PHYLOGENETIC DIFFERENTIATION OF THE
CULTIVATED RICE PLANT

I. Varietal variations of vavious characters.

By

H. Oka, Y. C. Lu, and K. H. Tsai
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The rice p'ant, distributing from trsp?cal to tcmperate regions, has been once
believed to be composed of two subspecies, Indica and Japonica (9) (or Shen and Kéng
in China), and comparative studies of varietics have been carried out cn the ground
of this classification. Terro and Wizushima (358, 39) pointed out, howevar, that the
intcrre’ation of varictics in hybrid sterility was too compticated to establish these two
suspecics, while three or several veriety-grovps were detectable indistinet’'y.  On the
other hand, Watsuo {18, siated, afrer cbserving geographical variation of wvzrious

characiers, that the varintizs of rice plant were to be divided into three types, £, B, and
C. The present provlem, how to ciassify the rice plant, scems to be of some interest
for every-body who tre concerned with the breeding of the rice plant; this may be
ue to the respect that an uncerstanding of the genetical construciion of rice plant
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throuqh the study of the orzsent problem is of essential importance for laying a

found:tion of the ireeding.

In order to throw a lighi on this preblem, the authors have dealt with varietal
variations of various merphoiogical, physiclogical, and ecological characters, interva-
rietal hybrid sterility, ‘nferverietal genic differences, and other respects in a series of
studies. Amcng these works, some ol servations on the variation of several characters
among the varieties of various districts of Eastern Asia will be repoted in the present
paper. _

Variations of diverse kinds of characters are found among the var'eties of rice
plant. When numerous varieties were observed with regard to various characters,
how to arrange the resulis of chscrvalion wou'd be in itcelf & sutject for consideration.

And this may be considered according tc a general conception of evo'ution as fo'lows:

A number cf genic-changes being exis n a soecies of

living thing, an enormous
number of gene combi:aiions amo g ther would bz possible. A part of them may be
he rest, adaptable to some extent, will siill give

-

not Le real’ze

inviable and may

rise to an astronomical figuro Therefore, in the fie'd of possible gene

combinations only a part will be rcalizad (o form existert varieties. (If all were

1

existed, cross breeding wouli los: its rearon.)  Wheress, if the gcne combinations

occup'ed by existent varieties were ¢f such a nature as picked out randomly from the
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field of possible combinations and had ro relation inter se, no phylogenetical diiferen-
tiation wou'd be traceable in that popu'ation of varietics. In such a case, regarding to
phenotypes, varictal variations of the characters as influenced by a number of geres
all would be of continuous shape, and various character combinations all would be
exis‘ent in esscntially equal frequencies.

However, the above mentioned situation may not be the usual case. Several intra-
similar and inter-dissimilar groups may be formed within a species cn za-count of the
developirent of mu'ually isolatdd populations end other faciors exerting influence on
them, znd thus definite kinds of gene combinations may e raised in frequency. In the
phenotyps, there mipht be expected such phenomena as discentizuous intervarierzl
variafions in characters s inf'uenced by a number of genes and a definite tendency in
character combinations.

Though the genic changes underlying among various varieties may be too dificult
to anazlyse thorovghly, it will be conceivable, according to the above mentioned conside-
ratiors, that ol scrvations of various characters with reference to the discontinuity of
variefal variation and the tendency of character combination will lead to a specula-
tion of phylogenetical differentiation in the genotype.

The results of observations in the present study were arrznged along the ahove
mentioned line; and came to such a conclusion that the varieties of rice plant are
differentiated in the direction of two variety-groups. The two varlety-groups were

named “Continental” and “/rsuler” with a view to express their geographical disiribution.

Insu'ar variety-group seemed to be divided further into two minor groups which were
named as “Tropical” and “Temp:rate”.

The studies reporied in the present papsr were carried out from 1943 to 1950
in the former Taichung Agricultural College and Taiwan Trovincial College of
Agriculture. The anthors are indebted to the college authoriiies for their kind support,
and 2lso to the staffs and students of the laboratory for their p:i-ful work. Turther,
the authors express their hear'y thanks to Dr. Eikichi Isc, consulier of the Agricultural
Department o Taiwan Frovincial Governiment, for his valuable zdvices and encourage-
ment.

Matberials

Varieties of the rice plant about eight hundred in total number were collected from
1941 to 1943 from various districts of Eas‘ern Asiz, i.e. Formosa, Indochina, Siam,
India, Chineze Contitent, Fai-Nan Islard, Philippine, Culchss, Indonesia (Sunda Is'ands),
and laran. A greater part of Formosan varieties and some pzrt of Jupanese cnes were
spared by the Agricultural Research Institute of the Covernment of Formosa, the other
part of Japanese varieties were spared by the Ohara Institute for Agricultural Research
(Kurashiki, Javan), and Indian varieties were spared either by Flant Freeding Instifute of
the former Taihoku Imperial University or by the Coimbatore Agricultural Experiir.ental
Station, India. Varieties of other districts were collected at different opportunities
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from agricultural institutions or farmers of respective districts. For the convenience
of designating each of these varieties, they were numbered, and the numbers were used
instead of the local names.

These varieties were inbred repeatedly in an experimental garden on a certain
system which was essen’ially equal to pedigree selection, but was aimed only to gain
pure iines and without a definite direction of selection. Some one hundred and twenty
varieties were se'ected nearly randomly from the who'e varieties aud determined as
‘“representative varieties”. A major part of the preserved varieties or these “repre-
sentative varieties” were used fcr ths observation of various characters.

There were prepared, as the materials of obscrvation, fully enriched seeds selected
from those harvested at proper stages and stored in a desiccator with calsium chloride.,
The method of observation of each ¢haracter will be described in the paragraphs of
observation results.

It was generally attended to avoid any pre-conception such as Indica aud Japonica
types.

Observation Results

(1) Phenol Reaction

Varietal difference in phenol reaction of the glumes of rice seed was pointed out
first by Kondo and Kasah:ra (14) and Kuwatuska :16). Since then, it has been
believed that so-called Indica type shows a positive reaction while Japonica type does
not (36). The authors observed the phenol reaction of almost ali of the preserved
varieties by the following method: to soak ten seeds of each variety in 1.59% phenol
solution for two to three hours, then dry them gradually over a night, zand observe the
coloration being whether positive (plus) or negative (minus) and, if positive, the depth
of color. (By this method, a same sample alwzys showed a same reaction; changing
the concentration of phenol solution or the time of soaking, the depth of color in
positively reacting varieties changed, but the change kLetween positive aund negative
Wwas never seen.)

Table 1. Varietal variation of phenol reaction.

o Reacticn -+ Reaction | Total num.

R T L
Indochina 21 | 31 { 7 ‘ 59 | 8 67
India & Siam 23 23 13 “ 61 6 67
Formosa (plain part) 29 24 7 g 60 2 % 62
South China 1 23 n 8 8 43
West China 2 ! 17 2 l 21 3 24
Central China A T Y 312 24 42
North China - 1 12 ’ 9
Formosa (mountain part) - o B J‘ 20 41 61




Hai-Nan Tsland —_— | 7 :’ 7 14 10 I 32
Philippine 24 15 7 | 46 Lo 70
Celebes 13 17 ‘ 5 ‘ 33 40 ] 73
Sunda Tslands 6 14 [ 6 : 25 43 i 69
Japan (lowlzend vars.) — - | - - 36 i 35
Japan (upland vais.) 1 14 ‘ — { 15 7 }‘ 22

Total 123 } 215 | 30 ‘ 418 267 ; 635

* Horal varieties

Tte frequency of varieties showing positive and negative resciions among the
varieties of various districts is given in Table 1.  Varicties showing positive reaction
were pre’ominant in Indochina, India, Southern China and Formesa (native varietics of
plain par't); while, varieties showing negative reaction were in Sunda Islands, Calebes,
Fhilippine, Hai-Nan Island, Mountain part of Formosa and Northern China, and lowlend
varieiies of Japan all were of negative reaction. It may be said in short words that

the varieties showing positive ard negative reactions distribute mainly over the continent

of Eastern Asia and the islands of western Pacific respectively.

As regards the inheritance of phenol rezction, Morinaga et al (21) have Cerronstrated
that the positive rcaction is a single dominznt over the negative reaction. 1 Taving
examired its genetical behavior with a relatively large number of hybrids, the zuthors
also came to the same conclusion withcut any exception, and recognized further that
the segregation ratio wes affected little by intervarietal hybrid s*erility. Some example

of the segregation is given in Tabie 2, but the details will be reporied in ancther

paper.
Table 2. Examples of segregation ratio cf phenol
reaction in Fs.
\ 7 |‘ ] | ¢ of
Crosses | Obs. Num. ixXp. Nom. X2 normal
—— “ t+ R P — L lplen(ry
1 % 923 127 35 123.75 4125 | 0330 8%
1 x 521 ; 101 28 96.75 32.25 0743 38
1 % 703 ! 127 a2 125.75 42.25 0.002 89
108 x 325 | 136 42 133.3 44,5 0.187 95
108 x 703 L 10 39 111.0 37.9 0.036 62
108 % 647 : 93 32 973 32.5 0.010 87
217 x 108 ‘ 80 29 81.75 27.25 0.112 65
414 x 219 188 63 188.23 62.73 C.013 63
414 x 325 ! 167 59 169.5 56.3 0.147 65
521 x 1 | 23 30 92.25 30.75 0.024 58

As regards the physiological cause of phenol reaciion, no more has been known
than a speclation of some enzyme taking part in the rezction (11); at any rate, it
seems difficult to zssume theat this character has some important rjle physiologicaily
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or ecologically. it was founcd, however, that the varicties show ing pesitive ard regative
reactions were different in various characters. This would te, as discussed later, due
to the preponderance of definite character combinarions among the varieties. For the
sake of expressicg this tenceicy, the ralaticn of phenol reaction to the variation of
each characier was observed as given below.

2

¢perm by caustic potash

(2) The degree of destruction of e

Kondo and Kasahara (12,13) pointed out that the degree of cdestruction of rice
encosperm in ca. 29 solution of caustic potash (KOH) was proportional to the quantity
of the drug absorbed, aud heavily destructed rice wzs gencrally viscous and nice in
taste. In the present study, a larger part of the preserved varieties were observed on
this characier by the following method: Ten grains were cut (ransversally at the
middle part ard were sozked in 1.89¢ or 2.19 solution of KO for twenty-four hours
at the rcom temperature, 27°-30°C. The degrees of destructiol were graded as the
following seven classes on which index-numbers, 0-6, were set respectively : (0) unchan-
ged, (1) cutf surfece bzing swelled, (2) cuat surface boing destructed and the whole
endosperm being swelled, (3) endosperm being cestrucied to show irregu’ar shape, (4)
destructed zs if a plece of cotton, (5) dissolved and semi-trassparent, :nd (6) nearly
transparent. The degree of destruction of a variety was given by the average of the
index~-numbers on ten grains.

Variation of the degree of des'ruction among the varieties of various districts is
given in Table 5. The variation seemed to be continuous; the varieties positive in
phenol reaction were slight in the degree of destruction generally, while those of
negative reaction varied on a wide range. The geographical variation was somewhat
simi'ar in the tendency to that of phenol reaction; the varieties as cestructed heavily by
caustic potash were found mostly in the temperate regions, such as Japan and Northern
China, and partiaﬁy in Celetes, Sunda Islands and other district.

Table 5. Variatal variation of the degree of
destruction of endosperm in alkali-test.

Degree of destiuction 3% Total num.
Districts : . - PR

0 ! 1 J 2 i 3 ’ 4 1 5 ‘ 6 of vurg.
Indochina — } 15 37 13 } 2 1 — 70
India & Siam ! — } 27 18 6 _ 1 . 54
FYormosu {plain part) j — 35 3 6% — 2 %) - | 31
South China o w 9 2 - 3
‘West China - 1 Tn 18 1 ‘ - — 24
Central China — 15 ! 16 1 7 5 — 47
North China — 3 — 1S 5 | 1 N 10
Formosa (mountain part) 1 10 2 28 5 | 3 - 53
Haj-Nan Island — 6 8 4 — — ! 26
Philippine —_ 51 13 1 2 — i 73
Celebes 'i — 22 1 29 6 | 4 10 2 : 73




Sunda Islands - oo g 5 4 - - 57
Japan (lowland vars.) -— — — 10 17 ! 9 —_ 36
Japan (upland vais.) — — 1 2 13 6 — 22
Vars. of phenol + — 198 128 43 17 8 — 394
reaction — 1 52 49 57 52 ‘ 32 2 245
I . | -
"Total 1 250 177 120 69 } 49 2 639
|

* Horai Varieties

3 Explanation in text

The genetical behavior of this character is unknown, whereas it was found, in the
second and third generations of the hybrids between the varieties showing slight
destuction and those showing heavy destruction, that a major pari of the segregates
was intermediate in the degree of destruction. Considering from this point, this
character is likely to be affected by a number of genes.
(3) Pottasium chlorate resistance

The resistance of plants to pottasium chlorate (KC10,) is different with species or
variety. Yamasaki (42,43), having studied its variation emong Japanese rice varieties,
demonstrated such a re'ation that the varieties resistant to KC10, tended to be resistant
to drought. The present study pointed out, however, zs given below, that the varieties
resistant to KC10, (corresponding seemingly to so-called Japonica type) were not
resistant to the lack of available water in soil.

Table 4. (a) Relation between the concentration of
KClO, and the degree of injury.

\\@t:‘;ﬁ‘fn@m 63 (R.T.5.23) | 42t (P.T.B.8) | 5o8(Leichung) 1 5eKinoshita,

Oone, 3 1 s | 7 | 3 I 3 ‘ 7 |3 sl 7 3]s [ 7

n %o | . } | |
0.9125 1 o | 05| 06 0 olot| —| —| —1| —| — —
0.025 | oalog| oo O02|0s| 07 —| —| —| —| —| =
0.05 ‘ o4 | 10 1.7l 02l 031 08| —| —| —| —1] —| —
o1 05| 12| 18| 06| 10| 14 ol 03| o5 | — | — —
0.2 1.0 1.8 | 2.1 o.7 .1 13 0.1 0.5 | 0.5 — — —
0.5 — b = =] = — — 1 ot]| 04|07 o | 031 03
1.0 o= = = -] — —los|or|os!o2; 0| 07
2.0 R — — — — s | 08| 07| 08| C1 0.6 0.6
4.0 t R B | = — | 17| 24| 26| 09| 17| 20

(b) Re'ation between the number of days from water soaking
of seeds to the treatment and the degree of injury.

€0 421 504 563
Days 0.03 22 029 12 4 %
1 . 0 0 0 0
2 | 0.7 0 0.2 0
3 | 1.7 1.8 0.7 1.0
4 ' 1.7 1.3 0.8 1.6
5 E 1.7 1.9 0.8 1.7
6 ; 1.2 1.4 0.5 1.2
7 | 1.6 1.5 c.o 1.7




index-numbers of the degree of injury:
0 -- without visible injury,

.. growth teing deleyed and contaminated partially,

[SeIEN S

. growth “eing inhiited and contaminated wholiy,
5 -« killed and rotted.

(¢) Relation between the length of treatment
and the degree of injury.

Frours 60 | 421 504 563

Lo 0172 i 012 2,024 2.0%

1 o1 | 0 0.3 0

4 1.3 0 0.4 0.2

7 2.0 2.5 — .t

24 2.5 1.1 0.8 0.4

43 2.5 2.7 — 0.5

72 — - 25 —
Varieties:

60 .. R.T.S. 23 (Indochina) 421 .. P.T.B. 8 (India)

504 -+ Taichung no. 65 (Formosa) 563 -+ Kincshita-mochi (Japan)

A larger part of the rreserved varieties were observed on this character. At first,
with a view to find out a proper method of observation, several preliminary experiments
were carrled out with reference to the expression of resistance in seedlings. And it was
~ found that (1) the injury of pottasium chlorate such &s the inhibition of growth and
contamination appeared gracdually after the treatment with the lapse of time, (2) a
definite cegree of injury inherent to variety showed itself when the scedlings were
treated on the fourth or later days zafter the water soaking of sexd, for every varieties
being resistant at the early stage of germination, and (3) the degree of injury
advanced with the muliiplication of the concentration as weil as the prolongation of
the treatment (vide Table4). On the ground of these results, the method for observing
many varicties was fixed as follows: Seeds were geririnated for four cays at 30°C,
znd the ssed'ings possessing coleoptiles of 0.5-1cm in length were selected. They were
divided into four parts of ten p'ants in each, then soaked respectively in 0.05%, 0.2%),
194, or 494 solutioin of KC10, for twenty-four hours, and after washed with water,
they were kept again in petri-dishes for seven days at 30°C. The degree of injury
was observed on the third, fifth, and seventh days after the treatment, and graded as
the following four classes: (0) no visidle injury, (1) partially or slightly contaminated
and the growth being delayed, (2) contaminated wholly and the growth Deing inhibited,
aud (3) killed and rotted. The degree of injury of a lot was shown by the average
of, index-numbers of the ten seedlings tested. Further, assuming the degree of injury
to be properiicnal to the logerithm of concentration within a certain limit, the
resistance of a variety was represenetd by the logarithm of corcentration of pottasium
chlorate solution necessary for giving rise to a definite degree of injury, 1.5 in the
index-number given above.



“absle O Verietal variotion of pot e
Cone. of KCIO; for 1.5 degree of injury in logarithm Total
Tistricts — — ‘ — : ‘ -| num. of
—3.47 =007 | —2.53 i —.2.00 ’ —1.47 | —1.33 vars.
Indochiny 3 17 } 10 ] 3 1 ; 1 — 1 36
Trndia & Stam 2 g ! 50 6 4 3 2 — 31
Formosa, (plain part) 7 n0 3 o — 8 - — 43
South China 4 1 \ A “‘ 2 — ‘ 5 | 2 3 35
West China ! 22— 2] - 3 21
Central China — | 12 | 6 ‘ 7 g \ ! 2 1 47
North China — 1 - } -— U — — f 5 L 7
Formosa _ 1 | 3 ‘ 3 2 i — | 5 !
(mountain part) | ; B ! ! !
Hai-Nan Island - I e R v r 13
Philippine — 7 | 5 6 \ 7o 2 ‘ 10 :
Celebes - O 5 51 10|
Sunda Islunds - 6 2 ‘ - — 1 1 13
Jupen (Jowlind vars) — —_ 1 - 1} - - 1 : 4
Japan (upland vars.) — - ] -— : - E - : - l 2
Vars., of phenol 4 11 102 7 37 1 22 13 20 : 2
reaction — 1 5 { 7 i 4 | 4 1) 7 } 56
Totals 12 108 ! 45 ‘ 33 \ 22 ] 27 1 68
. |

+ Horai varieties

Variation of poitasium chlorate resiztance amwong the varictizs of various districts

is given in Table 5. It will be seen in ‘Table 5 that the verieties are to e divided

into two groups, resisiant and nou-resistant, s intern: te varicties teing relatively
few. Thus, varietal variation of this cherecter scemed to e of discontinuous nature.
The varieties positive in pheno! reaction were most'y jresistant to poctasium chlorate,
and vise versa. Accdrd’.ngly, gaographical veriction of this character was similar in
the tendency to that of pheno! reactizn; resistent varletics were predominant in the

continent of Eastern Asia, while non-resistant ones weore in the island of western

Pacific.
Table 6. Segregation of the degree of injury caused by
KCIO; (0.298) among F, strains.
’ Blegree of injury Total num.
Crosses T e
! o | o5 | | s 2.0 of strains
_ b o
| | l | J
108 x 504 ’ a1 257 302 | 142 21 796
103 x 554 l RIS 79 ‘ 64 i 16 2 197 °
\

‘The degree of injury in parental varietics:
108 (Feh-ku)-.2.5 504 (Teaichung 65) - 1.2 561 (Nakamura)--0.2

Though it may ke difficult to work out the gene:cal behavior of pottasium chlorate
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L]
resistarce, this charccicr seerrs to Le influenced by a numier of genet'cal factors, as
in F: hyirics Letween resistant ond non-resistant verieties, most plants have been
intermedia’e or rc’atively resistant. Tab'e § gives examples of such a segregation.
(+) Low leirperature resistence

Varictal veriaiion of low femperature re

fance has Leen dealt with Ly some
workers in cornection with drought res'siance (1,23, 10). Res! des, it is well known in
Formosa that Heral or lagaress varisties are more res'stan: than the native ones. In
the presen: study, low temperature resistance of the varieties of various disiricts were
observed Ty means of the ireatrent of scedliigs in a refrigerator. It was found as a
resu't of some preliminary experiment that (1) the injury of low tempera‘ure such as
the ce'ay of growth and contamination appeared after the treameit gradually with the
lapse of time, (2 the treatment Leginning on the third or later days afier the water
scaking of sexd (ot 30°C) showed varictal difference in the degree of injury, and (3)
the length of time of treatment little affected the degree of injury (vide Table 7).
Tavle 7. Relation of the number of days from water soaking
of seeds to low temperature treatment (1) and the
length of treztment (2) to the degree of injury.

Da,\s Le?)frf;i’;g - 17 d‘ily“ L 2 days‘ i 4 days o 6 iiays
ﬁ;‘;’lf“)‘ 28 ] 101 ’ 56"5 635 28 | 101 J sr3l[ 5% | 28 ! 101 | 533" 63| 28 ‘ 101 [ 563‘ 638
44444 ) )
1 o}‘o ot!o oio%o!o o“o 0| o0 O;0.0'O
2 0‘10 o‘o o[oio 010505 0} 0| 1.0]10] O] O
3 0.3]‘ 05 0 0| 05 1oE1 o] o] 10|10 o|1cl o] o] o
4 0 I x.o] ot 0] 1.0 1.0, 0| 0| 1.0] 1.0] 05| 05 1.01 1.0| 0.5 o
5 ol o ! o] o|os 1.0} 03] 0 Lo 10| 1.0 1.0 1.05 1.0] 1.0] 1.0
The degree of injury: Varieries :
0--no visible injury 28-.241 1 'n chim (Indochina)
0.5--growth being delayed 101 - - u-kuh-tsing-you (Formosa)
end contaminated 563 . Kinoshita-mochi (Japan)
1.0:- killed and rotted 633-. poenoet hitam (Sunda Islands)

Thus, for the o:rsérvation‘ of each variety, seeds were germinated at 50°C for three
or four days, and twenty seedlings poséessing coleoptiles of about 1 cm in length were
put in a petri-dish, and were kept in a low temperature thermostat regualated at ca. 1°C
(never ir.eze) for ome, three or five days. 7To avoid ununiformity of temperature,
petri-dishes were rearranged at least once a day. The degree of injury was observed
on the third aud fifth days after the treatment, and was graded as the three classes,
(0) no visidle injury, (0.5) the growth bzing delayed and contamirated, and (1) killed
and rotted. The degrec of injury of a lot was shown by the average of index-numbers
of the twenty seedlings. As the trcatment of oue, three and five days all showed
similar results, the low temperature resistance of a variety was represented by the
average oif the resu'ts of these three kinds of treatments.

Variation of low temperature resistance among the varieties of various districts is
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given in Tzble 8. The varietics seemed to be divided into two groups, resistant and
non-resistant, as intermediate var eties being relatively few. The varieties negative in
phenol reactisn tended to be more resistant than the positive varietiés. Then, the
gengraphical variation of this character was similar in the teadency to the cases of
pheno! reactivn and pottzsium chlorate resistance; resistan: varieties were predominant
in Eastern Asiatic continent, whi'e non-resistan: ones were in the islands of western
Pacific. Though the varicties of higher latitudal regions seemed in gereral to be
slightly more resistant zgainst low temperature than those of lower latitudal regions,
it would be cn intercsting fact that highly resistant varieties were not few in tropical
regions.

Tab'e 3. Varietal variation of low temperature resistance
(the degree of injury by low temperature treatment).

Degree of injury Total num.
Tistricts e e e — - ‘
0 \ 0.2 i 0.4 | 0.5 0.8 I of vars.
R [ ) R -
! * \ |

Tadochina g — | 1 1 2 ‘I 6 <1 5 14
India & Si-tm'. | — : 2 | 2 ‘ 6 ; 8 12
Formosa (plain patt) ‘ — ! 2% — ' 9 i 5 16
South China l 1 s s ] 5 13
West & Central Chins | 3 — ‘ 4 1 4 1 12
North China P i — | 1 \ — ‘l 1 6
Formosa , . o ‘ _

(mountain part) 6 1 1 2 ] 8
Hai-Nan Island 1 ‘_ 3 — \ 1 - 5
Philippine 2 \ 5 1 j 4 ’ 4 16
Celebes 3 ‘ 3 4 ! 3 — 13
Sunda Xslands 3 ‘\ 4 2 ‘, 1 } 1 11
Japan (lowland vars.) 8 | 2 1 — —_ 11
Japan( upland vars.) 2 ‘ 4 ; 1 1 | — i 8

1_(——— “ - ‘ ———— 7,4‘,7‘_‘.1&, R —
Vars. of phenol -+ | 3 l 9 | 12 \ S * 25 79
I |
reaction — \ 27 | 21 | 9 | 8 ; 5 72
: S B S SN, - ‘;,, S —
Toals 1 32 i 30 li 21 l 38 ‘ 30 } 151

* Horal varieties

In Formosa, growing tile seedlings of various varieties in winter as the first crop,
the death of definite varieties by cold injury will be experience frequently. The
frequency of death in winter, observed otherwise, was found to agree well with the
degree of iujury by the low temperature treatment.

Considering from the appearance of varietal variation, low temperature resistance
seems to be influenced by several genetical factors, though the inheritance has not
been studied yet. '

(5) Drought resistance

Drought resistance may imply in plant physiology the ability of a individual plant
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or a cell to survive under the condition of water alsortticn teing imgpossile (41). On
the other hand, drought resistance may Le often expressed in azronomy in terms of the
growth or yield uder insufficient water supply, znd thus the s age of growth, the
depth of root system and other ecological characters, in addtion to physiological drought
resistance, may take par: in it. It may be due to the confusion of different senses of
the same word that the essential nature of drought resistance in the rice plant has not
yet been understood thoroughly in spite of numerous studies o1 it

Drought resistance in the present study was examined by so-called Mimosa me:rhod
(37). It means thus the ability of a p'ant to survive without available water in
soil ard to recover after watering. Twenty seedlings of rice and one plant of Mimosa
pudica were planted in a pot of 25 cm in diameter, and grown with proper care.
When the rice plants stretched from five to seven leaves and the root of Mimosa
developped fully, watering was stopped. Then, olserving the stimulated movement of
Mimosa everyday, the time of suspension of movement by drying wes determined, and
after five or six days the pot was wat:zred fully. The number of days of treatment,
five or six days, was determined by a prelimirary test. ‘The percentage of survival
and the degree of drought injury were observed two days and four days after the
watering. The degree of injury was gradel as the five clesses, (0) without visible
injury, (1) one or two lower leaves eing dead, (2) a half of lewves Leing dead, 3)
only one or two upper leaves surviving, and (4) dead wholly. The index-numters of
the twenty plants were averaged on each variety. The varicties of various districts
were tested three times in different seasons.

Table 9. Varietal variation of drought resistance (measured
by Mimosa method).

Degree of injury 25 of survival Total

Districts - - - num. of
1.0 ) 1.5 l 20| 25|30 35 ’ 40 | 20 ! 40 [ 69 [ 82 ‘ 100 | vas.
Indochina _— : 1 6 2 — j— — —_— ; — — 1 8 9
India & Siam’ — | 5 4 31 — 2 — -] = 3 4 7 14
Formosa (plain part) 2, 7 2 1| — 1* — = } % —| 2| 10 13
South China -1 5 5 1 1 1 - -] = 2 3 8 13
Central China 2 02, 3] 2 1| - — —| = 1 2 7 a0
North China | — 1 ! 1 — 1 2 — —i 2] — 1 2 5
Formosa(mountain part)] — ' 2 2| — 1 — —_ — 1 3 2 6
Hai-Nan Islands — . 1 2 1 — | 3 1 1 5
Philippinc — 2 — 1 5 4 1 7 1 2 13
Celebes — 2 - 2 3 1 - 3 5 . s
Sunda Islands - e 2 2 2 5| — 4 1 1 11
Japan (lowland vars.) — —_ - 1 T 5 - 4 O — 7
Japan (upland vars.) —_ = | =] = i 2 1 1| —| — 4
Vars. of Phenol 31 25| 20 9 2 3 1 5| 14| 42 63
reaction — 1, 2] 5, 9| 15| 22 1 2t| 8| 8| 53
Totals 4| 27| 25 18 17 | 25 2 ] 291 22| 50| 118

Explanation of the degree of injury is in text.
* Horai varieties.
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Variations of the degree of injury crd the percent: ge of survival cirong the varieties
are given in Table 9. The varietal variation seemed o te discontinuous to sow.e extent,
as intermediate varietics being relatively few. Armong ‘he varisties positive in phenol
reaction, those resisiant to crought were relative'y large in number, and vice versa.
Then, the geographical variation showed similar tendeccy to the cases of phenol
rcaction and other above mentioned characters; resistunt varieties were predominant in
Eastern Asiatic continent, while non-resistant oncs were in the islatds of western
Facific. These tendencies were found similarly in the Jdegree of drought injury as
well as in the rercentage of survival, and these two characters were found to Ye
corre'ated intimately inter se (r=9.37). Therclore, these two characters siem to e
different expressions of an esseniially same property. _

According to the appearance of var.etal variation, drough! resistance sesms to te
influenced by = number of genetical factors, though the inheritance Le'ng unkrown.

(6) The numier of days of gerirination

It is well known that the specd of germination differs with the temperature and
other conditions as wdil s the age of seed, and these matiers being constant, ver ictal
difference shows 1tsml+ c carly (5,17, 26,32, 35). In the present study, germination tests
were carried out on a greater pari of the preserved veriesies. Fully after-ripened
seeds which had been kept in desiccators for three to six monthes after harvest and

Table 10. Varietal variation of the days of 509§ germination at 30°C.

Nuom. of days Total num.
I'isiricts [ - ( [ . .
1.5 ) 2.0 5 2.5 | 3.0 ‘ 3.5 of vars.
o : ; ‘ !

Indochina 9 2 1 § - l — 22
India & Siam 15 6 6 — i 1 23
Formosa (plain part) 33 1 1 — “ — 40
South China 23 a 4 2 — 37
West China 17 | 3 2 — - 22
Central China 21 ‘ 6 . 14 4 2 47
North China 1 e 5. 1 — 7
Formosa(mountain part) 7 1 4 1 2 13
Hai-Nan Island 1 x 2 15 2 — 20
Philippine 7 \ 5 10 2 — 21
Celeces 5 ‘ 3 a 2 - 18
Sunda Isladns ! ! 3 25 ! 2 - 91
Japan (lowland vars.) \‘ 4 13 ‘\ - — 22
fop\n (upltmd v.us) 5 ! 6 2 { 1 |‘ — 14
V(us of phf nol 153 i 28 21 l 1 — 203
reaction ‘ 20 “ 24 90 i 16 5 155
Totals i 173 | 52 i 111 i 17 5 358

% Horal varictics



moré than 959} in germinating caracily were used. One ot of fifty sterilized seeds
was bedded on a moisitened Llotiing prpar layed in 2 petri-dish, .and was put in an
incurator regulated at 30°C. Observing the gerivinziion everyday, the numper of days
necessary for the germination of 509§ of seeds was calculated. Such germination tests
were repeated twice in different years on each vaviaty.

Variation of the days of fifty percents germination among the varieties of various
districts is given in Taie 10. 7The varietal variation seered somewhzat to be of discon-
tinuous nature, and two varigtal groups, fast and slow in germination seemed to be
distinguishable. Varietics positive in pherol reaction were mostly faster in germination
than negative ones. In geogravhical veriation, a tendency similar to the cases of
phenol reaction and other chazraciers was pointed out.

These pheromena were recognizable rhore evidently when the ftemperature was

G

Jower than 30°C.  ‘Those results will ba reper

ted in ancther paper.  According to the
appearance of varietal variation, a numoer of genetical factors seens {o be concerned
in the varistal difference of germinating speed.

(7) The number of days of maturat’on of endosperm

‘The numeer of cays fro: the opening of flower to the muaturation of seeds differs

with veriety. Tt is well known in Formosa that the native varictics are faster in the
materation of sesd than Ioral or Japancse varietics.  in the present study, the number
of days from the headinz to the hardening cf eundosperm was investigated on the
varie'ies of varisus districts.  Teking fen ears per variety, the dates of heading and
Table 11. Varietal variztion of the specd of maturation
of endosperm (number ¢ays from heading
to the hardening of « *1dosp rxrﬂ

Num- of days Total
Listricts e e ey ‘ | —————————-| num. of
o | 1| o2 | o3 | e ! 5| e | 7| vam.
Tndochina, E — 5 3 - - - — 8
India & Siam 1 8 2 L B e — - 13
Formesa (plain part) 1 8 i 2 — 1 —_ 1 — - 12
Chinese Contincnt 2 o 7 3 1 2 — 2 27
Formesa (mountain part) — —_ 4 2 - — — — 6
Hai-Nan Island — 1 — — 1 3 — — 5
Philippine — — 1 a 2 — — —- 11
Celebos — 1 2 3 2 — — — 3
Sunda Islands — - | 2 7 2 -— — — 11
Japan — — ! 4 | o) 2 2 —_ 11
Vars. of phensl + 4 22 15 5 1 1 — — 58
reaciion — — 4 4 23 10 7 2 2 T4
|
A T e Bl Bl e o S K
Totals Loa || o | 1 3 2 ‘( 2 | 12
| ! ! 1

* Horad varieties



the hardening of grains in the upper part of ear were observed, and the days {rom
heading to hardening of those ten ears were averaged. The number of days of matura-
tion was found to bc smaller a* higher temperature and under fine weather, whereas
during the period of observing a larger part of the varieties, that was from early May
to early June, 1948, it was fine almost everyday and the temperature of daily "average
was approximately ietween 25° and 27°C.

Variation of the spead of endosperm maturation among the varieties of various
districts is given in Table 11. Thouch the variation seemed near'y continuous, the
verieties positive in phenol reaction were mostly fas'er in endospsrm maturation thaa
the negative ones, snd the geographical variation scemed to have a tendency similar to
the cases of phenol reaction and other characiers.

According to the appearance of varietal variation, a number of genetical factors
seems to be concerned in this character in the same way as in the other characters
mentioned above. This character was found to be correlated intimately with the days
of germination (vide Table 21). These two characters may possibly be influenced by
same genetical factors.

(8) Shedding of grain

Shedding is due to the development of separating layer at the basal part of grain
(41), and it seerxs to Fecome eas‘er with the lapse of days after the formation of grain
as well as with the fall of temperature during maturaticn. In the present study, ears

Table 12. Varictal variation of the weight of gr«in shedding

Weight in gr. Total

TListricts - - num. of
23 1 50 | 75 | 100 ] 125 ! 150 | 173 l 200 ‘ 225 | 250 | vars.
Indochina — | 3 i 3 6 1 — — — —_ — 15
Tndia & Siam v s 7 3] 1l -~ = =] = 15
Formosa (Plain part) — 1 13 8 — 1% — — — — 23
South China — 4 3 5 — 1 — — — — 13
Central China — 2 2 3 1 1 — — — — 9
North China — — 4 — — — — 1 _ — 5
Formosa (mountain pa.rt)‘ — =] 3 1 3 2 — — — 10
Hai-Nan Island | — — | - ‘ 1 1 1 — .1 — 1 5
Philippine ! — s | 10 3 3 2 T — 1| — 23
Celebes - 1 2 6 3 5 1 1 — — 19
Sunda Islands — — — — — 3 2 2 4 1 12
Japan (lowlana vars.) — — 4 1 1 2 5 | — —_ — 13
Japan (upiand vais.) — — 1 4 6 2 — — — — 13
Vars. of phenol + 1 18 41 32 |- 10 3 1 — — — 105
reaction — — 4 11 11 8 18 10 3 5 2 74
Totals 1 22 52 43 18 21 11 5 5 2 180

* Hoval varictics
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-of the varieties of various districts, matured in hgh ternperature pcriod, harvested at
proper stages, and preserved indoors for iess than ore month, were used, and the weight
of shedding of single grain was measured by using Yamasaki’s shedding -meter on
more than fifty gtains per variety. Measurements were repeaed three times in 1944,
1945, and 1949, and the resu'ts were averaged.

Varietal variation of the weight of shedding is given in Table 12. This character,
varying on a wide range among the varieties, did not showed a clear discontinuity of
variation. However, most of the varieties positive in phenol rezcticn were shed easily,
and those negative in phenol reaction varied on a wider range. The geographical
variation was similar in the tendency somewhat to the cases of phenol reaction and

other charac'ers; the varieties hard to be shed were found mostly in Japan, Formosa

(Horai and the native varieties of mountain par!), Philippire, Celebes and Sunsa Is'ands.
According to Jzumi (7), Onodera (28), Ramiah (30) and others, shedding is deter-
minel at least by several kinds of genetical factors.

(9) The length of awn

Presence or absence and the length of awn differ to a consicerable extent with the
outer conditions (4,5). Varieties of various disiricts were grown in nine different
seasons at the interval of one to two monthes (the details will e reported in another
paper), and the length of awn in different sessons was measured. Al grains of five

ears per variety were measured at one time of growingz, Tng awnless grains as

zero. And it was found, as givan in Table 13, that the awn Fecame longer in the
period of high temperature. Then, the length of awn of a veritty was shown by the

average of results in different seasons.

Table 13. An example of seasonal variation of the length of awn.
Variety: 647 (Paci ase bandz, Celebes), insensib'e to day length.

No. of sowing i I i Jilid Y Vi Vi k VI
Average
Date of heading | 17/10 | 16/4 15/5 86 24]7 14]8 16/9 | 15/10
Length of awn 33.0 19.4 38.0 39.3 39.3 447 41,8 39.3
5.6
in mm. A 624 2102 1 125 & 140, & 135 4+ 13.5) 42 128 = 10.0J

* standard deviation of a single determination

Varietal variation of the length of awn is given in Table 14. As mo® of the
varieties keing either awnless or more than 20 mm in length and intermeiiate varieties
being rare, two varietal grours, awnle:s and awred, vere diéti?guiﬂzszle clearly.
Awned varieties Were mostly pegative in phencl reaction, end awnless varieties were
either positive or nega'ive in phenol reaction.  The gecgraphical variation wes similzr
in the tendency to the cases of phenol reaction and other characters.

o

With regard to the inheritance of awnedness, a number of works (& 15, 25, 33) has
demonstrate? that the length of awn is controlled by the inferaction of several multiple
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factors and in some cases by inhibitory factors in addition. The authors also arrived
at a similar conclusion; thcse data will be reported at avother opportunity.
Tabe 14. Varietal variation of the length of awn.
. Length in mm. (mid-points of log. class interval) Total
Districts . num. of
1.3 2.0 3.2 5.0 8.0 12.6  20.0 31.5 50.0 vars.
Indochina 2 1 — — — — l — — —_ — 9
India & Siam i3 — — - — 1 — 1 —_ — 15
Formosa (plain purt) 13 — — — — — — — — — 13
South China 11 — — _ 1 — — — 1 — 13
Central China 7 1 — — — — | = 1 — — )
North China 3 - —_ — — — . 2 — 5
Formosa (mountain part) 5 - e - — - - — i - 6
1
Hai-Nan Tsland l4 — ) - - — — — — 1 — 5
Philippine ; 12 — — 1 — — I - —. - 13
i 1
elebes o3 — I . I A 3 . 3
i | i |
Sunda Islands |2 - = = — 1 1 — 1 6 1 11
Japan (lowland vais.) |« 1 — 0 — 1 - - = 1 — 7
Japau (upland vars.) l - - - ‘ 2 i — ; — ; 20 - — 4
] B e e L ]
Vars. of pherol + | 5 — 20 — 1 = | I — o2
reaction — | 30 \ 1 — ! 2 : U A T A O Fo1s 1 56
[ - S N | — ‘ ——
Totals P85 o2 — | 4 1| 2] 1 5 | 17 1] 1B

(10) The length of glume Lair

Numerous hzirs of singular cell grow on the surface of inner and outer glumes, and

are longer and denser at the apical part
part were measured on various varicties

of glumes.

fifty hairs of three grains per variety were measurel.

Table 15.

Varieta! variation

of the length of glume hair.

The leagth of hairs at the apical
by using a low power microzcope. More than

Length in micrn Total

Districts - ‘ o - / ——| num. of
o | xco] 200 | 500 | 400 | 500 | 690 | 700 | 500 ‘ 200 |Im™or| g
Indochina L { — 5 5 30— ] —_ - — — 13
Tndia & Sian S U % T N IR DT B B (R I
Formesa (plain part) — | — 1 2] 2% — | — | — 1 - -— 15
South China —_— —_ 1 5 2 — 1 — ‘ 1 { — — — o
Central China — | = 5 -] - 1 1 } - - — — 7
North Chira - - = ! - = - | 21 =2 — — 5
Formosa(mountoin paxty — | — i 1 1 1 1 N T R - — 1 7
Hai-Nan Islands bl - — [ 1 20— — — — 5
Philippine ‘ ) — 3003 1 1 ‘ — — — 14
Celebes [ IS R 4 1 3 I g — — 11
Sunda Islands [ - — 1 1 5| — 1 1 1 10
Japan (lowland vars.) ‘ e | _ o2 3 I R e 7
Japan (upland vars,) : — 1 e T e B — — — 4
Vais. of phenol +v-§ - =1 = T 5 2 5 2| — 1 _ — 63
reaction - l‘ 61 —| 61 4| 2|1t 12| 5| 3 1] 2| s
Totals e — 1301 3| 4] 130 5| 4 1 2 | 24

* Horal varietics



Varietal variation of the length of hair is given in Table 15. It was seemingly
continuous, whereas the varieties positive in phenol reaction tended to be shorter in the
léngfh, and the varieties negative in phenol reaction showed a wider range of variation.
The tendency of ge‘ographical variation were somewhat similar to the cases of phenol
reaction and other characters.

A variety of Sunda Islands (344 : Betong) was found to e as long as exceeding
1.8mm. On the other haﬂd, a few varieties of Philippine and Hai-Nan Island were
hairless.  This hairless was found to be expressed by two recessive genes, while the
length of hair in ordinary haired varieties scemed to ke influenced by a number of
multiple factors. Examp'es of the segregation are given in Tab'e 16. An intima‘e

Table 16. Some examples of segregation of the
length of glume hair in F2s.

|

Crosses Length of hair in miecra Total
{ {
(Lengthju parents) | 200 | 300 | 400 l 500 | 600 % 700 ! 800 | num.
e
108 x 703 ’ | [ ;
(262) " (63%) l 1 ‘ 15 54 37 | 12 2 ! 1 122
|
| - ' |
; Cbs: Num. i Exp. Num.
[ ! Haired Hairless X2
i  Haired } Hairless | (15: 1)
219 x 102 | ‘ X |
Py 103 ! 4 100.3 , 6.7 1.16
(0)  (262) i ‘ ,
219 x 421 " i | 9
0 (247) 74 | 4 73.1 i 4.9 0.21
647 x 219 | 15
(475) (0) 162 i 13 164.1 ‘ 10.9 0.43

intervarietal correlation was pointed out between the length of hair and the length of
awn in awned varieties (r=0.79). These two characters may be supposed to be influen-
ced by same genetical factors.

(11) Length-width ratio of unhulled rice

Length-width ratio of hu'led rice has been observed by a number of workers (2,10,
etc.) as a character availabe for the practical classification of varieties, and its geogra-
phical variation was investigated by Negamatsu (24). As the shape of hulled rice
being dependent upon the shape of hull, the shape of unhulled rice, observed in the
present study, will be a character same to the shape of hulled rice. Almost all preserved
varieties were observed on the length and the width of unhulled grain. Ted fully
enriched grains per variety were measured by using a calipers.

Varietal variation of the ratio is given in Table 17. The ratio ranged, rouzhly
speaking, from two to four among varieties, while a greater part of the varieties was
between 2.4 and 3.0. The varietal variation ssemed to be continuous. Unlike the cases
of other characters mentioned above, varieties positive in phenol reaction and negative
ones were similar in the mode of varietal variation. Accordingly, the geographical
veriation of this character was also different from the cases of phenol reaction and other
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Tadle 17.

Varietal variation of the length-width ratio of-unhulled rice.

| Length-width ratio Total
Districts i - T . num.
1.8 ’ 2.0 1 22 | 24 ‘ 2.5 ‘ 2.8 ] 3.0 [ 3.2 | a4 | a6 } 38 ’ 40 | 42 | vars.
Indochina _ - 1 1 3 | 13] 23] 16 8 L — 4 1 76
India & Siam - — 5 38| 2] 11| 11 2 3 4 1 2 1 69
Philippine —] —| 1 6| 14! 14] 15| 13 3 1 3 3 1 74
Celebes ] — 4 2 3| 17] 21] 11 6 3 3 4| —| — 74
Sunda Tslands 1 4 4 o o 16| 11 7 2 3 20 —] = 63
Hai-Nan Island — 2 1 7 9 7 1 2 1 1| — - - 31
South China —| - 4 4] 13} 11 5 5 — 1| —| — 1 44
Central China — 5| 10 51 11! 12 51— — =] =] 48
‘West China —_| - 2 2 31 1t 6| —| —| —|] —| —| — 24
North Cnina —_ - 3] — 1 3 — ] = =] = = 9
Formosa (plain part) 1 4%| 23| 21 2 —| —| —] —| —] — 62
Formosa(mountain part)| — 31 19| 14 17 6 1 1} —] —| —| —| — 61
Japan (lowland vais.) 1| 12 7| 4 1|, —| —| —| —| —| —] —] — 25
Japan (upland vars.) — 2 8 7 4| —| —| — =] =] =] = = 21
Vars. of phenol + 3| 22| 31| s5|101| 92| 73| 35| 14, 12| 7 i 8| 2| 453
resetion — | —| 14| 40| 38| 43| 40| 22| 17} 6| 5| 3 1| 2| 231
Totals 3 3| 71| 93] 144|132 95| 52| 20! 17| 10| 9| 4| e85

* Horal varieties

characters; the varieties of higher latitudal regions were smail uniformly in the ratio,

while those of lower latitudal regions varied on a wider range.

we'l with Mr. Nagamatsu’s result.

These respects agree

Table 18, Varietal variation of the width of unhulled rice.

| ‘ Total

Phenol reaction 2.1 2.4 2.7 3.0 3.3 36 | 39 num. of
mm | vars.
-+ —_ 33 105 178 86 25 4 432
— 2 13 27 67 83 59 15 266
1
Totals 2 46 132 245 169 83 19 698

Varieta] variation of the lengih of unhulled rice was similar to that of the length-

width ratio.

With regard to the width of unhulled rice, the varieties positive in

phenol reaction were found generally to be smaller than the negative ones (vide

Table 18).

It has been pointed out by a number of works (19, 20, etc.) that several multiple
factors exert influence on the size and shape of rice grain.

(12) The length of first and second internodes
Hamada (3) pointed out that the length of first internode, viz. so-called mesocotyl,

— 18 —




grown without light, was longer in Indica type than in faponica type. Okura and
Miyata (27) and Mizushima (22) showed, however, that varietal variation of the length
of mesocotyl was of continuous nature and d'd hardly prove the distinction of the two
types. Dr. T. Shibuya and one of the present authors(34), dealing also with the
variation of this character, came to such a conclusion: The length of organs of rice
scedling varys with the temperature and the moisture content of culture media, and
while the varietal variations as a who'e are continuous, the varieties of higher latitucal
regions tend to be relatively short in the length of first and second itterncces, and
those of lower latitudal regions vary on a wider range.

As the materials used in this work being same to those of the present study, then
adding the data obtained later, varietal variations of the length of first and second
internodes were investigated again. The results were, as given in Tables 19 and 20,
similar to those mentioned above; The varieties positive in phenol reaction and thoss
negative were not different in the range of varietal variation. The length of first
internode and that of second internode did no: showed a signifcant intervarietal correla-
tion inter se (r=0.133). '

Table 19. Varietal variation of the length of first internoce.
J Length in mm. (Mid-points of logarithmic class intcrval) (Total
Districts \ num. of
[ 1.26 2.0 3.16 5.0 3.0 126 20.C 31.6 30.0 80.0 126 Jv-drs.
Indochina 1) — | 4| 10 | 18 7 12 7 1 1 1 1] 62
India & Siam 2 2 1 3 — 1 6 10 4 5 8| 44
Formosa (plain part) R 3 6! 5 2] 10% 6 8 o 1 4| 54
Scuth china 1| — 3 1 2| — | — 1 3 2| | 18
Central CLina ) 2| 1 R - 2| — 1 2 1] — | —| —| 10
North China 2 — — 1 —_— 1 1 1 — —| = = s
Formosa(mountain part)l — | — | — | — 1 — 2 2 1 3 — ! 13
Hai-Nan Island — — — — — 1 4 5 3 2| | 20
Philippine —_— = = = = 3 5 8| 22| 14| 18| 2| 72
Celcbes — — — — 1 6 5 8 10 5 17 — 36
Sunda Island 1 —_ 1 — 1 1 5 10 11 41 — | 42
Japan lowland vais.) — —_ | - 3 5 12 7 4 2| —~{| —| —| 33
Jayan (upland vais.) —_ =] = 1 1 3 5 6 5 1] — ] —| 22
Vars. of phenol + 6 2 1C) 20| 25 18 36 37 | 47 31 32/ 15279
reaction — 3 1 4 14 17 | 22 22| 32| 22 6| — | 153
Totals 9 3| 13| 24| 39| 35| s8 ; 66 | 79 w 53| 38| 15| 432

* Horai varieties

The extent of elongation of these organs may presumably depend upon the quantity
L ]
and distribution of growth hormones produced in the inner part of plant and may be
controlled by numerous genetical factors.
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Table 20.  Varietal variation of the length of second internoce.

Length in mm (mid-points of log. class intereals) Total
Listricts num. of

1.26 2.0 3.16 5.0 80 12,6 200 31.5 500 vars.

Indochina { — ‘ 2 ‘\ — ‘\ 1 1 1 15 25 \ 17 i — 1 62
India & Siam 3 — 1 \1 1 3 ‘\ 5 11 14 4 — 42
Formosa (plain part) 3x | — — E 1 1 ; 1 16 26 ] 5 — 53
South China O e U N S I B A B 12
Central China 6 — - = — \ 1 \ — 1 2 — 10
North China 4 — — 1 - - j - 1 — —_— 6
Formosa(mountain part)| — — —_ | = 1 n‘ 3 . 4 4 1 —_— 13
Hai-Nan Island 1 — —_ ‘} — 2 : 7 8 — — 20
Philippins 10 3 2 9o | 11 | 13 9 | 11 2 1 — 70
Celebes — — - — 2 | K 7 6 13 5 36
Sunda Islands 1 — 1 — 3 } 3 15 14 5 — 42
Japan (lowlard vars.) 27 1 B 2 1 g —_ — — —_ — 32
Japan (upland vars,) 17 1 — — 2 & 2 — — _ — 22
Vars. of phenol + 23 I s 3 | 7 16 } 33 62 85 33 5 275
reaction — 51 2 e 12 l 15 1 34 23 3 1 151
Totals 76 7 5 15 28 \ 48 ‘ 96 107 36 6 426

*Horai varieties
(13) Intervarietal correlations among the above mentioned characters.

Table 21. Intervarietal correlations among various characters
(correlation coefficients).

(2) \ Gy | ) ) (6) (7) l (3) (9) | (10) } (11)

Destru-| !
ction off KC103| Low | Drou-| Days |Days of\Weight Length | Length Length-
endosy-‘ temp. | ght of  |matura—of shed- | width
eim by | vesist. | resist. | resist. | germi. tion  ding of awn of hairratio of
| KOH | | rice
|
( 3) KClOs resist. 0.541 \‘
* %
i
(4) Low temp. vesist. 0.579| 0572
X ¥ bR 3
(5) Drought resist. —0.521| —0.748| —0.544
* % PR * &
( 6) Days of germi. 0.295| 0.757| 0.648| —0.635
* % »* % o9 ¥ ® ok
( 7 ) Days of maturation 0.562| 0.735] 0.658| —0.653| 0.556
Moo * % * % s P
(3) Weight of shedding 0.298| 0,599| 0.541| —0.428| 0.477| 0.466
* % 3 % * % #* % % s B
(92) Length of awn 0.449| 0,317| 0.420|—0.474| C.406] 0.358| 0.515
* 3 % % * * 3 =¥ LR * ok
(10) Length of hair 0.508| 0.5677| 0.642] —0.515 0.578/ 0.624| 0.506/C.787(1)
. . % EX ¥ ® * % 3o % ¢
an fg‘ﬁi‘"‘“‘hh ratlo | 31| 0,284 —0.348] 0.154] —0.223 —0.306] —0,115| —0.196/—0.194
9 7 . % *® 3k * K * &« % * ES
(12) r{féfth of Ist dnter- | _ 45631 0,050 —0.176| 0.047| —0.042| —0.262 0.077 —0.067,—C.136| 0.206
* % . % % o

#+ beyond 124 level, * between 125 and 5% levels.
(1) regarding to awned varieties only.
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The propensity of ccrrelation among the varietal variations of various characters
mentioned above was in terms of correlation coefficient as given in Table 21. It may
be seen in Table 21 that correlations are conspicuous among such characters as showing
difference of a definite tendency between the varieties positive in phenol reaction and
the negative ones, and also showing geographical variation similar in the tendency to
that of phenol reaction. Particularly, the characters which showed  discontinuity of
variation, such as pottasium chlorate resistance, low temperature resistance, drought
resistance and others, were correlated intimately inter se. These correlations will be,
as being presumable from the fact that the varieties positive in phenol reaction and the
negative ones have been contrary to each other in various characters, due to the prepon-
derance of varieties possessing definite kinds of charcter combination.  Therefore, the

Table 22. Examples of abnormal distribution of frequency
in correlation tables.

(a) Correation between the length of awn and pottasium
chlorate resistance.

] Cone. of KCI0; in log. (vide Table 5)
< - , ‘ | “ Total
| 367 |~ 333 | —3.00 | —2.67 | — 256 | — 200 | — 167 | —1.33
S ! ! i i
- 3 29 14 5 3 3 16 10 83
5 1.3
-y 2.0 —_ 1 1 — — [ — 1 3
o 8
IR 3.2 2 2 4
= — — —_— — — — 2
B 5.0 ~ ” . ~ - ~ - - i
=4 E>,.‘2 8.0 . B _ . _ _ _ ) 5
5 =g 12.6
2EZ — — _ | - _ _ . )
o= B 20.0
Z 2. — — — —_ — — 1 3 4
=5 31.6
83 500 - - - - - - & 5 16
& — — — — — — 1 — 1
Total 3 30 16 6 3 3 28 26 115
|
(b) Correlation between the weight of grain shedding
and pottasium chlorate resistance.
]
| Cone. of KCIO; in log. .
l' = ‘ [ Total
I —367| — 233 | —3.00 i —2.67 | —233 | —2.00 1 — 167 | —1.33
- 25 l —_— i 1 ‘i — : —_— l -— i — — —
= | : | ! |
. 50 | 1 8 5 2 1 1 1 — 19
H |
5 7 4 12 | a2 4 4 2 5 6 49
2, 100 I 2 | 5 3 2 5 5 42
w125 I T O — — 8 6 18
£ 150 R 1 — — 1 12 7 21
5 ars - - = — — — 6 5 11
hel ! | I
" 200 |- = ‘ — — — — 2 3 5
:;; 225 —_ - —_ — — — 1 4 5
= 250 i —_— ‘ —_ f— — — —_— 1 — 1
! 1
Total |5 s | 2t 11| 8 6 41 36 172




correlation coefficients will serve as a measure of preponderancy of defmite character
combinations.

1t should be admitted, however, that the frequency distribution in the correlation
tables were not always normal. Especially, concerning several characters showing
complete discontinuity of varietal variation, peculiar shapes of frequency distribution,
as given in Table 22, were found. In such cases, correlation coefficients may not
evaluate the propensity of correlation correctly. Nevertheless, it may be recognizable
in these correlation tables that definite character combinations are preponderant and
thus the used varieties are to e divided into two groups.

(14) Frequency of varisties possessing various kinds of character combinations.

Varietal variations have teen found to be discontinuous in the following five charac-
ters: phencl reaction, pottasium chiorate resistance, low emperature resistance, drought
resistance, znd the length of awn. Therefore, in regard to each of these characters, the
iised varieries may be divided into two groups and the characteristics of a given
variety may be represented by a simple word, positive or negative, or, plus or minus.
Thus, with regard to these five characters, denoting each character by cne sign, plus
or minus, a variety may be symbolized by a combination of five signs. Posssible
combinations of five signs will bs 25=32 in total number. If these 32 kinds of char-
acter combinaticns all were similar in frequency, ths given population of varieties should
be considered to be composed of random combinaticns of genic changes, and there
wouid be no evidence of phylogenetical differentiation to bs expected in it. However, it
will be presumed without difficulty from the above mentioned facts that definite kinds
of character combinztions will preponderate among the used varieties.

Having investigated the frequency of varieties possessing each of these 32 kinds
of character combinations, the results given in Tab'e 23 was obtained. It will be scen
in Table 23 that such varieties are large in number as either belonging to combination
no. 24, viz pheno! reaction being plus (positive), pottasium chlorate resistance and
low temperature resistance teing minus (weak), drought resistance being plus (resistant),
and the length of awn being minus (awnless), or belonging to combination no. 9
and no. 22 which are contrary to the above in every respscts or except the length of
awn. Thus, a majority of the used varieties can be divided into two variety-groups
represented respectively by these two types of character combination. For the discri-
mination of these two variety-groups, use of pottasium chlorate resistance will be
good, since it shows the most clear discontinuity of varietal variation.

Besides these two variety-groups, however, few varieties possessing other various
kinds of character combinations will bz found further in Table 23. Since particular
care has been taken that diverse character combinations would not be resulted from the
inaccuracy of observation, the existence of varieties as showing these extra character
combinations seems to be without doiibt. Then, we may come to such a conclusion
that the varieties of rice plant are as a tenedency to be divided into two variety-
grougs, reserving some varieties which belong to neither of the two.
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Tavle 23. Character combinations found among the used varieties and the
frequency of varieties as showing each of those combinations.

“ no. of character combination
Characters l2¢ (18| f2sfa2] 7 [s0]20 1015|655 15|02
! ‘ 1 1 i ‘ i ) \ 19 l _E i ! ? ' Total
Phenol reaction + A+ - = ! - | - | == +i+1+ ? + | — | — { num.
K05 resist. — = - == 11 B [T CTE RN T RRCTN JICTRS T T S of
Low temp. resist. o B B A Tt B S el e T B B S B S S o B 2 Ry
Drought resist. TR B S SO B | | = =l = ==
Length of awn — =+ ==+ | — + ===+ P 4+ =
Indochina 10| 2= 18l — ] =] | =1~ — | —| =% 13
India & Siam 9| 11 1 1= —] 1| —|—| 2] —=§—] —=]«=11 15
Formosa (plain part) 5| =] —| =} — | —| —| =l —| —ml —} —| — | —1 1 15
South China 70 2 — | 1 f—| 1| —] = =] =} === 1] 1 13
Central China 3 3| —| 28— —1—| =1 1| = —{—=|—=1{ 1] 2 12
North China Pl 1] === === ==} =] =1 2 6
Formosa(mountain part)] 2 | — | — | —{— | — | — | —| 1| —1 1}j—| 1| 3! — 3
Hei-Nen Island AR T N UV U S U U DS S e S PR I P A
Philippine 3| —|—i—1 1= 1| ==l —l—0— —| 1! 8 14
Celebzs 4l = e | = — | ===y =1 8] 1 , 13
Sunda Islands e 2 e = 1 = 7 2 ‘ 2
Japan (lowland vars.) ' S SN R U NUUR SN SN N N (S pen S S »
Japau (upland vars.) S bl = = == ==V 4y 2] 2| — & 8
_ Totals 155 ] 9 ‘1 5§ 1 J 1 ‘ ,,,,, 2 }_7 j 2] 2 ‘ 1§ 50 430 27_{*1 147~

Varicty-groups Continental (Indistinct) InS'u]ar ;“

Fifteen kinds of character combinations were found actually.

Tt will b2 recognizable, further, looking over the geographical distribution of various
character combinations given in Table 23, that combination no. 24 distritutes mainly
over the continent of Eastern Asia, viz. China, Indcchina, and Indiz, while combi-
naticns no. 9 and no. 22 distribute mainly over the islands of Western Pacific, viz.
Japan, Formosa (Horai and the native varieties of mountain part), Fhilippine, Celebes
and Sundz Islands, in addition to Northern China. It may Fe said, with proper qualifi-
cations, that these two cifferent tyres of cheracter combinations are corresponding
to so-called Indica and Japcnica types respectively, but it will be better for the sake
of expressing the tendency of geographical distribution to name these variety-groups

as “Continental” and “Insular” groups.

(15) Differention within Continental and Insular variety-groups.

The used varieties were divided into Continental and Insular variety-groups con-
veniently according to the resistance against pottasium chlorate. And intervarieral
correlarions within each variety-group were investigated. The correlations zre given
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Table 24. Intervarietal correlations within “Continental”
and “Insular” variety-groups.

%) | (55 : (%) 7 [ (®&) | )

S~ (2)

10y | (11) | (12)

Continental v Length Length
Destruc.| Low |Drought Days |Days of|Weight|LengthLength | width | of Ist
Tnsular of endo- of hairjratio of | inter-

temp. | resist. of | matu- |of shed-| of awn
rice node

sperm | resist. germi. | ration |ding

| i
(2) Destraction of endo- \I 0.116] —0.119] 0.173 0.096! 0.128 0.102 0250 0.287| —0.063
sperm by KOH l\ \
(4) Low temp. resistance 0.426:| ~.| 0032 0034 0.022] 0.032 O0.111! o.oos —0. 177 —0.175

(5) Drought resistance —0.036} —0.069, \ —~O.218i—0.081 0.187,—0.119| 0.061[ —0.3:2| —0.077

! *
(6 ) Days of germination 0.299‘i 0.441 _0.224\ 0.117/—0343| 0.069 0.161 0.094 0.231
R

4 3
( 7) Days of maturation 0.3101 C. 101 —0. 299 O.258l\\ 0.302 —; 0.285) 0.019| 0.105
* % e * ~ %
(8) Weight of shedding _.o.xszi (‘.037 —0. 003 _0.042\ —0.033 g —!0.045/ —0.121] —C.001
(9) Length of awn 0,226] 0.082(—0.152 0.335, — — S —
! * el

(10) Length of hair 0.187; 03861_0.138 c.299\ 0.137{ 0.120 — —0.116, 0.135
(11) Length-width ratio | _q SOO‘ -0 269‘, 0.255| —0. 131 0.282 —|  0.064] | —0.064

of rice | Txx el i * * | !
(12) Length of Ist inte- | —O0. 5441 —0243 C.l4 —0415/ 0529 0.259]  — —0.239 0405

rnode 3 # % x| i *

*% beyond 125 level, * between 125 and 52 levels.

in Table 24 in terms of correlation coefficient. Comparing Table 24 with Table 21
given above, there may be found frequently such a case thal two characters which
showed a marked correlation among the whole used varieties are no longer correlated
within a same variety-group. = It may be confirmed, accordingly, that the corrzlation
of various characters among the wno'e varieties are due to the preponderance of the
two types of character combinations as mentioned above.

According to Tazble 24, however, lintervarietal correlations within Insular variety-
group will be found among several characters, such as the degree of destruction of
endosperm by caustic potash, the length-width ratio of unhul'led rice, the length of first
internode, and others. Insular group may be presumed, therefore, to possess a definite
tendency of character combination within it. As these characters being continuous in
intervarietal variacion, thesz correlations may point only the direction of intervarietal
differentitation, and to classify the varieties by them seems to be difficult. However,
for the purpose of expressing the situation clearly, each of the above mentioned three
characters was represented by the sign, plus or minus, dividing the rangs of variation
into two parts at the middle point, and thus the characteristics of a variety was
symiolized by a combination of threz signs. In this case, eight kinds of character
combinations will be possible in total; the frequency of varieties showing each of these
eight kinds was as given in Table 25.

It may be seen in Table 25 that combination no. 5, viz. endosperm being destructed
heavily by caustic potash, the length-width ratio of unhulled rice being small, and the
first internode Deing short, and combination no. 4, that is contrary in each character,
are markedly large in number. Therefore, it may be a proper ‘way to express the
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Table 25. Character combinations in “Insular” variety-group. and the
frequency of varieties as showing each character combination.

Characters (4) (7) (6) (2) ) (3) (5)
(2) Destructi f end ’ J ’ Total
estruction of endosperm :
by KOH - - - + + + + nuw. of
(11) Length-width ratio of
unhulled rice - + + + - - vars.
(12) Length of Ist internode + + - - -+ + —
Sunda, Islands 3 2 | 1 — 1 — — C12
Celebes ) 1| 1 1 2 2 1 9
P.hilippnie 7 3 — — — 1 — 11
India - - 1 — — — — 1
Hai-Nan Island — 1 —_ 1 1 — 4
Formosa, — — — — 1 2 7
China 1 — — —_ 1 1 9
Japan (lowland vars.) - | - - - — 1 11 12
Japan (upland ‘vars.) — ‘ — 1 — 1 2 2 6
Totals 17 |7 4 2 7 9 25 71
" ;e Temp-
Variety-groups Tropical erate

Saven Kinds of character combinations were found actnally.

direction of differentiation to divide Insular variety-group into two minor groups. The
varieties belonging to combination no. 5 may be named as “Temperate Insular”, zs they
are distributing mostly over the temperate regions such as Japan and Northern China.
In contrast to this, the varieties belonging to other character combinaticns, distributing
over tropical regions, may be named as “Tropical Insular” group.

Discussion

It is necessary for the study of phylogenetical differentiation, as mentioned in some
paragraph of the introduction, to produce an evidence to speculate the frequency of
gene combinations being higher in definite kinds than in others, i.e. the preponderance
of definite gene combinations.

The above given observation results may present in this connection the following
facts: (1) discontinuity of verietal variation, (2) definite tendency in intervarietal
correlation, and (3) preponderance of definite kinds of character combinations. On the
ground of these facts, some consideration will be] presented on intervarietal phylogenetical
differentiation of the rice plant.

First, discontinuity of varietal variation will be considered: It may be a natural
consequence when the character in question is determined or at least influenced mainly
by a single genic change. On the other hand, when a character was influenced by a
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number of genes and verious kinds of individuals were to be segregated in F, hybrid
varying continuously among cher, the discontinuity of varietal variation may be regarded
as proving the prépondcrance of definite kinds of gene combination.

According to the observation results, discontinuities of varietal variation have bzen
poiated out distinctly in the characters as follows: pottasium chlorate resistance, low
témperaturc resistance, drought resistance and the length of awn, and also somehow
less distinctly in several characters as the weight of grain shedding, the days of
germination and others.

To work out the genetical behavior of these characters may be a difficult task,
but it has b2en demonstrated or speculated from the appearance of varietal variation
that a number of genes concerns in the varietal variations of thess characters. It will
be concluded, therefore, that definite kinds of gene combinations are preponderant among
numerous genic changes as exerting influence on these characters.

Furthermore, since different genotypes often exhibit similar phenotypes, even if
varietal variation was seemingly continuous, it would not be assured that the gene
comiinations concerned are represented at essentially equal opportunity. Therefore, in
such characters as the length-width ratio of unhulled rice which has shown continuous
-varietal varietal variation, the gene combinations concerned may not necessary be
existent without any restraint.

Secondly, intervarietal correlations may be attributable to either of the following
two cases: (a) The two characters in correlation are different expressions of an essen-
tiaily same physiological character (physiological correlation), and both are influenced
by the same kinds of genic change. (b) Varieties possessing defininite kinds of gene
comb’nation are predonderant over others. Among various examples of correlation
" given in the present study, those between characters seemingly similar in nature, such
as between the length of awn and the length of glume hair, may * be or may not be
due to the influence of same genetical factors. It is difficult, however, to suppose
that various characters all are influenced by the same genetical factors. Fursther,
having divided the us=d varieties into two variety-groups according to the resistance
against pottassium chlorate, there has been found frequently such a case that intra-group
-correlatious are scarcely significant in spite of marked correlations among the whole
varieties. In this case, the correlation among the whole varieties will interpret that
the used varieties are differentiared in tha direction of the two variety-groups which are
different from each other in various characters but are comparatively uniform within
-each. "

Thirdly, this situation will be proved more clearly by the results of observations
-on character combination. Namely, it has been pointed out in this connection that
the varieties possessing genic constitutions which express the following two kinds of
‘phenotypes are preponderant strikingly over others: phenol reaction +, pottasium chlo-
-rate resistance —, low tempzrature resistance —, drought resistance +, and awn —,
-or the phenotype contrary in each character.
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Since the used varieties has been taken out without any preconception, it will be
reasonable to think that the above mentioned considerations will outline the pattern of
intervarietal differentiation of the rice plant. It can be said, in short words, on the
ground of the resu'ts obtained from intervarietal variation, intervarictal correlation, and
character combination, well coincident inter se, that two phylogenetically differentiated
veriety-groups are existent among the varieties of rice plant. As mentioned in the obsarva-
tion results, if a proper conditional clause were added to the conception of the former
Indica-Japonica classification, these two variety-groups could be regarded as correspon-
ding to Indica and Japonica types. However, for expressing the new way of thinking
on which these variety-groups have been established and their peculiar geographical
distribution, it would be better to name them as “Continenta ” and “Insular” variety-groups.

It should be kept in mind, on the other hand, that the varieties possessing character
combinations as belonging to neither of these two wvariety-groups have been found.
These varieties, occupying extraordinary sites in correlation tables, may bz of such a
nature in genotyps as corresponding to some recombiraiions between the two variety-
groups.

In order to outline the whole pattern of intervaristal phylogehetical differentiation,
differentiation within variety-group must be considered further. According to the
observaticn results, within a same variety-group, discontinuitinuity of varietal variation,
definite tendencies in intervarietal correlation and character combination as those found
among the whole varieties have not been pointed out in regard to a greater part of
characters. Various gens combinations secem to exist within variety-groups with little
restraint, and intra-group differentiation will not be develorped fully. In respect
to several characters, however, varieta! variations on a wide range have been seen
within variety-group.

Especially, such characters vary remarkably within Insular variety-group as the
degree of destruction of endosperm by caustic potash, the length-width ratio of unhulled
rice, the length of first internode and others, which have shown no significant difference
in the mode of variation between Continenial and Insular variety-groups. Though
variation of these characters being continuous, it has been recongized on the ground of
intervarietal correlation that the varieties possessing dafinite character combinations
such as follows are large in number: the destruction of endospsrm by caustic potash
being heavy, the length-width ratio of unhulled rice being small, and the first internode
being short, and the combination contrary in each character. Thus, Tusular variety-
group seems to be divided ?nto two minor groups, .though the distinction is not so
evident. The former character combination distributes mainly over the temperate
regions, and the latter and Jother character combinations distribute mainly over the
tropical regicns. Therefore, a proper naming may be to call them as “Temperate
Insular” and “Tropical Insular” groups.

Matsu-o (18) pointed out recently, from some observations on the combination of
various morphological characters, that if the varieties of Japan, Java and India were
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assumed to be the “representative types” of rice varieties, other various varieties would
also ba clessified into these three types, and named them as A, B, and C typss. His
method is quite different from the authors’ in his a priori fixation of “representative
types”, and the characters dealt with by him are also different from the authors’,
.but so far as the ultimate resuit is concerned, “Continental”, “Tropical Insular”, and
“Temperate Insu'ar” variety-groups in the present study seems to be equivalent appro-
ximately to B, G, aad A typss of Mr. Matsuo respectively.

We understand little how phylogenetical differentiation of rice varisties would have
developped. It will be considered as a general ruale that phylogeny is due to the
development of different genotypes batween geographically isolated populations and the
sexual isolation that follows. Intervarietal hybrid sterility which may result interva-
rietal sexual isolation will be dealt with in the sacond paper of this series of studies.

BSummary

1. The aim of the present study is to gain informations as to whether definite
kinds of genic constitutions would be preponderant or not amorng the varicties of rice
plant and how the varieties are to be divided into groups. More than one hundred
and twenty varieties picked out nearly randomly from numerous varieties of various
districts of Eactern Asia were observed with respect to diverss characters, amd on the
ground of those results, discontinuity of varietal variation, intervarietal correlations and
tendenciss in character combination were investigated.

2. Besides phenol reaction which was found to be determinsd by a single gsanic

change, the following scveral characters in which a number of genss would ba concer-
ned. i, e. pottasium chlorate resistance, low tempzrature resistance, drought resistance
and the length of awn, showed discontinuous sppearances of varietal variation by which
the varisties were to be divided into two groups. Varietal variations of the days of
germination, and the weight of grain shedding szemed somewhat to be discontinuous.
The degree of destruction of endosperm by caustic potash (alkali-test), the days of
endosp,zm maturation, ‘he length-width ratlo of unhulled rice, the length of first and
second internodss grown in a dark place, showed continuous app:arance of varistal
variation.
3. With regard to a grearer part of thes2 characters, except th= length-width ratio
of unhulled rice and length of the first and sacoad iaternodss, th: varizties positive
in phanol reaction and ths nagative varieties showad characterist ics coatrary O
each other. At th: sam: tim: thasz2 characters were.fomd to b2 chrelatad inter
se.

4, 'With regard to each of ths five characiers which show.zd discontinuous appza-
rance of varietal variation, ie. ph:nol rzactioa, poitasium chlorate rasistancs, low tem-
perature rasistancs, drought resistaics, and thz lengch of awn, the usaed varistiss wer
divided into two groups, plus aad minus; aad thus the characteristics of a variaty was
represented by a combination of five signs. Than, the frequzncy of varicties possassing
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respective kinds of character combination was investigated. Consequently, two definite
kinds of character combination, namely, phenol reaction: plus, pottasium chlorate
resistance and low temperature resistance: minus (weak), drought resistance: plus
(hard), and awn: minus (awnless), and a character combination contrary in each to
the above, were found to be preponderant among the used varieties.

5. Varieties possessing the former character combinztion (phenol reaction: plus,
etc) were found mostly among the varieties of Asiatic Continent, viz. China, Indo-
china atd India, while varicties possessing the latter one were found to distribute mainly
over the islands of Western Pacific, viz. Sunda Islands, Celebes, Philippine, Formosa
(Horai and the rative varieties of mountain part) and Japan, in addition to northern
China.

6. It was considered, on the ground of various facts as mentioned above, that the
varieties Of rice plant were to be divided into two variety-groups which were different
in various characters, reserving some indistinct varieties which would belong to neither
of them. These two variety-groups were named, with a view to manifest the tendency
of geographical distribution, as “Continental” and “Insular” variety-groups.

7. Within Insular group, intervarietal correlations were found among such charac-
ters as follows: the degree of destruction of endospzrm by caustic potash, the length-
width ratio of unhulled rice, the length of first internode, and othérs. Accordingly,
varieties possessing definite kinds of character combination were found to be prepon-
derant. It was considered, therefore, that Insular variety-group could be divided into
two miror groups, though the distinction being not so evident. These minor groups
were ramed as “Tropical Insular” and “Temperate Insular” variety-groups according
to the tendency of geographical distribution. ‘

Literature Cited

1. Akihama, K., T agawa, S., and Nakagawa, G. 1934 : (Test of drought resistance of
upland rice varieties by low temparature resistance of seedlings.) (in Jap.) Agr. &
Horti., 9(5). _

. Beale, R. A. 1927 : A scheme of classification of varieties found in Burma (Ref.
Yasuda 1839). Pusa Agr. Res. Inst. Bul., 167. ’

. Hamada, H. 1937 : Physiologisch-sys tematisch Untersuchungen itbsr das Wachustum

S

(¥

der Keimorganen von Oryza cativa, L. Mem. Col. Sci. Kyoto Imp. Univ., S.B. 12
4. Fgjimoto, S. 1930 : (Variation of the length of awn in the rich plant with the
season of growing.).(in Jap.) Formosan Agr. Rev., 288.
5. Hara, S. 1930 : (On the influence of the length of irradiation upon the heading
and growth of the rice plaat.) (in Jap.) Rep. Agr. Exp. Sta. Korean Gov., 5.
6. Harashma, S. 1937 : Comparative studies of upland and lowland varicties in regard
to the germination at low temperatures. (in Jap.) Froc. Crop. Sci. Soc. Japan., 9.
7. Izumi, A. 1944 : (Shadding and i*s inheritancz in rica) (in Jap.) Agr. & Hori 19
(417-420).

— 929 —



8.

10.

11.

12.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Jones, J. W. 1927 : Inheritance of awnedness in rice. Jour. Amer. Soc. Agron., 19
(830-839).

Kato, S., Kosaka, H., and Hara, S., 1928 : On the affinity of rice varieties as shown
by fertility of hybrid plants. (in Jap.) Rep. Bul. Sci. Fakul. Terkult. (Gakugei-
Zasshi), Kyushu Imp. Univ., 3.

Kikkawa, S. 1912 : On the classification of cultivated rice. Col. Agr. Tokyo Imp.
Univ., 3(2).

Kondo, M. and Kasahara, Y. 1939 : (The cause of coloration of wheat and barley
grains by phenol and the coloring reaction of paracresol and benzidin.) (in Jap.)
Nogaku-Kenkyu, Ohara Inst. Agr. Res., 31.

Kondo, M. and Kasahara, Y. 1940 : (Stuies on the variety-discrimination of rice.
II The alkali-test of rice) (in Jap.) lbid., 32.

. Kondo, M. aud Kasahara, Y. 1940 : (On the alkali-test of rice.) (in Jap.) Ibid, 33.

Kondo, M, and Kasahara, Y. 1941 : (Stain methods with phenol and paracresol.)

(n Jap.) Ibid., 33.

Kuang, H. H.,, Tu, D. S, and Chang, Y. H. 1946 : Linkage studies of awn in culti-

vated rice. Jour. Genet., 47 (249-259).

Kuwatsuka, K. 1941 : (Varietal variation of the coloration of rice hull by phenol

and its relation to the resistance to rice blast disease.) (in Jap.) Ikushu-Kenkyu (Res.

of Plant Breeding), Yokendo, Tokyo, 1.

Matsuda, K. 1930 : On the germination of rice varieties at low temperatures. (in

Jap.) Proc. Crop. Sci. Soc., Japan, 2.

Matsuo, T. 1948 : (Genecological studies on the characters of cultivated rice

plant.) Agr. & Horti., 23(5).

Morinaga, T., Nakajima, K., and Yumen, T. 1939 : The size and form of rice

caryopses, and their mode of inheritance. Jap. Jour. Genet. 15(225-235).

Morinaga, T., Fukushima, E., and Hara, S. 1943: (On the inheritance of the length

of hulled rice.) (in Jap.) Agr. & Horti., 18(5).

Morinaga, T., Nagamatsu, T., and Kawahara, E,, 1943 : New linkage relations in

rice. Jap. Jour. Genet., 19(206-208).

Mizushima, U. and Yamada, T. 1939 : (On the mesocotyl of Japanese and foreign

rice varieties.) (in Jap.) Jap. Jour. Genet., 16 (14-17).

Mo, P. C. 1945 : (Observations of hibernated paddy ficld.) (in Chinese) Nong

Pao, Cent. Agr. Exp. Sta.,, Nanking, 10 (94-99).

Nagamatsu, T. 1942 : Studies on the geographical distribution of the cultivated

rice. IIl. (in Jap.) Proc. Crop Sci. Soc. Japan, 14 (132-145).

Nagao, S. 1935 : Ine no Iden to Ikushu (Genetics and breeding of the rice plant).

Yokendo, Tokyo. ,

Nakamura, S. 1938 : Varietal characteristics in the mode of germination of rice
seed. (in Jap.) Proc. Crop Sci., Japan, 10 (177-182). ‘

Okura, E. and Miyata, S,) 1944 : Some researches on the phylogenic system of

— 30 —



28.

29.

40.

"41,

42.

45.

cultivated rice plant. (in Jap.) Jour. Soc. Trop. Agr., 18.

Onodera, J. 1929 : (Studies on the inheritance of shedding of rice seed.) (in Jap.
Jap. Jour. Genet. 4(151-2).

Ramizh, K. and Partharathi, N. 1983 : Inheritance of ;grain length in rice. Ind.
Jour. Agr. Sci. 3(808-819).

Ramian, K., and Hanumantha Rao, K. 1936 : Inheritance of grain shattering in
rice. Proc. Ind. Sci. Cong. 23(447).

. Ru. S. K. 1944 : Comparative studies of Indica and Japonica rice (Oryza sativa,

L.). Jour. Agr. Asso. China, 178.

Saito, K. 1944 : (Studies on the lowland rice of the delta of Yangtze River. II
The classification of glutinous rice and the speed of germination.) (in Jap.) Proc.
Crop Sci. Soc., Japan, 15.

. Sethi, R. L., Sethi, B. L. and Mehta, T. R. 1937 : Awnedness and its inheritance

in rice. Ind. Jour. Agr. Sci. 7(583-600).

. Shibuya, T. and Oka, H. 1944 : Variatal variation of the length of first intérnode,

coleoptile and second internode in rice plant. Jour. Soc. Trop. Agr., 16(2).

Suzuta, I. 1926 : On the germintion of rice seeds between Japanese and native
verieties. Formosan Agr. Rev., 20(3).

Shimakura, 1947 : (Phenol coloration of rice seeds of various districts.) (in Chinese)
Nong Pzo. Gov. Agr. Res. Inst. Fosmosa, 1(6).

Tamai, T. 1940 : On the direct determination of the wilting coefficient of soils by
“Mimosa method”. (in Jap.) Bot. & Zool., Yokendo, Tokyo, 8(5).

Terao, H. and Mizushima, U. 1939 : Some considerations on the classification of
Oryza sativa, L. Jap. Jour. Bot., 10.

. Terao, H. and Mizushima, U. 1943 : (Sexual affinity among ‘the varieties of culti-

vated rice plant of Eastern Asia and America.) Ikushy-Kenkyu (Res. of plant
breeding, Yokendo, Tokyo, 2.

Togawa, S., Akihama, K., Nakagawa, G., and Ando, J. 1938 : (Studies on the
drought resistance of upland rice varieties.) (in Jap.) Commemoration papars on
agronomy in honour of Prof. M. Akemine, Yokendo, Tokyo.

Yamasaki, Y. 1928 : (Sfudies on the shedding in rice.) (in Jap.) Rep. Yugakujo
Agr. Exp. Sta., South Manchuria Railway.

Camasaki, S. 1929 : (On the veriation of resistance to pottasium, chlorate among
rice varieties and its practical significance.) (in Jap.) Rep. Agr. Exp. Sta, Dept
Agr. Japan, 1

. Yamasaki, S. 1931 : (On the cause of resistance to pottasium chlorate of varieties

of crop plants.) (in Jap.) Ibid. 4.

. Yasuda, S. 1949 : Shokubutsu-seirigakuteki Saibaigaku-hanron (Phytophysiological

crop growing, a text took) Yokendo, Tokyo.
Yasuda, S. 1939 : Ine no Idzn to Ikushu Bunkan-sho (Bibliography on genetics and
breeding of the rice plant) Yokesndo, Tokyo.

— 8] —



	
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33


