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I. TINTRODUCTION -

Agropyron is one of the most interesting genera in the tribe
of Triticeae due to the following features. Firstly, it is tﬁe
largest and the most difficult genus of the tribe. It includes
aboﬁt 100 perernial species distributing very widely in the témperate
region of the world and comprising many morpholbgically varied
species, Many indigenous species in various parts of the world have
been répofted. Secomdly, Agropyron comprises many species displaying
verious degrees of ploidy, from 2x to 12x. Of 65 species of Agropyron
whose chromoscme numbers were examined, tetrsploidy was reported in
'45 and hexaploidy in lé gpecies, butﬁdiploidy was reported only in
ten (Sakamoto 1964b). Thirdly, int;;specific and intergeneric
hybridization involving Ag;ogzronvhas been eitensiVeiy carried out.
Knobloch (1963%) reported 100 interspecific crosses in Agropyron (in—’
cluding Roegneria) and 172 intergeneric crosses between Agropyron and
other genera of the tribe. | |

Cytégenetioal studies of such an interesting genus as gropyron
are of great value for the analysis of'yariation patterns within the
 species in connection with their natural habitats. They mey also
fﬁrnish experimental bases for natural bviosystematic units and throw
a light on speciation processes and evolutionar“ relationships between
the species of the‘genusf

From these points of view, rather extensive studies on Agropyron
have been carried out in Burope (6stergren 19402, b3 Godley 1951;
Cauderon 1958; Heneen 31962, 1963), in North America (Stebbins and
his‘coworkers 1946 - 195635 Dewéy 1961, 1962, 196%), in South America

(Bunziker 1955) and in New Zealand (Conner 1954, 1956, 1957, 1962).



On the contrary, this tyve of work has not been carried out in Japan,
’except for some cyidgenetica1 studies of several interspecific
hybrids of Agropyron (Metsumurs 1941, 1542, 1948).

Y The present thesis deals with characteristjcs‘of the Japanese
gpecies, cytogenetioal relationships among then in connection with
their gendmic relationships with Nepalese species and nsztural hybfid~
ization.

Cytologicél and gehetioalﬂanalyses of hybrids have been of great
yalu&vinldetermining the relationships and‘the origin of many plant
gpecies. In Japan five indigenous species of Aggongon are.found,
three of them tetraploid, Ag. ciliare Franch., ég.‘ggelini Scrin.
etlsmith and Ag. yezoense Honda, and two hexaploid, Ag. humidum Ohwi

et Sakamoto and Ag, tsukushiense Ohwi. However, we have no.exbtensive

~experimental analyses of their cytogenetical relationships or genomie

constitution, except Matsumura's cytogenetical observations of hybrids

*
between Ag. tsukushiense var. iransiens and Ag. ciliare or Ag.

humidum** (Matsumura 1941, 1942). Therefore,‘studies along this
line have been undertéken by the suthor.

In the present experiments interspecific hybridization among
five indigenous species was carried out in as many combinations as

possible. Two tetraploid species collected in Nepal, Ag. gmelini

and Ag. semicostatum Nees, which are morphologically very close to

the Japanese Ag. gmelini and Ag. tsukushiense (Metsumura, Sakamoto
and Tateoka 1956), were used in order to throw a light on the genomic
differentiation between Japanese and Nepalese species in relation to

their distribution within the same phyto-geographical area, the

>

¥ Matsumura's Ag. semicostatum and ** Ag. Mayebaranum.



Sino-Japanese Region (Gocd 1955)a Moreover, ég; trachycaulum (Link)

Malte, an American tetraploid species/belonging to a different
phyto-geographical aréa, was used for a comparison with the Japenese
species.

Wild species hybrids provide an important materiael for texcnomic,’
genetic and evelutionary stucdies. Natural hybrids in Agropyron were
studied in Europe (Simonet 19%4, 19%5; Bstergren 1940a,b; and others)
and in New Zealand (Conrer 1956, 1957). 1In the present study two

natural hybrids involving one tetraploid and two hexaploid species

of Japenese Agropyrcn are reported.



II. SPECIES, DISTRIBUTION AND CHROMOSOME NUMBERS OF JAPANESE AGROPYRON

-Japanese Agropyron were first described by Miquel (1867) and

Frénohet and Savatier (1879)n They mentioned only two species, one

, : ' * - *%
as Triticum canimum Beauv. and the other as Tr., semicostatum Nees .

Hackel (1899) trangferred these two species to Agropyron as Ag.

caninum Beauv. and Ag. gemicostatum Nees; both have been also des-

cribed by Makino (190%) and Matsumursa (1905).

Honda (1927, 1929, 1956, 1931, 1932, 1935, 1936) studied ex-
tensivel&,the classification of the species of this éenus occurring
in Japan including Taiwan and Korea. In his paper of 1930 he des-
cribed eight specieé, Ag. caninum Beauvq*;’gg. ciliare Franch. var.
Eilosuﬁ Honda and»vaf; submuticum Honda; Ag. jagonicum Honda wvar.

Heckelianum Honda; Ag. Mayebaranum Honda; Ag. repens Beauv.; Ag.

y . N . **
semicostatum Nees ; Ag. yezoense Hondaj; and Ag. pseudoagropyron

Franch, He changed Ag. janbnigum into Ag. japonense Honda and added
Ag. mite Fonda in 1935, Moreover, Honda (19%6) described a new

species of Agroryron as Eﬂymus toukushiensis Honda, Later Ohwi (1937a,b,

1941, 1942a,b) reinvestigated this genus, descriving eight species,
Ag. ciliere Franch. with var. pilosum Honds and ver. Hackelianum
Honda and forma Okuyamae Ohwi,'forma subruticum Ohwi, forms japonense

Ohwi and forma mite Ohwi; Ag. Turczaninovii Drob. var. tenuisetum

. , *¥¥
Ohwi; Ag. yezoense var., koryoense (Honda) Ohwi ; Ag. Mayebaranum

Honda; Ag. Kemoji Ohwij; Ag. tsukushiense (Honda) Ohwi; Ag. repens

5

According to the personal communication from Dr. Ohwi, * refers to a

mixture of several species, ** to Ag. semicostatum Miquel, not Nees

and *¥%% ig incorrect,



Beauv.; and Ag. chinense (Trin.) Ohwi, ‘Finally he made known his
conclﬁsive taxonomic treatment of Japanese Aggggvron in his "Flora
of Japan" published in 1953,

According to Ohwi (1953%) and Ohwi snd Sakamoto (1964), seven
species of Aggopzrdn occur in Japan, amcng them five indigenous and
the other twoynaturalized, having‘immigrated from Europe or America.
Enumeration and synonyms of the species are given in Table 1. In
Table 2 are listed species and variety names, Japanese names, natural
habitéts, distribution and chromosome numbers of all species.

Ag. repens P. Beauv.: It ié distributed ih the“ﬁuropean main-
1andkand in the Mediterranean regionsy it was introduced into our .
country with ceréal and férage crbps and became naturalized in
Hokkaido and Honmshu. It is a hexaploid rhizomatous species (Zn%42)n

Ag. ciliare Franch. s This is a tetraploid species (2n=28),
common in Japan. It is also distributed in Korea, China, Manchuria,
Siberia and Assam. This species is divided into two varieties, var.
minus Ohwi and var. pilosum Honda. The former is found in fields
and along road-sides, and the latter occﬁrs mainly in hilly districts.
Spikes of the former are nodding and the outer glumes are pubescent.
Spikes of the latter asre erect with non-pubescent or pubescent only
'margin of “the outer gl;meso However, these key oharacters'distinguish—
ing the two varieties are found intermingled‘in natural populations
of the hilly environments. In such places, plants heving erect

spikes with pubescent glumes or bearing nodding spikes with non-

pubescent glumes are found together with typical minus or pilosum

forms. ,The chargcteristic of this species 1s that the length of

the inmer glume is about two thirds of that of the outer glume,



Table 1.

Enumeration and synonyms of seven species of Agropyron.

occurring in Japan

Species

References

1.

2.

AeropyTon Tepens (Lirn.) P.. Beauv.

Ag. ciliare (Tringg Branch.

var. minus (Miq.

Ohwi .

A. ciliare forma Okuyamae Ohwi

A. ciliare war gubmuticum Honda

A. ciliare forme submuticum (Honda) Ohwi

L]

‘var. pilosum (Korsh.) Honds

E?

Japonicum Honda

japonense Honda

ciliare forma japonense (Honda) Ohwi
mite Honda

ciliare forma mite (Hon a) Ohwi
Japonicum var. Hackelianum Honda

ciliare var. Hackelianum (Honda) Ohwi

et Smith

.

-

#
Ib>|:l>|b>|?*lb>l?>lb>

- gmelini (Led“b ) Scribn.

var. tenuisctum (Ohwi) Ohwi

Ag.
Ag. yezoense Honda

var.

vaT.

Ag.

= A. Turczaninovii Drob. var. ifemuisetum Ohwi

caninum P. Beauv.

vezoense

tashirci (Ohwi) Ohwi
= A, Tashiroi Ohwi

umidum Ohwi et Sakamoto

= A, Mayebaranum Honda, pro pte.

<

Ag. tsukushiense (Honda) Ohwi
var. transiens (Hack.) Ohwi

= Triticum semicostatum Miquel, non Nees

= A, semicostatum Hackel, non Nees

- A. Kamoji Ohwi

var. tsukushiense

3

b

i Ix

= Elyvimus tsukushiengis Honde
A. tsukushiense (Honda) Ohwi

x hatusimae Ohwi
A. Hatusimae Ohwi
A. Mayebaranum var. intermedium Hatusina

it

it

i

nakasimae Ohwi ,
A, Nakasimae Ohwi
A. Mayebaranum var. Nakasimse (Ohwi) Ohwi

li

Honda (1930),
Ohwi (1941, 195%)

Honda (193%0)
Ohwi (1953%)

Ohwi (1941)

Honda (1930, 1931)
Ohwi (1941)
Honda (1927,
Ohwi (1941)
Honda (1927, 193%0)
Honda (193%5)

Ohwi (1941)

Honda (1935)

Ohwi (1941)

Honda (1927, 1930) .
Ohwi (1941)

19%0),

Ohwi (1953)

Ohwi {1941)
Ohwi (1953)

Honda (1929, 1930),
Ohwi (1941, 195%)
Onwi (1953)

Ohwi (19%7a)

- Ohwi et Sakamoto{1964

Honda (1927,193%0),
Ohwi (1941,19422,1953)

Ohrwi (1953

Miguel (1867),Franch.
et Savat. (1879)

Hackel (1899),Makino

(1903), Matsumura

(1905), Honda (1927,

(19%0)

Ohwi (1942a)

Ohwi (195%)

Honda (1936)

Ohwi (1937b,1941)

Ohwi (1942%)
Ohwi (195%)

Ohwi (1942b)

Ohwi (195%)
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Ag. gmelini (Ledeb.) Scrib. et Smith var. tenuisetum Ohwi:
It.is found oniy’in the mountainous districts of Central Honshu,
especially on Mt. Kirigamine, Nagesno-Ken. This species (2n=:28)
seems to be a relio-in"Jaéan, however, other varieties of‘the
s?ecies are widely distributed in China, Manchuria, Siberia and
Nepal. A characteristic distinguishing it frém otherkJapaneée
speclies 1is velvety pubescence and thiék rosette leaves in the tiller~
ing stage during the wiﬁterp This»chaﬁacter has also been Observed>

in winter rosette leaves of Nepalese Ag. gmelini and Ag. semicostatum.

Ag. caninum (Linnc)bBeauve: This species is found only on Mt.
ibuki, Shiga-Ken. It was introduced from Europe together with
several pharmacological plants in the Tokugawa era. It has become
neturalized on this mountain,

égorzezoense Honda var. yezoense: It is a tétraploid specieé
(2n=28) and is distributed in Hokkaido, Korea, Manchuria and Siberia,
growing\in ferests, on hills and bn river-dikes, It is also found
as a relic in deep valleys of the elpine regions of Honshu, such as
Kamikochi, Nagano-Ken, ﬁirogawara, Yamanashi-Ken. A strain collected
in Hirogawara had pubgsdent leaf-sheaths. Another variety, wvar.
tashirol Ohwi, having no bristles on outer glumes has been found in
Taishaku-kyo, Hiroshima~XKen.

Ag. humidum Ohwi et Sakamoto: This species is hexaploid (2n=42)
and is restricted to moist paddy fields or ditches in Honshu, Kyushu

and China. Adaptation to moist environment is one of* the most

pronounced characteristics of this spécies. There have been observed
two distinct characters of this species which imply highly adaptive-

ness to the habitat of fallow paddy fields. One is the formetion of



an abscission layer at the first node from the top at maturity.

- Thus, the up?er p&rt from this node on ﬁpward‘is eagily removed
from the rest of the plant by wind or other phyéical forces. The
other is the perennialization of culm excluding the uppermost inter-
node and spike. New shoots and roots are produced very easily from
the nodes when the condition is favorable.

The two\ohéracteristics mentioned above have not been found in
any of the spéciesibeionging to tribe Triticese of Graminease which
are mostly adapted to rather dry habitats. With these ﬁwo adaptiVe
- traits seeds and cloﬁeé Qf thié species are dispersed uniformly‘in
the paddy fiéld during the prepargtion for rice planting in June.
This seems to be the reéson why this species épcurs in swarmg and .
uniform populations in fallow paddy filelds aé observed in Misima,

Shizuoka-Ken (Ohwi and Sekemoto 1964).

'égo‘tsukﬁshiense (Honda) Ohwi var. transiens (Hack.) Ohwi: It
is the most common heiaploid speciés <2n142) in Honshu, Kyushu and
Shikoku and is alsé found in Korea, Manchuria, China, and Loochoc.
It grows’in fields or along‘road~sides and shows wide variation in
ﬁany oharacters,»sucﬁ as plant habit, anthocyan coloration and waxi-

ness of spike, leaves and culms. Another variety having pubescence

on the outer glume, var. tsukushiense, is found in the northern part
of Kyushu. A herbariun gpecimen wes kindly sent by Mr. T. Osada,
Fukuoka High School, collected in 1955. This plant was fertile ahd

morphologically very similar to var. transiens. Therefore, it seems

to be a hairy mutant of Ag, tsukushiense var. transiens.
An ecotype of var. iransiens was found as a swarm in the fallow

paddy fields in Misima (Sakaﬁoto 1961). The ecotype was distinguished



from the‘common,typé in the following charaoters:‘ pubescent rosefte‘
leaves, ghorter stéture, shorter internodes from top down, shorter
flag.leaf,_épikesAand awns; smaller number of spikelets; longer empty
glume, lemﬁa and paiea; heavier and 1afger seeds; and very ear]y
flowefjnge Hybrids between the ecotype and the common type were
easily obtained, and Fl and F2 pl&nts were jigorous and fertile.
Genetic differentiation of the ecotype from the common type was
observed mainly in the above gquantitative characters controlled by
a large number of genes or pOlygehes. in addition to several oharaéters
goverﬁed by single major genes. Since its early flowering was
stfiking, this éébtype was designated asv"ﬁarly eéotype"i The early
‘ecotype was often found together with Chinese milk-vetch (Astragalus
sihicus LQ) in paddy fields, Ite distribution seems to follow that
of Chinese milk-vetch.

There ha&e been recognized fwo putative natural hybrids, Ag.
x ha%ﬁsiﬁae'Ohwi and Ag. x nakasimae Ohwi. The former is considered

to be & natural‘hybrid between Ag. humidum and Ag. tsukushiense var.

" tramsiens, and the latter is also probably a natural hybrid between

Ag, cilidre and Ag. tsukushiense var., treneiens. Both are found in
Kyﬁshu and Honshu. Detailed observations of these two hybrids con-
‘firmed the correctness of these determinations.

A mofphological comparison of spikes of the five indigenous

species is shown in Table 3 and Fig. 1.

-10~
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ITI. MNMATERIALS AND METHODS

Species end strains used in the present study for interspecific
crosses are shown in Table 4. Originally seeds of each strain of

the Japanese species were collected in various loczalities excent

for

ks

. cilisre var. minus No, 1 which was collected as & clone.

Two tetraploid Nepalese svecies, Ag., gmelini end Ag. semicostatum,

were collected by Dr. S. Ndkao, a member of the Japanese Expedition

to Wepal-Himalaya in 1952. A tetraploid American Agropyron, Ag.

trachycaulum, was sent originelly by the Department SflAgTQﬁomy,
College of Washington, Pullmen, U. S. A. These m&tefiéisrhavé,geen
maintained from selfed seeds or as clones in the experimeﬁtal:fields
of both the National Institute of Genetics, Misima and Genetics
‘Laboratory, Faculty of Agriculture, ¥yoto University, Kyoﬁor
'The‘hybridization wag performed as followss TUsually two lowest
florets of the spikelets were emssculated, and the remainder pinched
off. The spike was then enclosed in a peraffin-paver bag. After
two or three days the emasculated flowers were pollinated by‘h@nd<
Cytological studies were made at meiotic divisions of micro-
sporocytes using aceto-carmine squash method. The rrocedure adopted
was as follows:
1. Fixation by acetic alcohol (1:3) for several days or longer.
2. Transfer of the materials intp two per cent iron alum solution
for 30 minutes followed by washing in water.
3. Steining in aceto-carmine sclution for cne to several days.
4. Transfer of the material to a slide-glass and after adding a
‘drop of 45 per cent acetic acid appljing a cover slip.

5. Gently heating the slide-glass on an alcohol lamp.

~1%-
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6. Gently tapping_the cover slip by the tip of a small poiﬁted
wood-peg.

7. Applying ﬁreésure with the thumb on the céver slip, keeping
it in a fixedvposifion’ﬁnder a gtrip of filter péperﬁ

8. For obfaining permaenent preparations, McClintock's series
" (McClintock 1929) was used.

Pollen fertility of the hybrids was exemined under the micro-

scbpe after staining by'dilute aceto-carmine solution (cne volume

of aceto-carmine to one volume of 45 per cent acetic aéid)g

Two natural hybrids, Ag. ciliare X Ag. tsukushiense and Ag.

v humidum x‘égn tsukushiense, were observed in the suburbs of Misima.
Frequency of hybrid occurrence in natural habitats, their natural
seed setting and differences in morphology and aytology between
artificial and ﬁatural hybrids were observed. In ﬁgo humidum x Ag.

tsukushiense, morphology and fertility of the progenies obtained from

naturallj set seeds were investigated in the experimental field.
Seed fertility of naturel hybrids was calculated by the following
formula, counting seed sét in the first, second and third florets
in a spikeleto Hence, |

number of seeds .

seed fertility (%) - x 100.

number of spikelets x 3



Iv. EXPEﬁiMENTAL RESULTS AND OBSERVATIONS

(1) Iﬁtérspecjfic crosses

- Interspecific crosses were carried out in 28 combinations during
1952 - 1957 resulting in 24 hybrids, as shown in Table 5. Ten
~different chsses, iﬁdicated by asterisks in the table, were made by
Dr.. ﬁikio Muramatsu in the CGenetics Laboratery, Faculty of Agriculture,
Kyoto Univéfsity in 1956. |
All cross combinationsnwere classifiéd into seven categories
according to the country of occurrence, i.e., Jépan, Nepal or North
America, end ploidy (tetra- or hexeploid). Thus, all F, hybrids
were grouped into Japanese 4x x Japanese 4x, Japsmese 4x x Nepalese Az,
‘Nepalesge 4x x Nepalese 4x, Japgnese 4x x American 4X, Japanese 4X»x
Japaﬁése 6x, Nepalese 4x x Japanese 6x and Japanese 6x x Japanese 6X.

The difficulty, if any, in obtaining hybrids mainly depended
upon differences in the flowering time. TFor example, the first
floweriﬁg of Ag. gmelini var. tenuisetum and two Nepalese species,

Ag. gmelini and Ag. semicostatum, took place from the end of May to

the first ten days of June when high sir temperature and humidity do
not, favor the development of hybrid seeds. Interspecific crosses in
the exper mental field betwe.n them were more difficult thar such
other crosses.
(11) Morphoiogical end physiological charascteristics of the artificial
hyvrids |
The main charaoﬁerisfics of Fl hybrid plerts were ihe folloﬁing‘
three,
I. Growth of Fl plantg;@?s vigorous and tillering,‘heading and

flewering were normal. = However, only one Fl plant was obteined

162
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between two Népalese species, Ag gmelini x Ag. semicostetum (culture
no. 5887); it was very weak snd grew very slowly. It was difficult
to get gocd spikes for the observation of meiotic divisions of micro-
spOTOCytes{

2. The general appearance of meny characters of Fl wag inter-
mediate betﬁeeh both parents or superiocr to both, or similar to that
of one of the parents, particularly in g0 far guantitative characters
are concerned. For example, 16 quentitetive characters of aipentaplcid
Fl hybrid between.ég. bumicum No.vl and ég; ciliare No. 5 (cult. no.

5752) and of a hexaploid F, hybrid between Ag. humidum No. i and Ag.

1

tsukushiense No. 2 (culto no. 5751) are given in Table 6 in comparison
with those of the parental strains observed in the experimental field

in 1957. The resulls are sumuarized &s follows:

Ag. bumidum No.1  Ag. humidum No.l

0f 16 charscters  x Ag. ciliare No.5 x Ag. tsukushiense Nooé
same as of Ag. humidum No.l 2 ' 1
same as of Ag. ciliare No.h , 4 ’ : -
same as of Ag. féukushiense No.2 - 6
intermediate - 4 2
superiér to both parents 5 6
same as bf both parents . 1 1

Total 16 16

Cut of 16 characters observed, nine of tlie former; a pentaploid
hybrid, anc eight of’the,latter, a hexaploid hybrid, weré intermediate
or guperior to theose of bofh varents indicating hybtrid vigor of Fl
hybrids. In these two gaiﬁidular F1 hybrids, dominance ir charascter

expression in F

, of the\féméle parent of both, i.e. Ag. humidum No. 1,




1e) o §°G 8V 92 (8w) quSTepm
(81TI048) (eTtaeys) ¥1°0 910 610 ASWV ULPTM PI9S
¢6°0 76°0 72k (wo) ugdue]
91° 0 ¢1°0 21°0 2170 ARY WP Lomee zeuw
66°0 880 26°0 26°0 670 usduer L !
8T'0 LT°0 9T°0 8T°0 LTo (1) UIDTH  UNB URTH
[XANY (8¢ 2%°¢ 26°¢ vz yisus eumis Ising
GT°0 910 v1°0 ¢T 0 LT°0 oy UIPTM a pn T
18°0 160 63°0 1670 990 (50) iy guey °™ T M0
6T fot 0z LBl 9T Kei 12 fey 2z L= SuTdan0TI JO 9%T(
0z Len z Key LT fel z Ley 6z Lel Butpeey 18ITJ JO 838
- - , , s . . 1a7oMTds xed
G-. 6°9 0°9 9°. ¢ ot / 901071 JO *Of
9°02 8T 9°2T 9°¢e 661 sjerevrds Jo "oN
9°0¢ Gve 89T 292 6°02 (mo) oxrds JO yjTuST
0'T 0°T G0 z°1 T UGPTH
wWo 2aT mm
29T 16T 276 peLT 691 () ygguey 3201 791
’ . o - . Aeuv gow WOXT 5 POUTBLUT
6795 Ve ¢°0¢ e 2 vy 4sITy Buy JO WITUST
9°19 L0°90T 9°¢0T 9°2¥ 0°Gz 5381113 3O “ON
916 6761 666 6°06 0°4L (m0) 4uFTEY JUBTd
(T6LG *ou samatno)  (2GLG ou mhsﬁﬁﬁov ; . . ‘ ‘
¢ "ON SSUSTUSTNEY "By X G ON S4BILI0 wn MEﬁoz.MI 9EUST m MM By @Hma Mw ‘v T BeRORIEAD
1 coy Wprany ¥y T ‘oN Whprany PHTR ey FSIEISE A PO e T :
seToadg Tl
SPIXQAY TBIOTITFIY gaToRds TBIUSIBJ : rff/l

ﬁm#mmﬂﬂammxm 8L UL SPTIqAY T7 TetoryTaae Iteyy pus sorosds 8aIyj JO SIASLOBIRYD SATIBFTIURND O uosTIBdWO)

(LG6T) spTety

E 9 aTqrj

~20-




was found only in'twckﬁhafaéters of the pentaploid andVin one chafacter
of the hexaploid hy%ridc On the contrary, dominance of the male

parent éppeared in four charecters of thé former and in sixbof the
latter. Spikes of Fl h&brids and their pérental species‘are éhownk

in figs. 2, 5; 4 and 5.

In two reciprocal interspecific crosses, Ag. ciliare No. 1 X

Ag. yezoense (cult. nos. R170 and S11) and Ag. tsukushiense No. 1 x
Ag, zezoénsé (cult. nos. 5736 and 5742), no gignificant morphological
differénoes between réci@rocal crosses were observed (Figo Za,b and
Fig. 3b,c).

3, Complete pollen sterility and high ovule sterility were the
rule in all combinétionS»of interspecific hybrids regardless of the
chromosome numbef of the‘parentsu All anthers were nondehiscent at
the flowering time and all pollen grains were completely abortive
and without contents. No seeds were obtained from seif—pollinationq
HoweVer, 14‘seeds were obtained from open—pol]iﬁatéd flowers of only

one F1 hybrid between Ag. humidum No. 1 and Ag. isukushiense No. 2.

Total 1,102 spikélets of 60 spikes were exéminedg Taking into con-
si&eration the first, secord énd third florets in a spikelet for the
calculation of seed fertility, 0.42 per cent sesd fertility was
obtained from.oﬁen-pollinationn Backcrosses were tried in nire
interspecific combinations and two seédé were obtained only when Ag.
humidum No. 1 was backcrossed fo Fl between Ag. humidum No. 1 and

Ag. tsukushiense No. 2.

(III) Chromosome pairing in the ertificial hybrids
1. Tetraploid hybrids =
(1) Japanese 4x x Jaﬁéﬁese 4x: Ag. yezoense x Ag. cilisre No, 1

(eult. no. R170) wa.s éxémiﬂed cytologically. The range of bivalent

_21_'
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pairing was 10 = iith the mode at 14 (Tables 7 and 20). 1In 45

plates examined," adrivalent was observed in 14 cells, in one

‘were found, one trivalent was detected in
seven cells and twavt?ivalents were observed in two cells. Hence,
relatively high quadrivalent association was found in this combination.

(2) Japanese 4x:% Nepalese 4x: In this case, three hybrid

combinations, Ag. ciliare No. 1 x Ag. semicostatum (cult. no. 5731),

Ag. semicostatum x Ag. yezmoense (cult. no. 5743%) and Ag. cilisre

No. 4 x Ag. gmelini (Nepal) (cult. no. 5878) were studie&n The
results for the first two combinations are given in Tables 7 and 20.
Variation of bivalent formatibn‘in the first hybrid wag from 511 to
14IIo More qgadrivalents and trivalents Were found in the first
h&brid than in the‘second one, In the’ third hybrid, Ag. ciliare No. 4
x Ag. gmelini (Nepal), only 16 MI plates could be observed and Lrqy
+ 1y + 3y, 1200+ 41, lrpp + 120p + 1ps Ipg + g + 25, 13,0 + 2.,
Lpy + ppp + 207 + 1p and 14, weré.obtained in the frequency of 1,
1, 1, 1, 3, 1, and 8 fespecfivelys | o

(%) Nepalese 4x x Nepalese 4x¢ Only one Fl plant of the hybrid,

Ag. gmelini x Ag. semicostatum (cult. no. 58875 was obtained but it
was very weak.. No cytological observation was made. &
(4) Japanese 4x x American 4x:  An interspecific hybrid (cult.

no. 5733%) between Ag. ciliare No. 1 x Ag. trachycaulum was obtained.

Chromosome pairing in Fi ig given in Table 8, The result shows a

very sm&ll number of biv?y; 11 to'9 11

t association ranging from 2

with 5 as the mode (Fig‘ Average number of univalents was 17

per meiotic plate and a few quadrivalents end trivalents were observed

(Table 20).

26~ ' -
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Table 7. Chron pairing in F, hybfids among Ag. ciliare,

_ Ag. «f gfise and Ag. semicostatum
Cross combination | iliare No. 1 Ag. semicostatum  Ag. giiiare No. 1 -
semicostatum x Ag. yezoense x Ag. yemoemms 7
_ _(5731) (5743) R170
Chromosome pairing , - Freguency Frequency Freguency
5:1+18; 1\?7ij’ 1 ( 0.2%)
6pptiby L 2.2 (0.2)
Tt ) 2>5 (o5 11 ( 175/«»)
lIII +6 +13 3’ o _
1+ g +11 2N
: IIT I 8 (1.2)
1IV + 6 +12I 1 .
L 5 1 ! 1
| 911+101 &
gt 8t g "\ (2.9)
llv + TII+10I l/
. ;
lv + ‘II+Q9I 1 ‘ . ‘ .
10,1+ 8¢ 23\\ 2 2 ( %.0) 11 { 2.2%)
Lrpg* 971+ T | ‘8//35 ( 8.1)
lyy  * Bppt 8y 2 ,
11+ 61. . 60 6>7 o1y 2
Lppp+i0pp+ 57 17 786 (21.1) 1 . \ .
1 + 9. 46, 1 9 . , 05 (1L1)
v ISARCUR R -
trytlort St 0or | 2
. 1211 v oM | 27\ “\

4] 31 18 , 1 1N .
Tyrrttort o1 1307 (0 \ 12 (26.7)
2rrrttorrt 2 e e 129 (42.0) 1

1O | : g s
iy Ot 4y 18 ; 4
Yrytlomrt ot .
3yt 21 % 17_ 17 (24.6) 7 1
PO - I3 .
1III+J"ZII+ J.I 2 i
1 +11 .+ 2 o A5 (28.9)
v 11t ‘1 /
1IV+IIII+1OII+ 1I~ | 2
] i 11 10,
Y1 13 (18 8) N o
Iy | +1217 o : ) \5‘/44 (%1.1)
ZIV +10IIf | T
Total 408 v 69 45
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Table 8. Chromosome pairing in the Fl hybrid beitween

Ag. cilisre Wo. 1 and Ag. trachycaulum (5733)

Chromosome pairing

o+ 2 3 3 (097)
Sy + 224 15 15 ( 4‘6)
4oy + 20 54,
117 5§i + 19i 1/>55 (16.9)
511 + 181 96\~
L1t : 4oy + 174 5/l01 (31.1)
- 6II + 16I 78\
Rt s ¢ )86 (26.5)
ot 1)
lIV 417 + 16I 1/
7II + 14I ,45\
Lopp + b+ 13; 5 51 (15.7)
try dpp + 14 >
1T + lZI 11\ |
lrpp * 7oz * 1 1«>&3 ( 40)
Ly 6,p + 12, 1/
911 * 19 11 (0.3)
Total 25

2B



Ririexe 1.x Semicostatum and
x Ag. traggxgauxﬁgggi(x1,600) ‘

T3

are No. 1 lIV +11II+ 2I

A;semicostatumz 10

i Wil
H 1IV + IOH + 4I 4
trachycaulum: 5II + 18I

3 5II + IBI



2 iPéﬁtap;@id hybri&é
,(i)vaﬁapéﬁeéeé4xfx Japanese 6x: Interspecific hybrids were
obtained iniéix hybrid combinations in this gfbup.‘ Cytological eka-

mlnatlon of the F hybrlds was made in five combﬂna+1ons 1nclud¢ng

a reﬂlprocal crosses between Ag tsukushlense No. 1 and Ag. ezoense,
as shown in Tables 9 and 20, Range of bivalent fluCtuation was 7
16II and the mode af blvalent agsociation wasg 1511 or 1411 in these .
Japanese pentaploid, hybrids (Flgo 7).

_Ghromosome pairing in the reciprocal crossés between Ag. zezoénse

and Ag; tsukushlense, culb. nos, 5736 and 5742 was very similar as

shown in Table 9, suggestlng that no 31gn1f1c&nt reclprocal dlfferemces
occurredn 3 T -

(2) Hmpalese 41 X Japanese 6xt Five interspecific hybiids'were
‘ btalned 1n 1956 and 1957 (Table 5 ). Ghromesame pairlng of four ;
kinde of F hybrlds in- this gxoup was observed as shown in Table 10c
The resul%s of cytologlcal observatlors in thls ZToup were dlstlnctly
different- frdm fhose found 1n Japanese pentap701d hybrids concernlng
the follow1ng p01nts'- Rt o
1) wider range of - blvalent flustu&tion from 5 to 1511,
2) 1ower average number of blvalants,‘lo - 1511, and

-3) hlgher number‘of univaieni.fﬂnmaulan, 11 - 14;, as shown in

Table 20. Chromosame pai mg’ in F hybmd of Ag. teukushiense No. 1

X gg; semloostatum 1s shown f“Flg.

No s gnlflcanﬁ dlfferéﬁﬁﬁ 1n the freouency of multivelent associ-

atlon was dete@ted hetw@gn;Eapanese 4x. X JPpanese 6X and Nepalese 4x

~ x Japanese 6x. (T&ble 93

5. Hexapioia Ihyﬁg-;g;;é}
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iring in Fl hybrids, &g. tsukushiense No. 1

1, Ag. tsukushiense No. 1 x Ag. yezoense,

(Japan) x Ag. tsukushiemse No. 2 and Ag.
1 x Ag ciliare No. 5. (x1,600)
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fllare No. 1 14II + 7I
‘;zoense: 14II - 7I

e No, 5 14II + 7I

lushiense No. 2: lIv + 11II + 91







Javanese 6x x Japanese 6x: Since two hexaploid species are
I8 D : ¥ I

distributed in Japan, only one interspecific hybrid, Ag. humidum x

ol

Ag. tsukushiense, was investigated. The result of cytological

observation of the Fl hybrids between Ag. humidum No. 1 x Ag.

tsukushiense No. 2 {cult. no. 57%1) is given im Takle 11. Most of

eictic figures of the hybrid shc»wed.'leI (Fig. 9a) as observed in

the parénts, and the range of bivelents was 19.. - 21TI with very
I . L1 .

low frequency of multivalents and univalents.

Table 11. Chromosome paifing in the Fl hybrid between

Ag. humidum No. 1 and Ag. ‘tsukushiense No. 2

3 .. t > ; ] T

Ckrgmgsome 21II dOII + 2I 1III + 19II + 17 otal
pairing '

Frequency 35 10 1 46

(IV) Natural hybrids between Ag. giliare and Ag. tsvkushiense
/ e Zooiir Fadl =

ég tsukushiense var. trangiens and Ag ciliare are common

species in Japan, distributed in Honshu, Kyushu and Shikoku. The

former is a hexaploid growing in fields and nlong rcad-sides, and

Doy

the Tatter is a tetraploid found mainly in fields and in hilly

6}

districts.
In the sympatric places of the two species, mainly in the hills
and on river dikes in the suburbs of Misima, many clones of natural

hybrids were found as shown in Fig. 10. As many a2s 32 clones were

o]

founid on the river dikes of the Sakal River within about 1,000 meters.

Most of the naturel hybrid clones were very vigorous, probably due

to hybrid vigor. Seed setting of 2% clones of natural hybrids was

observed in 1959 and Table 12 lists secd fertility of each clone.



ring in an artificial Fy hybrid and a natural
humidum x Ag. isukushiemse. (x1,600)
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humidum x Ag. tsukushiense




Fig. 10.

Distribution of the natural hybrids between Ag. ciliare

and Ag. hiense var. transiems in the suburb of

Misima,

Black cireles indicate clones of the natural hybrid.
White pai%ﬁ@are paddy fields. Dotted parts are upland
fields or woods in the hilly regioms. Hatched parts
indicate towns or villages.
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Table 12. Seed fertility of natural hybrids between Ag. tsukushiense

var. transiens and Ag. ciliare at natural habitats in

Misima.

Strain  Loocalit Year No. of DNo. of No. of Seed fertility
e W observed spikes  spikelets seed (%)
H°5—i Kitazawa 1959 12 251 0 0
. " " 16 413 c 0
"t t {
Byt 34 601 0 0
P 1 1 5 91 O 0
A " " 24 481 0 0
i V " " v ) ~
h28-1 2 . 28 O O
- " " 9 21% 0 0
_3 . 1 " 3 11 O* 0
H34 Kamizawa " - 48 798 1 -
0 Machida - " 1 21 0 0
A
3 " 7
Hyg o 14 182 0 0
" 1t 3
s 1 20 0 0
F'ﬁ() " 1" 94 O . O
H,g Kitazawa l 19 442 0 0
s - ) >
H4l—l Machida 24 462 0 0
_D " " 17 o323 C 0
3 " " 6 10¢€ 0 0
-2 1" " 4 69 0 o)
1t 1t i )
-5 5 76 0 ¢
1" 1t 1 2 7 Ty
-6 15 217 G 0
_7 " 1 7 119 0 C
8 " 1t 9 1279 0 0
H,, Neka " 2 27 o 0

* A very small underdeveloped seed.

Jae!
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A£11 clones observed were completely sterile and no seed wag obtained

except enly one, from H This seed was very small, soft and under-

34°
developed.

The natural and the artificial hybrids were morphologically

similar and somewhat resembled the Ag. tsukushiense parent, but their

b&
73

outer glume was pubescent which is a characteristic trait of !
Chromogome pairing in melocsis of a natural hybrid plant <Hl%>

was examined as shown in Table 13; the same configurations of chromo-

somes‘as observed in the artificial hybrid were found (cf. Table 9).

On the average the chromosome pairing at MI was 1411 + 715

V) Natural hybrids between Ag. huﬁldum and Ag. tsukushiense
: HEe mamicun &8

Two Japanese Agroryron species, Ag. humidum and Ag. itsukushiense
var. transiens, are both hexaploid. Ag. humidum is restricted to

moist paddy fields or ditches, while Ag. fsulushiense is found along

road-gides and in fields. Thus, the two species are considered as
«allopatric, occurring in nature in different ecclogical habitatis.

However, an early ecotype of Ag. fsukushiense which differs from the

common type of this species has been found (Sakemoto 1961). It has
a sympatric relationship to Ag. humidum in moist raddy fields. For
this reason allopatric and sympatric cases of nsetural hybridization

between Ag. humidum and Ag. tsukushiense were expecied. ¥ield cbser-

vations have confirmed the occurrence of toth in the vicinity of
Misima.

a) Allopatric case --- Natural hybrids betwesn Az humidum and

the common type of Ag. tsukushiensge

During the mapping of the distribution of Ag. humidum in the

41



" Table 13%. Chromosome pairing at ML of a natural hybrid <H15)

' between Ag. tsukushiense and Ag. ciliare collected

in Misima

Chromosome pairing No. of cells observed

o Tmt e (1%

lopp + Mlgq + 10 17
13y + 91 ' 6 6 (21.4)

THETE A 16\
g+ Y+ 6p L e (64.4)

lIV _ + 1211 + 71 ? 1/
151’1 + 5 2 2 ( 7.1)

Total 28

....42_



vieinity of Misima, the first natursl hybrid was found in Umena,

o ) .  EAAme S T
south of Misima, in 195%6. On an about 500m~ area fhat was gelected
for detailed observation, Ag. humidum was found in the paddy fields

pasi iy

in a high frequency. On the other hand the common ty; .

tyve of Ag.

tsukushiense was only found on the fceot-paths and borders of irrigation

‘ditches of the paddy field. Thersfcere, the ecolcgical reW wWionshi
of those two species was éllopatrio. Netural hybrids were ohserved
mainly in Umens and, in addition, in Daibs, Naka and Sawaji, environs
of Misima, where both species are found.

During 1956 - 1962 a total of %4 clones of natural hybrids were
found on the foot-paths znd borders of irrigation ditches or rarely
in the paddy fields in those areas. Morphological characters of the

atural hybrids are intermediate between the parental species or more

closely resembling Ag tsultushiense (Fig. 11). The hybrid in the

natural habitats was recognized easily by its upright spikes, due to
high sterility. Table 14 shows several ouanultatﬂve characters of a
natural ryorid (n ) and the perental speclies growing near it in Umena.

Of the 14 characters observed, five were intermedizte and three were

the same as in Ag. tsukushiense. Seed-setting of the natural hybrid
clones was examined. in the naturzsl corditions as given in Table 15.
Very low seed fertility was the rule; it varied from O to 1.5 per

cent according to different clores and ¥

o

ars .

om

3

ne artificial hybrids were very easily obtained in 1956 as

described previously, and the 17 Fl plents were vigorous but completely

¢

sterile on the male side and highly sterile on the female side.

Spikelets of the artificial hybrid and the parents

j44)

re shown in Fig.

12. These plants were very similar to the natural hybrids. Chromosome

—f A
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Table 14. Compariscn of guantitative characters of Ag. hum:idum,

Ag. tsukushiense var. transiens and & natural hybrid

(Hl) between the two species in Umena, Misima (1957)

Strains Ag. humidum Ag. fsukushiense Natural hyorid
Characters ' (Hl)
Plant height (cm) 48,7 59,2 49.1
No. of tillers . 80.0 22.0 25.7

Length of the first

internode from top (cm) 21 9 548 28 4
Length of spike (cm) 1%.4 25 .4 21.0
No. of spikelets | 10.2. ” 23.0 16.0
Noépgieiiirets o 4.7 76 6.2
T - R R
Outer slume with Longth ) 2.76 3.23 5.60

awn - Width 0.1% 0.15 0.16
e e W) 0% 0 5

Length (cm> 0:52
Seed Width (cm) 0.11 0.1% (sterile)
Weight (mg) ~ 4.2




Table 15. Seed fertility of the natural hybrids between Ag. humidum

and the common type of Ag. tsukushiense at natural

habitats in Micsims

Strain  Locality Year Waxiness No: of No. of Ne. of Seed
Y observed of plant spikes spikelets gseeds fertility (%Q

H4_1 Umena 1958 non-waxy 14 160 1 ¢.21
H4—¢ ‘ B ’ " " 41 586 3 017
H6 " 1959 waxy 11 159 1 0.21
H, " 1958 o 14 195 0 0

" " 1962 " 5 T3 5 G.17%
HB " 1958 NON~Waxy 57 1,012 0 0
"o " 1962 " 10 13% 1 0.25
H9 B 1958 " 6 82 o 0
HlO f on " 172 1,570 0 0

" ' A 1959 " 146 1,417 5 0.C7
" A " 1962 " 231 2,340 18 0.26
Hiy g L " " 98 1,294 2 0.05
H11~2 " " " 25 373 0

}‘:115‘_1 Sawajii 1958 " 12 ' 189 0 0
H15_2 " ' " " 21 337 0 0
H16 Unena " " 21 253 0

! 1959 " 7 125 1 27
9 . " . 17 218 6 0.92
H29 Naka 1962 B 50 830 O 0
H%‘l Daiba ' 1959 " 21 AT 15 144
H56w2 " " " 6 88 4 1.52
H45 Unena 1962 WXy %3 390 1 0.09
H44 i " "o 50 %75 0 0
H45 " " NoN~wWaxy 58 766 10 0.44
Hyg " " " 7 257 4 0.56
H47 " " " 8 106 O 0
H48 - " " 52 595 O O
H49 ! " " o8 945 0 O
B0 ! : " 124 2,082 5 0.05
Heo " " " 47 EE 3 0.1%
H;5 m " WaXY 28 572 0 0

% seed fertility (%) = (No. of seed/Wo. of spikelet x 3) x 100

-

-«

~46-
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Fig. 12. Spikelet, empty glume, inside of duter glume (palea),
outer glume and seed (from left to right) of Ag. humidum,
an artificial hybrid (5751) and the common type of Ag

tsukushiense

o~
e—
—
T
e
—

o

a. Ag. humidum No. 1
b. An artificial hybrid (5751)
¢. The common type of Ag. tsukushiense No. 2

A7




pairing in meiosis of the artificial anc the natural hybkrids showed

mostly 21II (Table 16 and Fig- 9)ﬁ As to chromosome pairing, 1o

difference was found between the artificial and the natural hybrids,

v) Sympatric case --~ Natural hybrids between Agz. humidum and

the early ecotype of Ag. tsukushiense

Fag A

The early ecotype of Ag. fsukushiense is often found in the

paddy fields where Ag. humidum grows (Sakamoto.1961>. Sympatric
swarms of both species in the paddy fields were found in the valleys
of the hilly neighborhood of Misima, particularly at Kamogahorsz,
Misima. In order to estimate participation in the mixfure of the two
s@ecies, the number of clonés of both should be counted in the swarm.
However, it is diffioult to do so. In a wmore convenient and

accurate way, the nuﬁber of spikes ard spikelets in the population
was counted, using the one meter quadrat method in & baddy field
where the hybrid plants were found. The result is given in Table 17.

The number of spikelets of Ag. humidum was aboutl the same as that of

the early ecotype in the ratio of 1 in the former %o 1.3% in the latter.

®

This indicates that the effective mumber of spikelets contributing to
natural interspecific hybridization beiween the two species is the
same in the population.

In several swarms of both species, natural hybrid clcneé, namely

32 clones in a paddy field in 1958 and 40 clones in another paddy

E

[
U
3
6]
o
(g
]
n

field in 1959, were found &t Kamogahora. Since both parenta
and the hybrids are perennial and clones are maintained year after

year through subdivision of clones by culture jrectices used in rice
planting timg} the observed numbers do not necessarily indicate ihe
frequency of annual occurrence of natural hybrids in the population.

On the other hand, 17 artificial hybrid plants between a strai

_48-



Table 16.

Chromosome pairing of the artificial and natural hybrids

end their parental species

ChTomosomne A s dum Artificial DNatural hybrids taukushiense
é{ajl‘jj ne i-—ﬁ“‘No_ =% nybrid Misime Fukuoka TSR
R : (5751) (8-5) (a=T7)
21, 114 25 56 7% 1%2
1oy 197 0 0 1 1 0
{ 4 Z
20, 0 10 5 3 3
1 pt197c+y 0 1 0 1 0
19, p+4 0 0 1 0 0
Total 114 46 6% 78 135 .




"Taple 17. Frequency of spikes and spikelets in a natural swam of

Ag. hHumidum and the early ecotype of Ag. toukushiense

var.. transiens

Species : Ag. humidum Barly ecotype of Ag.tsukushiense
No. of quadrat | No. of spikes No. of spikelets No. of spikes No. of spikeletis
I 146 1,3%6 294 1,616
1T \ 110 949 287 1,207
11T €9 587 214 85%
Total 325 . 2,872 795 2,676
Ratio 1 1 2.4 1.3

-50-



of Ag., humidum and a strain of the early ecotype c¢f Ag. tsukushiense,

both collected in Misima, were produced in 1958, They were completely

mele sterile, with non-dehiscent anthers, 2nd no seeds were obtained

ald The ariifi-

1,-

in self- and open—polliﬁation in the experimental fi
cial and natural hybrids were morphologically very similar and

resembled somewhat Ag. humidum as shown in Figs. 13 and 14. Table 18
shows the morphological cheracters and fertility of Ag. humidum, the
tsukughiense and natursel and artificiai hybrids.

early ecotype of Ag.

A clone of a natural hybrid (2-48) (Taule 18) was collected at
Kamogahora in 1957. In 1958 the natural hybrids found in a paddy
field showed a seed fertility of C.4 per cent, namely 15 seeds Trom
1,209 spikelets of 32 clones, In the following yeer (1959) the
fertility of natural hybrids in the other paddy field was examined
and 0.2 per cent seed fertility was calculated having obiained
seaeds {rom 1,43%1 epikelets of 40 clones. BSince the anthers of natura
hybrids were non-dehiscent at flowering time, all those seeds were

assumed to have originated from backcrosses to Ag hunidum or to the

early ecotype of Ag. tsumushiense. To acertzin it, the 15 seeds
obtained in 1958 weresown and five plants {cult. no. 5935) were
obtained. A plant numbered 5937%-1 died at an early stage of growtin.
The wmorrhological characters and fertility of 59372 are shown in the
lowéf half of Table 1&. [These plants showed about 0.% - 31.2 per

cent pollen fertility and O - 3.3 per cent onen-polliinated seed

fertility in the experimental field. The dehiscence of anthers,

I8

especially of 593%-2, <3 and -5, was good. A plant numbered H933%.2
showed 1.7 per cent seed fertility when self-pollinated and 593%3-5

showed 28,6 per cent seed fertility when backcrossed to the early

ecotype. Judging from the length of spiks, number of spikelets,

-



Fig. 13. Spikes of natural and artificial hybrids and parental
species,"égv humidum and the early ecotype of Ag
tsukushiense

| 90—

a, Early ecotype of Ag. tsukushiense
b. An artificial hybrid (5880)
¢« A natural hybrid (H

51)
d. Ag. humidum

8k




Fig. 14.

me end seed (from left to right) of Ag.
2n artificial hybrid and the early ecotype

shiense

Ag. humidum
b. An artificial hybrid (5880)
c. Early ecotype of Ag. tsukushiense
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plant habit and waxiness as shown in Table 18, it is concluded
.

that of these 4 plents, 593%3%-2, -4 and -5 might have been derived

from & natural hybrid backerossed to the early ecotype and 5933-2

rom pollination by Ag. humidum pollen in the natural swarm. This

suggests that introgression might have occurred in the natural swarms
involving the tﬁo species.,

Progenies of these four backcrossed plants were tested.in the
expefimental field in 1962 and 196%. Waxiness and seed fertility
of self- or open-pollinated progenies of four strains (cult nos-
6207, 6208, 6209 =znd 6210) obtained in 1962 from three backerossed
plents (59%3-2, -3 and -5) are given in Table 19. This table also
records the waxiness and the individual variation in seed feriility

of 16

strains, derived from these four progenies through self- or
open-pollinaticn, which were grown in 196%. Plants of culture nos.

o
FO
S

-3

. 6208, 6209 end 6210 were obtained from self-pollination of

2

pen-pollination of 593%3%-3% and

59%3-2, open-poliination of 5933-2, or £
open-pollination of 5933-5, respectively, A plant numbered 593%-4
did not produce tny seeds either in self- or open-pollination. Culs.
nos- 6207 and 6208 showed very low seed fertility  Three plants of

6209 were completely sterile, As to morphological characteristics

these three plants were of Ag humidum type, while 6207, 6208 and

6210 were similar to the early ecotype of Ag. tsukushiense 0r 13

plants of 6210, two plants were waxy and the rest were non-waxy .

This suggests that 597%-5, the parent of 6210, was heterozmygous and

that non-waxy wes dominant over wexy as also observed in F1 plents.

Five individuals of 6210 were completely sterile even in open-

.

pollination. Plant rumbered 6210-7 showed relatively high seed
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fertility, of 46 per ceht in self- and 69 per cent in open-pollination.
Sixteen strains bf self~ or open-pollinated progenies from

6207, 6208 and 6210 (culta nos. 6326 - 6%41 in Table 19) cultivated

in 1963 were morphologically very similar to the early eéotype of

Az, tsukushieunse- Waxiness or lack of it of these strains shows thet

they are homozygous in this particular character except two strains,
cult. ﬁos. 6330 and 6%34, being open-pollinated progenies.

The variation pattern of’self~ and open-pollinated sesd fertility
of thesé strains shown in Table 19 indicates that (1) the restoration
of fertility is much more evident than in the previous generation,

(2) fertility'of geveral individual plants wes the same as that of
the original parental species and (3) plants with very low self-
pollinated seed fertility, O - 20 per cent, represent the majority

of the population.

-58-



V. DISCUSSION

(I) Morphology and sterjljﬁy of the artificial hytrids

General appearance of many characters of the artificial hybrids
was intermediate between the parents or superior to those of the
parents. For example, with respect to 16 characters of Fi plants
between;égrbumidum.No. 1 and Ag. ciliare No. 5 (Table 6), it can be
said that Ag. humidum dominates in two characters, Ag. ciliare in
four, four charaotérskare intermediate between the two parents, five
cnaraqters are superior to those of both parents end one character

i

m

the same as in both parents. In Ag. humidum No. 1 x Ag. tsukushiense
No. 2 (Tavle 6), Ag. humidum dominates only in one cheracter, Ag.

tsukushiense in six, two characters are intermediate, six characters

are superior to those of both parents end one character is the same
ag in both parents. In these two hybrid combinastions about one

third of characters examined were superior to those of the porents

indicating hybvrid vigor of Fi plants.
Godley (1951) compared 14 characters of the Fl bybrid between

Ag. junceum and Ag. pungens with those of the two parents. He

observed that Ag. pungens dominates in six cheracters, Ag. junceunm

in three, and that five characters are intermediate between the two

parents. He also observed anocther hybrid between Ag. repens and

Ag. Sunceum. Of the 14 characters studied
2o Lpioed

Ag. Jjunceum dominates in

praliat <=3

>

four, Ag. repens.in one, five characters are intermediate, two show
an increasse as compared with either parental species, and one shows
a decrease.

Both anthers and ovaries of all F. hybrids were gquite normal
. 1 - L.
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in development, but complete pollen sterility and very high ovule
sterility were the rule in &all combinations of interspecific hybrids

Ca mined, even in those between itwo species with the same chromosome

mumbers, such as Ag. humidum No. 1 x Ag. tsukushiense No. 2 All

[

<

m

]
C,{;

anthers were non-dehiscent and all pollen greirs were compl
abortive. This type of‘s%erility has been cbnéidered to be mainly
due tc coryptic structural Bybridity of’ c¢hromosomes of’the parental
épeoies (Stebbins 1945), & phenomenon observed in many *nterop cific
and intergeneric hybrids among the tribe Triticeae. According to

tebbins, Valencia and Valencia /1046), the intergeneric F. hybrid

1

vical case of

-

between Elymus gleucus and Sitanion jubatun is a +tyn

F
s

chromosomal- sterility due to cryrtic strﬁctyral byhridityw If the
sterility of the F is chromos somal, the amphidi ploxd induced by
colchicine through doubling of chromosome number should have greatly
inéreased fgrﬁility. This was clearly demonstrated by Stebbins and
his coworkers in their interspecific and intergeneric hybrids in the
tribe Triticeae (otvulins, Valencia aznd Valencia.l946; otkers}, The
colchicine tfeatment has not béen applied to the present Fl hybrids
but it is expected that with the doubling of chromosomes fertility
would be increased, No further experimental approeches to elucidate

the ceuse or the mechanisn of this type of sterility hav been made.

However, as described in the previous chapter, rather quick restoration

of seed fertility was found in ile backcrossed plants and their
progenies in the sympatric natural hybrid between Ag. bumidum and the

early ecotype of Ag. tsukushiense, bo*h hexaploid Japanese species.

-

This indicates that the mechanism of sterility in this particular

1

interspecific, hybrid might not be highly complicated.

High sterility in the interspecific F1 hytrids otserved in the

3
e
=



pres $tudy gives an imvortant experimental basis for the es
mation of the gpecies as gystemotical entities in genus Agroyyron.

Any cross combination where two specles were involved showed high
sterility irrespective of the same chromosome numbers or genoms

homology of the specles
criterion for determining
Omﬂufl on

Clausen, Keck snd Hiesey

would correspond to their

ship was reported also for the New Zealand Agropyron specic

Conner (1956).

Genomiec relationshi

1p

s

(11)

The degreec of chromo
g

generic hybrids can be us

speclies relationehips. A

32

indicates

ds

s

the parents. Therefove,

of interspecific hybrids

relationsh

ceriomic

=Y
19

T

P

with two sets of

of 14 chromosomes in the former and with three sets of seven

somes making up the gameti

Since all the chromooor

cressed.

with the concept of species bzsed on exper'n

ips between

ognized as-va

as Triticum and Aegilops (Lil

seven chromoscmes making up

&

This pro¥vides £o000 expe:

the species boﬂ aries in

éx—vgz 0.

39),

J
) .

and Ne

\’")

the

(19

distinct

apanese
cencspe

s
el

Yy

§ anong srecies

cifi

seme pairing in interspe ic or inter-

ed as an index of chromosome homology

a

hizher cmount of chromosome ir

egula

rely nmore digtant relationshiy

e

the number of bivalento in

)

is cne of the best base

A
Hel

the parental

renfeld 1951:

he species used in this study are tetraploid and hexaploid,

the gametic complement

.

chromo-

¢ complement of 21 chromosomes in the latter.

are very in thelr size, no direct



distirction is possible, end, therefore, only indirect evidences

have been used in determinirg the nature of pairing. For this

purpose, multivalents obscrved in F, hybrids such &s
WL

quad:ivalents, and trivalents, were considersd conveniently as two

TN

4
L

one bivalent + one

@

bivalents + one univalent, two bivalents, anc
! b s

univalent, respectively. Freguency of bivalents aooording‘tg thin
methdd is given in the second columm for each hybrid combination in
Tavles 7, 8, 9 and 10 The numbers in parentheses indicate the
percentage of cells having different bivalent numbers

Range and mode of bivalent pairing, and average chromosome
peiring in all interspecific hybrids cre listed in Table 20. lMore-~

over, frequency di st:lbuulon of bivalent pairing iw

presented in Fig. 15 for Japanese 4x x Japanege 4x, Japar

lepalese 4v and Japasnese 4x x American 4x3; in Fig, 16 for Japenese

4x x Japanese EK; snd in Fig. 17 for Nepclese 4x » Japenese 6,
respeétjﬂely

In Japanese 4x x Japanese 4x narrower veriation of bivalent
palring (1011 - Liizﬁ with higher mode at 14 was obtained than in
Japanese Ax x Nepalese 4x (Table 20) On the contrary, Jepanese 4x
x American 4x result ed in a very wide variaticn in vivalernt formation,
ZII - QII with a very low mode at 5.

In pentaploid hybrids, a clear difference in the range of bi-
valent formations mode and average number of hivelents were found

between Japenese 4x x Japanese 6x and Nepzlese 4x x Jopanese 6x

hybrids., A narrower range of bivalent formation <7TI 16.)

6. with
,LI’, Wit

higher mode at 1% or 14 and higher average number of bivalents (12

\S]

- 1%.2) was observed in the former compored with 3. - 15,1 with the

IT
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distribution of bivalents st MI in PMCs of Fy

Japanese 4x x Japanese 4x, Japanese 4x X

Ag.yezoense x Ag.ciliare(R170)

— Ag.ciliare x Ag.semicostatum(5731)
------ Ag.semicostatum x Ag.yezoense(5743)
—-—- Ag.ciliare x Ag.trachycaulum(5733)

Frequency (%)
2 &8 .7

=




1

—_ Ag.tsukushiense x Ag.ciliare(5734) /.
— ————— Ag.tsukushiense x Ag.yezoense(5736) ' ! \
— -— - Ag.gmelini(Japan) x Ag.tsukushiense(5888) / )

— -—— Ag.humidum x Ag.ciliare(5752)

Frequency (%)




3

3

Frequency (%)
N

~
LY

————

Ag.tsukushiense x Ag.semicostatum(5737)
Ag.humidum x Ag.semicostatum(5886)
Ag.gmelini(Nepal) x Ag.tsukushiense(5884)

Ag.gmelini(Nepal) x Ag,humidum(5885)




mode at 10 or 12 and 9.8 - 12.0 of the latter hybrid combinaticn,
as shown in Table 20 and in Figs. 16 and 17.

In the hexaploid hyrrid, 2111 in the mgjority cof the meioiic
celle were observed with a very small range of bivalent pairing,
20y, - 21, with the mode at 21, and 20.7 as the average number of
bivalents (Table 20 and Fig 8).

Chromosome pairing of the inierspscific F hybrids in Japanese

i}

Agropyron was first observed by Matsumura (19&1, 19472, 1948) in

L Age
ciliare x Ag. tsukushiense var. transiens =nd Ag. humidum x Ag.
tsukushienge vor. transiens.- According to Matsumura, the range and

the mode of tivalents in the former combination were 10.. - 14._ and

vidum x Ag. tsukushiense hybrid, he

14, respectively. 1In Ag. hu
observed many mﬁltivaients and univalents in meiosis bub he could

not analyze them in detail mainly due to the abnormal development of
PVCs in a<weak hybric plent. From these ObobTunLOnu, Matsumura (1948)
has Lroposéd the following genome formulae for his three specie

5t

Ag. ciliare IT KX
Ag.  humidum , IT 72 22
Ag  tsukushiense IT X¥ 1L

He assumed that Ag. tsukushiense has two genomes., I and K, in common

with Ag. cilisre and a third genome, L, but that Ag. humidum shares
only one genome, I, with the other two species and has two other
genomes which are different from K and Iy gencomes.

From the results of the present study, the genome formulas for
each species could be determ ned as shown in Table 21, applying
Maﬁsumura’s three genome gymbols, I, K and‘L,kbut some differentiation

in each is indicated by the pccurrence of quadrivalent and trivalent

A

=

rsgociations in the Fl hybrid Ag. yezoense x Ag. ciliare No. 1




Table 21. Species, chromosome numbers and genome formulae of

Japanese and Nepalese Agropyron

Species 2n Genomes
Japariese species:
—-— * : o~

Ag. repens P. Beauv. Az -
Ag., ciliare var, minus Ohwi _ 28 II XK
Ag. var. pilosum Honda 28 IT KK
Ag. var. tenuisetum Ohwil 28 IT XX

X . *
g. caninum L 28 -

-
-
=

yezoense Honda wvar. yezoengs 28

i
H

vezoense var, tashkiroi Ohwi

i

N
i
f -
R

. humidum Ohwi et Sakamoto 4 LL

i3

=

var. transiens Ohwi

=
N

IT KK LL

Ag. tsukushiense var. itsukushicnse (Honda) - -
) ¥ :
Ag, x hatusimae Ohwi 42 IT KX LL
. A xR ’
Ag.. agsimae Ohwi %5 i1 KK L
Nepalese speciles:
IT N’ \]’ N
Ag, gmelini Scribn. et Smith 28 T KK
, . NN N
Ag. semicosgtatum Nees 28 o KNK
* naturalized in Japan ** natural hybrid betwsen Ag., humidum
and Ag. tsukushiense **% natural hybrid between Ag. tsukushiense

and Ag. ciliare



Although no direct data concerning the gencmic affinity between
Japanese Ag. gmelini and Ag ciliare or Ag yezoense have beer
available, the comparison of chromoscme peiring of Ag. gmelini

(Japan) » Ag. tsukushiense No. 2 with that of Ag tsukushiense

x Ag. liare No. 1 and Ag. tsulushierse No. 1 x Ag.

cates incirectly the existence of I anc X genomes ir
gmelini. From the chromosome pairing of pentaplo:id Fl hybrids bet-

ren Japanese 4x x Japanese 6x, the genomic composition of two

hexaploid specieg, Ag. humidum and Ag. tsukushiense, is I1 KK LL.

Low frequency of multivalent association and existence of‘6q5 - 8.8
univalents on the averazge in the pentaploid hybrid, Japanese 4x X
Japanese 6x, suggest (1) a slight genomic dlpfer ntiation in I and

K genomes among the Japanese tetraploid species, and (2) no genonic

homoleogy between the third genome, L, and genomes I and X. No genomic

H

differentiation was observed between the three genomes of Ag. humidum

and those of Ag. tsukushiense, from the observation of tightly paired

21 bivalents in the majority of cells of Ag. bumidum No. 1 x Ag.

11

fsukughiense No. 2, as shown in Table 11 and in Fig 9.

The genome structure of polyploid species has been egtimated

from chromosome pairing at MI of interspecific or intergener

‘1
'_J
Q
o
&g
oy
3
d.
oL
w

involving the species in guestion. However, this method of genome
4

determins tion is usually irconclusive, if nc dipleid species a

availatle as analysers. In many coses 11 is

impossible to

distinguish autosyndetic from all

O
g
5
&
©
<—§.
[N
Q
O
].J

I

-
o
b

according to the
type of polyploidy of the sjpecies involved, either guto-, autozllo-,
segmental autoallo- or allopclyploidy. In doubtful cases polyhaplos

1

plents provide critical information concerning the genome structure

of polyrloid species (Dewey 1961). In 1962 & polyhaploid plant of



o~

Ag. tsukughiense var. trunsieng was found in & siate of nature in a

valley of the hilly nei ghborhood of Misinma (Sakamcto 1964a). Chromo-
some pairing at MI of PMCs of the polyhaploid, the menosomic (this
plant wag obtained from a scod which was assumed to have been produced
b

r pollination with the pollen of Ag. tsukushiense growing ne:rby)aﬁd

it 45X

R

Ag. tsukushiense No. 2 are shown in Table 22  No bivalents were found
in 84 per cent of the polyhaploid cells and only one (10osely agsoci-
ated by a terminal chismsma) was observed in 14 per cent of cells

evamined. &verage chromosome pairing per cell was 0.0, + 0.0

TV 117 *

ff

02,4 + 20961, which indicates very low frequency of multivalen

formetion. Chromosore peirirg of the monosomic and of Ag. tsukushiense

Ho. 2 w

o

5 ZOII + .'lI and 21AI, regpectively, In the mejoriiy of cells.

From these results it is concluded that Ag. tsulughiense var., irsansiens

is an allohexaploid whose genome constitution conprises three different
gencres (Sakamoto 19642). This conclusion critically supports the
view of Matsumura snd the present invertigatiors.
From these points discussed -above, it is concluded that the
gencme oonsyitugion of the examined Japerese Agropyron species is
very similar; the gencomes shared by Japonese tetraploid species are

I and K and & third genome, L, isg added in the hexaplcid species.

The®yresent observation of chromosone pairing in Ag  tsukushiense

No. 1 x Ag. ciliare No. 1 is very sipiiar to Metsumura's observations
of this hytrid combination. However, very differeni results were

cbhteined Irom Ag. nunidum No. 1 x Ag. isukushiense No. 2 from those

of Mateunura. In his experiment he used Ag. humidum collected in
Fukuoka-Ken, Kyushu, in just the seme place where the present Ag

%

humidum No. 1 was found. Put as the male parent he used Ag. tsuknshiense

var. transiens ccllected in Wakayema-¥Ken, while the present Ag.



Table 22, Chromosome pairing at ML of PlCs of the volyhaploid, the

monosomic and Ag, tsukushiense No. 2

Chromosome pairing

Polyhanloids:

21 : 269 - 8

N

1.+ 19{ 61 13.

1T T

v

N

Total 447 100

Monosomic (cult. no. 6348-2):

20 - 164 7
Opp + 1o 164 97

19. _ 3 5 z
Total 169 100

Ag. tsukushiense No. 2:

N
]
o]

132 97.8

]
ot

O+ 2

SN
[\

Total

pi
SN
1
i
&

o
(]



tgukushiense No. 2 was collected in Misima, Shizuoka-Ken. Although
his Fl plant showed very weak growth, its mprphological description

agrees with my observetion. No evidence of a clear difference in

o3 3

chromosome pairing between mine and Matsumurs’ s Fl couid be found.
From the ccmparison of chromoscme pairing between two Japanese
4x x Mepalese 4y hytrids end a Japsnese 4x x Japanese 4x hybrid, the
following results were obtained:
1) a wider renge of bivalert associaticn,
2)-a lower mode of bivalent number,
%) a significantly lower freguency of quadrivalent and itrivalent
agscclations,
4) no sigrificant difference in the average number of bivalents and
5) a little higher occurrence of univalents, 3.2 - 4.2 g compared
with 2.% for a Japanese 4% x Japanese Ax hyvbrid
Moreover, from the comparison of chromosore pairing betwsen four
Nepalese 4 x Japenese 6x hytrids and five Japanese 4x vaapanese 6%,
the results as to the former combinations are e £0llowe:
l) a wider range of bivalent associations,
2) a lower mode for the bivalents,
5) lower average number of hivalent in a eell,
4) no significant difference in multivélent associations between the
former and the latter combinations, end

5) higher occurrence of univalents in the former, 10.8 - 14.1, than

in the latter, 6.5 - 8.8.

Judging from those results, the genome formulae of two Nepalese

species, Ag. gmelini and Ag. semicosteiur, could be designated oo

A KT

NN NN ) s o
I'1 K;Ky which indicates basically homologous genomes to T and K

found in the Japanese gpecies (Table 21), Some chromosomal



-

djfferentiatioh must have taken place between IN and KS genonmes and
I and K which reduced the number qf bivalent association in Japanese
x Wepalese hybrid (Table 20).

Yo direct comparison of geromes between Japanese and Nepalese
Ag. gmelini hasibeen madev Thé genomes of Ag. gmelini, indigenous
to Japen as well as to Nepal, are truly heomologous except for a
slight but definite reduction in pairing. This result was obtained
indirectly through crosses of bbth Japanese end Nepalese Ag. gmelini

‘with Ag- tsukushiense,” i.e. Ag. gme (Japan) x . tsukushiense

No. 2 and Ag. gmelini (Nepal) x Ag. tsukhshle“.o No. 2 in Table 20.

In Ag. ciliare No. 1 x Ag, trachycaulum, (1) very wide variation

of bivalent formation, (2) low mode of bivalent rumber, (3) very
slight occurrence of multivalents, and (4) many univalents, lYI’
were observed. These evidences suggest two possibilities: firstly

that one of Ag. trachycaulum genomes is very different from I or K

genome of Ag. ciliare and another is partially homologous with I or

X genome, or, secondly, that autosyndesis of Ag. irachycaulum genomes
takes place in F1 hybrid. rther experiments are needed to clarify
this point. Stebbtins and Snyder (1956) observed a triploid hybrid

between Ag. trachycaulum and a diploid North American Ag. spicatum,

obtaining 7., + 7, or 1 + 5 _ 4

11 M- 1s 511 71 in the majority of cells in the

hybrid. Thie indicates that a genome essentially homologous to that

of Ag. spicatum exists in the tetraploid Ag. trachycaulum Stebbins

and Pun (195%) assumed Lm t the genome homologous to the sprcatum genome
ig widely spread In the northern temperate regions.

Judging from the chromosome pairing in Ag. ciliasre No. 1 x Ag.

trachycanlum, I or K genome in Ag. ciliare is assumed to be different




As will be discussed later, Ag. x hatusirmee was identified as

a natursl hexaploid hybrid between Ag. humidum and Ag. tsukushiense

,V

var. trensiensg, and Ag. x nakasipae wes ziso identified as a natural

‘\

pentaploid hybrid between Ag. ciliare and Ag. tsukushierse ver.

trangiens, Therefore, the genome formulae for these two matursl
hybrids are IT KK LL’for the former and II KK L for the latter as
shown in Table 21.

(IIT) Relations hips between genomic differentistion and geographical
distribution . . -

Hybrids between geopraphically isolated species are especially

©

afford the oprortunity to study the effects

)

interesting because they

Ul

Q(A

Q

of geographical isolation on species formation

ot
s

From the present results of cytclogical observetions of the hybrids,
the interspecific relationships of the present meterisls, five Japsnese,

two Nepalese and one American species is given in Fig. 18,in terms of

the mode of bLivalents in In this figure an information

: 5

on the hybrid between Ag. tsukug ehiense and Ag. oristatum, & diploid

oy

Siberian species, is given after Matsumura (1942)a In both tetreploid

and pentaploid interspecific hybride between Japanese and Nenslege
[ ¥ pa r

species, the mode of bivalent formation was er in Japanese x

Japanese species hybrids than in Japanese x Nepalese hyvbrids and

the variation range of bivalents was narrower in the former thin in
the latter. In addition to this, frequency of univalents at MI 4in

the former hybrids was lower than in the latter, bui in several cases,
multivalent formation, on the contrary, was higher in the former

than in thellatter (Table 20). Those evidences lead to the conclusion
that the twe Nepalese species are‘dlcsely related to the Japanese

£

specles but some degrees of genomic differentiation are indicated.

v | L]



NEPALESE

Ag. semicostatum(4x)




Therefore, the genomes of the two Nepalese specl ies were designated
a IWIIq ’NKj as discussed above.

According to Good (195%), Japan and Nepal belong to the same
phy to-geographical region, the Sino—Japah€ue Region, which includes
(1) the eleveted area of the Sinc-Himala wan-Tibetan mountains; (2)
the rest of China except the South; and (%) the insular area, Japan,
This view wag supported by Kitamura (1955) after the taxonomical
examination of the herbarium specimens of flowering wlants collected
by the members of the Japanese Sol tentific T Yped“‘1on to Nepal Himalaﬁa,
1952 ~ 195%, F¥itemura found in Nepsal rany closely related species

to those found in Japan. In the studies of Agroyyron and reluted

enera found in Nepal Himalaya, Matsumura, Sakamoto and Tatecoka (1956)
& P S : \ ;

revorted Ag. gmelini, Elymus dehuricus, El. sibiric and Brachyoodium
e 2 — PloutomsMiyiimruiin e Py e

sylvaticum which are also distributed in Japan.

Cvtogenetical studi of Japanese snd Nepalese A33039ron zrecies
provide experimentsl evidences of genomic differ@ntiation owing to
geographical isolation of long duration.

On the countrary, the chrcnos

No. 1 and Ag. trachycsulum suggests the cxigtence of different cr

partially homologous genomes in arn American tetraploid species which

e distrituted from Labrador to Alasksa, south of the mountains of

1

West Virginiea, Missouri, New Mexico and Californisa, end northern

Lh

Mexico (Hitchcock 1951), i.e., in the Pacific anc the Southern
Atleniiq North America‘RegiOﬁs (Cood 195%).

However, there are several cases owing a contrary situction
frrom that of Agrepyron hybrids. According to Sax (19}5), Platanus

occidentalis and P. orientalis mucet have been separated for thousands

=]

of generations, bul the F1 hytrid shows ncrmal meiotic division and

-



fertility. Also, the Fl hybrid between Asiatic and Buropesn
£

species of Larix is fertile end the chiasnma frecuency of the hybrid
)¢ ) v

s that in the

{\7

O

is as high

. This behavicr.seems t
indicate that such widely separated species somestimes do nol underge

any Tunderental genetic and structural changes in the chromosomes

< 5 / 1 Z R A N N - -
For very long time periods (Sax J9j5>‘ Stebbins (l95t) considers
that further studies of hybrids between widely allopatric species

will prchably reveal that the

wn

found in Platanus is not un-
common in the higher plants
(IV) WNatursl rybridization <n Japarese hgropyron

In the present study, two naiural hybrids involving ore tetra-

vloid, Ag. ciliare, and two hexaploid species, Ag. humidum and Ag

toukushiense, of Japanese Agrovyron were reported They are Ag.

ciliare x Ag tsukushiense and Ag.

In the former pentaploid hybrid, natural seed setting was not

observed in matural hybric cloves which have grown together with

both parerital species mai and in the hills of Misima

in this hybrid combination

introgressive hybridizetion ild no’ occur in natural conditions.

Natural hrybrids have been collected

Kyusbu by Mr. K

Naksjima and were first classified as Ag. Moyebsronum var

Ohwi or Ag. Nakasimae Ohwi (Ohwi 1942b)  Ohwi's morphological
descrs of this form well agreed with the observation of the

a + o 4 4 1 . ~ s - .
present materials. The correct binary name for this natvrsl hybrid

is Ag. x nakasimae Ohwi

In the latter hexazploid

rel hybrid, Ag. bumicdum x Ag.

paiel sy - omamin. - st i RN

tsukushiense, two cases were found in Misimes; 1i.e., one allopatiic

and the other sympatric Im the allopatric case Ag. humidum and the



comwon type of Ag. isukushiense var. transiens, occurring in nature

in differert ecological habitats, were involved, while, in the sym-

o

patric case Ag humidum and the early ecobype ¢f hg tsukushiense

var transiens, both growing in fallow paddy fields, were Jnvolvéd
in natural hybridization

In the allopatric case very low seed fertility was *he rule;
it Varied from O to 1.5 per cent according to different clones ant
years (Table 15). This indicates that spontaneous backerossing
could occur sometimes under natural sonditions. For examplé; clone
no H4—2 in Table 15 showed a seed fértility of 0.17 pér cerrt in
1958 and three se:de were obtained. From these seeds one plant
(cultJ no 5952b) whose characters were mostly very similar to those

i

of the comuon type of Ag. ts

nge, was grown in the experimental

field in 1959. This plant had relatively high pollen =nd seed
fertilities, namelys

Pollen fertility 6D

It is assumed that

Ag. tsukushiense as the pollen parecut.

Those naturesl hytrids have been found in Fukuokaz-Ken, Kyushu

(Wakajima 19%2) and the hybrid specimers have been relerred by Ohwi

(v

7/ 4 My ~ . . . .
(1942b) to Ag. Hetusimae Ohwi or Ag Meyeboranum ver intermedium
Hatusima (Ohwi 1953%). hwi's morphological descripiion agreed with

that of the present materials which vere identified by him. Mr. T.

Osade of Fukuoka High Schrool, kindly collected several hybrid strains

in Fukuoka in 195%. They showed very similer charscteristics as the
Migima s*rains. The correct binary name for this nafural hybrid is

3
435



Lg. x hatusimoe Ohwi.
In the sympatric case, natural hybrids were found in the valleys
of the hilly nedl 1bcrboog of Misima, particularly at Kamogahora

where both parental species were found

oy

ir fallow paddy

fields., Natural seed setting amounted to 0.2 - J 4 per cent hege
sceds are assumed tc have been produced by pollination witli the pollen
of either Ag. humidum or the early eccotype of Ag. tsukushiense growing

together with the hybrid plants. Morphological characters and fer-

tility of four plants derived from these seceds indiceted that of

these four plants, three

rived from & natural hybrid

backerossed to the early ecotype of Ag. tsukushienge and one plant

from pollination by Ag. humidum vollern in the natural swerm. The

) v

variation pattern of seed Tertility of the mrogeny of these backerossed

rlants (Table 19) showed retler guick restoration of sced fertility

in geveral Indivicduals but ihe mojority of the popul

5]
t
b
O
[
B
@
[
o}

plants with low self-pollinated seed fertility, O - 20 per cent.

Judging Trom the progeny tests of the backercssed plants in the

experimental field mentioned obove, the following conclusion may be
drewm. It is quite possible thut introgression of charscters such
&8 wariness from one parental svecies to the other might have occurred

in the natiral popvlations through baclercssing of the parental srtecies

to natural P nybrids followed by sesrege

of the charicters con-

cerned. Rather quick resioration of

"
sy

ity in the hybrid progenies

might make the estoblishment in nabture of hybrid swvarms possibl

By

{1

A

having intermediate charscteristics of the two poreptal specie
Since the species of AgronyTOh are perennial, natural F, hybrids

‘backcrossed plants and their later progenies would be easily propagated



vegetetively in the fallow paddy fields.

However, no introgressants have bheen found vet so far ir the

natvral sympetric populations of Ag humidum and the early ecotyype

of Ag. isukushiense fourd at Kamo

Misima. High sterility of
F1 hybrids might be a major cause of the restriction of introgresaive

hybridization between these two species.

(V) Considerations on the speciation of Japanese Ag“@ﬂ"“ 1

Complete pollen sterility end very high ovule sterility were the

rule in all interspecific hybrids examined, sven when the narents

had the same chromosome numbers and the same genomes. This sterility
is an important basis from the viewpoint of the species coricept of
the genus Three indigernous tetraploid spec having the same
genomes, Ag. ciliare, Ag. gmelini dnd Ag. coen be definitely

‘J-

distinguished by this experimental criterion in addition to the con-

ventional taxonomic key cheracters. Also, two hexaploid species, Ag.
hupidum and Ag. fsukushiense, are criticaily differentiated by byvbrid

sterility. Although, as shown in Table 20, small amounnt of guadriva-
lents or trivalents were detected in al

4% x 4x, Ax x 6x and 6x x

assumed to be m 1y due

of this genus restricting introgression of genes between them. This
conclusion has been reached after my observation of natural nentanloid

snd Ag, ftsulkushiense, and natural gwarms

dumidum and Ag. tsukushiense.
Lo ey

.

On the contrary, intrasvecific hybride within a species werse

fertile. As mentioned in Chapter II, As. occurs in two

-8
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varieties, ver. minus and var. pilosum. The former is distinguishable
from the latter by noddln& svikes with pubescent outer glumes. A
hybrid between the two varlctlcs was fertile (Saksmoto, unpubl.).

In nature'intermediate forms with erect spikes and pubescent glumes

or those bearing nodding s?ikes with non-pubescent glumes are found

together with the typical minus and pilosum forms. The genetical

differences between the two varieties might be controlled by several
genes. A study is now in progress. Ag. yezoense var. tashirci and

Az tsukushiense var. tsulushiense sre distinguished from Ag. yezoense

var. yezoense and gg tsukushiense var., transiens, by the pubesoeht
cuter glume Qf the former two varieties. Although no experimental
data are available, this ch rachr may be geverned by one or two
genes., As mentioned previously, two species, Ag. x hatusimse and
égo x nakegimae, are natural initerspecific hybrids.

Interecotypic ¥, and Fﬁ progenies between the common type and

1

the early ecotype of Ag. & uukushlense var. transgiensg were fertile

Genetic differences between both types were demonstrated to be due to
several major genés aAd polygene systems governing the quantitative
characters. ‘Cytological differentiation was also indicated by
guadrivalent fo tion {14 per cent of the observed cells) in meiosis
of F.. (Sakémoto 1961).

Five indigenous species found ir

o3

Japen are all polypleids, either
tetra- or hexaploid. No diploid species has been found yet in Japan.
Judging from the results of the rresent study mentioned in Chapter IV,
these species are allopolyploids combining genetically different
genomea, II and KK in tetraploid and I1 KK LL in hexaploid species-
This was also coﬁfirmed by the observation of chromosome pairing at

ML of a spontaneous polyhaploid plants (2n=21) of Ag. tsukushiense




-

. RIS D 4y <
var, transiens which was found in a valley of Misimg in 19562

i

(Sakamoto 1964&)“ If the present specles were originated from diploid
ones, the three tetraploid species could nave arisen from an ancestral
tetraploid species produced by hybridization of two diploid species
followed by doubling of chromosome numbers. becouse all tetraploid
species possess the same two genomes, T and X. The two hexaploid

species could have been produced from the tetraploid II KX species

ot
oy

and a third diploid species wi L genome.

n

N
[B]
i

€

However, there are no available data about the higtory cf specie:
formation at present. Most important would be to find the diploid

ancestors that contributed to the formation of Japanese Agropyron

¢
w

speci

3

he origin center of the Asiatic Agpopyron seems 0 be in China
Proper in the central part of the Sino-Japanese Region measuring

‘ L2 . .
about 5,000,000km”. Keng (1959) reported

species as Roegneria and three as Bu-bgrojyron

Taiwan, Mongolis arnd Tibet. Chromosome numbers of most of the species
described in his book, except those cistributing in Japan, have not
veen studied yet. It is strongly desired to collect those materials
in order to find anong them the divnloid species which might have been

the ancestors

Lercopyron. end to cxamine crtogenetlic and

o [

phylogenetic relc

PR [a T - P - o
between Cniinese and Japanese species.

Since all indigenous Japenese syecies are distributed not only in

®

Japan but also in China, Korea, Manchuria or Sibverie as shown in
Table 2, they might have orisinated in the Asiatic Continent,
probably in China. Japan ie the eastern border of their distribution
areé facing the Pacific Qcean.

Intraspecific differentiation of the svecles seems to have



ocourred in Japan, for example, Ag. yezoense var. tashirol and Ag.
tsukushiense var. tsukushiense might be such cases. These two varie-
ties are found in very rastricted sreas in Japan and they differ from
the representative variéty of the speb;es in seversl charszcters.

More detsiled exploration of each species in the natural habitat
could provide the evidence of various degrees of intraspecific differ-

entiation of Japanese species. As reported uy Sakamoto (1961), the

early ecotype of Ag. isukushiense var. transiens was probably diatri-

buted in Japan rather recently. It could have been introduced to

Japen from China together with secds of Chinese milk-vetch or other

oy

orage Crops The same assumpbion was exrpressed for Ag. humidum by
Ohwi and Sakamoto (1964).
Interspecific hybridization in the natural habitet wnere two

species occur together, was observed ‘1 Ag. ciliare and Ag. tsulushiense
§S 3 L Lol o 5

and in Ag. humidum end Ag. tsukushiense Although no introgressants

have been found yet in either casc

o]
<
0]
—+
o}
.
)
]
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]
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ot
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hybrids causing sexual isolation, introgr ssion of certain genes

and restoration of fertility in the hybrid progenies, exanined in the

experimental field, between Ag. humidum ana the early ecotype of Ag.

N o 2’

teukushiense, indicates the occurrence of resiricted introgressive

hybridization might have played an important rcle in the process of

speciation in Japanese

QZ
(O



vI. CLUSION AND SUMMARY

[y
Y=

RO

apenese Agropyron species were studied from cytogenetical point

of view in order to analyse the variation pattﬂ“nu within species,

(&

which could provide experimental bases for dis

biosystematic units and for determining specles

1. Morphological, physiological and ecological chaeracteristics

of five indigenous species, i.e., three tetraploids, Ag. cilisre,
Ag. gmelini and Ag. yezoense, and two hexaploide, Ag. humidum and

Ag. tsukushiense, were observed.

2. rom morvhological, physiological and cvtogenetical studie

[43]

o

of 14 different interspecific hybrid combinations among five Japanese,
two Nepalese and an American species, the following conclusions are
drawns

1) Most of the interspecific Fl plants are vigorous and in general
the characters in Fl are either intermediate between the parenis or
superior to those of thQ parents

2) Complete pollen sterility and high ovule sterility were the rule
in all combinations evemined. The cuuse of sterility was assumed
mainly to be due to oryptic structural hybridity of chromosomes of
the parental species.

%) High sterility of interspecific Fl hybrids observed in the
present study provides an importent experimental basis for the esti-

mation of species as systematical entities in g Ty ron.

o
@
=
&
i
v
o

Japanese and Nepalese species seenl to be distinct cenocspecies

4) From chromosome pai

r)
,_

O
w3

in Fl rybrids, the genome consti

of five Japanese and two Nejp

5

Table 21. It is concluded that the genoms constitutions cf the

-



related with each other; two genomes,

ese hteitraploid species, Ag

——
a third genome, L, is added in two
+ I P o ~ m
Az, tsukushiense. This
£2

sservation of chromosorie pairing at ML

wiushiense var transiens The genome

gmelini snd Ag senmicostatun,

. . A L .
can be designated as T I KK , the superscript !

=]

vasical homology to I and K in Japanese species. The

e
i

and Nepslese Ag

n

ploid species, Ag. trachyceulum, secems to have ‘somewhat different

Jepanese Region

the hexa-

in the pentaploid hybrid due to

T+ ig assumed that in this hybrid combinabtion introgressive hybridi-

zation would not cccur in natural conditions.

anr
—~d -



2) As to hexaploid natural hybrids, two cases were observed; 1:8.,
one allopatric and the other sympatric. In the allopatric case Ag.

humidum and the common type of Ag. tsukushiense were involved, while,

in the sympatric case Ag- humidum znd the early ecotype of Ag.

tsukushienge. .In both cases low seed setting was observed examining

a congiderable number of hybrid clones in natural conditions. From
progeny tests of badkcrossed plants obtained from the sympatric natural

hybrids between Ag. humidum and the early ecotype of Ag. ‘tsukushiense,

2

the following conclusions are drawn: It is uite possible that
~introgression of characters, such as waxiness, from one species 1o
the other might have occurred in the natural populations through
backerossing ﬁo the parental species of natural Fl hybrids followed
by segregation of the charscters concerned. Rather quick restoration
of fertility in the hybrid progenies mskes cstablishment of hybrid
swarmé in a state‘of nature possible having intermingled charszcter-
istics of the parental speciles. Ho@ever, so far no introgressants
have been found yet in the natural sympatric pqpulations of these two
species. High sterility of Fl hytrids mizht be a major cause of
the restriction of introgression-

A. BSeveral considerations on the speciation of Japanese Agropyron
were discusééd, based upon experimental evidences described in the

pregent thesis.
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