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INTROLUCTION

Listishlis striots as indicated Ly the avallable litersture is
rathar unpalatable, tut has the ability to grow vigorously on wet,
saline, or alkali seils whers more palatable spaciss will not survive.
DB. 2tricta can be eradicated gquickly where drainage and oultivation
can e practiced, but there are thousanda of escres in the United
States, Canada, Mexico, and Argentina where cultivation or drainsge
are Ampractical or impossible.

On such prohlem solls, where ths aajority of the vegetation
consists lergely of [. gtricta, a great deal of benefit would be
derived from any isprovement in the forage quality of thies species,

In such 2 breeding program it is first necessary to make a care-
fal study of material available and obtain the most desirable strains
by selection. This study will be devoted to testing a mumber of
selections to estimate the vardability within this species as & pre-
liminary step in attespting to breed a strain of D. gtricts with
better forage quality.



REVIEW OF LITERATURE

Jaxzencwmy of DRiptichliis stricia

Pistichlis spicata. originslly named Uniola spicats by Linnaeus
(Tidestrom 1925), was later divided into 2 speciss, D. sploata (L)

Greene and D. gtricta (Yorr.) Rybd.; the sesshore saltgrass which is

found on both cocasts of the United States being known as D. ypicats

and the inland saltgrass as . gtricta. Destle (1943) maintains that

the difference betwesen D. strista and D. spleats are not sufficiently

constant to treat the entities as more than geographic varieties.
Hitchoook (1935) desoribed D. sirigta. . sentata. D. lexana, amd

B. spigata. Hitchoook (1950) recognised that D. dentats was merely

the pistillate plant of L. gtricts and combined these 2 species as

L. stricts.

D. striats and D. spicats are mmch the same in general appearance.
Fassett (1925) has separated them by the following characteristies:

2. micats

Congaot panicles
10 to 20 spikelets
Female spikelets slightly

firmer than tho staminats
Spikelets & to 9, rarely 12

flowered
lammas 4.5 to 7.8 mm. long
(except in a few plants)
Orain 2 sm, long, nerrowsd
balow the 2 beak~like
styles

isaves amooth-edged and
blunt or oblicque at the

tip

B. #ricta

More open paniclea

16 to 24 spikelets

Female spikelets firm amd
coriascecus, the staminate

papary
Spikelets & to 18 flowered

lewmas 3.2 to 5 mm. in
length

Orain 2.5 to 5 mx. long,
narrowsd to an attsntuate
style which is sometimes
split, but hardly into 2
distinet styles

lseves sharp-pointed and
serrate at the tip



D. stxiots is found in 211 the states west of the iMiassissippi
except Arkansgs and Louipiana, It ie found also in Mexico and Western
Canada (Hitoheock 1950). D. stricta is possibly native to parte of
Scuth Americs since Beetle (1943), who feels that D. gtricts is a
subspecies of D, apicets. mentions that several gecgraphical varieties
of D. spicata are found in South Americe.

Throvghout much of the area inhabited by D. stricta the climate
is conducive to salt secumalations and te periods of drought. To
quote from Agrioulture Handbook No. 60 (1956}, D. gtricke is found:

s + « On selt flats and wet meadows. COcours on zoils of

various textures, but it is most commonly found on loexy

scils. The meisture-holding capacity is usvally high

(SP 45 to 90}, and the polls are moist or wet throughout

much of the year with a high water table. 7The aglt content

of the &-foot profile is ususlly high (0.8 to 2,0 percent),

with the highest content in the first foot. However, good

stands may ooour on soils containing very small amounts of

salt {0.05 percent}, Ixchsngeable sodium may or may not be

present. Indications: Usually indicates wet, strongly

ealine soils with high water tables, tut the plant mey ocour

in arere low In salivity. Drainege and lesching are

essentisl. {(p. 57)

If this land oould be drained arnd cultivated [. atricts could de
sradicated in one season (Jenkins and Jackman 1941}.

Hitchcock (1921) commented on the poor quality forage provided by
B. spicats in the Selt Lake Valley, but ssid that it was grazed vhen
better grasses wers not available. Vasey (1887) in his study of
native grasses found some who considered it of value and others who
said it had no value, Vasey (1887) ststed that it could not be con-
sidered a first class grass, but on the alkali plains of the Rocky
¥ountains it affords an inferior pasture.

Hitohcook (1914) stated that in regions where it was sbundant,
saltgrass was utiliszed for forage, but due to an exceas of mineral

constituents it is of inferior gquality. Jenkins and Jaockman (1941}



found that D. giriota was useful since it furnishes pasture whare
otherwise only worthless anmal weeds would grow,

The leaves of D. stricta are rather harsh and coarss, tut acoord-
ing to a study conduoted at the Wyoming Experimsnt Station, of whieh
the results were publiasbed in 1908, D. 2iricts has about the same
amount of ash as cdoes Dactylis glomarsta. The conditions under which
the plants wers grown is unknowm. Tahle ] shows the comparisoms be-
tween 5. glomerata. Bromus Auermis. snd D. siriots s to composition
acoording to studies smade by Knight, Hepner, and Nelson (1908).

Table 1. Chemical composition of 3 grasses

D ecerrtiem. i ———
L bl

R | B 2. B B. 2.
strists inermis glowsrata sirieta insrals
Water 52.75  S2.5%  61.90 4720 5.4 5.09
Ash 5.20 2,95 4 1048  5.87 1004
Ither Extraot 86 129 1.3 1.73 2.6 3.8
Crude Piber  12.99 14.00 10.38 26,20  27.90  25.85
Crude Protein  6.26 & 49 5.37 12.62 8.95 13.038
N-froe Extract 21.9% 26,73 16.96 bh 76 9.28 82.26

p————— e e e

0% in mlants

Two viewpoints on sex in plants sre disoussed by Marrsy {(1940)
and by Jensen (1540). Marray {(1940) uses the X ¥ chromoscass to
aocount for mals and female plants, while Jensen (1940) opposes the
theory that there are sex chromosomss in plants.
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The work of Murray (1940) and Warmke and Blakeslee (1939) on the
dicecious tetraploids in ionids and Melandrium may indicate the type
of sex determination imvolved in D. stricte which is also a dioceslous
tetraploid,

As indicated by Jensen (1940} and Murrzy (1940) ths ratioc of
males to females in dicesious diploid plants would be l:1. A lil
ratio would also be expected in a dioscious tetraploid if the male
were the hetercgamic sex with XXXY sex chromosomss and the female with
iXX. This was found to be the case in the stwdiea of Murray (1940)
and Warske and Hlakeslee (193%). 35innott, Dann, and Dobshansky (1950)
peint cut that the ¥ chromosome in Melandriuw is active in producing
meleness thus doing away with sterile intersexes which might otherwise
ocour in polyploidde. They also state that in the process of evolution
those plants which have only recently become bisexual carry much the
sane gerw 100l and they differ only in a single or in a few genes that
act as sex differentiators. The difference between s male ard a female
plant, vhere the X and the ¥ chromoecowms are nearly identioal, may be
so alight that snvironmental effects can osuse a male plant to produce
fersle flowvers and vice versa,

Baohloe dagtyloides ia also a dioscious polyploid which has normal
progeny although sbout 5.8 psrecent of the plants stucdied hy Anderson
and Aldous (1936) wsre monoveaicus. Since D. girista is a dioecious
polyploid, the production of monoecious plants 18 a possibllity.
Ssrmination

A review of svailable literature fails to disocloas any mention of
the ability of L. strigta to reproduce by seed. If a plant is to re-
produce ssxmally it mast have seeds which will germinate and produce
healthy seedlings. In order for a sesd to germinate at least 3
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sxtermal conditions are required. These are water, suitable tempera-
ture and oxygen. Light may a2lso be essentisl or it may influence ths
germination of seeds of some species (Meysr and Anderson 1952). As
indicatsd by U, 5. [. A, Handbook No. 30 (1952) the optimum temperaturs
for grasses is en alternating tesperaturs of 20 - 30° C., being held
at 20% G, for 16 hours and at 30° . for 8 hours.

Seeds may fail to germinate Af their seed vosts are imperamsabls
tc water or oxygen. In soms sesds the embryo fails to grow because of
the mechanicgl strength of the ssed coat even though it is pesrmsabdle
to water and oxygen. Cther reasons for failure of seeds to germinate
are: rudimsntary or imperfeotly developsd smbryos, physiologiocally
dormant embryos, and the presence of inhibitors in the plant such as
the juice in tcaatoes (Meyer and Anderson 1952). Failure of seads to
gerxinate may also bs caused by inhibitors in seme part of the seed.
S2uch inhibitors may be removed by lesaching in water or by removal of
the part of the seed containing the inhibitor (Forter 1949). Porter
(1943) slso reported that tap water sometimes contains chemioals that
ars injuricgs to germination. Calcium may make the seed ocat imper-
meable and chlorine may be injuricus to the seed.

U, 8, D. A, Handbock No. 30 (1952) outlines the procedures to be
followed in setting up anxi evaluating germination trials., In the
germination trials conducted in this study the following definition of
sesd germination was used:

Germination is defined as the emergence and development
from the seed exbryo of those essential structures which for

the kind of seed in question are indicative of the ability

t0 produce a normal plant under favorable conditions.

Garmination is expressed as the peroentage of the pure seed

of the kind under consideration which produces normal seed-
lm‘.o (P %)



Cxtelogigal study
D. gtricty hae 2n = &0 chromosomes, This rumber has been found

in root tip counts by Stebbins and Love (1941) and by Brown (1951).
Stebbins and Love (1941) state that D. strigta ie evidently a
tetraploid with a basic number n = 10, arxi that the chromcsomes in
D. siricts are among the smallest found in the Qraminess. Acoording
to Mrers (1947) species with n = 7 have large chromosomes while species
with n = 10 have smsll chromosomes. The nearest relatives to Distichlls
are the genera Unjola and Asiuropms. All 3 of these genera are widely
differsnt cytologically from the typical Festucess. which usvally have
large chromoscwes and a basio mumber n = 7, Cytologically. Distichlis
resenbles the Papicoidas and Chloridas, but appsars to form a transi-
tion along with Uniols and Aeluropys between these 2 tribes and
Festucege (Stebbins and love 1941).

L. texang which is larger and more robust than [. gtriots and
which is found in the United States only in Texas, also has 2n = 40
chromosomes (Brown 1951).

It has been found by Stebbins and lLowe (1941) that of the spescies
whioch they studied the polyploid species were more toclerant to the
adverse conditions of heat and drought than were the diploid species.
Sharp (1943) mentions that the drier and hotter regions in California
contain a distinotly higher proportion of polyploids, but states that
in general there is no correlation between polypleoidy and extreaity of
habitat.

Flovik (1938) in a study of arctic grasses found that most of
them were polyploida, A few species were fourd that had 2n = 112-114
chromosomes. Nyers (1947) states that as a general rule polyploid
species have a more northern distribution, but mentions several



axceptions. Mrers (1947) found in the grasses whish he studied that
more than two-thirds were polyploids or have one or more polyploid
races.

In their atudies of California grasses Stabbins and love (1941)
listed D. stricty #8 a tetreploid and apparently found no reason teo
balieve it toc be an arwupleld,

In discussing fertility in polyplolds Stebbins (1940) states that:

If the original plant is a fertils spediss, the

polyploid derivative will be partially sterile, cdus to the

formation of smaltivalent associations of chromoscsws and

thelr occasional irregular segregation. If, on the other

hand, the diploid plant 1z a sterile hytrid, the polyplodd

produced from it is generally fully fertile. (p 56)

In the same article Stebbins (1940) mentions seversl exceptions to the

above statement,



MATERIALS AND METHODS

Field planting o determine the vardabllity in the growih habit apd
morphology of DAstichlls stricta

D. gtricty seed samples were cbtained, as shown in table 2, from
individuals or experiment stations located in the various areas. Most
of the D. striocts seed from areas in Utah was collected Ly Dr. D. R,
FeAllister. As fzr as oould be determined all of the seed was col-
lected in the summer or fall of 1954.

Sinoe the flowering of D. stricts was to be studied and because
maximan growth cf the individual plant during the first season was
dasirable, the plants were started in the greenhouse in December 1954,
A trial germination test was conducted to obtain the approximate per-
cent of germination. J. girigts seeds were placed in petri dishes
containing 2 blotters with 8 ce of water and placed in & gersinator
with an alternating temperature of 20° C. snd 30° C. with light. The
higher temperature was mainteined for 8 hours. One hndrad sseds wvere
placed in sach petri dish tut under these conditions they failed to
gorminate.

Subsequernit examination of the ssed indicated that the sesd cost
was extremely thick. Sandpaper scarification was found to be a sat-
isfactory method for indwcing germination.

In an attespt to raise 30 plants of each selection 100 seeds of
each type were scarified and germinated under the previously noted
conditions. Seeds began germinuting on the third day and wers trans-
ferred to wooden flats in the greenhouse on the fourth day. The soil
into which the seedlings were placed mc!.vq:l additional phosphorus



10

Table 2. Scurces of Distichlis stricts seed

s ML S k.

S;hfu‘m Source of Seed Date Hevelved
1 Davis, Yolo County, California 20 Oet. 1954
2 Northern Great Plains Field Station,

Mancan, Morton County, MNorth Lakota 18 Aug. 1954

3 8alina, Sevier County, Utah 18 Aug. 1954

L Goshen, Utah County, Utah 18 Aug. 1954

5 St. George, Washington County, Utsh 16 Aug. 1954

6 Hyde Park, Cache County, Utah 20 Sept. 1954

7 Delta, Millard County, Utah 18 Aug. 1954

8 Spanish Fork, Utah County, Utah 18 Aiug. 1954

9 Wellington, Carbon County, Utah 29 July 1954

10 Centerfield, Sanpets County, Utah 18 Avg. 1954
11 Ogden Bay Bird Refuge. Weber County, Utah 18 Nov. 1954
12 Ogden, Weber County, Utah 16 Nov, 1954
13 Perry, Box Flder County, Utah 8 Aug, 1954
1b Farmington, Davis County, Utah 11 Aug. 1954
15 Kanab, Xane County, Utah 3 Nov. 1954
16 logan, Cache County, Utah 5 Nov. 1954
17 Brighsn City, Box Elder County, Utah 2 Oct. 1954
18 Sparks, Washoe County, Kevada 28 Oct, 1954
19 Hazen, Churchill County, Hevada 3 lov, 1954
20 Soap Lake, OGrant Gounty, Washington 30 Oct, 1954
21 lsoncre Lake, Orant County, Washington 30 Oet. 1954
22 Suisun, Soland County, California 19 Oct, 1954
23 Manti, Sanpste County, Utah 15 Oct, 1954
7 Hazen, Churchill County, Neveda 3 Nov, 1954
25 Salt [ake City, Salt Lake County, Utah 11 Nov. 1954

Manti, Sanpete County, Utah 15 Qot. 1954

S P oo iyisimgfim—— NP iy
e w— — S — -




snd nitrogen fartiliser. A large percent of thess plants died but
were replaced with new seedlings. The seed sample of selsction 2 was
20 amall that replacement was impossible and consequently this seleo-
tion died cut completaly.

Seedling plants grew rapidly until they had produoced 3 or 4 leaves
and were about 1 inch high. The plants then ceased to grow visibly
and remained relatively inaative for & to 8 wesks. During this period
a ruxber of planta died and were not replaced due to the difference in
age which would have resulted. After 6 to 8 weeks of inactivity the
plants began to grow vigorously. The first 1 or 2 shootes produced were
very long, lax, and geniculate. 3Shoots which came later were struighter
and coarser.

In April 1955 the individual plants were transferred from the
flats to 6 inch olay potes. This was done to prevent intermingling of
Plants due to rapid rhisome growth after the plant dbecams well estab~
lished, Rhisome growth was noted as the plants were tranaferred to
the olay pots but the variation between plants within a selection pre-
vented the determination of differsnces between selsctions. The dif.
ferenoes noted within selegtions were prohabdbly dus to diffarences in
time of establishment, competition with other plants, and other envi.
ronmental effects. In selections 10, 14, 15, and 26 very few plants
survived, but of those whinoh survived several were large and vigorous,
In order thaet more plants wounld be svailable for study in the field
these more vigorous plantes were divided and transplanted to individual
pots. Flants were olipped to a uniform height April 26, 19%5.

The D. gtricts plants were transplanted May 13 and 14, 1955 on
the Evans Farm (U. 5. A. C. Experimental Farm) about 4§ miles south
of the U. S. A, C, Campus. The weather was cool, c¢loudy, amd & light
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rain fell after tue transplanting was completed. Under these favor-
ahle corditions very few plants disd. FPlants were spaced ) feet apart
in 3 foot rows.

The first irrigation was on the 20th and 21lst of June 1955. Sub-
sequent irrigations were provided as required to promots maximam growth.

Cbservations on oolor, height, and the diamster of the p. siricts
plants were made on July 5, 1955. The diametsr of the plant was deter-
mined by taking a msasurement of the width of the plant through the
center from ons side to the other and then measuring again on a line
perpendicular to the first line of measurement. The total of the 2
moasurements was determined and divided Ly 2 which gave an spproximate
maasure of the diameter of the plant.

Cbservations vere also made July 18th, August 12th, and October
4th, For thess dates measursments were taken of the height, diameter,
and the maxirux length of rhisome developsent per plant. The rhizomes
were measured from the center of the plant to the last shoot protruding
above ground &t the extress end of the rhizome. Measuremsnts wers a4
few inches short since the rhisomes would have grown past the point of
the last visible shoot.

Observations on blade width, blade length, stolon production,
flover produotion, number of leaves per culm, angle of blade with culm,
blades par culm, and florets per spikelst were made from October 6, to
Ootober 9, 1955. Pubescence and sise of ligule wsre also noted but
thess 2 characteristics were unifora throughout all the strains. The
blade length, blade width, and the angle betwesn the upper surface of
the blade and the culm were extremely uniform within each selection.
Measurement of blade widih and blade length were teken from leaves
toward the bottom of the culm. The lowar 3 or 4 blades were nearly
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the same a8 to the width and length.

Stolon production and flower production wers rated by selections
with a rating from 1 to 4. Prolific producers of flowers and stolons
were given a 4 rating and those producing few or no flowers or stolons
wers given a 1 rating. Selsoiions intermediate with respesot to these
characteristics were rated 2 or 3.

Date of flowering of each plant and the sex of thoss plants whioch
produced flowers were also noted.

Ha)e-fopale ritio

Since D. giricta is a dioscicus plant, one of the objestives of
this study was to detarmine the retio ¢f male plants tc female plants.

In the greenhouse plants were kept separate within each seleotion
as well as between selections. Separation was necessary since rhizomes
eould have produced new shoots which might have been aistaken for dis-
tincet and separate plants. As mentioned previsusly the plants were
taken out of the flats and placed in individual pots before the rhi-
somes developsd sufficiently to produce new shoots,

A total of 471 plants were studied and the sex of each plant was
noted as soon as {lowars were produced. Four selegtions could not be
considered for determinstion of the male-femsle ratic sinces they vere
inqreased bty cuttings from vigorous plants within that selection. ALl
omttings from an individual plant would probably be of ths sams sex,
Sermination

Beginning on September 12, 1955 germination trials were started
to detsrmine why the D. stricia seeds failed to germinate without
special treatmant and also to determine the best mesthod to uwse to in-
duce better germination.
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On September 26, 1955 a germination test was sterted to determine
any differences in the sbility of seed from the verious selections to
gorminate, A completsly rendomized block design was set wp with 5 rep-
lications. Twe germinators were used and :ince 3 ccoling systoex was
not evailable at this time the germinsgtors were held at 252 (., the
lowest constant temperaturs which eould be maintained. However, 25° C.
is considered optimum for some speqies and seemed to be sntirely sat-
isfaotory. Due to lack of seed, selections i, 2, 6, 15, 16, 24, and 25
were not used. All seed was soarified with 2/0-100 spead-wet Qarnet
paper, Common surdpaper wore out too quickly to be of value. The sesd
was scarified as uniformly as possible, treated with Arasan, and 100
sesds per seleotion were placed in each petri dish in sach replication,
Two blotters and 10 oo of distilled watar wers used in sach petri dish.
Sxiologies) study

Spikelets from individual male plants were colleoted from July 18,
1955 through September J, 1955. Spikelets were placed in Hewooner's
fixative immediately after thay were taken from the plant (Newoomer
1953). Small vials were used and each labeled with the plant selection
and the rumber of the plant within that selection row.

Spikalets were collected vhile very younz s0 an to obtain anthers
in which meiosis would be ocourring, When available several spikelets
were taken from each plant. Seven out of 24 spikelet collections were
too mature for stwdy, or male flowers were not prodvoed. The anthers
wers used in studying the mmber and meiotic behavior of the chromo-
somes in sach selsction. Temporary slides were prepared of the con-
tents of an anther sac, using aoesto-carmine. Slides which proved to
be sxceptionally clesr and in the proper stage of meiotic division
vere made permanent by the alcohol wapor technique.



RESULTS
Tardadildiy of D. striots selegtions

As shown by tables 3, &, 5, and 6, there were rather large var-
jations among the diffsrent sslections. Selsctions 6 and 16 had 2
distinctly differsnt types of plante within the row, othorwise the
plants within ssch sslection were uniform in appearance. 7The width
and length of blades were fairly uniform within selsctions, but the
mmber of leaves per culm, and florets per spikelet varisd considerably
within and ameng seleoticns. In all selections the male spikelets had
ssveral mcre florets than did the female spikelets.

All plants were pubescent on the upper surface of the blade near
the Lase and wers particularly pubescent on the upper surface at the
Junction of the blade and sheath, The sheath arxi lower side of the
blede were smooth. Lsaves were conspicucusly distichous, The ligule
was serrated and of rearly equal sise in all selectiona. Rhisooes
were large and coarse.

The color of plants varied from a light green to a dark or bluish
green. Stelon production varied from none to 5 or 6 stolens whieh
were up to three feet in length (figure 1). The angle which the blade
nade with the culm was one of the wost imwariable characteristics
within a selection and hed a great deal to do with the general appear-
ance of being tall (figure 2) and srect while those with larger angles
appeared to be more prostrate and spreading (figure 3).

Flants of D. giricta flowered at spproximately the same dates
(table 4), However, striking differences in flower production ocourred,
with selections 9, 24, and 25 producing rumerons flowers while selsction



Table 3.

D- atricta selsctions
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Blade dats, color, and stolon production rating of

p—

i biriirn

——

Rating*
Selection Hlade Hade Angle of Hlade Color for Stolon
Mumber Width Length with Culm Production
Inches Inches Dugrees
1l 6/32 4,00 29 Dark green 1.5
3 3/32 b,50 39 Blue green 2.5
5 hi32 3.25 38 Light green 3.0
6 5/32 5.75 15 Dark green 1.0
éa 3/32 3.50 38 Hvue gresn 2,0
7 3/32 3.75 35 Hlue green 1.0
8 6/32 5.00 24 Dark green 2.0
9 5/32 3.50 38 Blue green 1.0
10 5/32 5.50 9 Dark green 3.5
11 4f32 3.7% 34 Hiuve green 1.0
12 /32 4,75 3?7 Dark green 2.0
13 3/32 5,00 L3 Hive green 3.0
14 3/32 4,00 a5 Gresn 3.0
15 3/32 4,50 23 Hlue green 2.0
16 &/32 b.50 37 Elue green 1.0
17 4/32 4,50 9 Hlue green 1.5
18 s/32 b.00 42 Hiue green 1.0
18a 3/32 4,00 26 Hlue green 2.5
19 4f32 b,50 52 Light green 2.0
20 5/32 6.50 ug light gresn 2,0
2 $/32 7.00 52 light green 2.5
22 5/32 4,00 38 Light green 2.0
23 /32 4,50 32 Hlue green 1.0
24 4/32 6.50 5k Green 2.5
25 /32 6.00 az Gresn 3.0
26 3/32 .75 26 Blue green 1.5

v

[ e ———— e

——

——

—

e e,

i

e

——
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® A rating of & indicates hesvy production of stolons, a rating of 1

indicates few or no stolone.



Table 4, Flowering data for D. stricts selectioms
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Kumber of Rating®
Selection Date of Numbeyr
Flants per For Flower
Fusber  gelection Flowering Flowering  produstion
1 18 Aug. léth-Sept. 3rd 2 1
3 24 Aug, 2nd-Aug. 25th 9 1.5
5 29 July 18th~-Sept. 3rd 13 1
6 6 August 25th 1 1 and 2%*
7 6 August 13th 6 3
8 6 Aung. lbth-iug. 25th 5 2.5
9 2 August 2nd 2 [t
11 ? ‘ﬂ‘c M-‘u‘- 25th 6 J
12 1 August 1bth 1 3
13 26 hug. Ind-Aug. 25th 25 3
14 22 July 18th-Aug. 25th 2 3
16 & None 0 1
17 29 Ang. Znd-Aug. 25th 22 1
18 28 July 16th-Aug. 25th 24 1 and 2%
19 30 July 18th-iug. 25th 21 1.5
20 a0 Aug. 2nd-Ang. 25th 13 b |
Fal 20 July 18th-Aug. 25tk 1 2
a2 30 Aug. Zrd-Aug. 25th 22 1l
23 22 Aug. léth-dug. 25¢th 11 2
25 29 July 18th-Aug. 25th 26 &
23 a5 July 18th-Aug. 25th 23 &
26 20 Aug. 2nd-Aug. 25th 1 2

* A rating of b indicates heavy production of panicles, a rating
of 1 indicates few or no panicles.

** Two distinet types within the seisction
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Table 5. Averages par selection for dismeter, height, and maximum
length of rhizomes of D. pirigty plants om July 5, and 18,
1955

by i
A

Selection July S5, 1988 —_— Sy 18, 1933
Rumber Maxismm

Diameter Height Dismeter Height Rnjsome lengih
Inches Inches Inches Inches Inches
) | 1.53 3.36 2.% b,88 2.80
3 2.0 4,42 3.0 5.8% 3.48
4 2,85 & 46 b,39 6.38 5.32
5 3.10 4,58 4,13 8.67 5.17
6 2.42 5.00 2.58 6.6% 2.7%
7 2.58 5.17 4.83 6.58 5.83
8 2.7% 4,8) 4,67 6.58 6.00
9 3.25 5.50 5.7% 6.50 6.75
10 2.50 5.60 2,90 9.10 4,10
11 3.4 4,14 3.07 6.00 3.50
12 5.00 5,00 3.50 5,50 4,50
13 5.21 4,73 9.06 .19 10.05%
14 2,64 5.00 5.16 6.64 5.2%
15 1.88 4,50 2.25 5.50 2.5
16 2.38 4,00 3.12 .50 2,88
17 3.59 5.93 5.98 7.66 7.22
18 &1 4,32 6.70 5.64 6.93
19 L, 72 7.3 11. 9.37 13.38
20 4.13 6.8 ?7.68 8.48 10.17
2 2.75 4,60 b 42 6.55% 5.15%
22 4,88 6.53 8.50 7.50 10.95
23 2.50 &.48 3.16 5.73 3.73
2% 4,00 6.26 6,03 9.09 6.81
25 5.3 6,12 9.28 8.42 10.16
26 2,58 H.15% 3.58 5.50 3.60
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Table 6. Averages psr selsction for diameter, height, and maximm
length of rhisomes of D. stricts plants on August 12, and
Ootober 4, 1955

v v—— . — ormv— -
= e - e ——

I

wv—
e

August 12, 1955 October 4, 1955
Selection Maximam

Number Diameter Height Rhisome Dismeter Height Rhisoms
length Langth
Inches Inahes Inchas Inches Inches Inches

1 6.55 6.09 5.77 16.8% 7.61 16.61
3 7.00 3.7% 7.17 18.00 lo.21 16.04
b 11.28 11.23 11.85% 27.32 12,41 23.03
5 9.70 9.232 10.74 22,98 9.58 20.20
é6 7.50 11.25 7.83 21.83 11.58 18.00
7 11.00 l0.92 12.67 27.67 11.92 21.16
8 12.00 11 .92 11.33 21.67 12,08 19.50
9 11.60 12.50 13.50 23.00 13.50 27.00
10 8.40 10.0% 8.40 16,00 11.20 14.60
1 8.42 10.21 B.28 15.14 10.57 16.57
12 15.00 13.00 23.00 24,00 12,50 21.00
13 21.08 11.19 21.08 40.35 12.29 33.35
14 10.82 11.57 12.91 2h,68 11.77 22.36
15 7.75 8.38 &.50 10.50 2.2% 10.75
16 6.00 8.38 5.50 9.25 10.62 11.25
1?7 15.59 12.%% 1.5 32.65% 14,24 26.21
18 18.36 P57 17.82 32,25 11,00 26.04
19 25.80 11.82 26.80 44,50 12.78 41 .97
20 22.23 11.38 26.73 43,90 11.43 k3,33
2 13.60 %.95 13.40 7.75 11,02 33.55
22 19.97 ?.58 2).07 38.60 10.95 36.27
23 9.02 2.91 9.04 21,82 11.52 19.36
2h 14,90 13.81 14.69 30,04 %8 25,66
25 21 .21 14,55 9.98 37.28 14,46 30.12
26 8.78 9.75 9.98 20,40 12,22 18.52

emnar—
i

i

il




20

Figure 1. D. gtricta plant with several stolons. Stolons in general
were relatively long but produced little vegetation and
were not important in the spreading of the plant.






\ The relatively

plant with an angle of about 520,
gave this selection the appesrance of being

and having a prostrate growth habit.
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16 failed to produce flowers.

Selections 1 and 5 were the shortest, being less than 10 inches
bigh., Selections 17, 2k, and 25 were the tallest, having an averags
height greater than 14 inches. All others were intermediate in height.

Seleotions 1, 3, 10, 11, 15, and 15 had an sverage diamster of
less than 20 inohes and showed the least amount of spreading (figure &).
Selections 13, 19, 20, 21, 22, and 25 had the most extensive apread,
with diansters greater than 3?7 inches (figure 5). Pigures 6 end 7
show selections 13 and 22 as they sppeared early in the growing sesson.
Langth of rhiscmss as wonld be sxpected was closely correlated with the
diamster of the plant.

Nale-female ratlp

Figures in table 7 indicats that for the limitad number of plants
stodied a 11l male-female ratio was cbtained. Tsble 7 lists the rnumber
of male, female, and monoecious plants. The calculated mele to femsle
ratio 480 1 to 1 or 132.5 to 132.5 for the 265 plants studied, Actually
the male to female mt'uu 137 males to 128 females which gives a
1% of .306 and a F value of 50-50 pereent. This indiocstes a very
close Fit and the 1:1 retio may be assumed correct.

Two and tm-tmthsp-rﬁnt of the plants sxamined for the male-
female ratic were ronecicus.

Qeraination

Preliminary trials were conducted to deteraine which seed treat.
ments would induce germination. It wes Tound that any method which
wore down or broke the sesd coat without injuring the embrye irnkiuced
germination. Trestmsnt with sulfuriec scid, freesing amd thawing, amd
sandpeper scarification were all effective in breaking the seed coat.

The best germination was obtained following sandpaper scarification.



Figure 4. Spreading of selection 1. This picture taken October 12,
1955 shows the relatively small amount of spreading in
selection 1.
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Figore 5. Spreading of selection 19. Extensive spreading of
selection 19 is shown by a picture taken on October 12,
1955.
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Figure 7. D. stricta plant from selection 22 near the beginning of
the growing season
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Plante

Female Monoeaious

PFlants

Plants

Male=feamale ratio of ]. strigta plants
Male

Salection

Table 7.

X & M2 20 2O un nn ém n-.)_

© o
a2 m‘w Ot N N~ mn u o2 m

“e e e~ ®a gy QN 22 /4 AR

128

050 - 060

16
15

137

Asouming male-female ratio equal 1:l1

X = ,306

P =

Total
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Use of KOy along with sandpaper scarification appsared to pro-
duce more vigorous planta than did distilled water an! sandpaper
scarification.

All other treatasnts, as shown in table 8, failed to improve
gormination.

Germination tssts were conxinoted to deteramine whether or not
there were differences in the ability of seed from the various selec~
tions to germinate. The percent germination for the majority of
selsctions was betwesn A0 and 60 pernent. Selection number 12, with
an average of 68.6 peroent germination, was significantly higher than
the average for all the selections, while the germination of selsction
momber 10 wvas significantly lower (table 9).

Lrielexical mtudy

Approximataly 500 pollsn grains for each of 17 salections vere
examined. Selectien 26 having 5.66 percent sterile pollen and selec-
tion 23 with .79 percent aterile pollen were the extremss. The
average for the sslections studied was 2.75 percsnt sterils pollen
(tadle 10).

In the aytological investigation, several plates from each of the
selections were examined. Beocanse of excessive clumping of chromoscmes
at mstaphase and anaphase tha best stage of meiosis in which to study
the chromoscmes was found to be late diakinesis. In the majority of
the plates studied 40 chromosomes were observed. However, in many of
the plates 40 mimus 1 or 2 ochromosomes were notad, but the deviation
from normal 2n = 40 chromosomes did not appear to bs greater than
minus 2 chromogsomes. The majority of chromosomss were associated as
ring bivalents although rod bivalents were also observed.
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Table 8. Prelisinary germination trials to ascertain type of dormancy
of D. ptricts seeds and method of trestment for lmproving
germination. Petri dishez were used and seeds were treated
with Arasan uniess otherwise noted.

Chrn‘.lmt:lm Seeds Infested

Treatment p : ith Funss Remarks
Sunlfuriec acid, 5 mimtes 14 4] No Arasan
Sulfurie acid, 10 mirutes as 2 No Arasan
Sulfuric acid, 15 mimmtes 30 2 Ko Arasan
Sulfuric acid, 20 minutes 13 2 No Arasan
Sandpaper scarification 72 1}
Potaessiuvm nitrate, .25 sol. 3 0
Sodium hydroxide, § mimutes 0 4]
Sedium hydroxide, 10 mimites 0 0
Hot water, 65° C, 5 mimtes 0 0
Hot water, 65° C. 5 howrs 0 0
r soarification 70 5 No Arusan
Beald st -52 C. for 1 week 23 0
3 aper soarification and Produced most
5/8* soil %8 ¢ vigorous plants
Soaked in water 24 heurs 3 0
Held at 0° C. for 24 hours 0 0
Sandpeper scarification, Plaoced in soil
about 30° ¢C. 4% ¢ in greenhouse
Sandpaper scarification,
covered 36 1
r scarification,
5/8% sand 1?7 0
Without hulls 2 0
With mlls 1 4]
Sarxipaper scarification,
soaked 24 hours h6 0
Scaked 24 hours in 35,000
Phm NaCl 0 0
Sandpaper scarification, with Vory vigorous
XNO3 0.2% sol, 63 0 plants
0

Held at 0° C. for ) week 14

Hotters moistensd with a

10,000 ppm MaCl sclution 0 0 Ko Arasan
Saxcipaper acarification,

blotters moistensd with a

10,000 ppm Nall selution = 21 24 No Arasan
Sardpaper scarification,

blottars molstenad with a

35,000 ppm NaCl solution 23 0 Ko Arasan
Control 0 0

A rgsiopy
A——— —




Table 9. Results of germination trisls conducted Septesber 29, to
Novesber 11, 1955, Seeds scarified with sandpaper. Figures
given ars in percent.

s
ma - " g

Selection Replications Average for
Nusber 1 2 3 & 5 Seiections

3 a /4 53 58 63 36.4

k b 39 41 51 b6 2.2

5 &0 38 84 67 58.8

7 26 52 ¥ 37 23 37.4

8 38 b6 56 40 b2 Wb

9 54 2) 57 43 &0 43.4

10 e 25 8 3 42 36.2
11 58 55 71 35 52 58.2
12 78 68 és 72 &0 68.6
13 5k 42 59 63 50 53.6
14 & &7 3 Sk 38 b7.6
17 hs Wl 43 3 L 43,0
18 58 56 56 51 65 57.2
18 73 42 61 36 35 L R
20 70 4o h7 &0 L4 0.2
al 43 53 s 41 L 45,0
22 52 63 43 £0 5} 4.8
23 57 46 & 29 27 41.6
26 &7 21 42 32 L 4,0
Voans 52 “‘7.3 51-3 “6-7 6.6 “8-7

¥ value for selections ks, 5*
L. 8, D. at .05 11.96

5. E. of Diffsrence 6
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Table 10. Perosnt fortile pollsn grains in 17 selections of
k. sirigts

e e bt —tdarim

Selsction Nusber Humbor of Feroent Peroent
Mamber Counted Sterile Pallen Sterile Pollen Fartils Pollen

3 508 8 1.57 98,43

& [ 721 21 4,03 95.97

5 520 20 3.88 96.15

9 511 1 2.15 97.85
12 520 20 3.8% 96.15
13 507 7 1.38 98.62
14 507 7 1.38 98.62
17 3 b 2.93 97.47
18 506 6 1.18 98.82
19 507 7 1.38 98.62
20 507 7 1.38 98.62
2 51k 1k 2.72 97.28
22 522 22 b2 95.79
23 S0 b 79 99.21
2 518 18 3.7 96.53
25 526 26 b.9% 95.06
26 530 30 5.66 94 .34

N —————— A ——

Total 8,74 241 2,75 97.25

|
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DISCUSSION
Yariability of ssisqtions

The results obtained in the field plantings indicate a substantial
amount of variability among selections of D. giricka tested.

The most striking differences were noted in such characteristics
as smount of spreading, width of hlade, angle of blade, height of
plant, stelen production, end flower production. It is not known
which charasteristics would maks D, stricta more palatable, or if
there is any difference in palatability ameng selections. The litera-
ture cited on the valus of Q. girigts 1 conflicting. This would seem
to indicate it has besn of value in some sreas and that there are selec-
tions which have more desirable forage qualities than others. This
might indicate only, that in some aress D. ptriata is the only forege
avallahle and is therefors grased rather heavily.

The angle of blads would not be expesated to make any difference
in quality, although it could be ussd as a marker in distinguishing
betwesn selections. 7The taller growing plants would be desirable
since they would probably produce s greater quantity of forage in a
salid stand,

The length of rhisomss and the amount of spreading might be very
isportant since seeds must be treated to induce rapid, uniform gerai-
nation, After the seeds germinate only very weak seedlings are pro-
duced which would probably mecessitate vegetative propagation.
Inxitvidual plants studied were started s seedlings in the spring and
by the end of the growing season soms had attained a diamster of 6
foet. The largest dismeter of any individual plant was 82 inches.
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The amownt of spreading was extremely variable among selections. It
will readily be seen that even using vegetative methods of planting
that a large area would soon be covered by such rapidly spreading
plants. If propagation by vegetative means were used it would becoms
important to use sslsotions which would spread rapidly since there were
large differences among selections in this characteristic (figure 8).

Stolon produotion would not be likely to be important since rhi-
somes produced mach wmore vegetation than did stolons of equal sise.
The stolons grew rapidly for a short tims, but in most cases roots
failed to grow from the stolons and very little vegetation was
produced.

Flower production could be of importence if ways were found to
obtain stands by planting the seed. 3ince vegetative propagation seems
nost feasidble, flower production would have little value. Width of
blade could be observed in the field, but the desirability of this
characteristic 13 questionable. From observation alons the broad
bladed, light green, moderataly spreasding selections appeared to be
most desirable for forage quality.

Results wers examined to determine if the better selsations wers
native to this area. It was found thut of the 6 selesticns which were
most vigorous, 2 were native to Utah, 2 were from areas in Washington,
1 was from Nevada, and 1 was from California. [. atriats grows under
a wide range of envirormental oonditions and it seems that each selec-
tion has the sbility to do well in other than its native area.

Sex xetie An B. sirighs

Speocial care wss taken to determine differences betwesn male ard

femsle plants before flowering. Thors were no differences found and

the sex of plants could not be determined until the panicles wers



Variability of spreading among several selections of D. strigta

Figure 8.
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produced. The male panicles grew above the uppermost leoaves (figure
9) while the female panicles were shorter snd scmetimss nearly hidden
by the leaves (figure 10)., The female panicles terxed to be more com-
paoct than the msle panicles (figure 11). The majority of plants could
essily be separated as to sex by the height of the panicles, When
there was any doubdt as to the sex of a plant in flower the female could
be distinguished by the purple style which protruded noticeably from
the florets. In the male the anthers could be seen on the more mature
spikelets. As a general rule the male plants within a strain flowersd
before the females.

Of the 451 plents which were studied in the field plantings only
305 produced flowers. Since male plants could not be distinguished
from female plants only those plants which flowersd could be included
in the study of the ratio of male to female plants. Also becauss 4
selesotions weres increased by vegetative cuttinge they had to be elim-
inated from the study of the sex ratic. The results obtained from the
265 plants studied indicated that male and female plants would be
theoretically produoed in equal nuabers.

Sincs D. stricts 1s a tetraploid and assuming that Marray (1940)
was gorrect in his study of the X Y chromosomes in plants, then the
female would have XXX and the male XXXY. Creossing these Z genotypes
would give, theoretically, equal mumbers of both sex, If ths mals
plant were XIYY then the ratio would be expscted to be 3 male plants
to 1 female plant. If D. strigts is an allotetraploid it might have
an X and a Y chromoscis from each genome and would be the came as
sbove, However, it is possible that only 1 genoms has X and ¥ chromo-
somes which would result in the male being XY and the female XX. This
would theoretiecally give only a 111 ratie.



Male plants had very prominent and rather

showy panicles which protruded above the leaves.

Male plant.

Figure 9.



Figure 10, Female plant. Female plants had denser more compact
panicles which were shorter than the uppermost Llades.



Figure 11.

Female and male panicles. Female panicles are denser and
more compact than the male panicles. Hlades grow above

the female panicles while the male panicles rise above the
leaves.
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Selection 14 was increased by vegstative cuttings. Since there
vere 9 plants added by cuttings from other plants it would be sxpected
that thess plants would be of the same %ex as thosze from whioh the
cuttings were made. 7Twslve or 1) of the plants would be sxpected %o
segregats intoc one-half wmales and one-hslf females, Actually all 21
of the plants which flowered were males, This could be simply a coin-
cident, bat it is possible that since D. girigta ¢rows primarily veg-
otatively that parsntal types of this astrain were XXXX and XIXYY which,
scoording to Marrsy (1940), would produee 12 males to 1 female.

Of the plants studisd for the sex ratio, 2.26 percent were found
to be monoscions (figure 12). According te Sinmott, Dunn, and
Dobshensky (1950) this would be expseted in species which have only
recently become biseasal. Apparently the X and Y chramoscmes in
B¢ 2irigta are still nearly identical with differences which normally
produce a male o & femals plant. This oondition, hovever, probably
can be altered by the enviroment to produce a moncecious plant. It
i3 also possible that since sex mxy be determined by a 1 gene differ-
once that somatic mutations cocur which cause a plant to bear both
xale and female flowers. In the monveoious plants observed in thie
study the majority of panicles were of one sex, with the other sex
being repressnied by only 1 or 2 panicles.

Qerminatdcn

In prelinminary trials it was found that in ordsr for the seed to
gerninate rapidly and uniformly it was negessary to scarify it in some
manner. Sandpeper soarification was found to be supsrior to other
asthods which were tried.

In nature the seeds would probsbly be capable of gerxmination only
aftar the seed coat had been made permsable by the process cf freesing
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and thawing, or through decay of the seed soat. 1Ihe seed of D. siricta
would be moved only very short distances by wind, but it covld possibly
be spread over large arcas by animals. With its extremsly thiok seed
coat it could likely pass through the digestive tract of an animal
without impairing its germination, Once it is established it appears
te spread primerily bty rhiscmss.
Lrtelogioal sindy

The 2n chromosoms rumber for D. stricta is 40, Thie figure agrees
with studies made Ly Stebbins and Love (1941} and by Brown (1951) on
root tips., In the sxamination of meiosis in the miorosporoqytes of
e atrigta it was found that by using NHewoomers' fixative the ohromo-
sones oould be studied only at diakinesis., The chromosomss were badly
olurped st metaphase and alsc at ansphase. During diakinesis the
micleclus was stained vory dark and somstimes obsgured parts or all
of ons or more pairs of chromosomes.

Other fixatives should have Desn used to facilitate spreading at
metaphase, but by the time 1t was discoversd that Newsomers' fixative
did not prevent clusping all of the material had been ccllected and
fixed.

In most of the plates ohserved the chromcsomes were associated as
ring bivalents although rod bivalents were alao noted. King formations
alightly larger than othsrs within the same oel) were obassrved, but
the diffsrence in sise was probably due to differences in chromosome
dength. They did not appear te be large encugh to be quadrivalents
and if they had been so considered the partioular plates studied would
have had a 2n nunber of chromosomes greater than 40,

None of the plates whish wers suitable for study had more than
20 pairs of chromosomes. It appeared, however, that in some of the
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plates studied that less than 20 pairs of chroxoscmes were present.
This might indicate that D. giricts has an aneuplold saries or it
might sisply be that other ¢hromosomes were present but were not de-
taoted. There were no chromatin bridges or lagging chromosomes noted
and the meiotic oycle seemsd to be normal,

S5inoe most of the plates cbserved had 20 bivalent ringe anxi be-
cause of the high degres of pollen grain fertility it is believed that
L. stricta is an allotetrapleid. An autotetraploid would, theoret-
ically, have quadrivalent assoelations in nearly ever plate, end the
perosnt of sterile pollen wnld prodbably be higher than was found in
. striasa.

Farther work on D. stricta must be done using other fixatives to
gain a clesarer picture of chromosoms behavior during meiosis,



SUMMARY AND CONCLUSIONS

B- siriots has a wide range of adaptation with a great amcunt of
variability among sslections from different areas, With the broad
genetic base which this species apparently has it seeme that a breeding
program to improve its forage quality would be desirabls.

It was found that the ratic of male plants to female planta vas
1:l, at 2.2 peroent of the plants studied vere monceciocus. Differ-
engces Detwsan male and femals plants were not apparent in the veg-
otative stage.

The seeds of Q. pirigta were thick and imparmesble. Secarification
with sandpaper was superior to ether msthods of seed treatmsnts tested.
Selection 12 was the only selection which had a significantly higber
geraination than the others,

D. strigts is probably an allotetraploid with a basic shromosome
mumber of n = 10, Melosis was normal and the percent aborted pollen
was only 2.75 percent., Twenty pairs of chromosomes vwere noted in most
of the plates examined, while in several thers could have been 1 or 2
ohrososomes less. It is possible that [. strigia has an aneuploid
seriss although the siss of chromosomes plus the poor quality platas
obtained for study mede it impossible to be poaitive that rmmbers
othar than 2n = 40 were involved,
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