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I. Ir\TIWDCCnO:-l 

Til the study of the relationships of varioll s types of plants , some 

scic1ltists (4, 8, 12, 15, 20, 2 T etc .) have attempted tn take (l ch':11ltagc::: 

of the serodiag'l1ostic char.1cters of plant protein s. However, it is well 

known, t lu t the fer t il ity . uf hybrid plants ii higher {J I ' lu \\'(:r accvrd ill g 

;1''; tile paren t plants a re more o r less c lc,::;cly a llied ( J, 3 , 6,9, 19 etc,). 

Indeed , in the case when the parents arc very d igl'a lll ly a llied , the hybrid .:l 

onen show steri lity, and it is a maHer of COrTl l1l0n knuwledg-e tha t ill 
sllch a case the for1ll ati on of pollen in the FI phnts becollles ve ry ab-

1ll il'lll a l. Cytolog-ic:tl investi gation" have shnwJl tklt the abnorm ality of 

pulien /(Jrlllalion in the I", planls is due c..:ithcr tn tlle disharnwllY of 

their rcspcc th'C Chroll l(lSO Ill t:". or to the d iffere nce of physio logical 

prllccs.'·:~s (If pnl1c ll fi.>nll; lt iull from the pollen 1l1otilcr-cdl (5,7. 10 d e.). 

If the alJ(JVc may '-h~ recognj zed as a gcneral fa et prevailin g in the 

vegel:-tble kingdom, the degree uf ;Iffinity or certa in plants may he 

deduced {i'01Jl a serudiagnostic imestigatinn ( If them , an cxaminatilJll o f 

the d t!g ree of fertility of tbeir 1', phnts. or a eyto ]ugical investigation 

of their polkn [urn ution. TSCllE I{ ~lAK (19), f01" insta nce, h <lS already 

observed that the degree of fe rtil ity of the F l pl.:Hlh is hl idy in accor­
dance with the systell1atic relationship (If the genu.') Tritie",//., which 

ZAnE (:2 1) lIa:; sert)diag nostica Uy and SC II UL Z ( 18) morpholog ica lly 

elu cidated . 

If we consider the mall ner of chssifi.catioll of cilltivated rice l:lants 

in W-i e by many agTollomists ( 1.1, 13 etc.), we shall find that all of 

them arc based soldy on the phllt {()fin, the eh ;.:L Llctel-s which appear 

during Cllitivation, the u ~e , or the morphological dilTefcnces. T hese 

lIlet hods do Ilot , however, take in-to consideratioll the filC ts concerning 

their affi ni ty. This being the case, the authors collected dll ring t he 

1a~t few years cultivated variet ies of rice from the t:h icf rice profillCi ng 

regions of the worlel, Then, wi :;; iIing to fine! out their affinity, they 

attempted, firstly, a clas~ijjcati()n of varictie .~ from the Illorph()\og'ica i 

standpoint ; secondly, they carried out experil11ents on the fertility of 

their hybrid plants; th ird ly, they made a cytological as \n::11 as a 

serodiagnostic investg atiull; and f01l11h ly, t lley exa mined whet her th\~ 

l'\csults (l the study of the affin ity hased upon t he second and third 

met hods above mentioned were in accord IVith t 'j(').'~e as ded uced fmlll 

the Illorph(; iog ica l character c.l the plants. Jt was t.':-;labli . .;,l~('d that , (111 

th e whol e, they arc in accord. Further, the rc l Cl.tiu n ~hips determined by 
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means of the hybridization experiment (0) were neariy Jll accord \vith 

those determined by serocli:lgnnstic invcstigdtion (8) nearly fur the same 

material; ;]nd agi!in the cytological inquiry cunfirmed the above results. 

11. CLASSIF1CATIOK OF TIm VARIETIES OF RICE PLANTS FI{()l\l 

TIlE l\lOl{L'IIOLOGIC\L STANJ)I'OI'\T 

The material used fill· the experiments cOllsi:-;ted of glutinous, nOI1· 

glutinouc;, scented, red, or Iong-gltl111ed \·arictics of lowland and upland 

rice, collected from Japan Proper, Korea, Formosa, China, Java, Indb. 

H:{Wdii, the United States, etc., ill 1923, and cultivated in the College 

o( i"\gricllhure in the Illlpcrial Universitjl of KYll.sllU. Of the.c:e, about 

100 reprcscnhtive varieties \\"cre used f"()r tIle experiments . 

. A close scrutiny elf every ch.l.Llcter or these vJrietics fi"olll the 

lllorplwk,gical standpoint shows th;{t tllc characters of the plants arc 

extremely varied; more p;uticularl}', I) til(: shape and c(llor of the 

leaf, 2) the :1llg'le formed by the uppermost If::1f anc! tIle stem, 3) the 

slupe of the grain, 4) the presence ell" absence of the awn, or its 

amount ·when present, 5) the length and amuunt of hairs on the glume, 
etc. The charactcristics have been made the Iluin points of classification, 

by llle.111S of which the rice \'aridic.'i IlLly he grouped under t\F) types, 

OJ1(~ of which the authors have named "]dPlmica" alld the other 

"Indica." Tile (lifferentialing' IllorpllOl()gicai featllres of these t)'pes ma.>" 

be summed up as follows: 

ChJraders 

I) Shape and color of j h,· 
led: 

_, Angle formed hy the lip' 
pcnrwst k:lf and the ~lelll: 

Djfr ~ r,:,nt i:ltil1g ft:'alulCS 

arivric., belollging I" the 
"J;lponic:1. ,. type 

Wille. 

Broad :1nl1 thick. Cross sec" 
tlon lIl:1rkedly ro:mdish. 
i\lIUJIlg foreign" Yarieties, 
]\clOJIgillg 10.1 the "JIPO 
nit:!.," .~()llle are r:!.rely IOllg, 
ll\lt as C1JIllIXlred with tho;~.', 
hckmgiLg (0 (he" Indica" 
type, thcy arc \11"00\(1, ;11)(1 
mureover, (he jr;l1l"ver~(' ~Cl· 

(ion is relln)"kalJ1YJc'lllHlish. 

Varit'ries l!dongillg 10 tlle 
" IndiCl" type 

HW:1d; lik:ht green. 

T"arrow. 

(;ener"lly slf'n<lpr ~llld SOlll';:· 

whal rL-l1. 
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4) l'rescnce or absence of the 
:XWll, ur it;; degree W1Hcll 

present: 

5) Len~th and amount of 
h:1.ir,~ 011 the glume: 

ShigcJllo[n KAT') 

Various gradatirlns from long­
~rwned lu a'wnlcs~_ 

J £air~ arc thid~ and C0ll1p;1ra­

lively long, 

Table I 

A 1::trg,~ majority arc :lwnless.: 
tllnll~h aWlw,j varicli('S :Ire 
seJdem md with, whell nwt 
llteir aWll.'i aH, ~lwrt 

COlllP:i.rt::d witil tile v;uidics, 
lJdongilig io the" J:tponica" 
typL~J [nirs are lliin and 
short. 

ClassifiCltion or tIle v;J.rietie; of rice plants from the ll:mphol"ginl sunrlp',in t 

Vnr:etits uf the " J ;\ponica" type 

Name 

Sab.tc_Sltinril,i (11'!-r..ffJlljJ) 

Oklllc-Shinriki Cl!IE't'.w$l1) 

Omachi (tIt~)f) 

Aikolm (~IWJ) 

KOillleji (*'i't1) 

I !inode ca / liD 

l IilFoillO(U en )¥) 

Sckip.ma (!ijjlll) 

\"ishiL!],;ui"l1uclll (glLltinou~ 

variety) ( =. ;/ !J !J t tD 
CenkiM()clli ig~\ltill(jllS 

varicty) Ot\t.\hID 
Killfn·j\f()cbi {g:lutinow; 

variety) Clt!.;Q:~i!i ) 
KU!OlllOnl,lTO YaTidy)(:X,ttO 

Ch,'lIcito (long'.glulll('d variety;, 

CMlilJD 
S'l.igoku-k\\v'lc1li (scented 

Yariely) CV1il!PJfnI f*:I) 
I fiderishir:lzu (upbmd nOIl­

gluliJlfJUS ., arict y) (lf11~ in) 
T,1I1wsari (,upl:lncl llon·glllti­

millS varicty) (IIIMO 
Gifn !\Ioclti (upland glutinous 

yaridy) CPiX-$.1i£D 
Tataso C:t q tn) 

Salpei (growing wild) 
C·tt- , .... ~--': -) 

Sci~(J (Il-h#i) 

Native place 

Japan 

Korea 

Varieties of Ih!''' Indica" type 

Xame 

Tall-kn,fo·ira (~.1.Ii~t~) 

Sui-yu cr~illl) 

-I--~-'-"-' '-" ~~~~= 
FonnO~:l 

lb· koku-fo_ira en i(;(1t!~~O 
l'u.clliang--sall- pc-! i· keng -tao 

(mlO='t·(:tlt£ffl) 
Cbirmg-nOlll \;:;"0 CtrmflD 

('hem-shoLl-siell- l::to 

C'i~'lA:¥WW) 
Pa.shih.jih-siell (;\ i- E1~!) 

Lu shih-jill-~ien·Lw 
Cfr. -t B f-llWiJ 

Jllu~.hc,ta() CWiPJWD 

I-Iung-IQq kCllg-I:'O :$l:K~lfI!f.f1) 

Ya-i tao Ofi;:£(f{j) 

1 r sino-li -fnlls-ken- 1,10 

C'HtrILf"'ll'D 
Fung.tsl..li-yii-ken;.>: lrtu 

,etc[ 111 'lii1l'W}l 
11l1g· Y'lIlg- pe.Slcn-tuo 

C -'I': FtJ a #:WD 
l.i-lung-lm-keng .. trtu 

Ok;iHi!~l1ll1 
HUnllg-pi-);(:llg·I:\U 

Ci'liIlU"Iii) 
.Fc1n_idlUi.~ail_pe_li keng l:w 

(-=: 1T*~tll!Ji'D 
C:hi-ching l:lO_kellg l:to 

C~ 1ftl1llIll!!ID 

China 

C!t:lla 
(Cileki.mg) 

Chin:1 

II ina 
(Clwkiallg) 

Chilia 
(, K i:-UlL~sn) 

Cllllia 
(Clwl i~lI,g) 

( 

China 
(S"ech wrul) 

(him 
(Clwl i:1l1g) 

( 

( 
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eli ~:,l.g .:~l~l1_r~ Iltl! ·111 i 
C'r'lf ~!;.ll ~.*) 

(]!ang--~h()U-W8n t.~(J 

('~);~n~l{i') 
lb::mg-t8o ('f):f4'D 

Ils;au-pc-lllang sImi lao 

C+t!1:::;d\,m) 
San-li-bull-muo-l:1u 

Cc:t.H'tiii 

China 

China 

::-":lllking- h~i!ln- I"., C l{ij ~'if {f~) China 
('\;au].;ing: Univ.) 

Cliin:l 

](f'llg-r:;o C'tillWD 

J.o Ilnn_hll<lllg (JIrkitt) 

ktTg.(a() nVllhsi h,lich-Yf'I1-
cilia.) (j\~W)(1n~1g3_i:Jk¥i) 

:'IIa htTg-llliU (.t!;t;z1~) . 

flu" pC-\lI (}o'H:r-) 

j( en ~-1 a(. -(:11 ;-1 tI~, ell' 111 

(1'!f!.fr~N;+JD' 
N,(k;lli'lIr;l 17 (q'H 1'7 }jJl;) 

1 ["r:dllrns 

AllDrcria 

llurani;. ) 

(WuclLlng) 
China_ 
(Clun,::;chow) 
Chin:l 

(I, bngsu') 
, ( ) 

ChilLI 

" 

\Tang:-ku-kcllv;-tao 
CI">!W!I1l) 

Ta-ku-keng-tao C*~1f'll!iI) 

Sicn-ta·,·,yu-wei Cfll:@1!!f:t:h) 

Vallg-;;icII-LW Cif.'fttfrD 

Clliaflg-n:lll-LlO Ctti¥if@J 

Ts:w siel:-tao ClfI.lU:ffi) 

I htang-k:lIl_~ien C~-#:tlr) 

Ma'~"ILll trw·sio::n.Lo 

CI!H~MJ;WD 
I TW)-jle kCllg-t:\u( l;: (] :t:qJfr~) 

F ung-k u I-;ellg .[;\0 (;f.IrHYiWi· I 

\\'u pc likl:n~:-I;)(I 

Oi.lTl'IL-ffifr'D 
Si)'(h-1 si 11~-Lel1g- t:1O 

C*,fll:!Wf.ttllHfD : 
Ta-IS:l() ];clIg t;m C::kiliffl!.WDi 

(:!tan;,:-kall~Wall 'f::lng-tai 

(J~\i;"W,IJl!!m 
r,hT,!~-L'1l PCllg 1,:Cllg-\;lO 

C~':ll~:'±tJJ!Wi) 
Wu-;-;u j"i,l1I-cili (.\~j:n~ktt) 

\,<.::]is(ll:,[ti 

Rul K3.11gm 

Seell:1ddy 

K:lfafb chccnatti 

Hawaii no. 17 

CHoliJl;l C;()Id 

llat~davi 

Basmati 
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Cllin:1 
(Chekiang) 

( i 

C'hina 
(,Ki,mg;;u) 

( ) 

Chilla 

China 
(Anwhei) 

Cllina 
('fClllatl lJniv) 

( " i 
( 

China 
(Clwkiang) 

I ' , ) 

Clilll:! 

" 
" ) 

" i 

~0'.Tt11> I'll 

l'Irlia 
\\'t;;lCfIl in,lia 

Ccyl'lll 

" 
fI:tw:1.ii 

U.S,A. 

Ceylon 

India 

Ceylon 

The classification of the varieties according to the Illorphologic:d 

methud Ins ;.;ho\\'\1 tlnt the varieties native to Japan Proper, Korea, and 

N orLbern China belong tn the" Jap:_illica" type witbout a single cx-



ccptiUll; that those nati\'e to Southern China, Formosa, Java} India, 

Ceyloll, etc. belong, as a rule, to the "Indica" type; and that some 

varieties in Cenlral Chinel} 1I,lwaii, tl:c Cnitcd States of .. /\merica, lkazil, 
etc. belong either to tIle "Japunica" ur tt) the "Indica" type (sec 

Table 1). The Tan-L:o-1l-ira, lutive to Fonnus;\, closely rC.'::Clllbling the 

IIllll,Ul-sicn, bellings to the" Indica" type and yet the roundish sh'lpc 

of its grain remind:::; one :-;olllev,·h;\t of the" Japonica)) type. 

Ill. .\J'TI:,\I1T OF THE V,\j{IETli-:S UF I{ICE PL\;'\TS AS SIIO\V.t-; 

m TilE FEI{'[IUTY OF Tin: 1-'1 l'J..\:\TS 

J. J\Idhuds of investigatioll 

For inve<"tigdting- tile fertility I,f hybrid plants, <I greilt number of 
the Cilltiv:ltccl varieties (If rice plant llsed in tbe aFJre.c.;(lid 11lOrpboh!gical 

study was c1l1plnyed, Special e<lIT \Va:'; laken in tbe:;c experiment COll­

cerning the rol\()\ying 12 v:uiclies: I) \Vase-Sllinriki, 2) :\"akatc­

Shinriki, 3) SckiY';Hll:t, 4) (buehi, .:;) IIiderishirazll, 6) TtLI.'Su, 7) 5alpci 
8) Chang-shou-shC:n-llli, 9) Chang'-sbeJU-\vaIHao, and 10) I {Si~;ng-t;\o (all 

belonging to "Japollica" tYVe); 1 I) lTt1l1:1n-sicn and 1.:::,) T<lll-k()-j~)-ir;l 

(the latter two belong to "Indica" t}'pe). The F, pLlllts -were ul)t;lined 

by artifici~d cn)_;sing, jirstly between scvcuI varieties belonging either 

to the" Japnnic:\" ur the" Indica" type (hybridization \vithin the same 

type) and secondly between those of the " );lponica" and the" Indica" 

type (hybridization between the dilTerent types). ;\ Jl ."cede; of the F, 

plants were SOWll at the same lime with the parent seeds, 111 the 

fulkndng ,year, UIlt.Ie1 similar CU1HlitiollS. These pLmts \verc partly 

allowed b_1 fluwcr and bear .-;ccds, while spikes of ~OlIlC pIelnts wl~ich 
were ClJvcred with paraffin paper bags during the bloO!lling periucl to 

prevent their natur;t! hyLriC/izatillll, were ~tllclied at maturity as to the 

fertility (,f their spikes. Though t1:e authors tIm.'i investigated the 

degree uf t1le fertilit)l uf the F, plants, they have kept further the F~ 

planb, mainly tbe bybrid.<; bet\\"Cen the different t.ypcs, under cultivation 

and examined tbe segregatioll of the degrec~; of their [ntiIit),. The 

method of sdf-fcrtili2:Ltion and the im'e:';tigatioll of fertility in this case 

\vas the salne as in that of the F 1 • 

The authors distinguished between fertile and sterile seeds -with 

the naked eye; and fi)r tbe purpose of indicating the degree of fertility 
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of e:lCh individual plant, they examined in the Jlu\vering periods TO 

culrn . .., tn- each plant, which Juve tillcred comparatively early, whether 

tll(~ ~pikcs had been cuvered or left uncuvered, and the degree of the 

fertility of the plant in qtlC.c;tion \vas indicated by the percentage of 

fertile seeds against the total. As tbe difference of fertility benveen 

tho,:,e pLlllts of which the spikes had been covered and those left un­

covered was alway,..; very in.<cignificant, they took the average of both 

to indicate the degree of fertility. 

2. Expcrimental results 

1) Results of preli1lJinary investigation on the I)clrcnt plants 

\Vhen the ;Hlthors, on imoestigating the fertilit}, of the principal 

varieties cultivated in the agricultural cxperimental farm ()f the Imperi::d 

Cniversity of Kyushu, used for hybridizzlticHl tbe above Ilamed 1:2 

\"aricties, including the varieties belonging to tiVO differcnt types, they 

found that tho~e plants 'wh::)~e spikes had heen covered \vith paraffin 

IHIX'f ba;~s and those uncovered gdVt: about t he same degree of fertility. 

\\'hen we show the degree in qucstion by the mean of the vaJllc~i 

l~Hlnd by these two rneth'Jd,..; of investigati{m ill each variety, it was 

79.6?d on the average, the minimum and the lIuxil1lurn being ();.\(J ?~ 

and R(j,S u,d rcspcclively. Judging from tllC t1Ct tint tll:..' (j"u-qnncy 
bel\\'Ccn the two cxtremcs is relatively sil1all, the (lcgrt'C rl fCl'tility 

in the p:trcnt varieties sl'lf-fcrtilized, no matter how diflcrent they arc 

IJwrphoj( 19'icall)--, in their ILltivl' place.", i''; ;1h(Jut. t.11e S,lllle in !)(lth and 

seems to be pretLy high (sec Table IJ). 

2) Fertility of the Fr pbnh withill the Sa!lll~ t.Ylk' dnd of 

those bet wecn t he different types 

The invcstigatiull of 39 F,-hybricl,'i, which were artificially pnxluccd 

from any two uf thelll, taken at L1IHIom put uf the 9 varieties of the 

"Jap()niCL" tyP(~ (\\rase-Shinriki, l\akatc-Shinriki, SckiFll!1a., OI11:-iChi, 

HiderishiLlLll, 'fata<;;o! Chan-.shcHl-W<1n-t:tl), Chang-sl1uo-chcn-llli, and 

Hsiang-tao) on the one h;.llld, and the 2 \'arieties of the "Indica" 

type (TIurun-sictl and Tan-ko-f(J-ira) on the; other, showed that in the 



Table II. 

I )..; ; rn:~ of (e rll l il ) ill l ilt: F llt.1l1 \":!.I ictiu. used fUI lIyl ,rifi i,_" li"JI {Fi !:lI n s ;"I rc of fwc r:lgc 

(c.n i li l ) oJ 3 () iJld irid ll a l ~) 

, 
.l:ll.hJll ica· ' I \\'as : -Sh i'lril, j 

l~vp~~ 

I, ! :->:lbtt::-Shimii.j 

St..:kiy:lllli\ 

() "l:h:hi 

II irkri:;h ir.lllJ 
( lIpbul l-i(.(» I 

Tala~(_, j 

, Sai p..: i 

I 

__ -:-7","';:':::",=--- =-_. ". 

~5';; 

76.7 

,d). <> 

l;S· G 

C,!i.o 

! Cl J :1])~ !.h oll -chl-Il -mj i Chin.1 71- ' 

i 
" 1 

__ . 1-

:;0.3 

L, · " \lv . ... 

[leg-riCe d krli !ily (~~) 

79-4 

tiz.6 

S6.7 SG.o 

!.;,1.J t,o.o 

$-1 .0 

:;4 ·3 

M.O 

t;7·G gZ.1 

77 .0 

i7.6 

'. In,l i{ <l " IluI1Cm -:.,i":lI Chio:l i 66,(, 7j.4 ;0.0 
Iype I I 

T ,m-L" fo·i ra ( hlrJlm l ~6.:; 86.:: 1'16,5 

___ '~ ~~-_" ~~_ ~-~.~ -=~-I ___ ; 7. '~ . _ __ .~;~~ __ -=· -;9~·-

hyGrids of \"a dctics ()C ti le " j apQl1 ica" type, the fertility of the cros.ses 
wi th in the same" type is 4 8.6 C;,~ in luinimu lll, and 83.6 fJ{; ill maximum, 
the average being- (is .7 ?~, S uch fertil ity i:-; only slightly lx:io-w that of 
the pa re nt plants of the saille type , g-rowll 1I1H1er the same conditions. 
Th o..: S:t111C res:Jlt wa~ ()bt n in~d in the hybrids bd\\'eCll the varieties 
within the" Indica P type. 

The 24 F J pbnls rc~u l1ing li'ollJ any two variet it:s belong ing to 
di fferent typcs takc(l at r:.lIldOlll frolll am ong the ;0 Ja_pol1ica ,. a nd 

" Indica" typc.;s, ~a\'c the: f(J!lo \\-ing dcgTecs of te rti lity . The varieties 

of the " ] aponica " ink.:: crossed with those of the .. Indica " type 
slKn .... ed in thd r fertility th l: minimu lll 0. J ~-~ 1 ;llld the maximum 
;Z(i .2 1'0, the avera~e I)ein~ 14.1 fj~. The varidics of the "Indica" type 
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c rossed with those of the ., j apo l1ica" s howed ill t his respect the 
mininHl m 0.0 ~i~ , a nd the maximum 33 /1. ~,~ , the average b eing 13.6 q~. 

There was 3. n~Illarkable diffe rence of fertility betn.een the hyb rids 
resulting from tJ-l{~ rlint_'re nt types in both cases, Oil one hand, and the 

parent plants g rown under t he same conditions, 0 11 the other. 

Howcve r, when variet ies belong ing tu the ;, J"'ponica " type were 
hybrid ized with the Hunan-sicn, a nd the same varieties wit h the T an­

ko-fo-ira, the results did not seem to be ill complele accord . III the 
fon ne r C.l:;e, the ll1 in inllHn ferti li ty wa s o. [ %, the m a xi mum , I 3·9 f}~ , 

and t he (l verage, 9 6 ~· G , whil e ill the latter, th at is, \vhen the Tall-ko­
fi)-ira was Ll sed for the male plant, the fertility wa.::; 10.7 ~·S, 2 0. 2 % 
and T 7.5 q.G , respectively , whic h means that the hyb rids in the lat ter 
case had a somewhat g reater fe rti lity. T he same phenomena were 
mani festeu when the Ilun <l n·sien and Tan-ko· fo-ira were used for the 

lIlothe r plants (Table Ill). 

According- to the above ref.,u!ts, the F, plan t:; p roduced by the 
hybdd iz(ltion of varieties, bdongitl g to the same type, the "Indica " 
as we ll as the <i japonica," s how a cOllllHr;tti ve ly hig h degree of fertility; 
\\.'hil e, o n the ot her hand, those p rod uced by hybrid izing different types 
appear to show Hl uch Jower f~Tt ilil )'. 

I n order to ascertain whet he r the facts s hown hy the ab()\~c 1 2 

va rie ties, according- to the above sta ted method. would ue applicaulc 
to other rice varieties, the au thors exami ned 96 other varidics of 
cul t ivated rice, inc!ullin g g lutinous and non-glutinolls varieties, both up­

lZlnd as well as lowland k in ds, red rice, and scen ted rice (all of t hem 

have a re lat ively hig h deg rce of fertili ty) conce rn ing the d egree of 

ferti li ty of the hyb rius wi thi ll the same type and in t hose between the 
dific rent ty pes. The result showed just as in the case of t he J 2 variet ies 
that the degree of fe rti lity of t he F , plants obta ined by means of 

hybri<i.iza tion of the vCl riet ies belongi ng to the different types , was 
irideed very small (see T able I V). 

3) Degree of the fe rtility of the F~ plants 

Basing on the d ifference of fert il ity of hybrids of pla nts within the 
s;tlue type and those between t he different type:'; , t he a uthors have fOll nd 
in t he afiJres<li rl experimen ts t bat the" J;J.ponic;]" and " Indica" types, 
which are two morphological d ivisio n:.; of cultiva ted rice plants, had a 



Type of 
parent 
pl ant 

( 9 ) 

Table III. 

Fertility of the Fl plants within the same type and hetween the different types 

(Figures indicate the average of from 20 to 50 individuals) 

~==== 

i _________ ~-------~--(~o-)--"-J-"~p~o~n~;'-"~·,'-type I ( 0) "Indica" type 
. . I I IIiderishirazu I Chang.,. I - -,--- ~--

Wase- Xa1<ate- Sc\o-! (). 1" (tlpland T t . S I . ShOll_ ([stang- A I Hunan- ran-ko- A.. 
Name of planl Shinriki ShillTiki yama - lilac 11, lloTl-glutimJlls a asol "a PCl wall_ iao vernge sien fo-ira L verage 

______ ________ variety). _._, ___ ~~ ____ ____________ _ 

Eti 794 02.6 86.0 Ii SO.5! );2·4 ! 1}S·o 6;;,0 73.2 78.7 79.5 i 70.0 86·5 78.3 

Wnse-Shinriki 79.4 ---l---.I--~3.3 ---- -~~~~--I~ 59.5 60.7 68.S 64.0 1-;.-;- 10., 5.4 
, 

II Japonica" Sckiyama 
type 

G6,o 75·7 74-' 80.1 61.6 b2.7 62.6 74.:; 73.0 8.5 8.5 

(9) 

" Indica" 
typpc 

Omachi 

HiderishiraZll 1,2-4 
(upland llOll-

glllt inollsvarietyj; 
Talasu 

Chang-shou­
\van_tan 

Chang-sholl­
chen-mi 

lfsiang~tfH) 

85.0 

73·2 

1.;2.1 

7);.' 

83.6 

79·9 67.0 

69.6 

79.0 62.2 53.6 

62.2 OtlA 75.7 5-1.1 

Average -- -------_~?61 72.7 -~ 80.9 7zJ) 7G.() 

f{unan-sien 70.0 0<, G.9 16.2 

Tnn-ko-ro-im (:6,5 21.9 33.4 
-

62.5 '8.6 7'.' &).0 63. 1 11.6 13·9 Iz.8 

75.0 79·3 12.6 20.2 16·4 

71.9 73.0 77·7 73·9 

sg·z 66·5 64.S 13·9 2(1.2 20.t 

74.2 67.3 8·7 21.5 

69.7 644 12,1 12.0 

---,--- ------- ----

62.1 ! 65.7 68·7 71.9 68.7 9.6 I 17·S 14.1 
------ --- ---"-----

3.8 5.6 
'[I I 68.7 

19.0 I IBA I 23· I 7'04 

4,_, 0.0 

22.8 

---_. "---

____ ...L,_\_ve_,_-"::gc_·_-~~...L1_1_8_.3___'_1~~-'_'=·='=1-_-_-_-_-_-L_2_'._2...L __ ~ __ '6_._2 __ 1_13.7 o.c II.4! 1/3-4 ~I 71.4 I 60.7 70~5 
':;:f Denuks the fertility uf the plants by self-fertilizalion. 



Affinity of Cultivated Varidies of Rice l'lant s 

Fertil ily of t he :F. plants obtained from many diffe rent varietic!; of cult i\'nkd fi ce plants 

A. F~rlil j t y of the hybr ids wIth in t he same lype of lhe " J apon ica" 

V:ueity ()f the " Jap'o nica" t.ype Vari {' ty of tlw ' ; J:lpl.lnica " 1ype I' 

used for the female plant u:;<:d f\)r the ma le pl:Ult Fert il ity 
_ _ _ __ --.-,-_- 01' t ho.:: 1" [ 

l'hlive ! -f "c rd l it_y ; -- 1 ' h :: rllltt\' II I 
'1 I hy i':ic lt- I X allle K a l iy!.! place _ hy seH: pan s 

P flee rl\',lliu;l. t ion I l-a;J\ inat ion 

Japan -j -----;94 '}~' J lawaii no. ";5:;- l law:li ; ---'1'- :;0.0 % 1-«'·3 ~.; 
" n(j.o Chang. shou-ch':Jl .- Ch ina [;2.1 60.[ 

Ull 

\ \ 'a<>e-Sh i llT il;: i 

S,~k;yama 

Aikoku 

H inoile 
" 
" 

" 

" 

t li Jl(lI lloto 
" 

" 
., 

" 
Ilinodc 

" 
" 
,. 

" 
" 

" 
Il awai i I\l>. 15::; Il aw aii 

" 
:\ ank ing. hsi::m- Ch ina 
_ _ __ t ao 

Ayerage 

('>9·3 

90 .6 

" 

77·3 

" 

" 
" 

" 

So.o 

" 

i7·9 

8J.9 

Il sbo- pc-nKlIIg. China I 
slmi· tao lChilij I 

Chan;..:-l i C llin:l 
(W llc han~) _ 

Kcng-tao Ch ina '1 

(Changchow) 
Lo .han-l lU3.tly 

K (: l1 g_ t ao (\\' \I -hsi-
11 ~ll\! h -yeJH:hia(J) 

i\ la -tsu ng-nuo 

Sing:-tu 

Iluu· JX'-ku 

:-,-:l1lking- -h~ i a!l ­

"0 
S:ul_li_l <;UII_lnuO_ 

,"0 

:"\ak amum, 17 

l Ionduras 

fra.;e no. 6 

AII1:l refia 

Ihl1"anko 

Okule-Shillriki 

Hsi:llli;:-tan 

H awaii no , I j8 

H awaii no. 1 5~' 

(K iaugsu) Ch in:!. I' 

Ch il l ~( " ) 

" )1 
( " ) : 

.. ) 

Chilla I 
CfOI'1 :l11 Ulliv.) 
Ch ina 

Fo r mosa 

n . S. A. 

DmziJ 

Japan 

Ch ina 

JI ;l wili i 

Jnp:m 

Ch ina 

Hawaii 

An; mge 
- - -----"---- -- - ----

93·7 

[;fi .l 

74·9 

86.S 74·l) 

94. 1 G9·1 

S6.() 

~; 1.4 

70-7 

79. 1 

t ·p 

7':.>.7 7() • .1 

bo .O 

7" " 0., 

81.2 
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B. Fertility of the hybrids wiLllin the same type or the "Jndic;l" 

Varietv of the" Indica " tvpe I 
u::;ec1 for the female plal~l _ 

Native l"ertility 
Name bv self-

___ ~__ __ place pollination i 

I'u-chiang sall- China 
pe-li-keng-tao I 

Chiang-nan-tan . 

b3-B % CiJank-shlll­
::;Ien-tao 

______ I 

Slo.9 I'a-shih-sien 

t\vcrage 87.4 Average 

China 85.6 % 

" 
[,6.2 

86.4 85.6 

C Fertility of the }'I plants h::tween the diHi.:Tent types, tllat is, between tlle 

" Japollica" and the" Indica" type 

Variety or the" Japonica" type Variety of the" Indica" type used for I 

med fo, the female plant the l)lak plallt Fertility 
---~~---.- ._---

Fertility --- ---Vt:rtiTity- oft 11 c 

Name ~';ative 
by se!( ~ame 

)iativc I by::;.:;lr- IFI plants 
place 

pollination 
plaee 

! pollination 
I 

Okllte-Sllinriki Jap~lll 1;3. 1 O~ /0 Tan-ko_fo"ira Ji'ormosa ~;6·5 % :,1.0% 

SekiY:ll11a 86.0 Sci-yu 1;6.0 " P <.1.0 

Ifiw)lllo(n 77·3 lla-kokn-fo-ira 742 07 

\Vase-Shinriki 79-4 Pu-chiang-~an- Cllilla P.., " u.).o 5·5 

~akate·Shinriki 0~.6 

pe_li_keng_tao 
V'ung--ku-flmg"tilo 77. 2 r.8 

Sekiyama S6.0 Lu-shih-jlh- China So. 5 24·7 
sien-tao (Chekiang) 

" 
£;6.0 Jl1ng-he-t:lfl China 72.6 13·'2 

Ail(()ku ~~()·3 f\lllg_].::u_fllng_tJ.O 
(Kimlgsll; 

Chilla 77·9 Il}.6 

(Chekiang) 

" r;tj.3 Ya-i-tao 
" 

( " ) 9 [.9 Lr 

Kameji <)0·7 1 Isiao-li-fung- ( " ) i F.A 0·4 
keng-tao 

gO-7 l'll-chiang-san-
" pc-] i-kc:llg-tuO 

( " 
61.6 83 

Hinode 90 .(1 hmg-tsui-yii- China [;::.6 05 
keng.lao (~;lcchw~n) 

<)0.6 Ping-yang-pc_ China 75·9 6·5 
Slell tHO (Chekiang~1 

yo.6 Li-lun-ku-
" ( " ) r;2·5 0·5 

keng-tao 
90 .6 ff u<lng-pi-kt:ng- ( " 7~·G 1.6 

tao 

90 .6 Fbl-shui-san-
" ( " ) 71.2 1].:':: 

pe.li_keng_tao 

" 90 . 6 Chi-ching-tau-
" ) JI.I 0 

kCllg-tao 
90 .6 Ai-lu.:ng-tao 

" 
, 

72.5 0 , 



f-I modc; 

" 

Tl inl'Jl"j' ,Jlu 

" 

""i;:.. h itnk Ll" 
;'11":hi 

I\ank ing-
b;ian tav 

!\: l,;r'1.:- I ;\(I ­

chang- cll(IU 

Ni:-.h ila ku 
{\loch i 

I j i I IOd,(: 

K"" IO',i i 

J l i!l(,Ir, k~ 

Jap01 n 

" 

" 

" 
,. 

Chi,," I 
lKi;~ng:s l1) 

" 
J ap.:m 

:,In.6 

..... (J,e, 

yo (I 

77 ·3 

I , · ;, 

'i7- :' 

77'3 

il .3 

77 ·3 

7,/·J 

.,..., . 
,, 0 

77·'} 

'J) ,(j 

")')0 7 

c;o,(i 

t;o.6 

~ I .:.; 

85.4 

C. o.1 11 t inued 

i\ l all so"u- kcn~­
t:l.O 

"fa ·1; \! · ken g-tHo 

Sien-t ao. wa·l1l(·i 

Ta(, - j ~ ll · chia(j 

Ch i a n~· llan- l; tu 

1 ' l1ang-k:lil-:;it"n 

Mao ·llll·lo!l-
:;iell tao 

I.ll-sh ih~j i h 

"'t"Il·i 20 
l luu-pe 1.(,1I5 -lao 

Chi na 
(Cl Je1cii1Il~';) 

I I 
( :lIi ))<1 

(Eitl tl~~u) 
( ) 

Cl!ilW 

Ch ina 
(,", nwhel) . 

(,hilla (T I)'! 
nan "CI,i v':, 

" 

I C hin;, 
(ChtL i;n q;) 

( ) 

I Fl: fI~_I (l( ~ I ,en~.t;H I " 

\'\ ll-f' ~· J: -tc ng: t ao 

S i.vc l!- t,.,i ng-
. I·.eng - l:lu 

T a· t :;:to.l.cng-. i a<) 

Ch ang'.K{'!l-W;(Il ­
ke)j~- I <llJ 

Mcn;,;:okan. pell l{­
k('u~. l f1o 

Kilkya!,u-[u-i u 

Vc1li"lollall i 

Gall ga~ale BhaH.'\ I 

l{l'd Kallgro ! 
i 

Sccllluldy 

lIa\l' ~di !lI). 17 

" 
'hilla 

,. 
J a\":. 

~)(' l tlll (TfJ 
IJl(lia 

\V I~ :;le,n 

Ind ia 
Ceylon 

., 
:; 1.0 1.·1 

76 .3 

S6.:c: o 

"') . n 4·· 1 

X6.S 

i' ~ . .:.: I.j. 

" 
fi() 

o 

D· 3 

( J 

3·3 

::.j. ') :;·7 

,S.n (..') 

75 . 1 " 



n 1'(!Tli] it y nf Ilw 1', pJ nll t ~ l,ct\\'ec li lhe lliiferelll tyP(:S, t hal is, l.lCl,,-cen 

tllc « Infiic:l " and t he" J;lpou icn " lype 

-------,~-----:..---------------- .----._-._-----
\" 01riet.\· Ill' \Ji,;" r llll il'~'" type u ~(' d \-aricty of (he" jnpnnira" ty;~- I 

for Il!l.: [l!lltalc plall t llse(l for t.h ~ I \ ' n h~ phllt F~t lil i l y 

. :----.--- - Vcri"iTITv ------.. --... . --._- ,. --------- () f t llc 
" 'Hn'c ' K:lli\.c Fcrll l: t )' F. ,,!:tnt:> 

. - li ar;', by l-d f_ :r\amc p lace hy self-
_ _____ 1' _ _ 1 __ -_ pol l in:l1 i<lll . _____ ._1 ____ pol l~I.:.:"lli~~l 

Pu-d li:m:.;.san- Chi 11 :1 i :;3.8 t;;, Wase Sh in!' iki ! J npall 79. -l,6 
pe , li.k l'Il\-:-!;10 \CIlC'ki,mg) I I 

r"l1ll ~ - k\'l · flln g- ( " ! 7i .~ :\ak:llc -Shillliki II 

tao 
~ 2, 6 

·1'(J .L ~;lI :' _ko,;llg 

tau 

" 

" J 

, " , 

" ) 

77, 3 

K\.o 

XL7 

1":(: ll g-I:lO'Chan g' l China 
chon (Kinng-su ) 

N:-:\.' a ll: t[ ra 17 I ]" ,lrll'l0.'>il ,)0,8 

Fort l: nJ. U.S ,\. 

i ~: : 
- -----1-~.2 

o 

.)·5 

T·7 

2.2 

n:'ry p{lor sexual affinily. )!ot ... at isficd w ilh s ilc h resu it:-; a lone. ho w­

evel ', t hey f-iel f-pol1in:lfcd the chic I' F. ph nt.-; 0f bot h k il' c!s anu obta ined 

sccd:-; , They examilled t he fer li /it y of the F" phll ts ill t he same ma nne r 

as ill the F , . and f()lllld t ha t ill n il: F~ pbnts ckrivcd fi'o1ll the byb rids 

between tIl t: differenl types, til e lines of var iol1 s d egrees of fertili ty was 

segrcg'atcd out, ranging frolll a Lig h degree of fertility to absolute 

s te ri lity, 1 ht~ mean of fer tili ty ht:ing 20.2 C?/~ in 11lillimutll, and 59.9 ~~ 

ill Ill.:t\:illllllll , and 39.<) ~~ on the ;1\f·cr.l gc . The d evia tio n of fertilit.y in 

every li ne W(1S , when the mea ll is put 100, ± .19. 1 fo r the 11 li n Il11U m , 

Clud ± :) 5.9 for tl1C maximulll , and ± 59·7 for tht ave rage. 

Oil the ot her h:ll1d, they ()hservcd that eve ry line produ ced fWIll 

hybrids within t he salTle t.'/pc \V as very ferti k. Taki ng Tataso X \Vase ­

Shinriki and Tan-ko-f~)- i ra x llunall ·sicn fur cumparison, they fou nd 

tha t the Inea n nf fertil ity wa'i 87.3 lJ~ in the fort1ler and 74.4 q~ in the 

la tter, the average being 80 9 10. while the ckvidl ioll ill hoth case..; was 

only ± X.n, when t1 !C llH;;\1l \\' <1 :-: I c o. In o lJwr \\'ords. the F ", pla nts 

resu lt ing rroll1 hybrid ... betwccn the different types, i.1:'-> cOlllpared \\'i lh 

th t)se within the ::;3.n:e type., were :-\11all a s to t he mean of fertility, and 

CUllSC l.l lH:~ l1 t ly much s-reatcr ill devbtion (:-,ce Tah l\.! V). 
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Table V. 

I,'crtilit)' a lal (levi ation of fe r tiiily uf Lhe F Ol pl ant s ol er ive,l [rulll lhe hylnids 

be'twecn (he di ffcreJit tYrx:: s and within the saulc type 
._- --_ .. - .-- . ....::::==-----::-----.:~--=--~:;;:-:-

F 
----.. --------

__ ~"~~ ... l.)~~~ ... ___ I·il~~;~\~~~~~)j :\Ie~l~ uf ~~ef::i;~~ ;:~l~. . I krlli'ty -
N::mlc o r I III eve. fY Q . . as the 

Tlw female plant 

"l'pyc 

T he 
, '·.I.lpouic:a' 

~J 

;"'"amc c f 

varic i y 

\\' a:>l.:-Sh inrik i I 
1)"'.,lc-Sh im ik i I 
O 1ll3Chi 

I Ijd cl' j::; ll jr az tl 
( up land nUlI­

gluti U--,lIS var idy): 
. C!tang-shc«{­

ch i"'n_m i 
T,ti:1..';'o 

Ch allg. sh"u. 
wan-l ao 

I Isi:l.l1 ;C; tao 

T ype 

T he 
•• lndica" 

: 1--- . 
:H ' '!'hc I 

Sum ur :\n::m;~c 

~ "J I~:l i('a ", 

, 

I "j :-qH.'lIi, 

i 

i 

T:-w];o-rlJ- iT::J, T he 
"Jap,.nic.'l·· 

L 
( )m;\chi 

rfi(krishiraZll .1' 
(llphml n'l1-

gl lltinous v;J.fjd y) ' 
C:llang - ~h('l1-

c11('I1-l11 i 
( :han~-~h()n­

wan-t ao 
I lsi allg-tao 

" 

\',uicty :>!tain l ( % ) ,meall IOC) 

,__ _' __ j ___ ._ 1_ - . 

T an .ko- fl .-ira 135 I 31.1 ± 75-,-1 

" 

SckiY:lI l1il 

Cllat l~-!'i hOll ­
wa n ·t ao 

H:»iang. tao 

" 

" 

353 

::!7 1 

.!<JS 

377 ! 
________ L 

133 1 

Z20 

S~ 

o} 

1<)9 

9~ 

5 I. :::! 

~7·4 

55-0 

~'PJ 

j.!.J 

59.9 

3[)·ij. 

4~,7 

454 

:i4.6 

SO.:! 

Z6.2 

21-).;::: 

4~;.5 

J3,i 

.)6.2 

± 4G.5 

±78.8 

'" 39. 1 

±7Ii. 1 

± 44·9 

±.19.2 

±Si,:: 

±Si,5 

± -le.z 

=55·5 

± 44-.8 

±sr;.:,! 

± 4')·O 

~85.9 

±d.J·S 

±(' I.') 

±iifi.5 

±(06. 1 

---f---- I- - - - --



Tallie V. Qml iotlcd 

T h[' I ~:'~ k i ynl1la 
.I:lponica·' 

I-i il \cl"i:;lJ i raw 
(upl:tl1(l. lHlIl ­

bIll I'inol\s Y:\ rie t y)! 
TlIta~ (J ! 
CJI:}llg- .~h "' l\' 

...,' (1 11- 1:10 

Sum 01' ; \ "o;> r:l~e 

- , 
,S ":..' II Th~ [ "J al:lsu' 
~ .s " Japonj(.l ' · ;::: '-' I T ill' Ta n- !; \). [ ') ira 

~ ~ I~JndlCa_~ __ j ___ _ 

~,~ , CranJ S UllI "I" A vcra!,;c 
, 

16 .:: 

+3 

.1'.).0 ±G l. '; 

+~.T ::: 53.'} 

~'J-') ± 759 

34· I ± & '·7 

.1',1.9 ± 59.7 

8- -J'.J ± g.6 

; 4·4 ± [,.6 

80.9 ± R,6 

-_._ .. _-

St.:em ing ly, t here is rl. IH) a slight djJ~erence in tilt' .' cgreg alio l1 of 
d egrees of fer tili ty IJct\\CCIl the hybrid ~ ~)f the di(lC rc nt types whcll tht~ 

I fUlI all -s ic n is used for a pare nt a nd tl11):;(: (yf t he di fferent types whe n 

,·he Tan-ko-ft) -ira is used fo r o ne . T o speak m ort: speci fically, in t he 

fo rmt: r case , t he mean uf ft: rt ility was 36.3 lJ~ :lI1t! t he d cvb tion, ± 63.0 

e n the average , t he ll1ean being 10 0 , whclI t he ll unan-:;:cll was lIsed 

fo r t he fem ale plant; whe n it \Va." u ~cd ( (iI' the lII ;ile plant, the m Cil l1 

o( (t: rtility was 346 ~ and the d eviat ion, .l. 7 1. 2 (mean = 100). 

Averaging t ile above values, \\'c get 35.5 (;b for the me;lll of fert ility­

and ± 67. I fur t he ck viat io l1 , the JllCan bei ng agoa in 100. 'Ill the latt e r 

cas<.:: , ho '.,'cvet", tLe mean elf fertili ty was 43. 1 ~,~ and the deviat ion 

± 49.0 when the Tan-ko-fo-ira W; \S lI sed for t he female plant j when it 

wa::; used for the male pbnt, ~he lII ean of fe rtil ity, 42.7 ~,~ and the 

deviatiun , ± 57.5 (mean = 100). .i\v<. ~ragin~ the abm"C values, we get 
429 (;{; fur the mean of fertil ity, and ± 53.3 the deviatiun \vith t he 

mean JOO. Judging from these 1:·1Ct:;, the fertili ty of thcF" p lants of 
the diffc rc: nt typcs, when the I Iunan sicil is llsed, seen lS to oe smalle r 

in the mean o f fe rtility and greater ill the d eviation than tha t of the 
1':01 p lants of the differe nt typt:s, when the Tan -ko-fo-ira is used_ 
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lV. AFFL'\JTY OF TlIE VAiUETlES OF KICE PLA.1\TS FROM TliE 

SE.I\.OIJ [AGNOSTIC STAXIH,()l~T 

I. Methods of investigation 

For the serodiagl1()Slic investigation fresh materials \\Tl"C always 

used. They c~lt1sisted of the principal varieties used in the experiments 

of fertility. namely 12 v;lrietics, from I) \Vase-Shinriki to 12) Tan-ko-

fo-ira. The otller additional 

Saigoku-kawachi, Genki-}\Iochi 

Fung-hstich-nuo (this is of the 

five varieties 1vere Kuromoro, Choeito, 
(these arc of the" Japonica" type) and 

" Indica " type). PrevioLls to this in-

vcstigatioH on rice, the alitlwrs c:nricd Gn ;:l comparative ."twiy \\'ith 7 

gr,uninaceuus crops, viz. rice, Italian millet, Sawa millet, maize, barley, 

wile,ll, and corakan. The authors prepared antigen in tbe serodiagnostic 

reaction, J()llowing the method uf GUHLKE (4), ,mel made use of the 
solution, obtained by extracting their seed powder In physiological salt 

sulution. IIowcver, for preparing tIle soilltion for the precipitin reaction, 

tlley firstly made the protein content unifi)nn according to the I\1151-\0':,; 

method (16) and then accurdillg to the KOKKf5Ils method (12), added 

normal rabbit serum to get off the pseuuo-precipitatc \vhich was produced 

thereby. This solution \vas used as the precipitinogen. 

They used" Ring probe" for precipitin reaction: that is to say, 

the authors put a certain amoullt of immune serum into narrow tubes; 

then to each (If tllc"e they added a certain amount of the solutions of 

different cOllcentration c.kgrcc.o.; which had been made b}i diluting the 

above mentioned precipitinogen suiuli,)1l \vilh the physiological .')alt :c;olu­

tion twice, r. . .lur times, eight limes, ;md so 011 ; then the.y determined the 

strength of the pn..'cipitat<.: pruduced :It the pbnc uf CGllt:1ct The re:;ult 

of this experilllent was shown b)." the :·;trcngth of rC:-l.Cticlil within two 

hours, and the value was dC1IDted by' the figures which indicated the 
minimum concentration sllOwing· The positive reaction. As it is dillicult 
lloi,\'ever, by tllis sinlj)le lllctlic,cl of precipitin i"l:adic,n ~done to make 
tIle obvious distinction of rice varieties, the authors perf;ml1cd in (lclditiul1 
\VE1ULH(r'S " Abs;:l.ttig-lI11g:c;\:erflhrcn modified by 1\JI5:\0 ill the t.est· 

tube and mOlTO\"(T :\1Is,\0\ " Ab.c;atligllllg::'TerLllJren" in the living· body 
(I6) rtf precipitin n.:actiun. 

2, FxperilllentaJ results 

I) Results el invcsti!;atiol1 nil the grass~s lIsed :fiJr c'llllparativc study 

Dek)re und<.Ttaking a serodiagnostic investigation uf rice, the autbors 
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examined, fo r a compa rativ-e study, the affini ty of i g r.11ni naceou s c rops , 

all of \vhL' h belong to di fferent genera, IH llle l), rice, Jta lian mil let, 

Saw3 millet , maize, barley, wheat , curakall , by 10 .Ring probe " with 
each ill1l1lUlle serum. >J"o matter what immune se rum mi gbt be u:sed, 

the d irrerenl genera \\fe re e ;lsi iy distin guished from each others. And 

the resu lt seems to show that rice, Italian JIIi llet, Sawa millet , and maize 

arc closely related ; that barley and wht:at arc a lso intimately related ; 
that the latte r arc distant ly relatc:'cl to the (O ffUtT 4 genera (Tahle 
VI). 

Table V I. 

Prt:cipilillrcacti(,n with innnnllt' SNIIIll of 7 grami l1. lCi,; ' )tlS en 'pst 

l lll lt "U ti le serum 

itaiian mil lt:t : .''J'"tn ,.ill 
1',(/1/(.;1 B E,\c\'i il S 

Sawa millt!t : j'{l1Iict.'1Il 

Cru.~ - (;'ll/i I .. 
. Maize: Zr. , 1/I1IiJ L. 

B;n ley : II,Jn/,'lfllt S,l tl-;'lIlJl 

JESS. 

'Vhe,ll ; 7"riritltlll w t':; Ii/II 
L nt. 

C<Jr:tka n : Ru'li.lim~ 
( omc{/J/fl CARTNI(l{ 

'1-· --_.- I A n ti ~ I Anti­
AJll i. ricc l l ra li;:m Sa lel 

Illi lk ! millet 
----.- - -- --

" .1 4 

5 

5 

A n t i- I-"-·~\ l ll i ­
Hla i l.'; kt.rky 

: 

o 

3 o 

o 

(> o 

o o o 0 ') 

o o " G 

o o 0 o 

A n t i 
w Ji ~';( 1 

Q 

o 

o 

o 

I 
,1,,,, -

. eOfakatl 

o 

o 

o 

o 

o 

" 
' 1 

·f he v:'l r idics l; ~cd in th ir-: C\ per illlcilt WHt: as fol low:<-: ric..: , S] lir.r i],j; 11111i:1O : I l i l ~l'! , 

T ornn()(); .'Sa\-va mi llet, Yalll ancuJe 1, [). ~; ma ize, I r'i ~sa l nl : 1.1 :ulty , lIi z:1l1ach i ; whe at, 

Ak :viarnma. 

2) Results of investigat ion on the n ee plants 

Thanks to this comparative study , tIle au thors c learly di stin g·l1isbed 

t he gr;lI11i naceous crops, belong ing to diffe ren t g"c ll <.' ra by t he ord inary 

IIlethod of precipitin re':lct ion \\lith each immune S(: 1"IIIll . T heil, adopting 

the sallie method tl!) in t hi . ..; com parat ive shill}, .. they studied the :Iffinity 

of G cul tivated varieti es of rice ,v!Jich belung to the s,nne ." pec ie:.> and 

.yet li ve in different regions, :ll1d which have beell distinc t ly cb.ssiiled 

lJlorpholog·jcally by t h!: method of the fe rtil ity of hybrid pla nt:-> . T iley 

included 5 c ultivated variet ies of the" Japonica " type, S hinri ki, Seld-



Alllllity ()f Cultiv:lted V;uierie;; "f Rice I'Jallls 259 

yama (these are of Japan PrulJer), Tata~'o (Korean), Ch,mg-sholl-wan-tao 

and Chang-shou-chcn-mi (Chinese) and I variety of tile" Indica " type, 

lJunan-sien (Chinese)_ In this case, "whichever immune ~erllm was 

employed, it \VClS difficult to distitlgubh (IIlC fro111 another. On the 

other hand, "when the methods of" i\bs;ittigllngsverf:l.hren" were llSCCl, 

both in the test-t.ube and in the li\'ing hod).! f,)r precipitin reaction, 

these varieties \\'cre clearly distinguishable_ The rt:'slllts arc shown 

belm\-

Experiment L Fir.'-tiy, Shinriki, Om;lChi. and Sekiyallld, which arc 

common cultivated varieties of low!J.llcl rice, in Japan Proper, belflllgin~ 

to tlw " Japonica" type, were Liken. Secondly, the immune serum of 

each variety was made, ;l1lcl t,) this "j\bsattigung's\erfahn:-n" in the 

test-tube was applied, <llid tlK']] "l\'illg probe" for precipitin reacti(jll 

was tried. Tbe v<lrictics 'H~l"c in this case not _ di:-,tillgui.-;]lab1c (Table 

Vll)_ 

Table VII. 

l'n:cipitin IT::tcli"ll by ",\hs:ittif,:lItlg;!;yt"rfalncll' ill the t(:~t-!1I1)r"' uprl11 lu\\iawl 

vallettCS or Japan Pr,)pcr, be'longing to t1w " Jap)[jic:l" lype 

imnlllne ~L'nl!l1 

Precipitinogen 
[or ~all1raliuII 

I'rccipitinngen 
for test 

Shiufiki 

SekiY:l.llla 

()lllacli i 

, 
, 

I 

I 
I 

~------

.. \.nli"Shillr;ki Anli_("IIll<\chi 

Sl;illriki 

0 0 0 0 

0 " 
" 0 

Experiment] I. Following' the methud in cxperiment I, the authors 

studied the affinity of 7 \-J.rictic" (-il" };ipan Proper. \\hich, like tho.o..:e in 

the above experiment, belong to the " J;IPUlliC:I' t.y1'c, and \\'hkh arc 

remarkably differcnt frum the ordinary culti\Catcd rice fnllll the siand­

p()int of cultiv,ltion, usc, or gr;tills, viz_ Shinriki (a l1un-g]utin(Jlls vJ.r1cty), 

Gcnki-l\Tochi (:1 glutinous variety) (which ale ]O\v!;tlld rice), Tamasari 

(a nun-glutinous \'J.riety), Gifu-I\Tochi (a gllltinous variety) (wllic11 are 
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IIpbnd rice), long-g luillcd rice, Ku rnmoro (red rice), Saigo ku-kawachi 
(scented ricc) (wh ich ;II'e peculiar kinds of rice). T ile result Wa'i that, 
the K uronJorfJ and Saigoku-k:lwac hi Were bardy d istinguishabl e frolll 

the others , but the rest wa~ difficul t to be disting uished from one another 
in this cesc (see Table V III). 

Table VIII. 

J'r,"cijlitin n~;ld i()ll, by ";\h~;'i. tlig1l11gs\cr f;\ l ltc l1 " in the tes t -t uL-c , (,[ ~Iuli!l(\u ~ awl ll(o!l­

!~ I lllilln \l ; v.1 ridi e~ (JC J0wJan I llr up!;l rHl ri ce or v:Hi('tic~ ,)r peclIli.1T rice wh ich 

an: all ,')f J" P:lll PJOper anti of Ihe " Jr.p.,nic:l type 

~ 

'§ (;jfu · ;>' \ 'lChi 0 

~, Ch:lI,d\() 0 

" < K urmr:or·; 

0 

~h in r i ki 0 ;) 

0 0 

Cifu·\i .)rhi ,) 

n 

], til"· II'I' , ~ OJ'''' -

S:ljl~.)k u · I;: 1 w:Kil i o 

--1- S ':~~i- o 

Ccnr ,: i·~ l'·'c hi " 
o 

KIlT" I11I '!" -' 

~;\ignk\l ·j;;l w;-.clli 

0 

I 
I 
!- -
I 

! 

0 

o 

0 

0 

o 

.... -I 
, 1 Saigo\.; l1-
''''''' ''''' _,"''''hi 

0 

0 

0 

o 

_____ .1_0 

____ _ 0 

! 



• 

261 

Tal"l t~ \' [11 Conl illu (' ~l 

.. - - - -- -1-----Shi nril- i 0 

"5 
(; cn1; ; ;.[, chi a " 

0 

I ::: '(" ::\lfl:l;:',lr i 

I 
0 0 

2 

~ eL')I-;(" ; 0 0 

I " [,-un ltl',, ' F ) 

I "" = 0 

S:;ig,.1.Il. k:lwacll i 

I 
= I 0 

Sh in riki 0 0 I 
, ( ; ,~ !t k i· :-' I"fhi 0 0 

'(J 
T ;ll,,: \S :\r; ;E 0 " .• ( ;iru·\foo:-h i 

I 
0 0 

I 0 
.-.: 

Ku r' ,n1O frl 0 0 

S . l i i~· .kld:::lw:ld li i 
I 

0 

1_0 ~ . 
--' -

Shi"rili I 0 -·1- 3 

I (;cnki · }1nch i 1 ~ 
c I 3 

2 T ::t :Il ;\i'iI)ri 0 3 S , 

I 
= 
" ( ;i ru·\i"ch i 0 -

I 
E 
~ Ch'->(.~ il () " 0 

:-:;li f.;<'lLu-ka \\ :\elli I 1- - 1 0 

-. 1--- - -- - -- - - - - - --
Shinr i;, j 0 

I "' " C <!l\k i 1\[Gch i " 0 2 

~ 

I 
~ T ama,,:lT i 0 2 

" 2,: ( ;ifu·:'Ifuclii 0 2 
' (:; 

, 
' f. 

1 '§ eh,)c ilo 0 

'" l (U roll1 ()Hl . ____ 1_- 0 2 

--- --_. -----------

E xperiment If I. F rom t he morpholog ical :-;t<l lldpoint. the following 

If. va ricl ie:;, S hiJl riki (of J:1pan Proper) , Salpei ( Korcall), and C hang ­
shml-n':l ll -tau (C hill c~;e) of the "JaLJunica" ty pe and lIun<t n-sien (Chinese) 

o r the " Indi ca " lYTe, were in vestigated in the manner,:; as d escribed 
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in experiment t. In t iJ is C <l<':e , the above varieties were clea rly d ist in -
gui ~ hab 'e from one anothe r . Taking all fad s into consideratio n, S hiur iki 

and Ch 'ln~-shou-w~m-tao are le la ted while H Ull rm- :-.ien is fairl y dj~tinct. 

S ::dpt:i, un the uthcr hand, ucl()ngs to the "japonica -" type, yet it .is 

also rd ated , aCC(lrding to this experiment, to. l-{unan-s iell of tLe ,; Illdic.: a .'1 

type (,c~ 'Ltble I X) 

t able IX. 

f'n..:cip il in r eac tion hy "Ah;;1Utigl ltlgwaralireu " ill t h e I{'st. lube , Dr v;tr i(,t io:.: s, Jil'hmg: lI1J 

e it h er to the "J:.lp:)Il~ C 'l " OJ' th e " [1\d :c~ type. and dilkrillf! in rwtin: pl ace 

II I:n lllll e H'rUIll I AIl t i- ~ hillr i k i Anti .Salpe i 

'.................... P n.:(:i j ,it i';;; .. g en i 
-''-for s::Lt ll r; l t i ! ' I l 1 

....... .-
J'r<.:(;i pil ill" g" .• r(-....... I' ~ 

fn rl ~~t ~ ] 
----- .... . _-- '- --: 
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,; 

c 
' ;;' ~ " , 

-:.r. " 
~ 

" . ~ 

• ? " , .= ~ :r. ~ 

Sh illr j];j 7 ; 2 0 
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21 4 I 5 

1 flln:m !;icn 5 • I 

_ ___ ----'-_ ., 1_ . . --.. -'----'.-, 1---,: I C h.lllg-sh,)u.w:lll-Iaq - ~ 

OJ 

°1 

4 

r :\nti_ 
1 fUlIr\n -sic ll 

4 , 3 

A!ili . C: l! :\l1 ~ . 
~h') ll -W ~\tl ·l :.(. , 

4 3 

7 o 

7 

Experiment IV. As in t.he experiment Ill , tilt..' c!egn.'<: of rciD.tio l1-
ship of i varieties, Shimiki, Sekiyama, Kinen-l\fochi (a g lutiJlou.'i 
v,Hicty)~ IIklcrishirazll (upland rice), (a ll ()f these are from Japan Prope r), 

Tataso (Kore:U1 rice) , Chang-s!tuu-wan- tao (C hi nese rice) bcll)llg illg 
to the ,-, J:.~pon ica " type and the T<ln-ko-fo-ira ( Formosan rice) helong ing 
lo the " Indica " type, was ex :ullincd by using .• Ring- probe" for 
p rec ip itin reac tio n with 1l111l1llll C se rum obtaineJ b)' " Ab<i tting ull g·s­
vcrfahren " in thl~ living i)ody of rabbits i!l1m ll nj;~ l; d with the solmioll 

of each of the above varieties. The result wa s as in the cJ."e tr ied 
with ,,' Ab sattlngu!lg:'iverfahren '. in the test-tube. ie. one cmrld !lot 

d isling oish Shinriki frolll St..: kiY':HlIa, \vhilc lhc (.ther v:n ictics could be 
disting uished frolll ( Ill e another, t houg h in ";:t ry ing cJegn.:cs. It wa ::: 

d etermined that Shinrik i is closely related to t he olher va rid ic 'i of the 

" Japonica " type, while it i.~ vny remotdy rela ted to T -lIl-kcl-fo-ira 
(see T able Xl. 



Table X. 

I '[ccipitin n'a( l ion (r iN} " Ai)~;;. I 'i ;;uf!1-!.,,\·c r f.' hrcn " iIi the l i,-ing; body wiTh 11 • .:- ;':U!tl\";1.[(-<\ \':1ricl jcs o r n ce, bdonging i(l' 

.. 11", " J:lpc nica ,. or Ihe " l m liGl " Iype 
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Table XI. 

Pred p itln rt'!ac'lion tried ., '\ Ds'l ttiglm~,, \'e r (:lh rcn " ill the !i ,-iug body with the cu l li \"~tC'd ,":w iel ies of r ice, IJ,.·ll1[lg il1 £, to 

t he" Japon ica " or the " l ndica ' J type 
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.\(fllllly <If Cilti"~ltcd_ VJ.TjeLic~ If Ri.;cs Pl::tnls 

Fxpcrirnellt V. As in the experiment IV, the ;dllnity of the under­

named varieties, belonging to the "Japonica" type or tbe "In(iica" 

t}'pe, vi;.;, Sekiyann, IIiderishirazu (upland rice), Killl:il-\IoclJi (g-lulinous 

rice), Tat8.so, Ch;mg'-sllCJu-\vtm--tao (the above arc of the "J,qv>I1i;[" 

typ-o), fTull:Ul-sieIl a(Jd Tan-ko-fo-ira (the above are of the "lwliCt" 

type), by lL;ing- the immune serum which had been :::tudied by 1llC;lll:-:; 

nf ,. _Abs~lHigllngsvcr[;lhren " in the living body. It was fnund tLlt th~ 

varieties (If the <r Indica" type -were closely related to one ;tllolther 

<lnd that they were rather distantly related with those of the i< Japonica" 

type (see Table XI). 
According to the above results, the cultil/;}ted rice of Japan Proper, 

Korea, Formosa, Chin,l are more or less distinguishable by "Ring 
prube" f(w precipitin reaction, using ., Absattingungsvcr.Elllrcll" pither 

in the test-tube or in the living body. ,And on the \vholc, reg;ll'dless 

of n;-ttive regions, the varieties of "Japonica" and "Indica" types 

which arc morphologically quite distinct i.lppear to he closely rdatcd 
among themselves, while those of the "]aponica" and the "Indica" 

type sccm to be very distantly related. 

v. --,\Fn~lTY OF THE , ' i\lI.1E"l'!!:;:S OF KJel'; !'LAl\T~, VIEWl<:!) FI{OM TI!E 

CYTOI,oGICAL ~'L\:\'I)['OIi\T 

I, I\Tethods of investigation 

Be:f(Jrc cunducting a cytolog'ical investigation, the authors exaniinnl, 

a:~ a prelilllin;l.ry experiment, the formation of pollen in 15 F, hY'brids, 

namely S within the same type and 7 between the clirCcrent types, \vhicb 

werc the sallle as those ll~:ed frx thc investigation (if fertility. They 

ohserved fresh pollen without fixing, and judged tl1e succe.Ss (;r failure of 

pulkn development by ib form, color, the pre:-;cllcc of content, degree (If 

colol',ttion with iodine solutiun, etc,; to indicate the degree of ih success 

or [{ilure, the}' ClIt I to 2 anthers from each of 3 to 5 nords, Liken 

at random, frofll an car of each plant produced at a cOlllpclratin:ly' early 

perind, tIJCl1 all pollen grains of each anther were scattered Oil one 

"lick as evenly' as possible, and they counted the percentage of perfect 

pullen grains ;Vi c(,mpared \vith their tutal nll111her within a certaill 

definite area under the lllicro!';cope. 
As the material for the cytological research, the authors have taken 

tl~e chief varieties llsed in the ~tlld.y of fertility and serodiagnostics. 



The.>" arc Shinriki, scented nce, Salpei, in the case of the "Japonica" 

type; the lfunan-sien, Fung-hsl.lch-nuo, and Ta'n-ko-fo-ira in the case 

of the ,. Indica" type. For tIle cx:tmination of the F, plants, they 

u~ccJ, be:-;idcs the hybrids from these p;lrent phllt.c;, the c11ief hybrid . .., 

used in the investig;ltio!1 of fertility', !1Elking a tnial of I I kinds. that 

i.--;, Nakate-Shinriki x FUllg-hsi.ich-nuo, Hinode x Fung-hui-yij-keng-tdo, 

THllode:< Ifatac1avi, IIinode x nasnuti, IfiT1I.Jl1luiu x [ruo-pe-keng-tao, 

llinunlOtu x l'u-chia.ng--sang-pe-li··ken-tao, Aikoku x TS<lo-sien-tao. K3-

ll1cji x liLlC k :::.cen;lUUY, 11 U nan-sicnx. _~ ak(ne-:~:l!llnriki, Fung-hslIch-nlio 

x Nakatc-Shinriki (crusses between the different types), Sei-:yu x Fung­
hsiieh-nuo (crns.c;cs \\'ithin the [.;;t11lC type). 

TIle authors oh.~erved the shape and bcluvior of the chromosomes 

in the cells of rc)ot~tips and in the pullen llK.lthcr-cells of the parents 

;is '\Tll as the FI pL·l.llt:c;, (tnd furthennurc, the general development 

during pollcn ftJrInation in the F, plants. F~'>r the fixation of the cells 
of n)ot~tips, they used FLE~gll.i\l;'S solution and for that of the pollen 

mother-cells. chieJl), Bou:\"s sulution, but sometimes CAI\NOY's or 

FU:~I.\Tl:\(i·S solution. Tile coloration was made with IIEII.lI<:l\HEI'\l"S iron-

allllll-l1elllatoxylin. For the ob.":crvatiull of the general cln'clnpment 

during' poll(:n f;.lrll1:ltio!1. the fixation and the coloration \VCre done as 

above at its early st('lg-es; ;ll the stages later than the [ormation of 

tetrads, fresh nlaterials ',yCj'(~ ex,unincd, witlvlllt fixing. The Tllethod 

llsed ill the detCl'lllin;ttion of [XlUCn development was the ::;ame as in 

the preiimin;ny investigation. 

2. Experimental ITSlllts 

J) Pollcn formation in the F , plants 

In thc [crtilily experimellt of bybrids, it has been <lIrc:ady found 

that the F, plants within the sanlC t.fpe. he it the "]apollica" or the 

" Indica," are cDmp;lrati,"cly vcr.y fertile while tll<.lse between the different 

types ;u·c llurkedly infertile. Now the inve.'-itig:ttiol1s oj the formation 

of pollen ill 8 F, pL,mts 'within the saInc type and of 7 .Fl ones between 

the cliffncnt t.ypes, have tallg-ht liS that tbe pollen in hyblids witllin the 

same type. is nCdrl.v perfcct; \\'11ile that between the different types is 

quite illlpcrfi~ct: illlpC'l"fect ones are 35·7 ?:{; in minimum and of 75·7 s"{; 

in maximuIll, tlle :l'.,·erage being 66.1 q6. The f<Jrmation of pollen is 

notably abnor111<,\1 
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This being the case, one of the causes of poor fertility of crosses 
het \vcen tIle unlike types may be at least the formation of imperfect 
pollen (see Table XII). 

Table XII. 

lk\Tl('pllll:;,/.'l.l condition ur pollen in the F, plallt~ within the saJlle type alld 

lwlwl~t·n the different Iypes (Figures in tIle tablc indicate the :lVlT<lge 

value ot 3 individuals examined) 

I Ti'le l'~-lllalc' ].lhut--i·· The :\Iale J'l~;l; -- - I Pe:CCJltage-~)r i;n~ 

I 

---- ------ _____ .J _____ --- ---------- ----- pel'tect unes III the 
.• ----- total number of 

£. Type !\allie of Variety T}"lJe .!\'allle of Varlet} I Fullen grUi.'.lS. ill 
__ .. ___ ____ _t_ll_e~p~an.t~_ 

i>-. 

"Japoniuc" \Vase-:--;llinriki japonica TIickrishiml.u 0 

" 
Sckiyami\ 

Talas() 

Ibi,ng-tuo 

,-

\ 'I' a~e-Shillri ki 

Omacbi 

[r siang-tau 

r"aLalc'-ShinriL 1 

St:kiyallla 

'fan-ku-fo··ir;' 

Averag:e 

" 

Salpei 

()machi 

Chan:,;-shou 
chen wi 

Chang--shou­
wan~(ao 

Sdpci 

I S!.:kiyamll 

_______ I_s~~~ __ _ 
-------

Tall-1w~f()-ira 

" II [unan sicil 

:"""'" L"" I 
I 

J 

o 

" 
o 

" 
o 

o 

c 

o 

65·~; 

.1.1.7 

71.7 

75.7 

S'i·] 

73·') 

(i~Ji 

66.1 



2) R~~ults of cytological research 

The ;ilJUVC preJi1l1illary invt.''itig;ltiull of F,.d]cn in the 1", plants Ins 

revealed the [lCt that the [CrIiLltiun \if pollen in the b).-rbl'icls bchvccn 

the different types bccullle::; very ;lbnorm,tl. 

[ormatiun. then, c\()C~ this al)]lorIlIality take pbcc? L-; the cause uf tl1i5 

abnormality due tD the chrc)jllu~:()mes of the parent v,lrietic.'i? 'I'u aI1S\\Tl" 

these questions, the tlUthOl'S made an inquiry into the number :tlld 

behavior of the cllronwsDlllcs in the root-tip and tbe pullen lllutller­

cells in the 7 varielies, namcl)-'.\[akate-Shinriki, Okute-Shinl-iki, scented 

rice, and S:tlpei, belonging ti.) the" Jap:.mica" type, and the I fUll<ln-sicl1, 

Fung-hsueh-nuo, and Tan-l-.:u-fo-ira, belonging to the "Indica)) type. 

They f{)lll](j ti};'lt the chrUlllosomes werc 12 in the haploid <lnd 24 ill 

the diploid number in every Olk of the varieties, wbich ;igrce::; with 

the results of previous studie', (5, 14, 17) Again, a close cxaminati()[1 

of the shape and Slze of the chrolllosomes has failed to discover any 
differences among tbe varieties. ~or have the autIt.Olrs been able to 

find any irregularity in the behavior of chromosomes in the pollen 

mother-cells and the development of pullen, folluwing the tetrad 

f{>rnlatioll. 

The authors then t()uk the I T chief F, plants out of the hybrids 

between thc::e 7 vJ.rielie,s ,lntI those vdridies \l;icd in the fertilit:V ex­

peri1l1cnt, i c., 1 hybrid ·within the SJ.lllC type and TO hY'brids bcL\\'eCll 

the different types. TIleD. thc:)/ ex;ul1incd tbe nUlllber, sh(lpe, and be­

havior of cilrO!1lUS01neS in the root-tip and pollen Jllother-cells in the 

same manner as in the p:lrcnt varieties, and fOllnd that in tbe h.ypric1s 

\';ithill the same Lypc the p()ints under cOl1siclcratiun were es.c;cntially 

the sallle as in the abuve mentioned 7 'Faridie.";. 

On the uther b;Uld, ill the hybrids between the different types, the 

number 

uf the 

III the 

and shape of chn)11l()-"~}ll1es and the course up to the furmatilll\ 

tetrad in the pullcn mother-cells. were almo:'t the same as 

hY'brids \\itiJin the s;mlC type. 

(;f abnonll:tJitics in t];e dtvc]CilltlJcnt ()f 

There \'>'as (l grl'at aL11(Julll 

pullen after the letT.',el t~)nlla-

tion. To go into detail, fulluwing the furmation elf telrad, each cell 

which i.e; sqJ:lJ'atcd ollt fru~lI all uthcr, bCCC)]llC:-'; round. In this initi31 

st;Jg-e of gruwlh lJf the lKillen f;fdin, tlH~ authors h<lVC uhserved ab" 

llormaiit).' in the shape uf tLc grain. :\nd I1H)fl'()"Cr <It the middle 

stage uf pullen develu]Xllent, when the growth of grain') ;Hlvancc,s 

further and the content i)CGUllC visible ill them, they not oni}' saw that 



there a re some g rains o r abnormal :-; lnpc. b llt also th:lt such grains arc 
neller e oi<J rcd wil: h iodine soluLion, :md e ve n am()l)~ those o f no rm a l 

shape, there arc a lot uf 1II1c01orul ()lle~_ .i\nd at the periud \\"hcll the 

plants were :lbout to fl ow,:r , ;{t er the full devc ~ opment (If pullen (the 

stage or maturity), pollt211 g rai!l s of imperfect shape , thuse lacking con­

tent t houg h normal in shape, t hose which were vcry slightly col nrcd 

wi th iodinc solution or those whic h were thOllg-h t to be imjlerfectly 
developed , we re found in g-r<:r1 t nut1lbe r~ and the degree of impe rfect 
devciopm c:n t was 3Fproximatciy idc nt ical with that ~lt the mid dle s{;,g-e . 

T o illu st rate this, in tllc c rosses, I IU!nn-~·;ie n x :\I"akat:>Shinriki and 
Fllllg-h siich-nuo x "\-akatc-Shinriki, the pollen g r:lill s of impcrfi..'ct ~lwpc 

at the init ial. middle J.l1d maturing stage .-- , O IK ." i ll ~:ufficiclltly colored 
with io(lill c s( )lut ioll , and t!l( )~e which were con~idc;cd to be imperf(;ct !y 

developed . " 'ere rOll nd Oil inve!-it igatioll to be as fpllows :-at tI le ini tia l 

J I rli rid :::.: 
1 '~ I \\'c l'n 

I :\IIl ;w si cn x 

h lllg:· h siieh -III IOJ X 
11 " I 

d ih~ · n.: u t ;":al;alt:: .Shi ll J" iti 
1.rI 'e::. [. 

I 
\vnagc 

_._ .. _-
i r y l}1'i d .~ 

wi th in i 
the !-al1.r~ i 

1 y p~' i l" u ll i:: - l l s~ie 11-11 1:1' 

Table XIII. 

I 
Pcrccnt:lge of im perfect W:lin .. : in thc Inial 

filllllbcr of poile ll g: r:lllls ' 
-----------

ln itia l sl:lgc of ! \ r idr\\ ~ .~ l :lg:e of !\Ialtlf in g: stage 
dcvdopnl<.:nt i dC\' l:h'pn:cnt i ( l[ (kn;]ojJII' Cli l 

I . 

13 - 1 55·3 

17.7 .17.6 05,;.2 

o c " 
I!u p.·rfecl po ll clI gr:l i u :l> IHC:ln, at t he ill il i.1.i sl a.;;(· , t h .. se \\' h id~ are "f 

j, "[X'rfcd slw.p :: ; a l tile IlI i(tdlc s t ;tg,. ~ , tlto!>C whkh arc pf l ll l[l('rk d 

~h .1 1' (~ a ll d i rl~nnic i l'I~ l lr Cllior{'{l with i"d iJlc tf(' ~ I Ill (~ II ( ; and a t t ill':: 

rn~IUIing ~tag-c) lh usc which arc (if iIl11""'~ I'rrG l ~ lt apc, Jncl,illl.;" c(>n1eIl~, 

in sntiici ently colored w!ll, iodine \r(':lllll('I: l. 
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~t:l gc, t ho . ..;e abnormfJlly shaped \\'C I'C J 7.7 <?~ ; at t he midd le stage, 

those illSl: fficicntly colored with iodine :-iolutioll . j 7.6 ~- ~; and at ll :c 

m at u ring !itag-c, those conside red to be inculllplcle Jy develnpcd , .; 5.2 9-;; 
on a ll ave rage. 

1 [owevcr , in the F, plants within the :-; ;:Ull e type (Sci-yu x 'Fuug­

h suc h --llu(1 wcre u~cd for c0lHpa rativc studY)1 we f~)u lld t ha t imptTfect 

polle n at the in itia l stage ,If dev(' I(lpllH:nt all}ounls tu 0.0 ~ ~ . in ~u fii cie llt ly 

colored pullen wit h iodine t reat me nt at tht.; middle s lat!"e to 0.0 ~Io , and 

the P (}lIt ll cUIl :- idcred incompletely developed at th t~ matll rin;; _'-ta gc, al. ... o 

to o.o~, (,e" Table XIII). 
TLese re" ult.'-) indicate tha t t here arl~ 111 ) djfi\.' H'; ncl~:-; in the ~ h:Ipe , 

tlu lr,bc l' , <l nd heli;l\'t() r of c hrollwsnme:; b e twee n tho:.; "j;lpnni c<1" and 

t he " Ill d i l.~a " ty pe. T h is is a lso true of all Lind :-; o f hybrids illvesti­

gated . Althol:g h the ct.'\lr~c or polle n (:e\'cl t1pI\lCnt a fte r tlw ld rad 

fo rmation i ~ quit e norma l in b ut h types ;l lld O1 I..: n in the hybrid s '\ii t hin 

the ~ aille type, b ut in the hy b rid ..:; bet ween the di ne-rent types ,, 1> 11(11"­

lll aiity is ubserved soon :1ftcr the te t rad js fon ned , ;1nd according ly a 

great: d ea l (,[ iUlperfcct pollen is to be seen at the maturing period of 

the pollen . 

vr, GI~X E IL\ I , CO:\:" U )E t.: .l.T IO:\, A!\I) CO:'\C[,U~"Ol\ 

The ;lbove mentioned t:u lLi v;-( (cd varict i...:s nf rice Iliay be c lo"'Is:- ilicd 

into t lte " ] aponica " a nd" Ind ica" typ e:; [rolll the: l'Il urpllOlogical .':itand­

puin t. A nd the resul ts uf ex pcrirncnh on fert ility sho w Lhal ilH~ n.:: an.: 

ecrtai ll dilTe rences betwee n both types , '\vhe11 eve n merely the fe rtilit y 

of the rcsp.~cti\'l : F , pbnt .-; i ~ ~onsidcrcd . lndt:td, the au thors wen: 

ab le to linJ that the dist inct io n from t he 1I1Orphuiogical s ta ndpoint , il nd 

t ha t Ji'Ol1l rhe d e grees of the fe rti lity of t he hybrid~ ,Ire in fu ll ;~cco rd. 

In spite of the fact that t he pa rent pI::l 11 t.';; :I r e highly self-fertile, 

the phCll OIllC llt'n of ste ri lity is witnessed i ll t he 1'1 p lant :;, T ll i :-; is 

1110:-;tly d ue to the extreme :'!1Ialln t::: ss (J t he ~ex ual ;lillnity, as th ey art: 

n ut cliJsely n :lated in desce nt. In :-;uch:t C<l.':iC, it i.-.; a Illatlt'r uf COl1lrll (JI1 

k llO\dedge th :1. t t he rorrnation of pollen in the F' , phnt" proceed .... 

abnqrmally (I , 3, 6, 7. 9.1 0) ' 9) etc. ) . 
If th is is t rue , t he ll t he va rieties o f the" Jap()Ilka" type <:utel l ho~c 

of t he ' . Indica " type cOltid be considered di-;tanlly related ; o il t he 

c Ollt r .-l.J'Y, in the hybrid." wi th in the same type , w here we observe ;1 

hig h (](;gret.: of fertilit y and normal pollen fO)"llJation, "'ario\l s \'a r ieti~ s 

• 
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within ei ther type, could he rega rded ;I S closely rela ted to nne :l1l0 i.1 :e r. 

Thu ,,;, in the 1' 2 g eneratiOll, the degree of fertility of C \ 'l'l")' hyb rid stra in 

within the ~ arnc type was great, and was allll ()st the sa11le a~ that (,r 
tbe respective parent, the <..kvi at iu ll ll1ulTO\'cr bein~~ smail. On the ut ile r 

h;l.1ld , ill thc h}'brids bch veen the two different ty pL'S , tbe re were \"a r io t:.':; 

dc~rccs of fc rt iJit)r , ran~i ll g- fro m ;lhsoi utc .--tcrili ty to a f; tirly high 
deg ree uf fer tili ty, and t he deviation was (:nn nll(lu."Jy la rge , h ut L hl~ 

me;l ll \\'a"':' s illaller t han t11 ;lt ( ) f the hybrids within t he sa lll e Iy pe. The 

callSC of lhis 11M)' he (i n tlld in th~ fact Hut the v.:l ri c t ies o f the " Jap') ll ica" 
and th()~e or the " Ind ica" type Il ;':l:d ror parcnt.-;, ;Ire !lut clo:.;e lY: ll;kd. 

It should ue !luted here .t ha t t he re io:.; a little dirTcrenc(' in the fe r1ility 

bctwt:cn the 1Jyhrid uf th<2: 1·! l lll i·'tlI ··:-:ic ll , bel()llg il1 ~ t, ) the" Ind ica:" type, 

with .:t vil riet)", bd () ll gillg' l . ) t he "};.lJK"onk il " type ;~ Il d t Le h)' !.l rid of 

t he T an·ko-fo-i ra with Oil ":: , belo ng ing to the "j;:. ponicC! " tYIJe; the 

hy b rid result ing frum the TIIl-k u- fo-ira ~ il~:J <l va riety o f t he c, J al'o ll ica " 

type is somewhat mort; fe rtile th;lIl th::Jt der ived fruJIl th(' H unan-.sie n 

ami a varie ty of the" Japo ll ica" type 1''tl1t h t:Tlllo rc, "ben o:.;eg reg;·ttio ll 

occurred in the Fe gCth.Tat iu ll, the F" plant.<; (l t he o ne \ycrc somcwh at 
g re,lt in the mean of fertility , compared with til e .F 2 of tht~ other , thc 

deviatio n being, however, .<:: rI'l<lI L This may llle,1l1 t hat t here is " di f­
rerence betwee n the t wo vdricties i t l I-hei r affin ity with tbe " j aponica" 
ty pe, t hat is, T an-ko-fo-ira as compa red wit h Il ll ll <t n-s ie l1 , IlIzry justly 

be rega rded ;IS a li tt le l tlo rC c1o.'icly allied with t he ;, J ap;m ica " type. 

T his fact may also be n.:cogn ized [rom the m o rphological .4 <l ndpt)int, 

thoug h T a n-ko-f(J-ira bears a c lose rcst:J1lblanc~ t.1l Hunan-.',icn in tile 

portion of the plant. above the ~TO lll1d. The r ~lti o of -width to kllgth, 

th ick ness to length or the unpolished g ra in of t hr. Tan-ko-fn-i ra is 

co mpara tively g reate r than J1I simila r \'a rictics, I.!elong-ing to the 
.. Japonica " type ,-irs c ro.;s section beiJJ g roundish. 

In the ir serodiagnost ic invc.':it ig ation, the aot ho l's lIsed the o rd iua ry 
" Ring prob e " ft)r preci pitin react ion In fi nd out th e rd;ttion~hip of 

7 crop!-' , belongi 1Jg to di rferelll genera of th~ C rm!lillc(7(. And t h..::::;e 

\vere c learly distinguishable in diffe rent degrct:s , and the re>ilrlt .... <H'e in 
genera l ag reement \\. ith the cb ~ .... i(lC:lt ioll v ( E N(;LJ::!<.. and l'RAx rL (2). 

The a utho rs th in:,;: that t his show~ serod iag nostic trcat lt leut to I)c of 

vallie to t he study of the <-IOin ity o f the Gr,llllilh'ae. C onseqne ntly, 

they attempted a c1a oOs ificat ion of the cllit ivated va riet ies of rice by: th is 

treatrnent. Although t hey tot ,d ly fai led to do ~o by' the ord inary 

method uf "Ring probc " fur precipitin reaction I they could clearly 
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differentiate them by " Ring prohe" :f()l" precipitin rCClctioll 'with "Ab­

.-';ittillglll1gsvcr[lhren" ill the test-tl!Lc, following \\FElC1-j,\lWT (.~o), ur \1/ith 

" /\b::;LUi::;ung,'ivcrbhrcll" in the living" h(l~;y-, f()U()\\,ln~ I\TI:~;.\() (16). 'fhi:i 

cxp[an"tiUll111;iY be t)U1H[ in the [let th;lt, thUllgh tIlt: cultivclter.l v;lli(~ql..'::i 

of rice hcl(Jl1i,; to the same species and have a cJo,c;c rl:~:e:llblancc :lnHl\l:~; 

themselves, there i,,,;; prolubJya [lil' arnount of eliiTerence in the nature uf 

protein.c; contained in their rc:-:;pcctive grains_ i\ccor(~il\r.; In the result of 

this investig,lJioll, the commonly ciltivatcd varictie."i of rice of J,1pal1 Proper 

cannot bc distinguished at all from each other. j\g-:!in, of the 7 \'arietics 

in Japan Pruper llsed for the principal st~HIy which Zlre (]iffercnt from the 

ordlllJry cultivated rice from the stanclpoint of culth-alion and usc (11" in the 

fnrticular luture of their grain,';, Il.1THely 1o-wland, upland, (..;lutinons, nnn­

glutinuus, IOI1;;-gJu11lcc1, ~;ccn+ed and reel rice, the last two, namely' ."centeel 

;mcl red rice ;tlonc \':ere slif;htly distinct fn.HIl the other 5; but the latter 

could never be distinguished. Then, the rice varieties li\ing" in different 

regions, dz. those of JJpa.n Proper, Korea, Formosa, and ChinJ., were 

clearly distinguished from one another in different degrees 'with "Ab­
siittigllngsverfilhrcll" either in the test-tube or in the living body. To 

state ."pccificall y I on the whole, regardless of native places, the varieties, 

belonging to the "Japonica" t:ype from the morphological standpoint, 

arc allied with one ;lllother; those belonging to the "Inelica" type are 

cinseiy related to UI1C another; and the 'varieties uf the" Japonica" type 

and those of the "Indica" tYlJC arc [drly distinct ill descent. This 
seems to show that the varieties of the " Japollica" and those of tlte 

"Indica" type, which are different frolll the morphological SL:llldpoint-, 

arc not closely allied. 

On CUl11}Xlring the results (If the :-:erodi;tgnosiic in\e,..;tigatil)ll with 

tll(,~ c of tlw fenility c'-:pcTilllCnt, tbe author.-:> find tklt the varictic..., (If 
rice ()f Japan Proper, Korea, and Chill<1, bdullging tu the "Japonica" 

type: and tho::e of FOrlllOs<tn and Chincse ricc" belonging to the" Indica" 

type arc cle:lrl.r distinguishahle from each other as hybrid...,. Thus, th(~ 

fact that this distillctinn is in gcneral in agreement willI the reslllts of 

the sn()di:lgnostic Lrcattncnt \\·ill justify the l~LlS,..;itlcati(1I1 (If cilltivatcd 

nct.: into" Japonica" a1ld "Tmlit:a" types. 

The authors C\,llectcd a gre(tt nuny varictie.c ; Dr l,)'xbnd, llpbnd, 

giuiillouc;, llo11-g1utilHIUC;, or red rice from ]ap;lIl PnJpcr, Knrca,FoJ"!lh::C;;I, 

'I'll 'n~11 j,cl():1~~;ng to tlle "J~IP )lIiCl -, Iype, tlw I((jrc::m rice, :<Jlpi is ]("'('bnizul 

wilL' allic:d "yqll ,ile "lTldicl·· type, the Il(lll:l tl:;:en :I~ 11K rc.-Ilit of the <; ; :wdi:l1.;nU~li(· 

i I I \"csti~at i"n 
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ChilH, Jl.V;:l; India. the United State.;; of Americ;t, etc , Zl.1l11 tenLdively 

cla::;sificcl them into the "Jllponica" alld the "Indict" type. Then, 

carrying 011 hybridization experiments, tbC)r were able to prove that this 

classification which is lllade from the morphological stalllJplJint \Va.'> 

correct <11."0 [n'lll the vie\\' point (If :;CXU<l] disharmclllY or hybrids. 
lIenee, they lllade inquiry into the native rcgi(lllS of the J.lwvc varieties, 

and (ound that thc rice native ttJ Japan Prupcr, K()rca, and NnrtJlcrn 

China all belong'cd 1n tIle" Japonica" l}'}Jc and that t:Hmd in Formosa, 

Sc)uthcrn China, Jav;:l, India, Cc.yloll, etc., to the "Indica," while .":Ollle 

of the \';lridies in CelilraJ Cllina, J Lrwaii, tbe Linited Staic:; are uf the 

" ];-Iponica" and others, uf tlle " Indica" type, Tbese fact." may be 

or ,,,ignificance ill the study of the distribution uf tllC species and \'arities 

of rice. 

Thanks to the inve::.;tigation of fertility of h}'brids and serodiagnostics, 
the authors have learned that the two types of cultivated rice classificd 

morphologiGtlly, the "Indica" and the "Japonica" are n()t closely 
allied. Again, in the fertility cxpcriments, they have already seen that 

tlw f(_)\'Jllation of pollen in the FI plants between the two different types 

i;3 markedly abnunnal. Looking over the literature (5, 7, 10, etc.) on 

this subject, thcy have noticed that thc cause aSCrIbed to the abnormal 

fonnatiun of pollen is either the distant relationship of the parent pbnts 
and the cli.c;harmon,Y of their chn_HllOsolllCS, or the occurrence (If abnor­

mality in their pollen development, In the cytological research -work 

upon rice, thc authors have foulld nu diffcl'encc betwcen the varieties 
nf the "Japonica" type and those of the "Indica 'J type, so br as 

chromosomes arc concerned. 1\or have they fonnel any difference be-

twecn the two types in the cour.':iC or pollen development. This is also 

true of hybrids Ivithin the same type, But in the hybrids between 

the different types, the authors have seen much pullen which \\Jas 

already abliormal even at the initial stage of its developmcnt :f()llmving 

the tetrad formation. This lIlay mean that though the c1istMlCC of the 

rebtion,'ihip be-tween the t\\"o types, the" J:tponicct" and thc "lndica," 

is not so great that some clifferenccs may be ob.-;ervecl between the 

bcha\'iors of their chromosomes, these two t}'}Jcs arc a'i distantly' allied 

I\ith eC1ch (,ther, C1S lhere is a physiological difference in the COl.l1'Se of 

pollen clc\c1(1)nlent, 

In short, tllc niltivatcd varieties of rice belonging to the same 

species arc morphologically classified into 1\\'0 groups, the <i ];1ponica " 

and the "Indica" type; and these arc recognized as not closely allied 
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with eac h uther in descent frolll tilt: :-:; l.a ndp(.l int of the degree of ~cxual 

;:dTinity in hybrids and of serodiagnostic reaction Consequently', the 

authors have cla.:-:sified cultivated rice into two group~, They regard 

tilem as t\\"o subspecies under cu ltivated rice , O/J':-:a sativrz L.; and 

they plYlpOSe tu call nne of the11.1 , "j?poniC'l, " and the other" Indica ." 
1t has been cu stomary with ag r(.)J1 ol11i ~lS ( 11, 13 , etc.), when they 

~'[UC!l1pt <! classification o r cultiv.1ted rice, to re~ard 11)1lg-g1umeci, red, 

a lld .... cented ricc a" being" consider;lb l)' di ffe rent from tbe ordinary ya rie­

t ics, putt ing great weight in the cha rad eI' of g- rain.,,>. However. our 
ill ve:'i tigatio ll shows that all long-glulllcd va riet ies prod llccJ in Japan 
l)ropcr belong to the « J a pfJ llica " ty pe . shuwing no difference from the 

common rice ; t hat red ;lIld sce nted r ice whic h a rc f~) ulld bot h in the 
,. J ap~)]) i ca " aJld the ;< I nd ica" a re 1I0 t markedly di fferent from the 

ord inary rice; that , though the d i.':'tinctioll (If g lut inolls and non-glutinous 

rice from the stanupuint of U :-: l! is plausible, no d iffere nce is found 
betwccn thelIl, either in the ., Japullicrl " ( "n' lhe "Indica" type; and 

tilat, altlwllg-h rice is divided inti) lowlalld and upland varieties on accou nt 

of the difl-e rcnl method of c11 1LiVrttiull , the upland rice of Japan Prope r a ll 
belo ngs to the d Japonica" type and we could not find much difference 

from the 10lvland rice. 

\ '1 1. SU~ I:\I." R\' 

I ) Accon .ling to the II I< Jl"plFJl ngicaJ s t;lIldp oint , t he cultiva ted 

va rid ics of rice, including upland, Jo \\' /;md, g hlti IK:ll:'-i , Hon-glu t inous, lo ng­

g hlll led , !)ce nted , a nd reu r ice Ill :"!)' b e c1 a!-is ifi~d iu te> two uifferent types : 

" J aponi C: cl " alld " Jndica.· ' 

2) \Vhcn cultivated in Japan P rope r, aIJ variet ies of both ty pes are 

highly sclf-fcnile. T his is a1...;o tru t' of hyb rid::; bet wcen varieties which 
belong to the .salllC t}'pc. ()n the other hand, the hybri"ds between 

vari eties belonging tu the diHc rclll type~ (i .e. " Japonica" and" Indica ") 

an: ll lllC h less fertile. 

Tile procc.-,:.c; or pollen [ormatio ll in hybrids " 'it-bin the same type 
(Inc! in those hetween t111.: difle rel1t" Types diffe rs very llluch, in as much 

as it p roceeds llcJnna lly ill the [( In ner, whilt..: in the latter it is extremely 

a bll ~\l"IllaI. the pcrccntage of imperfeCl pnll cll gTai lls being markedly 

g re.l t. By cytological ex;:ulJinatj (Jn, it is ascerta ined that , in t he \Tariet ies 

belong ing to the " Japonica" and" Inu ica I , ty pes, there is no difference 

in the number a nd behavior o f the ir chrolIl o~ollles, and in the cou rse 



(J pullen develupment. This h(llcb 1rue III the hybrids within the same 

t)'PC, but in the hybrids betwcen the dil1crt:!lt types, tIle ilbrH,rl1lality 

of pollcn is already lll<lnifestcd at the initial stag'e of its dcvelopmcnt 

full owing thc divisioll of the pullell mother-cell. 

3) Rice in Japan Proper, Korea, Formosa, and China, belonging 

to the ., )ap,)]}iC;I" or " Indica " types can he clearly cliiTcrcntiatcd in 

rlifferent degrees by .( Ring- prube" fur the precipitin reacticm wilh 

" Absiittigung's\'cr[fhl'en" in the test-tube and in the liFing hody, generally 

speaking, tile varieties, belonging' to the .• Japnnica" type arc closely 

related as an; those, bei()nging tu the "Indica" type, regardk.ss of 

where they cOllle fro111" w hil e 1 he varieties het ween the t,,;,o t fpes are 

fairly distinct fr')1ll each other. 

4) In short, the cultivated v;'lrieties of nce arc tn be clas:citied 

into the" JJponica" and" Indica" types fnHl1 the morphologic;d stand­

point. JIorc()\'Cr, judging from the degree of the sexual ctffinity, as 

well as ~crodi(lgllostic reactioll, these two types are cOllsidered tn be 

di:oLmtly related in de~cent. Therefore, the authors divide cultivated 

rice il1to two groups, regard them a:;; subspecies, and propose tu llaIlle 

Olle CJr}'zl! sati7)(l L. subsp. Indica KATO" and Ute other "Ory.ca 

saliz'a L. subs!'. Japolli{'a KATO. 

5) As to the distribution of subspecies" ]aponica" and" Imlica ,. 

of cultivated rice} we will find that the varieties indigeuous to Japan 

Pn1pcr (llld Korea all bcklllg to the one, and that those native to 

Purmosa as \n~ll as those of Suuthern China, India, Java, and other 

countries mustly belung to the othe1". Although in Cenlral Chin:l ricl: 

it';, for the must part, uf the "Indica" type, sOllIe varieties uf the 

" ]aponica!J type are also found. 

The a])()\'e invcstig;\tion H';:t.'-' carried on III the College of j\gricul­

ture, the ImperLiI Univer:-;ity ofK)'llsIw from 11)23 to 1928, iluritlg· 

the invc<;tigatioll, the ;tuthurs received kind addcc.'i from Prof. Dr. 

n .. l</)EET:-:c, ilnd ;dso from JJr. T. IVTLS.\o ill the :c;<':rodiagnostic Ill' 

ve-;tigatiu,J. T(I them, the (lutllClrs tender thanks 11lf):'it gralefully, 

jL~titlitc <if Agr"ll'>ll:Y, Kyu~hu illlperi'li lhiilehity, 

Ikccll:lx"r, 1,,),'::0· 
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