RICE VARIETIES INTERMEDIATE BETWEEN WILD
AND CULTIVATED FORMS AND THE ORIGIN
OF THE JAPONICA TYPE®
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Variations between wild and cultivated rice forms are dealt with in this
paper. ~Some background information will be briefly given first: The wild

‘species genetically closely related to the cultivated rice, Oryza sativa L., is

O. perennis Moench. Tt is distributed in various tropical countries of the world;

~and is thought to be the progenitor of cultivated rice (Sampath and Rao 1951,

Richharia 1960; etc.) - In addition to this speCies, another wild form, O. sativa
f. spontanea Roschev., is also found in tropical Asia. The writers and their
colleagues (Morishima, Oka and Chang 1961) have however considered that in
view of the occurrence of a continuous array of intergrades between the - two ;

taxa, O. sativa £ spontanea can be regarded as a form of O. peremnis; they then :

conventionally dlvrded Aslan W11d rice forms belongmg to thIS group into perennis,

intermediate and spontanea types. Im tropical Aman countrles, Wlld -rice popul-k,",“ E

ations of thxs group are mostly found in swamps in the proxamlty of rlce ﬁelds.
It has been known that natural | hybrldlzatlon occurs between the wild andw

S : cultivated r1ce species (Roy 1921) The present erters pomted out that"

hybrid swarms which contained a. large amount of genetlc variability could be ,

~ foccasxonally formed ‘between O. perennis and O satwa {Oka and Chang 1961)

They also showed that When the habltat assumes condmons of cultlvated ﬁelds‘

,and 1ntrogress1on of cul’uvated rice happens, wild populatlons will respond

to selection due to the habrtat and give rise to 1ntermed1ate w1ld-cu1t1vated,
forms (Oka and Chang 1959) : ~
The cultlvated rice might have evolved from the Wlld specxes passmg through’

a serles of 1ntermed1ate grades As ‘discussed by the wr:ters in the above-;

menuoned papers, the 1ntermed1ate populatlons due to hybrldxzatlon may . be

‘consndered as valuable materlals for looklng into the evolutlon of “cultivated
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. rice. However, for the creative evolution to proceed, there ‘must be a. large
amount of genetic variability represented by various intermediate forms, Wthh‘
;,Would be established under certain environmental conditions. It was found
‘that such. 1ntermed1ate plants were ~actually occurrmg in.a mountaxn region -
in. Ind:a, the Jeypore Tract The rice varletles collected from this closed region;-
: either growing ‘wild ‘or cultivated by the native people, showed wide varlatrons ,
in varrous characters and Were mostly of 1ntermed1ate wild: cultlvated types..

‘An 1mportant dlfference between the Wlld and the cultlvated rice -species ‘
under consideration is that varieties of the latter are dlfferentlated into so-called
Indica and Japonica types, Whl]e those of the former are not. In this connection,
St will be ‘of interest to find ‘that some Jeypore strams resembled the Japonica
type, while others resembled the Indica type.: Those strains ‘were mvestrgated
regardmg varlatlons in varlous characters-and hybrid- sterlhty relatlonshlps with
certaln test-straing. . Based'on these data; the pathway along whlch the cultlvated' ‘
’rlce mxght have evolved is cons1dered in thrs paper. '

- . Materials and Methods
1) Collection from jeypore Tract
“The Jeypore Tract comprises an about 25,000 square -kilometer area in: ‘the western part:
of Orissa State, India (18°-20°N; 81. 5°—84°E), the altltude ranging from about 100:to- 1000
meters It is_ believed that thls area’ has never. been mﬂuenced by modern civilization.
: untll recent years. The greater part of this ‘area’ is under forest, but rice is grown. by :

the natlve people in their: “sh:ftmg ‘farms or terraced ‘paddies along valleys.: The monsoon’
- starts in this area usually by the middle of June and extends to the begmmng of October, 1

= . brmgmg about 150 to 200 cm of prempltatron.

1t was pointed. out ﬁrst by Ramiah (1953) that. in th1s reglon ‘are found w1de varlatlons i
“in both wild ‘and cultlvated Fice forms Since 1955, the Indlan Couricil of Agrlcultural .

,Research has sent several collecting partres to this region, and the materials collected are e

bemg kept in the Central Rice Research Instltute, Cuttack; Indla When the semor erter
visited that Institute in November 1957, he was allowed to use a part of the materials. “for
*his studies through the kindness of Dr.'S: Govmdswamy ‘who was in charge of the project.
Further, Mr. T, Narise, who was accompanying  the senior  writer, was permitted to join
a: collectmg party -and visited: some parts’ of the Jeypore Tract Thus, a,number of genetlc
: stocks collected from this area became available for thé writers. o D
The seed samples thus obtained: consisted of “wild” and “cultlvated” groups; obtamed
: from plants recognlzed by the collector as such. ~According to Govmdswamy (1957), vrllages
in the Jeypore Tract are isolated ‘from -one another and each has its own varieties which ~
have been grown from time 1mmemor1al The native people in this area have not learned
to use fertlhzers nor: do they kKnow modern cultrvatron practrces N

2) Other materlals. : :

Together with the Jeypore materlals, a nurnber of varieties of O perenms and O. sativa - -
were: observed for: the sake of comparlson Those.of O. perenms (called “wild contiol-
stralns in thlS paper) were ralsed from seed-samples each representmg 2. natural popula-
tion, which were collected - by ‘the - senior writer during his trip in India in 1957. They’
ranged from perennis to spantq(zeq types; for detailed explanatxons the - readers :may be
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referred to ‘Morishima, Oka ‘and Chang (1961). - The safiva varieties used (“cultivated
control-strains”) were the inbred lines which had been used by the senior . writer for
varjous variation studies (Oka 1953a, 1958, etc.). They are due to random sampling from‘
a large collectlon of rice varieties from various Asian countries.

3) - Conditions of field exper{ments.

The plants to be studied were grown in the experimental field of Taiwan  Provincial
Agrlcultural College, Taichung (24°N), Taiwan, in 1958 and 1959. Seeds were water-soaked
for germination on June 22 in both years, and seedlings raised in pots for three weeks
were transplanted into the paddy field, spacing at 25¢mx%25 cm (single plant per hlﬁ)f
No fertilizer was applied, but the loamy paddy soil in the field supphed sufficient” nutrients. -
Further, for evaluating photoperiodic responses of the strains by comparing heading dates
between plants seeded at different. dates (c.f. Oka and Chang 1960), another seeding was
made one month in advance (water-soaking on May 23). These plants headed mostly from
early October to early November; the average temperatures of the growing periods were

. about 26° to 27°C, while the temperatures in the heading time ranged approxxmately from
23° to 27°C.

Most of the strains, except for the cultivated ones used ‘as controls; seemed to be mix-
tures of different “genotypes. Five plants per strain were grown, and if they appeared to
be similar to one another, one of them was arbltrarlly taken for multiplying self-pollmated

. seed which represented the given strain in the next generation.  The same plant’ was also
used as the pollen-parent of crosses as will be mentioned later. However, the wild-rice
strains used as controls were populations each consisting of more than - forty plants, and
from their selfed seeds, several lines per population were ralsed in the next generatlon

4) Characters mvestlgated

Records were taken on a single plant basis for all the plants raised, while the strain
means - ‘were used for variation studies.  The characters investigated were:- (group: 1)
Anther length, ligule length (of the second and’ third leéaves from the top), panicle length,
plant height, spikelet width, pollen’ fertility, regenerating. ability of plants. after maturity,
(group 2) degree of grain shedding, seed dormancy;, weight of 100 grains, spikelet number
per panicle, rachis number per panicle, awn length, (group 3) phenol reaction of hulls,
potassium- chlorate resistance, low temperature resistance, apiculus hair length,  (group 4)
spikelet “length, length- width ratio of spikelets, presence -or absence of pigmentation at
various. plant parts, glutinous vs. non-glutinous  starch- in ‘endosperm, and heading date.
The above division of eharacters: into four groups 'is ‘based on findings of Morishima, .
Oka and Chang (1961); characters of group 1 -are useful for classifying wild forms  into
Dberennis and -spontanea types, those of group 2 for’ classifying  the whole: materials - into-
wild (O.. berennis) and cultivated (O. sativa) forms, and those of group - 3. for classxfymg
cultivated ‘varieties into Indica and Japonica types, while those of group 4 are not related
toa particular direction of variation. - Measuring m’ethods’ for some of these characters
are briefly glven as follows: :

Pollen fertlhty About 200 pollen grams per plant, stamed with 0.224 iodine potassium
iodide solutlon, weré observed -under m1croscope to determine the percentage of “good
pollen

Degree of grain shedding: Pamcles were run over by a rubber roller (500 gm, ‘3 cm
in diameter) six times on a board inclined at 3% and the number of grains dropped before
and after this test was recorded in per cent of the total grain number.

Seed dormancy: . Germination tests were made three times, 50, 90 and 180 days after
heading, with hulled and unhulled seeds. The seeds to be tested were stored in_ a desicator
with calcium chloride at room temperatures, and were tested on moistened filter - paper:in
petri dishes at 30°C for 10 days. From each test the percentage of germmatmn and 'the
mean number of days for germination were obtained. The germinating act1v1ty in general

was then evaluated as: (% of germin.) x —— 1 (11— no. of days for ‘germin.). -~ The number
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of “days required for ‘the ‘above index for ‘germinating activity to reach 402 (in  hulled
seeds) or<202 (in"unhulled seeds) was calculated ‘as a relative mieasure of dormancy
(startmg from the tenth day after heading).  They were transforined into common logarlthms,
and the average for unhulled and ‘hulled seeds was used as an index.’

Phenol reaction: - Unhulled seeds were soaked in 1.52% . phenol. solutlon for-six hours,
and .coloration of hulls was observed next day.

Potassium chlorate resistance:  Seedlings were treated w1th different concentrations of
KC10; solution, 'and the concentration necessary for producing a certain degree of ‘damage
was shown in commion logarithm, .

- Low temperature. resistance: = Shown by index-numbers representing the degree of
damage to seedlings. treated at 0°-1°C for three dgys. )

Further, hybrid-sterility relationships were surveyed as follows: . One plant Was taken
from edch of the Jeypore. strains which had been purified once or twice by self-fertilization
from a single plant, and was crossed with the  test-strains given below. The F; plants
were grown as already mentioned - (in 1960 and 1961), and  were investigated regarding
pollen fertility and some other characters. = The test-strains used -(except for 504) were the
ones which- had been used by Oka (1953b, 1958) for cultivated varieties of various Asian
ceuntries, and also by Hinata and Oka (unpubl.)) for various wild strains. The Fy fertility

data obtained for Jeypore strains could then be compared - with. the prev1ous data . for »

cultivated- and wild forms.

Test-strains

V Strain no. Species and Type = . Origin Local name
108’ . 0. sativa, Indica Taiwan Pei-ku
414 . N K - India P.T.B. .10
521 ) ” Japonica Japan Kisshin
563 " o Japan- " Kinoshita-mochi
647 - o E Celebes Padi ase banda

“ 504 T R Taiwan - ‘Taichung-no. 65

Presentation of Déta.

1) Varlatlons in’various characters ‘of Jeypore strains.

In each of the 22 characters 1nvest1gated the dlstrlbutlon of measurements

of Jeypore strains was compared ‘with ‘these for wild (Indian wild-rice forms)
‘and cultivated (varieties of various Asian countries) control-strains. ‘The results
showed, in general, that the Jeypore strains, though originating from a limited
area, had veriation ranges as wide as, or wider than, the wild and cultivated
control-strains. For saving room, only .a part of the results are shown. in
* Table 1, a-g. SO

Table 1a shows that in length:width ratio of spikelets, the 'Jeypore materials
\'contaln as large a variability as thé cultivated Varletles of var1ous Asian countries,

~while the wild forms ‘are relatively uniform. It is found in Tables 1b_and 1c
“that in ~pamcle‘1ength and ligule Iength, in-which the perennis and the spontanea
types of wild rice markedly differ, Jeypore strains vary -over wider ranges than
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- the wild and cultivated control strains. ' The same tendency was also found in
spxkelet number per panicle and weight of 100 grains. However, in anther
length the dlfference between perenms and spom‘cmea types was larger than the .
variation range of Jeypore strains.

Table 1. Dlstrlbutlons of measurements of several characters among
Jeypore strains, compared with those among Indlan Wlld rlce
forms (0. perennis) and cultivated varieties of varlous As;an ‘
countries (0. sativa).

’ - a)  Length-width ratio of spikelets.

Group 18|2.0|2.2| 24|26 2.8 3.0 32,34 3.6 38 4.0 4.2 4.4 Mo of
O. perennis, . )
( spontanea : . Syl 20 1n 10
type{ intermed. s 205 5 1/ 1 13
Derennis ' ' 1 4.1 2 8
“Jeypore strain, : f
“wild? ; 1] 2151516 7 5 2 2 | 65
“cultifrated" : 71 18] 30| 26/ 23/ 37] 25 22/ 11 3 2 4 -6} 214
0. satwa, : ; ’ 0
Contlnental (Indica) 1 3/12/2312/10 7 5 1] | 2 2 |8
{Insular (Japonica), B
:. Tropical . 20.6(10 711} 7 3 1.2 Sl 49
‘ Temperate . . 4,15 6 ! ‘ ke 25

b) Panicle length.

‘Group 11| 14| 17| 20| 23| 26| 20| 32| 35 38| No.of
» cm
0. pefenni's, ;
spontanea - ‘ : 3 5
_type! intermed. - . ] 1 o ] ol :
perennis . 314 g a4
Jeypore strain, o - :
“wild” ‘| 2l 210|215 5} - [ R
“cultivated” 18| s 19l so|s3|ar|1el 02| 108
" 0. sativa, . . R
e{ Continental (Indlca) 2110| 17| .16 4 1 S 50
Insular (Japonica), ‘ .
‘ Tropical 5[ 5] 9| 4" : 23
Temperate ‘ ' 2| 5] 3} 3 11 : el 14 v
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¢) Ligule length.
Group 10 | 15 | 20 | 25 | 30 | 85 | 40 |No.of
ERREE S cm ;
O. perennis, - e
spontanea 6 3 9
type! intermed. 1 2 -1 .4
: perennis 1| ¢3 3 7
Jeypore strain, . o "
“wild” 6| 19| 18] 6 2 2 63
“cultivated” 1 17 | 67 | 76 | 29 4| 1| 195
0. satwa, : : . .
[ Continental (Indica) 3 26|17 2 2 1 51
{Insular (Japonica),- !
“Tropical 4 13 5 22
Temperate -7 6 13
d)  Percentage of grain shedding.
Group 0% 20 40 | 60 80 | 100 | Ho-of
O. perennis, )
spontanea 1- 6 7
.tYpe intermed. ‘2 2 4
pe}'ennis 5 1 6
Jeypore strain, 5
wilg” T4 3 14 4 6 "3 34
* “cultivated” 41 76 9 1 127
0. sativa, : ' ' '
i {Continental (Indica) 33 12 45
Insular (Japonica) 33 3 36~
e) Dormancy index (No. of days for overcoming dormancy, in log.).
Group 10 | 125| 15 | 175| 20 | 225| 25 | No.of
‘ » ) strains
O. perennis, - .
spontanca 6 1 7
‘typeq-intermed. 4 4
Uperennis 1 2 2 | 5
J éypore' stfafn, ] .
“wild” 2| 14| 16| 2| 1 35
“cultivated” 9 26 91 2 +128
O. sativa, :
iy Continental (Indica) 37 6 2 45
typg{ Insular (Japonica) 24 8 1 33

A
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f). Potassium chlorate resistance (Conc. of KC10, solution, in log).

i ]y aal el oon| aaal coprl a0l acal _aar| Ne.of
Group. | 13| -167| -200| -2.58| -2.67| -5.00| -8.33| 367 | %20

“O.; perennis, -

spontanea : ~ : 1 4" 1 SR B
type{‘ intermed. - . 1 4 B
perennis - ; o T 1 1 1 :
~ Jeypore strain, , 1 ;
 “wild” ‘ S 1| 3| 3 10|16 | 2| 35"
‘“cultivated” = 1| 3|12 |34 | 28|45 | 5| 128
0. sativa, ‘ S ‘ . : k s
Continental (Indica) | 1 6 | 7| 4| 1| 8|46 | 73
type{ Insular- (Japonica); 33 | .15 S R 48
Tropical i )
“Temperate . .. 6 .| 19| - - ’ e

gj ‘, Sehsitivity to photoperiod (TDM ’deg’ree; c:f. Oka and Chang 1960).

Group 0 |10 |20 30 | 40|50 60| 70| 80| 90fNNe.0f
O. perennis, ' B
“ pe{ spontanea (Class 1) ’, ‘ 2| .2 4| 5| 1| 2| 16
| perennis (Class 2) : : g 24861 11

" Jeypore strain, : : Al i :
“wild” . ' : 1l-1) 3115) 8| 28
© “cultivated” L ~ 1/ 3,10 5{16| 50| o4
0O: sativa | 80|44 m| 5 1| 7 11]|12|16) 26 163

Tables 1d and 1e show that the wild and cultivated controls differ 'markediy ’

.1n the degree of ‘grain shedding as well as in seed dormancy, while: the dnfference
is. covered by the var1at1on range of Jeypore strains. Table 1f shows that in
potassium chlorate resistance, which is a character dlfferentlatmg the Indlca
and the Japonica types of cultivated rxce, Jeypore - strains vary in a. fairly

wide range. -Similar patterns of variation were found in low ‘temperature

resistance and apiculus hair length, in which the Indica and the Japonica types
‘also differed significantly. It is known that most Indica varieties have positive

phenol reaction, while most Japonicas are negative; in the Jeypore matetial,

two out of 35 wild strains; and 21 out of 126: cultivated ones, showed “hnegative
feaction, while the rest were . positive. Regarding endosperm character, no
glutinous plant could be found among the strains investigated. - Accordmg to
Govindswamy (1957), however, two out of 1 072 strains were -glutinous.C

The writers have recently pointed out that Asian wild-rice forms belonging
to O.fpe_re'nnis are mostly ‘sensitive to photoperiod; while cultivated varieties can

N
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be d1v1ded into sensmve and insensitive groups (Oka and Chang 1960). Photo-(
as prev1ously adopted comparmg the headlng dates of plants seeded on May :
23 and June 22. As shown in Table 1g, all the Jeypore strains were found.to be
sensmve to photoperiod, as is the case with wild:rice forms.

2) Dlrectlons of differentiation in the Jeypore materials. .

Tn this chapter, variations in character-complexes are dealt with instead of
those in individual characters. The writers and their colieagues (Morishima,‘
Oka and Chang 1961) have shown, by using the technique of principal component
analysis (c.f. Kendall 1957), that the primary direction of variation: of Asian
wild-rice forms can be represented by  their differentiation into perennis and

_ spontanea types, though a continuous array of intergrades occurs between
-them. In addition to this, the wild-rice populations showed a tendency to vary -

in the drrectlon of cultivated forms, which Was given out as the second com-

ponent of variation. They did not seem, however, to be differentiated into the

Indica and the Japonica types, for they did not vary 'so- widely in characters
dlfferentnatmg the two types. . In contrast, in’ cultivated rice, it is apparent

that the primary direction of variation is represented by their differentiation into -
the Indica and the Japonica types. Thus, we can recognize in this group of

rice species three major directions of differentiation, which are represented by

perennis vs. spontanea, wild vs. cultivated, and Indica vs. Japonica types, re-

spectively. It has been suggested in the former chapter that varlatlons Ain v all

these- directions may be found among the Jeypore strains.

“The above-given directions of dlfferentlatxon can be each represented by an
axis on Whlch the plants under observation are distributed accordmg to ‘their
character-combination. For obtalmng such axes, discriminant functions which
maximize the difference between two given types by combining measurements
of several characters were computed by the ‘method " devised by ' Fisher (1936).
The characters to be combined were chosen, examining the data of our previous

~‘work, from among those showing relative]y high ¢ Values between two given

types, and the measurements of thus selected characters for a number of strdins
typically showing the characteristics of the given types were used for con-
structing variance-covariance matrices from which the computation started.
The discriminant: formulas thus obtained (standardized) were as follows:
For -classifying perennis and spontanea types,
Xy=~Sw-+14.61 L4659 P4-14.42 An,
where Sw: spikelet width, L: ligule length, P: panicle length, and .
' ‘An: anther length. o
For classifying wild and cultivated forms,
X;=—Sh+0.04 Gw--0.67 Sn—0.38 Rn—1.33 D,
Where Sh: percentage of grain sheddlng, Gw; weight of 100 grams,
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- Sn: Spikelet number per" panicle, Rn: 'fachi,s‘ number per pahi,,cle,‘,- -
~ and D: index of seed dormancy. k : : o
For classifying Indica and‘jfapoﬂica types,
 X,=—K-+075 Lt—0.22 Hr--086 Ph,
Where K: concentratlon of KC103 solutlon Whlch causes a certaln degree' . ,
“of damage, Lt mdex-number for damage to seedhngs treated at
*~1°C, Hr -apiculus hair length and Ph: phenol reactlon (1:0). k ; ',
 These discriminant formulas were found to be hlghly effectlve for the res- o
pective class1fy1ng purposes, giving - 'F values as high as 1000 for between group": "
“variances. The scores given by these dlscrlml'nant formulas were computed for

Cultivated control
Jeypore, cultivated
Jeypore, wild :
Wild control

%, [ Cultivated
: 2;’ o
20 0 Bpets , 38 °
1 e & 0% %% oo, ¢
= ) ° °8 o"o o,yyoy”oa o
i e €000 "0 O
] ° o ° °°%OP&°° 0 S
~3.0 F Oe °°°° o
: 90% 0 © o :
%0 4 0 s Y0 :
= @i s l,Oy,
o o o
e
[
-4.0 . L ;
‘ . 2 e :
s !
: . I~ A . : ’
-5.0 F e ; el . o
Spontanea . Perennis
= s : ERRiE . i L :
% e . oo
o e (‘l L | i . prl

g Fxg 1 W;ld controls, ]eypore strams, and cultlvated controls scattered accordmg to the
' ‘scores given by two discriminant formulas, one (absc1ssa) for clasmfylng pefenms
and spontanea types, and the other (ordmate) for wild and cultivated: forms
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: ' . Japomica
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o Bhe ey o (4] -1
o oo oy 0.0 ;’00
:’° % 0 e 2
. [ :
<] oe
b ) < bt ™ / . : :
®, . S s Sl
',' * e s ~® Cultivated control
. e o . . 138 o :
B It e | o Jeypore, cultivated
e : . : ; :
¥ . R : e Jeypore, wild
"'5.0 E e . ! ‘ '
i Wild forms L ® Wild control
°% S s
6.0 40 2.0 X3
Fig. 2:-Wild controls, Jeypore strains; and cultlvated controls scattered accordmg to the

‘scores given by two: discriminant formulas, one (abscissa) for class1fymg Indica
- and Japonica types, and the other (ordinate) for wild and cultivated forms

* each of the strains under observation, and their distributions were examined.
The scatter d1agram showmg co-variation of X, and X, scores, and that of X,
and X3 scores, are ‘shown in Flgs 1-and 2, respectively. = -~

F1g 1 ‘shows that the T eypore strains-are mostly dlstrrbuted mi dway between
the wild and cultivated controls; those growing wild bemg located near the wild
controls and those cultwated by the native people near the cultlvated controls.
It also shows that the wild control-strams are divided into perenms and sﬁontanea o
groups along the absc1ssa axis (X1), and the Jeypore strains near wild forms
are of the perennis type This suggests that the perenms type of wild rice might
be the progenitor of cultivated rice.

In F1g 2.0t 1s found that the strams under observation are distributed in

a trlangular area; the cultivated controls are clearly dxv1ded into Indica and

Japonlca groups, while the wild controls are not, and among the Jeypore

strams, 1t appears that the nearer the plants approach cultivated forms, the
larger becomes the d1stance between the two types This 1ndlcates that the
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Indica and t:he‘Japonica types are monophyletic, and the differentiation might '
have been advanced with the approach to cultivated forms. As shown in Table
' 2, some of the Jeypore strains distributed in the upper-right part of the scatter
‘diagram in Fig. 2 had a good association of characters of the Japonica type,
i.e., negative phenol reaction, high resistances to potassium chlorate and low
temperature, long apiculus hairs, etc.

Table 2. Measurements of characters of some Japonica-like strams
obtamed from the Jeypore Tract.

Strai Phenol KC104 Damage by }Apiculus Lth/width Awn Diserim;
am reaction| resist. low temp. | ‘hair Lth spikelets score X,
Jeypore strain, i
jc 7 — | 210 0.65 0425mm| 2.1 + 3.17
“JC13 — | -L70 0.60 0.570 2.0 + | 261
JC 14 - -2.31 0.65 0.463 2.3 —_ '3.36
JC 45 — -2.79 0.43 0.599 2.1 + 3.35
Jerns | - -227 0.42 0.604 2.3 — | 281
JC157 R -1.97 0.43 0.565 . 21 - 2.55
Cultivated control-strain, ;
Japonica (Tropical-Insular type)
325 — | -1e8 030 | 0421 2.2 + | 207
647 - -1.33 030 0.475 21 -+ 1.70
Japonica (Temperate-Insular type)
o504 | — | 202 010 | 0426 21 — | 20
521 — =179 0.00 0.697 - 22 — 148
Indica (Continental type) \
108 + -3.61 0.70 0.262 2.7 — . 6.39
414 + - =2.76 0.50 0.196 . 2.9 — 518

It may be assumed that the three variation axes, X;, X, and X;, are or- -
thogonal in relation to one another. If ‘we combine them in a cubic space;
the 3-dimensional distribution of Jeypore strains found there may be regarded
as a model showmg the evolution of cultivated rice.

3) Hybrid-sterility relationships of Jeypore strains. ‘
It is generally thought that the F; hybrids between Indica and Japonica
types of O. sativa are partially sterile, while those between varieties of the
same type are fertile. "Actually, fertile Fis between the two types, as well
as bartialiy sterile ones between varieties of the same ‘type, are frequently
found, and. it is known that the hybrid-sterility relationship is not completely




groups (Terao and Mlzushlma 1939 Oka 1953b, 1958). Regardmg [the hybrid-

. ‘ste 1l1ty relat1onsh1ps of wild-rice strams Hinata and Oka (unpubl) found that
- strams -of both perenms and spontanea types tended . to show high F, fertilities i in
',”thelr mutual hybrids as Well as in hybrids with cultrvated varieties of dlfferent",

o types. It was also found, however, that w1ld-r1ce populatlons, -especially those
of the perennis type, contamed dlfferences in various stenllty factors, partxally‘ :
. sterile plants occur: 1n the p0pulatlons at dlfferent frequencxes Further, when

f‘ crossed wrth a certain test-stram, plants of the same populatlon show a

, "varlatlon in the fertlhty of Fy plants, and even the Fl plants from a smgle cross -
L ‘may differ in fertlhty

As mentioned already, the Jeypore strams, purlﬁed at: least ‘once - by self-
- fertilization, were each crossed with the same set of test-strains as formerly
~ used for the cultivated and wild: control-strains. In each Cross- comblnatlon a
' smgle €ross was made, and two to five Fy plants ‘per cross (in a few crosses

- only one) were raised. It was found that in about one fourth of the crosses
iz 32 out of 121 crosses with test strain 108, and: 25 out of 98 crosses with ;
504), F, plants from the same cross differed s1gmﬁcantly in pollen fertrhty,
from a study of samplmg varlatlons with other materlals, a difference exceedlng

‘ ‘,,15/ in 1960, and 12% in 1961 was consrdered to be sxgmﬁcant ThlS suggests

that the plants in their or1g1nal habitats might have been hxghly heterozygous"
- for genes ‘causing the sterility of F1 hybrlds, possibly in the same degree as:’

in wild-rice populations. V : \
' Hybrld sterility relatxonshlps of those strains were then surveyed as follows

When a significant difference in pollen fertlhty was found between Fy plants Sk
', of the same cross,the fertrhty of the : cross: combmatlon was represented by

Table 3. Dlstrxbutlons of F; pollen fertlhtes of Jeypore stralns as
tested with four sativa strains.
, a) Test stram 108 (Indlca)

9% of good pollen ‘No' G

Group : : oo o e .
: 100 | 90 | 80 | 70 | 60 | 50 | 40 | 30 | 20 |Stréims
 Widcontrol | s | 7| 1| | | o 13
Jeypore strain, | | . o s 1 '
“ild” 13| o4 ] 1 . g
“cultivated” 118 |6 |1 | 3| 6!l 2| | | a1
. ,;Cnltivated control, - ' I ’ ; : : s '
‘ - Continental (Indica) ‘ 24 1197 3 T 1 |55
Insular (Japomca), : Ao o r : o -
Tropieal | 1|10 (15| 5| 3] 5] 1| | e

_ Temperate | | | 3| 6] 2| 51 1| 2| | 19

120 o : :Bﬁotanical" Burlletin*;of'Academia fSinica : V013 :

correlated ‘with the two types Whlch are recogmzed ‘as character assocaatlon“ '

S
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b) Test-strain: 414 (Indlca) ek i S Somae

Group Leaen / of good pollen - | Mo, of.
o 100 | 90 | 80 | 70 | 60 | 50 | 40 | 30 [ 20 |strains
Wildcontrol | 5 5| 1] 1 | 1 o s
Jeypore strain, - L - e -
. “wild” 5| 6 4| 2] 2| 1
“cultivated” 1is 13320 2013 2 b C 65
Cultivated control, = {0 , ek T e
- Continental (Indica) |~ 8 | 3 | 6 | 6 | 16 | -14 .| 2 Clssa
Insular (Japonica), : ;» : . . R
Troppical : 413810 9| 3] 1| 40
Temperate . S 5 20 4l 3 200 19

c) T’est-stfain: 521 (Japonica)

S . k 2% of good polyl(en ‘ : Co
Group - * R - : : No. of

, 100 | % | 80 | 70 | 60 | 50 | 40 | 30 | g0 |strains
_ Wild control 20 5 | 4 1 12
Jeypore strain, o - -
“wild” o 1| 4| 3] 2/ 2 , Pz
- “cultivated” - 4 21| 8| 2| 6| 3 - o
Cultivated ‘control, ; e s ' ' ' :
" Continental (Indica) | 3 (12 7| 8|10 11]| 38 4 58
. Insular-(Japonica); g T : s :
Tropical 8110 4] 6 6| 31! 3 a0
Temperate . iy 5 1 2 3 1 N L

) _ Test-strain: 563 (Japonica)

2% of good pollen

: : ‘ “No. of
o |00 | 9 |80 | 70| 60| 50| 40 30| 20] , |otrains
Wild control 1oz 2 4 201 R 11
Jeypore strain, 1 o ,
ild” T2 el e e 9
. “ctltivated” 4012 9| 4 2| 1| 1| 1| - e
Cultivated  control; : e : : e : -
* Continental (Indica) a2 6'/ "8 1| 7| 8| 2| 3| 58
Insular (Japonica), : : ‘ St
. Tropical : 7 10 11 5 3 8 : 890
Temperale . o7 16 1.2 2| bl o 18

the average of higher values, dlscardmg lower ones. Dlstrlbutlons of F, pollen
fertilities with four test-strains, thus found, are given in Table 3. The data
in: the table show that, as pointed out by Hinata and Oka (unpubl.), wild control-
strains mostly produced fertile Fj hybrids with any of the test stralns, while
cultivated strains had a more restricted affinity and displayed a wide range of 1
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o F1 fertlhty, the same table also shows that a ma]or1ty of the Jeypore strams

hlgh F; Iertllltres as: the wild controls. : ; ;
W ,th the view to 1llustrat1ng the above- mentloned facts more clearly, the
- mean value of F1 poIIen fertilities w1th five test- stralns, 108 414, 521, 563 and
647, was exammed Its dlstrrbutxons are shown in Table 4. The table shows
_,~that wild control stralns have apparently hlgher values than cultivated ones, and =

the Jeypore stralns are 1n both ‘mode and Vanatlon range 1ntermedlate ‘between
the wild and cultlvated controls ‘Among the Jeypore strains, those ‘growing
’wxld and cultlvated appear - to reSemble the wild and’ the cultrvated controls, -
- respectively. . This suggests that with the approach of wild genotgpes  to
_ cultiveted ones, mutually partially sterile groups would have developed among
_ the Jeypore strains. ' :

Table 4. Distributions of average F; pollen fertility with five test-strains.

Group. : % of good pollen e No.of
e T 100 95] % 85 80 75 70 63 60 55 50 45°EE
'Wild control -+ o o2 302 2 | o T S g0
"JéYpore strain, : " : . Sl
“wild” - ol 4o 1o
: “cultxvated” ' . 2 7o 12 T 1 LepE ‘39”
_ Cultivated control, . : s .
- Continental (Indxca) i Togleg 1110 : 8 8 1 hgliig
'Insular (Japonica), - o ' : o Cetl e
(Tropical f } g 7 g 10 4 1 3 Y | | 35
Temperate | | | | 4 3 4 3 3 1 | | | 118

Next how the varlatlon in hybrld sterility relatlonshlp of the Jeypore strams V

could be related to thelr Indica- Japonica differentiation was observed. Distri- o

" bution of F; pollen fertilities with two test. strains, 108 (Indica) and 504 (Japo- :
, mca) with which a relatively large number of crosses have been made, is shown

“in the scatter dlagram in F:g :3. The ﬁgure shows that a part of the Jeypore
strains showed partlal sterlhty Wlth one or the other of the two test-strains
in the same manner as control-strains of the Indlca or the Japomca type; though :
' Vmost of them showed high F; ferﬁhty However, as already mentioned, hybrld-
' ’sterlllty relatxonshlps among rice ‘vatieties are too comphcated to clasmfy them
into two groups. A’ dlscnmlnant functlon which maxxmlzed the dlfference :
between the Indica and the Japomca types by combmlng Fy pollen fertilities

‘ \wnth five testistrains,; 108, 414, 521 563 rand 647, was then: ‘constructed using

data for 80 cultivated strains (from Oka 1953b). It was found to be:
: ¥=10 (108)+0. 177 (414) 0.120 (521) -0.584(563)—0:615 (647).
Drstrlbutwns of the score glven by this discriminant formula are given in:

. Table 5. The table shows that among the cultwated controls the dlstrlbutlons .
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of Indica and Japonica types overlap each other in part, though they differ
in the mean, and the distribution of Jeypore strains extends from the values
of Indica type to those of Japonica type. It may be inferred from this fact
that differences of sterility factors as found between varieties of the Indica
and Japonica types are invdlved in the Jeypore strains.

Test-strain: 504

80 60 40 %
S Do d ' v '
o “%6 °$g ® P08 ® '
0® °o0. °
[ o8 oo o °
¢ 8000'0; O%O ®
[-]
. L]
TeSt— i e '.
strain: ® : o
108 60 & &9 d ,
%o o° ® Cultivated centrol
%o
é% © Jeypore, cultivated
1504 ' )
10 | ¢ Jeypore, wild
# |
QO

Fig. 3. Scatter diagram showing the relation between Fy pollen fertilities with two test-
strains, 108 (Indica) and 504 (Japonica).

Table 5. Distributions of discriminant score combining F; pollen
fertilities with five test-strains so as to maximize the
difference between Indica and Japonica types.

Group Indica - Japonica NO.‘ of
70 | 50 | 30 | 10 ‘ -10 | -30 |-50 |-70 |Strains
Wild control 1] 3] 6 : 10
Jeypore strain, ‘
“wild” - 1 2 8 1 12
“cultivated” - 4 8 18 7 2" 39
“Cultivated control, ’
Continental (Indica) 3 3 15 16 8 3 48
Insular (Japonica), ) _
Tropical ’ 4 13 11 3 5 36
Temperate 4 4 5 4 17
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2.0 } ‘ - 0
o o Japonicak © Cultivated
° &2 ;. Wild ;
4.0} a ..
: o Indica e
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6.0 [ 9. - 92 RS o
: o e 037’.0'%3'6!8 0 o
() . 1 S - i 1 N A o L N \
30 10 - ~10 =30 -50 -70 Y
: Fig.f4.' Scatter: diagrams. showing the. relation between two discriminant scores for classify-

ing ‘the Indica and the Japonica types, one (absmssa) combining Fy pollen- fertilities
with five test-strains, and. the  other (ordinate) measurements of -four characters o

Upper:

Lower:  Jeypore strams

Cultivated ‘and wild control-strams

Correlation between: hybrid ‘sterility relationship and character- combin‘ation ‘
is a point of interest in dealing Wlth the problem of Indlca Japonica dlfferentl-
ation. ' In regard to this problem, the discriminant score combmmg ‘measure-
,ments ‘of four characters (X,, in the previous chapter) and that combining - F;
pollen fertilities Wlth five test- stralns (Y), both for classifying the Indlca and the
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Japonica types, were compared. The scatter diagram showing their relation is
'presen'ted in Fig. 4. The figure shows that the two discriminant scores are
correlated among cultivated control-strains, but not among Jeypbre strains.
It may be noticed, however, that a few Jeypore strains had an association
of hybrid-sterility relationship and other characters which was characteristic
of the Japonica type. It may be said that the Jeypore strains have a potentiality
to Be differentiated into tﬁ{pes such as the Indica and Japonica.

Discussion

Whether the perennis or the spontanea type of wild rice is more probably
the progenitor of cultivated rice has been a problem of dispute. From system-
atic view-points, Roschevicz (1931) as well as Chatterjee (1948, 1951) considered
that spontanea might be the ancestral form of cultivated rice. On the other
hand, Sampath and Rao (1951) and other Indian workers (c.f. Richharia 1960)
are inclined to consider that perennis might be the ancestral form and spontanea
could be a hybrid derivative between perennis and cultivated forms. Regarding
this problem, the present writers and their- colleagues (Morishima, Oka and
Chang 1961) have shown that populations of the perennis type occur in relatively
stable habitats such as deep swamps and can be propagated both sexually and
asexually, while those of the spontanea type in relatively unstable habitats are
propagated only by seeds, and that perennis populations contain a larger amount
of genetic variability than sponfanea populations. They then concluded, supported
by Stebbins’s hypothesis (1958) that plant species with such features as mentioned
above for perennis &an be regarded in many cases as the ancestral form, that
the perennis type may presumably be the progenitor of both spomtanea and
cultivated types. This view was evidenced in the present work; the intermediate
wild-cultivated forms collected from the Jeypore Tract, especially those app-
roaching wild rice, were of the peremnis type, and those strains formed an
array of intergrades connecting perennis with cultivated varieties.

We may then consider the evolutionary pathway from wild to cultivated
rice forms. It may be pointed out that: 1) Because of its partially allogamous
breeding, pronocunced seed dormancy and partially asexual propagation, the

- perennis type of wild rice is liable to accumulate in its populations genetic

variations, which is supplied by mutations and hybridization. This was
theoretically corroborated by Dr. M. Kimura of the Japanese National Institute
of Genetics after a mathematical study of such a population model (unpubl).
2) Perennis populations were actually found to contain a large amount of
genetic variability, as already mentioned. Hybrid swarms between perennis and
cultivated forms, which appeared to be formed occasionalljr in nature, were found
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eto have stored up a great deal of variability Wthh 1f released could cover the_
_ range from wild to cultivated forms (Oka and Chang 1961). 3) However, when
, the plants approach cultivated forms, the probability of selfing 1ncreases and '

. ‘seed dormancy is weakened tas ‘proved by the writers in - a ‘semi- wild form' :

established as weed in- rice ﬁelds, ‘Oka and Chang 1959). These changes will
,result ina restriction of the capacity to preserve genetic Varlablhty of popula-
V"'tlons, variations released thereby will give rise to dlfferent forms.: 4)° It may be
_ taken for granted that w1ld and cultivated forms take an. advantage in wild and -
cultivated habitats, respectlvely, and so do the intermediate ones in 1ntermed1ate
' : wild- cu1t1vated habltats The above-mentroned semi-wild form established -as -
Weed in rice fields can ‘serve as an example showmg this relation; it might -
have been established as a result of its response to the ptessure of cultlvatlonx
in the habitat. Sl s o o t

These cons1derat10ns will lead ‘us-to: the’ followmg speculatlon In' ‘the
‘ ,Jeypore Tract rice culture by the native people is so primitive that the environ.
mental COIldltl()nS in rice ﬁelds are in some respects close to those ‘in: natural
: habltats and as the rice ﬁelds are shifted year by year, wild forms growing in
- swamps can find their niches in- fields left in fallow The wild-rice populations
containing a large amount of genetic varxab;hty w1ll then respond to the pressure
of cultwatwn and will give rise to diverse varieties. Some ‘of them ‘may
‘beipicked up by the native people for cultlvatlon Those plants might be
mtermed1ate W11d cultxvated types and show Wlde varlatlons in various: charact-

' . ers, as illustratad in- this study. The occurrence of sueh intermediate w1ld-'

cultlvated forms may therefore be regarded as. suggestmg how cultivated rice
_can be created from wild plants. It remains unexplamed hovvever Why plants ‘
iapproachmg cultivated forms tend toward self polhnatlon i :

Another 1mportant problem involved in the origin of cultlvated r1ce is Why
‘ cultxvated varieties are differentiated into. ‘the Indica and the Japomca types.
It has ‘been shown in ‘the present study that the two . types are monophyletic
‘and the d:stance between them mcreases as the plants approach cultlvated :
fo’r‘ ns. The relatlvely small number of Japomca-hke strains in the Javpore ,
ma fal - may be explained by assurmng that the envxronmental cond1t10ns
preva:hng there might be relatwely favorable for Indica-like plants It may' :
‘then be'strongly suggested that the wild progemtor of cultlvated rice has a :
‘potentlahty to bring about such a d1fferent1at10n Sl :

. The senior writer (Oka: 1953c, 1957a) formerly demonstrated that the part1al
‘, : sterlhty ‘of hybrids between chstantly related rice ® varieties: could ‘be ac-
' | for by assummg sets of duplicate genes which in double-recessrve com-

fbma jons interrupt the development of ‘both mlcro- and mega.spores carrying

.  them’ (gamez‘zc-devel‘opment,genes). ‘Based on this hypothesis, wild-rice plants
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which show high F, fertilities with test-straihs,of different types would have
double-dominant combinations of those genes. ‘Then, recessive mutations or
deficiencies at one or the other of the duplicated loci will give rise to plants
which are partially sterile in their mutual F; hybrids.

In addition to the gametic-development genes, we have evidence showing
that rice has many duplicate genes: 1) Geénes for awnedness, émpty‘glume
length, etc. (Chao 1928). 2) Genes for auricle and empty-glume colorations
(Mitra and Ganguli 1932). 3) Genes for coloration of the juhctura, auricle ‘and
ligule (Rice in India, 1956). 4) “Runners” vs. “Non-runners” (Ramirez ef al
1960). b5) It was suggested by Mizushima and Kondo (1960) that the loci of
genes for apiculus pigmentation would differ if distantly related varieties were
¢compared. 6) The senior writer (Oka 1957b) showed that the occurrence of
weak plants in F, and later generations of hybrids between distantly related
rice varieties could be accounted for by duplicate genes which in certain
recessive combinations would interrupt the growth of the plants (complement-
ary semi-lethals). 7) He also found similar duplicate genes for true-breeding
partial sterility which appeared in the F, and later generations of intervarietal
crosses (duplicate-fertility gemes), and considered that those genes could be re-
sponsible for the tendency of such hybrids to break down (Oka, in press).

Why rice has many duplicated gene loci is ‘an important problem; it is
however outside the scope of this paper. When genes are duplicated, as discussed
by the senior writer before (Oka 1957a), a recessive mutation at one locus may
be concealed by the non-mutated duplicate gene at the other locus, so- that
genic changes which are otherwise fatal may be retained in the population. The
species will then enjoy a large amount of potential variation. Further, differences
in -duplicate genes will result in a restriction to free recombination of other
independent genes, since certain recombinations are eliminated by gametic or
zygotic selections. In view of these respects, it may be assumed that the
potentiaiity of wild rice to produce different cultivated types such as the Indica
and Japonica is essentially due to the duplication of genetic materials.

- However, if many recessive mutations or deficiencies of duplicate genes are
combined at random, they will give rise to various genotypes which are mutually
-partially isolated by different kinds of barriers rather than resulting in a few
major groups such as the Indica and Japonica. It seems that to some extent this
situation can be actually found among the Jeypore strains—they appeared to be
heterozygous for the said genes, and showed a complicated pattern of hybrid-
éterility relationships which were not so much correlated with variations in -
other characters. A similar situation was also found among the derivatives of a
hybrid between an Indica and a Japonica variety (Oka 1957c). In regard to these,
it must be noticed that in ‘any case the Indica-Japonica differentiation could be
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'more clearly recognized by character assouatron than by hybrid-sterility relation-
"Shlp ‘This suggests that the ‘partial sterility of ‘Fi hybrids is rather an outcome
+of differentiation Whlch has been advanced by other forces than an effective
- isolating mechanism’ which promotes’ differentiation. i :

. In view of the differences in low temperature resxstance and other physiolo:
;glcal responses between the Indica and the Japonica types, it'is readﬂy under:
' standable that differential adaptability of the two" types to their env1ronmentsk
' may act as a forceful agent in ‘promoting -the Indica- Japomca differentiation.
It was found in northern Thalland that ‘rice varieties grown in the mountain

’part were mostly of 'the Japonica type, while those in low valléys were. of - thep

Indlca type (Oka;- unpubl) The same pattern of drstrlbutlon is. also - reported
in the south western provinces of Chlna (Yl 1944). It is also known in China
~that varieties grown in' the southern provmces are -mostly Indicas (Sen), while
‘those in the northern provinces are mostly Japonicas (Keng). In these cases,
, the two types seem to be differentiated by altitude, latitude, or by temperature :
“response. . However, varieties of the Japonica type are widely distributed in the

islands of the Western Pacific, ranging all the way from Indonesia to Japan. In
. contrast, varieties of the Indica ‘type are mainly grown in the ‘plain regions of
the Asian ‘continent. In view of this fact, the senior writer has in his studies of k
cultivated rice: varxetles renamed the two types as “Contlnental” (Indica) and
“Insular” (Japonica), respestively (Oka 1953a, 1958, etc.). Theref()re, differential

'adaptablhty of the two types does not seem to be snnply explained by thell‘ e

dlfference in temperature Tesponse.

Accordlng to ng (1949), the first record of rice culture in China appeared ,
in the mscrlbed oracle bones which belonged to the Shia-U dynasty (about
2,100BC), and the varieties grown in ancient times might haveé been Japonicas
: »v(though it ‘might be dlﬁicult to determme), it was not until the Sung dynasty
(about 980AD) that Indica varletles were introduced from +Vietnam and spread
out into the southern provinces. On this and other bases, some Chinese
workers are inclined to consider that the Indica and the Japonica types mlght
have originated in India and in China, respectively (Chou 1948).. However, the
-data of the present study have indicated that Indica-Japonica differentiation may
proceed ‘with “the evolution of- cultivated forms. - This process ‘might be
possible in any country if certain necessary conditions -wetre provided. If- we
assume- that ' the first cultivated rice was created in some place in Indla, we
may consrder that those initial plants might - have had a latent tendency to
be dlfferentlated into Indica and Japonica types, and the dlfferentxatlon might
“have been promoted by ‘selection during: the course : of ‘spreading into other
countries. It is possible; ‘however, that the same process - has been repeated
~ many times, and is still in progress even at present time. '
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Summary

The Jeypore Tract comprises the western part of Orissa State, India, and
is thought to have never been influenced by modern civilization. A number
of rice varieties collected from this region, some growing wild and others
cultivated by the native people, were investigated regarding various characters,

‘together with Indian wild-rice forms belonging to ‘0. perennis (including perennis

and -spontanea types) and varieties of O. sativa (including the Indlca and.
Japonica types) which were taken as controls. ‘The Jeypore strams shovved

- wide ranges - of variation in almost. all the characters investigated. -With the -

view  to evaluating the variations as a whole, discriminant formulas for
classifying perennis and spontanea types, wild and cultivated forms, and the
Indica and Japonica types were constructed, respectively, using 'data of the
wild and cultivated control-strains. Examining the scores given by these dis-
criminant forinulas, the writers found that the Jeypore strains were mostly “of
intermediate wild-cultivated types, and that those approaching wild forms
were of perennis type. This suggests that the perennis type of W11d rice might. -
be the progenitor of cultivated  rice.. It was also found that the strains tended
to be gradually dxfferentlated into Indica and. Japonica types as they approach
cultivated forms, suggesting that the two type are monophyletlc A greater
part. of the strains showed, in the same manner as wild control-strains,
high F; fertilities with test-strains of different types which were partially sterile
in their niutual F; hybrids. Some of them however showetl'partial sterilities
with-certain test-strains, bringing about a. complicated pattern of hybrid sterility
relationships.  About one fourth of them appeared to be heterozygous for
genetic factors responsible - for 'F, sterility.  On' the whole, the hybrid-
sterility relationship was not correlated . with the character-complex: which
differentiates the Indica and - the Japonica types. Based on these findings, the
evolutionary pathway from wild to cultivated forms of rice was discussed: It
was inferred that the perennis type of ‘wild rice can store up a large amount

~of genetic variability in its populations and can release different types of plants.

Those plants might have a potentiality to develop different types such as the
Indica and Japonica, possibly due to the presence of many duplicated gelgie loci,
and therefore the intermediate wild-cultivated forms of Jeypore may be regarded
as’ still staying in the midst‘ of differentiation.
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