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Abstract:

Eleven species and one naturally-occurring hybrid in the genus Aqropyron that are native to Montana
were investigated using ecological, morphological, histological, cytogenetical and serological methods
to determine their biosystematic relationships. All of the species stowed variations of the basic
chromosome number of 7, ranging from the diploid to the octoploid level between species with the
majority being tetraploid.

One species (A. spicatum) was found to exist at two levels, diploid and tetraploid, the tetraploid form
being apparently of an allopolyploid origin. Six species were found to be allotetraploids; A. albicans,
A. latiglume. A. scribneri. A. subsecundum. A. trachycaulum, and A. dasystachyum.

One taxon, A. inerme. is considered to be a variety of A. spicatum. There are some indications that A.
albicans is a varietal form of A. dasystachyum; while A. subsecundum, which is often considered a
variety of A. trachycaulum. is a distinct species.

Two taxa, A. griffithsii and A. saxicola. were found to be sterile hybrids probably of intergeneric
origin. Original chromosome counts were determined for A. saxicola from root tip material, as plants
of this species failed to undergo meiosis. One natural hybrid of the putative parentage A. latiqlume x A.
scribneri was discovered Which proved to be a tetraploid. Meiotic examination of the hybrid disclosed
that a high degree of genome homology exists between the two parental species.

Detailed morphological information including leaf epidermal features is given for all of the species.
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ABSTRACT

Eleven species and one naturally-occurring hybrid in the genus Agro-
pyron that are native to Montana were investigated using ecological,
morphological, histological, cytogenetical and serological methods to
determine their biosystematic relationships. All of the species showed
variations of the basic chromosome number of 7, ranging from the diploid
to the octoploid level between species with the majority being tetraploid.

One species (A. spicatum) was found to exist at two levels, diploid
and tetraploid, the tetraploid form being apparently of an allopolyploid
origin., Six species were found to be allotetraploids; A. albicans, A.
latiglume, A. scribneri, A. subsecundum, A. trachycaulum, and A. dasy-

stachyum.

One taxon, A. inerme, is considered to be a variety of A. spicatum.
There are some indications that A. albicans is a varietal form of A.
dasystachyum; while A. subsecundum, which is often considered a variety of
A, trachycaulum, is a distinct species.

Two taxa, A. griffithsii and A. saxicola, were found to be sterile
hybrids probably of intergeneric origin. Original chromosome counts were
determined for A. saxicola from root tip material, as plants of this
species failed to undergo meiosis.

One natural hybrid of the putative parentage A. latiglume x A.
scribneri was discovered which proved to be a tetraploid. Meiotic
examination of the hybrid disclosed that a high degree of genome homology
exists between the two parental species.

Detailed morphological information including leaf epidermal features
.is given for all of the species.
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INTRODUCTION
Agropyron is the largest of twelve genera recognized by Hitchcock

(1950) as comprising the tribe Hordeae, one of ten tribes forming the

subfamily Festuboideae9 which, together with the subfamily Panicoideae,
forms the family Gramineae, : Linnaeus (1753), recognized five genera that

were later included ih the tribe Hordeae;: Lolium, Elymus, Secalé, Hordeum

and Triticum. The genus Agropyron was erected in 1770 by Gaertner (Nov..
Comm. Acad. Petrop. XIV, 1770, p. 531) who desctibed two speciess: A.

cristatum, based on the perennial Bromus cristatus L., and A. triticeum,

e e o et e

a then new annual species which was_illdstrated in detail., The first

typification of the genus was Made‘by Britton and Brown (1913) who chose

e oy et ot e

(1920), apparently unaware of the earlier selection, chose the annual A.
triticeum Gaertn., as the generic type. According te Jongs (1960) this
selection is in direct conflict with the International Rules of Botanical
Nomenclature, which state that the first choice of a lectotype shall be
followed by subsequent workers unless there are good grounds for disagree-
ment. As the description of the genus is such that it does not apply
more suitably to one species than to the other, it would appear that the
selection of A. cristatum b? Britton and Brown is the proper one on the
basis of priority. Agropyron has since been amended by Nevski (1934) who
chose A. cristatum (L.) Gaertn. as the type species.

The five original genera of the tribe Hordeae were increased to

twelve by Bentham and Hooker (1883) who treated Agropyron, Triticum,

Elymus and Hystrix as separate genera but still included Sitanion as a
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section of Elymus. In North American grass classifications Beal (1896)
and Hitchcock (l950)\follow essentially the same classification, but
Hitchcock recognizes Sitanion as a genus distinct from Elymus.

Bentham and Hooker (1883) also proposed that the Agropyrons be
divided into two sections: Agropyron propér, which wouid contain the
perennial species, and Eremopyrum (Ledeb.) Jaub. and Spach., which would
contain the annual species. In 1926 Holmberg divided the genus into four
sectionss: 1) Goulardia (Hugnot) Holmberg, 2) Holopyron Holmberg, 3)
Agropyron Gaertn., and 4) Eremopyrum (Ledeb.) Jaub. and Spach. Nevski
(1934) also claimed that the genus is artificial and split it into four
independent genera, but his interpretation is not widely followed by other
workers in the field.

The name Gramiheae was given to the grass family by Jussieu (Jackson,
1893) based on the ancient term Gramina which was used but not originated
by Linnaeus (1753). The tribal name Hordeeae (sic) was originated by
Lindley (Jackéon, 1893), based on the term Hordeaceae proposed by Kunth
(Jackson, 1893).

Pilger (Bowden, 1959) has shown that the earliest valid name for the
the commonly accepted name Hordeae. Because of the derivation of the
tribe name, the genus Triticum L._ig_automatically.the type genus of the
tribe. The typical subtribe is Triticinae, which included Tritidum,

Aegilops, Secale, and others. Other subtribes listed include Hordeinae

Nevski, composed of two genera, Hordeum.and Agropyron.
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Godley (1951) diagrammed a comparium of the Hordeae based on
relationships outlined by Clausen, Keck and Hiesey (1945). The eight
genera comprising the comparium are all connected either directly or in-
directly with each other by the various intergeneric’ hybrids which have
been formed artificially or found to occur naturally. Based on a classi-
fication by Hubbard (Hutchinson 1934) the tribe is divided into two sub-
familiess 1) Elyminae, having two to three spikelets per node, and 2) —
Triticinae, which have one spikelet per node. The genus Agropyron serves

as a Connebting link between the two subfamilies in the following manner:

Triticinae Elvminae minae

Secale ' Aegiloé&\\\\\\\ Sitanion
.. - Elymus

_QE;EEL___

Havynaldia Triticun Hordeum

Hordeae comparium (Godley, 1951)

Based on the available evidence, Godley suggested as a general rule
that no hybrids caA be produced by normal methods between the two sub-
tribeg except through the genus Ag;ggi;ggo_'Godley_also felt that should
members of the genus Agropyron differentiate such that crossing between
the subtribes was no longer possible, the Hordeae 5omparium would be

split and two intersterile groups would be formed.
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Parodi (cited by Connor, 1954) considered the genus Agropyron partly
artificial, as separation of éouth American representatives of E;x@gg and
Agropyron on the basis of morphological characteristics coula not be
achieved.

Classically, Elymus and Agropyron are separated on the basis of the
number of spikelets occurring at each node of the rachis, the former hav-
ing two and the latter one. Also, in Elymus the florets are oriented
more or less dorsiventrally te the rachis while in Agropyron they are
lateral. These characteristics are easily recognized in some species,
but are not uniformly evident throughout the two groups. Such inconsist-
encies have led Géuld (1947) to transfer the California species of
ﬂg;gpxggg together with members of Sitanion and Hystrix to the genus
Elymus., However, such a classificatien contributes very little to clear-
ing up the confusion surrounding the complex and therefore has not receiv-
ed widespread favor. Stebbins and Walters (1949) concluded that there
was not enough evidence to determine acourafely the boundaries of the
-genus Agropyron but felt that further attempts of classification should
await the development of a more natural system, based on cytological as
well as morphologioal"ohara?teristios°

Currently there are approximately 150 recognized .species of
Ag;épy;ggo The genus. is cosmopolitans about 30 species.are native to
North America, 100 6cou¥ring in Eurasia, and the rest indigenous to Southﬁ
America or Australia. Since 1900 several exotic species have been

introduced into the United States. Some, notably the Agropyron cristatum

complex ("Crested wheatgrasses"), have been widely used in efforts to
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rehabilitate depleted rangelands. Many have been used in breeding programs
with the goal of incorporating desirable genes intoe the closely related
domestic wheats.

In.l960‘a reséarch program was initiated at Montana Stéte College,
primarily concerned with the biosystematics.of the genus Agropyron. The
program involves morphological9 cytological, ecological, genetic,
chromatographic and serological studies of existing species and inter-
specific hybrids. The bresent study, a part of this program, is focusgd
upon the Agropyron species native to Montana, selected as a workable group,

even though artificially delimited.
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A. MORPHOLOGICAL AND ECOLOGICAL STUEIES
GENERAL BISCUSSIGN |
Booth (1950) listed fourteen species of Agropyron indigenous to

Montana. Eleven of these, A, albicans, A: inerme, A. dasystachyum,

A, qriffithsii, A, smithii, A. saxicola, A. subsecundum, -A. scribneri,

A. spicatum, A. latiglume and A. trachycaulum were located during an
extensive statewide survey., ' Herbarium collectiens at Montana State
College, Montana State University, and the U. S. Forest Service, at

Missoula, were examined and locations recorded for all of the

Agrepyron specimens available. Three supposed species

(A. pseudorepens, A. bakeri and A. riparium) that are listed as oc-
curring within the state could not be located by the author and no
valid herbarium specimens were found. A. pseudorepens 1s listed by
Beetle (1952) as a rhizomatous form of A. trachycaulum. Sterile
hybrids apparently resulting from crosses of A, smithii and A.

trachycaulum were found that fit the moerphological descriptions of A.
. I'e

pseudorepens given by Hitchcock (1950) and Beetle (1952). Also,

certain specimens of A, trachycaulum were collected that exhibit weak-
ly developed rhizomes and could be misidentified as A. pseudorepens
unless closely examined. Specimens representing either situation
could explain the listed occurrence of'this species within the s;cate°

A. bakeri and A. riparium, listed as resembling A. subsecundum and A.

dasystachyum respectively (Hitchcock, 1950) may have been either over-
looked, or if observed, considered as merely ecotypes of the latter

two species and hence not collected. Herbarium specimens identified
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as A. riparium were found actually te be representafives of A.

dasystachyum grown under low moisture conditions,

One of the Agropyren species (A. griffithsii) while thought to
occur within the state (Booth, 1950) was not represented in the col-
lections studied. Another species (A. saxicola) had net been col-
lected s%nce 1914 (Hawkins, MONT. 31918). Both of these species werg
located and collected in the present study.

In Q%ﬁer té avoid the problems involved in collecting specimens

fof,conducting a study on such a group and to attempt to standardize

"procedures, it is a customary practice to utilize seed collections

that are available from various supply soeurces. Such seed collections

are subject to several sources of error. Naturél hybridization is-
common in the wheatgrasses, related to thelr proximity, similar |
phenologies, profuse amounts of wind-borne pollen, self-incompati-
bility of some species and similarity of reproductive organs. These
factors are compounded by the complexity of the species relationships
within the group due te the large infraépecific variation that is
prevalent in many of its members. For these reasens, a seed col-
le;;ion may not only be misidéntified,'but even if correctly identi-
fied as to species, may actually represent just a biletype within the
broad range of variation included within that species. Therefore,
original collegtions representing large, relatively pure populations
are needed to répresent adequately the species involved. No seed col-

lections were used in this study: instead mature plants of each

species were collected from such representative populatiens.
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It is frequently noted that herbarium specimens are noet truly
representative of a species, their .inclusien depending more upon ease
of collection than upon taxonemic represeﬁtation° There is also a
tendency for herbarium collections to have an unusual number of ﬁnique
ecotypes rather than those that are widespread throughout populatiens.
By limiting collections to large, relatively pure populations, both
the most.prevalent biotypes.énd the range of variation within thé
speciles can be evaludted.

Ten plants of each species, in each case considered to repre-
sent adequately, the population sampled, were potted in eigﬂt—inch

”“pots énd transferred to the Montana State College Greenhouses in the
summer énd fall of 1962. Pertinent habitat infermatien, including
soll type, slope, exposure, associated Speéies, and general climatic
'data (prevailing winds, precipitation, temperature) was recorded for
each‘of‘the specieé°‘ Heibariﬁm sampies of each were prepared and
sent to the Smithsonian Institute, U. -S. National Herbarium for
verificaiion, Voucher specimens were placed in both the Natioenal
He?barium.and-thé Montana Staﬁe.Célrege‘Herbarium at Bozeman. When-
ever possible, pollen mother cell material was taken for cytelogical
evaluation (Sec. D). Morpheological measurements (Sec. B) were also
made on a nuymber of typical specimens ‘of each of the sbecies aﬁ the
time of collection.. | |

Each}taxon is disdussed in the following manner; (1) name and
list of synonomy, (2) history of nomenclature, (3) ecological in-

formation, and (4) morphological description., The lecations of the
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populations selected for this study, together with the herbarium
numbers assigned to the specimens placed in the Montana State College
Herbarium, are summarized at the end of this section (Table I).

Associated species names are those used by Booth (1950).
Agropyron spicatum (Pursh) Scribn. & Smith

Agropyron spicatum (Pursh) Scribn. & Smith, U, S. Department Agr.,

Div. Agros., Bul. 4:33. 1897.

Festuca spicata Pursh, Fl. Amer. Sept. 1:83. 1814,

-Schedonorus spicatus Rocem. & Schult., Syst. Veg. 2:707.1817,

Triticum divergens Nees ex Steud., Syn. Pl. Glum. 1:347, 1854,

Agropyron divergens Vasey, Desc. Cat. Grasses U. S. 96, 1885.

Agropyron divergens var. tenue Vasey, Desc. Cat. Grasses U. S.
96. 1885,

-Agropyron divergens var. tenuispicum Scribn. & Smith, U. S.
Dept. Agr., Div. Agroes. Bul. 4:37. 1897,

-Agropyron véseyi Scribn. & Smith, U. S. Dept. Agr., Div.
Agros. Bul. 4:27, 1897,

- Agropyron spicatum var. tenuispicum Rydb., N. Y. Bot, Gard. Mem.
1:61. 1900. -

Agropyron spicatum var. vaseyi E. Nels., Bot. Gaz. 38:378, 1904,

-Zeia spicata Lunell, Amer. Midl. Nat. 4:227. 1915.

Elymus spicatus Gould, Madrono 9:125, 1947,

A. gpibatgm was first described by Pursh in 1814 and named

Festuca spicata._ The type specimen was from the Lewis and Clark col-

lection of 1806 taken along the Columbia river. It was later classi-

et Pt M e M e

fied in the genera Schedonorus (Roem. and Schult., 1817) and Triticum
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(Nees ex Steud, 1854)., The name A. spicatum was coined and applied

to what is now known as A. smithii by Scribner and Smith (1897) due to
a misidentification, which was later clarified by Rydberg (1900).
Pursh's original description calls for a long scabrous awn which

clearly shows that a mistake was made when the name was applied to the

species now known as A. smithii. ‘Since,Séribner & Smith included

Festuca spicata in synonomy, they were publishing a new combination,

Agropyron spicatum (Pursh) Scribner & Smith, rather than a new name.
According to the Rules of International Bofénical Noﬁenclature
(Briquet, 1956) the new combination must be retained for the species
to which the epithét was originally applied and attributed to the
author who first published it. Scribner and Smith originally used the
name A. divergens (Vasey) to describe what is now called A. spicatum.
The first Montana collection was by Rydberg (No. 2299) in 1897.

A. spicatum, sometimes known as "Bluebuncﬁ Wheatérass", is one

of the most widespread wheatgrasses in the United States. Its range

‘is from Alaska to northern Califernia and New Mexico, including Mont-

ana and moest of the western states. In the Pacific Northwest and

Intermountain Region it is a dominant herbaceous species, forming up
|

to sixty percent of foliage cover in some localities (Hoover et al.

1948). 1Its extensive distribution, abundance and drought resistance

.are directly related to its importance as a western range grass. In

Montana. it is found in greatest abundance in ﬁhe central and western
mountain regions, but it commonly occurs on hillsides in all areas. of

the state, chiefly on dry, gravelly soils in the open or in partial
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shade.,
This perennial bunchgrass often begins growth early in the spring
and remains green until late in the summer. The new growth is palat-

able to livestock, but if unused the stem and leaf material tend to

become wiry, affording little in the way of useable forage. On the

bison range, at Moiese, Montana, it is utilized by buffalo chiefly as
a winter feed after the snows have teﬁded to soften the previous
summer’s cured foliage. It is heavily utilized by eik, whenever
accessible, throughout the year.

Plént material was golléotédif£om a'd;minanf pgpulation oG-
curring west of the C. A. A. transmission tower located east of
Belgrade, Montana, in-.an enclosed area that is leased by the Animal
and: Range Sciences Department and’used for ecological investigations
by the Botany Department of Montana State College. It has been sub-
jected to only occasienal accidental use ;ince,l936 and is in excel-
lent condition. Located at an altitude of.4450 feet, the area is sub-
jected to frequent winds. Precipitation in the area is approximately
thirteen inches, with eight inches falling between April and October.
Soils are Beaverton gravelly loam (De Young and Smith, 1931) with

underlying gravels. Associated species are Koeleria cristata, Poa

secunda, Carex spp., and forbs.such as Phlox hoodii, Lupinus sericius

and Delphinium bicolors In this area A. spicatum begins growth in

late May, heads in mid-June and is fully mature by the middle of July.
Between late July and September it is relatively doermant. With the

advent of fall moisture a certain amount of regrowth is realized.

.

T
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Seed set in the area is excellent. This population is uniform, upon
analysis all specimens showing a chromosome number of 2n=14,

A second population containing the chromosome complement of
2n=28 was discovered near Whi%ehall, Montana in a Deer Lodge National
Forest grazing area kﬁown as Wilson Park. This population is located
along a hillside of moderate slope bordering a mountain meadow, ex-
posed to fairly constant winds, at an elevation of approximately 5,200
feet. Précipitation figures for the area are‘not available, but a
majority of the moisture falls ip the form of a heavy snow cover
during the winter months,

Associated species are Poa secunda, Stipa columbiana, and

Koeleria cristata. The population appears to be uniform, all speci-

mens collected showing the same chromosome'number (2n=28).

A. spicatum is commonly found at altitudes ranging up to seven
thousand feet, but one population comprised of a few low-stature
individuals was located on a chromium mine dump in the Beartooth
Plateau at an altitude of 10,200 feet. These specimens showed a dis-
tinct reddish tinge in the vegetative organs as well as in the inflo-
rescence. In this population, as well as in several others obse?ved,
awn length was ex£remely variable, ranging from awn-tipped to long-

awned,

Agropyron spicatum (Pursh) Scribn,.&ﬁSmitﬁ (hBluebgnch wheatgrass")
The following description is based on the population occufring near

Belgrade, Montana (2n=14).

™
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General Characteristics: Perennial bunch grass, bluish to light
green in color. Leaves mostly basal.” Divergent awns of
variable length, spikelets distant.

Culms: Slender, erect, 61-78 cm. tall, smooth, devoid of hairs.
Internodes 10-16 cm. long, nodes smeoth, dark, vernation
rolled. .

Blades: Leaves mostly basal, flat to tightly relled when dry,
15 to 30 ¢cm. long, 2 to 5 mm, wide. Sometimes hairy on
upper surface, without hairs on lower surface., Upper
surface .prominently veined, scabrous, midrib prominent on
lower surface. Auricles absent to rudimentary.

Sheath: Round, split with overlapping scarious margins, smooth
veins, indistinct, often reddish beleow ground. Collar
continuous to sometimes divided by midrib, glabrous, light
green.,

Ligule: Short, 1/2 mm wide, membraneous, lacerate, truncate.
Inflorescences Terminal, 2 sided spikes 8-20 cm. long. Spike-

lets distant, overlap 1/3 to 1/2 Spike slender, divergent
awns. Rachis smooth, ’

- Spikelets: 6 to 8 flowered, 1-2 cm. long, disarticulating above

the glumes.

Glumes: 5 to 7 mm.long, about 1/2 as long as spikelet, 3 to 4
nerved. Narrow, 1 mm. wide, poeinted but net awned, equal.

Lemma: About 9 mm. long, 'the awn strongly divergent, usually”
10-17 mm. long. Rounded .to keeled above, 4 to 5 nerved,
faintly nerved, smoeoth, scarious margins.

Palea: Slightly longer than lemma, scabrous on 2 keels.

Fruit: Grain enclosed in lemma, adherent to palea.

Location and Abundance: Dry plains and foothills across the
states common, ’
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Agropyron inerme (Scribn. & Smith) Rydb.

Agropyron inerme (Scribn & Smith) Rydb., Torrey Bot. Club
Bul. 36:539.,  1909.

Agropyron divergens var. inerme Scribn. & Smith, U, S. Dept.
Agr., Div. Agrest. Bul. 4:27., 1897,

-Agropyron spicatum inerme Heller, N, Amer. Pl. Cat. ed.
2. 3. 1900,

A. inerme was f£irst named A. divergens var. inerme and described
by Scribner & Smith in 1897 as a vériety of what is'now‘known as A,
spicatum. The type specimen was collected by Henderson (No. 3058) in
Idaho. The name Ao inerme was apblied by Rydberg (1909) based on
Scribner and Smith®s type description.,

Known in vernagcular as "Beardless Bluebunch Wheatgrass" it is
taxonomically differentiated from A. spicatum only upon the basis of
the abéence of awns. The validity of separating these apparently
closely related taxa :into specles has been questiocned by some who

redard A. inermg as only a variety of A. gpicatum (Daubenmire 1939,

‘Beetle 1952),

A. inerme is rare in Montana, the only previously recorded
specimens from Montana occurring in the Polson region. Another popu-
lation was located by the author in an area known as Pleasant Valley,
near Libby, which furnished tﬁe specimens used in the present study.
Approximately one aprerin size, it was located on a slight slope with
a southern exposure. Elevation 1is approximétely 4,400 feet. Soill is

a silty loam underlain by gravel. Although plants of. A. spicatum in
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the vicinity showed gradations in awn length, the population was uni-

formly awnless. Associated species are A. spicatum, Stipa columbiana,

Koeleria cristata and Poa secunda. The habitat is characteristic of

A. §Qig§igé, so it does not appear that the two could be'separated on
the basis of théir ecological reéuirements° Heading dates aﬁd other
vegetative stages of maturity are ldentiecal forzthe.two ;pecies based
on their growth in the field plot. Chromesome counts for all speci-

mens examined were 2n=14,

Agropyron inermé (Scribn. & Smith) Rydb. (Beardless Bluebunch
Wheatgrass)

The following description is based on the population occurring at
Pleasant Valley, located near Libby, Montana (2n=14).,

Perennial bunch grass resembling A. spicatum (Pursh.)
Scribn. & Smith but lacking awns,

General Characteristicss Perennial bunchgrass, poor seed former.
Many sterile florets.

Culms: 45-78 cm. tall, erect, often bent upward at node. Inter-
nodes 12 to 17 cm. long., Culms slender, smooth, devoid of
hairs. Nodes conspicuous, smooth,

Blades: Leaves mostly basal. Basal leaves 15-30 cm. long.

' Upper leaf 6 to 10 cm. long. Blades l1-4mm. wide, flat or
rolled inward. Upper surface with or without hairs,
prominently herved above, without hairs on lower surface.
-Auricles are rudimentary.

Sheath: Split, margins overlapping, smooth, membraneous on
edges, not hairy, round. Collar smooth, divided by
midrib. Vernation rolled,

Ligule: Extremely short, less than 1/2 mm. membraneous,
truncate.

Inflorescences Terminal, 2 sided spikes 8-20 cm. long. Spike-
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lets overlapping 1/3 to 1/2, 15 to 22 spikelets. Rachis
scabrdus s

Spikelets: 1 to 2 ém. long, 6-8 flowered, many sterile florets.,
Usually single at each node, side of spikelet toward
rachis, rachilla disarticulating above the glumes and
between the florets.

Glumes: 6 to 9 mm. long, 1/3 to 1/2 as long as spikelet, equal,
acute, strongly nerved, 4-5 nerves, nerves often scabrous,
usually pubescent on inner surface of glume.

Lemma: 5 to 10 mm. long, narrowing from the base, 5 to 7 faintly
nerved, rounded on the back to slightly keeled above,

Palea: As long or longer than lemma, bifid at apex, 2 keels
toothéd.

Fruit: Grain enclosed in lemma adherent to palea.
Location and Abundance: Dry foothills and plains in western

Montana. Rare,

Agropyron scribneri Vasey

C
Agropyron scribneri Vasey, Torrey Bot. Club Bul. 10:128, 1883,

Elymus scribneri Jones, West. Bot. Contrib. 14:20. 1912,

A. scribneri was named and described by Vasey (1883). It was
named in henor of F. L. Scribner who collected it on Loﬁe Mountain
in the Gallatin Range in 1883, However, Vasey mentions a previous
collec£ion by C. G. Pringle in the Sierras 'in 1882 whioh was distri-

buted as Triticum caninum L.

One of the rarest of the Montana wheatgrasses is A.™ scribneri,
called "Scribner's Wheatgrass" or\"Spreading Wheatgrass™. Re-
stricted to the alpine zone, it has been collected in three locali-

ties in Montanaj; the Beartooth Plateau near Red Lodge, Lone Mountain
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in the Gallatin Range near Bozeman, and Fairy Lake near Bozeman, It
may well occur in many remote alpine areas but has not been widely
collected.

A large population scattered over an area of several miles was
located in the Bearéooth Plateau near the Montana-Wyoming border. It
is one of the dominant grasses in the region that ig géographically
centered around Boundary Lake. Represent%tiye samﬁles were coi—
lected on a south slope at an elevation of 10,500 feet. Associated

species include Carex spp., Irifolium spp., Deschampsia caespitosa,

Trisetum spicatum, Artemisia scopulorum and Antennaria spp. The soill
would be classified as an alpine,meadéw type (Retzer9 1956) . fhese
soils are highly organic, beiﬁg black to dark brown in color. The
texture is a loamy sand, with -a rocky subsoii° Subsoil temperatures
are comparatively low, even in the summer months. Afternoon showers
are a dain occurrenoe'during the summer. No precipitation records
are available fér the region, but the entire area is und§£'snow from

early Sepfember until mid-July. Date of maturity is approximately

- mid-August, with seed production being profuse.

Variation in growth habit is readily apparent. On fine textured

soils composed of primarily organic matter plants are three to five

‘inches in diameter with from one to three seed heads. Wherever small

sand bockets occur the plants are much larger, the bunches being up to
ten inches in diameter and having from eight.to fifteen seed heads.
This difference may be due to the higher soil temperatures that are

characteristic of the coarser textured soils. A. scribneri is also

T T™=TT
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common in the vicinity of lava outcrops in tﬁe Beartooth region.
Johnson (1962) found A. scribneri to be mést abundant on soils derived

from redeposited volcanic matérial in alpine regions in Wyoming.

Aqropyron scr1bner1 Vasey (Scrlbner wheatgrass)

The follow1ng descrlptlon is based on the population occurring near.

Boundary Lake in the Beartooth Plateau (2n=28).

General Characteristics: Low-stature alplne perennial
bunchgrass without rhizomes,

Culms: 20 to 40 cm. long, reélining or spreading along the
ground, usually abruptly bent upward, round, smooth, faint-
ly nerveds; nodes dark, glabbous.

Blades: Mostly basal, 2 to 5 mm. wide, rigid, pubescent on both
surfaces, flat or relled tightly when dry, blades short,
5 to 10 cm. long, usually 2 to 3 blades per stem, midrib
prominent, margins very narrow, -auricles less than lmm.,
not clasping, whitish in color.

Sheath: Round, split with overlapping scarious margins,
retrorsely short pubescent, especially on the lower sheaths,
0ld sheaths very persistent, often pinkish at the base.
Vernation rolled, collar divided, very faint.,

Ligule: Membranous, short, 5 mm. long, truncate, ciliate.

Inflorescence: Terminal, 2 sided spikes, flexuous, dense, 3 to
8 cm. long, closely overlapping 1/2 to 3/4, entire head
easily broken from stalk when dry, awns very divergent,
rachis scabrous on margins, often purple where florets
attach.

Spikelets: 10 to 15 mm. long, 2 to 5 flowered, rachilla scabrous
on margins, disarticulating readlly between florets and
above glumés.

Glumes: 4 to 8 mm. long, narrow, lmm. wide, keeled, 1 slightly
longer having more pronounced nerves, 3 to 5 nerves, both
having scarious margins, scabrous on margins and keel,
tapering into a divergent .awn, 10 te 15 mm. long, the longer
glume often having a bifid apex, the sherter awn being 1 to
3 mm,
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Lemma: 7 to 10 mm. long, keeled, 4 to 5 faint nerves, scabrous
on the outer side, scarious margins, tapering into an awn
15 to 25 mm, long, the awns very divergent when dry.
Palea: Slightly longer than the lemma, scabrous-shert pubescent

on both surfaces, especially the margins of the 2 keels, the
apex with 2 short teeth, also scabrous.

Fruit: Grain enclosed in lemma, adherent to palea.

Location and Abundance: Alpine areas. Not widely collected.

Agropyron latiglume (Scribn. & Smith) Rydb.

Agropyron latiglume (Scribn. & Smith) Rydb., Torrey Bot. Club
Bul., 36:539, 1909,

Agropyron violaceum var. latiglume Scribn. & Smith, U. S.
Dept. Agri., Div. Agros. Bul. 4:30. 1897,

Agropyron biflorum latiglume Piper, Torrey Bot. Club
Bul., 32:547, 1905.

Agropyron caninum var. latiglume Pease and Moore, Rhodora :
12:73. 1910. : , 1

Roegneria latiglumis Nevski, Akad. Nauk U.S:S.R. Bot.
Inst. Trudy I. 2:55, 1936.

A. latiglume was first described by Scribner & Smith (1897) and
named A, violaceum var. latiglume. The type specimen was one col-
lected by Tweedy (No. 1011) on Lone Mountain in Gallatin County,
Montana, in 1886. The name A. latiglume was applied by Rydberg (1909)
based on this specimen. . o ﬂ
the only alpine species of Aggggxggg native to Montana. Although
often classed as an alpine spec¢ies, a large population was found well

below timberline at 8000 feet at the head of the Stillwater River

—~




- 20 -
near Cooke City. In this area it tends te assume a sod-forming habit
instead of the usual bunch %&pe of growth. Twoe other distinct ecotype
populations were found within the state. ©ne of these populations was
located in the viciniéy of Logan Pass in Glacier National Park. It

occurs at 6,000 feet on a talus slope. Large forbs, sedges, and

grasses such as Trisetum spicatum and Bremus marginatus eccur in the

area. Collections were made the latter part of August at which time
seed had set. - This ecotype is much larger and not as leafy as thé
sedona ecotype, which oeccurs in the Beartooth Plateau. The Beartooth
collection was made at 10,000 feet on é‘south-facing slope of 10°,

Ao latiglume decurs in scattered“pbpula%idns at thé higher elevatioens
across the Beartoothg. It 1s restricted to rocky outcréps in the area,
seldom occurring on the alpine turf. The soils in these outcrops are
of decomposed granite with little toe no organic matter present. Seil
temperature appears to be a major factor, as the most vigorous plants
grow adjacent to granite boulders, their matted roots completely
exposed to the rock surface. Plant material was collected in early
September, at which time seed had matured, and the plants showed the
effect of frost. It does nét appear to be as well adapted to the
alpine zone as A. scribneri, but instead better suited to the sub-
alpine zone. In the Stillwater area, which would be classified as
subalpine,_it makes up ten to twenty percent of the vegetation on the
slopes about dwarf willew bottoms. These plants are much more vigoer-
ous than the alpine type, reaching heights of 14-18 inches as compared

to the 8-10 inch ecotype of the alpine regien. The alpine plants are

.
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also leaflier than the subalpine form.

Agropyron latiglume (Scribn. & Smith) Rydb. (Subalpine Wheatgrass)
The following description is based on the population occurring in the

Beartooth Plateau (2n=28).

General Characteristics: Perennial without creeping rhizomes,
bright green,” leafy, alpine or subalpine species, forming
leafy bunches, distinctive ecotypes in Montana.

Culms: 20 to 50 cm. tall, loosely tufted, curved or bent upward
at the base, smeoth to distinctively nerved, glabrous,
nodes glabreus, culms slender, somewhat flattened.

Blades: Bright green, numerous, 3 to 8 mm. wide, flat, 10 to
20 cm. long, lax, scabrous to short pubescent on both
surfaces, conspicuously veined, midrib prominent tcwards
base, narrow, scarious scabrous margins, tips boatshaped.
;Auricles small to rudimentary.

Sheaths: Round, smoeth to ribbed with overlapping scarious
margins, glabrous te lightly pubescent, old sheaths
persistent, bases often purplish, sheaths eoften largely.
enclosing inflerescence at maturity with upper flag leaf
extending vertically from the tip. Vernation rolled,
Collar divided, not distinct.

Ligule: Membraneous, .5 to 1 mm., long, obtuse, ciliate.

Inflorescence: Terminal, 2 sided spikes, very compact, 5 to
10 cm. long, erect, rachis smooth, margins scabrous,
spikelets sometimes in pairs.

Spikelets: 8 to 15 mm. long, overlapping 1/2 to 2/3, 2 to
- 4 mm. wide, 3 to 5 flowered, rachilla pubescent, disar-
ticulating above the glumes and between the florets.

Glumess 6 to 10 mm. long, almost as long as the spikelet,
broad, 1.5 to 2.5 mm., wide, rounded, 3 to 5 preminent
nerves, smooth to scabrous, with broad hyaline ‘margins,
margins smooth, wider on one side than the other, awn
tipped, awn 1 to 2 mm. in length, tending to extend from
side with narrower margin.
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Lemmas: 4 to 6 nerved, the nerves becoming more preminent
at tip, 2 eitendlng but to £&fm 2 short teeth, lemmas 8
to 10 mm, long, 2 mh. wide, rotinded, scabrous to short
pubescent, with scatious margins. Some ecotypes show
‘broad hyaline margins w1th shért awn tip 1 te 2 mm. long.

-Péléa: About as long as the lemma, scabrous on the margins

of the 2 keels, shoert pubescent near the tip. Apex
sometimes bifid..: . )

Fruit: Grain, light colored, short pilese at upper tip, grain
enclosed in lemma, adherent to palea.

Location and Abundance: Alpine to subalpine areas across the
state. Scattered around boulders and lava outcrops.

-
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Agropyron trachycaulum (Link) Malte

Agropyron trachycaulum (Link) Malte, Canada Natl. Mus. Ann. Rpt.
1930, (Bul. 68): 42: 1932, :

Triticum pauciflorum Schwein., in Keat., Marr. Exped. St.

‘Peters River, 2;383. 1824,

Triticum missuricum Spreng., Syst. Veg. 1:325. 1825,

Triticum trachycaulum Link, Hort. Berol. 2:189. 1833,

Agropyron trachycaulon Steud., Syn. Pl. Glum. 1:344, 1854,

Crithopyrum trachycaulon Steud., Syn. Pl. Glum. 1:344. 1854,

Agropyron tenerum Vasey, Bot. Gaz. 10:258. 1885,

Agropyron violaceum var. majus Vasey, U. S. Natl. Herb.
Contrib. 1:280. 1893,

Adgropyron repens var. tenerum Beal, Grasses N. Amer. 2:637,
1896.

Agropyron tenerum var. nggiig;igm’Scribna & Smith, U. S.

Dept. Agr., Div. Agrost., Bul. 4:30. 1897,

Agropyron tenerum var., ciliatum Scribn. & Smith, U. S.
Dept. Agr., Piv. Agrost. Bul. 4:30, 1897,

Agropyron novae-angliae Scribn., in Brain., Jones, and Eggl.,
Fl. Vt. 163, 1900, ‘

Agropyron tenerum var. majus Piper, Torrey Bot. Club Bul,
32:543, 1905,

Agropyron tenerum var. frichocoleum Piper, Torrey Bot. Club
Bul. 32:546, 1905,

Adropyron caninum var. tenerum Pease & Moore, Rhodora
12¢ 71. 1910, '

Agropyron caninum var. tenerum forma ciliatum Pease & Moore,
Rhodora 12: 72. 1910,

Agropyron caninum var. tenerum forma fernaldii Pease and
Moore, Rhodora 12: 73. 1910, '
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Agrepyren caninum var. hornemanni. forma pllOSlfollum Pease
and Moore, Rhodora 12: 75, 1910,

- Zeia tenera Lunell, Amer,. Midl, Natl. 4: 227. 1915,

Agrepyron tenerum var. novae-angliae Farwell, Mich. Acad.
Sci. Rpt. 21: 355. 1920,

Agropyren missuricum Farwell Amer. Mldl Natl, 12: 48,
1930,

" Agropyron trachycaulum var. tenerum Malte, Canada Natl°
Mus. Ann. Rpt. 1930 (Bul. 68): 44, 1932,

Agropyron trachycaulum var. glaucescens Malte, Canada
Natl. Mus. Ann. Rpt. 1930 (Bul. 68): 45, 1932.

Agropyren trachycaulum var. trichocoleum Malte, Canada Natl.
Mus. Ann. Rpt. 1930 (Bul. 68): 45, 1932,

Agropyron trachycaulum var. fernaldii Malte, Canada Natl.
Mus. Ann., Rpt. 1930 (Bul. 68): 46, 1932,

Agrepyron trachycaulum var. majus Fernaid, Rhodora 35: 171,
1933,

Agropyron trachycaulum var. nevae-angliae Fernald, Rhodora
35: 174. 1933.

Agroepyron pauciflerum Hitchc., Amer. Jour. Bet. 21:132.
1934,

Roegneria trachycaulon Nevski in Kemarov, Fl. U.R.S.S.
2:599, 1934,

Roegneria pauciflora Hylander, Uppsala Unlvo Arsk. 7: 36,
89. 1945,

Elymus pauciflorus Geuld, Madrono 9: 126. 1947,

A. trachycaulum was apparently first collected in 1824 in

Minnesota and given the name Triticum pauciflorum Schwein. Anether
possible coellection was made in 1825 aleng the Missouri and given the

name T. missuricum Spreng.. In 1833 Link gave the name T.
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trachycaulum to specimens grown from seed.collected by Richardson in

"North America®. A. trachycaulum Steud. was applied as a synonym to

this material., The name A. tenerum, still used by many.workers, was
applied by Vasey in 1885. Malte (1932), in an intensive taxonemic

study of this species, applied the name A. trachycaulum to the type

known as T. trachycaulum Link and_used varietal names to distinéuish
other types previously collected. The name A. violaceum (Hornem.)
Lange is often applied to alpine forms of this species.

A. trachycaulum, known as "Slender Wheatgrass", is the most wide~
ly distributed of all the native wheatgrasses, ranging from
Newfoundland to California. In Montana it is common on most of the
Well drained slopes and river bottoms across the state. It occurs
mostly on light, sand-leam soils, but it is also found iﬁ dry
mountain valleys, meadows and open timberlands up te and including the
alpine zoene., It has a fairly high drought resistance and is exceeded

in alkali tolerance among the native wheatgrasses only by A. smithii.
A. trachycaulum is the largest of the native wheatgrasses,\
ranging up to four feet in heigh£ with some bunches reaching a foot
in diameter. It is often cut for hay in the mountain valleys, being
highly palatable to livestocka On winter game ranges that are not
overused it is a major source of nutrition of big game populations.
Represéntative plant samples Were selected from a large popu-

lation located on the slopes of the Bridger Range bordering Reese

Creek in the Gallatin Valley hear Bozeman, Slopes are variable,
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ranging from five to fifteen 5egrees with southerly exposure. Soils
range from a silty loam alohg the stream to coarse-textured decom-
posed grahite on the slopes a’isove° Assoclated speciles include Bromus

marginatus, Poa secunda, Phleum alpinum and Spiraea spp. Plants are

of the typical lowldnd type, having broad glumes with the spikelets
well separated. Seed matures in August, and seed productioen is
excellent in the ‘area, which receives little to no grazing use by

domestic animals., In this area A. trachycaulum commences growth in

June and remains green until damaged by frost in late fall.

Agropyron trachycaulum (Link) Malte. (Slender wheatgrass)

The following description is based on the population occurring at

Reese Creek near Bozeman, Montana (2n=28).

General Characteristics: Perennial, without rhizomes, often
forming large leafy bunches,

Culms; 50 to 100 cm. tall, dark green, round, smooth, faintly
nerved, nodes glabrous, culms erect,

Blades: Leaves mostly basal, tufted, 3 to 10 mm., wide, 10 to

: 30-cm. long, flat to loosely rolled when dry, -upper and
lower surface smooth to scabrous, narrow margins scarious,
somewhat scabrous, blades hairless. Auricles small, 1 mm,
long and less, sometimes missing clawlike and loosely
clasping if present, whitish te purplish in coloxr.

Sheath: Smooth, round, split with overlapping scarious margins,
margins smooth, usually hairless but lower ones sometimes
short pubescent, often pinkish at base. Midrib white
rather prominent. Vernation rolled. Collar divided, not
too distinct.

Ligules -.5 to 1 mm. long, membraneous, obtuse, ciliate.
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Inflorescence: Terminal, 2 sided spikes 10 to 25 cm. long,
spikelets distant to closely overlapping, spike slender,
erect to somewhat nodding, rachis smooth, scabrous on
margin.

Spikelet: 10 to 18 mm. long, 3 to 7 flowered, rachilla margins
scarious and scabrous, disarticulating above the glume and
between the florets.

Glumes: Broad, rounded, “Beetle backed", almost as long as the
spikelets, ridges, 4 to 7 prominent nerves, fairly wide,
scarious margins, glumes equal, acuminate, often awn tipped.

Lemma: 8 to 12 mm. long, scarious margins somewhat scabrous,

4 to 6 faint nerves, rounded, smooth, acuminate to awn
tipped. - ’

Palea: Soméwhat shorter than the lemma, scabrous on the margins
of the keels, glabrous,

Fruit: Grain encloesed in lemma, adherent to palea,
Location and Abundance: Common along mountain streams, valleys,

parks and all areas of moderate moisture across th state.

Agropyron subsecundum (Link) Hitchc,

Agropyron subsecundum (Link) Hitchc., Amer. Jour. Bot. 21:131.
1934,

Triticum subsecundum Link, Hort. Berol. 2:190. 1833,

Triticum richardsoni Schrad., Linnaea 12: 467.. 1838,

Agropyron  richardsoni Schrad., Linnaea 12:467, 1838,

Cryptopyrum richardsoni Heynh., Nom. 2:174, 1846,

Agropyron unilaterale Cassidy, Colo, Agr. Expt. Sta. Bul.
12; 63, 1890,

Agropyron caninum var. unilaterale Vasey, U. S, Natl. Herb.
Contrib. 1:279. 1893,

Agropyron violaceum forma caninoides Ramaley, Minn. Bot.,
-Studies 1:108, 1894,
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Aqr0pyron cdninum forma violacescens Ramaley, Minn. Bot.
Studies 1:107. 1894,

Agropyron violacescens Beal, Grasses N. Amer. 2:635. 1896,

.Aqropyroﬁ caninoides Beal, Grasses N. Amer. 2: 640. 1896,

‘Agropyron caninum var pubescens Scribn. & Smith, U.S. Depto
Agr., Div. Agrost. Bul. 4:29. 1897,

Agropyron richardsoni var. ciliatum Scribn. & Smith, U.S.
.Dept. Agr., Div. Agrost. Bul. 4: 29. 1897,

Agropyron caninum forma glaucum Pease & Moore, Rhodora
12: 71, 1910,

Agropyron caninum var. unilaterale forma ciliatum Pease &
Moore, Rhodora 12: 76. 1910,

Agropyren caninum var,. gighérdgggi Jones, West. Bot.,
Contrib. 14: 18. 1912,

Zeia richardsoni Lunell, Amer. Midl. Nat. 4: 227. 1915,

Agropyron trachycaulum var, unilaterale Malte, Canada Natl,
Mus. Ann. Rpt. 1930 (Bul. 68): 46, 1932, :

Agropyron trachycaulum var. ciliatum Malte, Canada Natl.
Mus. Ann. Rpt. 1930 (Bul. 68): 47. 1932.

Agropyron trachycaulum var. caerulescens Malte, Canada Natl.
Mus. Ann. Rpt. 1930 (Bul. 68): 47. 1932,

Agropyron trachycaulum var. glaucum Malte, Canada Natl.
Mus. Ann. Rpt. 1930 (Bul. 68)s 47. 1932.

-Agropyron trachycaulum var. pilosiglume Malte, Canada Natl.
Mus. Ann. Rpt. 1930 (Bul. 68): 48, 1932.

Agropyronitrachycaulum var., hirsutum Malte, Canada Natl.
Mus. Ann, Rpt. 1930 (Bul. 68): 48. .1932. :

Elymus pauciflorus subsp. subsecundus Gould, Madrono 9:
126. 1947,

A. subsecundum was first named Triticum subsecundum by Link in

1883, based on a garden plant raised from seed collected by
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Richardson in "Western North America™., It was later thought to be the

closely resembles, However, an intensive taxonomic study by Malte
(1932) resulted in clearly showing the two to be distinct species.
The name A. subsecundum was applied by Hitchcock (1934) based on the

type I. subsecundum Link. It is often referred to in the older

literature as A. unilaterale Cassidy. It was first collected in Mont-

ana by F. L. Scribner in 1883 (No. 422) under the name A. caninum var.

unilaterale Vasey.

An apparently closely related species to A. trachycaulum is the

lesser known A. subsedundum, known as "Bearded Wheatgrass®. Some

authorities (Beetle 1952)'classify it as being an awned variety of A.

trachycaulum, Although an abundance of awned A. tréchycaulum was

observed throughout the state, the author considers that A.

‘subsecundum is a separate species, as its growth habit and appearance

A. subsecundum is common on the north slopes of the Bridger Range
in Gallatin County at approximately 7,000 feet. It apparently has a
high'moistufe requirement and seldom if ever occurs on dry southern
slopes in the area. Representative sémples weré selected frem a large
populétion on flathead Pass of the Bridgef Range at 7,000 feet., The
population occurs on a north slope of gpproximately eight percent.

The soil is a deep -silty loam, showing a high moisture content,

Associated species include Phleum alpinum, Bromus mardinatus and

scattered plants of Koeleria cristata. Little domestic grazing
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pressure is eVident, but pocket gephers, numerous iﬁ the area,
utilize a consiéerablé amognt of the évailable,forage°

The ared is subjected to relatively constant southwesterly winds.,
Growth habit is distinct, the plants being more or less single stalk-
ed, with two or three leaves scattered along the stalk, the sheaths
highly pubescent., Upon maturity the spikelets twist to one side of
the rachis, 'giving a definite "flagged" appearance to the plant. This
does not seem to be a response to sgme environmental factor because of
the appafént randomness of the twisting. The same characteristic is

shown by plants in the field plot.

Agrppyron subsecundum (Link) Hitch. (Bearded wheatgrass)

The following description is based on the populatien’ occurring on
Flathead Pass in the Bridger Range in Gallatin County,-Montana
(2n=28).

Generalbeaiécteristics: ‘Green or glaucous perennial, without
rhizomes, long awned. The spikelets commonly twist to
one side giving a %“flagged" appearance,

Culms: 30 to 70 cm. tall, erect, smooth, nodes glabrous, seed
stalks conspicuous, often solitary with 2-4 flag leaves.
Internodes short, 6 to 10 cm. Vernation rolled.

Blades: Leaves mostly basal, 15 to 25 cm. long, 3 to 8 mm.
wide, flat, tapering to a boat-tailed sharp point. Upper
surface ridged, scabrous to pubescent, hairs 1 to 2 mm.
long, margins white, densely scabrous. Lower surface
scabrous to densely pubescent, Upper flag leaf at base
of inflorescence,

Sheaths: Round, split with overlapping scarious margins. .
-Sheaths glabrous but often heavily retrorsely pubescent on
primary basal sheath. Collar divided by midrib, glabrous,
well defined, light green. Auricles if present clawlike,
clasping, 1 mm. long, whitish in color,
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Ligule: Membraneous, 1 mm. long, obtuse, lacerate, brownish
when mature.

Inflorescence: Terminal, 2 sided spike, unilateral whén
mature due to twisting of the spikelets to one side of
the rachis resulting in "flagged" appearance. Spike 10
to 25 cm. long, erect to slightly nodding, dense head,
long awned, rachis scabrous margined.

Spikelets: Rather closely imbricate, 1 to 2 cm. long, 4 to 8
flowered. Rachilla densely long hairy, disarticulating
above glumes and between .florets. Callus of the florets
short-pilose,

Glumes: Broad, 2-3 mm. wide, equal, 7-15 mm. long, rigid,

rounded, 4 to 6 ‘prominent nerves, glumes almost as long
as spikelet, tapering into an awn 6-10 mm. long.

Lemmass: 6 to 10 mm. long, shorter than glumes, margins scarious,
5 nerved, rounded, awns over twice as long as lemma, awns
straight, densely scabrous.

Palea: Slightly shorter than lemma, densely scabrous on margins
of 2 keels,

. Fruit: Grain enclosed in lemma, adherent to the palea.

Location and Abundance: North slopes in the higheér mountain
areas of southwestern Montana. Limited occurrence within
the staté. : o

Agropyron smithii Rydb. '

Agropyron smithii Rydb., N, YolBof, Gard. Mem. 1364. 1900,

Trans. 9: 119, 1885,

Agropyron occidentale Scribn., U, S. Dept Agr., Div.
Agrost., Circ. 27: 9. 1900,

Zeia occidentalis Lunell, Amer. Midl. Nat. 4: 226. 1915

Zeia smithii Lunell, Amer. Midl. Nat. 4: 227, 1915,

Agropyron spicatum’ var viride Farwell, Mich. Acad. Sci,
Rpt. 21: 356, 1920,
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Elymis smithii Gould, Madrono 9: 127. 1947,

Aqrqb&roh smithii var. fypica Waterf,, Rhodora 51: 21.
1949;

Agropyron smithii var. molle (Scribn. & Smith) Jones,
West., Bot. Contrib. 14: 18. 1912,

Agropyron spicatum var. molle Scribn. & Smith, U. S. Dept.
Agr., Div, Agrost. Bul. 4: 33. 1897,

Agropyron molle Rydb., N. Y. Bot. Gard. Mem. l: 65, 1900,

Agropyron occidentale var. molle Scribn., U. S. Dept.,
_ Agri., Div. Agros. Circ. 27: 9. 1900.

Zeia mollis Lunell, Amer. Midl. Nat. 4: 226. 1915,

Agrepyron smithii var. p

. lmeri Heller, N. Amer. Pl, Cat.
ed. 23 3., 1900, '

alm

- Agropyron spicatum var, palmeri Scribn. & Smith, U.S.
Bept. Agri., Div. Agrost. Bul. 4: 33. 1897.

Agropyron occidentale var. palmeri Scribn., U.S. Dept.
Agri., Div. Agrost. Cir. 27: 9, 1900,

Agropyron palmeri Rydb., Colo. Agr. Expt. Sta; Bul, 100:
55, 1906,

A. smithii-was originally described by Scribner and Smith (1897)

and given the name A. spicatum. Scribner and Smith included Festuca

spicata Pursh (1814), Triticum missuricum Sprengel and A. glaucum
occidentale Vasey in synonymy. The‘tY§e specimen was given;as Geyer,
“Upper Missouri", However, as they included‘E° spicata Pursh in
synonymy they were publishing a new combination rather tﬁan a new name,
and therefore the new combination was retéined foi the original species
desﬁ;ibed by Pufsh° Rydberg (1900) was the first to notice +that
Scribner and Smith had confused two species and therefore renamed the

one they described A. smithii.
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The pubescent form, A, smithii var. molle (Scribn. and Smith)
Jones is based on A. spicatum var. molle écribn. and Smith (1897).

The type specimen is one collected by Rydberg in Montana. (No. 3193).

A. smithii, known as "Western Wheatgrass", ranges in western North
America from‘Canadé.to Texas, being one of the commonest of the.wheat-
grasses in thg Great Plains. Its distinctive bluish color and rigid,
upiight‘growth habit are well known in Montana. Most abundant on
well drained bottom lands, it is also common on open plains, hillsides
and benchlands throughout the staté.. It is often found on overflow
areas along streams, being able to withstand up to a foot of soil
deposition and still survive (Muelle:, 1941). Although it produces an
abundance of seed its major means of propagation is by rhiéomes which
reach six to eight feet in length in favorable overflow areas,

It is one of the first grasses to populate abandoned fields.
According to Weaver and Clements (l938)lthis is the result of shallow
tillage practices, which break up but do not destroy‘the hardy
rhizomes. Under such circumstances complete revegetation occurs in 3
to 5 years. Where the rhizomes have been destroyed or colenization
is initiated, the process may take from 20 to 40 years.

Repreéentative collections were made from two areas. >A large,
pure population was found growing on an overflow area on Slim Sam
Creek near Radersburg. Tﬁis area is a level outwash fan composed of
a aeep deposition of'heavyi'clayey soil overlying the normal silt

found in the area. On the fan, scattered plants of Stipa viridula

and Opuntia polyacantha were present'While on the neighboring non-
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alluvial areas A. spicatum wgs the dominant species. Precipitation is
approximately eight inches in the area with little to no grazing use,
Many of the plants show heavy infestations of ergot and nematodes
(Collins, 1965). Plants having two spikelets per node are common in
the populaticns

The second collection was made in the Belgrade area from a popu-
lation growiné in the bottom of a swale. Both the typical A. smithii
and the pubescent type known as A, smithii var. molle occur in the
populationoA The soil tends to be alkaline in nature and is subjected -
to periodic runoff from the surrounding area. Growth begins in May
with seed maturing in August in this area, with the plants remaining

in a green growing condition until late fall.

Agropyron smithii - Rydberg (Western Wheatgrass)

The following description is based on the population occurring at Slim
Sam Creek near Radersburg, Montana (2n=56).

General Characteristics: Glaucous perennial with strong,
extensively creeping rhizomes and a deep fibrous root
system,

Culms: 26 to 80 cm. tall, striate when dry, smooth, rigid,
erect, glabrous with two to five glabrous, yellowish-brown
ncdes., Offshoot leaves in loose tufts, smaller than those
of the culm, culm leaves 3 to 5, decreasing in size upwards,
with sterile shoots from the “very base. "

Blades: 5 to 25 cm. long, bluish green, 3 to 5 mm. wide, rigid
and spreading, flat or involute, prominently ridged and
scabrous on upper surface, glaucous. Margin finely barbed,
lower surface smooth. Auricles .2 to 1.0 mm, long, acute,
clawlike and clasping, often purplish.

Sheath: Striate when dry, smooth, glabrous, rarely piiose,
round, split with scarious margins, veins fairly distinct,
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white at the base. Collar continuous, not distinct,
N glabrous, light green.

Ligule: Membraneous, very short, .5 mm. long, glabrous,
~ lacerate to ciliate.

Inflorescence: Terminal, stiffly erect, 2 sided spike, 7-15 cm.
long, exserted, lower four .rachis nodes often sterile,
spikelets rather closely overlapping, rachis scabrous
on the margins. :

Spikelets: 1 to 2 cm. long, sometimes two at a node, 2 to 12
flowered, glabrous, acute compressed, divergent when
mature. Rachilla scabrous to short pubescent, dlsartlculat—
ing above the glumes and between the florets.-

Glumes: 6 to 12 mm. long, acuminate or awn tipped from below
the middle, 1/2 to 2/3 as long as the spikelet, the first
glume slightly longer than the second, 3 to 5 nerved,
keeled, subcoriaceous and rigid, scabrous on margins and
keel, margins scarious, -tapering into a short awn,
glabrous or variously pubescent, blue green.

Lemma: 8 to 12 mm. long, including the awn, lanceolate,
acuminate to short awn tipped, smooth with scabrous
scarious margins, broad, rounded rigid, often pubescent
at the base, obscurely nerved. ‘

Palea: As long as or slightly shorter than the lemma, scabrous
to pubescent on the two keels, veins finely ciliate,

Fruit: Grain enclosed in lemma, adherent to palea, densely
pilose on the callus, purple-brown in color.

Location and Abundance: Common on overflow areas and heavier
soils throughout the state.

Agropyron griffithsii Scribn. & Smith

Agropyron griffithsii Scribn., & Smith ex Piper, Biol. Soc.
~Wash. Proc, 18: 148. 1905,

Agropyron albicans var., griffithsii (Scribn. & Smlth) Beetle,
Wyo. Ag. Expt. Sta. Bul. 312: 13. 1952.

A, griffithsii was first named by Scribner and Smith but de-

scribed by Piper in 1905. The type specimen was collected by
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Williams and Griffiths in Wyoming. Piper notes that "the speciés is
near A. albicans but readily separable by its hearly smooth flowering
glume".
A. griffithsii, éometimes known as "Griffiths' Wheatgrass®, is a
little known species that has never before been reported in Montana.
Sometimes classified as a variety of A. é;gigggg (Beetle 1952) it

differs chiefly in having glabrous lemmas. However, several popu-

P AR LA

definitely identifiable as A. albicans. A small population of wheat-
grasses was found in the vicinity of the Deep Creek Canyon near
Townsend that was observed to be a different species., The area is
approximately 6,000 feet in elevation. The population occurs in an
old stream bed or overflow area that has since been revegetated. Soil

is a sandy-silt of two te three feet in depth underlain by shale.

Vegetational cover is excellent, with associated species predominant-

ly A, traohycaulgm, Phleum alpinum, Poa pratense and numerous forbs.
Precipitation is approximately twelve-inches in the region, however
the area receives a large amount of runoff from the upper slopes. The
habitat is definitely not typical for wheatgrass species other than

~A. trachycaulum. Herbarium specimens were confirmed by Dr. J. R.

Swallen as being A. griffithsii. Chromosome number, determined by

the author, was found te be 2n=28 for all specimens.
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Agropyron griffithsii Scribn. & Smith (Griffiths? Wheatgrass)

The following descriptien is based on the population occurring at Deep
Creek near Townsend, Montana (2n=28).

General Characteristics: Perennial, with creeping rhizomes,
tends to form open tufts, leaves mostly basal, tall,
robust seed stalks, long awned.

Culms: 35 to 90 cm. tall, dark green, round, smooth but becoming
short-scabrous just below inflorescence, thick, rigid,
often bent upward at the nodes, nodes glabrous, quite
pronounced, stems erect but bending at maturity.

Blades: Mostly basal, flat to rolled inward when dry, 15 to
40 cm. long, 2 to 7 mm. wide, upper surface ridged,
scabrous, lower surface smooth to slightly scabrous,
midrib prominent towards base,- margins scarious, scabrous,

" tips boatshaped, blades hairless. Auricles variable,.
from rudimentary to 1.5 mm. long, clawlike and clasping
if present, whitish.

- Sheath: Smooth, hairless, round, split with broad overlapping
scarious margins, margins smooth, prominent midrib.
Vernation rolled. Collar divided, not too distinct,

Ligule: Membraneous, shoert, .5 mm. to 1 mm. long, truncate,
ciliate.

Inflorescence: Terminal, 2 sided spikes, 10 to 25 cm. long,
spikelets overlapplng 1/3 to 1/2, erect to nedding, rachis
smooth with scabrous margins,

Spikelets: 10 to 20 mm. long, narrow, 3 to 5 mm. wide, 4 to 7
flowered, rachilla scabrous to short pubescent, disarticula-
ting above the glumes and between the florets.

Glumes: 1/2 to 2/3 length of spikelet, 7 to 10 mm. leng, 1.5
to 3 mm..wide, unequal, ridged, 4 to 6 prominent nerves,
smooth to scabrous, scarious margins, acuminate, tapering
into an awn 1 to 3 mm. long.

Lemma: 8 to 12 mm. long, 1.5 to 3 mm. wide, 4 to 6 faint nerves,
smooth to scabrous, scarious, faintly scabrous margins,
lemmas rounded, tapering into an awn 6 to 14 mm. long9 the
awn straight, d1verglng somewhat when dry.
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Palea: As long as to slightly longer than the lemma, densely

scabrous on the margins of the 2 keels.

Fruit: Sterile.

Location and Abundance: The only poepulatioen knewn te occur in

Montana was found along a revegetated watercourse.
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Agropyren saxicola (Scribn. & Smith) Piper

Agropyron saxicola (Scribn. & Smith) Piper, U. S. Natl. Herb.
Contrib, 11: 148. 1906,

Elymus saxicola Scribn. & Smith, U. S. Dept. Agr., Div.
Agrost, Bul. 1lL: 56. 1898,

Sitanion flexuesum Piper, Erythea 7: 99. 1899,

- Sitanion lanceolatum J. G. Smith, U. S. Bept. Agr., Div.
-Agrost. Bul. 18: 20. 1899,

- Agropyron flexuosum Piper, Wash. Biol. Soc. Proc. 18: 149,
1905,

Agropyron sitanioeides J. G. Smith in Piper, Wash. Bioel,
. Soc. Proc. 18: 149, 1905. '

Agropyron saxicola was originally described and named as Elymus

saxicola by Scribner and Smith (1898). The type specimen was collect-
ed by E. Elmer (No. 554) in 1897 on Mount Choioera9 Okanogan Codnty,
Washington, at 5,700 feet. Scribner and Smith (1898) mentioned that
the grass was first thought to be an Agropyron, but they said, M eoo
further examination determines its positien as an Elymus. -In many of
the spikes the spikelets are all solitary, but the position of the
first flowering glume in being slightly turned to one side in its:
relation to the main axis is a character of the genus Elymus". It

was first collected.in Montana by Rydberg in 1899 near Barker, and

identified by J. G. Smith as Sitanion lanceolatum. The generic name

was later changed to Agropyron by Piper (1905) after examination of

the original type specimen.
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One of the rarest of the native wheatgrasses in Montana is the
little known A. saxicola, sometimes called "Rock Wheatgrass“ or
"Foxtail Wheatgrassho‘ Prior to the present study, the most recent
collection from'MOntaﬁé was one dated 1914 (Hawkins, Mont. 31918) with
the location given only as "Lake Abundance". However, there are
several lakes of that name in Montana, including some which have
undergone name changeé‘ih.réﬁént yeéis°:

A small population of approximately thirty plants was located
near the shores of the Lake Abundance that lies at the head of the
Stillwater River near Cooke City. The population occurs at 7,800
feet on a rocky knoll about 500 yards from the east end of the lake.
Large boulders cover the top of the knoll where the plants occur,
with the plants growing in and around the rocks. Soil depth is very
thin, with the soilé Béing largely decomposed sandstone, with minor
amounts of organic matter present. Although precipitation in the
area is relatively high, the substrate complex results in an extremely
dry site. The knoll has an eastern exposure with a slope of approxi-
mately six degrees., Winds are infrequent in the area. The knoll
shows no grazing use, although the surrounding willow bottoms are
" heavily utilized by moose. There is no grazing by domesfic livestock

in the area. The habitat is characteristic of Sitanion hystrix, -

which occurs in large numbers in the area. Other associated species

in the area include Danthonia unispicata and Sedum spp. Somewhat

removed from the immediate vicinity of the population of A. saxicola
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are large populations of A. latiglume and A. trachycaulum. Repro-
duction of A, saxicola is accomplished by the weakly developed

rhizomes that are present.

Agropyron saxicola (Scribn. & Smith) Piper. (Foxtail Wheatgrass)

The following description is based on the populatien occurring at

Lake Abundance near Cocke City (2n=28).

General Characteristics: Perennial, leaves mostly basal,
weakly rhizomatous sterile hybrid. Softly pubescent,
slender divergent awns, rare.

Culms: 25 to 65 om. tall, loosely tufted, erect, smooth,
glabrous to shoert pubescent, nodes glabrous, culms
round.,

Blades: Flat, boatshaped at tip, 2-5 mm. wide, 10 to 20 cm.
long, lax, short pubescent on both sides, margins narrow,
scarious, scabrous, blades smooth, somewhat ridged above,
midvein prominent on lower surface. Auricles clawlike and
clasping, 1 to 1.5 mm. long, whitish.

Sheaths: --Round, pubescent, split with overlapping scariocus
margins, bases often. pinkish, vernation rolled. Cellar
divided, somewhat pubescent, not distinct.

Ligule: Membraneous, short, .5 mm. long, truncate to obtuse,
ciliate,

Inflorescences Terminal, 2 sided spike, spikelets often in
pairs, dense, overlapping 1/2 to 2/3, erect, rachis
scabrous at margdins, disarticulating when mature,
spike 5 to 10 cm. long.

Spikeletss 12 to 17 mm. long, about twice as long as the
internodes of the rachis, narrow, 3 to 4 mm. wide, 4 to 6
flowered, rachilla densely pubescent, spikelets
disarticulating below the glumes, falling entire,

Glumes: 6 to 9 mm. long, narrow, 1 to 1.5 mm. wide, tapering
into an awn, .the awn 5 to 12 mm. long,. divergent, scabrous,
3 conspicuous nerves, glumes scabrous, margins scarious,
very narrow, smooth. '
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Lemmas: 7 to 10 mm. long, 1 1/2 times as wide as glumes, awned,
the awn 4 te 8 mm. long, awn divergent, lemma short-
pubescent, 5 to 6 faint nerves, scarious margins, smooth,
the awn minutely scabrous.

Palea: About as long as the lemma, scarious margins, scabrous
on the 2 keels.,

Fruit: Sterile,

Location and Abundance: Among boulders and recky crevices on
dry, sandy soils., Extremely rare.

Agropyron dasystachyum (Hoek) Scribn.

Agropyron dasystachyum (Hook.) Scribn., Torrey Bot. Club Bul.
10: 78. 1883, "

Triticum repens var. dasystachyum Hook., Fl., Bor., Amer,
2: 254. 1840,

Triticum repens var, subvillosum Hoek., Fl., Bor., Amer. 2:
254. 1840,

Triticum dasystachyum A. Gray, Man. 602, 1848,

Agropyron dasystachyum var. subvillosum Scribn. & Smith,
Us S. Dept. Agr., Div. Agrost. Bul. 4: 33. 1897,

Agropyron lanceolatum Scribn. & Smith, U. S. Dept. Agro,
Div. Agrost. Bul. 4: 34, 1897,

Triticum repens var. acutum Vasey ex Scribn., & Smith, U. S.
Dept. Agr., Div. Agrost. Bul. 4: 34, 1897,

Agrepyron subvillosum E. Nels., Bot. Gaz., 38: 378, 1904,

Zeia dasystachyum Lunell, Amer. Midl. Nat. 4: 226, 1915.

Elymus subvillosus Gould, Madrono 9: 127. 1947,

Elymus lanceolatus Gould, Madrono 10: 94, 1949,

A. dasystachyum was originally named Triticum repens var.

dasystachyum by Hooker in 1840, It was later raised to the level of
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species by Gray who named it Triticum dasystachyum in 1848, In 1883

Scribner gave it the name A. dasvsfachyum based on Hooker’s original

type specimen, collected by Richardson in Saskatchewan, Canada.

Recently, Gould (1947) has given it the name Elymus subvillosus,

based on a synonym used by Hooker,'_“l_”° repens var. subvillosum, in
1840,

A. dasystachyum, commoniy known as "Thickspike Wheatgrass",

ranges from Alaska to northern Califorﬁia and across the Great Basin
to the Lake States. It is widely distributed across Montana occurring
in a variety of‘habitats."SdheWha% iesembling A. smithii, it is the
author's opinioﬁ that much of the wide distribution attributed to A.
smithii is due,fo observers confusing these two species. A, smithii

is found predominantly on the heavier soils in the state, and is not

common‘on_the lighfer soils of the hillsides. A. dasystachyum, how-
ever, ranges from all but the heaviest of soils well into the dry,
rocky, thin soils of the foothills across the state. It is found in
great abundance on the sand dunes in the Red Rock Refuge in south-
western Montané where it contributes to the stabilization of the area.
Commonly a soq—formex'in the heavier soils, in foothill areas it
asgumes a bunch type Qf habit.with clumps up to ten inches in
didmeter being 'forméd.‘

In altitudinal distribution it compared favorably with A.

trachycaulum. Two distinct phenotypes are located in a limited area
above 10,000.feet on Mt. Washburn in Yellowstone National Park. One

exhibits typical alpine characteristics; low growth with single
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sgattered seed stalks and weak rhizomes. This type is distributed
across the alpine sod in the area. The other grows on the disturbed
sandy roadside that leads ub to the lookout towery it forms bunches
up to twe feet in diameter and one to two feet tall with masses of
rhizomes extending outwards from the bunches.

The population selected for cellecting was located in the Bear
Paw Mountains near Havre on the North Montana Branch Station grazing
allotment., It is widely distributed in the area, occurring at

-approximately 6,000 feet on the south slopes. Seils in thelarea are

lithosols, with A. dasystachyum occupying the deep sandy loams.

Assoclated species include. Festuca scabrella, Festuca idashoensis,

Koeleria cristata and A. albicans. Winds are fairly constant, with-

precipitation between twenty to twenty-five inches in the area.

Growth begins in May in this regien with seed maturing in late July
fo early August. Several of the plants show a lavender tinge with
red glumes that are distinct from the nermal light-green coloration

that is typical for the species.

Agropyron.dasystachyum (Hook) Scribn. (Thickspike Wheatgrass)
The following description is based on the population occurring in the
Bear Paw Mountains near Havre, Montana (2n=28).

General Characteristics: Perennial, green or glaucous, strong
creeping rhizoemes.

Culms: 35 to 72 cm., tall, light greén to .glacous, smooth, nodes
glabrous, fairly wide, culms erect,

Blades: Leaves mostly basal, 1-5 mm. wide, flat to tightly in-
rolled when dry, 10 to 25 cm. leong, strongly ridged, very
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scabrous on upper surface, margins scabrous, lower surface
smooth to slightly scabrous, more so towards base, hair-
less. Auricles clawlike, clasping, 1-2 mm. long, rather
slender, whitish toe light green.

Sheath: Smooth, roeund, split with overlapping s¢arious margins,
white te pinkish at ground level, basal sheath sometimes
retrosely short pubescent, smooth or slightly scabrous on
margins. Vernation relled. Collar divided, hot distinct.

Ligule: Membraneous, obtuse, lacerate, very distinct, 1 to 1.5
mm. long.

Inflorescence: Terminal, 2 sided spike, 5 to 14 cm. long,
1ightly to densely pubescent, often reddish or purplish
tinged, rachis scabrous-pubescent on margins.

Spikelets:, Rather closely "overlapping, 10-18 mm. long, 5 to 8‘
flowered, rachilla densely pubescent, disarticulating
above glumes and between the florets.

Glumes: Small, usually light green, acute to awn tipped glumes
4 to 7 mm. long, reunded, fairly equal, 3-4 prominent
ridges, wide scarious margins that are pubescent but not
as heavily as the lemmas.,

Lemmas: 7-10 mm. long, 1 1/2 times as large as glumes, lightly
to densely pubescent, 4 to 5 nerved, faintly nerved, acute
to awn tipped, margin scarious.

Palea: About as long as lemma, sparingly to densely pubescent
over entire outer surface, especially on margins of 2
keels., -

Fruit: Grain, small, light coler, often heavily.ﬁlumose,
enclosed in .lemma, adherent to palea.

Locatioen and Abundance: Foothills and mountain slopes across
the state. Common on most seils ranging from heavier soils
along streams to the dry, rocky soils of the fooethills.

Agropyron albicans Scribn. and Smith

Agropyron albicans Scribn. and Smith, U. S. Dept. Agr., Biv.
_Agrost. Bul. 4: 32. 1897. '
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A. albicans was first described and named by Scribner and Smith
(1897). The type specimen was collected by P. A. Rydberg (N‘o° 3405)
at Yogo Gulch, Montana in August, 1896, The.sbecies epithet was
given to denote the characteristic whitish appearance of the spike
which is due to the pubesoence:

A seldom collected, apparently close relative of A. dasystachyum
is A. albicans, known as “Montana Wheatgrass™. This speéies occurs
in limited areas east of the continental divide in Montana and may

occur on the western side, although it is unreported. It closely

resembles A. dasystachyum, the main difference being the presence of

'éwns, which vary greatly in leng”&h° Near Francis, nerth of Belgrade,
both of these species occur in a small area with all gradations of
awns being present,

A, albicans appear to be restricted to the dry, low foothills
and plains where it occurs chiefly on thin, rocky soils. The degree
of pubescence is variable, apparently being correlated with the vigor
of the plant, IQ areas of low moisture and rocky éoil where the
plants show little vigor, pubescence is largely lacking, while in
areas more favorable to growth, profuse pubescence is common. The
length of awn also tends to follow a moisture gradient, being short
in sites of low moisture and longer in mesic areas.

The most vigorous -population was fouﬁd in the same general area
that was used for the collection of A. dasystachyum in the Bear Paw

Mountains near Havre. Collections were made at 5,800 feet on a 20°

south-facing slope. Associated species are Fegstuca idahoensis,
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EF. scabrella, A. spicatum and Koeleria cristata. The only habitat

difference between A. albicans and A. dasystachyum is the occurrence

of A. dasystachyum on the heavier soils while A. albicans is more or

less restricted to the drier rocky areas. Soils are lithoesols, the
upper portion being a grayish-brown sandy loam that varies in depth
with an underlying stratum of rocks and gravel. The growing season

pattern is similar to that of A. dasystachyum, with seed set occurfing

in early August.

Agropyron albicans Scribn., & Smith (Montana Wheatgrass)

The following descriptidn is based on the populatién occurring in the

[

Bear Paw Mountains near Havre, Montana (2n=28),

General Characteristics: Perennial, slender creeping rhizomes.
Not a strong sod former.

Culms: Spikelets pubescent with long, divergent awns. 25-60
cm. tall, erect, whitish to pale green, often pinkish at
ground level.

> Blades: 18-40 cm. long, mostly 3-6 mm. wide, tapering into
boat-shaped tips. Blades fairly lax, not stiff, sometimes
heavily pubescent on the upper surface with hairs up to
1 mm. in length. Blades flat to tightly rolled when dry,
margins scabrous, scabrous and ridged on the upper surface.
Nerves conspicuously raised on upper surface. Auricles
whitish to purplish, 1-2 mm. long, not clasping, flattened.

Sheath: Smooth, round, split with overlapping scarious margins.
0ld sheaths persistent. Collar smooth, divided by midribs.

Vernation rolled,

Ligules Short, 1 mm. long, membraneous obtuse, lacerate.

Inflorescence: Terminal, 2 sided spike, sparingly to densely
pubescent. Rachis short pubescent, spike 7-15 cm. long,
spikelets overlapping 1/8, slender, erect}heads°




- 48 -

Spikelets: 1-2 cm, long, 4-7 flowered, rachilla spafingly to
densely pubescent, disarticulating above the glumes and
between florets, callus of florets pilose.

Glumes: Green, small, 1-1.5 mm. wide, 3-7 mm. long, acuminate,
tapering into an awn 3-4 mm. long, glumes equal, pubescent,
scarious, margins 4-5 nerved, rounded, awn scabrous.

Lemma: 7 to 10 mm, long, 1.5-2.5 mm. wide, 1 1/2 times the
size of the glumes, rounded, densely pubescent, 4-5 faint
nerves, acuminate, tapering into an awn 1-2 cm. long,.
awn scabrous, divergent when mature.

Palea: About as large as the lemma, scabrous-pubescent on the
margins of the two keels and on the upper portion of the
pdlea.

Fruit: Grain, light colored, densely pilose on upper end,
enclosed in the lemma and adherent to the palea.

Location and Abundance: Dry foothills and mountain slopes in
eastern Montana-on rocky, thin soils. Limited occurrence
in the state.

Agropyron scribneri Vasey x Agropyron latiglume (Scribn. & Smith) Rydb.

Interspecific and intergeneric hybridization has furnished
important evidence in the study of systematic and phylogenetic re-
lationships within the Gramineae. Hybridization, both natural and
controlled, is much more common in the Gramineae than in most of the
other plant families. The determination of parentage in cases invo-
lving natural hybrids is usually based on morphological similarities
and proximity of occurrence of the species in question. Meiotic
examination of all the species concerned is also useful in final
determinations of suohhoasesn

In 1963, Dr. E. Booth, cof the Montana State Collége Botany

Department, discovered a number of plants growing in the Bridger
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Mountain Range north of Bozeman that exhibited morphological charac-
teristics intermediate to the two alpine species, A, scribneri and
~A. latiglume, both of which we?e also present. He informed the author
of the location-and hypothesized that these plants were natural
interspecific hybrids of A. scribneri and A. latiglume. The area, a
pass west of Sacajawea Peak, was visited and severalspecimens of the
suspected hybrid as well as the putative parents were collected by

the author. The population is predominantly A. scribneri, with lesser
amounts of A. latiglume and the suspected hybrid being present.

. The population occurs on a pass above a lardge, boulder-filled
cirque that marks the upper ligits of the subalpine zone. fhe popu-
lation also extends down the .south side of the pass for approximately
50 yérds-on slopes that vary from 5% to 30% in inclination. Elevation
is approximately 9,500 feet at the pass. Soils are of the alpine
meadow type (Retzer, 1956) consistihé of a shallow layer of mixed
o;ganic material and sand underlain by gravel, N& precipitation
figures are available for‘the area. The area is subjected to constant
winds of frequently high velocity. Associated species consist of a

mixture of sedgés (Carex) and grasses such as Trisetum spicatum,

Deschampsia caespitosa, Danthonia unispicata, and several species of

Poa.
The specimens of both A. latiglume and A. scribneri closely
resemble the ecotypes found in the Beartooth Rlateau. The suspected

its morphological characteristics, although it bears a closer re-
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semblance to A. latiglume except for the awned nature of the inflo-
rescence. All are Simiiar in over-all size, carying from 15-=30 cm,
ih hgight. qIn growth habit the hybrid resembles A. scribneri, the
cglms Heing,notigeably decupbept, Leaf cha?acteristics of the hybrid
and A. latiglume are similér? 5oth béving‘pxedbminantly basal lea&es
wi&h the o;d leaves persisting. The hybrid and A. latiglume are also
similar in spike charabieriétips, except for the preseﬁce of awnsoj
Both have a compacf spike of a sometimes purplish nature which is
often gnglgsgg by éhe gheath ypon matp%ityo- Both the glumes and
1emmas are awnéd in the hybfid as well as in A, §gfibneri, althqugh
thg awng'in the‘hybx;d qée only apprqgimaie}y 1/4 as léng as ﬁhose
found in the.guppqéed quénx.: The d%vergeht chaiacigfistip of the
awns that.is éionqunced iq A@ scribqe;i is exbibiteq only slightly by

the hybrid.

Agropyron scribneri Vasey x A. latiglume (Scribn. & Smith) Rydb.
The following description is based on the populatioh occurring near

Sacajawea Peak in the Bridgex Mountains, north of Bozeman (2n=28).

Gen%ral Characteristics: Perennial, Wlthout .Creeping rhizomes,
e atems spreadlng, 1nfloresoence compact, awned, purpllsh,
aften encldsed in: a' sheath Upsn maturlty, mostly basal

leaves, old leaves persistant.

Culms: 15 to 30 cm. tall, often pinkish néar base, stems
spreading, geniculate, sharply bent at the nodes, nodes
smooth, thickened, dark, prominent, internodes 5-15 cm,
long.
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Blades: Leaves mostly basal, flat, 4-7 mm. wide, 10-20 cm.
long, heavily ribbed on upper surface, medium te heavy
pubescence, mardins short toothed. Underside of leaf
short pubescent, prominent midrib, rib coentinueus, leaf
tips boatshaped. Stem blades flat, 3-7 mm. wide, 5-8 cm.
long, usually 3 blades per stem, boatshaped at tip. Under-
side of stem blade smoothy sometimes short haired with
scattered long hairs intermixed, prominent midrib., Upper
surface of stem blade heavily ribbed, ribs hairy, leaf
margins serrate. Old basal leaves persistent.

Sheaths: Split, overlapping, strongly nerved, margins entire,
translucent. Vernation rolled. Collar divided; not
distinct.

Ligule: Thin, membraneous, flat topped, entire, less than
1/2 mm. longe.

Inflorescences Terminal, 2 sided spike, 18-22 spikelets,
spike 7-10 cm. long, compressed, spikelets overlapping
1/2 to 3/4. Rachis smooth, pubescent on margins.
Inflorescence often largely enclosed in the sheath upoen
maturity. Usually purplish tinged.

Spikelets: 8-15 mm. long, 5-7 flowered, rachilla heavily
pubescent, disarticulating above the glumes and between
the florets.

Glumes: 6 to 9 mm. long excluding awn, 3/4 length of spikelet,
bifid near apex on lower spikelets, margins entire,
translucent, 4 prominent nerves, mid-nerve tapering into
an awn 3-5 mm. long, awn barbed, divergent when dry.

Lemmas: 3 to 6 nerved, nerves faint, midrib prominent, ending
. in an awn 2-4 mm., long. Lemmas 7-9 mm. long excluding
awn, broad, 2 1/2 - 3 1/2 mm. wide, pubescent, the
" pubescence lessening towards the tip. Lemmas keeled
from upper end to 1/2 the length, apex bifid on lower
spikelets.

Palea: Almost as long as the lemma, smooth, teoothed on the
margins.

Fruits Sterile.

Location and Abundance: Only known loecatien is near Sacajawea
Peak in the Bridger Mountains north of Bezeman.
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Table I. Locations of the species collected for
' biesystematic investigatioens.
MSC

Species Herbarium No, - Source

A. albicans MONT 58,689 Collected in Bear Paw Mountains, near
Havre, Montana, in the Montana State
College grazing allotment on August 8,
1962, Widespread along hillsides at
6,000 feet elevation.

A. dasystachyum MONT 58,690 Collected in Bear Paw Mountains, near

(Hook) Scribn, Havre, Montana, in the Montana State
College grazing allotment on August 8,
1962, Widespread along hillsides at
6,000 feet elevation.

A, griffithsii MONT 58,688 Collected 3 1/2 miles west of Deep
Scribn. et Smith Creek Section house East of Townsend,
' Montana, along highway on August 2,

1962. Scattered along moist, silty
bottom,
A« inerme | -MONT 60,564 Collected at Pleasant Valley near
(Scribn. et Smith) Libby, on August 22, 1962. Scattered
Rydb. ' along south slopes at 4,400 feet on
! thin, silty soils,
A. latiglume MONT 58,679 Collected at Beartooth Pass, between
(Scribn. et Smith) ' Cooke City and Red Lodge, Montana,
Rydb. above Boundary Lake, on July 26, 1962,
Abundant around rocky outcrops at
10,000 feet elevation.
A, saxicola MONT 60,565 Collected at Lake Abundance near Cooke
(Scribn. et Smith) City, on rocky- knoll 500 yards from
Piper the east end of the lake, on September
6, 1962, Population of thirty plants,
7,800 feet.
A. scribneri MONT 58,684 Collected along Boundary Lake at Bear-

tooth Pass, between Cooke City and Red
Lodge, Montana, on July 26, 1962.
Widespread over alpine slopes at
10,000 feet elevation,
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Table I. Locations of the species collected for
biosystematic investigations (cont®d)

MSC
Species Herbarium No, Source
A. smithii MONT 58,683 Collected in Slim Sam Creek area, 4
: miles north of Radersburg, Montana, on
June 26, 1962, Large populatien over
wide overflow bench. :
A. spicatum MONT 58,686 Collected at the Belgrade transmission
(Pursh) Scribn., tower, Belgrade, Gallatin Co., :
et Smith . Montana, on July 28, 1962, Large i
\ population over gravely bench. ;
A. subsecundum MONT 58,687 Collected at Flathead Pass, Bridger
(Link) Hitch. Mountains, near Bozeman, Gallatin .
' County, Montana, on September 10, 1962,
Widespread on north slopes at 7,200
feet elevation. ) ’
A. trachycaulum MONT 58,685 Collected at Reese Creek, Bridger f
(Link) Malte : Mountains, near Bozeman, Gallatin '
County, Montana, on September 11,
1962, Widespread along slopes above
creek. :
A. scribneri MONT 60,563 Collected in alpine pass west of
Vasey x A. .Sacajawea Péak in the Bridger Range
latiglume north of Bozeman on August 8, 1963.
(Scribn. et Intermingled with populations of
Smith) Rydb. A. scribneri and A. latiglume at’ 9,500

feet elevation in alpine sod.
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B. HISTOLOGICAL STUDIES

Although floral morphology is emphasized iq,traaitional taxgnomic
classifications, in recent years attempts have been made to utilize™
characteristics of leaf epidermal tissue in plant classifications.
Duval-Jouve (1875) found thét the diversity of the structure of the
grass leaf together with the distribution of the chloroplasts~paral—
leled morphological differences between species. Simmonds (1949)
working with Mggg, found the stomata to be larger and less.numeroué
in species of higher.ploidy level, the relationships being approxi-
mately linear. Mochizuki and Sueka (1955) in a comparison involving
three ploidy levels in sugar beets, found the average number of
chloroplasts per guard cell to be 12.4 in the tetraploid, 10,07 for
the triploid and 7.27 for the diploid specimens. Dudley (1958) con-
firmed these findings and suggested the procedure as a rapid means of
determining ploidy level in other genera., However, Brown (1962) in
an electron microscope study of 16 species of grasses involving 10
tribes, found plastids but no developed chloroplﬁsts present in the

guard cells. One member of the Hordeae (Elymus virginicus) was

included in this study.
METHODS

Epidermal surfaces of the eleyen species of Agropyron native to
Montana together with bne naturally-occurring hybrid were investigated
for: (1) the occurrence of chloroplasts in their guard cells,-(2)
sizes of guard cells, (3) density and pattern of stomata on the lower

and upper epidermal surfaces of the leaves, and (4) the sizes of
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epidermal cells other than the guard cells., Photographs were made of
the epidermal sﬁrfaces of each species.
Leaf sections of approximately 4 inches in iength were removed
from the center of mature, green leaves. These were then placed in

water for 3-4 minutes to soften the tissue. 1In some species such as

A. smithii a mild detérgent (Vel) was added to facilitate the soften-

ing. The tissue sections were then placed under a dissecting scope on
a glass plate and carefully scraped with a scalpel, When the desired
thickness was reached, the specimens were mounted in a drop of water
and covered with glass cover slips.,

Stomatal density was determined by counting the number in each
of ten randomly selected fields, averaging, and multipl?ing by an

appropriate factor of 1300 to give the concentration per square centi-

‘meter. Cell measurements were made by the use of an ocular micrometer.

Measurements of long epidermal cells were made of ‘the longest one
observed for each species,
RESULIS AND DISCUSSION

No plastids identifiable as chloroplasts could be detected iﬁfthé
guard cells of the Agronggn species that were investigated in this
study. Table I presents -a summary of the results of the epidermal
investigation. Guard cell.lengths varied from a mean of 35.0'miqrons
in A. spicatum (2n=14) to & mean of 72,5 microns in A. smithii
(2n=56). Thus, on the basis of this limited study, there appearé to
be a definite increase in guard cell size associated with the higher

ploidy species. A. smithii, the only native octoploid species, has a
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considerably greater guard cell length than any of the other species,
while the two diploid species, A. spi¢atum and A. inerme, have the
smallest gyard cells. The tetraploid form of A. spicatum has a guard
cell length of 43.0 microns as compared to the diploid A. spicatum

form which has guard cells averaging 35.0 microns. The hybrid,

A. scribneri x laﬁiqlume;.has:a noticeably lérger guard cell -than
either of its parents. ' |
. The concentrgtiqn of stomata on the lower epidermis véried from
780/cjm2 in A. inérme to a high of 689o/¢p% in the hy].o'ri_d A. §_g_1;1_bgg_r_;
X ;ggig;gmgo Stomata were lackiﬁg on the lower epidermis of A.
sa?gico;q° It is seen from the table that therelis no borrelation bg—
tween stomatal size and. concentration. Upper epidermal concentrations
of.stbmata were us;ally 2~-3 times as high as lower epidermal concen-
tratioﬁs for all speéiés except the hybrido.‘The highest Coscentration
of stomata in the Qppex epfdermié.was fbund in éo-iggggg, which had
12,610 stémata/@m?, as'compared to on19 780/0@2 in its lower
epidermal tissue. | .
The“longest'epidermal celi obserwed in each species varied great-

ly from a high.qf 1,084 microns in A. latiglume to 280 microns 'in
Ao-smitﬁiiﬂ No correlation cah be made between ploidy lé&el and
maximum epidefmaL cell size.

E_One'notibeabie morphological feature’ of ﬁhe epidermis is the
interdigitate appearance of the cell walls of many of the sbecies

(Fig. 1). Interdigitate cell wall structure was observed in A..

spicatum, A. inerme, A. saxicola, A. smithii, A. griffithsii and




Table II. Compiled data on the 11 species rand 1 hybrid of Agropyron investigated in this studygu
' All the data is frdm lower epidermal tissue, with measurements in microns.,

numbers are shown to the left,

Chromosome

. ~Chromosome . - Guard Cell Size Of Large
Species‘ No} Stomataizplaoement ~Length- - - Stomata/cm Epidermal Cell
A, inerme n= 7, 1, row on eagh side of

t midrib 37.0 780 255 x 12
_; spicatum n= 17 1 row between veins 35,0 2080 280 x 14
A. spicatum n=14 2 rows between veins 43,0 1720 300 x 25
A. albicans n=14 1 row between veins 43.0 2015 305 x 18
A. dasystachyum n=14 2 rows between veins’ 5000: 2925 475 x 21
A. griffithsii n=14 1 row between veins 43.0 3640 731 x 26
A. latiglume n=14 1 & 2 rows, variable 47,0 1430 1084 x 18
A. saxicola Lacking on lower 37.0%%% 260 x 30
epidermis
_A._écribnéri n=14 Scattered rows,random 42,0 4030 312 x 15
A, subsecundum.' n=14 Variable, 1 & 2 rows 41.0.. 4120 408 x 14
A. trachycaulup n=14 Variable, 1 & 2 rows 39.0 4810 468 x 17
A. scribneri-latiglume n=14 2 rows between veins 56.0 6890 143 x 19
' with alternate indi-
vidual stomates offset
A. smithii n=28 2 rows between veins 72,5 3250 230 x 25

- . %¥¥ Upper epidermis

_Lg_
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A. albicans. A. saxicola also exhibits distinctive "bone-shaped™

the species except the diploid and-tetraploid forms of A. Qicatum

exhibit sihgle celled hairs called short cells on both epidermal
surfaces. A. gpicatum and Aj?iﬁefme,'which'are veiy similer:in
epidermal morphology, can be differentiated on this basis; -Aa

inerme has, a number of short cells on the lower epidermis while A,

spicatum has none.

short cells over the veins of the lower epidermis (Fig. 2). All of .
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Fig: 1 Lower epidermal cells of A. smithii
showing interdigitate cell walls. Note
guard cells.
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Fig. 2 Lower epidermal cells of A. saxicola show-
ing distinctive "bone-shaped" cells and
interdigitate cell walls.




C. CYTOGENETIC STUDIES
REVIEW OF THE LITERATURE

The field of cytogenetios, developed since the beginning of this
century, has markedly affected the systematics of the Gramineae by
offering a new approach to problems of phylogenetic relationships.

When cytogenetical studies support previous classic studies based on
morphological characteristics they supply confirming evidence. But, in
cases where cytogenetical evidence conflicts with morphological classi-
fications, new concepts 1eadiog to a more thorough understanding of the
group in question may be formed.

The first work on the cytogenetics of the Gramineae dealt largely
with cultiveted crops such as the cereals‘_° Kuwarda's (1919) work with
Zgg mays and Bremer's (1923) work on éaccharﬂm are two early studies.
Evan (1926) f1rst reported on other grasses, g1v1ng a few chromosome
counts in Lgllgm and one in Festuca. Within a few years a multltude of
papers dealing w1th the cytogenetlcs of the non- cultlvated grasses were
published. For excellent rev1ews_of these works the reader is referred
to Myers (19475,'Tateoka (1960), or Carnahan'and Hill (1961): | |

The genus Agropyron has been the subject of considerable cyto-
genetlc work, primarily because of its close relatlonshlp to economi-
cally important species: of ‘wheat. Early workers suggested that A.
triticeum was the source of- the B genome of the tetrap101d and hexa—
plold wheats;  a hypothe515"whlch has since been disproven. _However,
the possibility-of inoorporating"desirable'characteristics-from wheat=

grasses, such as a perennial habit and drought resistance into a wheat
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breeding program is currently a goal of a number of plant breeders .
throughout the world. Almost all of the species that have been suc-
cessfully used in such breeding programs have been from areas other
than North America; therefore the native species have received little
attention other than the recording'of their chromosome numbers.

Peto (1929, 1930) published the first cytogenetic treatment of the
Agropyrons, giving the chromooome counts for eighteen species occurring
in Western Caoada,,Russia and Dendarkf He found the eighteen speoies
investigated formed a ponploid.series with a basic number of seven
chromosomes. The entire series ranged from diploids to decaploids,
aithough the species from Canada were found to be only diploid, tri-
ploid, tetraploid or octoploid. The‘ohly.triploid was thought to be a

hybrid, although it was morphologically similar to A. trachycaulum.

Me1051s was very 1rregular with thirteen to seventeen univalents com-

monly observed Or1g1nal counts were given-for A. smithii (2n=536),

A. dasystachyum (2n=28) A. grlfflth51 (2n=28), A. spicatum (2n=14),
A. subsecundum (2n=28), and A. trachycaulum (2n 28)._ One species,

A. smithii var. molle was found to ‘have both tetraplold and octoploid
forms, but- later 1nvest1gators have failed ‘to verlfy the tetrap101d
count. Root tip studies of A. Qlcatum revealed satelllte chromosomes,
chromosome constriotions' and chromosome segmentations-to be common.
The presence or- absence of satelllte chromosomes was found to be var-
iable even'iq the same plant.: .

Robertson and Weaver_(1942) discovered and collected a tetraploid

form of A. spicatum in Nevada that was almost twice the size of normal’
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diploid plants in the area. Hartung (1946) considered the distribu-
tion of the tetraploid form of A. spicatum to be limited to eastern
Washington and the adjacent area of northwestern Idaho, while the di-
ploid type was widespread. The Robertson and Weaver (1942) collection
was felt to.be an isolatéd colony of local origin and of no widespread
significance. A. inerme was also found to have both the diploid and
tetraploid chroﬁosome complements, and was felt to be nothing more than

a variety of A. spicatum. A: dasystachyum and A. subsecundum were both

found only in the tetraploid form, while one plant of tetraploid A.
smithii was found as well as the usual octoploids. Senn et al. (1947)
in a study of the_cﬁrpmosome numbers of Canadian Agropyrons found A.
spicatum tq have triploid as well as diploid and tetraploid chromosome
complements. They also listed A. smithii as having triploid and tetra-
plqid complements as'well as the usual octoploid number. However, in

a léter publication (Gillett énd Senn,,1966) thé tetraploid count is

listed as a misidentification, the actual plant being a specimen of A.

dasystachyum. No mention is made of'fhe triploid coﬁnt} although- the
authors doﬁbt thé-ekistance Sf any form except the octoploid. Ihis
study is baséd on 62 cultures of A.’smithii collected froﬁ £hroughout
wes£érn North Americh. Me;tiqn‘is also ‘made of 5 coﬁnt by Myers  (1947)
gased'on én unpublished report by Stebbins giving a‘count‘qf 2n=42 for
A. émithii. A plant of  this material was obtained by Bowden and found
to ha&e a somatié-chromosome number:of 2n=56 (cifed by Gillett and
Senn, 1960)-. |

In a study extending over a period of several years, Stebbins has
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investigated genome relationships in a number of species of Agropyron,
with partioular emphasis on A. spicatum. Stebbins and Singh (1950)
found A. inerme to be very regular in meiosis, with 98% of the cells
showing seven closeo bivalents. First anaphase was nearly always
normal: although cells with laggards and bridges were occasionally
found. They concluded that A. spicatum and A. inerme have similar

genome formulas, which they designated as AjA1. On the basis of pair-

ing configurations involving hybrids they also felt that Elymus glaucus-
had a more or less homologous gehome,_designated as A2A2. They also
agreed with Hartung (1947), whoiooncludea that A, inerme should be re-
garded as an awnless variety of A. spicatum. To further clarify this
relationship{ Stebbins and Pun (1953) crossed A. inerme and A. spicatum
and observed the meiotic configurations of the resulting hybrid. Using
A. inerme as the female parent'59 florets gave 3 vidble seeds, while
the reciprocal cross yieldeo 9_seeds ouo_of a total of 75 florets. The
parent A. spicatum showed 97% of the meiotic cells with seven closed
bivalents “with the remainder having six bivalents and two nnivalents.
Using A. spicatum-as the male parent, the resultlng hybrid showed
almost 1dentica1'pa1r1ng When _the rec1procal cross was made- only 8%
of- the cells showed seven- blvalents, the rest of the cells having from
two to four univalents present.- Although the second combination had- a
higher number of univalents, later: stages showed no ‘more abnormalltles
than-the parent; with-pollen and seed fertlllty comparably high in all
cases.. It was concluded that'separation of the-two entities into

species was not justified upon the basis of this cytological evidence.
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A high degree.of homology was also found between A. spicatum and
a species from southwestern Asia, A. caespitosum. From this and the
preceeding study Stebbins concluded that the A. spicatum genome (AjA})
is widespread throughout the diplbid, non-rhizomatous species of Ag;gf
pyron and has also played an important role in the formation of many of
the ﬁolyploid species of Agropyron and related genera. Schulz-Schaef-
fer and Jurasits (1962) in a karyological gtudy of the genus involving
25 species typified the genus Agropyron on the basis of satellite
chromosomes. They found 15 of the 25 species to have satellite chromo-
somes of the type which they designated as F-1 or F-2, This type was
thnﬁght by the authors to be the indicator chromosome for the A. spica-
tum genome desiénated as AjA; by Stebbins. |

Stebbins and Snyder (1956) continued the‘investigation’into the‘
distribution of the A. spicatum genome aﬁong other species by the use
of triploid hybrids. 1In the triploid hybrid resulting from the cross

A. trachycaulum x A. spicatum 16% of the cells showed pairing in excess

of 7 bivalents, with 3 to 4 of these being of>thé closed t&pe. A
similar situatioﬂ'was found to exist in hybrids resulting from the
crosg'A.'caninum x A. spicatum. On the basis of this and prior work
they concluded that thé“genetiC"aﬁd'phylogeﬁetic rela;ionshipsAbetWeen
the species of the tribe Triticeae  could bé'most easily represented if
all were placed in a single large genus. Such a‘drasfiC'revision, how-
evér, should await a mére thorough'understahding of these relationships
.in the opinion.of’ the authors. -The tendéncy of 'some workers to split

the conventional genera into smaller sections was felt to be
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detrimental.
Another native species of Agropyron that has been ut1llzed in

crossing programs is A._trachycaulum. Stebblns and Love (1941) con-

cluded that A. trachycaulum was an allopolyplold, In a study on Cali-

fornia range grasses they found an increase in heat and drought toler-
ance associated with increased ploidy levels. Other workers have found
a similar correlatlon between cold tolerance and ploidy level, all of
which may be a result of the effects of allopolyploldy Stebbins et'

al, (1046) in a study involving a natural hybrid between A. trachy-

caulum and Hordeum nodosum found a surprising amount of pairing in
metosis It was believed such pa1r1ng was related to the basic number
(7) of the parents, resultlng in autosyndetic palrlng In autosyndetlc
pairing the palrlng 1s between' two genomes of one parent rather than
pairing between ohe genome of each parent As all of the species in-
volved were-tetraplords;'homology‘could well be due to the parents
having two genomes of seven chromosomes each in their haploid comple-

‘ment.

Boyle and Holmgren (1954) found Elymus macounii Vasey to be an Fy

sterlle hybrld between A.- trachvcaulum and Hordeum 1ubatum They also

found A. trachycaulum to be hlghly self fertile and without melotlc

abnormalltles. They concluded that, in all probablllty, A trachy—
caulum is an allotetraploid. Nlelsen (1961) thought the parentage of

the putative-hybrid "Agroelymus turneri to-be”A. dasystachyum and-

Elymis innovatus but-it-is not clearly proven. -Boyle (1963) in a study

of a'controlled hybrid between A. trachycaulum and Sitanion hystrix
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found a high degree of quadrivalent pairing, indicating that homologies
exist between the parental species resulting in allosyndetic pairing.
The hybrid was completely sterile, however, In another recenﬁ stody,

Dewey (1963) investigated a naturally occurring hybrid with the sus-

pected parentage being: A. trachycaulum x A. scribneri. Meiotic
chromosome behaviour of the parents mas consistent with the hypothesis
that both are strict_ollotetroplojds, Chfomosome pairing relationships
in the hybrid suggest that 10 or 11 of the chromosomes of A. trachy-
caulum and A. scribneri are completely homologous. .The_major dif-
feronces between the parental geoomes appamently consist of .structural
rearrangoments of the component chromosomes Dewey also mentions the
apparent close relationship exlstlng between A. scribneri and A. lati-
glume, a possibility which is borne out in this thesis.

Lastly, Dewey,  in a recent article (1964), reported on a synthetic
hybrid involving the Old-World A. cristatum and the_New;World A. spica-
tum in”thg_tetraplpid form. In the tetraploid A. spicatum every cell
examlned at dlaklnes1s and metaphase I contained 1-5 quadrivalents, the

.average belng 2. 98 per cell On the basis of- thls multivalent pairing,
Dewey;cons1dered'A spicatum to be an autotetraplold arlslng from the
occurring diploid.form " The - tr1p101d hybrid ar1s1ng from d1p101d A
cristatum and the tetrapleid A. spicatum indicated v1rtually complete
homologj‘betwgen'the A. spicatum genomes,‘w1th 99A -of the cells show=
"ing complete pairing between the A: spicatum chromosomes. No pairing
was found between-the Aﬂ'sgipatum and the A.  cristatum chromosomes,

with 7 bivalents and 7 univalents being the most common chromosome
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association found in the hybrid. Lagging chromosomes, common in every
cell of the hybrid, were attributed to the A. cristatum.parent. Dewey
suggested genome formulas for the two parents A. spicatum énd A,

cristatum to be BBBB and AA respec£ively, while their hybrid was desig-
nated ABB. Mention Was also made of the successful hybridization of A.

spicatum with A. repens, A.'riparium, A. dasystachyum, and Sitanion

hystrik, No information on these,is available at the present time,
however, and it is not known whether the diploid or the tetraploid

strain of A. spicatum was used.
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IT. MATERIALS AND METHODS

Plant collections consisfing of ten plants of each of the eleven
species and the interspecific hyprid were obtained in the field and
placed in the Montana State Collége Greenhouse in the fall of 1962:
The following spring.these plants.were transplanted into a prepared
seedbed at @he author's ranch one mile west of Bozeman. One row was
used for each of the species with the rows planted three feet apart.
The plot was kept cultivated and adeéuately watered. Care was taken so
that none of the rhizoﬁatous plants could spread out into adjacent
areas. A 5

Head sémples for pollen mother cellhcytological analysis were
collected from each plant and recorded as to piant number .and species,
date and time of collection, and stage of morpﬁological development.
The heads were preserved in Newcomers solution of 6 parts acetone: 3
parts propionic acid: ; pari petroleum ether: 1 part acetone: 1 part
p—dioxahe. These were.then stored under refriégration at 1°C. until
anal&zed. | |

Due to the large’variation among species; ‘samples of vafying
stages of morphological'development were'collectéd and immédiateiy |

- analyzed so that maximum meiotic activity could se observéd: As a

general rule, maximum activity was found at the stage of growth where
the spikes were either in the-late "boot" stage or just beginning to
emerge. However, - in éhe two alpine species, 'A." latiglume and A. scrib-
neri, maximum meiotic activity was found to occur at a much earlier |

stage, particularly in A. scribuneri. In order to obtain maximum
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activity in A. scribneri, spikes must be collected when the inflores-
cence swelling is first distinguishable within the sheath. The other
alpine species, A. latiglume, has a more variable phenology. Although
it'is necessary to collect the spikes while they are still deep. in the
boot, the anthers can be considerablyllarger than those of A. scribneri
and still-pe in the same srage of pollen development. Phenologically,
A. smithii was found to be the latest of all the species, undergoing
meiosis well‘efter the head had fully emerged.

~In making the collections it was'found that the early morning. ‘
hours just after sunrise gave the maximuym meiotic activity. It seems . ‘i

possible that the onset of cooling temperatures in the evening resulted

in a majority of the meiotic cells entering the metepnase stage, in
which they remained until the_tempereture rose after sunrise. A'_. I
similar phenomenon is observed and utilized in mitotic studies, where
root tips are chilled to obtein a maximum number of metaphase con-
figurations: |
Slide preparations were made usiné"Belling's (1926) method- by : '
placing the anthers in a drop of 5/ acetocarm1ne and squash1ng with a
set of d1ssect1ng needles Heat1ng was not requlred to obtaln SthS;
factory results, and orcein (5%) was also found to give excellent
staining. After squashing; excess tissue materlal was removed and a
coverslip'appl1ed Tapp1ng with-the ‘blunt end of-a grease pencil
resulted in an increased dispersal- of the chromosomes as well as re-
moval of excess'stain. The edges of the cover slip were sealed with [

clear fingernail polish. A modification of this technique was used to
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determine rapidly which spikeiets of a spike were in the desired meis.
otic stage. .This technique consisted of squashing the anthers in the
acetocarmine and immediately.observing the resulting preparation under
a 10X objéctive without applying a coverslip. If the proper stages
were pfesent,_preparation of the slide was continued in the previous
manner. .If tﬁe desired stages were not present, the slide was wiped
clean and a different spikelet selected for preparation. This method
results in a éonsiderable saving of time, which is particuiarly nec-
essary at the preliminary stages of the collection, when a large amount
of material must- be observed rapidly and accurately. As in most of the
grasses, the oldest spikelets are those in the middle of the spike,
with progressively younger ones toward each of the ends. Within a
spikelet the oldest florets are those at the base, the upper florets
beipg progressively younger. —Several photomicrographs were made ﬁf
pollen mother cells-of each species. As'a  general rule, phofomicro—
gréphs were taken of each of the majpr‘stégeS'of meiosis. Additional
pictures were taken of cells with irregulér divisions, such as those -
showing-bridges, univalents, etc. Drawings were also made- of- a number
of irregular cells. In most cases 200 to 300 cells were observed in
each pflthe major stages of meiosis for each of the specieg. An
attémpt was made "to study cells of -as many plants as was possible for
eégh of the épeciés in order to get some idea of the variation within
the ‘species. Uniess a particular: plant shond a noticeable nuﬁber'of.
abnormalities the results-were pooled. Results from highly irregular

plants are reported separately.
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Two species, A. smithii and A. albicans, failed to flower in 1963.
Plants of both flowered in i964, however, and cytological data was
obtained at that time. All species flowered profusely in the plot
regardless of their origiﬁ. Although a number of species flowered
while in the greenhouse before they were transferred to the field, none
of these heads were collected, as a number of workers have found mei;
osis to be irregular and not typical for the species while under éreen-
house conditions.

One species, A. saxicola, failed to undergo meiosis. Inflores-
cence samples from all ten plants weﬁg collected several times at
varying stages of development both ig the greenhouse and the field plot
with: no trace of anther development observed. The somatic number of

2n=28 was determined by root tip examination.
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IIT. EXPERIMENTAL RESULTS

t

A. spicatum (Pursh) Scribn. and Smith

Meiosis in the diploid strain of A. spicatum was found to be
very regular. Chromosome counts were made in the diakinesis stage
from a total of 108 cells from each of the ten plants. All of them
showed 2n=14. A total of 278 celis,examined at diakinesis failéd to
show any irregularities. At metaﬁhase I, of 315 cells studied all had
seven bivalents (Fig. 3, a & b) 307 of which were closed bivalents.
Three cells had one open bivalent, 4 cells showed two and one cell
three open bivalents; Anaphase I (Fig. 4a) was also regular, a total
of 327 cells examined showed only one irregularity,‘a chromos ome
bridge. No irregularities were found in any of the later stages.
Four pollen cells were found undergoing mitosis (Fig. 4b). The mei-
otic chroﬁpsomeé of A. sgicatum;apd-é. irnerme were found to be-the
smallest of all the Agrogyron species examined. |

The tetraploid form of A. - spicatum proved to be somewhat more
irregular in-méiosis. 0f 52 cells éxamined,at diakinesis, 22 showed
14 closed bivalents; 17 cells héd 13 closed and one open bivalent:

é cells ghowed'12 closed and 2 open bivalénts; and 4 cells showed 11
éloséd and 3 open bivalents. ' A study of 86 cells at metaphasé I
failed to show any_irregularities (Fig. 5a). - However, all later
stﬁges were markedly irregular. Of 164 cells observed at anaphase I
(Fig. 5b) 6% (10) showedféhe presence of one laggard. Anaphase IT

showed almost 8% irregularities in 289 cells studied. The most common




Fig. 3 Meiotic chromosomes of A. spicatum;
a and b) metaphase I.

Fig. 4 Meiotic chromosomes of A. spicatum;
a) anaphase T and b) mitosis in pollen
cells.




Fig. 5 Meiotic chromosomes of tetraploid A.
spicatum; a) metaphase I and b) anaphase
11

Fig. 6 Meiotic chromosomes of tetraploid A.
spicatum; a) anaphase IT with bridge
and b) bridge and laggards.
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irregularity, found in 13 cells, was one laggard, while 7 cells

showed 2 laggards. Three cells showed bridges, two of which had no
other abnormality (Fig. 6a). In the third cell with a bridge four
laggards were also pfesent (Fig. 6b). Micronuclei, up to 2 per
quartet, were 5bserved in 17 of 240 quartets. DMultivalent associa- -
tions were never observed at any stage in either the diploid or tetra-

ploid forms of A. spicatum.
'A. inerme (Scribn. and Smith) Rydb.

Meiosis in A. inerme was also regular. Eighty-nine chromosoﬁe
counts were made from cells in the diakinesis stage taken from the
ten plaﬁts, all of whiéh were diploid (2n=14). A total of 305 cells
studiéd in the diakinesis stgge showed seven bivalenfs, all 6f which
were of ihe closed type. Of 325 cells’ observed af'me;aphase T all
'showed.seven bivalegts, with only minor irregularities present (Fig. 7’
a &Db)._ Out of 320 cells observed at anaphase I, one showed a laggard
No irregularities wére found in metaphase II. Chromosome-disjunction
in both anaphase I.and 1T was consjsténtiy regular (Fig. 8a). - Bridges
were found in six of-300 ceils observed in anaphase II, with two of
the bridées occﬁrring in'the.same cell (Fig. 8b) .- Micronuclei were
not observed in-2350 quartets. Although'the‘minﬁteness'of ﬁhe méiotic
cells of ‘A. spicatum and A. inerme réadily differentiatefﬁhem from.
the remaiﬁing species ovagropyfonLvﬁheré are,nO'depectabie'cytologi~

cal differences between the two speciés at the diploid level.
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Fig. 7 Meiotic chromosomes of A. inerme;
a and b) metaphase I.

Fig. 8 Meiotic chromosomes of A. inerme: a)
anaphase II and b) telophase II.




- 77 -
A. scribneri Vasey
.\ ' .

Chromosome pairing relationships were observed in 264 cells at
diakinesis, all of which showed A. scribneri to be a tetraploid
(2m:28). Pairing was complete in every cell with 14 bivalents formed
in all cases, 93% of which were closed at both ends. The remaining
bivalents were open at one end.. One noticeable feature of meiofic
prophase is the large mucleolus (Fig. 9a). At metephase I, of 282
cells examined, .14 bivalents were regularly formed and no irregulari-
ties were observed (Fig.'éb). A study of 307 cells at anaphase I
revealed 14 cells with a slngle laggard and one cell with two laggards.
One cell was found in whicﬁ 13 tetrads and a fragment moved to one
pole and 14 tetrads and a fragmentlmoved to the other (Fig. 10a). No
irregularities were found in metaphase ll. Examination of 259 cells
at anaohase IT showed 15 with a single laggard; Bridge formations or.
muloivalent configurations were not observed at- any stage. Micro-

nuclei were observed in 14 quartets out of 315 examined.
A. latiglume (Scribn. and Smith) Rydb.

The other alpine’ species, A lat1glume, also proved to bhe a
tetrap101d with a 2n=28 chromosome complement The meiotic cells of
thls species were the largest me1ot1c cells observed 1n-the native
Agropyrons. The ‘meiotic d1v1s1ons are also apparently unsynchron1zed
as stageS‘varyIng from-diakinesis- to anaphase II-can~be found in a
single floret in many-of the'plants. "Another distinguishing feature

is the large,lpersistant nucléolus (Fig. 10), which is also noticeable




1
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Fig. 9 Meiotic chromosomes of A. scribneri;
a) diakinesis and b) metaphase I.

Fig. 10 a) A. scribneri, anaphase T and b)
A. latiglume, diplotene.
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in the other alpine species, A. scribneri.

Meiosis was found to be regqiar in this species. A study of 325
cells at -diakinesis revealed thét 14 bivalents were regularly'formed.
almost all of whjch were closed bivélénts, Figure 10b shows a cell in
the diplotene stage which clearly shows the number of bivalents formed.
Metaphase I was also regular, with 14 bivalents regularily formed, 92%
of which were closed rings. Chromosome disjunction was normal at ana-
~phase I and telophase I (Fig. 11a & b) with no laggards or other
irregularities observed in:the 295 cells examined. Metaphase II aléo
proceeded normally, with 188icells observed showing no irregularities.
However, of 289 cells examined at anaphase II, 11 cells showed single
laggards, the only type of irregularity found in tlis species. No

irregularities were observed in the quartets examined.

A. trachycaulum (Link) Malte

A. trachycaulum proved to be a tetraploid, with a count of 347

cells at diakinesis showing 14 bivalents, almost all clésed at both
ehds (Fié° 12a). Multivalents were never observed. In one ceilﬂ

(Fig. 1éb) 7 bivalents in the metabhése I'stage.are clearly visible,
all of which are-closed at bdth ends. The res£’of the éeli is still
in paéhytené with the nucleolus' and chfﬁmatin threads readilx appérent.
Several early prophase cells showea 2'nu§leoli present which faiied to
fuse to form one as is normal in early prophase. Almost one-thixd
(103 of 316) of the cells in metaphase I showed ‘the presence of -a

single fragment, while 9 cells had 2 fragments present (Fig. 13a).




280 &

Fig. 11 Meiotic chromosomes of A. latiglume;
a) anaphase I and b) telophase I.

Fig. 12 Meiotic chromosomes of A. trachycaulum;
a) metaphase I and b) cell showing both
metaphase I and early prophase stages.
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Anaphase I, however, showed less than 10% of the cells (29 of 324)
with laggard fragments. Three cells were found with non-disjunction,
15 tetrads moving to one pole ﬁhile 12 tetrads and one chromatid moved
to the other, the remaining chromatid lagging at the equator of the
cell. (Fig. 13b). Of 189 cells in anaphase II only 11 showed a
single laggard. No other irregularities were found. ’Chromatin
bridges were not observed in any stage. WMicronuclei were found in 11

of 216 quartets.
A. subsecundum (Link) Hitch.

A. subsecundum is also of a tetraploid nature, with 229 cells
studied in diakinesis all showing 14 bivalents, almpst all of them
closed. Howe&ef, in metaphase I, 3 cells were found with 1 quadri-
valent each, out of a total of 367 observed. One cell was found‘which
showed 6 closed bivalents, 3 epen bivalénts, two univélents and one
octivalent (Fig. i4a). Metaphase I showed a high number of open bi-
Qalents with 89 of the 307 exhibiting some degree of open pairing.
Twent&—three'cells'showed 10 closed and 4 open bivalents (Fig. }4b)
which was the highest number found. Anaphase I was markedly ir?égular
with 16% (49) of 315 cells observed containing laggards. Thoée with
two laggards were the most common, océurring in-10% of the cells
(31). - Six cells-showed 1 laggard, 3 cells 3 laggards; 7 cells:4
laggards, -and 2 cells 7 laggards. An»irregulér cell -is 'shown in
Figure 15a, with 6 univalents and 2 open-bivalents lagging-in- the -

equatorial plate of telophaseII. Anaphase II also exhibited laggards,
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Fig. 13 Meiotic chromosomes of A. trachycaulum;
a) metaphase I and b) anaphase I show-
ing unequal disjunction.

Fig. 14 Meiotic chromosomes of A. subsecundum;

a and b) metaphase I.
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with 1 to 3 occurring in 9 cells of 123 observed. Of 484 quartets
observed, 174 showed oﬁe nﬁcleolus, 291 showed 2 and 19 had 3 nucleoli.
Figure 15b shows a quartét where three of the four cells show 2

nucleoli. One plant had‘over 25% of the cells showing some type of

irregularity. and was not included in the above results. Although A.

subsecundum is markedly irregular compared to A. trachycaulum, in its

general cell and chromosome size, it is very similar.
A. smithii Rydb.

A. smithii was found to have the highest ploidy level of all. the
species, being an octoploid with;a 2n=56 complement. A study of 58
cells at diakinesis showed 28 closed bivalents to be the most common
situation, but occasionally 1 open bivalent was found (Fig. 16a).
Normal pairing was exhibited in all of the 162 cells observed at meta-
phase I. 1In anaphase I, chromosomé disjunction was very regular
(Fig. 16b) with univalents observed in less fhan 3% of the cells (4
cells of 156 examined); Of 128 cells observed at metaphase II no
irregulafities could be Qetectéd, In anaphase IIL86 pé115fwere ex-
amined, tﬁree of ﬁhich showéd the p?esence‘of a sinélé 1aggard_(Fig.
I7a).. Chfomatin bridges wére_not observed 'in any of'thé'stageé,; A
fe& cells:were ébserved ih the second meiqticldivisiqn with'the two
héploid sigter nuclei in -different meiotiC'stéges; In'these;celis one
of‘the‘nuclei was found tp;be“ih'fhe metaphase II stagé WHile\the
other nucleus wés in the telophase-II stage (Fig. 17b). - A-study of

62 quartets revealed 16 with 2 mic¢ronuclei and 3 with 3 micronuclei.



























































































































































































