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’ ‘ " ABSTRACT

Thirty-three Agropyron species were studied morpholegically
and cytologically. In the morphological studies emphasis was put on blade,
collar, ligule, auricle, and vernation. In the cytological studies, .
special attention was given to the numbers, sizes, and shapes of the chro-
mosomes, and the position of the secondary constrictions. With the -avail-
able information, it was possible to group these 33 wheatgrass species

 into 4 sections. Cytological and morphological evidence is given for

several polypleid relationships among these species.
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INTRODUCTIOﬁ
Grasses play an important role in our everyday life; théy~furnish
the principel breadstuffs of most peoples and a larée part of ﬁhe»food of
domestic animals. They are -used in industry, as ornamentals, and fhey
stabilize soils and maintain soil fertility. Among the more than 6,000
different grasses of the werld the genus_A ro. on, usually bearing the
English épithet "wheatgrasses™, plays an bufsfanding role. Many nembers
of this genus are used éé forage crops and for’pos$ible breeding material-
for wheat improveﬁent, while others are among our most troublesoms Weeds.
| In the ‘United States wheatgrasses have great value in the
Northern Great Plains, the Intermountain Region, and the higher altitudes
of the Rocky Mountain states. They.ére generally cold-hardy, droughf—
resistant, and versatile. They produce abundant forage thgt is acceptable
to all classes of 1ivest§ck. Thirty of about 150.existinglspeciés of
wheatgrasses are native to North America. A few introduced species have
gained agronomic importance. It seems logical that among those which
have not yet beeﬁ tested there will be some which may be of importance.

‘There is hardly a region in the world that has yet recognizéd and devel-

~

oped the best combinations of genes in its agricultural grassland plants.
The present investigation was initiated to study available gene re-

. sources of the genus Agropyron to determine their agronomic potential,
and to investigate possibilities of incorporatihg -valuable genes into

otherwise already favorable plant material. A study of karyotypes of
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Agropyron species is a necessary ﬁrerequisite.to such a program, It o
facilitates predictions concerning the degree of evolutionéry relationl
ships among speecies and tﬁe possibilities of using some of these spécies
in an interspecific breeding program; ‘

According to Swallen (1943) a number of Agropyron speciés have
been introduéed into the United States. The taxonomic descriptions of l
these species are confusing, and some introductions have béen incorrectly
described while others remain.unidentified; Thefefore particular care .
must Ee taken to adequately:and accurately describe the morphology of

material used in karyelogical studies.
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REVIEW OF LITERATURE
Morphological studies in the grass family have been done Hy
several workers.  The work of Nevski (1934) in Russia is of great impor-
tance. His study of systematics of the genus Agropyron was used as a
basic reference. He designated the genus Agropyron as subtribe

Agropyrinae and 1ncluded Roegneria, Anthosachne, Eremopyz um, Eu—égﬁopvron,

and Elztrlgia as genera and subgenera.

In this country the work of Hitchcock and Chase (1950) is ‘of
great value.

Other -workers who have contributed to a better understanding
of the wheatgrasses are Beetle (1952, 1955) and Stebbins and co-workers
(1941, 1950, 1952, 1953, 1956). |

Stebbins (1950) grou@ed the grasses in the tribe Hordeae into
three main groups on the basis of their'habit of growth.

1. BSod-forming or rhizomatous perennials. Almost exclusively

self-incompatible and cross-fertilized.

2. Caespitosé or bunch type perennials, self- ér cross-

feftilized.

3. Annuals:s Uhcommon in cool témperate regiﬁns. Predominant

in warm, dry regions with segsonal rainfall, Self-polli-
" nated, |

(General Statements)

The studies of Sears (1948), Matsumura and Sakamoto (1955), and
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Kihara and Yamashita (1956) establiéhed that Agropyron did not contribute
the B genome of wheat., .

Aéropxzon was ‘used by several workers as parent material for
wheat improvement. According to Smith (1960) the folioﬁing Agropyron
chargcteristics/ﬁould,be of value in the cultivateé wheatss

1. Resistance to heat and dreught |

2. Extreme winterhardiness

. Resistance to frost

3
4. Tolerance to alkaline and acid soils ,
5. Resistance to rusts and smuts

6

. Resistance to wheat streak mosaic, yellow dwarf, and
soil borne mosaic viruses

7. Tolerance to excessive moisture
8, Resistanee to lodging
9., Perennial growth habit'
10. Wide geographic adaptation
11,‘ Increased protein content
iz; Resistance to insects, and
13, Resistance to Sepltoris disease and powdery mildew
Earlier workers (Peto 1936, 1938; Hartung 1946) reported that
there was homology betweén Agropyron and Iriticum chromosomes (or gen-
omes), but a more recent study disproved this (Sears 1948)¢
Morphologically there are only sliéht'differences between

A. cristatum and A. degertorum. In order to clarify identification, the
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only factor which settles the problem is the chromosome nu;bera Identi-~

fication on morphological bases alone is very difficult because of great

intraspecific variations. According to Vavilov (1951) the following

variations occur in A, cristatums

13«

Awned and awnless forms

Hairy and smooth-glumed forms

Yelow, red (with anthoeyanin), and'black—headed forms
Forms with recumbent,’ erect, and intermediate habits

Forms with thin straw-and others with thick straw;
(solid straw, too)

Narrow¥leaved and wide-leaved forms

‘Compact—headed and loose-headed forms

Forms wifh and without a waxy doating

Forms with yellow and others with'vioiet anthers
Low-growing and tall-growing forms

Forms with hairy and others witﬁ smooth leaves
Late and éarly forms

Hydrophilic and xerophilic types

Cauderon (1958) studied eight French Agropyron speéies. She

examined them cytologically and made several crésses between these gpecies

and wheat.




Ll

AN

13
MATERIALS AND METHODS.

Agropyron seea was obtained from 12 different sources which
originated from 29 differentlﬁlaces all over the world. The seed was -
germinated in plastic dishes in a gérminator ét 20° C. When the séed;
lings were strong enough, they were transplanted into individual pots
which were filled with soil and kept in the greenhc;use° As soon as the
plants were established and there were enough young'and vigoréus roots,
they were transplanted into vermiculite according to a method described
by Schertz and Randolph (1958)°

Vermiculite, or expénded mica, is an inorganic meterialj
therefore, it does not harbor diseases. It has good water retaining
properties and geod aeration.. It does not furnish aﬁy essential elements,
but with proper watering and fertilization an abundant supply of root-tip
material is provided.

Réot;tips were excised at 5:00 P.M. and placed into vials which
were filled with eold water. The vials were put into a beakef £illed
with icg water and placed in a refrigerator for 24 hours, which was
maintained at a temperature of 1° C. The examination wés based upon a
slightly modified method of Tjio and Levan (1950) and Markarian and »
Schulz~-Schaeffer (1957). The root-tips were next placed into 19 parts
of 5% Aceto-orcein and 1 part 10% Hbl in a watchglass., The material was -
gently heated three times (never allowed to boil), aliowing it to cool
between heatings. The root tips were then transferred onto a 8lide, on
which three drops of 1% Aceto-orcein were placed. The root-~tips were

squashed with a glass rod. The excess tissue was removed and a cover-
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slip was placed on the m"a‘:terial° The excess stain was sqyeeéeﬁ out
between two blotter papers by gently tapping with the eraser end of -a
pencil. The slides were thén sealed and examined under a Zeiss standard
microscope. The chromosome humber was determined. When good cells were
available, the chromosgmes were measured with an eyepiece micrometer.
At Igastilo cells were measﬁred for each .species. By analyzing these
daté, idiograms were constructed using a chromosome arrangement suggéstgd
by Schulz-Schaeffer (1956). These idiograms are the diagrammatic repre-
seﬁfations of the karyotypes including the chromosome arm lengths given
in Tables III, Iv; and V. First the éatellite chrompéomes are shown
starting with the shortest satellite. The non-satellited chromosomes are
arranged from the-shortgst short qrm-to the 1oﬁgest short arm. Particular
attention was péid to the satellite chromosomes and to secondary and terti-
ary constrictions.* Several microphotogfaphs were: also made (Figures 4
and 5). ’ |

The pallen-mother—cell (PMC) examination was done according fo
the methed described by Geitler (1949).

The ﬁorphological study consisted of the ggneral description of
the species as established by morphologists and systematists. Sﬁch

features as the height of the plant, number of stems, etc., were omitted

¥ The term "tertiary constrictions® is used arbitrarily in designating con-
strictions which are not centromeres or nucleolar organizer regions.
Consequently, the term "secon@éry constriction" is reserved for nucleolar

organizer regions.

RN
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in this study due to the fact that the material was grown in the green-
house under favorable conditions, and it is well known that the environ-
ment has a greaﬁ effect upon the above mentioned features.
The morphological studies were made at that stage of plant growth
when all the parts (stem, leaves, heads) weré fully developed. In order
to have the perennial species vernalized, the pots were kept outside,du;-

ing the months of January and February.

Vernation studies were done according to the method described b& 7

Fults (1959). When the morphological and cytological results were avail-
able, they were compared with published information, and it was learned
that some of the éource material had begnimisidentified; therefore, several
specimens had to be-aiscarded. A 1ist of the species and the sources of
the materials which wére finally usea in this stﬁd& is given on.ths follow-

ing page.




2

16

L L Ll 1yl

Table I. List of Agropyron plant material used in this study.

Scientific name Accession humber

. (Hoover 1960, Plant
Source Inventory 1907~1958)

A. acutum R. & S. P.I. 202,727

A. agropyroides P.I, 202,147

=

arizonicus Seribn.& Sm.,F-257

=

brachyphyllum P.I. 229,912
Boigs. & Haussk.,

A, caespitosum Koch. P.I. 228,276
AD

canigum (L.) Beauv. P.I. 172,364

A, ciliatiforme Roshev. P.I. 207,452

From Belgium. Seeds presented
by the Botanic Garden, Brus-
sels, Received Sept. 10,
1952,

From Argentina. Seeds col-
lec¢ted by Alan A. Beetlé,
Agricultural Explorer, Bureau
of Plant Industry, Soils, and
Agricultural Engineering, .
Beltsville, Md. Recelved
July 28, 1952, Facultad Agro-
nomia, Buenos Aires, Feb. 19,
Selection No, 16, Parodi
Grass Garden, from A. scabri-~
glume (HaCkoS Parodi.,

Goettingen, Germany

Iran. November 9, 1955,
H..S. Gentry, east base of -
Kuhe Zard, Charmahal, Iran;
ordered to Western and Nerth

" Central Regional Stations,

January 5, 1956,

Iran, October 3, 1955. H. S.
Gentry, 25 miles NW of Shar
Kord, Charmal, Iran; ordered
to Western and North Central
Regional Stations, January 5,
19560 ‘

From Turkey. Seeds collected -

by Jack R. Harlan, Agricul-
tural Explorer, Bureau of
Plant Industry, Soils; and
Agricultural Engineering,
Beltsville, Md. Received -
Jan., 4, 1949. Seeds collected
in 1948. Karanlikmese,
Tutunli, Coruh., Aug. 12.

From Afghanistan. Seeds
collected by H. 8. Gentry,
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cristatum (L.) Gaertn.

dasystachyum (Hook. )

Seribn.

desertorum (Fisch.)
Schult.

elongatiforme Drob.  P.I. 222,960

elongatum (2n = 14)
(Host.) Beauv.

elongatum (2n = 42)
(Host.) Beauv.

inerme (Seribn. & Sm.) P.I. 236,668
Rydb. -

intermedium (Host.) Beauv.

junceiforme

kosanini Nab. P.I. 237,636

latiglume (Scribn. P.I. 236,673

& Sm.) Rydb.

P.I. 232,116

Al Lokl Li Ll b Ao/ ]

Agricultural Explorer, Bureau
of Plant Industry, Soils, and
Agricultural Engineering,
Beltsville, Md. Received Oct.
29, 1953. Colleeted in Kabul -
Provinee in September and
October 1953. From Paghman.

Bot. GardovTaschkent, Russia,

Montana, 1955 domestie col-
lection, Hermann and Leese, 9
miles N. Augusta, Montana,
Rt. 33, Teton Co., Montana.

Bot. Akad. Alma-Ata, Russia,

Iran. Janvary 4, 1955, from
E. E. Smith, 16 miles east of
Tabriz, road to Sarab, Azer-
bijan, Iran; ordered to North
Gentral Regional Station,
Ames, Iowa, Feb. 14, 1955,

Pullman, Washington,
)
Bot. Gard. Taschkent, Russia.

Canada. 1956 domestic col-
lection, Hermann and Leese,

Two miles N. of Kimberly, B.C.

Bot. Akad. Alma-Ata, Russia.
Bot. Gard. Golmbra, Portugal.

Turkey., January 6, 1953.
R. K. Godfrey, hear Zara,
Sivas, Turkey. Distributed to
North Central Region, July 16,
1953. o

Canada. 1956 domestic col-
lection, Hermann and. Leese,
Sentinel Peak, Coleman,
Kananaskes Road, Canada.
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lolioides (Kar° & Kir. ) P.I. 223,325
Roshev,

orientale (L.) R. & S. P.I. 193,264

panormitanum Parl, P.I. 197,569

popovi Brob. A-1115

pseudorepens P.I. 236,676

Seribn. & Sm.

riparium Scribn. P-2415 (Sodar)
& Sm,
semlcostatum (Steud ) P.I. 203,242

Nees.

spicatum (Pursh.) P.T. 232,123

Scribn. & Sm.

squarrosun (Roth. ) P.I. 223,323

Link.

Iran, January 18 1955

E. E. Smith, 21 mlles NW. of -
Tabrlz, road to Marand,
Azerbaijan, Iran; ordered Yo
North Gentral Regional Sta- '
tion, Ames, Iowa, February 14,

1955,

From Afghanistan., Seeds pre-
sented by €. F. Deyoe, Food
and Agriculture Organization,
United Nations. Received
Dee. 21, 1950. Two miles
south of Soviet .Union border,
Anhuei,

Prom Italy. Seeds presented
by the Giardino Botanico e
Coloniale, Palermo. Received
July 24, 1951,

SCS, SW Region; U.S.A.

Canada. 1956 domestic col-
lection, Hermann and Leese,
along Bow River, one mile
west of Banff, Banff National
Park.,

S€S, Pullman, Washington.
From Japan. Seeds presented

by K. Ehara, Department of
Agriculture, Kyushu University,

Fokuoka, Received Oct. 22,
1952. :
Washington., 1955 domestic

collection, Hermann and Leese,
Steptoe Butte, Whitman Co.,
Washington.

Iran. January 18, 1955, E,

B, Smith; road from Meshkin- -

shahr to Ahar, Azerbaijan,
Iran; ordered to North Central
Regional Station, Ames, Iowa,
February 14, 1955.
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strigosum (M.B.) Boiss.

subsecundum (Link.)
Hitehe.

subulatum Soland.

- trachycanlum (Link.)

Malte.

trichophorum (Link.)
Richt.

triticeum Gaertn.

19 -

P.I. 232,148

P.I. 204,379

P.I. 236,699

P.I. 229,916

Bot. Gar. Heidelberg, Germany.

Wyoming. 1955 domestic col-
lection, Hermann and Leese.
Half Moon Lake (Wind River
Mts. ) Sublette Co., Wyoming.

From Turkey. Seeds collected
by R. K. Godfrey, Agricultural
Explorer, Bureau of Plant
Industry, Soils, and Agricul-
tural Engineering, Beltsville,
Md. Received Jan. 6, 1953.

 Between Kayseri and Pinarbasi,

Kayseri. Sept. 1, 1952,

Canada., Two miles W of
Wardner, B. C., on Rt. #3,

‘alt, 2400 feet, Hermann and

Leese, 1956,

Iran. November 9, 1955,

H., 8. Gentry and Ousqui,

S. slope of Demavand Mt. E1
Borj. Range, Irans ordered to
Western and North Central

.Regional Stations, January 5,

1956.

Gardiner, Montaha. Collected

" by W. E. Booth about 3 miles

gouth of Gardiner, Park Co.,
Montana, along west side of
river on heavily used winter

. game range on June 20, 1954.
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RESULTS ’

s

Nevski's description of the Agrogxion speciés was uéea“as‘a )
framework for the morphelogical studies. Four.of his 5 genera and sub-
genera of subtribe\Agfopzzinaé were used as sections of thé genus Agropyron.
Using this framework and other élréady available information combined ﬁith
and suﬁplemented by cytological results, the examined 33 wheatgrasses are
desecribed as follows: |

A.. Sectién‘Roegneria,Ci—Kocho ,

Nevskis Sﬁikes efect or pendant. : Sﬁikélet51With,(2) 5-7 (9)
florets,-latefallygcompressed‘to a alightuéxtent,ialﬁost sessile,'more:
or less awned; awns'réflexed'or straighf, less commbnly absent. Almost all
florets fertile; as caryopses ripén, the'floretsldrop off one by one; the
.glumes, however, remain on the rachis. Glumés lanceolate or lihear~
1ahceolate; usually with widely spaced nerves, scabrous, less commohly sca-
berulous, without the cross—fur?bw\at the base, fﬁsed with‘the rudiméntary
pédicel of the spikelet. Florets with a M§re or less hifgute, setaceous
callus at the base, Lemma scabrous or hirsute, less c&mmonly giabrous; |
‘Lodicules.small,“almost glébrous or ciliate on the margin., Anthers short,
1.5 - 3.6 mm, shorter than one-half or one;fhifd of the pa;éa. Caryopsis
obioné—linea?, hirsute in the ubper pgyi, on the inside slightly poncave;:
alnost flat. Plants pereqniai, caéspitose, as a rtule not stolon-férming,
Bladesfflaf, rarely convolute, thin, scabroué oh both Qurfaces, glabrous
or hirsute. |

The following seven species were examinedvin this groups

1. Agrdpron caninum |

2. Agropyron latiglume
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3. Agropyron panormitanum
4s. Agropyron pseudorepens

5; Agropyron semicostatum

6. Agropyron subsecundum

7. Agropyron traéhxcaulum

~ Agropyron latiglume, A. pseudorepens, A. semicostatum, and A.

subgecundum were tentatively put into this section by the author‘based on

the morphological_and cytological evidence gathered during this gtudy.

1. ‘Agropyron caninum (i,j Beauv.

Bearded wheatgrass, awned wﬁeétgrass, dog{s'£ooth gréss,

Nevskis Tﬁis\spgcies has eight subspecies; it originated in
Eurasia. Perennial. Plant loosely caespitose, sciophilié; culmé'smooth;
blades thin, flat, broadly linear, green of glaucescent, .scabrous, glabrous
or with scattéred hairs on the ‘upper surface. ”Spikes fairly‘dense, drboping
or nodding, green or, less commonly, greenn.sh—v:mle’c,,r splkelets 2~ 5 flowereds;
glumes 1anceolate, abruptly narrowed and usually arlstulate, with 3-5 widely
separated nerves, scabrous; white membranaceous on the~margin, unequal
lemms, smooth., it is a self-pollinated species, ‘Biadés‘pubes¢ent.

Authors Ligule short, no auricle (Figﬁre 65,

Meiosis was found to be regular.

The chromosome number was 2n = 28, with one pair of satellite

chromosomes (Tables IIT and V, Figure 1).

2, Agropxzon latiglum (Scribno & Sm,) Rydb.
Hitchcock and Chase: Perennial. CGulms loosely tufted, curved
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or geniculate below, blades flat, short 3-5 mm wide, short-hirsute on
both surfaces, rarely glabrous or nearly so beneath, spikelets usually
closely imbrlcate; glumes bread, flat, thin—marglned,'awn—tlpped; lemmas
commonly appressed.pubescent, aunless or awn~tipped;‘ Leaf blsde; sheath
pubescent.
Authors Ligole and aumicle‘present (Fiémre 7).
‘ The chromosome numberf(Zn) is 28, One. pair of satellite chromo-

somes was observed (Tables III and V Flgure 1).:

3. Agr opyron panormltanum Par1,

Nevskis Rhlzomes short, culms stralght, smooth blades thln,
green, almost glabrous on both surfaces, only on phe upper surfece with
scattered white hairs, sharply scabrous. Spikes bilateral,'siender, rschis

-~

stiffly ciliate on mainvangles; spikelets green, appressed, 3—5—flowered,
glumes 1ineer—lanceo1ate or lanceolate, longer than the lower floret,
sharply scabrous; lemma lanceolate, almost smooth; palea 1anceolste.
‘Authorz Ligule short, no auricle (Figure 7).
Meiosis was found to be regular in this species.

The somatic chromosome number is 28. Two pairs of satellite

chromosomes'were found (Tables III and V, Figure 1).

bs Agropx;on pseudorepens Seribn, & Sm.,
False quackgrass, western couchgrass.

Hitcheock and Chase: Specimens without rhizomes resemble A,

trachycaulum., This species also resembles 4. repens, but it is often stout-

"er, and the rhizomes are not yellow.
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Perennlal with creeplng rhlzomes. Spike 10-20 cm leng, the

spikelets contracted and appressed, the flat or .searcely keeled glumes

-2 - 2.5 mm wide, nearly equaling the\spikelets;‘lemmas scgberulous to

minutely hlspldulous, rachllla v1llous,
Author: Auricle and collar distinet. (Flgure 8)
The chromosome number is 2n = 28 1n_thls species. ' Two pairs of

~

satellite chromosomes were found; this being the main cytoiogical difference

between this species and its close relative A. trachycawlum, in which only
one pair of satellite chromosomes was found (Tables III and V, Figure 1).
The one pair of satellite chromosemes of A. trachycaulum is of the same

type as one pair in A, pseudorepens.

5. Agropyron semicostatum (Steud.) Nees.

" Drooping wheatgrass.

Perennial species, which originated from Asia.

Hitchcock and Chase: Blades flat, spike nodding, not compacts;
spikelets several-flowered, imbricate; glumes several-nerved, much shorter
théL the spikelets, acute but scarcely awned; the awns of lemmas are toothed,
flexuous or finaliy divergent.

Authof: Ligule straight and long, collar and auricle dis@inct
(Figure 8).

Chromosome numbers of 28 and 4? were reported earlier (Nielsen
and Humphrey 1937, Nakajima 1936). The material of the present study,
had 42 chromosomes includiﬁg 2 pairs of satellite chromosomes, which -are
of the same type. This may-indiéate an aﬁtoﬁloid origin of this species

(Tables III and V, Figure 2).
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6. Agfopzron gsubsecundum (Link.) Hitche.
Bearded wheatgrass.

Hitchcock and Chase: Thié’is a self-pollinaﬁed species which
American botaniéts generally call A. caninum.

Green or glaucous, without creeping rhizomes, éulmé erect,
tufted; sheaths glabrquq or rarely pubescent; blades flat; spike erect or
glightly nodding, sometimes unilateral; phe rachis scabrous; spikelets
rather close1y~over1apping, fethlbwered, the rachilla villoﬁs; glumes
broad, 4~7-nerved, nearly as long_as‘the spikelet, tapering into an awnj
lemmas obscurély 5-nerved, the awn stpaight.

'Authﬁrs Ligule lacerate,.auriéiefghort (Figure 8),.
One satellite chromosome pair was found among the 28 chromosomes

(Tables III and V, Figure 1).

7. Agropyron trachycaulum (Link.) Malte,

Slender wheatgrass, western rye-grass, McIvor's Tye-grass.

Beetie: A native of North.América, resembling'g; subsecundum,
It was called A. tenerum, 4. auciflorum, A. violaceum, etc.: |

It is a self-pollinated perenhial bunchgyass, According to
Nevski (1934) this is the only species in this genus used as a forage plant
in several countries. Because of its origin,.he calls it "American wheat-
grass", | _

Tufted plant;‘culms erect; leaf blades broéd, flat, or somewhat
invelute; apike slender,'the spikeléts distant; 3—7—floweréd; glumes 3-7-

nerved, about equaling the spikelet, acute'td awn-tipped; lemmas long,

"
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obscurely nerved, acute.pr short-awned. . '

Authors Ligule,.auricle,~énd collar distinet (Figure 8).

This species ié an allotetraploid (Stebbins an& Love, 1952).
Only one pair of satellite chromesomes was found amohg thé 28 chromdsomes

(Tables III and V, Figure 1).

B.‘Seétion Eremopyrum Jaﬁﬁ. & Spach, i

Nevski: Spikes ellipﬁic—oﬁal or oblong-oval with a shortened
brittle awn and rachis. Spikelets uniform, éoliiagy, seésile, almost.éer;
pendicular to the rachis, 3—6¥flowered,'laterally compfessed, aristulaﬁe or
awnleés. Glumes navicular; keeled, with one prominent keel, coriaceous, .
with more or less thickened, later corneous margins{ sometimes fused at the
base, Lemms navicular, acuminate or aristulatg. Lgdicgles'ciliate on the
“margins, Annuél plants.

Two species-were examined in this section:

1. Agropyron orientale

" 2. Agropyron triticeum

1. Agropyron orientals (L.) R. & S.
Oriental wheatgréss. -
An annuél specles, originating in Asia.
Névskis Culms genicﬁlate, hirsute below the spikes; blades flat,
spikes eiliptic—bval, villous, demse and brittle. Glumes hirsute, awned
(almosf as long as the glumes), keeled; lemmas hirsute and éwned.,.

Authors Ligule straight; collar, auricle present (Figure 7).




L, L L. Lid Ll N | A T

26
' The 2n chromosome number is 28, and there are two pairs of satel-
lite chromesomes, in both of which the satellites are extremely small

(Tables III and V, Figures 1 and 5).

2. Agropyron triticemm Gaertn.
. Annusl wheatgrass._ |

An-annual species which originated in Eurasia,

Beetle:s Vigﬁrousiy branching at the base; culms up to 40 cm tallj
the sheaths and blades are short and scabrous; spikes numerous; spikelets
crowded, rigidly spreading, 3-6-flowered. Glumes acﬁminate, lemmas éwn—
tipped.

Authors Liguie 1arge,.auric1e and collar small (Figure 8).

The chromosoﬁe nuﬁber is 14. No satellite chromosomes were

observéd. The centromeres are subterminal -(Table III, Figure 3).

C. Section Eﬁ—Agropixoh‘Nevski

Nevski: Spikes linear or 6val on a strong, flexible rachis with

short internodes. Spikelets solitar&, squairose, alhost horizontal or at
.aﬁ‘gcute angle to thé rachis, sessile, 3-1-flowered, 1aterally compressed,,
navicuiat, keeled with a very étrong midnerve (keel) and obscure lateral ‘
nerves, on the margin thinly white-membranaceous, smooth or eiliate on the
keel, Lemna na%icular, aristulate or awnless., Palea bidentate, ciliate on
the keel. Anthers long, slight;y shorter thap the palea. Garyoﬁsis oblonhg,
hirsufe in the upper party érobved on ﬁpe inside, Perennial:plants; with

creeping rhizomes or densely caespitose,
. Lo
: 4
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The following species were examined in this group:

1. Agropyron agropyroides
2. Agropyron brachyphyllum

3. Agropyron ciligtiforme

L. Agropyron cristatum

5. - Agropyron desertorum

6. Agropyron kosanini

7. Agropyron squarrosum
. Agropyron agropyroides, A. brachyphylium, A. éiliafiforme, A.
kosanini and A. squarrosum were tentatively put into this section by the-
author based on the morphdloéical and.cyﬁological evidencé gathered during

this study.

1. Agropyron agropyroides
Authors Tall, light greenish grass, upper surfaces of leaves,
glumes, lemmas and rachis scabrous. Spikelets overlapping, glumes 5-nerved,
with membranaceous margins, glumes and lemmas awned. |
- Auricle purplish. Ligule lbng (Figure 6).
The somatic c@rdmﬂsome number is 42 including 2 pairs of. satel-

lite chromosomes (Tables III and V, Figire 2).

2. . Agropyron brachyphyllum Boiss. & Haussk.

- Author: Tall, bluish-green, scaberulous grass. .Spikelets over-
lapping, 5-6—flowéred. Glumes and lemmas membranaceous on the margins,
several nerved, pubescent, short awned, auricle, ligule and eollar distinet -

(Figure 6).

I
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The somatic chromosome number is 42. .One palr of satellite

chromosomes was observed (Tablés ITI and V, Figure 2).

3. Agropyron ciliatiforme Roshev,

Author: Tall, secabrous perennial p}ant; Leaves yellow-green
on the lower, bluiéh—green on the uppér surface. /Spike extendea. Spike-
, lets overlapping, 4-5-flowered. Glumes awned, lemmas awﬁ-tipped;\liguie
lacerate, auricle long, collar distimct (Figure 6). |

The somatic chromosome number is 28 including one pair of Satei—

lite chromosomes (Tables III and V, Figure 1).

b -Agropxgon‘cristatum (L.) Gaertn.

Crested wheatgrass, fairway crested wheatgrass.

Authorz. Perennial bunchgrass, originated in Eurasia. A cross-
pollinated species.
‘ A 1light bluish-green plant. Leaves rolled imn the budshoot.
Sheath not compressed, not keeled, glabrous or the lowest uéually soft
pubescenf, slightly scabrous, dark green, split wiﬁh marging overlapping.‘
Auricles present, 1.0 - 1,5 mm 1oné, clawlike, not cléspinga Collar dis-
tinct,\glabrous or ciliate, light greeﬁ or yellow, V-shaped, dividgd°
Ligulé memb;anous; 0.5 - 1.5 mm long, truhéate, lacerate. Bladé 2 - 6 mm
wide, 5 - 20 em long, flat, tapering to a sharp point, pale bluish-green;
upper surface scabrous, conspicuougly ridged‘dnd usually soft pubescents
lower surface smoothj margins scabéoué (Figure 6).

The chromosome number was found to be 2n = 1l4. No satellite

7

chromosomes were found in this study (Table III, Figures 3 and 4).
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5. Agropyron desertorum (Fisch.) Schult.

Standard crested wheatgrass, Nordan crested wheatgrass, desert wheatgrass,
mountain erested wheatgrass..

Booth (1950): Similar to A. cristatum but differing in having
ﬁarrowly ascending or appressed spikelets, and thin, translucent margins
"around the glumes. ) ‘ o

Authors; It is a tetraploid species with 2n = 28 chromosemes, It
is characterized by chromésomes.with median or éubmgdian centromeres and by
the lack of any secoﬁdary coqétrictions or satellites.

This probably is aA autotetraploid species which arose from A.
cristatum by a duplication of chromosome number, a theory which is substan~

tiated by the similarities of the two idiograms (Table III,_Figurés 1 and 5).

6. Agropyron kesanini Nab.

Authors Dark greenish, scabrous grass° Spikelets overlapping,
5-7-flowered. Glumes blunt, many-nerved but not distinet. margins mem-
branaceous. Lemmas with faint nerves and membranaceous margins. Auricle
long, collar and ligule small (Figure 7).

In‘meiotic anaphase I, fragments were found in sevéral cells, and
nucleoli were found in prophase. The latter supports the‘idiogram which
shows one pair of satellite chromosomes.

The somatic chromosome number is 56 incluaing one pair of satel-

lite chromosomes (Tables III and V, Figure 3).

7. Agropyron squarrosum (Roth..) Link.
Authors Shiny, greén, scabrous, awned grass. Spikelets-3-5-

flowered. Glumes 5-nerved, margins membranhaceous, awns about 2 cm long.
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Lemﬁas also awned. Collar and ligule short, auricle long (Figure 8),
| Iﬁ meiotic division, bridges and fragments were observed quite .
frequently in anaphase I, which'gives evidence.of inversioﬁs.
' The somatic chromoséme number is 42. No satellite chromosomes

were observed (Table III, Figure 2).

D. Section Eljytrigia (Desv.) Nevski
Nevski: Spikes always straight, with solitary spikelets.

Spikelets 3-11-flowered, entirely séssile, awnless or less commonly awned;
awns short and straight, less commonly long and reflexed, Glumes lance~
olate, linear-lanceolate or oblong, nerves (3) 6-11, closely spaced,
smooth (only the midnerve sometimes §céberulous in the uppér part), less
commonly glumes soffly hirsute; lemma lanceolate, with 5 herves converging
or almos£ converging in the upper part, glabrous, or less commonly hirsute
at the base, with'a shallow cross-furrow and shortened small glabrous |

callus. Lodicules ciliate on the margin or hirsute 'in the ﬁpper part.-

Florets often sterile. .Ripe spikelets sometiﬁes drop off entire with glumes .

Anthers long (5.6) 4-7 (8) mm, longer than half of the palea. Caryopsis
oblong, hirsute in the upper part, with a deep groové on the inside.
Plants perennial, with long creeping.rhizdmés or'dehselj caespitose, with
or without short stolons. Blades convolute, less commonly flat, hirsute or
seabrous on the upper surface, usually smooth, glaucescent or glaucous on
the lower surface. -

The following ’species: were examined in this sections

1. Agropyron acutum

2. Agropyron arizonicus
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Agropyron dasystachyum

Agropyron
Agfopxron
Agropyron

Apropyron

elbngatiforme '

elongatum (2n
elongatum (2n

inerme

Agropyron

intermedium

Agropyron

- Agropyron

lolioides

. popovi

Agropyron

riparium

Agropyron

Agropyron

spicatum
strigosum

}]

1

14)

42).

15. Agropyron subulatum’
-16. Agropyron trichophorum
. Agropyron acutum, A. arizonicus, A. dasxstaéhxdm,_g, inerme, A.
opovi, A. ri arium, A. spicatum, and 4. subuiatuh were tentatively put
into this section by the author.based on the morphological and c&tological
evidence gathered during this study.
1. Agropz;on acutum (A. junceiforme x A. pﬁngens) of
(A. junceum  x A. repens) R. & S.
Author: Tt is said £o be a cross between two Agropyroh species,
originated in Europe. |
Plant gfeen, scabrous all over, with wide.leaves. Spikelets
4-5-flowered -and overlapping. Gluﬁés bluﬁt, 5—nerved,'margin membranaceous

and hairy. Lemma also with membranaceous and hairy margins. Nerves visible-
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only on the upper half. Ligule; auricle, and collar short (Figure 6).
The 2n chromosome number was reported to.Be 35 (Cagderog 1958).
In the present study 30, 34, 35, and 36 chromosomes each.were found in one
eell, 37 in two cells and 42 chromosomes in /4 cells. This variation may
result from the hybrid nature of this species. One pair of safellite chrom-

osomes was found in this study (Tables IV and -V, Figure 2).

é. Agropzﬁon arizonicus Scribn. & Sm.
Arizona wheatgrass.

Hitchcock and Ghase: Resembling A. ‘spleatum, but usually taller
and coarsar; light-greenish plant; blades commenly A-6 mm wides spike flexu—'
ous, the rachis more slender; spikelets distant but overlapping, 3-5-
flowered; glumes short-awned; awns of the lemmas stouter.

Author: Gollar small, ligule and auricle very distinet (Figure
6). |

The.chromosome number was found_to'be 2n = 28 with 2 pairs of
satellite -chromosomes. If we compare the two idiograms of A. gpicatum and
A. arizonicusg, it is evident that there is a cytological similarity as well
as a morphological resemblance. The two identical satellite pairé of chrom-
osomes of A. arizonicus are present in 4. gpicatum. This may indicate that
in the evolution of both speéies, autop;oidy took piacee A. spicatum pos-
Sesses an extra satellite type, which is marked by a minute sa%ellite

(Tables IV and V, Figures 1 and 5).
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3. Agrogxrén caespitosum Koch.
. Gouch grass.

Author: Perennisel. Culms thin, glabfous, and smooth over thé
entire length; margins or sheaths not ciliate; blades glaucous, very
narrow, hirsute on the upper surface. Spikés thin, rare; rachis scabrous
on two main angles; spikeleté hqt appressed, slightly reclihed, glaucescent,
faintly tinted violet, small, 3-4~flowered; glumes lanceolate, acute,
almost equal to or‘slightlyfshorter than'the lower floret, 5—6—nervéd,
smooth; lemma narrow-lanceolate, obtise or obtuse—acuminate,‘5—nerved;
palea equal to or very slightly longer than lemma, subobtuse, very éhpftly
and barely noticeabiy ciliate on the keels in its upper two-thirds. Ligule,
auricle, and collar very distinct.(Figure 6).

The 2n chromosome number is 4L2. One pair of echromosomes has a

very small satellite chromosome (Tables IV and V, Figure 2).

4o Agropyron dasistaehxgg (Hook.) Seribn.

Thickspike wheatgrass, benchland wheatgrass, northern wheatgrass, Yukon
wheatgrass, dewny wheatgrass. '

Pechanec (1936)s Gross—pollinaﬁed, sod-forming perennial with
' e¢reeping rhizomes, native of North America.
' Slender, glaucous; shoot round, leaf rolled in bud; leaf sheath
round, white to pinkish below ground and-immediately above, glabrous,
smooth, veins distiﬁct, usually open at least halfway; ligule very short,
trﬁh;éte, erose; collar narrow to medium, distinct, continuous often tinged

with red in the spring, glabrous or pubescent; auricles long,. acute, tinged

with red in spring; glabrous or pubescent; leaf blade flat, drying involute,

>
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little constricted at the base, midvein not distinet on lowér surface,
glightly twisted, striatély veined above, scabrous above, smooth below,
sparsely strigose or glabrous above, yellowish-green to dark-green, ereét;
stiff (Figure 6). . | \

Similar to A. smithii in growth habits and general appearénce‘
and strongly reéemblinglg. riparium but seﬁaratéd by the fine puberulence
on the lemmas (Figure 8).

Meiosis waé found té be regular.

The 2n chromosome number is 28 including 2 pairs_of satellite
chroﬁosomes. One of these satellite pairs is ﬁreseﬁt in A. riparium which

is morphologically similar to this specieé (Tables IV and V, Figure 1).

5°. Agropyron elongatifbrme Drob.

Nevski:" Perennial. Plant glaucescent; .blades on the upper
surface saébrous, shortly setaceous, on the lower surface also more or lesé
scabrous, fiat; sheaths smoothj culms geniculate at the base. Spikes
straight; spikelets divergent, oftén.curved;:glumeé'5r7-nervé&; white mem-
branaceous on the margin, lancéolate; obtuse, émooth; lemma wﬁite-membrana—
ceous on the margins in the upper part; palea shorter than lemms, minutely
ciliate on the keels in the uppe} part. |

Authors Auricle, ligule, and collar are smali'(Figuré 7).

Meiosis was found to be regular.

The somatic chromosome number was found to be 58, which is an
aneuploid number; 2n = 28'was reported by Myers (1947)° There are two

pairs of satellite chromosomes. One pair of the satellite chromosomes is
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particularly interesting because the shorter arm of the chromosome is
shorter than the satellite. Thié was reported im other genera, but this
is the only case where a typé of this kind was found in this genus (Tables

IV and V, Figure 3).

6 and 7. Agropyron elongatum (Host.) Beauv.

Tall wheatgrass, couch grass. '

Beetle: A cross-pollinatedhperennial bunchgrass. There have
been 4 different sematic chromosome numbérs reported in the 1iterature_
(Table II) for.A. elongatum. In the available material of this study, two
different chromosome numbers were found of which one has not previously been
reported. Morphological differences were not found between representatives
of different chromosome numbers.

Blﬁe—green or glaucous, erect, glabrous, producing an abundance
of long basal and culm leaves; blades firm, flat or loosely rolled and
prominently nerved, scabrous on the upper surface a%d smooth beneath; spike
erect, elongate? interrupted, the spikelets not overlapping. Spikelets and
the four to ten eneloséd caryopses diverge from the stem in a sickle shape.
Glumes glabrous, %runcate,'less than half the length of the spikelet;
lowest lemmas rounded or subtruncate at’tge minutely lobed apex, often
mucronate, oecasionally long-awned; palea short, ciliate on the keels, about
as long as the lemma.

Authors Auricle, ligule, and collar not very distinct (Figure 7).

In exémining the PMC's of the 2n = 42 plants, several quadri-

valents were found. In the material of the 2n = 14 plant, meiosis was

found to be regular.,
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The two different somatic chromosome numbers were 2n = 14 and
29 = 42, The 2n = 14 ana the 2n = 42 individuals have two pairs of satel-
- lite chromosomes. They represent 2 different sateliite chromosome types.

The type with the shorter satellite differs slightly within the 2 acces-

sions. The satellite in the 2n = 14 plants appears siightly larger while

the long arm is longer. The satellite chromosome fype with the longer sat-.

ellite is the same in the 2n = 14 and 2n = 42 plants’(Tables IV and V,

Figures 2 and 3).

8. Agropyron inerme (Scribn. & Sm.) Rydb.

Beardless wheatgrass, beardless bluebunch wheatgrass; awnless bluebunch
wheatgrass. .

A bunchgrass differing from A. gpicatum in the awniéss spikéletsu
The 2n chromosome number was found to Be 14, with 2 pairs of
satellite chromosomes which are similar to the satellite chromosomes of
A. spicatum, therefore supporting the morphological relationship 5étween

these two species (Tables IV and V, Figure 3).

9. . Agropyron intermedium (Host.) Beauv.
Intermediate wheatgrass.
Nevskis Perennial, rhizomatous, sod-forming, cross-pollinated
species which originsted from Europé°
| Culms glabgous, smooth éhegths ciliate on the margins; blades
’flat, 3-7 mm wide,'on the upper surface léng—hirsufe or glabrousg spikes
. straight; rachis scabrous on the two main angleé; spikglets 3-5-flowered,

10-16 mm longs glumes oblong or lanceolate, obtuse, shorter than the
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lower floret, smooth; lemma broad-lanceolate, ca. 1 cm long, somewhat
obtuse, glabrous; palea subequal.

Authors Auwricle, ligule, and collar distinet (Figure 7).

In the PMC's occasionally quadrivalents and other multivalents
were found. Laggards at anaphase i and bridges and fragments were also
found. | |

The chromoseme number (2n) is 42 ihcluding two pairs of satel-

lite chromosomes (Tables IV and V, Figure 2).

10. Agropyron loliocides (Kar. & Kir.) Roshev:

Nevski: Perennial, Plant glaucescent; sheath élabféus and
smooth; blades convelute, narrow, less commonly flat, involute, on the
upper su&faee very shortly pubescent or with sparse, long, white hairs,
oh the lower surface glabrous, smooth. Spikes straight; rachis scaberulous
on the two main angles; sﬁikelets appressed or slightiy reclined, glauces-
cent; glumes lanceolate, obtuse, on the margin ﬁhite—membranécéous, shorter
than the lower floret; lemma lanceolate, obtuse; White—membranacéous on the
margin in the upper part, 5-nefved; midnerve exteﬁds into a very shoft,

~rather thick, slightly prejecting point; palea'almoét equal to.lemmé,
ciliate on the keels.

Authors Ligule lacerate, auricle and collar present (Eigure 7).

Tﬁe gsomatic chromosome numbe¥ was‘foundfﬁo bé.58; and there was

one pair of satellite chromosomes (Tables IV and V, Figure 3).

11. Agropyron popovi Drob.

Authors Bluish-green plant with smell spikes, originating in
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Russia. Spikelets spreading, overlapping, 3-4-flowered. Glumes and lemmas
awn-tipped and white-membranaceous én the margins. TYoung leaves involute;
.the éntire plant sbaberulous; ligule large, auricle and collar medium size
(Figure 7).

This species ié related to A. trichophorum, A. intermedium, and
A. elongatum. It has a somatic chremosome number of 42 just like A.
trichophorum, A. intermedium, and A. elongatum,.and it has one pair of
Safeliite.chromosomesAwhich is very similar to one pair possessed by the

above mentioned species (Tables IV and V, Figures 1 and 5).

12. Agropyron riparium Scribn. & Sm.

Beetles A sod-forming pereanial with rhizomes, native.of North
America.

Culms glabrous, erect; leaf bladeé strongly involute, scabrous;
the gpikelets more or less‘imbricéte; 5-7-flowered; glumes 3-5—nérved,
‘broad and green with scarious margins; lemmas glabrous, scabrous, or
pubescent on the lower edges, nerves faint, acutg or véry short;awmea;

Author: Ligule, auricle, and.collaf not distinct (Figure 8).

'Hitchecock and Chase: It resembles A. dasystachyum, but with
vigorous rhizomes; blades usuallj narfowerg spikelets usually more imbri-
cate; lemmas giabroué or somewhat pubescent alﬁng the edges of the lower
part of the lemma, ‘ |

The somatic chromosome number is A2 %ith one pair of sateliite -
chromosome§ whieh is the same as one of the satellite chromosome pairs of
A. dagystachyum, thereby supplementipg the morpholqgidal resemblance (Tables

IV and V, Figure 2).
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13. Agropyron spicatum (Pursh.) Seribn. & Sm.

Bluebunch wheatgrass, bearded bluebunch wheatgrass, spiked wheatgrass,
bunch wheatgrass, spike wheatgrass.

Pechanee: A perennial cross-pollinated bunchgrass; native of
North Ameriea.
Slender, rather wiry, densely tufted; leaf rolled in bud, sheath

round, red to purple below gréund, glabrous, slender, veins indisfinct, open,

~ margins hyaline, smooth; ligule very short, truncate, erose, glabrous; collar

narrow, tinged with purple or red in'spring and joften later, glébrous, di~"
vided or continuous; auricles long, elasping, twisfed, tinged with red or
/ purple, glabrous; leaf blade flat or drying involute, little constricted
at base, tapering to tip, little twisted, prominently striately nerved,
midvein not pfominent below, margins écébrous, séabrous ab&ve, smooth
below, densely sﬁrigose'pubescent.aboveb glabrous below (Figure 8). . -
The somaﬁic ehromosome number is 28 with three pairs of satellite
chromosomes. Stebbins and Singh (1950) report that this species and A.
inerme have oné genome in common which may be indiecated by the two idio-

grams (Tables IV and V, Figure 1).

14. Agropyron strigosum (M. B.) Boiss.

Nevski s PergnnialQ Culms thin, straight, smooth; blades narrgzh
linear, convolute, less commonly subcomvolute, glaucous, very shortly pub-,
escent on the upper surface, smooth on the lower surface. Spikes straight,'
thin, rachis scaberulous an the angies; spikelets"éppreséed, sligh%ly
.léhger than the joints of the rachis, 4—5—flowered, glaucescent; rachilla

glabrous; glumes slightly unedual, linear-lanceolate, smooth acuminate,

L
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5—7—nerved; somewhat shorter than the lower floret; lemha_lipgar:lancgolate,
smooth with 5 very distinct nerves in the upper half. Awn longer thaﬁ
lemma, scaberulous; palea equal to lemma, ciliate on the keels in the

upper- part. | .
- Author: Ligule, auriele, and collar very distinet (Figure 8).
The somatic chromosome numBer ig 28 with one. pair of satellite

chromosomes (Tables IV and V, Figures 1 and 4). |

15, IAgropz;on subulatum Soland.
Auther: Plant dull green, scabrous, with wide leaves, The

upper part of the plant is more scabrous than the lower part. Spikelets

overlapping, 3-5—flow¢r§d. Glumes with membranaceous margins and 3-5 cm
long awns., Lemmas also equipped‘with 3-5 em long awns; ligule, auricle,
~and collar small (Figure 8);

The chromosome number was found to be 2n = 56 with 2 pairs of

satellite chromosomes (Tables IV and V, Figure 3).

16, Agrogx;on trichophorum (Link.) Richt.
Pubescent wheatgrass, gtiffhair wheatgrass, Ree wheatgraés.'
,Nevskiz- Sod-forming, éross—pollinated perennial species with
rhizbmes. Originally from Eurasia. |
Culms glabrous; blades flat, sheaths of the lower leaves hirsute;
rachis more or less hirsute; spikelets densely Eirsute, awnless, 4-7-. .-
flowered; glumes several-nerved, acutish, hirsuté; lemma hirsute with

long whité hairs on the upper surface and margins; palea slightly shorter

than the lemma, long-ciliate on the keels.
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A1
Author: Ligule, auriecle, and collar distinct (Figure 8).
Relatively ﬁigh frequencies of laggards were found at anaphase
I. Bridges and fragments were élsoAreported (Myers 1947). .
The sematic chromosome number;is 42 with two péirs of satellite

chromosomes (Tables IV and V, Figure 2).

Agrepyron junceiforme
bue to the fact that Agropyron junceiforme never headed,despite
receiving the same cultural treatment as the rest of the spécies so far
described, the compléte morphological examination of this species was not
accomﬁlished. @he cause‘éf this phenomenon is not known to the author.
However, cytologicai examinations were completed for this species, and
the somatic ehrﬁﬁosomé number was found to be 28 with one pair of satel-

'

lite chromosomes (Tables IV and V, Figure 1).’
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Table II. Chromosome numbers (2n) of Agropyron species.
Species Author's obs. Reported  Source
A. acutum 42 99 Simonet 1934
A. agropyroides 42
A. arizonicus 28
A. brachyphyllum 42
A. caespitosum 42 14 Stebbins & Pun 1953
70 Peto 1936
A. caninum 28 28 Peto 1930, Avdulov 1931,
Simonet 1935a, Hartung 1946,
Stebbins & Snyder 1956
A. ciliatiforme 28
A. cristatum 14 14 Peto 1930, Hartung 1946
42 Araratian 1938
A. dasystachyum 28 28 Peto 1930, Senn et al 1947
A. desertorum 28 28 Sarkar 1956
A. elongatiforme 58 28 Veruschkine 1936
A. elongatum 14 14 Simonet 1935
L2
56 Hanson & Carnahan 1956
70 Hanson & Carnahan 1956
72 Matsumura & Sakamoto 1955
A. inerme 14 14 Hartung 1946
28 Hanson & Carnahan 1956
A. intermedium 42 28 Khiznyak 1936a
42 Peto 1930, Simonet 1935a
Khiznyak 1936a, Araratian
1938, Hartung 1946
43 Hartung 1946
A. junceiforme 28 28 Ostergren 1940
A. kosanini 56
A. latiglume 28 28 Senn et al 1949
A. lolioides 58
A. orientale 28 28 Avdulov 1931
A. panormitanum 28
A. popovi 42
A. pseudorepens 28
A. riparium 42 28 Hartung 1946
42 Tateoka 1956
A. semicostatum 42 28 Nielsen & Humphrey 1937
42 Nakajima 1936
A. spicatum 28 14 Hartung 1946, Senn et al
1947, Stebbins & Singh 1950
28 Hartung 1946, Senn et al
1947
A. squarrosum 42
A. strigosum 28
A. subsecundum 28 28 Peto 1930, White 1940
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Table III, Lengths of chromosome arms ( excluding the satellite chromosomes ) of the
species in the sections Roegneria, Eremopyrum and Eu-Agropyron,
( One unit = 0.72,..)
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Table IV, Lengths of chromosome arms (excluding the satellite chromosomes ) of the
species in the section Elytrigia. ( One unit = 0'7%f”')
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Table V.

( One unit = 0'73‘”')

Satellite
Short arm
Long arm

Name

Section Roegneria

15> 15 15 15 13 | 1

caninum

latiglume
panormitanum

pseudorepens
semicostatum
subsecundum

trachycaulum

Section Eremopyrum

A.

Section Eu-Agropyron

A.
A.
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orientale

agropyroides

brachyphyllum
ciliatiforme

kosanini

ection Elytrigia

acutum
arizonicus

caespitosum
dasystachyum
elongatiforme
elongatum (2n=14)
elongatum (2n=42)
inerme
intermedium
lolioides

popovi

riparium
spicatum
strigosum
subulatum
trichophorum
Junceiforme
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Satellite chromosomes of 29 Agropyron species.
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