________ Intermediate,,____________ 1. , __ .. ____ _ 

Do ------------ .. -- ... do, __ , .. ---------.", Segregating_______________ 121 _______.. 


Scgr~g~tini:: :::::::::::::: ¥J,;~ggnting~~: :::::::::::: ?1:r'(n~m.:::: ::::::=::::::: i .: :::::::: 
Do_. __________________ , , __ do .. ,, ______________ Scgrf'!latmg_______________ 13 4 
Do__________________ -- Sr~n'gating--------------- Mediulll __________________ ----,-.- '1 1 
Do. ___________________ .. , _do ____ , ______________ . IntermMiatc______________ 1 , _______ __ 
Do, . _________________ 1 ____ do___________________ Segregating_ -------------- 15 2 

TotaL, _________ .. _________________________________________________ ~I---li 

The distribution of the F2 population of the cross Meshibu X Su
preme Blue Rose for reaction to O. ol''!Jzae in 1936 is given in table 13. 
The results indicate a duplicate factor difference, with susceptibility 

x2dominant. The value of for a 15:1 ratio is 1.2.5; the value of 
P was between 0.30 and 0.20. The x2 test was used to determine if 
there was an:£" association between reaction to O. oryzae and time of 
hen.ding. The value of x2 was 20_71 and P was less than 0.01. This 
indicates some association between the two characters. However, 
the high vulue of x2 was clue to an exoess number in the late-resistant 
cbss and a deficient number in the lttte-susceptible class. This indi

x2cates that the high yalue of was probably caused by late plants 
escaping infection. 

TABLE l3.-Reaction to Cercospora Ol'yzue and time of heading, jl,IeshibtL X Supreme 
Bille Rose, F2, 1936 

Plants in rmction clnss-

Tlmc of heading 

I 2 _3 Total 
-------------------1------------- 

N1L'l1Iber iYumber Number NumberEarly nnd Inlcnnediatc________________________________________ 26 107 342 475 
20 47 77 144 

TotaL _________________________________________________ __ 

Lllt,, _____ •____________________________________________________ _ 

46 15·1 419 619 
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One hundred and forty-three Fa lines were grown in 1937, and the 
reaction to O. oryzae for individual plants in each line was determined. 
Each class was given a numerical rating, and the average for each 
line was computed. The results are given in table 14. 

TABLE 14.-Reaction to Cercospora oryzae of F2 planls in 1936 and Fa lines in 
1987 progeny of the cross lI-feshibu X Supreme Blue Rose 

F, plants in reaction class-
Average
reaction 

1. Resist.. 2. Inter- 3.Snseep· of F,
Total linesant mediate tible 

Number Number Number Number 
14 14 313 1.1 
3 7 2 12 1.4
4 7 8 19 1.7
3 7 2 12 2.0
4 6 6 16 2.3 
4 3 13 20 2.6 

--------.- 7 26 33 2.9 

32 51 60 143 ----.---

The results obtained in Fa indicate that errors were made in classi
fying the F2 plants. Plants that should have been placed :in the 
intermediate class undoubtedly escaped infection and were placed in 
the resistant class, and resistant plants were probably placed :in the 
intermediate or susceptible classes because of the physiological 
spotting. When the breeding behfwior in Fa lines is taken as the 
indication of the genotype of the F2 plants it appears that there is 
only one factor for reaction to C. oryzae. There were 31 
resistant lines, 79 segregating, and 33 susceptible. On the basis of 
a 1 : 2 : 1 ratio, x2 is 1.63 and the value of P lies between 0.50 and 
0.30. The correlation coefficient for reaction to O. oryzae in the F2 
and Fa was +0.56. This is a statistically significant value, as P is 
less than 0.01. The correlation coefficient between number of days 
from seeding to average date of heading and average classification of 
ren,ction to O. oryzae was -0.25 and the value of P is less than 0.01. 
This apparent correlation between resistance and late maturity is 
pr~bably due to late plants escaping infection and to the presence of 
the physiological spotting. 

One hundred and sixty-two F{ lines in all maturity groups from 
the cross Meshibu X Supreme Blue Rose were grown in 1938. These 
were from Fa lines that appeared to be breeding true for resistance to 
O. oryzae. There were 133 resistant lines, 26 segregating, and 3 
susceptible. 

The progeny of the other hybrids listed earlier in this section also 
were used in 'the study of the inheritance of reaction to O. oryzae . 
.All crosses were studied :in the F2 and Fa generations and Gin Bozu 
(C. I. 6355) X Zenith and Meshihll X Zenith were also studied :in F • 

The results for the F2 populations are given in table 15 and for the
4

Fa lines in table 16. 
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TABLE I5.-Reaction to Oercospora oryzae of the F, populations from various 
crosses 

Cross Plants 
---------.---1 Year 1--------1 Ratio x' p 

grown Resist- Susccp-Parent varieties No. ant tible Total 
---------1------------------1---1----_ 

lYumber J\Tztmber NU1..6.~r 
Gin Bozu X Zenith__________ 358A4 1938 408 115 52:! 3: 1 2.52 0.20-0.10 

========1,====
Early Prolific X OnishikL__ 352A1 1937 627 255, 882 3 : 1 7.20 Less than .01 

Do______________________ 352A2 1937 )52 60 212 3: 1 1.23 .30- .20 
Do______________________ 352A1 1938 ZJ6 81 317 :! : 1 .05 .90- .SO---------------1-----

TotaL_________________ •__________ •__ . 1,015 396 1,411 :I: 1 7.07 },ess than .01===1===== 
== === Gin Bozu X Carolina Gold __ 353A3 1938 82 20 102 3: I 1.58 .30- .20

Mcshibu X Zenith _________ "" 355A5 1037 j05 i6 181 9:7 .23 .70- ..'j()])0 ______________ . _______ 
35.5A6 1937 219 491 9: 7 .00 .98- .95Do______ . ___________._ .. :.172\355A6 1938 110 41 151 3:1 .37 .70- .50 

TABLE lB.-Reaction to Cercospora orllzae of F3 lines from various crosses grown at 
Stuttgart, Ark. 

Cross Lines-Year 
pgrown Rntio x' 

Parent \'nrieties No. Rei·'n- Sogre- SllSCCP-
Imt gating tible 

----------1---------------------1---
'~,tlllber Number Number 

Gin BoznXZcnith______________ 358A 1937 10 37 11 1:2:1 4.22 0.20-0.10Do ____________ ._____________ 358A4 19:18 23 27 11 1:2: 1 5.52 .02- .01-------------1---1----TotaL__ . ________________________________ _ 
33 64 25 1:2:1 1.34 .70- .50 

========1,===
Early ProlificXOnishikL______ 352A2 IgaS 28 32 17 1:2:1 5.22 .10- .05 
Gin Bozu X Carolina Gold_______ 353A3 1938 Sol 49 16 1:2:1 6.56 .05- .02 

;
Meshibu·XZenith_______________ a55A - 1937 281' 39' 17 1:2:1 3.31 I .20-.10Do __________________________ 355A6 1!l38 19 41 12 1:2:1 ., ~< ... /,J .30-.20 

1 1TotaL.,~------------------====~1--8-0 --;g -1:-2-:1---- .20- .103. 69 1 

The results obtained with these crosses differed from those obtained 
with the two already discussed. In the first two crosses suscepti
bility to Oercospora or-yzae was dominant, whereas in these crosses 
resistance was dominant. 

In the F2 population of the cross Gin Bozu (C. I. 6355) X Zenith 
there were 408 resistant to 115 susceptible plants. Calculated on the 
basis of 3 resistant to 1 susceptible, the value of x2 is 2.52 and Plies 
between 0.20-0.10. These results indicate that resistance to O. 
oryzae is conditioned by one main factor. Breeding tests with Fa 
lines should give 1 resistant, 2 segregating, and 1 susceptible, if this 
is true. The results gave 33 lines breeding true for resistance, 64 
segregating, and 25 breeding true for susceptibility. Calculated on 
the basis of a 1 : 2 : 1 ratio, the values of x2 and P were 1.34 and 0.50, 
respectively. 

Similar results were obtained in three F2 populations of the cross 
Early Prolific X Onishiki. Two of these populations conformed to 
the ratio of 3 resistant plants to 1 susceptible. The other also indi
cated a single factor difference, but the results were not statistically 
significant. A number of Fa lines from this cross also were grown, 

http:0.20-0.10
http:1:-2-:1----.20-.10
http:0.20-0.10
http:0.20-0.10
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and they gave a ratio of 1 resistant to 2 segregating to 1 susceptible 
plant. 

A small F2 population and a number of F3lines from the cross Gin 
Bozu (C. 1. 6873) X Carolina Gold were grown. The results obtained, 
as shoWD. in tables 15 and 16, also indicated that there was one main 
factor for reaction to O. oryzae with resistance dominant. 

The results obtained with the cross Meshibu X Zenith, as given in 
tables 15 and 16, indicate that a more complicated condition prevailed 
in this cross. In this case, F2 populations were grown from two Fl 
plants. One of these, 355A6, was divided and grown part in 1937 
and part in 1938. Number 355A5 was grown only in 1937. The 
results obtained with both populations in 1937 indicated comple
mentary factors for resistance. If resistance was due to comple
mentary factors, the results to be expected in Fa would be 1 resistant 
to 8 segregating to 7 susceptible lines. Computing x2 on the basis of 
the results obtained gives a value of 56.67 for the 1 : 8 : 7 ratio. As 
the value of P approaches zero, the results obtained cannot be con
sidered as a chance variation from the 1 : 8 : 7 ratio. All Fa lines 
grown comonned to the 1 : 2 : 1 ratio for a one factor difference. 

F. lines from the crosses .Meshibu X Zenith and Gin Bozu (C. 1. 
6355) X Zenith were grown. Ninety-one lines from the cross Meshibu 
X Zenith wer~ grown and 66 appeared to be breeding true for resist
ance, 24 segregated, and 1 was susceptible in reaction to O. oryzae. 
Of the 72 lines from the cross Gin Bozu X Zenith, 66 appeared to 
breed true for resistance and 6 segregated for reaction to O. oryzae. 

Because of the nature of the disease caused by O. oryzae in Arkansas, 
it is difficult to classify the plants accurately in hybrid populations. 
Under the conditions of these c-xperiments, two disturbing elements 
made a detailed classification somewhat doubtful. The first was 
physiological spotting, which caused some plants resistant to O. oryzae 
to be classed as intennediate and intermediate type plants to be 
classed as susceptible. The second difficulty was that some plants 
that were genotypically intennediate or susceptible escaped infection 
and were classed as resistant. 

These difficulties in classification naturally make 11 genic analysis 
of the results less valuable. Yet the results appear to be conclusive 
enough to point out one fact at least. Susceptibility to O. oryzae 
seemed to be dominant in both crosses in which Supreme Blue Rose 
was the susceptible parent and recessive in the other four crosses 
studied. This can be explained by assuming that there is in rice an 
allelomorphic series of at least three genes for reaction to O. oryzae. 
On the basis of this assumption, Supreme Blue Rose carries a gene 
dominant to the gene in the resistant varieties, but the latter is 
dominant to the gene in Zenith, Early Prolific, and Carolina Gold for 
reaction to this fungus. This appears to be the case when the two 
crosses, lYfeshibu X Supreme Blue Rose and Meshibu X Zenith, are 
compared. From general observations of plants and lines studied in 
these eh.-periments it appears that there may be involved a number 
of modifying factors and possibly physiologic races. Additional work 
needs to be done on the question of the allelomorphic series, modifying 
factors, and physiologic races. 

The fact that the gene or genes for reaction to O. O1'yzae are not 
closely linked with the genes for the other characters studied is of 
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great importancl'. All the resistant varietil's 11s('d in tll('se studies 
had one or more undesirable characters, such as short grain, short 
straw, compact panicles, too early maturi ty, and low yielding capaci ty. 

1\10st short-grain varieties have short culms and narrow leaves, 
whereas mediuln- and long-grain varieties usually arc tall and have 
relatively wide lelwes. Tullis (17) reports that the intercellular 
spaces are rehltively smaller and less nunH'rous in the short-grain 
types than in the other two types. Although most rrsistant va.rieties 
are of the short-grain type, resistance does not apprar to be due to 
morphological and anll,tomicnl chamcters. Shoemed, Nira, and 
Fortuna are highly rrsistant to O. orllzae, and have wide lravrs and 
are rank in growth. Shol'mrd and Fortuna are reportrd by Tullis (17) 
to have la,rge iut(ll"crllular spacl's. Also, many sl'lrctions, obtainl'd 
in thrsc stud it's, that a,re highly J"psistnnt to this fungus have tall 
cu1ms ll,nd widt' 1pavrs. It appt'nrs, tlwrt'forl', that resistancl' is due 
to physiological diffel"l'ncrs and thrsl' diffcrencl's are controlled by 
genetic factors. 

SUMMARY 

Data, on the inheritance of rraction to Fll'lmilltlwspor/um or1/zae, 
Cercospora oryzae, time of heading, color of lemma and pnll'a apex; and 
the relationship of renction to Fl. OMJzae between seedlings and mature 
plants nrc prl'sented. 

The r('sults indicn.te tha,t reaction to Fl. oryzae was controlled by 
severnl genetic faetors and thnt, in the particulnr crosses studied, 
resishmce WHS recessive. Under the conditions of these experiments, 
there was a fnirly' close relntionship between renction to H. oryzae 011 

seedlings grown ill the greenhouse and that on mature plants grmvn 
in the field. 

Time of heading and lemma nnd palen apex color were monogl.'nic 
cbamC'ters inherited independently, und both were apparently inde
I)(,lHll.'nt of the fHctors for reaction to H. Ol'yzae. 

Difficulty wns encounterf'd in classifying plants for reaction to 
O. OMjZal'. However, by carrying the studies through the second, 
third, und fourth genemtions it was possible to determine the main 
genetic fa('tors for reaction to this fungus. Supreme Blue Rose} a 
sllsceptible variety, hns nt least one fnctor for reaction to O. oryzae 
dominant to the factor for l'('action to 0. oryzae in the resistant 
varieties used. The factor for rl.'action to O. oryzae in the resistant 
varieties is dominant to the factor for susceptibility .to O. oryzae in 
the Zenith, Early Prolific, and Cnrolina Gold varieties. The results 
indicate that probably a uumber of modIfying fnctors are involved. 

The factor for reaction to (I. oryzae was not clos('ly linked with 
fnctors for the other charncters studied. Selections resistant to this 
flmgus were obtnined thnt had the desired grain type, plant h('ight, 
panicle length, time of maturity, and apparently high yie1cling nbility. 

Differences in T('action to O. oryzae appenr to be due to physiological 
rather than morphologicHI or nnatomiclli differences in rice varieties) 
and these physiological differences arc inherited. 

http:indicn.te


17 INRERTTAXCE IX RICE 

LITERATURE CITED 
(1) ANDO, H. 

1916. 	A SUMM.O\RY OF THE WORK OF DR. S. KATO. Bul. Dept. Agr., 
.Japan 2, 102 pp.

(2) 	 CR.O\LLEY, E. M., and TULLIS. E. C. 

1937. EFFECT OF SEED TREATMENTS ON SEEDLING EMERGE!'I"CE, SEYERITY 
OF SEEDLING BLIGHT, AlIn> YIELD OF RICE. Ark. Agr. Expt. Sta. 
Bul. 345, 24 pp., ilIus. 

(3) 	 DRECHSLER, CHARLES. 

1934. PHYTOPATHOI,OOlCAL AND TAXONOMIC ASPECTS OP OPHIOBOL1:'S, 
PYRENOPHORA, HELlIIINTHOSPORIUM, A~j) A NEW GENe'S, COCHI,I
OBOLUS. Phytopathology 24: 953-983, illu!'.

(4) 	 ITO, S=.o\. 
1932. PRIMARY OUTBREAK OF THE IlIIPORTANT DISEASES OF THE RICE

PLANT AND COMMON TREATMEN'l' FOR THEIR CONTROL. llokkaido 
Agr. Expt. Sta. Rpt. 28, 204 pp. [In Japane"e with English 
summary.J

(5) 	--- and KURmAYASHI, KAZUE. 

1927. PRODUCTION OF THE ASCIGEROUS STAGE IN CULTURE OF HELlIIN
THOSPORIUM ORYZAE. Phytopath. Soc. Japan, Ann. 2: 1-8,
illus. 

(6) 	Jo~..s, JENKIN W. 

1937. IlIIPROVEMENT IN RICE. 
 U. S. Dept. Agr. Yearbook 1936: 415-454, 

iIlus. 
(7) 	 LIN, C. K. 

1936. STUDIES ON HELlIfINTHOSPORIOSE OF RICE. PART II. INFECTION 
.~ND CONTROL EXPERUIE~'TS. Nanking rniv., Col. Agr. and 
Fort'strv Bul. 44: (33)-67, iIluf'. 

(8) 	 NAGAI, IS.~BURO, and H.~RA, SIROKU. 

1930. ON THE INHERITANCE OF V.O\RIEGATIOX DISEASE IN 
 .0\ STRAIN OF 

RICE PI,AXT. Jap. Jour. Gt'net.5: 140-144, iIIus. [fn Japanese.
Ah~tract in English in Japan. .Jour. Bot. 5: (4D. 1931.J(9) 	 NISHIK.O\DO, YOSHIKAZU. 

]923. EPFEC'l' OF TEMPERATURE OX THE GROWTH OF HELlIfINTHOSPORIUlIl 
ORYZAE BR.D. BAAN. Phytopath. Soc. Japan, Ann. 1 (5): 20-30. 
[Tn Japant'se, English summary, pp. 29-30.J 

(10) 	 OCPE:lUA, GERARDO OFPIJIlART.o\. 

]924. THE HELlfINTHOSPORIUM DISEASE OF RICE OCCe'HRING IN THE 
SOL'THERN L'NITED STATES AND IN THE PHILIPPINES. Amer. 
.Jour. Bot. 11: 385-408, iIlus. 

(11) 
1924. THE RELATION OF SOIL TElIPERATURE TO GERllINATIOX OF CERTAIX 

PHILIPPINE UPLAND AND LOWLAND VARIETIES OP RICE AND 
INFECTION BY THE HEL~\[JNTHOSPORIUM DISEASE. Amer. Jour. 
Bot. 11: 437-460, illll!'. 

(12) R.UIlAH, K., and R.UIASW.UIl, K. 

1936. 	BREEDING FOR RESISTANCE TO PIRICULARIA ORYZAE IN RICE (0. 
SATIVA L.). Indian Acad. Sci. Proc. Sect. B, 3: 450-458. 

(13) RYKER, T. C. 

1938. 	THE PROBLEJII OF BREEDING RICE FOR RESISTANCE '1'0 CERCOSPORA 
ORYZAE. (Abstract) Phytopathology 28: 19. 

(14) 	 [SABAEL, RINT.O\R6.J 

1922. [UBER DIE VERERBUNG DER WIDERSTANDSFAHIGKEIT VERSCHIEDENER 
REISSIPPEN GEGENPIRICUI,ARIA ORYZAE.) .Jap. Jour. Genet. 1: 
81-85. [In .Japanese. Abstract, in German in .Japan. Jour. Bot. 
1: (45). 1923.)

(15) 	 SUZUKI, R'ASHIO. 

1930. EXPERIMENTAL STUDIES ON THE POSSIBILITY OF PRIMARY INFECTION 
OF PIRICULAIUA ORYZAE AND OPHIOBOI,US I\IlY.O\BEA:\~S INTERNAL 
OF RICE SEED. Phytopath. Soc. Japan, Ann. 2: 245-275. 
[In Japanese. English summary, pp. 274-275.J 



18 TECHNICAL BULLETIN 772, U. S. DEPT. OF AGRICULTURE 

(16) 	 SUZUKI, BASIlIO. 
1935. STUDIES ON THE INFLUENCE OF SOME ENVIRONMENTAL FACTORS ON 

THE SUSCEPTIBILITY OF THE RICE PLANT TO BLAST AND HELMIN
THOSPORIUI>r DISEASES AND ON THE ANATOMICAL CHARACTERS OF 
THE PLANT. II. INFLUENCE OF DIFFERENCES IN SOIL MOISTURE 
AND IN THE AMOUNT OF NITROGENOUS FERTILIZER GIVEN. Tokyo 
Imp. Univ., Col. Agr. Jour. 13: [2351-275, iIlns. 

(17) TULLIS, E. C. 
1935. HISTOLOGICAL STUDIES OF RICE LEAVES INFECTED WITH HELMIN

THOSPORIUM ORYZAE. Jour. Agr. Res. 50: S1-90, illus. 
(IS) 

1936. FUNGI ISOLATED FROM DISCOLORED RICE KERNELS. U. S. Dept. 
Agr. Tech. Bul. 540, 12 pp., illus. 

(19) - 
1937. 	CERCOSPORA OR¥ZAE ON RICE IN THE UNITED STATES. Phyto

pathology 27: 1005-100S, illus. 
(20) WEI, C. T. 

1936. STUDIES ON HELlIlINTHOSPORIOSE OF RICE. PART 1. HISTORY, 
CAUSAL FUNuUS AND INFECTION EXPERIMENTS. Nanking Univ., 
Col. Agr. and Forestry Bul. 44: [11-32, illus. 



ORGANIZATION OF THE UNITED STATES DEPARTMENT OF AGRICULTURE 
WHEN TIDS PUBLICATION WAS LAST PRINTED 

Secretary of AgricuUure___________________ CLAUDE R. WICKARD. 


Under Secretary _________________________ PAUL H. ApPLEBY. 


Assistant SecretaT1f___ ___________________ GROVER B. HILL. 


Director of Informalion____________________ MORSE SALISBURY. 


Director of Extension lVork ________________ M. L. 'VILSON. 


Director of Financc _______________________ W. A. JUMP. 


Director of PersonneL ____________________ Roy F. HENDRICKSON. 


Director of Rcsearch______________________ JAlIIES T. JARDINE. 


Director of Marketing_____________________ MILO R. PERKINS. 

Solicitor________________________________ MASTIN G. WHITE. 


Land Usc Coordinator ____________________ M. S. EISENHOWER. 

Office of Plant and Operations ______________ ARTHUR B. THATCHER, Chief. 

O.!1icc of C. C. C. ActivitieB- _______________ FRED W. MoaRELL, Chief. 

Office of Experiment Slalions _______________ JAMES T. JARDL,\,E, Chief. 

Office of Foreign Agricultural Relations ______ LESLIE A. WHEELER, Director. 

Agricultural Adjustment Administration _____ R. M. EVANS, Admini.strator. 

Bureau of Agricultural Chemistry and En- HENRY G. KNIGHT, Chief. 


gineering. 

Bureau of Agricultural Economics __________ H. R. TOLLEY, Chief. 

Agricultural Afarketing Seruice _____________ C. 'V. KITCHEN, Chief. 

Bureau of Animallndustry________________ JOHN R. MOHLER, Chief. 

Commodity Credit Corporation _____________ CARL B. ROBBINS, President. 

Commodity Exchange Administration ________ ,JOSEPH M. MEHL, Chief. 

Bureau of Dairy Indllstry _________________ O. E. REED, Chief. 

Bureau of Entomology and Plant Qllarantine_ LEE A. STRONG, Chief. 

Farm Credit Administration _______________ A. G. BLACK, Governor. 

Farm Security Admini.stration _____________ C. B. BALDWIN, Administrator. 

Federal Crop Inslll'Unce Corporation ________ LEROY K. SIIIITIf, lVIanager. 

Fore.st Seruice ___________________________ EARLE H. CLAPP, Acting Chief. 

Bureau of Home Economics ________________ LOUISE STANLEY, Chief. 

Library_________________________________ RALPH R. SHAW, Librarian. 

Bureau of Plant Industry _________________ E. C. AUCHTER, Chief. 

Rural Electrification Administration ________ HARRY SLATTERY, Administrator. 

Soil Conservation Seruice _______________ . __ R. H. BENNETT, Chief. 

Surplw Marketing Administratioll _________ MILO R. PERKL"TS, Administrator. 


19 

This bulletin is a contribution from 

Bureau of Plant lndustry _________________ E. C. AUCHTER, Chief. 

Division of Cereal Crons and Diseases- M. A .. MCCALL, Principal Aurono
mist, in Charge. 

U. s. GOVERNMENT PRINTING OFFICE: lUI 

For sale by the Superintendent of Documents, Wllshlngt~lD, D. C. - _ _ _ _ _ Price {; eents 



I 

i 
Ir, 


0' 

, 

• : 

• 

. , 
/ 


