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[. INTRODUCTION

In the study of the relationships of various types of plants, some
scientists (4, 8, 12, 15, 20, 21 etc.) have attempled o take advantage
of the serodingnostic characters of plant proteins.  However, it is well
known, that the fertility of hybrid plants is higher or lower according
as the parent plants are more or less closely allied (1, 3, 6, 9, 19 ¢te.).
indeed, in the case when the parents are very distantly aliied, the hybrids
ofien show sterility, and it is a matter of common knowledge that in
such a case the formation of pellen in the I7, plants becomes very ab-
normal.  Cylological investigations have shown that the abnormality  of
potlen formation in the 17, plants s duc cither to the disharmony of
their respective  chromosomes, or to the difference of physiological
processes of pollen formation from the pollen mother-cell (5, 7. 10 etc.).
If the above may be recognized as a general fact prevailing in the
vegetable kingdom, the degree of affinity of certain plants may he
deduced from a serodiagnostic investigation of them, an examination of
the degree of fertility of their I, plants, or a cytological investigation
of their pollen formation.  Tscirrmar {19), for instance, has already
obscrved that the degree of fertility of the 14 plants is fairly in accor-
dance with the systematic relationship of the genus Frizzcum, which
Zane (21) has serodiagnostically and Scuviz (18) morphologically
elucidated.

If we consider the manner of classification of cultivated rice plants
in use by many agronomists (11, 13 etc.), we shall find that all of
them are based selcly on the plant form, the churacters which appear
during cultivation, the use, or the morphological differences.  These
methods do not, however, take into consideration the facts concerning
their affinity.  This being the case, the authors collected during the
last few years cultivated varieties of rice from the chief rice producing
regions of the world,  Then, wishing to find out their affinity, they
attempted, firstly, a classification of varieties from  the morphological
standpoint 5 secondly, they caried out experiments on the fertility of
their hybrid plants; thirdly, they made a cytological as well as a
serodiagnostic investgation; and fowrthly, they examined whether the
results of the study of the affinity based upon the second and third
methods above mentioned were in accord with those as deduced from
the morphalogical character of the plants. It was established that, on
the whole, they are in accord.  Further, the relationships determined by
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means of the hybridization experiment (g were nearly in accord with
those determined by serodiagnostic investigation (8) nearly for the same

material ; and again the cyvtological inquiry confirmed the above results.

11, CLASSITICATION OF TIIE VARIEVIES OF RICE PLANTS FROM
TIHE MORUPHOLOGICAL STANDPOINT

The material used for the experiments consisted of glutinous, non-
glutinous, scented, red, or long-glumed varieties of lTowland and upland
rice, collected from Japan Proper, Korea, Iformosa, China, Java, India,
Hawaii, the Usited States, etc., in 1923, and cultivated in the College
of Agriculture in the Imperial University of Kyushu,  Of these, about
100 representative varicties were used for the experiments.

A close scrutiny of every character of these varieties from the
morphological  standpoint shows that the charvacters of the plants are
extremely varied ; more particularly, 1) the shape and color of the
leaf,  2) the angle formed by the uppermost leaf and the stem, 3) the
shape of the grair,  4) the presence or absence of the awn, or its
amount when present, 5) the length and amount of hairs on the glume,
etc.  The characteristics have been made the main points of classification,
by means of which the rice varicties may he grouped under two types,

i

one of which the authors have named ' Japonica’™ aml the other
“Indica.”  The differentiating morphological features of these types may

be summed up as follows:

Diffzeentiating features

Characters Varlerics belenging to the Varieiles belonging 1o the
“ Taponica 7 Lype “ Indiea ™ type
1} Shape and eolor of 1he  Namow ; deep green. Tiroad 5 light green.
leaf :
23 Angle formed by the up- Wide Narrow,

permosi leaf and Lhe stews:

1) Ferms of grains: preaed and thick. Cross see- Generally slender and seme-
tion  markedly  roundish. what [lad
Among  forelpn’l varieties,
helonging to the  © [apo-
nica,” some are rarcly long,
hut as compared with Lhaze,
helomging (o the « Indiea ™
type, they are broad, and
nwreover, Lhe fransverse sce
tion is renarkably roandish.
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4) Presence or absence of the
awn, or Ils degree when
present

5) Length and  amount  of

hairs on the glume :

Shigemols Kalo

Vatious gradations {rom long-
awned Lo aw l]l(“'iﬁ_

Flairs are thick and compara-

Alarge mujority are awnless;
through awned varictivs are
seldem met with, wlhen met
their awns we shart,

Compared with the varictics,

tively long.

Lelonging o the % [aponica”™

type,
short.

Table 1

hairs ave

thin and

Classificalion of the varieties of rice planls from the morphological stundpint

Varieties uf the ¢ Japonica " type

Nanc

Wase-Shinrikl (fLagth )

Nakate-Shinrili Qe gD

Okute-Shinrikd Copkfih)

Omachi (HENrD)

Aikoku (SR>

Kemeji (47D

Hinode (H 2 1D

Linsmato (f 2 40

Sekiyama (R

NishitakuMochi (glutinous
variety) (= o % # 5

Genkl Mochi {glutinous
varieny) CTRLiAE)
Kinen Mochi  qrlutimous
variely] CRLEHED
Kuremoro ved variely) (M)

wee il

Chacito {(Jong-glumed variety) |

CEIAR)
Satgoku-kawaehi  (scented
variely) (TR P9
Hiderishirazn (upland  non-
glutinous yariety} LA HD
Tamasari (upland non-gloti-
nous variciy; (HED
Gifu Mocli {upland glutinous
vavicly) Clg B
Tataso (4 » )

Salpei {growing wild)
(a2 =)
Scivo CHEHD)

Varieties of the ¢ Indica™ type

Native place Nawme
Japan Tan-ko fo-ira (gL
» Sui-yu (Fih)
. Ha-koku-to-ira (11570
5 Pu-chiang-san-pe-li-keng-tao ‘
RECES i
" Chiang-nan tao (JLEEFE)
- Ct shou-slen-tao
AARLE o
i Pa-shih-jih-sien (A H4-H #0)
5 Fung ko-lung-tan CRrsR ko)
s frung-hstich-nue CEOEELD
. Tlunan-sien i 50
5 Laz shih-jih-sien-tao
(R4 B#RE
- Juug-hédao (FEffED
” Haug-tao keng-tao Frii )
. Yai tao (A HD
5 Lsiao-li-fung-ken-tao
CMELRD
i Fung-tsai-yit-keng Lao
G R D)
' Ping-yung-pe-sien-tuo
C4° 5 B D
W TLi-lung-ku-keng.tau
CHEH 2D
Korea Huang-pi-keng- Lo
CR iR
P Fién-shui-san-pé-li keng the
(R
o Chi-ching tun-keng (ao
CHR B RERERD

Natlve place

Fonuasa

»

China

China
{Cliekiang)
China

i1

China
(Chekian}

China
(Wiangsu)

China
(Chekiang)
5
T T
wooae )
Chinn

[Szech-wan)
China

(Clickfang)

}

o

o L)
w o)

owe 3

. L
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(hm' shenerheén-i

e P}

Chang-shou-wan 1ao
('\‘%"':. Mﬁrl i

ilsian ';-Lﬂz) CFHED

VHsine-pé-mang shoi-lao

(,J‘IL 2 mF—\)

San-li-tsun-muo-tno

(=i
i 7R

MNanking-hsi

an-tas
Chaneli CE KD
CHERED
Lo han-huang CRE N

Keng-tan (W hsi hsiich-ven-

chiay) (;nﬁ{;)f’ml

Ma Gungonuo (4

Keng-rio

Ning-le CFHD
[Tuo pe-ku R
Kerg-tao-chane clion

CHRRLEAH )
Nuhawniura 17 Gy 17 58

Flaowadi nao 156
Lortuna

Tesas Mertima
FHonduras
Prace nc, O
tete
Amarcria

Buranles

China

o (Chiliy
China

China

(Nauking Univ,)
Clitna

{ Wuchang)
China

(Changchow)
{hina

(R iangsu)

i
2 Lon ]
Clhia
bR
B

Formesa
L Lok

1) gy

Alkeng-tao (}iﬁ@*ﬁiﬂ)

Mang ku-keng-tao
gy e
Ta-ku-keng-tao (R ETHENE)

Sien-tac-wi-wel (i EEMELSD
Yang-sien-lao (EERLHEDD
Tao-jun-chine (A
Chiang-nan-tae {{1EH#G 1
Tsao sien-tno (FLAER)
Huang-kan-sien (35 # D
Maotzu top sien-tao

(i F BE AR
Flue-pe keng-taoC F (FRATD

Fung-ka seny L.m(ﬁ_?ﬂﬂjﬁ

Wo pe i kong-tao
RGN e
Siyeh-tsing-keng-tao
CSBIE AR
Ta-tsa0 ]sL]IE; Lo (AR

Cline-kan-wan kang-toas

Byl )

L\lu"." kan peng keng-tio
3T i

R R
SR

Wu-su Jstan-chi (i5#

Vaollisenaltl
Gangasale Bhatta
Red Kangro
Seenaddy
Karaffu cheeratti
Hawail no. 17
Curolina Gold
Hatadavi
Basmati

Black Scenadely

ta
I
"

China
{Chekiang)
wo o)

w o ow ]

China
{Kiangsu}
N ( n )
China
China

(;’\ nw hel :|
China
(I'énan Univ.)
I »
33 ( E 1) )
Clrana
(Chekiang)
8 &

¥ K

{ J
wo Lo )
P
(hina
9
[REFSSITRETE
Java
Sounthiern
Inelia
Western India
Cevlun
»
[Tawail
USA.
Ceylon
Tndia

Ceylon

The cla
method s

Neorthern L,hmzi belong to the * Japonica’ ’

shown that the varictics native

ssification of the varfeties according to the morphological
to Japan Proper, Korea, and
type without a Sing]e X~
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ception ; that those native to Southern China, Formosa, Java, India,
Ceylon, ete. belong, as a rule, to the “ Indica’ type; and that some
varictics in Central China, ITawaii, ilie United States of America, Brazil,
cte. belong either to the * Japonica” or to the “Indica” type (sce
Table 1), The Tan-ko-fo-ira, native to Formosa, closely resembling the
ITunan-sien, belungs to the “Indica” type and yet the roundish shape
of its grain reminds one somewhat of the * Japonica” type.

HI.  ATFINITY OF THE VARIETIES O RICE PLANTS AS Si1OWK
BY THE FERTILITY OFF THIE F, PLANTS

1. Mecthods of investigation

For investigating the fertility of hybrid plants, @ great number of
the cultivated varfeties of rice plant used in the aforesaid morphological
study was employed.  Special care was taken in these cxperiment con-
cerning the following 2 varietjes: 1) Wase-Shinrild,  2) Nakate-
Shintiki, 3} Sckiyama, 4) Omachi, 35) Hiderishirazu, 6) Tutaso, 7) Salpei
8) Chang-shou-shén-mi, 9) Chang-shou-wan-tao, and 10} Tsizng-tao (all
belonging to * JTapenica” type); 110) TTunan-sien and 12) Taneleo-fo-irn
(the latter two belong fo “Indica” type). The TP, plants were obtained
by artificial crossing, firstly between scveral varielics belonging  cither
to the J&ll'J(JI]EC..’l "oor the “ Indica” Aype {hybridization within the same

type) and sccondly between these of the © Japonica ™ and the * Indica™
type (hybridization between the dilferent types). Al =ceds of the T,
plants were sown at the same {ime with the parent sceds, in  the
following  year, under similar conditjons.  These plants were  partly
allowed o flower and bear seeds, while spikes of some plants which
were covered with paratfin paper bags during the hlooming period to
prevent their natural hybridization, were studied af matuority as (o the
fertility of their spikes.  Though the authors thus investigated the
degree of the fertility of the I, plants, they have kept further the IF,
plants, mainly the hybrids between the different types, under eultivation
and examined the segregation of the degrecs of their fertility. The
method of self-fertilization and the investigation of fertility in this case
was the same as in that of the T,

The avthors distinguished between fertile and sterile sceds with
the naleed eye; and for the purpose of indicating the degree of fertility
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of each individual plant, they examined in the [owering periods 10
culms for cach plant, which have tillered comparatively early, whether
the spikes had been covered or left uncovered, and the degree of the
fertility of the plant in question was indicated by the pereentage of
fertile sceds against the total.  As the difference of fertility between
those plants of which the spikes had been covered and those left un-
covered was always very insignificant, they took the average of both

to indicate the degree of fertility.

2. Experimental results
1} Results of preliminary investigation on the parent plants

When the authors, on investigating the fertility of the principal
varieties cultivated in the agricultural experimental farm of the Imiperial

University of Kyushu, used for hybridization the above named 12

e ol oy D Saoe Ao ¥ oy wledn oonaredtoeeioas | SR AT A P o T £ bl o TR R L e o SR
VAdlitilcs, IllLlll(_llIlB LT VdAlLICLICS lJCli_Hl'z-_;lllé; L LW ulhelcile Ly pes, LSy
found that those plants whose spikes had bLeen covered with paraffin

paper bags and those uncovered gave about the same degree of fertility.
When we show the degree in question by the mean of the values
found by these twe methods of investigation in ecach variety, it was
79.6 26 on the average, the minimum and the maximum being 080 95
and 8005 95 respectively,  Juedging from the fact that the discrepancy
hetween the two extremes 1= relatively small, the degree of fertility
in the pavent varieties sclf-fertilized, ne matter how different they are
merphologically in their native places, is abont the same in hoth and

scems to be pretty hich (see Table 113

2} Lertility of the Ir, plants within the same type and of
those between the different types

The investigation of 39 It -hybrids, which were artificially produced
from any two of them, taken al random: oul of the 9 varieties of the
“Japonica " type (Wase-Shinrild, Nakate-Shinriki, Sclkiyvama, Omuchi,
Hiderishirazu, Tataso, Chan-shou-wan-tao, Chang-shuo-chén-mi, and
Tlsiang-tao) on the one hand, and the 2 varieties of the * Tmdica”
type (FTunan-sien and r[‘an—ko—ﬁ)—im) on the other, showed that in the



248 Blhilgento K

Table IL.

Degree of ferulity iu the purent vinieties used for bylbridization (Figures are of average
fertility ol 30 individnals)

Material used Degree of leriility {24)

! T % " Spikes nat
| e opikescovered | t :
T it I Native S bty Covered with i
pRels i e sl w ]li]jl [)|Ll‘.1“.ll| | paraflin Average
! paper bags ) o
[ B ~ ‘ paper hags
G Fre L [P S TE S ' 4 Y
& Japonica Wase-Shinriki | _|;1pr|1 ! 724 56,9 79.4
Type | i Froper |
o | Nakate-Shinriki L e [ 8es 82.6
' | : !
. I
‘ Sckiyama i P | 833 I 56,7 80.0
i i
- | | -
" Onachi | W : 76,7 B3 o0
. | Miderishirazm B I tes 54.0 Bz.4
(vplad riee) l l
» O Tatase l koo 55.0 ! 543 | 5.0
) !
- | Salpei i 5 650 ! - 6%.0
1
" } Chany shou-chén-mi 1 China ”9.2 f 570 52,1
5 I Chang shou-wan fan ‘ 5 003 l 77.0 7.7
%3 ' Hsiang 100 ! " ! (RIS ; 77.6 732
' | . ]
- i ey = e S
s Indica” Tlunan-sicn ) China 06.6 ] la 70.0
type : o T
- Tan-Lo fu-ira | Formaosa 06,0 ! 86,2 86,5
| ot i A bt _‘ —— e p——— ﬂfﬁ_m_‘ pp—— iy — —— s
Average w74 ‘ 830 79.6

hybrids of varicties of the * Japenica ™ type, the fertility of the crosses
within the same-type s 48.6 ¢ in minimum, and 83.6 25 in maximum,
the average being 08.7 95, Such fertility is only slightly below that of
the parent plants of the same type, grown under the same conditions.
The same result was obtained in the hybrids between the varieties
within the ““ Indica” type,

The 24 F, plants resuliing from any two varietivs belonging to

different types taken at random  from among the * Japonica”  and

“Tadica” types, gave the following degrees of fertility.  The varieties

of the “ Japonica” type crossed with those of the “Indica’™ type
showed in their fertility the minimum o1 %2, and the maximum

26.2 ¢, the average being 14.1 9. The varictics of the ““ Indica” type
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crossed with those of the ' Japonica” showed in this respect the
minimum 0.0 %, and the maximum 33 4 %, the average being 13.6 26,
There was a remarkable difference of fertility between the hybrids
resulting from the different types in botl cases, on one hand, and the
parent plants grown under the same conditions, on the other.

However, when varieties belonging to the “ Japonica” type were
hybridized with the Hunan-sicn, and the same varieties with the Tan-
ko-fo-ira, the results did not scem to be in complete accord.  In the
former case, the minimum fertility was o.t %, the maximum, 13.9 9,
and the average, g6 2z, while in the latter, that is, when the Tan-ko-
fo-ira was used for the male plant, the fertility was 107 26, 26.2 %
and 17.5 %, respectively, which means that the hybrids in the latter
case had a somewhat greater fertility. The same phenomena were
manifested when the TTunan-sien and Tan-ko-fo-ira were used for the
mother plants (Table I1I).

According to the above results, the F, plants produced by the
hybridization of varicties, belonging to the same type, the * Indica”
as well as the “ Japonica,” show a comparatively high degree of fertility ;
while, on the other hand, those produced by hybridizing dillerent types
appear to show much lower fortility.

In order to ascertain whether the facts shown by the above 12
varietics, according to the above stated method, would be applicable
to other rice varieties, the authors examined 96 other variefies of
cuitivated rice, including glutinous and non-glutinous varieties, both up-
land as well as lowland kinds, red rice, and scented rice (all of them
have a relatively high degree of fertility) concerning the depgree of
fertility of the hybrids within the samme type and in those between the
different types.  The result showed just as in the case of the 12 varieties
that the degree of fertility of the F, plants obtained by means of
hybridization of the varieties belonging to the different types, was
indeed very small (see Table IV).

3) Degrec of the fertility of the F, plants

Basing on the difference of fertility of hybrids of plants within the
same type and those between the different types, the authors have found
in the aforesaid experiments that the * Japonica ™ and * Indica ™ types,
which are two morphelogical divisions of cultivated rice plants, had a



Table II1.

Fertility of the Ty plants within the same type and between the different types

{Figures indicate the average of from 20 fo go individuals)

{&) *Japonica® type (&) *Indica” type
Typet ITiderishiraze) | [Chang- ) i
Y Wase- | Nakate- | Scki- on| upland y .| shou- | Elsiang- Hunan- | Tan-ko-|
]-’a]r'3nt Name of plant Shinriki | Shinriki | yama Omm'h,i nmg-glurimms Tataso‘ Salpei Wallle la.oé Average sien fo-ita Average
plant | varlety) s tao
@® 79.4 82.0 860 | 50.3 ' 62.4 53.0 | 680 73.2 v8.7 7.5 70.0 86.5 783
() Wase-Shinriki | 0.4 63.3 66.0 655 | §9.5 | 6oy 688 | 640 0.1 10,7 3.4
i 1
# ]atponica” Sckiyama 56,0 75.7 74.2 So.1 61.6 82,7 | 62,6 743 ! 73,0 8.5 8.3
ype
Omachi So.5 ; 62,5 i 48,6 2,2 69.0 63.1 IL.6 13.9 12.8
Hiderishirazu | 824 83.6 750 | 79.3 12,6 20,2 16.4
{upland non-
rlutinons variety),
Taraso 8o | 79.9 67.0 L TL9 | 730 | g7y | 739
Chang-shou- 73.2 60.6 gh2 6.5 64.6 13.0 26.2 20.1
wan-tao :
(':hang.slym- | B 70.0 62,2 53.6 742 % 67.3 8.7 21.5 14.6
chén-mi
Isiang-tao 78,7 62.2 Gag | 75.7 54.1 60,7 04.4 12,1 12,6 12,4
Avcrage 80.9 726 76.6 63.6 | 727 61,0 62.1 J Go.r | 66y 21.0 68.7 g.6 17.5 [4.1
(%) Hunan-sten 7000 0.3 6.9 1,2 4.3 0.0 3.5 ‘5.6 | 6i.7 06.7
“Indica” | Tan-ko-fo-ita b6 21.9 334 22.5 10,0 ‘ 18.4 23.1 714 71.4
typpe - i ] S—
Average 8.3 i 111 212 16.2 13.7 | oo | 114 | 15.4 136 | y14 | 687 | 705

& Denotes the fertility of the plants by self-fertilization,
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Table IV.
Fertility of the ¥, plants obtained from many different varietics of caltivated rice plants

A, Ferility of the hybrids within the same type of the « Japonica™

Vareity of the <« Japonica” type Variety af the ¢ Japonica® Iype

used for the female plant used for the male plant | Fertility
B T —— = |11 —— ~ Varlig ke
- Native : o - i plants
Name by sclt- Namne Kative place by sell-
place A RS
pollination | pollination _
Wase-Shinriki | [apan 79.4 % | Vawaii no. 156 | Iawaii 8009 | 66.3%
Sekiyama i 36.0 Chang-shou-chén-| China Gz.1 6o,k
mi
- % 5 [Isino-pé-mang- | China 03.7 GI.o
shui-tac |Chili)
Aikoku i 50,3 Chang-li China G6.1 86.7
(Wuchany)
Hinode i 90.6 Keng-tao China \ 91.8 55.9
{Changchow) |
o 5 . Lo-han-heang China P98 74.9
(Kiangsu}
5 % i W Keng-tao {Wua-hsi-| China { ,, ) 506.5 74.9
l histeh-ven-chiao)
. " : . Ma-tsung-nuo koD 552 I 67.4
11} » J 2 Njng'iu 124 ( b2} ) ! 94,1 i {"lg"[
. " ' [Tuo. pé-ko e [ o) 85,z 6.z
Hinomoto 4 77.3 Nanking-hsian- China S6.0 63.5
’ tao |("Lonan Univ.)
o ” ” San-li-tsun-mvo- | China H3.0 51.4
tao
. i » Nakamura 17 Formosa G058 768.2
Hinode W 90,6 Llonduras T8 A 88,7 bled
- i 5 I’rave no. 6 T 1.6 70.4
N P W Katete Brazil — t4.5
5i ™ & Awnareria i 52.2 76.1
% W i Buranke " Sy 83,2
K inen-Mochi . 836 ! Okule-Shinriki | Japan S31  F T2
» W i Heiang-tao China 5.7 70.3
. " - [Tawaii no, 1358 IHawali e Ns! 767
Hawaii ne. 135 | Hawaii S0.0 Wase-Shinrikt Tapan 7o.4 ;043
1 " " Se1s0 Korea 2.0 8o,z
3 = - Flsiang-tao China 5.7 72.4
Nanking-hsian- | China 77.9 ITawaii no, 155 | Hawaii Go.0 79.1
Lao ) .
Average 83.9 Avcrage 83.6 8.2
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B.  Fertility of the hybrids within the same type of the © Indica™

T " Variely of the « Indica ™ type Variely of the = Todica ™ type used
used for the female plant for the male plant Fertility
o Fertility i : Tty | of tl
. Native Ferulity Mative | Ferulity | of the )
Name by self- ! Name by self- [T, plants
place g nT § place PR
pollination | pollination
Pu-chiang sau- | China 838 % | Chang-shon- China Sgbes | G409 %
pe-li-keng-tao sien-tao
Chiang-nan-tan 3 4 Ta-shilh-sien % 8.2 G0.2
Average 87.4 Average { 86.4 85.0
C. Fertility of the I, plants Letween the different types, that is, hetween the
 Japonica ™ und the ¢ Indica® type
Variety of the « Tapovica ™ Llype Variety of the © Indica ” type used for
used for the female plant the male plant Fortility
- Py 1= : S - of the
_ Fertulny y Tertility
Ns i E alive - 7y pla
Name Mative by seli- Name N,m“ by sclf- I plants
[lace =T place ! i
pollination pollination
Olaute-Shinriki | Japan 63.1 25| Tan-ko-fo-ira Tormosa 86,5 9 3.0%
Scki_\“:lma . 56.0 Scj,}'u - £6.0 0.6
Hinomaole - b & Ha-koku-fo-ira 5 742 aq
Wase-Shinriki . 79.4 Pu-chiang-san- China 535 553
pe-li-keng-tao
Nakate-Shinriki T 52,6 Funy-ku-fung-tao o 7.2 1.3
Sekiyama ” S6.0 Ea-shili-jih- China So.5 | 247
‘ sten-tao | (Chekiang)
5 } ¥ Lho Jung-hé-tae Chi]}e} 72.6 132
1 ; (K langsu} )
Afkoky " ; 50.3 Fung-ku-fong-tao | China 77.9 146
{Chekiang)
1 , o | 593 Ya-i-lan 5 % ) 9.0 5
Kameji " 40,7 ilsiao-li-fung- s U m ) 76.6 0.4
keng-tao
a3 - 4.7 Pu-chizang-san- s (ae D 61.6 83
pe-di-keng-tao
Hinode . 0.0 I'ung-tsui-yii- China 526 0.5
| kengtao | (Szechwan)
- 5 ; go.6 ¢ Ping-yang-po- China 75.49 6.5
sien tao | (Chelkiang)
S i 40.0 Li-lun-ku- AE N Gz.3 o5
keng-lao i
5 5 go.6 Fluang-pi-keng- w e Y 7.0 1.6
Lao
5 » go.b F<‘=u-sh_ui-5an— P oa bt owd | 712 13:2
pé-li-keng-tao |
- oo go.6 Chi.ching-tao- w (» ) 7.1 5]
\ keng-tao |
5 | 0.6 Al-keng-1ao w Low 3 L 723 o
i |
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D, Fertility of the ¥, plants Delween the dilierent types, (hat is, belween

the * Indica ™ and the « Japonica ™ type

Variety of the « Indiea ™ Lype used ‘ Variety of the ¢ Japonica™ type
for the female plant used for the nale plant Tertility
- s - - of the
S o Teruility . ¥ertaliy |y .
Name :\‘.‘1!:::4 Liy sell- Name h\‘;_““:" Iy self- ¥y plants
1aes poliination JHace poliination
Pu-chiang-san- | China 3.8 25 Wase Shinzikt ’ Japan 79.4 % 3.6%
pe-li-keng-tao [{Chekiang)
Fung-ku fung- s g 7.3 Niukate-Shinriki ” 52.6 1.9
fan
4 T 252 Ieng-lac-chang. | China [ria N &3
cion | (Kiangsu)
To-tsav-keng RO 84.0 Nakwvura 17 Tormesa 4.8 0
Lau
4 s fond 8o Fortina USA, i 54.2 35
|
i i Bl 8.0 Texas Forluna 1, 815 1.7
. N S S N e -
Average | 817 Average 82 22

very poor sexual affinily.  Not satished  with such results alone, how-
ever, they selfpollinated the chief F, plants of both kinds and obtained
sceds. They examined the fedtility of the I5, plants in the same manner
as in the If), and found that in the 19, plants derived from the hybrids
between the different types, the lines of various degrees of fertility was
segregated  out, ranging from a high degree of fertility to absolute
sterility, the mean of fertility being 26.2 % in minimum, and 39.9 %
in maximum, and 39.9 ¢ on the average.  The deviation of fertility in
every line was, when the mean is put 100, =+ 39.1 for the minimum,
and * 85.9 for the maxinnm, and % 59.7 for the average.

On the other hand, they observed that cvery line produced from
hylbrids within the same type was very fertile.  Taking Tataso X Wase-
Shinviki and  Tan-ko-fo-ira % ITunan-sien for  comparison, they found
that the mean of fertility was 87.3 22 in the former and 74.4 96 in the
latter, the average being 80.9 %6, while the deviation in both cases was
only + 8.6, when the mean was 100, In other words, the T, plants
resulting from hybrids between the different types, as compared with
thase within the same lype, were small as to the mean of fertility, and

consequently much greater in deviation (sce Table V).
- } ‘ 5 . j
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Table V.
Fertility and deviation of fertiiity of the T, plams derived frone the hylnids
Letween (he different types and within the same iype
K. ‘ ¥,
I'he female plant ‘ The male plant “I'oial no. of] Deviation
R | Mean of| T o
: - individuals) c-o5e - of fertility
Tove Nameef ! Type Name of inevery (9% Y1 asthe
pre varicly ( Yi varicly strain (%) meat 100
The i Wase-Shinriki The Tan-ka-fo-ira 135 l 3n.x + 75.0
 [aponica’ « ITndica " i '
i | Clkate- Shinriki & - i 126 5i.z +46.5
I )
- | Omachi » ¥ 190 i . 3 4 58,0
i | Hiderishitaru n » ! 218 350 = 39.1
{upland non-
utin-usvaricty’
i hawng-shou- % 5 353 245.0 4= 75.1
chén-mi
H - Fataso » ” g8 323 4 44.9
. Chang-shou- T 193 50.9 +39.2
wan-tao
" I Isiang tao = » 204 A =572
Sum b Average 1521 F Ao 4-57.5
TThe Tan ko-lfo-ira The Wase-Shinriki 190 451 4456
“ Indica ™ ‘e Japeniea”
» ! . » Sekiyama 192 51z o TR
» » | Salpei 271 346 | =555
» » " Chang-shou- 295 go.2 +44.8
wan-tao
5 5 i Hsiang tao 377 342 4-58.5
Sun or Average 1331 431 +49.0
‘ The Omachi Lhe Flonan sien 223 26.2 859
s Japonica” “Indica™
‘ i3 ITidcrishivazu | ” » 8z 28.2 4 60,5
; (npland n-
| slotinous varie v
| i Clhang-shou- ¥ s H1 45.5 + 01,9
chien-mi
s Chang-shou- i B ! 199 33.7 66,5
wan-tao
. Hsiang-tao 1 » 02 36.2 +66.1
i Sum or Average T4 346 +71.2
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Taile V. Continued
S |___ susEn | R N S .

" |

2, ‘The FHunan-sien I'he Sekivaiua 161 35.0 +01.3
vl e Indica “Taponica” ‘

b 5 | % B " Hiderishivam | bz 420 2530
fi | | {upland nou-

E | olutinousvariety)

o Eh | ] | E3) Tataso | 43 2949 +759
» !

4 ” ! - Chang-shon: 76 341 6.7
R ) N wan-lac o - o
13

£ Sum or Average 442 o3 +63.0
o

3 I o cmEE A |
IES CGrand sum or Average 3065 39,9 +590.7
=
=% The ! Tatase The Wase Shinriki 66 87.3 + 8.6
= L v
£ B¢ Japonica S laponicy’

ER The :Tan-Lo-fo ira The ITunan-sicn 220 744 . £ 56
22| < Indica™ | Pedndica,, | _ |
BE——— e — e
= Grand smn or Average 315 80.9 + RO
A 4 Il

Scemingly, there s also a slight dillerence in the segregation of
degrecs of fertility between the hybrids of the different tvpes when the
[Hunan-sien is uscd for a parent and thosce of the different types when
the Tan-ko-fo-ira is used for one.  To speak more specifically, in the
former case, the mean of fertility was 36.3 ¢2 am! the deviation, + 63.0
on the average, the mean Leing 100, when the Hunan-sien was used
for the female plant; when it was used for the male plant, the mcan
ol fertility was 340 % the t 7.z (mean = 100).
Averaging the above values, we get 35.3 ¢4 for the mean of fertility
and &+ 67.1 fur the deviation, the mean being again 1eo.  In the latter
case, however, the mean o fertility was 43.1 2 and the deviation
4 49.0 when the Tan-ko-fo-ira was used for the female plant; when it
was used for the male plant, the mean of fertility, 42.7 9% and the
Averaging the above values, we get
+ 53.3 the deviation with the

anel deviation,

57.5 (mean = 100).
the mean of fertility, and
Judging from these facts, the fertility of the F. plants of
the different 1ypes, when the Ilunan sien is used, seems to be smaller
in the mean of fertility and greater in the deviation than that of the
1%, plants of the different types, when the Tan-ko-fo-ira is used.

deviation, &
429 % for
mean 100.
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Iv.  AFFINITY OF TIE VARIETIES OF RICE PLANTS IFROM 1THE
SERODIAGNGSTIC STANDPOINT

1. Methods of investigation

For the serodiagnostc investipation fresh materials weve always
used. They consisted of the principal varieties used in the experiments
of fertility, namely 12 varieties, fom 1) Wase-Shiniki to 12) Tan-ko-
fo-ira.  The other additional five varieties were Kuromoro, Choeito,
Japonica” type) and

6

Saigoku-leawachi, (Genki-Mochi (these arc of the
Fung-hsiich-nuo {this is of the " Indica™ type). Previous to this in-
g . + L‘t

1

Vi

stigation on vice, &
graminaceous crops, viz. rice, Italian millet, Sawa millet, maize, barley,
wheuat, and corakan,  The authors prepared antigen in the scrodiagnostic
reaction, following the rmcthed of GoWLKE (4), and made use of the
solution, obtained by extracting their seed powder in physiological salt
solution.  Tlowever, for preparing the solution for the precipitin reaction,
they firstly made the prolein content uniform according to the bMisao’s
method (16) and then according to the Koxrrsu's method (12), added
normal rabbit serum to get off the pseudo-precipitate which was produced
thereby. This solutien was used as the precipitinogen.

They used “ Ring probe ™ for precipitin reaction : that Is to say,
the authors put a certain amount of immune serum into narrow tubes ;
then to each of these 1]16}' added a certain amount of the sclutions of
different concentration  degrees whiclr had been made by diluting the
above mentioned precipitinogen soiutivn with the physiological salt sclu-

tion twice, [our times, eight times, and so on; then they determined the
: i

of this cxperfment was shown by the strength of rveaction within two
hours, and the value was denoted by the fgures which indicated the
minimum concentration showing the positive reaction.  As it is difficult
| PR RSN P S S DRI S DR P, -1 SISO LIRS P
Ny Cver, lJ'\ il .‘JHIII)EC JRRL PR LS v iJlCLlJJlLIIl redeiionn diernie 1) AT
the obvious distinction of rice varicties, the authors performed in addition
VWEICHART s Absdttigpungsverfahren " modilied by Misao in the test-
tube and moreover Misao's © Absdttigungsverfahrven ™ in the lvinge body
(16) for 1

AIrES1Ty
Areip

!
1
2. Fxperimental results

) Results of investigation on the grasses used for comparative  study

Before undertaking a servodiagnestic investigation of rice, the authers
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examined, for a comparative study, the affnity of 7 graminaceous crops,
all of whizl belong to different genera, namely rice, ltalian millet,
Sawa millet, muaize, barley, wheat, corakan, by “ Ring probe’ with
each immune serum.  No matter what immune serum might be used,
the different genera were easily distinguished from each cothers.  And
the result seems to show that rice, Italian mnillet, Sawa millet, and maize
are closely related ; that barley and wheat are also intimately related ;
that the latter are distantly related to the former 4 gencra (Table
VI).

Table VL

Precipitin reaction with Innnune serum of 7 graminiceons cropst

NHNe Serum nti- Anli- X . , .
butistu S Al ?\ml Anti- Anti- Anti Anti-
-~ Anti-rice| lralian | Sawa . oo A § .
o e o p 2 maize | barley | wheat | corakan
Precipitinogen . millet | millet < !
Rice: Orvsesativa 1. %) 5 4 : T ! 0 Q o)
[talian millet 1 Sefasin ] 8 5 3 ] o 0 o
Phedice BEATVOIS ;
Sawa millet - Poanicim 2 2 3 i o o] 0
a - 3 5
Cras-Calit 1. !
Maixe : Zea mais L. 2 3 3 6 o i o a
Barley : Jlosnleen: sativanm o i o o 0 0 5 o
Jriss. !
Wheal 1 2'9iticum sotivam | o o} o o 0 i o
LaM.
Corakan : Zlewsine O o o Fo) o o ]
Corecana GARTNER

1 The varleties csed in this experimment were as follows : rice, Shinriki; Italian millet,
Toranoe ; Sawa millet, Vawancwe ro. 2 maize, assala s borlew, Hizalhachi; wheat,

Akadaruma.

2)  Results of investigation on the rice plants

Thanks to this comparative study, the authors clearly distinguished
the graminaceous crops, belonging to different genera by the ordinary
method of precipitin reaction with each immune serum.  Then, adopting
the same method as in this comparative study, they studied the affinity
of G cullivated varieties of rice which belong to the same species and
yet live in different regions, and which have been distinctly classified
morpholagically by the method of the fertility of hybrid plants.  They
included 3 cultivated varieties of the * Japonica™ type, Shinriki, Seki-
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yama (these are of Japan Proper), Tataso (Korean), Chang-shou-wan-tao
and Chang-shou-chén-mi (Chinese) and 1 variety of the * Indica 7 type,
[Hunan-sien (Chinese).  In this case, whichever Immune serum was
employed, it was difficult 1o distinguish ene from another. On the
other hand, when the methods of © Absittigungsverfaliven ” were used,
both in the test-tube and in the Jiving body for precipitin reaction,
these varicties were clearly  distinguishable.  The results are shown

below :

Experiment L Firstly, Shinriki, Omachi, and Sekivama, which are
commoen cultivated varietics of lowland rice, in Japan Proper, belonging
to the ** Japonica ™ type, were taken.  Secondly. the immune serum of
cach wvariety was made, and to this ** Absittigungsverfahren ™ in the
test-tube  was applied, and then  Ring probe” for precipifing reaction
was tried.  The varictics were in this case not distinguishable (Table
1TIN
VJl/’-

Table VIL

P'recipitin reaction by ¢ Absittigungsverfaliren ™ I the test-lule upon lowland
varietics of Japan Proper, Delonging to the ¢ Japoauica ™ type

[mmnne =erui Anti-Shinriki : Anti-Chnachi Anti Sekivama
Precipitinouen :
[or saturation 4
- CSekiyama (hoackil shinrikn shinrilki
e |
Precipitinegen |
for test y i ‘
. .. — — O | 1_ —_— __‘. — —_—— e e e v
Shinriki ’ o I o I o o
Sekiyama } o] J | 0
Omachi } | 0 [ o]

Lxperiment II.  TFollowing the method in experiment I, the authors
studied the affinity of 7 varicties of Japan Proper, which, like those in

I 4]

the zbove cxperiment, belong to the * Juponica ™ type, and which are
remarkably different from the ovdinary cultivated rice from the stand-
point of cultivation, use, or grains, viz, Shinriki (2 non-glutinous varicty),
Genki-Mochi (a glotinous varlety) (which are lowlwd rice), Tamasari

(a non-glutinous variety), Gifu-Mochi (a glutinous variety) (which are
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upland  rice), long-glumed rice, Kuromoro (red rice), Saigoku-kawachi
(scented rice) (which are peculiar kinds of rice).  The result was that,
the Kuramoro and  Saigoku-kawachi were barely distinguishable from
the others, but the rest was difficult to be distinguished from onc another
in this case (see Table VIII).

Table VIIIL

Precipitin reaction, by « Absiittignngsverfaliren ™ in the test-tulwe, of glutinous and non-
glatinons varieties of lowlan | or apland rice or varieties of peculiar rice which
are all of Tapan Proper and of the # Japonica™ type

i . DPrecipitinagen
; S fuir lest - . . \ s
5 ‘ ae s | Genkis dGifue |y Saigoku-
S o . | Tamasar | Choeito [ Kuaromo .
hinriki Macli IJHVL‘VI]I‘ Machi haeito | Iuromoro, Yoo
for saturat] ™~
' - ) ]
Genli-Mocin o ¢
Tamasari G o
=
= Gilu-Maochi o 0
S
% Chideitn o [
= i
= Kurmnors 1 o | e o
Saigrka-lawacht o e}
Shinriki a0
- ] i
-(—:‘;‘ Fasvasan T o o :
= i i |
N Gifu-Maoehi I o
] Cheilo ) o
~
E Ruramare - 3 0
=
Saigoku lanenchi o e i o
Shinriki ] [}
o Cienlii-Moehi H 0 o
%
= {iiln Mewela o] >3
= S :
- Choeito | o vas v
- I uromars 1 o
Sagoku kawacht a o]
i i
| : i e
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Talide VI Continued

Shinrili ° i | s I SN
|

= Genki ALschi a L. 3]

= ' )

=l H

— e 4 ",

-~ Fanasari . o o] ‘

2

i Clineite ek (8} o

e

=

/‘i [aromoe A 2 [»)
Saigolu kawachi s sm [ o

5 = 5 NI

Shinriki o I 0

= Genki-Moclhi o] o

=

= Lanasari O 0

~ .. :

< Gifu-Maocht S i o o - —
INurinnom | ] o}
Saizoku-kawaclh o o
Shinriki o} 3

= Genki-Mochi C w0 3

5 ! i

g Tamusari B o3 O 5% = 3

= .

= Ciilu-Machi o R 2

is = LT

- Chicilo ; 2} e}
Saignhu-kawachi 2 ol
Shinriki ’ o 1

o

=

=] 3 . A

< Genki Macht Q i : 2

2 i

= Tamasari o z

=

s Gifu-Moclis o] vy B z

<

“f. 4 .

= Chocito P s o 1

[=1

hat o
Kuromoro o 2

Jixperiment [HL Trom the morphological standpoint, the following
4 varicties, Shinrili (of Japan Proper), Salpei (Korean), and Chang-
shou-wan-tao (Chinese) of the * Japonica' type and [Tunan-sien (Chinese)
of the “Indica ' fype, were investigated in the manners as described
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in experiment 1. In this case, the above varicties were clearly distin-
guishable from one another. Taking all facts into consideration, Shinrili
and Chang-shou-wan-tao are related while Hunan-sien is fairly distinct.
Salpei, on Lhe other hand, belongs to the “ Japonica ™ type, yet it is
also related, according to this experiment, to Hunan-sien of the “ Iudica”
type (sce Table IX)

Table IX.

recipitin reaction Iy« Absiittigungsverfaliven ™ in the test tube, of varietics, helonging
either to the “ Japonica’ or the # Indica™ type, and dilliring in native place

| -

SO S . Anti- Anti-Chang.

Hismune scrum Anti-Shinriki | Anti-Salpei | s 4 B
Funan-sien shou-wan-tio

_ — — s : e . —

- S P R — s = H = __

. Dreaipitinogen z 2. 518, 2 =

~ __\f(n- satarilion ;. ..? = o F 'f & = = L

" | E e | S |5 s | T |2 | 2 - | =

- - % a Zg gl 2| Fz |8 ¥ = T | =

Precipitinagen ™. j—- g g8 | 2 = ek |2 | = £ El1:5-&|¢%

Y 03 g < — = 2= = < § = = < |&E

lor test R I oA =R s T ol e | =
o I - ——p g

Shinriki o 2 2 g
Shinriki 1 1 [t 3
Salpei 2 I 4 5 L 4 4 2 3 4 2 3
ITunan sicn 5 1 2 5| o 4 5| 2 4 3 Y| o
Cliang-shou-wan-ian 7 2 I 3| o 2 2 1 P oz T
L - i oF |

Experiment 1V,  As in the experiment LI, the devree of relation-
ship of 7 wvarieties, Shiniiki, Sekiyama, Kinen-Mochi (a glutinous
variety), Iliderishiraza (upland rice), (all of these are from Japan Proper),
Tataso  (Korean rice), Chang-shou-wan-tao (Chinese rice) belonging
to the ™ Japonica ™

3

type and the Tan-ko-fo-ira (Formosan rice) belonging
type, was examined by using * Ring probe ™ for
precipitin reaction with immune serum obtained by ** Absittingungs-
verfahiren " in the living Dody of rabbits immunized with the solution
of each of the above varjeties.  The result was as in the case tried

to the “ Indica’

with “* Absaltingungsverfahren ™ in the test-tube. ie. one could not
distinguish  Shinriki from Sckivama, while the other varicties could be
distinguished from one another, though in varying degrees. It was
determined that Shinriki is closely related o the other varicties of the
“Japonica” type, while it is very remotely related to Tan-ko-fo-ira

(sce Table X).
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Table X.

the « Japenica™ or the # Tmdica ™ fype

verfahren ™ in the living hody with the cultivated varicties of nice, Belonging ter

Anli- i- g Lo ; o
B, Anhie | ADUS G Tan | Antic Anti-Chang-
Lutuune sern Anti-Siinriki Hideri- | Kinen- Lo foira | Tatase |shou-wan-tho
‘ shirnzu = Mochi h ' ’ '
! 1
e T 1 ; e | SRR | I (e .
-~ I'recipiimogen L ! i
T fr saturplion [ Ppmes o owenl Poogra a {hang-
. Seliyama] [Tideri- pione | Lk o, Lonon wane| Shinrici | Siinriki | Shioniki Shineiki [ Shimiki| - Shinrild
TR aE s | . { shirazu | Mochi | foira | !
recipilinogen T l H tao
for tes ™. | : l
= . s I .~ -V == — — = | . | {E—
| | P e |
Shinriki i 4 | 1z 5 | FEAE § 5 ! 23 8 Z 3 1 4
H | | ’
s i : I
Sekiyama ’ NI . ] ;i v S . s
[Tiderishirazn S EN - = UHEE | L e 11 e i e
: i i ) i i
Kincu Moehi i R ‘ 7 - ‘ —-— ‘ ’ ; 3 ’ -
| | i |
. . | : ! 5
Tan-kado-ira ! = | TR B TR 4 | I N o ; ! 5 b -
; ; ' - '
Taras, w3 : : 3 . ) w 5 -
. : i }
Chang.shovw-wantay . ... | .. i - e 4 ' . - ' . 7
. Fe i \ S | —. S S . :f S
I nifierence of reaction (s} ‘ 1 t 4 T 1 : 0 3 3 5 4 3
’ ! | -
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Table XI.

in the living body with the cultivated varieiies of rice, belonging to

or the «Indica® tyvpe

Immune seram

S ¢
S Trecipitinogen {
. _tor saturation

.\\

Precipitinogen ™
for test

TIunan-sien
Sekivama . |
Hiderishivazu
Finen-Mochi
Tan ka--ilora
Tataso

Chang-shon-wan-tao

Ditferenee of reaction

T gt | |
: ; | Anti- Al :\_ntx Anti-Tan- . Antl- | Anti Chang.
Anti-1lunan-sicn { lideri- § Kinen- : : g e .
clu'vam‘l shirazu | Mochi kofo-ira  Tatase | shou-wan tao
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Txperiment V.o As fu the experiment 1V, the affinity of the under-

named varieties, belonging to the * Japonica ™ type or the * Indica”

type, viz. Sekiyama, [liderishirazu (upland rice), Kineo-3Mochi (glutinous
Y Taponia

LY

rice), Tataso, Chang-shou-wan-tac {the above are of the
typo), [Tunae-sien and Tan-ko-fo-ira {the above are of the “ Indica™
type), by using the immune serum which had been studied by means
of “ Absiltigungsverfahren ™ in the living bedy. It was found that the
varietics of the “Indica ™ tvpe were closely related to one another
and that they were rather distantly related with those of the * Japonica™
type (sce Table XI).

According to the above results, the cultivated rice of Japan Proper,
Korca, Tormosa, China are mere or less distinguishable by * Ring
probe " for precipitin reaction, using ** Absittingungsverfabren”  either
in the test-tube or in the fiving body.  And on the whele, regardless
of native regions, the varieties of * Japonica” and “Indica™ types
which arc morphologically quite distinct appear to be closely related
among themsclves, while those of the * Japonica™ and the “ Indica”
type scem to he very distantly related.

V. ANFINILY OF THLE VARIETIES OF RICE PLARNTS, VIEWED FROM TIE
CYTOLOGICAL STANDPOINT

1. Methods of Investization

Before conducting a cyvtological investigation, the authors examined,
as a preliminary experimient, the formation of pollen in 15 F, hybrids,
namely 8 within the same i{ype and 7 between the diflerent types, which
were the same as those used for the investigation of fertility.  They
observed fresh pollen without fixing, and judged the success or fajlure of
pollen development by its form, color, the presence of content, degree of
coloration with iodine solution, ete. ; to indicate the degree of {ts success
or failure, they cut 1 to 2 anthers frem each of 3 to 5 forets, taken
at random, from an eav of cach plant producad at a comparatively early
period, then all pollen grains of each anther were scattered on ong
dide as evenly as possibie, and they counted the percentage of perfect
pollen grains as compared with their total number within a certain
definite arca under the microscope. '

As the material for the cytelegical research, the authors have taken
the chief varietics used in the study of fertility and scrodiagnostics.
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They are Shinvili, scented rice, Salpei, in the case of the * Japonica ”
type ; the ilunan-sien, Fung-hsich-nuo, and Tan-ko-fo-fra in the case
of the “Indica ™ type. Tor the exumination of the [, plants, they
used, besides the hiybrids from these parent plants, the chief hybrids
used in the investigation of fertility, making a total of 11 kinds, that
is, Nakate-Shinriki ¥ Ifung-hstch-nuo, IHinode x I'ung-tsui-yii-keng-tao,
Hincde x ITatadavi, [linode % Basmati, Hinomoto x [luo-pe-keng-tao,
Hinemoto x Pu-chiang-sang-pe-li-ken-tac, Aikoku x Tsao-sien-tao, Ka-
meji % Black Seenaddy, unan-siecn ®x Nakate-Shinrikd, Fung-hstieh-nuo
» Nakale-Shinriki {crosses between the different types), Sei-yvu x Fung-
hslieh-nuo (crosses within the same type).

The authors observed the shape and behavior of the chromosomes
in the cells of root-tips and in the pollen maother-cells of the parents
as well as the I, plants, and furthermore, the general development
during pellen formation in the 7, plants.  For the fixation of the cells
of root-tips, they uscd Fremausc's solution and for that of the pollen
mother-cells, chielly Bourw’s solution, but sometimes CArNav's or
Freanass's solution.  The coleration was made with ITeipexuy's iron-
alum-liematoxylin. For the obecrvation of the general developument
stlen formation, the fixation and the coloration were done as
above at its carly stages; at the stages laler than the formation of
tetrads, fresh materials were examined, withont fixing.  The method
used in the determination of pollen development was the same as in

the preliminary investigation.

2. Experimental results
1) Pollen formation in the ¥, plants

In the fertility experiment of hybrids, it has been already found
that the I, plants within the same type, be it the * Japonica ™ or the
“TIndica,” are comparatively very fertile while those between the different
types are markedly infertile,. Now the investigations of the formation
of pollen in 8 I, plants within the same type and of 7 F, ones between
the different tvpes, have tanght us that the pollen in hybiids within the
same tvpe, is nearly perfect; while that between the different iypes is
quite imperfect : imperfect ones are 35.7 %6 in minimum and of 75.7 9%
in maximuam, the average being 66.1 ¢5.  The formation of pollen is
,11otabl_y abnormal.
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This being the case, one of the causes of poor fertility of crosses
heiween the unlike types may be at least the formation of imperfect
pollen (see Table XII).

Tahla
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2)  Results of cytological research

The above preliminary investigation of pollen in the 19, plants has
revealed the fact that the fermation of pollen in the hybrids belween
the different tvpes becomes very abnormal.  In what stage of pollen
formation, then, does this abnormality take place?  Is the cause of this
abnormality dee to the chromosomes of the parent varietics 2 To answer
these questions, the anthors made an inquiry into the number and
behavior of the chromosomes in the root-tip and the pollen mother-

cells in the 7 wvarieties, namely Nakate-Shinrild, Olute-Shimiki, scented

rice, and Salpei, belonging to the * Japonica ™ type, and the 1lunan-sien,
Fung-hsieh-nuo, and Tan-lko-fo-iva, belonging to the * Indica”™ type.
They found that the chromosomes were 12 in the haploid and 24 in
the diploid number in cvery one of the varelies, which agrees with
the results of previeus studies {5, 14, 17).  Again, a close cxamination
of the shape aund size of the chromosomes has fafled to discover any
differcnces among the varieties.  Nor have the authors been able to
find any frregularity in the behavior of chromosomes in the pollen
mother-cells  and the development  of pollen, ollowing  the  tetrad
formation.

The authors then took the 11 chief I, plants out of the hybrids
between these 7 varielies and those vaodeties used in the fortility ox-
periment, ic, 1 hiybrid within the same (yvpe and 10 hybrids between
the dilferent types.  Then, they examined the number, shape, and be-
havior of chiromosemes in the root-tip and pollen mother-cells in the
same manmer as in the parent varieties, and found that in the hyprids
within the same type the points under consideration were essentially
the same as in the above mentioned 7 varictics.

On the other hand, in the hybrids between the different types, the
number and shape of chromosomes and the course up to the formation
of the tetrad in the pollen mother-cells. were almost the same  as
in the hybrids within the same type. There was o great amount
of abnormalities in the develepment of pollen after the tetrad forma-
tion.  To go inte detail, following the formation of tetrad, cach cell
which is separated out frum an other, becemes round.  In this initial
stage of growth of the pollen grain, the authoes have ohserved ab-
normality in the shape of the grain.  And morcover at the middle
stage of pollen development, when the growth of grains advances

further and the content Lecame visible in thems, they not oniy saw that
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there are some grains of abnormal shape, but also that such grains are
never colored with imdine solution, and even among those of normal
shape, there are a lot of uncolored ones.  And at the pericd when the
plants were about to flower, afier the full development of pollen (the
stage of maturity), pollen grains of imperfect shape, those lacking con-
tent though normal in shape, those which were very slightly  colored
with jodine sclution or those which were thought to be imperfectly
developed, were found in great numbers and the degree of imperfect
development was approximately identical with that at the middle stage.
To illustrate this, in the crosses, 1lunan-sien X Nakate-Shintiki  and
Fung-hsiich-nue % Nakate-Shinriki, the pollen grains of imperfeet shape
at the initial, middle and maturing stages, oncs insufficiently colored
with iodine solution, and those which were consideied to be imperfectly

developed, were found on investigation to be as follows —at the initial

Table XIIL

Abnormaliiy in the course of pollen development *in the 14, ‘plants

Percentage of imperfect grainsTin the 1otal
number of poilen grains®
Wame of the 1) plants ;
Initial stage of | Middle stage of Maturing stage
development developient | of development
- . (PO RRIVAITN | S : =
Fanan sicen x
. e I
) ybricls Nalkate-Shinriki 233 £9.9 l 530
between | . = i
e Fung-hstich-nuo x
dilerent rop E g s 5 i e
types Nakate-Shinriki 130 35.3 : 50.4
Average 17.7 : 57.06 55.2
Tybrids! . f
within | "
2RI . s
the st | Fung-hsieh-nuo o l © s}
Iype 1
! :

© Imperfect pollen grains wean, at the initinl stage, those which are «of
iinperfect shape; at the middle staye, those which are of tiperfect
shape and  ingalficiestly colored with iodine treatment ; and at the
maturing stage, thuse which are of tmperfect shape, lacking content,

insufficiently eelored with iodine treatment.
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stage, those abnormally shaped were 17.7 % ; at the middle stage,
those insufficiently colored with iodine solution, 37.0 ¢6; and al the
maluring stage, those considered to be incompletely developed, 35.2 95
Ol Al average.

[lowever, in the T7, plants within the same type (Sci-yu » Fung-
hstich-nuo were used for comparative study), we found that fmperfect
pollen at the initial stage of development amounts to 0.0 5, insufficiently
colored pollen with iodine treatment at the middle stage 1o 0.0 %, and
the pollen considered incompletely developed at the maturing stage, also
ta 0.0 76 (se¢ Table XIII).

These rerults indicate that there are ne differences in the shape,
number, and beliwvior of chromosomes between the  Japonica " and
the “Indica ™ type.  This is alse true of all kinds of hybrids investi-
gated.  Although the course of pollen development after the tetrad
formation is quite normal in both types and also in the hybrids within
the same type, but in the hybrids between the different types abnor-
mality is observed soon after the tetrad s formed, and accordingly a
great deal of fimperfect pollen is to be scen at the maturing period  of
the pollen.

¥YI. GENERAL CONSINDERATION AND CONCLUSION

The above mentioned cullivated varietics of rice may be classificd

‘o L& B

into the  Japonica ™ and “ Indica” types from the morphological stand-
point.  And the results of experiments on fertilily show that there are
certain dillferences between both types, when cven merely the fertility
of the respective T9, plants is considered.  Indeed, the anthors were
able to fnd that the distinction from the morphological standpoint, and
that from the degrecs of the fertility of the hybrids are in Rell accord,

In spite of the fact that the parent plants are highly  sclffertile,
the phenomenon of sterility is witnessed in the 17 plants.  This s
mostly due to the extreme smallness of the sexual affinity, as they are
not closely related in descent. In such a case, it i 2 matter of common
knowledge that the formation of pollen in the I7, plants proceeds
abnormally (1, 3, 6, 7, 9, 10, 19, ctc.).

i

If this is true, then the varictics of the * Japoniza ™ type and those
of the “Indica” type could be considered distantly related; on the
contrary, in the hybrids within the same type, where we observe a

high degree of fertility and normal pollen formation, various varieties
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within either type, conld be revarded as closely related to one another,
Thus, in the IF, generation, the degree of fertility of every hybrid strain
within the same type was greal, and was almest the same as that of
the respective parent, the deviation moreover being small. (i the other
hand, in the hybrids between the twe different types, there were various
degrees of fertility, ranging from absolute sterility to a fairly high
degree of [fertility, and the deviation was enormously large, hut the
mean was smaller than that of the hybrids within the same type.  The

Taponica”

cause of this may be found ia the fact that the varieties of the
and those of the * Indica ” type used for parents, are not closely allicd.
It should be wnoted here that there is a little difference in the fertility
between the hiybrid of the Funan-sien, belonging to the © Indica type,

with a wvariety, belonging to the ™ Japonica” tyvpe and the hybrid of

i

the lan-ko-fo-ira with one, belonging to the * Japonica ™ type; the
Livbrid resalting from the Tan-ho-fo-ira und a variely of the * Japonica”
type is somewhat more [lertile than that Jerived from the Hunan-sien

and a varicty of the

o

Japonica " type. PForthermore, when segregation
occwrred in the F, geacration, the I7, plants of the one were somewhat
great in the mean of fertility, compaved with the I', of the other, the
deviation being, however, small.  This may wmean that there is a dif-
ference belween the two varicties in their affinity with the * Japonica”
tvpe, that is, Tan-ko-fo-ira as compared with IlTunan-sien, may justly

be regarded as a little more closely allied with the ' Japonica 7 type.
This fact may also be recognized from the morphological  standpoint,
though Tan-ko-fo-ira bears a close resemblance to Hunan-sien in the
portion of the plant above the ground.  The ratio of width to length,
thickness to length of the unpolished grain of the ‘Tan-ko-fo-ira is
comparatively greater than in similar  varieties, Lelonging to  the
“ Japonica " type,—its cross section being roundish.

In their serodiagnostic investigation, the anthors wvsed the ordinary
“ Ring probe " for precipitin reaction to find out the relationship of
7 crops, belonging to different genera of the Gramiwcae.  And these
were clearly distinguishable in different degrees, and the results are in
general agreement with the classificition of Excore and Praxre (z2).
The authors thinik that this shows scrodiagnostic treatinent to be of
value to the study of the alfinity of the Gramincae.  Consequently,
they attempted a classification of the cultivated varieties of rice Ly this
treatment.  Although they totally failed to do so by the ordinavy
method of “ Ring probe™ for precipitin reaction, they could clearly
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differentiate them by “ Ring probe ™ for precipitin reaction with * Ab-

sattingnngsverfahren ™ in the test-tube, following WrICHARDT (20), or with

“ Absitticu

nesverfahren ™ in the living body, following Misao (16). This
explanation may be found n the fact that, thongh the cultivated viietios
of rice belong to the same species and have a close resemblance among
themselves, there is prebably a fair amount of diference in the nature of
proteins contained in their respective grains,  According to the resull of
this investigation, the commonly cultivated varicties of rice of Japan Proper
cannot be distinguished at all from cach other.  Again, of the 7 varfetics
in Japan Proper nsed for the principal study which are different from the
ordinary cultivated rice from the standpoint of culffvation and use ar inthe
purticular nature of their grains, namely lowland, upland, glutinous, non-
glutineus, long-ghimed, scented and red rice, the last two, namely scented
and] red rice alone were slightly distinet from the other 5; but the latter
could never be distinguished.  Then, the rice varieties living in differcnt
regions, viz. those of Japan Proper, Korca, Formosa, and China, were
clearly distinguished from one another in diffevent degrees with * Ab-
sittigungsverfahren ” either in the test-tube or in the living body. To

state specifically® on the whole, regardless of native places, the varieties,

belonging to the * Japonica ' type from the morphological standpoint,

are allied with one another; those belonging to the “ Indica” type are
closely related to ove ancther ; and the varietes of the ™ Japonica™ type
and these of the “ Indica™ type are fuirly distinet in descent.  This

Japonica " and those of the

%3

scems to show that the varieties of the
“Indica” type, which are dilfferent from the morphological statdpoint,
are not closely allied.

On compaving the results of the serodinguostic Investigation with
those of the feviility experiment, the authors find that the varicties of
rice of Japan Proper, Korea, and China, belonging to the * Japonica”
fype and those of Formosan and Chinese vice, belonging to the “ Indica™
tvpe are clearly distinguishable from ecach other as hybrids.  Thus, the
fact that this distinction is in general in agreement with the results of
the serodiagnostic treatment will justify the classification of caltivated

i 1

vice into * Japonica™ and * Tndica’ types.
The authors collected a great many varieties of lowland, upland,
clutinous, non-glutinous, or red rice from Japan Proper, Korca, Formaosa,

i Phough belonging (o the © Japonica™ (ype, the Norean rice, Salpel s recopnized
o be allicd with the < Indica ™ tyvpe, the Huoaesion us the result of the serodizgmostin

investigntion.
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China, Tava, India, the United States of America, etc., and tentatively
;

113

classified them inte the “ Japonica” and the “Indica™ type.  Then,
carrying on hybridization experiments, they were able to prove that this
classification which is made from the morphological standpoint  was
correct alse fom the view point of sexual disharmeony of hybrids.
Hence, they wiade inquiry into the native regions of the above varieties,
and found that the rice native to Japan DProper, Korea, and Northern

I

China all belonged {o the * Japonica' type and that found in Formosa,
Southern China, Java, India, Ceylon, etc., te the “ Indica,” while some
ol the viuieties in Central China, Iawaii, the United States are of the
“Japonica " and others, of the *Indica” type.  These facts may be
of significance in the study of the distribution of the species and varities
of rice.

Thanks to the investigation of fertility of hybrids and serediagnostics,
the authers have learned that the two types of cultivated rice classifed

0

morphologically, the * Indica’ and the * Japonica”™ are not closely
allied.  Again, in the fertility experiments, they have already secn that
the formation of pollen in the T, plants between the two different types
is markedly abnormal.  Looking over the literature {5, 7, 10, etc) on
this subject, they have noticed that the cause ascribed to the abnormal
formation of pollen is either the distant relationship of the parent plants
and the disharmony of their chromosomes, or the occurrence of abnor-
mality in their pollen development.  In the cyvtological research work
upen rice, the authors have found no difference between the varicties
of the * Japonica” type and those of the “Indica” type, so far as
chromosomes are concerned.  Nor have they found any difference be-
tween the two types in the course of pellen development.  This is alse
truc of hybrids within the same type. Dut in the hybrids between
the different types, the authors have seen much poilen which was
aircady abuormal even at the initial stage of its development following
the tetrad formation.  This may mean that though the distance of the
relationship between the two types, the “ Japonica ™ and the * Indica,”
is not so great that some differences may be obscrved between the
behaviors of their chromosomes, these two lypes are as distantly  allied
with each other, as there is a physiological difference in the course of
potlen development.

In short, the cultivated varieties of rice belonging to the sane
species ave morphologically classified into two groups, the * Japonica”
and the “ Indica” type; and these are recognized as not closely allied
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with each other in descent from the standpoint of the degree of sexual
affinity in hybrids and of serodiagnostic reaction.  Ceonsequently, the
authors have classified cultivated rice into two groups.  They regard
them as two subspecies under cultivated rice, Orpza safiva 1., and
they propose to call one of them, *“ Japonica,” and the other * Indica."”

It has Leen customary with agronomists {11, 13, etc.), when they
altempt a classilication of cultivated rice, to regard long-glamed, red,
and scented rice as being considerably different from the ordinary varje-
tics, potting great weight in the character of grains.  However, our
investigation shows that all long-glumed varictics produced in Japan

Proper belong to the “ Japonica '’ type. showing no difference from the
common rice; that red and scented rice which are found both in the
“Japonica” and the “Indica” arc not markedly different from the
ordinary rice ; that, thongh the distinction of glutinous and non-glutinous
rice from  the standpoint of use is plansible, no dilference is found
between  tham, either in the " Japonica” or the “Indica™ type; and
that, although rice is divided into lowland and upland varieties on account
of the different method of cultivation, the upland rice of Japan Proper all

it

belongs to the  Japenica’ type and we could not find much difference

from the lowland rice.

VI, SUMMARY

1) According to the marphological standpeint,  the cultivated
varicties of rice, including upland, lowland, glutincus, nen-glutinous, long-
glumed, scented, and red rice may be classified into two different types :
* Japonica " and  Indica.”

2)  When cultivated in Japan Proper, all varieties of both types are
highly selffertife. This 1s alsa true of hvbrids between varieties which
belong to the swne type.  On the other hand, (he hybrids between
varieties belonging to the different types (ie. “ Japonica ” and * Indica ")
are neh less fertile.

The process of pollen formation in hybrids within the same type
and in those between the different types differs very much, in as much
as it proceeds normally in the Foamer, while fn the latter it is extremely
abnormal, the percentage of imperfect pollen grains being markedly
great. By cvtological examination, it is ascertained that, in the varieties
belonging to the * Japonica ™ and * Indica ™ types, there is no difference
in the number and behavior of their chromosomes, and in the course
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of pollen development.  This holds true in the hybrids within the same
type, but in the hybrids between the dilferent types, the abnormality
of pollen is already manifested at the initial stage of its development
fullowing the division of the pollen mother-cell.

3)  Rice in Japan Proper, Korea, Formosa, and China, Lelonging
to the * Japonica ” or * Indica” types can be clearly differentiated in
different degrees by “ Ring probe” for the precipitin reaction  with
“ Absittigungsverfaliven” in the test-tube and in the living body, gencrally

“

speaking, the varietics, belonging to the * Japonica’ type are closely
related as are those, belonging to the “Indica™ type, regardless of
where they come from, while the varieties between the two types are
fairly distinct from cach other.

4) In short, the cultivated varieties of rice are to he classified
into the * Japonica™ and “ Indica " types from the morphological stand-
point.  Moreover, judging from the degree of the sexuval aflinity, as
well as scrodiagnostic reaction, these two tvpes are considered {o be
distantly refated in descent.  Therefore, the authors divide cultivated
rice Into two groups, regard them as subspecies, and propose to name
one ' Orpsa sativa 1. subsp. fedica Kato” and the other ' (xpsu
sattva L. subsp. Jjaponica Karo”

5)  As to the distribution of subspecies ** Japonica ™ and “ Indica”
of cultivated rice, we will find that the varicties indigenous to Japan
Proper and Korea all bLeleng to the one, and that these native to
Formoesa as well as those of Southern Ching, India, Java, and other
countries mostly belong to the other.  Althongh in Central China rice

is, for the most part, of the “Indica’™ type, some varietics of the

i 3

b T .
Japonica ” type are also founi

The above investigntion was carried on in the College of Agricul-
ture, the Imperinl University of Kyushu [rom 1923 to 1628, During
the dnvestigation, the authors received kindd advices from Prof. D
R, Kéorrtsu, and also from Ideo 1L Misao in the serodiagnostic in-

vestigation.  To them, the authors tender thanks mest gratefully.

[nstitute of Agrnmany, Kyushu Imperial University,

Deconiher, 192y
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