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Abstract:

Forty-one plants representing 30 strains of 22 Agropyron species were analysed in meiosis. The
chromosome number was determined for each plant and a total of 4354 cells were interpreted.
Irregularities of meiotic behavior were calculated as the percentage of cells per stage with a specific
irregularity. Sixty-four percent of the 41 plants studied showed irregularities in the meiotic stages
observed. Three plants showed an increase in univalent frequency from diakinesis to metaphase 1.

The present study was concerned with genome distribution within sections Goulardia and Holopyron of
the genus Agropyron. Meiotic chromosome behavior was analysed for ten plants from strains of eight
alloploid Agropyron parent species and for six new synthetic interspecific Agropyron hybrids.

The four tetraploid hybrids within section Goulardia were: A. subsecundum x A. latiglume, A. caninum
x A. latiglume, A. arizonicum x A. caninum and A. semicostatum x A. trachycaulum. The two
synthetic intersectional hybrids between sections Goulardia and Holopyron were A. caninum x A.
riparium and A. brachyphyllum x A. riparium. A. caninum x A. latiglume produced fertile seeds. Each
of the other hybrids was completely sterile.

Cytogenetic study of these hybrids has given further evidence of the world-wide and intersectional
distribution of genomes derived from the diploid A. spicatum genome. Derivatives from the S genome
were shown to be present in hexaploid A. brachyphyllum from Iran, in the North American tetraploids
A. arizonicum, A. latiglume, A. subsecundum, A. trachycaulum and A. riparium, and in tetraploid A.
caninum from Hungary.

Derivatives of a genome of similar origin to the B genome present in tetraploid A. trachycaulum were
also present in A. brachyphyllum, A. arizonicum, A. latiglume, A. subsecundum, A. riparium, and A.
caninum.

Tetraploid A. semicostatum from Asia possessed one genome of undetermined origin or distribution.
The second A. semicostatum genome was most likely of S, but possibly of B derivation.

Hexaploid A. brachyphyllum possessed derivatives of the S and B genomes and a third genome of
undetermined origin and distribution.



MORPHOLOGICAL AND CYTOGENETIC INVESTIGATIONS IN
THE GENUS AGROPYRON GAERTN

by N

PENELOPE WITTE AféDERDICE

A thesis submitted to the Graduate Faculty in partlal
- fulflllment of the requirements for the degree-

of
DOCTOR OF PHILOSOPHY
in

Genetics

Approved:

Qsaon B S0l

haiQyﬁn, Examining ?5g&ittee-

Cobeio D Z e its,

Dean, Graduate Division

MONTANA STATE UNIVERSITY
Bozeman, Montana

August, 1965

44




iii

ACKNOWLEDGMENT

The author wishes to express hex appreciation to Dr. J. R.
Schaeffer for the opportunity for further graduate study, and for his
patience, encouragement and help in the research and writing of this
thesis.

Thanks are given to Dr. P. D. Skaar, Dr. E. R. Hehn, Dr. J. H.
Pepper, Dr. J. H. Rumely and Dr. W. E. Booth for their constructive
criticism,

Appreciation is expressed to Dr. G. C. Creel, J. E. Ericson, Dr.
D. C. Collins, Dr. D. R. Dewey, A. H. Holmgren and Dr. W. S. Boyle.

The author wishes to acknowledge the opportunities offered her
husband by Dr. H. Baty, Dr. R. G. Dunbar and Dr. N. Helburn, which also

made possible the completion of this thesis.



VITA

iv

TABLE OF CONTENTS

ACKNOWLEDGMENT

TABLE OF CONTENTS

LIST OF TABLES

LIST OF FIGURES

ABSTRACT

INTRODUCTION

REVIEW OF LITERATURE

MATERIALS AND METHODS

EXPERIMENTAL RESULTS

1.

110

111,

Iv.

DISCUSSION

CONCLUSIONS

SUMMARY

LITERATURE

Investigation of meiosis in 30 strains of 21

Agropyron species

Attempted Inter- and Intra-sectional hybrids
within Agropyron

Study cf 4 induced intra-sectional hybrids in
the genus Agropyron within section Goulardia

Study of 2 induced inter-sectional hybrids in

the genus Agropyron involving sections
Goulardia and Holopyron

CITED

iii

iv

viii

ix

21

27

27

63

80

106

112

114



Table

10.

11.

12.

13.

14.

15.

v

LIST OF TABLES

Published genome formulae for Agropyron, Sitanion, and
Elymus species studied through intergeneric and inter-
specific hybrids,

Sources of 10 strains of 8 Agropyron species used in
interspecific crosses.

Investigation of meiosis in plants of 21 Agropyron species.

Interspecific hybridization with preceding emasculation
during the summers of 1962 and 1963,

Morphological measurements of A. subsecundum, A. subse-
cundum x A. latiglume and A. latiglume.

Chromosome associations in diploteme, diakinesis and
metaphase 1 of A. subsecundum x A, latiglume.

Frequency of irregularities in anaphase I and II of
A. subsecundum x A. latiglume.

Morphological measurements of A. caninum, A. caninum

x A. latiglume and A, latigliume,

Chromosome associations in diakinesis and metaphase I
of A. caninum x A, latiglume.

Frequency of irregularities in anaphase 1, telophase I,
and anaphase II of A, caninum x A. latiglume.

Morphological measurements of A, arizonicum, A. arizonicum
X A. caninum and A. caninum. ‘

Chromosome associations in metaphase 1 of
A. arizonicum x A. caninum,

Frequency of irregularities in anaphase I and II of
A. arizonicum x A. caninum.

Morphological measurements of A. semicostatum, A. semi-
costatum x A. trachycaulum and A. trachycaulum.

Chromosome associations in metaphase 1 from collections in

the greenhouse and field, of A. semicostatum x A. trachycaulum.

Page

15

18

22

28

31

34

36

38

40

47

49

53

56

58



Table

1l6.

17.

18,

19.

20,

21,

22.

23,

24,

25.

26.

27.

28,

vi

Frequency of irregularities in anaphase I and II of
A. semicostatum x A. trachycaulum.

Morphological measurements of A. caninum, A. caninum

x A. riparium and A. riparium.

Chromosome associations in metaphase I of A. caninum
X A, riparium,

Frequency of irregularities in anaphase I, telophase I
and II of A. caninum x A. riparium,

Morphological measurements of A. brachyphyllum,
A. brachyphyllum x A. riparium and A. riparium.

Chromosome associations in metaphase I of
A. brachyphyllum x A. riparium,

Frequency of irregularities in telophase I and II
of A. brachyphyllum x A. riparium,

Average metaphase 1 chromosome associations in hybrids
involving A. caninum, A. spicatum, A. trachycaulum,
Sitanion hystrix and Elymusg cinereus.

Genome formulae for A, spicatum, A. caninum,
A. trachycaulum and Sitanion hystrix.

Average metaphase I chromosome associations in hybrids
involving A. inerme, A. parishii, A. spicatum,
A. trachycaulum, Elymus glaucus, Sitanion hystrix and

S. jubatum.

Genome formulae for A. inerme, A. spicatum, A. parishii,

A. trachycaulum, E. glaucus9 S. hystrix and S. jubatum.

Average metaphase I chromosome associations in hybrids
involving A. latiglume, A. scribneri, A. subsecundum,
A. trachycaulum and §. hystrix.

Average metaphase I chromosome associations in hybrids
involving A. arizonicum, A, brachyphyllum, A. caninum,

A. latiglume, A. riparium, A. semicostatum, A. subsecundum

and A. trachycaulum.

Page

62

65

68

70

73

76

79

83

85

87

88

90



Table

29.

30.

31.

vii

Genome formulae for A. arizonicum, A. brachyphyllum,
A, caninum, A, latiglume, A. riparium, A. semicostatum,
A. subsecundum and A. trachycaulum.

Difference indices from serological comparison of
selected Agropyron species (from Creel 1964).

Meiotic difference indices calculated for 14 hybrids,

Page

91

95

108



10.

il.

12.

13.

14,

15.

viii

LIST OF FIGURES

Spikelets and florets of A. subsecundum, A. subsecundum
x A, latiglume and A. latiglume.

Meiosis in A. subsecundum x A. latiglume.

Spikelets and florets of A. caninum, A. caninum x

A. latiglume and A. latiglume.
Meiosis in A. caninum x A. latiglume.

Meiosis in A. caninum x A. latiglume.

Spikelets and florets of A. arizonicum, A. arizonicum
x A. caninum and A. caninum.

Meiosis in A. arizonicum x A. caninum.

Spikelets and florets of A. semicostatum, A. semicostatum
x A. trachycaulum and A. trachycaulum.

Meiosis in A. semicostatum x A. trachycaulum.

Spikelets and florets of A. caninum, A, caninum x

A. riparium and A. riparium.
Meiosis in A. caninum x A. riparium.

Spikelets and florets of A. brachyphyllum,
A. brachyphyllum x A. riparium and A. riparium.

Meiosis in A. brachyphyllum x A. riparium.

Model showing relative serological relationships of
A. arizonicum, A. trachycaulum, A. semicostatum,
A. latiglume, A, riparium and A, brachyphyllum.

Model showing cytogenetic relationship of twelve species,
calculated from meiotic chromosome association data of
fourteen hybrids.

Page
30

34a

37

42
45

46

51

55

60

64

67

72

77

107

109



ix

ABSTRACT

Forty-one plants representing 30 strains of 22 Agropyron species
were analysed in meiosis. The chromosome number was determined for each
plant and a total of 4354 cells were interpreted. Irregularities of
meiotic behavior were calculated as the percentage of cells per stage with
a specific irregularity, Sixty-four percent of the 41 plants studied
showed irregularities in the meiotic stages observed. Three plants showed
an increase in univalent frequency from diakinesis to metaphase I.

The present study was concerned with genome distribution within
sections Goulardia and Holopyron of the genus Agropyron. Meiotic chromo-
some behavior was analysed for ten plants from strains of eight alloploid
Agropyron parent species and for six new synthetic interspecific Agropyron
hybrids.

The four tetraploid hybrids within section Goulardia were:
A, subsecundum x A. latiglume, A. caninum x A. latiglume, A. arizonicum
X A. caninum and A. semicostatum X A. trachycaulum. The two synthetic
intersectional hybrlds between sections Goulardia and Holopyron were
A. caninum x A, riparium and A. brachyphyllum x A. riparium. A. caninum
x A. latiglume produced fertile seeds. Each of the other hybrids was
completely sterile,

Cytogenetic study of these hybrids has given further evidence of the
world-wide and intersectional distribution of genomes derived from the
diploid A. spicatum genome. Derivatives from the S genome were shown to
be present in hexaploid A. brachyphyllum from Iran, in the North American
tetraploids A. arizonicum, A. latiglume, A. subsecundum, A. trachycaulum
and A. riparium, and in tetrap101d A. caninum from Hungary

Derivatives of a genome of similar origin to the B genome present
in tetraploid A. trachycaulum were also present in A. brachyphyllum,
A. arizonicum, A, latiglume, A. subsecundum, A, riparium, and A. caninum.

Tetraploid A. semicostatum from Asia possessed one genome of un-
determined origin or distribution. The second A. semicostatum genome was
most likely of §, but possibly of B derivation,

Hexaploid A. brachyphyllum possessed derivatives of the S and B
genomes and a third genome of undetermined origin and distribution.




INTRODUCTION

The genus Agropyron Gaertn. is the largest and the most heterogen-
eous of the genera within the tribe Triticeae Dumort. of the family Grami-
neae, Some of the characteristics of the tribe Triticeae are: a compound
spike, 2 glumes (sometimes strongly reduced), simple starch grains, and
rather large chromosomes of the Festucoid type in multiples of 7. Within
the tribe there are transitional forms between genera and many natural hy-
brids, making generic descriptions difficult.

O0f the some 150 described species of Agropyron, some 100 are native
to Eurasia, about 30 to North America, and the remainder to South America,
Australia, and Africa. 1In the United States, many introductions have been
made, particularly for use in seeding abused rangelands. When it was rea-
lized that some Agrogxron species can be hybridized with wheat and rye, it
was hoped that some characteristics of Agropyron species such as their persn-
nial nature and disease resistance, might be transferred through repested
backcrosses to the economically important grain variezies.

Though morphologically closer to the subtribe Triticineae than to
Elymineae, intergeneric hybridizations have indicated that the genus Agro-
pyron biosystematically occupies an intermediate position between the two
subtribes. The relationship of the genera within the tribe was diagrammed

in the following manner by Godley (1951):



Triticineae Flymineae

Secale Aegilops\\\\\\\\\\\\ //////,Sitjnion
Agropyron —<— Elymus
Haynaldia Triticum"////////

The lines indicated the genera which had been connected either di-

‘HorJeum

rectly or indirectly with each other by various natural and synthetic inter-
generic hybrids. Godley concluded that Agropyron serves as an evolutionary
link between Triticineae and Elymineae and that no intersubtribal hybrids
may be produced, except through species of the genus Agropyron.

Stebbins (1956) suggested that the genera Hystrix and Heteranthelium

also belong in this comparium. Disregarding the little known genus Heter-
anthelium, he stated that 20 of the possible 36 intergeneric combinations
have been synthesized or are known to exist as natural hybrids.

Godley's diagram amended with data on intergeneric hybrids listed

by Stebbins (1956) and Carnahan and Hill (1961) follows:

Triticineae Elymineae

Secale Aegilo //////Elymus———~——Hystrix
‘ /////////Agropyron

Sitanion Hordeum

Haynaldia Triticum

(Heteranthelium)

The first important work on the cytology of grasses was that of
Avdulov (1931). He found that his classification of grasses, based on the

numbers and sizes of chromosomes, was quite similar to that earlier proposed
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by anatomists and different fromléhat of the classical taxonomiéts,

Stebbins (1956) remarked that speciélists who recognize most grass
genera at a glance, still find it difficult to identify the species. A
soﬁrcg of this difficulty has been demonstrated through cytogenetié studies,
which show that possible distinct ancestral boundaries among species haye
been eliminated through hybridization and pé)lyploidy° As a result, evolu-
tionary relations of most grass genera can be represented only by highly
complex networks.

" Seeking the common ground of agreement between the different species
definitions by Clauéen gg'gl, (1939), Huxlgy (1940),'Dobzhansky (1941), and
Mayr (1942), Stebbins (1950) proposed they would agree that "in sexually
reproducing organisms a species is a system bénsisting of one or more gen-
etically, morphologically, and physiologically different kinds of organisms
which possess an essential continuity maintained by the similarity of genes
or the more dr less free exchange of genes between its members. Species
are separated from each other by_géps of genetic discontinuity in morpho-
logicél and physiblogical charactériétics which are maintained by the ab-
sence or rarity of gene interchange between members of different species."
Mayr (1963) commented that most of the recently proposed speciés definitions
have avoided ali reference to morphological distinctness between individual
organisms. He stated that species are defined better by tﬁeir relation to
non-conspecific populaﬁions than by the relation of the_coﬁspécific‘indiviw
duals to each other. He felt the decisive criterion was the reproductive

isolation of populatioﬁs,znot the fertility of individuals.
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Thé biosystematic approach to the study of differences within and
between species utilizes data obtained through genetic, cytological, eco-
logical, morph&logical, physiological and biochemical methods. This ap-
proach has been deséribed in essays on "The New Systematics" (Huxley 1940),
"Alpha and Omega Taxonomy" (Turrill l93éb),and has been proposed as the
basis for new‘disciplines; e.g8., " experimental taxonomy“ (Clausen et al.
1940), "biosystematy" (Camp and Gilly 1943) and "genonomy; (Epling 1943).

Keck (1957) wrote that the biosystematic approach results in an under-
standing of the biological and evoiutionary status of the taxon under con-
sideration; and produces an objective and dependable-classification,

A long range research program on the blosystematlcs of the genus
Agropzron Gaertn. is in progress at Montana State UnlverSLty, d1rected by
Dr. J. Schulz-Schaeffer, The sectional division.of the genus by Holmberg
(1936) was c¢hosen as a system of taxonomic classification-against which to )
integrate and evaluate data to be obta;ned through cytological, éhromato—
graphié and serblogiéal methods. The m&rphological observations by ﬁevski
{(1934) and by.Hitchcgck and Chase_(l950), weré chosen to érovide thé basis
for the biosystematic survey. R

Schulz~Schaeffer and Jurasiﬁs (l9§é) compared the karyotypeé of 33
species of the genus, in a search for genome indicator chromosomes (Schulz-
Sch;effer 1960). SchulZ-ScHaefferigE al. (1963a) studied the nature of
polyploidy in-tetraploid'and hexaplgid species of section Agroﬁyron. Two
dimensionai péper‘chromatographic analysis was made of polyphenolic com-
pounds(frqm AgrogZ?on species spikelets (Lorenz and Schulé;Schaeffer 1964) .

They found parallels to Holmberg's sectional classification of the genus.
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Extracted leaf proteins from different species have been compared through
serodiagnostic techniques (Creel 1964, Creel et al, 1965? Collins 1965).
Creel .found species of sgctioné Holopyron and Goulardia to be quite closely
related, while those of Agropyron formed a distinct group. Collins (1965)
studied the morphology and cytology‘of 14 native Montana Agropyron species,
from sections Holopyron and Goulardi;. He also studied the.cytotaxonomy
of a sterile, natural hybrid, concluding that suspected parents were A.
1atigluﬁe, and A. scribneri belonging to section Goulardia. |

Stebbins (1950) divided interspecific hybrids into two groups. The
first included those hybrids capable of producing some viable pollen and
seed through selfing, Fl intercrossing, or back crossing to the parent
species. The second group included those which are completely sterile, ex-
cept for possible.production of allopolyploid derivatives. Clausen et glf
(1939) ideﬁtified the first group as hybrids between ecospecies, and the
second, as those between cenospecies.

The preéent study is concefned with the determination of genome
distribution within the genus Agfogiron. Meiotic chromosome beﬁavior was"
analyzed for tén strains of eight Agropyron species used for parents and
for six new sYnthetic interspecific Agropyron hybrids. The results were
compared with preﬁidus genome analyses of élosely'related interspecific and
intergeneric Agropyron hybrids réﬁbrted by Matsumura (1942), Stebbins gﬁlgl,

(1946a, 1946b), Stebbins and Pun (;953)9 Boyle and Holmgren (1955), Stebbins

and Snyder (1956), Witte (1956), Boyle (1963), Dewey (i964), Sakamoto (1964),

Collins (1965).

The four-synthetic tetraploid hybrids within-secfionﬁGQulardia were:
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A. subsecundum x A. latiglume, A. caninum x A. latiglume, A. arizonicum

x A. caninum, and A. semicostatum x A. trachycaulum. The two synthetic

intersectional hybrids were: A. caninum of section Goulardia x A. riparium

of section Holopyron, and A. brachphyllum of section Goulardia x A, riparium.

Each of these hybrids except A. caninum x A. latiglume appeared to be com-

pletely sterilgo A. caninum x A. latiglume produced fertile pollen grains

and viable seed.




REVIEW OF LITERATURE

Nevski (1934) ;eofgapized the tribe Triticeae, and recognized some
twenty genera. He estaﬁlished three series of genera, éach with Fwo sub-
~tribes: 1) Clinelyéineae series: Clinelyminae and Rqegnefiinae 2) Hor~-
deinae series: Hordeinae and Aegilopinae 3) Elyminae series Elyminae and
Agr&pyrinae. In each series one subtribe contained spikelets in groups at
the nodes, and the other had one spikelet per node. Nevski split the genera

Agropyron, Elymus, and Hordeum and arranged the species into several new

Tgenera, Gould (1947) propoéed that the genera Sitanion, Eystfix, and most

of Agrogzron'should be placed in thé genus Elymus. However, Melderis (1950)
and Stebbiné (1956) agree that Gould did not provide sufficient evidence
for uniting, nor for dgﬁining the proposed genus.

‘Stebbins et al. (1946a,b) showed that some of the Agrdngon species
may have evdlyed from crosses with'Elxmus species; but meiotic behavior in
additionai intergeneric hybriés indicated that genomes from other genera
have contributed during the process of evolution of the now existing Agro-
pyron species. Stebbins and ﬁalters (1949) concluded that the established
species names should be' used until accumulating biosyStematic data might
provide a basis fof a naEural classification‘;ystem with the 60mpariumo

Holmberg (1926) described the following taxonqmic sections within
the genus Agrogzron: Goulardia (Husnot) Holmberg, Holopyron Holmberg,
Agropyron Gaertn. and Erémopyron (Ledeb.) Jaub. et Spach. Nevski (1934)
moved some of tﬁese section names to generic status; however, in the study
at Montana State University they have been used for sectional comparison of

species within the genus Agropyron.
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Peto: (1930) pﬁblishe& chromosome numbers of Agropyron species. He
found a polybloi& series, wi;h.7 being the basic genomé number.
Meiotic irregularities are common in species hybrids and generally
are indicative of the hybrid origin of the organism. Cytogentic studies'
have been made of'intergenéric hybrids between Agropyron species and Secale,

Triticum, Hordeum, Elymus, and Sitanion species; as well as of various

interspecific and intraspecific Agropyron hybrids. As a result of studies
on meiotic chromosome paifiné in species and species hybfids, genome formu-

lae have been published for at least eighteen Agropyron species as well as

for Elymus glaucus, Sitanion-hystrix, and Sitanion jubétum GMatsumura 1942,
ébdley 1947, Stebbiné and Singh 1950, Stebbins and Punl1953, Stebbins and
Vaarama 1954, Boyle and Hdiﬁgren 1955, Cauderon 1958, Dewey 1961b, 1963a,
1963c, Schulz~Schaéffer gg‘glo 1963a).

. In the literature genomes are usually identified by letters, and
variations within a basic genome are indicated by subscripts ef differeﬁt
numbers and letters. " Matsumura (1942) used abbreviations of the species |
nameé as éubscripts, in place of numbers.

'Following study of the meiotic chromoséme;associations iﬁ the parent
species and their interspecific hybrid, Godley (1947) proposed the gametic
| geggmg form?lae of‘AiézB for A. Eungens and A4, G for A, repens. A, pungens
_and é, Xepens are béth'in secfion Holopyron. - Creel (1964) found a léw”

sero}ogicai differeﬂce index between these two species, lending support to
the similarity of the formulae. |

Stebbins and Singh (1950) studied interspecific and intergemeric

hybrids of the allotetraploids A. parishii and Elymus glaucus, and the
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diploid A. spicatum and A. inerme. Based on chromosome associations in the

hybrids, the following gametic genome formulae were poétﬁlated: diploid

A, iggggg and A. sgigatum& Ass é; parishii AE 3 Elymus glaucus ALK, . The

" genome 41 was identified as carrying‘genes for slendef'growth, narrow glau-
cous leaves, eiongate spikes with the spikelets single at the nodes, glumes
shorter than lemmas and large anthers. The genome El cgrried genés for tall
growth, narrow glaucous leaves, elongate spikes, épikelets double at the
nodes, relatively long glumes, and probably large ox medium:si;ed aﬂthers,

The diploid species carrying this genome was not known. It was alsoﬁpro-

posed tha; tbe genome A2 of Elymus giaucus cafried genes for relatively
short, stocky growth: broad, péssibly green. leaves, short dense spikes, and
narrow glumesQand 1ong'vawns° |

It was suggested by Stebbins and Pun (1953) that soime spécies of .
Agropyron contain a genome mre or 1¢ss homologous to that of diploid A.
spicatum of section Ho];opyron° They found bivalgﬁt pairing in hybrids
within the diploid complex A. spicatum, A. inerme, and A. caespitosum. The
hybrid A. sficatum x A. inerme had nearly normal meiosis and was fertile.
The hybrid A. épicafum X A, caespitosum often foxmed seven bivalénts in
métaph;sé I, but sometimes had two to foﬁr univalents which lagged in later
stages. The nearly no:mal paifing between the species from;quth America,
and A. caésgitoshm from Iran 1ed'£hem to suggest that the genome in this
complex méy have contributed to the evolutioﬁ of polyploid Agfongog épecies
on a world‘wide bésiéo -

Arﬁifici;i hyEri&izatiéns ﬁeégeéﬁ:nine different séfainésof Eizmus

‘glaucus, six strains of Sitanion Jjubatum and two strains of Sitanion hystrxix
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were repéxted and interpreted by Stebbins and Vaarama (1954). The ability
to cross varied widely with the combination used, ranging from failure of
the cross, to weak, to vigorous hybrids. The F1 hybrids wefe intermediate

between their parents in morphology and resemﬁied natural hybrids called

Sitanion hansenii. The gametic genome formula given Sitanion hystrix and

Sitanion jubatum was AZES° Elymus glaucus had been given the formula

2 1

the distinctive morphological characteristics of Sitanion. Sterility in

by Stebbins and Singh (1950). Es was thought to be the genome carrying

the Fl hybrids was postulated to be due to cryptic structural hybridity,
with genic sterility also present to a varying degrée,

Hunziker (1955) studied the morphology and cytogenetics of some :
North and'South Amefican species of Aéfogzrpn and Elymus, and four of their
interspecific hybrids. These species were: A. spicatum var. inerme,

Elymus glaucus from North America, A. agroeiy}meides,.é° sp. "Calmuco", and

Elymus patagonicus from South America. The twe South American Agropyron
species had morphological characters intermediate between these of

Agropyron and Elymus, and Agropyron and Hordeum. Hunziker postulated that

A, agroelymoides arose as a result of hybridization between species of -

Agrogzron and Elzmus, Its meiotic behav1or suggested that it was a segment—

al allohexap101d He postulated that A. sp° "galmuco" and Elymus &;aucus

,-.‘L n‘.

each appeared to possess a genome partly homologous to that of the North

American, diploid A. spicatum.

The intergeneric hybrid A. scabrifolium x Hordeum hexaploidum was

studied by Hunziker and Covas (1955). The morphology of the Hybrid was
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intermediate between the parents and very close to that of the unidentified
species A. sp. "Calmuco". They postulated that the ietter may have arisen
through allopolyploidy, between a tetraploid species of Agregzron and a
diploid Hordeum. The most_ireéuent chromesome association in the hybrid

Ix

meiosis was 1111, 5 and 22I suggesting that'the parental species had

‘one genome in common.

Knowles (1955) studied 29 of the 30 poésible,Fl interspecific hybrids

among diploid A. cristatum and the tetraploids A. desertorum, Ao fragile,

A. imbricatum, A. michnoi, and A. sibiricum. Trivalents were present in
all the ttiploid hybrids, and quéﬁrivalents in meiosis of all the tetre-
ploid hybrids in addition to bivalents indicatingva degree of relationship
among the genomes concermed. A. michnoi x A. desertorum had fewer quadri-

valent : and more bivalent associations than either parent. These species

all belong to section Agropyron.

Conner (1956) studied the New Zealand Agropyron species A. enysii,
A. kirkii, A. scabrum, and A. tenue, and four of their possible inter~
specific hybrids. He related the results of the study to the taxonomi.c
treatment of the‘geeus‘in New Zealand. He found agreement between the con-
ciuSions reached on the biosystematic status of the four native species
with those from morphological study of the plants. He reported that the

four 1nd1genous spec1es are members of one comparlum and consist of three

distinct cenospecies A. enysii, A. tenue, and A. scabrum-kirkii.

A hybrid of the Asian species é; tsukushiense x A. mayebaranum was

studied by Sakamoto (1957). He found normal blvalent pa1r1ng and stated

that the hybrid sterlllty must have been due to cryptic structural
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hybridity. GCreel (1964) compared the species serologiéaliy, and found the
very low difference index of 0,04 betwgen the parent species.
In France, Gauderon (1958) studied the meiotic chromosome associa-
tions in the hybrids: A. campestre x A. repens (2n=49), A. junceum var. .

mediterraneum x A. campestre (2n=49), A. junceum var. mediterraneum x

A, intermedium (2n=42), A. intermedium x‘é, littorale (2n=42), and A.

junceum var., mediterraneum x A. littorale (2n=42), Taking under considera-

tion the conclusions of Stebbins (1953)5on A. intermedium, and Stebbins
(1956) on A. caninum, Cauderon postulated the following gendme formulae:
A, elongatum, n=7, E: A. caninum n=i4, sX (S originating from A. spicatum,

and X from an unknown diploid species); A. junceum var. boreo-atlanticum

1"
n=14, 2 clese genomes JlJZ {Ostergren 1940); J. originating from an un-

known diplbid species. -A. junceum var. mediterraneum n=21, JIJZEB;

A. intermedium n=21, ElEle {(Stebbins 1953); A. campestre n=28, K1K2E4E5(K
could be close to N); A. littorale n=21, NstYl(Y could be close to J);

A. repens n=21, Rlezl (the origih of R and Z is unknown, one, probably
R, must be close to K). A. caninum belongs to section Goulardia. The
other species with which Cauderon worked belong to section Holopyron.
Cauderon considered that the E gen@mgs are modifications of the A. elonga-
tum génome. When Creel (1964) compared A. elongatum and.AO“intermé&ium“he
found é close serological relatio;éhip., -

Deﬁey (1961b) studied hybriés of A, repens x A. desertorum; He con-
cluded that A. repens (belonging to section Holepyron) and A. desertorum
(belonging to section Agmopyron) share-no'common genomes, and gave the

gametic genome formulae of BlBZG Fo A, reggns, anq_A A to A, desertorum.
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Serologically Creel (1964) found a high difference index between these two

species., Dewey‘concluded'that A. trichophorum and A. intermedium share the
same genomes, Creel (1964) found a low difference index in his serological
study of the two species. Dewey (1963a) investigated meiosis in the syn-

thetic hybrid A. trichophorum x A. desertorum and assigned the gametic

formulae AlBle to A. trichophorum and AA to A. desertorum. Creel (1964)

~ found a low serological difference index between these &wo species, indi-

cating that they may share a genome. From the frequency of meiotic chromo-

some assoc1at10ns in the hybrid A. trichophorum x A. cr1statum, Dewey

{1963b) concluded that one of the A. trichophorum genomes was partlally '

homologous with the genomes of hexaploid A. cristatum. He proposed the

following gametic genome formulae: A. cristatum AAA, A. trichophorum

:\ BIB and for the hexaplold hybrid, the formula A A A A1 1B20 Creel

(1964) found a low difference index between the two parent species.

A trichophorum belongs to section Holopyron, and A. desertorum and
A. cristatum belong to section Agropyronu The two diploids studied by
Dewey (1963a9 1963b) provided evidence that the d1p101d A. cristatum

(=A. cristatiforme) genome A, is present in some species in both sections.

Synthesizing evidence from cytological and chfomatographic studies,
SchuIZQSchaeffer et al. (1963a) proposed the following gametic formulae:
A. crlstatlforme Al’ 4. desertorum AlAZ’ and A. crlstatum AIAIA Creel

(1964) found very close serological relationship between A. desertorum

and hexaploid A. cristatum.
Dewey (1964b) studied a synthetic triploid hybrid between auto-

tetraploid A. spicatum and diploid A. cristatum. At metaphase I 90.5
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per cent ef the cells examined showed autosyndesis ef the spicatum chromo-
somes , which resulted in seven bivalents, with the cristatum chromosomes
present as seven univalents. The gametic genome'formulae assigned weres
A. sEidatum B B, ane_é, cristatum A. A, spicatum has merphological
characteristics of species of section‘Holopyron (Stebbins 1961) and A.
cfistatuﬁ belongs to section Agropyron. The A. spicatum genome has not
been found in”species belonging to seetionvegrop§ron (Matsumura 1942).

Proposed genome formulae forxr Agropyron, Sitanion, and Elymus species

are llsted in chroncloglcal order in Table I (Godley 1947 Stebblns and
Slngh 1950 Stebblns and Vaarama 1954 Cauderon 1958, Dewey 1961b 1963a,
1963c, Schulz=Schaeffer et al. 1963a, Dewey 1964) .

Most of the interspecific Agropyron hybrids studied have been be-
tween species indigenous to a common ge@graphic region, however, a few
hybrids have been synthesized between species naﬁive to different conti-
nents. (Séebbins and Pun 1953, Stebbins and Snyder 1956, Hunziker 1955,
Deweyll964)q Evidently there are eeme genomes shared by species in more
than one section of, the genus, and there are soﬁe genomes with world-wide

distribution.
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Table 1, Published genome formulae for Agropyron, Sitanion, and Elymus
. species studiled through intergeneric and interspecific hybrids.

Species Gametic formula ) Author
A, pungens A LB Godley (1947)
A, repens - A 8,C Godley (1947)
&y inerme Ay Stebbins & Singh (1950)
A, spicatum )
Ao parishii ME Stebbins & Singh (1950)
Elyms glaucus AgEy Stebbins & Singh (1950)
Sitanion hysbix Azﬁ'.;j Stebbins & Vaarvama (1954)
Sitanion jubatim _
Ao elongatum B Cauderen (1958)
4, caninum S X Cauderon (1958)
Ao Junceum Jqds Cauderon (1958)
var. borec-ablanticum _
A, junceum ‘ J1dgEs Candsron (1958)
var, mediterrancum o
Ao intermedium ElE.QNl Cauderon (1958)
A campestre KlKgE 4E5 Cauderon (1.958)
A Llittorsle NN, Cauderon (1958)
As repens RiRyZq Gauderon C1958)'
Ao repens B;B,C Dewey (1961b)
Ao desertorum A A Dewey (1961b)
As trichophorum AyB4B, Dewey (1963a)
A, cristatun AAA Dewey (1963c)
A, cristatiforme A Schulz-Schaeffer gt al, (1963a) |
A. desertorum AA, Schulz-Schaeffer e_'b_ al. (1963a)




Table 1 (Continued).
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I

Species Gametic formula Author

Ao cristatum Aqyhq Ay Schulz-QSchaeffer et al. (1963a)
spicatum B B Dewey (1964)

Ao crisbabum AA

Dewey (1964)




MATERIALS AND METHODS

Plants of ten strains of seven Agropyron spegiés belonging to sec~
tion Goulardia and of one species belonging to section Holopyron were used
as parents in thié study.. The plants had been érown ﬁrom seed'bbtained
from research institutions, plant material ceniérs, and botanic gardens.
Accession numbers, names of collectors, locations whepe seed was collected,
and observed chromosome numbers are.reported in Table 2. Voucher specimens
of'the parents and six interspecific hybrids are located in the Montana
State University Herbarium at Bozeman,

The parent plants were Well established in the field nursery when
hybridizations were made during the summers of 1962'ahd 1-963o Parent
plants were cﬁosen after cytologicalhmaterial had been examined for regu-
lar meiosis, For gach hybridization, florets were emasculated on spikes
qf the mother plant species; Mature spikes of the desiged male parent
species Qere collected and placed in a bottle of water attached to a
stake beside the mother plant. The female culms - and pollinators were
covered with a waxed baé,\clipﬁed‘shut, and tied to the stake. There was
some loss due to high winds. |

‘The seeds were harvested and gérminated on,filﬁer paper, then
planted in the g;eenhodse, When well established they were set outside.
Very few culms were collected for @ytqlogical analysis during the first
summer. During the second winter the plants were divided in the green-
house and set in the field in June. Ampie material for cytological analy-
sis was collected.

Culms for morphological-comparison were collected from the parent




Table 2, Sources of 10 strains of eight Agropyron species used in interspecific crosses.

[SEvaE

TTMSU_ Observed N
Species and Section _  field no. A= S ... - Seed Source
A. arizonicum Gou,  2-5 28 Received from seed collection of thé Institut
Scribn. et Smith flir Pflanzenbau und Pflanzenzlichtung G6ttingen,
Germany, in January 1960 as field Nos. 52—1957
] and 165-1958, MONT 59,277.
ée.braChYDhyllum - Gou, 3-1 42 Collected by H. S, Gentry, east base of Kuhe
Boiss, et Haussk, ) _ Zard, Charmahal Iran, Nov. 9, 1955. MONT 59,278,
A, caninum - Gou, 63 28 Sead froi Botanic Gardens, Budapest, Hungary via
(L.} Beauv, 64, 28 Gatersleben, Germany. Received through Institut
- 65 28 fur Pflanzenbau und Pflanzénzuchtung Gdttingen, -
Germany, in January 1960 as field Nos. 491957
. and 131~1958. MONT 59,279.

8. latiglume . Gou. 482 28 Collécted by F, J. Hormann and B, M, Leese at
(Scribn. et Smith) Middle Fork of Sheeps Creek on road to Spirit
Rydb.- Lake (Ashley National Forest) Daggett Co., Utah,

at 9,000 ft. elevation, in lodgepole pine meadow
during July to Septe. 1955« P.I. 232,117, UONT
: 59310, . .

47=3 28 Collected by F, J, Hermann and B, M. Leese, at

' Sentinal Peak, Coleman, Kananaskes Road, Canada,
. 1956, P.I. 236,637, MONT 59,279,

Ao riparium  Hol,  62-2 28 - Received from seed collection of the Institut

Scribn, et Smith fur PflanZenbau und Pflanzenzuchtung, Gottingen,

Germany, in January 1960 as field Nos. 60=1957
agd l’]j:""lg 589 . MONT 59 9317111

62a~4, 28 Collected by Re G» Johnson as A, smithii Rydb.
near Canyon City, Grant Co., Oregon in area of
12 inch anmual rainfall at elevation of 3000 ft,
in 1933. P-2415 variety "Sodar®, MONT 59,321,

81




Table 2, (Continued)
o MSU Observed o
Species and Section field no, 2n= Seed Source . :
A, semicostatum 65-4, 28 Received from seed collebﬁioﬁ’of In§ti?ut fur
(Steud,) Nees Pflanzenbau und Pflanzenzuchtung, Gottingen,
Germany, Jantary 1960, as field Nos. 59-1957
and 170-1958, MONT 59,32L.
4, subsecundum 65=~1 .28 Received from seed collection of Inﬁti?ut fur
(Link) Hitch. Pfldhzenbau und Pflanzenzuchtung, Gottingen,
: Germany, January, 1960, as field Nos. 59~1957
apd 17O~19580
A, trachycaulum 93~2 28 Collected by USDA Forest Service near Beebe,
fLink) Malte, Montana; 1933, Variety "Primar%, P-2535.
’ MONT 59,338,
Explanation of Accession Numbers:
MONT - Herbarium of Montana State University, Bozeman, Montana, U.S.A.

P - Seed ¢olleétiofi of the U,S¢D.A, "Soil Conservation Servicé, Pacific Reglong Plant Material
Center, Nashlngton State University, Pullman, Washington.. :

P.I. - Seed collection of the U.S.D.A., A.R.S.; New Crops Research Branch, Crops Research Divi-
sion Plant Intreduction Stations, Western Region, Pullman, Washington, and North Central

Region, Ames, Iowa,

61
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species and from the hybrids, just prior to anthesis.
The most satisfactory fixing solution, giving the best spread in

metaphase I, was Newcomer's (1953). Poilen mother cells of A. semicosta-

Ltum x A. trachycaulum collected in the greenhouse wére fized in Farmer's
solutién; those collected in the field were fixed in Newcomer's splution.
Pollen mother cells of A, subsecundum x A. 1atiglume were collected in the
greenhouse and'fixed in Neﬁcomer‘s solution. ‘Pollen mother cells of the
othér four hybrids were collected in the field and fixed in Newcomer's
solution,

Observations and photographs were made from temporary mounts of
acetocarmine stained pollen mother cell squash preparations. Mature
poilen grains we?e stained with acetocarmine. Those which were wrinkled
~did'not seem to contain mucﬁ cytoplasm, and did not stain were'counted

as infertile,




EXPERIMENTAL RESULTS

I. Investigaiion of meiosis in 30 strains of 22 Agropyron specigs.
Forty-one plants represeﬁfing 30 strains of 22 Agropyron species
were analysed in meiosis. The reéulfing daté are summarized in Table 3.
The chromosome number was'determined,for each plant and a total of 4354
gells wefe"interéreted. Irregularities -of meiotic behavior were calculated
as the percentage of cells per stage with & specifié irregularity. Devia-
tions noted Qere univalents,'trivalents, quadrivalents or multivalents in
diakinesis and metaphase I, lagging univalents or bivalents or bridges in
anaphase .I and telophase I, micronuclei and karyomeres in interphase and in
 quartet cells, and laggards or bridges in anaphase Ii and telophase I1I.

Some of the plants included in Table 3 were studied primarily to

determine their chromosome number. A. cristatiforme (plants 14=8 and

16=5) were trisomic, with seven bivalents and one univalent, or six bi-

valents and one'trivalent in metaphase I. A. dasystachyum {plant 18=3)
showed counts rangiﬁg from n=13 to 15. A. junceum (plant.46-=5) ﬁad counts
of n=34 énd 35. A. junceum (plant 46-9) had counts of ' n=36 and 1 univa~
| lent, and n=37 and 1 univalent., All the other plants investigated had'
haploid ;hromosome numbers of 7, 14, 21 or 28,
Thirtj=six percent of the 41 blants studied showed no irregularities

in the meiotic stages observed, Among these were A. cristatiforme (plants

16-1, 16-2, 16-3), A. elongatum (plant 35-1), A. pectiniforme (plants 52-8

and 56-5), A. trachycaulum (plant 95-4), and A. trichophorum (plant 104-1);

the other five were the parent plants A. caninum (plants 6-3, 6-4),

A. latiglume (plant 48-2), A. riparium (plant 62-2), and A. trachycaulum




Table 3, Investigation of meiosis in plants from 42 strains 'o'f 21 Agropyron speciess

Species ~ Obsefred Number
and chromo . of
MSU plant number cells Percent of cells with irregulsarities in
number . (n) invest, Disk, M I AT T I _INT.. M IL A II . Quarte
A, acutunm. : "
045-6 21 47 7,60 9L N
A. arizonicum -7 -
2-5 . 14 36 N N 4B
8L
A. brachyphyllum ’ ‘
3-1(F.3) Zil 30 LodM -
3=-13(F.3) 21 163 10.5R
A, caninum
6-3 14 72 N N N N N N N N
6-4 14 100 : N N N N N N
6-5 14 385 N N 14L, N N 251, 6M
A, ciliatiflorum : — u
-3 B 14 250 N N N 661
A. eristatiforme
103-73. 7 b
148 7410 25 167 1007 83,7  1Ll.lU
) 84y
16-1 . 7 25 N N N N
16-2 Vi 25 N
16-3 .7 25 N

[44




- Table 3 (C_lontinued)?

Observed Namber

Species
et e i 1e Percent of cells with irregularities in

MSU plant number  cells . Percent of cells wit { L :

fusber (n) _ dnvest, Disk, W T AT TI INT M II A IT  Quart.
A. cristatiforms
(continued) _ ‘

16-5 7410 10 100U
Lo cristatiforme
x A, Yeristatum

.complex®
80a~/, 14 35 13,5V
45Q
4L ¢ SMV o
368 100MV 11,1B " 20M 9.6M N 6M

A, dasystachyum . ‘

18-5 13 65 404U 594U

L . 10,6Q
15 10.6U8Q

20-7 . 165 ) CBIL Te6L- 86,31

20-8 93 48M
A. elongatum -

35-1 28 10 N
A. fibrosum. .

112-9 14 19 50B N
A, intermedium '

34a~3 354 190 27.8L N N 9oL

€T




Table 3 (Continued)a

50 1B

Species Observed Number
Hant o o1 t of cells with irregularities in
MSU plant number cells __Percent of cells with irr n__
____mumber (n) invest, Diak, -MI AT TTI INT MIT ATI Quart.
-Ao .,"lu;;ceum E . ’
46-5 34,34+1U0 10 10U
46-9 3641U 12
_ 37410 100U
A. latiglume ‘
T 43 14 57 6U %00 6L N N N N,
' 6Q 10Q
4&-2 14 100 N N N N N N N
A, lolioideés S
- Fo3-3&5 55 66,70  20B
A. panormitanum T .
50a~3 14 159 22,5U N N N N
A. pectiniforme
52-1 : L4 10 90N
52-8 14 50 N
56-5 1 10 N
568 14 25 N 7
A. riparium
62-2 VA 50 i Rl N
62a~4, 14 500 109 7L N N 2M

b




Table 3 (Continued).

Species Observed . Number o
apd chromo, of 7 , L . )
© MSU plant number  cells __Percent of cells with irregularities in i
___humber (n) invest, Diaks M I AT T I INT MIT A IT Quart.
A. semicostatum _ T ‘ ; .
645 21 4l 330 7.7 N
654, 1 262 N 5B N N
A, spicatum -
28 238 LR 9.1L 58010
A, subsecundum Co
65-1 . 14 282 0,6U 3U N N N N N N
8-1 1 20 N
Ao btrachycaulum ' '
93-2 1 ‘ 50 N N
954 L 25 N
A, trichophorum : '
104-1 . 21 10 N

Explanation of abbreviations:
N - all cells normal
L - laggards N

R - metaphase with one ring outside of equatorial plate

cells with micronuclei
cells with bridges

cells with univalents .
cells with trivalents
cells with quadrivalents
calls with multivalents

I

{
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(plant 93-=2).

Three plants showed an increase in univalent frequency from diak-

inesis to‘metaphasé I. In A. daéystéchyum (plaﬁt 18-5), 40.5 percent of
the diakinesis cells contained univalents and increésed.in metaphase 1 to
59.4 percent. In A. latiglume (plant 47-3), six percent of the diakinesis
cells contalned unlvalents and 1ncreased in metaphase I to 20 percent. In
A, subsecundum (plant 65-1), 0.6 p;rcent of the diakinesis cells contained
univalents and increased to three percent of the cells in ﬁetaphase I.
Univalents were found in diakinesis or metaphase I of several other plants,
but cells in both stages were not studled.

Several plants had a percentage of cells with laggards in anaphase
I but were né;mai and without 1aggérds in ‘telophase I. These were A.
acutum (plaht 0,5-65, with laggards in nine percent of the anaphasé I
cells, A. caninum‘(ﬁlant 6-5) with'ié percent in anaphase I, A, ‘latiglume -
{plait 47-3)with six percent in anaphase I, and A. riparium (plant 62a-4)
with laggards in seven percent of the anaphase I cells and none in telo--
phase I.

The fwo species with the highest frequency of quartet cells containe

ing micronuclei and karyomeres were A. dasystachyum (plant 2@-7)‘with 86.3

percent, piant 20-8 with 48 perceﬁt;—and A, spicatum.withISS,l percent,
Ten of the plaﬁts included in the survey were the pagents'of_the six
new interspecific hyﬂrids. These were A. arizonicum (plant 2-3), A.

brachyphyllum (plant 3-1), A. caninum (plants 6-3, 6-~4, 6;5) A. latiglume

(plants 47-3, 48-2), A. riparium (plants 62-2, 62a-4), A. semicostatum

(plant 65w4), A. subsecundum (plant 65-1), and A. trachycaulum (plant 93-2).

}
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Descriptions of their meiotic behavior are. included in the sections on the

comparative cytology of the parent plants and their interspecific hybrid.

LI,  Attempksd intersettional and iutraseetidnal hiybriddithin Agropyron.

BT

Data from interspecific hybridization with preceding emasculation
of the female parents during the stmmers of 1962 and 1965 are recorded in
Téble 4, These data reveal preliminary information on interspecific cross;
ing compatability.

In Table 4, 818 gttempted crosses are reported. Fifty seeds were
matured, which represents an average seed set of six percent. Twenty-one
potentigl hybrid plants were transplanted into tﬁe field during the sum-
mer of 1964. Some of the potential hybrid seed‘did not germinate, some
seedlings did net survive. The hybrid plants which were transplanted to
the field were cloned in order to‘insure survival of the hybrid strains,
Some of the established plants may be offspring from self-ferfilized seed

|

rather than from cross~pollination.

III, Study of four induced intrasectional hybrids in the genus Agropyron

within section Goulardia.

i. A. subsecundum (plant 65-1) x A. latiglume (plant 47-3)
a;, Comparative morphelogy

.Typical spikelets and florets of A. subsecundum; A. latiglume,

and their hybrid are shown in Figure 1. The average and range of measure-

ments ebtained from 10 plants each of A. subsecundum, A. latiglume,.and

their hybrid were scored for 11 characters and éompa&ed in Table 5.
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Table 4o Interspecific hybridization with preceding emasculation during
the summers of 1962 and 1963, .

Female parent _ — Male parent
MSU MSU
acces— acces—~ Florets No. % No.
sion sion emasg-- of sesed hybrid
Species No, Species NOe culated seeds set plants
Ao arizonicum  2-5 A, cggi_r_n;zmr 64 30 3. 10 3
A, brachyphyllum 3-6 A, caninum 6~1 10 0 - 0 0
" 34 f# ciliabiflorum 9-8 20 L 5 0
" 3-9 A, dasystachyum 21-2 ~ 18 3. 6,7 O
" 3-3  A. latiglume 47T 20 0] 0 0
" 31 Ao labiglume 482 20 0 0 0
n 3-1 4. riparium | 62-2 12 3 25 3
o 3-6 A, scabriglume  1-1 50 o - 0 0
" 31 Ao trachycauwlum 98-2 - 30 6 20 3
A@ caniyum 6=5 A. ciliatiflorum G-l 45 O . © 0
" 6-3 A, latiglume 482 100 5 5 4
" 6~5 A, riparium 6234, 25 1L Ly 3
1 6-2 A, subsecundum 83-8 30 0 0 0
A, labiglume’  48-2 A, dasystachymm 1810 22 6 27.2 0
o 48~2 A. dasystachyum 20-2 30 0 0 0
" 48-6 A, riparium 62~2 36 0 0 0
Ao semicosbatum 65-6 g_e,.caninuni 62 30 0 0 -0
" 645 A, ciliatiflomwm -1 20 2 10 0
" 65-6 Ao latiglume  47-1 40 4 10 0

ft 64~3 A, latiglume  47-3 . 20 0 0 0
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Table 4 (Continued).

Female parent - Male parent
TMSU” TMSUC
acces- acces~ Florets Nos % Noo
gion sion ema.s— of seed hybrid
Spegies. . NO, Species ___ 1RO. culated  seeds set plants
Ao semicostatum 64~3 A, subsecundum 83a~2 20 0o . 0 0
" 64~=3 A, trachycaulum 896 24 0 0 0
" 64=3 Ao trachycaulum 95-3 36 0 0 0
;" 64~3  A. trachycaulum 98-3 20 . 0 0 0
" 64~3 A, trachycawlum 99-1 20 0 0 0
" 65-4 Ao trachycaulum 93-2 20 3 15 2
" 65~4 Ao ‘trachycaulum 99-3 50 A 2 0
A, subsecundum 65-1 A, latiglume ~ 47-3 20 2 1 1

Totals 818 50 6 19
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Fig. 1 Spikelets and florets of
a: A. subsecundum
b: A. subsecundum x A. latiglume

c: A. latiglume
Mag. 1X




Table 5., Morphological measurements of A, subsecundum, A. latiglume, and
their hybrid (mean and range in cm.).

‘ A. subsecundum hybrid A, latiglume
Spike length - 10,9 10,2 1044
( 563=13,5) ( 6.8=1442) ( 7.8=15.2)
Internode length 0.3 0,8 0ol
. ( 063~ 004) ( 0o L1o2) ( Oe3~ 0.5)
Spikelet lengbh 103 Lo3 Lo5
( Lol= 1.6) ( LoO= 1.6} ( 1.0~ 2.0)
Wumber of spikelets Reb 1l.5 ' 1964
per spike (11.0~34.0) (10.0<13.0) (1400-29.0)
Number of florets 5ol 6.9 _ 6ol
per spikelet ( 400= 6,0) ( 640 8,0) " ( 5.0= 8,0)
' Glume Length 0.8 0a5 1,0
, ( 008~ 1,1) ( 065~ 06) ( Oo8= Lo3)
Glume awn Length 0.2 $ipped. 0ol
: ( Ool- 044) L ( 060- 062)
Lemma Length 0.9 0.8 1.0
) ( 068~ 1,0) ( 0o~ Lol) ( 0.8~ 1,1)
Lemma awn length 0ol Le2 - 0,1
( 0o3~ 0.5) (009~ 146) ( 051~ Lo5)
Palea length 068 ' 065 0.9 X
( 046~ 0.9) ( Oob~ 0,6) ( 0o8~ Lol)
Anther length 0.1 0,1 04l
’ ( Ool) ( Owl) ( Oal)
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3 The mean measurements of Af subsecundum were higher than those:of
A, 1atiglume for spike length, numbe; of spikelets per spike, glume awn and ‘
lé@ma awm iength,'and'anther length. A, latiglume exceeded in internode
length,. spikelét length, number of florets per spikelet, glume, and palea
Iength° The lemma was slightly‘shortér in é,:subsecundumq

The hybrid was generally intermediate between-the parents in spike
mo:rp]:xoTi..og)_{.° lrhgfspikes were shorter than those of either parent and the
internode iongex; cpnsequently,‘the.number of sﬁikelets pér sﬁike was
genérally less Fhan found.for eitﬁéf pareﬁto The hybrid had an awn-tipped
glume, shorter than the awn of either parent glumé° The range of lemma
length overlapped the range of both parents. The lemma awnnlengtp of the
hybrid exceeded the range of both parents. Thé range of the hybrid palea
length was less than that of either parent; though closest to A, subsecut-~

dum., The range of anther length overlapped that of both parents.

b. -Comparative.cytology
A. subsecundum (plant 65-1) had a diploid chromosome number of
28. 1In diakinesis 0,6\peféent of the cells examined contained two univa-=
lents., Thg other diakineéis cells showed normal bivalent pairing. Three
percent of the meﬁaphase I cells contained univalents. No ifregularities
~ were observed in the later meiotic stages (Table 3).
| A, latigl;me {plant 47=3).was a tetraploid plant. 1In diakinesis six
percent’of the cells contained univalents ‘and another six percent contained
quadrivalents (Table 3). In metaphase I,.20 percent contained univalents

and another 10 percent contained quadrivalents (Table 3). Six percent of
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the cells contained laggards at anaphase I (Table 3), No irregularities
wére observed in staées of the second meiotic division (Table'3).

The chromosome number of the hybrid A. subsecundum x A, latigluﬁe
was 28. The observed chromosome associations aﬁd their frequency in dip-
lotene, diakinesis, and metaphase I are summarized in Table 6.

Chromosome associations were interpreted in ten cells of diplotene“
Five different types of chromosome association were observed in this stage
(Table 6). The diplotene cell shown in Figure 2a contains twelve bivalents
and one quadrivalent; This particular association was found in fifty per-
cent of ten cells in diplétene and f£fifty percent'of the %2 cells examined in
diakinesis (Table 6). Fourteen bivalents were qbser#ed in 37.5 percent of
the cells in diakinesis. Bivalents averaged 12.66 per cell with a range
from eight to fourtegn,‘ Uniyalents,éveraged 0.03 per cell, with'a range
from zero to four. Fifty-eight percent of the cells contained one or two
gquadrivalents With an ave?age of 0.59 pef cell, As in dip}otene, no pther

multivalent associations were found. Eighty-one percent of the bivalents

‘were closed,

In metaphase I, 54 percent of the 33 cells observed contained twelve
bivalents and one quadrivalent; 30 percent contained fourteem bivalents,
or two univglents, éleven bivalents, and one quadrivalent. The cell shown
in Figure 2b shows fourteen bivalents in metaphase I. The frequency of
open bivalents increased from 19 percent in diakinesis to 20 percent‘in
metaphase I. No ceil contained more than four univalents. :Open quadri-
valents were half as freqﬁent in metaphase I as in diakinesis. The average

frequency'per cell was 0.66- univalents, 12.15 bivalents and 0.75




34

Table 6, GChromosome associations in diplotene, diakinesis, and metaphase
I of A, subsecundum x A. labiglume.

Number of cells

I II IV ____diplotene diskinesis metaphase I

12 1 5 36 18

1y 1 27 7
2 1 1 2 . 5 3
2 13 2 2
A 8 2 R 2
4 12 ' 1 1
2 9 2 ' | 1

10 2 1
6 9 1 L

Total 10 72 33

0,03 12,66 0,59 Average association in diakinesis

0,66 12,15 0,75 Average associabtion in metaphase I




Fig. 2 Meiosis in A. subsecundum x A. latiglume
a: diplotene, 1211 11V,
b: metaphase I, 1411,
c: anaphase I, 3 lagging univalents.
Mag. 930X
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quadrivalents. The ranges were the saﬁe as in diak;nesis (Table 6).
| A summary of irregularities in anaphase I and anaphase Il is given
in Table 7. | | |

During angphase I, approximately 14 percent of the 41 cells intgr-
preted contained’ laggards. The laggards averaged 0.0l univalents and
0.03 bivalents per cell. In Figure 2c three lagging bivalents aré éeén.
The 65 cells examined in anaphase II appeared completely normal. There
were no laggards nor bridges (Table 7).

One hundred and ninety-four quartets were'examined. Half of the
cells of five quartets were shrunken anq had dark cytoplasm, and one out
of four cells of another five quartets were likewise shrunken and ab-
normal, Ninety-two percent of tﬁe cells were without irregplarities.

Six hundred pollen grains were observed and were found to be empty

¢

and Hot. stiineds

2. A. caninum (plant 6-3) x A. 1atig1ume {plant 48-2).
a. Comparative morphology

Typical spikelets and florets of A. caninum, A. latiglume, and

their hybrid are shown in Figure 3. The averége and range of measurements

obtained from 10 plants each of é; caﬁinums A. latiglume, -and their hybrid

were scored for 11 characters and compafed in Table 8.

A. caninum was a taller plant than A. latiglume. Its measurements -
exceeded those of A. latiglume for spike length, internode length5 spikelet
length, number of spikelets per spike, glume and lemma awn length, and

anther length. A. latiglume exceeded A. caninum in number of florets per
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Table 7. Frequengy of irregularities in ahaphase I and anaphase II of
A, subsecundum x 4, latiglume. :

Average mo. Percentage Average no. Total
of laggards © of cells - bridgés-fr, no. of
per cell with laggards per cell cells

I IT )

Anaphase II 0,00 0,00 0,00 0,00 65
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Fig. 3 Spikelets and florets of

a: A. caninum

b: A. caninum x A. latiglume
c: A. latiglume

Mag. 1X




Teble 8, Morphological measurements of A. caninum, A. caninum x A
latiglume and A. latiglume (mean and range in cme).

A, caninum hybrid A, latiglume
Spike length 1led 9,70 10,1
( 807“]—407) ( 864"12@5) ( 9@0“'1230)
Internode length 0,6 0.7 - 0.5
4 ( 0.5- 0.7) ( 0u5= 0,9) ( Ood— 046)
Spikeleb length le5 1.5 VA
( lol- Lo8) ( Lo2- 1.8) ( Lo3~ lo5)
Number of spikeletbs L5.7 . 12,0 ‘ L1
per spike (10,0~20,0) (1060~13,0) (1L,0=18,0)
Number of florebs 503 ' 569 546
per spikelet ( 5,0~ 6,0) ( 560~ 7,0) ( 540= 7,0)
Glume length 0.8. 067 Lol
( 007 Lo4) (07~ 049) ( 0e9= 1.5)
Glume amn length 0.2 0,2 0.1
. ( Qol"" 038) ( Ool"" 0134.) ( OQ:L"" 003)
Lema Lenfth 1,0 | 0.9 Lol
: ( 068~ 142) ( 0s8- 1.0) ( LoO~ Lok)
Lemma awn length L.6 1,0 0.2
: ( Lel~ 2.2) ( 0ub~ Ls7) ( 0o2~ 0.4)
Palea length 0.9 0.9 Lol
( 0ub~ 1o2) ( 067= 1s0) ( 069~ Lol)
Anther length 0e2 0u2 0o2
( 002~ 0,3) ( 0p2- 0,3) ( 0e2)

1
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spikelét,kand glume, lemma, and palea length.

) The hybrid‘éﬁ caninum x é.llatiglume %as a slightly taller plant
than é.'latiglume, but closer in.growth habit to A. latiglume than to
A. caninum. As in the A. subsecundum x A. 1atiglume hybrid, the spike
length was shorter and internode length longer tﬂan that of either parent.
The result was that there were usually fewer spikelets per spike than found
in either of the parent species. The hybrid was closest,ﬁo A. latiglume
in number ef florets per spikelet, and glume awn length. It'was closesﬁ
to A. caninum in spikelet length, and lemma awn length. The glume and
lemma 1eﬁéths were less than those‘of either parent. The palea and anther

lengths were intermediate. The hybrid did not inherit the thin lemma edge

of A. latiglume.

b. Comparative cytology
Meiosis in A. caninum (plant 6-3) was normal (Table 3), Four-
teen bivalents were present in metaphase I cells. No irreguiarities were
observed in interphase I nor in stages of the second meiotic division.

" In A. latiglume (plant 48-2) meiosis was also normal. Only biva-
lents were present in metaphase I, and no irregularities were found in
later stages (Table 3).

The chromosome associations found in diakinesis and metaphase I in
A. caninum x A, latiglume are compared in Table 9.

The hybrid A, caninum.x A; latiglume showed good chromosome spread
in diakinesis. Fourteen bivalents were present in_66.3 percent of 110

cells. The association next in frequency was 13IF and 219 in 22,7 pef@ent
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Table 9; Chromosome assoclations in diakinesis and metaphase T of
A, caninum x A. latiglume,

" Number of cells

I . IT I IV diskinesis metbaphase I
4 73 20
2 13 25 28
12 1 7
T4 12 4 R4
| L 12 L 1
6 11 ' 11
3 10 | 9 7
3 8 10 6
5 10 L 2
| 9 8 1 1
14 7 N 1
Total 110 | 100
i 0,60 13.55 0,0L 0,06 Average association in diakinesis
3069 12,10 0,03 Average association in metaphase I
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I II1

of the cells. The average frequency per-cell was 0,061, 13,55I ,-0,01 »
anq 0°061vo Trivalents and quadrivalents %efe not present together in the
same cell, Of the bivalents in diakinesis, 82 percent wére closed, and
18 percent were open. |

( Twentymeight percent of the metaphasé I cells contained thirteen
bivalents and éwa univalents as-illustrated by Figure'll-ao The frequency
of cells containing feourteen bivalents dropped from 66.3 percent in
diakinesis to twenty percent of those in metaphase I. Figure 4b shows a
metaphase I cell with 14 bivalents. No cell contained less than seven
bivalents, Thg average fréquency of closed biyalents dropped from 82 per-
cent iﬁ diakinesis to 54.percent in metaphase I. Only one cell contained
more than 10 univalénts..

Table 10‘1ists the frequency of irregularities in anaphase I,
telophase I, aﬁd anaphase II.

Sister chrometids of lagging univalents usually showed prececious
division in late anaphase I. ' An average of 1,21 lagging univalents per
cell, with a rangé from @ to 18 was observed. Figure 4c shoﬁs a cell with
one lagging univalent in anaphase I. Forty-five percent of the 120 cells
observed were nermal. There Was'an average of 0.10 bridges per cell
(Table 10).

The frequency of lagging univalents décreased to 0.13 pexr cell in
telophase I (Table 10},

-Of the 333 cells observed in interphase I, 77 percent appeared
normalf Thefe was an aﬁerage of 0,33 karyomerés per cell,

There was an average of 0.10 laggards per cell in anaphase II, with
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Fig. 4 Meiosis in A. caninum x A. latiglume

a:
b
c:
d:
Mag

metaphase I, 131121,

metaphase I, 1411,

anaphase I, 1 lagging univalent.
telophase II, 2 laggards in each cell.
. 930X
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Table 10. Ffequency of irregularities in anaphase I, telophase I, and
anaphase IT of A. caninum x A, -labiglume.

Average no. Percentage Average ho, Total
of laggards of normal bridges—-fr. no. of
per cell cells per cell cells
I II
Anaphase I 1.2l 0,06 T 45 0,10 120
Telophase I 0,13 78 0,00 148

Anaphase IT 0,10 89 0,03 28
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an average of 0.03 bridges per cel;. Eighty-nine percent of the anaphase
IL cells were normal, Only two cells were observed in telophase IL, each
cell contained two laggards. These cells are shown in Figure 4d.

There was a range from 1 to 13 micronuclei present in 35 percent of
the quartets observed. Figure 5a shows four quartet cells with 0, 2, 4,
~and 5 micronuclei and karyomeres. The most frequent count was one micro-
nucleus per quartet. Si#tynfive percent of the quartefs appeared to have
four normal cells. |

Mitosis was observed in 72 pollen cells at early métaphasee of
these, only seven, or‘nine percent contained the normal haploid number of
14 chromosomes. The otheré héd a chromosome count ranging from 9 to 25 per
pollen grain, often with fragments and micronuclei as well. Figure 5b
shows 13 chromosomes in a pollen grain. The maturation of‘the polleﬁ grains
waslabnormals as mitosis took place before the formation of the exine and

entine.

3. A. arizonicum (plant 2-5) x A. caninum (plant 6-4)
a., Comparative morphology | k
Typical spikelets and florets of A. arizonicum, A. caninum, and
their hybrid are shgwn in Figure 6.‘ The average and range of measurements
obtained from 10 spikes each of.A° a;:'izonicum9 A. caninum, and their hy-
brid, were scoréé fof 11 charaéte;g and compared in Table 11. |
A, afizoﬁicum‘exceeded the morphological measurements of A. caninum

in spike length, internode length, number of spikelets per spike, number

of florets per spike, glume and gldme awn length; lemma and lemma awn
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Fig. 5 Meiosis in A. caninum x A. latiglume
a: quartet with 0,2,4,5, karyomeres and micronuclei.
b: pollen mitosis, n = 13.

Mag. 930X
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Fig. 6 Spikelets and florets of
a: A, arizonicum
b: A. arizonicum x A. caninum
c: A. caninum

Mag. 1X




Table 11, Morphological measurements of A, arizonicum, A, arizonicum X
A caninum and A, caninum (mean and rahge in cime).

A, arizonicum hybrid Ao caninum
Spike.length 17 ‘ 11l.3 , 1.9
(13,0=17,0) (L11,0=12,0) (10e2~140o7)
Interndde‘length 067 0e5 065
- ‘ ( 0ob~ 049) ( 0e5~ 0.7) ( Oo5~ 0,6)
Spikelet length 1.6 Los Lok
0 (Ledm 1.8) ( Lol 1o5) ( Lol= 1o8)
Number of spikelets  17.4 . 1660 17,1
per spike (L4s0=23,0) (15,0~17,0) (13,0-20,0)
Number of florets 6.8 5,0 50l
per spikelet ( 6,0~ .8,0) ( 540) ( 4o0= 6,0)
Glume length . 1.1 0,7 0,8
( 0%~ 1:2) ( 0o7= 0,9) ( 0s7- 1,0)
Glume awn length 0.7 062 042 .
( 0o5= 1,0) ( 002~ 044) ( 06l--065)
Lemma length 1.1 L0 1.0
) ( LoO=-1,2) ( 069~ Lol) ( 0e9- Lol)
Lemms awn length 1,9 1,0 Le5
A ( Lol 203) ( 0s9= L1o4) - ( 069= 2,0) -
Palea length 0,9 o 0.9 069
, _( 0:9= 1,0) ( 068~ 1,0) ( 069= 1,0)
Anther length 10,2 . 0.2 0a2
( 0s2) ( 0.2) ( 062~ 0.3)
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length, and palea length.

Morohological measurements of the hybrid shooed'smaller range and
lower mean than either parent in spike length, number of spikelets per
spike, glume  length, lemma awn length, and palea length. The hybrid was
closest to A. caninum in internode length, spikelet 1ength,:number of

florets per spikelet, glume'awn length, and lemma length.

b. Comparative cytology
A, arizonicum, {plant 2-5), was a tetraploid plant with a
chromosome number of 28. There was normal bivalent pairing at d1ak1ne313
and,meraphase I (fable 3). In anaphase I four percent of the cells con-~
tained bridées and eight percent contained laggards. Generally there was

a low frequency of irregularities.

A, caninum,‘(piant 6-4), showed normal bivalent pairing in meta-

phase I resulting in 14 bivalents. No irregularities were observed in later

meiotic stages (Table 3).
Ty .

The chromosome number of the hybrid A° arizonicum x A. caninum was
28. The observed chromosome assocratlons and their frequency in metéphase
I are summarized in Table 12, |

In the hybrld A. arlzonlcumA# A. caninum 33 different chromosome
associations were found in 64 cells 1nterpreted in metaphase I. Flftyw
one percent“of the cells were 1ncloded in eight most frequent associations.
The three most frequent were four univalents anﬁ 12 bivalents; five univa-

" lents, ten bivalents, and one trivalent; and two univalents, eleven biva-

lents, and one quadrivalent. Figure 7a shows a metaphaée I cell containing
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Table 12, Chromosome associations in metaphase I of A, arizonicum x

A, caninum,
s

Number of cells I IT IIT Iv v VIiI

. Y
2 ) 2 | 13

3 ’ 12 1

1 1 12 1

6 b 12

1 11 2

1 1 11 1
5 .2 11 -1
3 3 11 1

2 6 1L

1 10 2

1. 1 10 : | 1
2 1 10 1 — 1

2 2 10 2

2 3 10 L
2 4 10 1

6 5 10 1

4 8 10

1 2 9 2

1 3 9 1 1

1 4 9 2

L 5 9 1
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Table 12 (Conbtinued).

IIT Iv v VII

Nomber of cells I IT
3 6 9 1
3 7 9 1
1 10 9
L 8 3.
1 4 8 2
1 4 8 . 1 1
1 9 8 1
L 3 7 L 2
1 6 7 2
1 | 1L 7 L
1 1L 4 3

Total 64

Average 3698 1013 0,48 0645 0,08 0,015
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Fig. 7 Meiosis in A. arizonicum x A. caninum
a: metaphase I, 11IToT1TV
b: anaphase II, 3 lagging univalents
Mag. 930X
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two univalents, nine bivalents and one quadrivalent. All multivalents and
56 percent of the bivalents were opeﬁ. One fourth of the cells contained
enly .10 to 14 bivalents and O to 8 uniﬁalents. The others contained multi-
valents in addition to bivalents énd upivalents. The?elwas an average of
3.98 univalents, 10.13 bivalents, 0,48 trivalents, 0,45 quadrivalénts, 0.08.
pentavalents and 0.0l hexavalents per cell (Table 12).

A summary of irregularities in anaphase I and II is given in Table
13.

During anaphase I, the lagging univalents remained on the plate and
underwent precocious division. There was an average of 2f06 lagging uni-
valents. In Figure 7b three lagging univalents can be observed. . Almost
90 percent of'tﬁe cells contained at least one univalent witﬁ a range from
0 to 5. There was an aﬁerége of 0.18 bridges per cell. |

In 26 cells at'interphaserl, there was an average of 1.57 micro-
nuciei and karyomeres per cell,

There was. an avepageiof 3.6 laggards per cell during anaphase 1T
Bridges were more frequent than in anaphase I. There was an average of
0.44 bridges per cell., Only 16 percent of the cells appeared normal.

Micronuclei in the quartets were of ;afied sizes, Apparenély lag-
gards. congregated to form restitution nuclei rathe¥ Fhan forming karyo-
meres. There was an average of 3.60 per quartet. Only 21 percent appeared
normal. |

Six hundred pollen grains were counted. All were empty and

not stained.




Table 13, Frequency of irregularities in anaphase I and II of

x A, caninum.
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A, arizonicum

. Average no. Percentage Average no. Total
< laggards of cells bridges+fre no, of
per cell with lageards per cell cells
I IT
Anaphase I 2,06 0,11 89,90 0.18 68
Anaphase_II 3,60 84,00 Qe 25
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4, A. semicostatum; (plant 65-4) x A, trachycaulum (plant 93-2)
a, Comparative morphology

Typical spikelets and florets of A. semicostatum, A. trachycau-

lum and their hybri& are shown in Figure 8. The average and range of

measurements scored for eleven characters from ten spikes each of A.

semicostatum, A, trachycaulum, and their hybfid, are compared in Table 14.

The morphological measurements for A. trachycaulum exceeded those

for A. semicostatum.in spike' length, numbér of spikelets per spike, glume
length, glumghawn length, lemma, palea, and anther length. The spikelet
length was the.same in the parents and'hybrid. |

The hybrid plant exceeded both parent plants only in spike.inter-
node lenéth and glume awn length. Its spike‘length and thefnpmber of
spikeleté per spikg were less than éhét of either parent species., ' The
hybrid was intermedigte in number of florets pér spikelet, glume, lemma,

lemma awn, palea, and anther length.

N b. Comparative cytology

A. semicostatum (plant 65-4) and A. trachycaulum (plant 93-2)

were both tetrapioids. Thirty-three percent of the metaphase I cells of

A. semicostatum contained univalents (Table 3), while 7.7 percent of the
cells in ‘anaphase I.contained lagging univalents. Cells observed in the
interphase I and, quartet stages aﬁpeared normal.

Diakinesis. and metaphase I appeared normal in A. trachycaulum

(Table 3). Seventy-five percent of .the cells contained 14 closed, or one

open and 13 closed bivalents in metaphase I, There were no multivalents
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Fig. 8 Spikelets and florets of
a: A. semicostatum
b: A. semicostatum x A. trachycaulum
R trachycaulum
Mag. 1X

1>




Table 14, Comparison of morphological measurements of A, semicostabum.

Ao brachycaulum, and their hybrid (mean and range in cme).

A, semicostatum " hybrid A, trachycaulum
Spike length 12,9 119 1469
- (10,5-1405) ( 9e5~1504). (1165-17,0)
Tnternode length 0,7 , 0,8 0.6
( 065~ 0.9) ( Oo= Lo2) ( 0ot~ 0,7)
Spikelet length Le5 ' 1.5 ‘ Lo5
( Lo2~ 2,0) ( Le2~ 1o9 ( Le5)
Number of spikelets Lhes 11,2 1902
per spike - (13,0-16,0) (106,0=1440) (15,0~23,0)
Number of florets 10,0 8ol . - 7.0
per spikelet ( 8o0~12,0) ( £0-12:0) ( 7.0)
Glume length 005 0.8 Lo3
( 045~ 006) ( 0.6~ 1,0) ( 1s0- 1oL)
Glume awn length tipped 0.2 . 0el
( 0s0= 0.5) ( 0.0= 0,2)
Lemna length 0,7 =~ 0,8 1.0
- ( 096-' O°9) ( 038"' leo) ( 009_ leO)
Lemma awn leﬁgth - Le2 0.3 001
( Lol= 1o5) ( 0.2~ 0,5) ( 0s0= 0,2)
Palea length 0.5 . . 067 0.9 .
( 005~ 0.7) ( 046~ 0,8) ( 069= 1,0)
Anther length . 0.l 0.1 0.l
( 041) ( 0.1) ( 0l 042)
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nor univalents observed in A, trachycaulum,

The diploid chromosome number in the hybrid A. semicostatum x

A. trachycaulum was 28, Two differént collections from this hybrid were

studied in metaphase I. One collection was fixed in Newcomer's solution
and showed fewer sticky chromosomes than that fixed in Farmer's solution.
In Table 15, the observed chromosome associafion.freqﬁencies from the two
differenﬁ collections, are combared°

Chromosome associations wefe determined for 86 cells in metaphase I
from spikes collected in Newcomer's solution from the field,  Seventy-two
percent of the cells contained only univalents with a range of 12 to 26
and bivalents with a range from 1 to 7. Figure 9a shows fivé bivalents and
18 univalents. The average.chromosome association for all ﬁﬁe cells was
18,4913 4.1911, 0.33111, and O.OSIV. There were no pentavalents in this
collection. Nineteen different chromosome associations were observed.

Chromosome associations were interpreted for 216 cells in métaphése
I, in material collected in Farmer's solution from the greenhouse. Chromo-
some pairing again was irregular and variable, There seemed to be a degree
of sécondary association by univalenté distant from the metaphase plate,
however there waé,no indication that chiasmata had‘been fbrpéd.

Thirty-four different chromosome associations were obsefved in
216 cells in metaphase I. Univalents were present in éll the cells, with
a range from 5 to 24, and an average of 13.66 per cell. All the cells '
' contained bivalents, withza range from 3 te 11, and an average.éf 6.56 I;.

Twenty=-two percent of the cells contained exactly-14 univalents and 7
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Table 15, Chromosome associabtions in metaphase I of A, semicostatum x
A, trachycanlum,

Greenhouse - Field
(Farmeris (Newcomer!ts
solution) solution)
Number of cells I I ITT v v
3 - 6 11
°o g - 10
15 | 10 9
29 12 8
2 6 8 2
1 9 8 1
48 5 14 7
6 : gh i 7 1
3 - 10 7 | L
2 9 7 .l
1 ‘ 8 7 2 |
29 12 16 6
4 2 13 6 1
5 12 6 1
"2 1L 6 L
1 10 6 R
1 8 6 R
1 5 6 2 1
2L 17 : 18 5
2 | 14 5 1




Table 15 (Continued).
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Greenhouse Field
(Farmerts  (Newcomer's
- solution)  solution) ‘
Number of cells I IT IIT IV v
2 ‘ll 5 1 1
1 8 5 2 1
10 20 4
17 4 1
3 16 Lo 1
1 13 4 1 1
1 10 4 2 1
1 9 4 - L 2
3 9 22 3
3 I 19 3 1
1 16 3 2
1 12 3 2 1
1 10 3 1 2
1 9 3 1 3
6 24 2
3 2L 2 1
1 22 2
L 18 2 2
15 2 i 2
12 2 3
2 26 1
L 23 1 1
216 ] 86
Average greenhouse 1366 6,56 0,19 0,13 0,02
. Average field 18e49 4ol9 00,33 0,03
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Fig. 9 Meiosis in A. semicostatum x A. trachycaulum
a: metaphase I, 5111g8l,
b: anaphase I, approximately 14 univalents.
c: telophase II, chromosome aggregations formed.
d: quartet with 1,5,2,3 micronuclei and karyomeres.
Mag. 930X
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bivélgnﬁ§? There was an average of 0,19 %%I, 0.13 ;V and 0.02 V.
One penﬁavalent occured in each of 4 celis. Some of the’ chromosomes
appeared abmormally attenuated in late metaphase.

Post~metaphase ﬁeiotic'stages were investigated in the material
collected in Farmér's solution from the éreenhouse, ‘Only four of the
85 anaphase I cells examined showed normal chromosome movement., The
other 95f3 percent contained lagging univalents which underwent precocious
.diviSion. There was an average of 8,53 lagging univalents per cell.
Figure 9b shows a cell in early agaphase I, with approximately 14 lagging
univalents,

Oonly two of the cells were normal in anaph;se II1. 'The'othef 97
percent contained lagging univalents, bridges, fragments, micronuclei and
karyomeres. There was an average of 16.1 1aggihg chromos omes ber,cell
(Table 16).

During teloﬁhase II the lagging chromosomes did not form separate
karyomeres, nox aggregaée into the main nuéleus. They congregated into
larger, but not nuclear size aggregations. Figure'9c shows two telophase
II cells with these aggregations formed.

No ﬁormal quartets were seen among the 100‘ce11s obse?ved. Karyo-
meres averaged 3.05 per quaftet, with a range.from 1 to 11. 1Im addition
there.were non-included chromosome aggregations formed in telophase II.
In Figure 9d two cells of the quartet contain one of these larger aggre-
gations, in additionAtQ‘micronudEi and.karyomeres. The larger aggregations
averaged 1.32 per quarteﬁ. .Some of the quartet cells were shrunken. All

the 600 pollen grains counted were empty and nonstaining.
\
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Table 16, Frequency of irregularities in anaphase T and IT of A, semi-

cosbatum x A. trachycaulum,

Average no. Average no. Percentage  Total
laggards bridges+fra of normal no. of
per cell per cell cells cells

Anaphase I 8,53 0ol o 4eT 85
Anaphase II 16,10 0036 - 362 64
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IV, Study of two induced intersectional hybrids in the genus Agropyron

involving sections Goulardia and Holopyron.

1.v A, caninum (plaﬁt 6-5) x A. riparium (plant 62a-4)
a. Comparative morphology
Typical spikelets. and' florets of A. caninum, a species belonging
to ‘section Goulardia; A. riparium, a species belonging te section Holopyron;
and their intersectional‘hybrid, are shown in Figure 10. The average and
‘range of measurements scored.for eleven characters from ten spikes each of

A. caninum, A, riparium, and their hybrid are compared in Table 17.

The morphological measurements of A. caninum generally exceeded
those of A. rigariﬁm in spikeiet length, glume, glume awn,_lemma, lemma awn,
and palea length. A. rigariﬁﬁ exceeded in internode leggth, number of
florets per spikelet, and anthef length.

The hybrid A. caninum x A. riparium was intermediate in internode
length, anther length, spikelet length, number.of florets ﬁer spikelet,

glume awn length, lemma length, and palea length. The -spike length and

number of sPikelets per spike were less than shown by~either parent.

b. Comparative cytology
A. caninum (plant 6-5) was a tetraploid species. Only biva-

lents were observed in diakinesis and metaphase I (Table 3). Fourteen

‘ percent of the anaph?se I cells observed contained laggards. Telophase

I and interphase I appearéd noxrmal., Twenty-£five percént of the anaphase

II cells contained laggards, and six percent of the quartet cells















































































































































































