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INTRODUCTION

Bromys inermis Leyss 1s one of the most promising perennial

forage groasses in temperate regions of the United States and
Canada, The improvement of this and other peremmiasl aspecies
for pasturﬁ, hay and eonservation purposes, looms as a stimulat-
ing challenge to the plant breeder.

Bignifiesnt varletal improvement has not been made in B.
_inermia to dete. Certain features of this apparent fallure
have been explored cytologicelly in this studv. Progress in
the synthesis of outstanding varieties cannot ra yet be compared
to that attained in eeréal and corn breeding programs. ‘The
Fischer, Linceln, and Achenbach varietlies, grown extensively
at present, represent merely the ineresse of seed harvested from
surviving memberz in old established filelds.

There are, from an agronomiec point of view, « number of
problems needing special attention in the improvement of grasses.
These ares

1. OGreater yields of higher gunlity forage in grass-
legume associstions,
2. Seedling vigor. |
3e Various seed and seed-setting charactera.
In addition, resistance to organisms causing folliage diseases
and to certain soil ho#ne fungi may become pressing pathologlesal

problema. A serious cobjection to certain sod-forming grisses
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alone or in combinationg with legumes 1s the aggressive spresd-
ing habit of these gresses, Pure stands may rapidly become sod-
bound and unproductive with depletes nitrogen supplies. Some
grasses may tend to crowd out the legume component of the forage.
Selection for » non-spresading growth habit in some instances
may pbavﬁ advantageous.

~In an intensive bireeding program the closely related
taxoriomic entities mey deserve attention as potential sources
of g@rgplaam~in‘ﬁh@ im&r@vamant of parent:l apeoles. The
ameaeasfﬁl trunsfer_of‘blaek stem rust from Iriticum durum
to T. aasti&ﬁa by Hayes (16) and of T. E;eoeauh'tnlz. aestivum
by HePadden {5Si may be cited ma éutstgnéing int@rSpééific
tranafers which later miy be repeated in kind among ihe foreges.

The possibility of successful transfer of specific genes
for dismease reslstance, or other sgronomic characters, from
aa@:sp@eig$ t@ snother 1ls dependent, however, upon the fertil-
ity relstlions and pmaaibim extent of raeembinaﬁiona~ The
success of interspecifie hybridization esnnot be messured in
torms of Fl fertility. Recombination may have been seriously
impseire’ and suceesding hyb#ié generastions may rapldly return
to the 9afent$1 types. Simply inherited charseters such as
resistance to spec¢ific rsces of certein obligate organisms
may_ba:tranafsrreﬁ more rendily than charicters inherited in a

quantitative manner,

Information concerning fertility relations between species

is a necessary a‘junet to the attempted tranafer of specific
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genes from one member to the other. These data correlated with
& cytologionl analyses of the parents and progenles also may
yield lImportant phylogenetic information.

T™he Bromopsls section of the gemus Bromus, although 1ts
representatives are distributed rather widely in temperste
reglons of four continents, i1s unique in that one specles has
completely dominated the other members from an sgronomic point
of view., B, inermis is particularly well adapted to a great
many conditions in the temperate regions of North Americs, Asia,
and Furope. It has now become of great importance in the northern
sections of the United States. High ylelds of forage under a
wide range of environmental conditions have established the
specles ns cone of the lesding grass components of forage in
this ares,

A survey of fertility relations smong the svailable section
members, a8 well as 8 cytolopglical anslyses, would seem desirsdle
to prediet the possibility of gene exchange or transafer from

the unimportant members to B. inermils,




REVIEW OF PERTINENT LITERATURE

ﬁﬁnﬁrul rewiewavgg forage breedigg

Twe reviews rather thoroughly covering the subject of
forage breeding recently have appesred in print. Atwood (1),
in a comprehensive review, summarized the awvallable cytogenetic
literature pertinent to forage breeding. He emphasizZed the
role of cytogenetics in the forage dbreeding program and
postulated inersasing emphasis on the correlation of eytologi-
eal informetion and breeding behsavior. Myers (35), in a review
of the oytology nand genetics of forage grsss«s, emphasized
the cytogenetic approach as an ald in breeding and an adjunect
to morphological data in studies of taxonomy and phylogeny.

In addition to the extensive literature roview the asvallable
chromosome numbers of numerous grasses have been tabulated

by Myers {(385).

The North Amerigcsn history of B. inermis

In s recent review of the esrly history of B. inermis
in North America, Nielsen (38) has attempted to trace the
vague a2nd inadequately recorded introductions of this speciles
into tris country snd Osanada. In view of his trestment
litersture of historical interest largely has been omitted

in this review,




The gytalggx and breeﬁingkgg‘gﬁ inermis

In contrest to the cxtansivu researches under way to
1m@ra#m;§. inermis, rslaﬁivaly 1ittle cytological information
is available of signifiecance to the breeding program. In
early papers ﬁ#dﬁlﬁ?‘(é} reported a 2n42 chromosome number
which was i@pﬁrﬁeﬁ also ﬁy Kﬁabloeh {26), This eount could
not ve gsonfirmed in a atmdy by Ellliott and Love (9) involving
semé of the clones used byyﬁncblnah {268). Additional cytologi~-
cel gnalxaas reported in this study have falled to verify a
ﬁmﬁﬁz ahrﬁmaaamé number in the nursery material examined, In
a recent &uévay'af chromosome numbers in B. inermis, Hill
and Myers (18) resorted on the chromosome number of 183
plants re?ﬁﬁaanting 111l seed lots from widely separsated sources,
Wo instance of = 2n=42 chromosome number wes reported in thelr
study. They did, however, report the occeurrence of one plant
with 8 te 11 accessory chromosomes in addition to the normal)
complement of 2n=56,

On the bnsis of observed eytologieal irregularities,
Elliott and Love (9) postulated the aascelantion of s selective
advantage with certain cytological irregularities. They postu-
lated additionally that the maintenance snd selective advantage
imparted to a clone by these mechinisms might impose restriec-
tions on the sampling of potentisl grmete populations. The
postulates presente¢ in that paper have been enlarged upon

and extended in the present atudy.
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Nielsen (28} reeently hus reported on megasporogenesis
and fertilizatlion In B. inermis, He concluded that embryc
sac development wss of the "normal®™ type.

Cheng {3), in hls study of self-fertility in three
- commercial grasses, reported a close relstion between the
percentage of aborted pollen in e¢lones of B. ipnermis and
the frecuency of guartets with mieronuoclei. This relstion
was not eonsiptent in the study by Elliott and Love (9),
nor in the present report. In elaggs of brome gruss, as
well 23 crested whest-grass, Ghapg/ts} found & significant
negative correl tion between the percentage of aborted pollen
and the number of wviable seeds produced per sample under cpen=-
pollination,. He obteined a signifilcocant correlition between
seed~getting under bags and under space isolation in sddition
ﬁo significant differences in seed-setting between clonal
lines within 3. inermis under open-pollinstion and under
parchment Daga.

smith (43), f%@m a summary of vesults of numerous inves-
tigations on self- and eross-fertility, reported that both
B. erectus and B. inermis were low in self-fertility., He
also reported thaﬁ selfed and open-pollinated seed of both
species germinated mpproximately 50%. For a more recent and
thorough summary of the svailable litersture on self-fertility
and progeny performance in B. inermis the reader is referred

ta the review by Hawk {(15).




w’?‘

pertinent mwrphmlagi»and physioclogy of B. inermis

In 1813 EKeyser (25) reported t.e presence of extensive
morphological variability in avallable B. inermis clones
unjer observation at the Colorado station., In 1921 Waldron (47)
reported on physical and chemical studies of brome grases
seedlings and clones st the North Dakota station., The analyses
presentes] in this bulletin provide evildence of consliderable
merphologicsl and physliologieal varisbility within the avail-
2ble material of the specie=s.

The extensive bnhanié&lmagranomia&l study of B. inermis
by Zberebrina {(49) emphasized the tremendous intraspeeifie
variabllity of the specles in Kussis as well mss the possible
varisbility resulting from introgressive hybridization with
B. srectus. | |

Enobloeh (2¢), in 1943 found even greater wariability
of certaln mofphalagieal ¢charscters than previously reported.

Studies by ¥ewell and Keim (37), Wilsie, Peterson, and
Hughes (48), and e study reported by Evans and Wilsie (10)
have emphasized differences in performance of clones from
éeparate regional sources. The morphologlexl and physioclogi-~
cal differences of Canadien strains, particularly when grown
saﬁth of central Iowa in comparison with such strains as
Lincoln, ¥Fischer, and Achenbach, justified thelr treatment by
these suthores sas northern and southern types respectively.

Evens and Wilsie (10) noted also that clones of wvarying
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maturities responded differently to temperature and fertility
levels under greenhouse culture.

A reéanﬁ study by Gall (13} of flowering in B. inermis
under eertain environmental eonditions, reemphasized the
necessity for long dsy photoperiode to induvce flowering in
this specles, Although floral primordia were present in
field«grown plants at Chiesgo in April a subseaunent 135 hour
photoperiod inhibited normsl development and elong:tion.

In # companion paper Dibbern {(6) reported the vegetative
responses of the speelies to environmental varistion. He
noted thet elippling was more adverse to root growth than
top growth with this effect ecarrying over into the next
sesson. In a comperison of various scil containers in the
greenhouse culture of B. inermis, Dibbern (6) noted that
-the elones in B inch glased pots were as vigorous as those

in clay pots two and one half times larger.

Interspecific fertility relstionships of certain bromes

The avsilable literature on interspecific hybridization
in Bromopsis seetion of Bromus L. iz guite restricted.
Knowles (29), in his etudies of the improvement of E. mollis
by interspecifie hybridization, was unable to cross this species
of the Bromium section with #ilhem Bromopsis or Neobromus
section members. Where hybriﬂé'wera obtained betﬁsenlg. mollis
and Fubromus section members they generally were intermediate

between the parental species in morphologleal characters,




Knowles (29) found 2 distinet parallel relstion between the

morphological similarity of parent specles and the degree

of chromosome assoe¢lation in the F, hybrids between them.
ﬁt&hb&ﬁmranﬁ Tobgy (46) were able to hybridize representa-

tives of the B. carinatus complex with the South American

gpecles B. catharticus. On the besis of cytologlenl and

morphologlenl evidence they postulated that the B. carinatus

complex arcse as a result of hybridization betwcen B. cathare
ticus, or a similar related species, snd some diploid species
ancestral to the west coast specles of the Bromopsis section.
Beeanse of the extreme pcolymorphism of this c¢omplex, Stebbins
and Tobgy (48) admit the possibllity of more than one Bromopsis

species entering into the ancestry.

Pertinent cytogenetie literature

The two extensive ?@viawn mentioned esrlier (1)(38)
have emphesized the prasaneé of meiotic irregularity, parti-
culsrly among lon;~liived polyploid grasscs., Myers (35)
mentioned specifieslly the common ceccurrence of inversion
hybridity, as well as univalent 2nd maltivalent chromosome
sssociastions with the sceompanying oceasional disjunctive
irregularities., The eonsaguences of these irregularities
are an important igsue in trlg study., A few specifically
spplicable papers ar@,'thanrera, reviewed.

Ratterman {24}, in one of the most significant earlier
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reports on maltivealent formetion in several grasses, commented
on eertalin observed melotie feamtures which have, so far,

remained unsolvei. Within plants of Anthoxanthum odoratum

{2n=20) he observed chromosome associstione varying from 10
bivalents to an extreme muiﬁivalent associstion of 12 chromo-
somes., Assuming the wvalidity of Darlington's (5) concept of
homology as the sole eéitarian of pairing, this observation
is dAirficult to interpret, as Katterman {24) pointed out.
Extensive segmentsal interchsnge snd, or, non-homologous to
}garﬁially homologous sssoclations seem necessary to account
for the data ebtaina&.} In diakinesis stages of B. erectus

var, esu-erectus, Keatterman (<4) observed that satellited mem-

bers were not alwsys in the same position in certz2in multie
valent configurstions. This condition has oceasionally been
observed in the present study,

Plovik {12}, in a cytologiecal study of several arctic

grasses, reported that meloses in Fectuea rudbra var, aren-

aria (Osb.) E. Fries (2n=42), in spite of univalents, tri-
valents, gusdpivelents, and sexivaslents 'an une~ual nume
mria&l'diatributién of the chromosomes seeme’ to be an
exceptional occurrence despite the non-disjunctional con-

figurations occurring st Metaphase I, In Puceinellia

phrygsnodes {Trin) Seribn. et Herr. (2n%=28) he reported very

sbnormal meloses with a high frequency of univalents and
multivelents at Heteaphase [. A single extreme assoclation

of 12 chromosomes was observed at pro-meta-phase in this
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species, In Cealamagrostis neglecta univalents, trivalents,

and gquadrivalents frequently were observei by Flovik (12).
Here, top, no certain case of unecual distribution of anaphase
chromosomes was observed.

Nordenskiold (40}, in crosses between Phleum pratense

{(En=42) and P. alginﬁm’iﬁnﬂﬁﬁl, obtained 2n=35 hybrids ex-
hibiting some characters of both parents, Two of the hybrids
had 80 percent pollen fertility. In the hybrids obtaineé,
univalents, bivalents, and multivelents of various kinds

ineluding both chain snd ring guadrivalents, were observed,
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BATERIALS ARD METHODS

Hitehcoek's {192) elasaificatian of the genus into seetions
and specles haas been aﬁoyteﬁ for the moast part in the present
sﬁuﬁy, The Komarov kay‘hy Nevski and Soehava (36) wes employed
in thé delimitation of the B. riparius Rehm materinl used in
~the study. This meterial, originally collected by membersz of
the United Htates ﬁeparﬁmant af.Agriaaltnre in European Russis,
has been rather wi@a&y'ﬁiatribuhad in this country as B. grectus
PI No. 98, 277. The same flora (36) was consultec for the
Aslatic distributions of certain spesles morphologically similar
to B. gumgall&anug as wi;l be noted in the distributions of

parental species.
Herbarium specicens examined for the distribution of B.

inermias and B. pumpellianus in North Americe were obtained

from the following herbaria by Dr. Ada Hayden, curstor of the
Iowa State College herbarium:

Gray Herbariuwn, Harvard University

New York Botanical Garden

National ¥useum of Canada

United States Nstional Nuseum

Hissouri Botanical Garden

Rocky Mountsin Herbarium, University of Wyoming
Colorado A & M College

University of California

University of Wisconsin

University of #dinnesota

The parental clonal materisl of B, inermls was provided

by the Iowa Agricultural Experiment Station through the
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courtesy of Dr. C. P. Wilsie. Seed of the Fischer and Lincoln
varieties was obtalned from the S0il Conservat ion Serviee at

Ames, Jowa, ‘aer%ain seed colleetions were made personally in

the Intermountain Reglon as noted elsewhere in thils psper.

feed of diploid and tetraploid members wag provided largely by

Dr. G. Ledyard Stebbins, Jf‘ whose extensive colleotiona of
Bromopels section material were generously made avallable.

Dre Gs He Turner, Fort Sasketehewsn, Alberta and Dr. P, F. Enowles,

Edmonton, Alberta provided a variety of B. pumpellisnus collee-

tions made in thelr reapective locations. The individual panicles
from which the vsrious lemms pubescence classes were establisghed
in the distribution of introgressive forms between B. inermis

and B. pumpellianus also were supplied by Dr. P. F, Knowlea from

a parkland ares off the campus of the University of Alberta.
¥. A. Hein, Beltsville, Md. supplied ssed of several members

involve? in the study.

gultnral tg@hni@ues mmglaxgﬁ

Seed of parental species and hybrids obtzined were germin-
ated in the greenhouse in flats containing a soil mixture of
two parts loam and anafp&rﬁ sand., Freshly harvested seed of
various erosses made during the study was allowed to dry a few
days 2nd then subjected to several cycles of warm (20°C) ana
cold (0°C) temperstures of 24 hour duration. Falr to good
germination usually resulted after such treatment. Difficulty

was encountered in germin-ting greenhouse sesd of B. texensis
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on several oceasions. Seaking the seeds for two or three days
on molstened fllter paper followed by removal of the adhering
lemma and pales znd germination at 209 gave materi«l improve-
ment in most cases. |
Well established seedlings of parents snd hybrids were

trgnﬁplantad to 4 inch pots sn’ placed on greenhouse benches.
Because of space restrictions in the greenhouse a large pro-
péfticn of thé mata#ial %as grown to maturity in 4 inch clay pote.
Pive and 8 inch elay'paﬁa-were used for some material, however.
The soil mixture uaed geﬁerally~waa the samec as that for germin-
ating seed. In order to sustain wvigorous growth during the ﬂ
winter sesson aupplamﬁntéry ﬁutrient solutiona were added.
At sbout weekly intsrval# the pots were watered with about
40 ml*s of s minersl nﬁhf&ent solution made up as follows,
per gallon of water: |

& Eroms sesevesvecses KNO

5 EPAMA vsseesesssoss KHoPO,

2 grame sevecemsvseve ﬁg§$4
The Mgt0, was deslrable i# the greenhouse &t Ames where the
winter water supsly &antﬁinad s rather high percentage of

¢alcium salts.

General field and greenhouse erossing technlcues

The initial series of crosses were made in the green-
house at Iowa State College Jduring the winter of 1945-46,
For these crosses parental clones of B. inermis from the

nuréery were moved to the grecenhouse late in October and
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placed on benches with the seedlings of other species planted
one month earlier. A aéhen&lseriea of crosses was made in the
greenhouse at the College of 2grieulture, Davis, Calif., =nd

at Gill Tract in Berkeley, Calif., during the winter of 1946-47.
The thlrd series o e¢rosses weg made at Iowa State College
during the winter of 1947-48, Summaries of these erosses
appear elsewhere in thlis paper. The croszsing techni uves, in
general, were the same in each series.

* Crosses involving B. inermis, B. pumpellianua, snd B.

riggriﬁé ag female parents were made by emasculating immediately
prior to snthesisg, Under Iowa and California grsenhouse condi-
tiena‘pallen shedding in these members began around 4:00 PM
if 1ight conditlions ware'favarahle. Prior to pollen shedding
in the afternoons the panicles were rubbed gently by hand to
hasten flower opening snd extrusion of the snthers. As soon
as the flowersopene’ slightly.amasaﬂlation was begun end
cont inved for about two miﬁukas:aftér complete opening of the
flowers without pollen shedding. Under low light intensities
on cloudy deye flower opening sometimes was considerably
delayed. After light conditions beeame favorsble the delayed
anthere occeasslonally d@hi#aed before complete flower opening.
Usually only the lower two or sometimes four flowers on each
spikelet were emaseulated and the remeinder were removed.
Emasculation in the diploids snd tetraploids was

sccomplished one to two dasvs prior to anthesis and the lemms and
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palea tips cut off to facilitste pollination. Glassine bags
were uvsed to protect the flowers from chsnce ercss-pollination,

In many eases removal of snthers in B. inermis, B. pumpel-
1ianus, and B. riparius much in sdvance of pollen shedding re-
sulted in Taillure of lodiecule stimulstion and normal stigma
developnment at enthesisg. Whether this was due to mechsnioeal
injury of the delliconte flower parts or to remov:zl of specifie
growth regulating substences in the anther which control
lodicule stimulation snd stigms development was not ascertained.

Polllination was effeeted in some cases by collecting
pollen in glassine bags at snthesis from selected msle panicles
and applyving to the emasculated female flowers. In other ine
shtances the potied plants were szo arranged that femsle panicles
ware directly below selectes male panicles in glassine bags,
Thue, pollen might fall on the female flowers over a period of
geveral davys, In certain cases this method wes culte effective
although in one axgarim&nﬁ the hand-pollinates flowers set a
greater percentage of seed on the average thsn those which
were enclosed with male penicles. Other factors may have been
involve: since the see”? get from e mingle pollination germinsted
congiderably higher than the seed get obtained from the other
method of pollination. N

Clones of B. inermis, B. pumpellianus, and B. riparius

brought in from the muarasery late in the fall usually flowered
sometime a2fter the letter part of December, providesd the

photoperiod was artificislly extended., An 18 hour photoperioed
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generally was used slthough a £35 hour perlod was employed for

the E. Eumpallianus materiasl from Alsska. Under natural condi-

tions this source nmsterial normally flowered under neerly 24
hours of light.

Among the clones were exceptional plants which failed to
flower during the entire winter gesson., This condition was
more serious among @1ﬁnts'gvown from seed during the current
greenhouse season. With an axt@nded'phataparicd, a high level
of nutrition, and temperstures batween 860° and 70°F approximate-
ly half of the seedlings éf these speeles could be brought into
flowering dupring the winter seasson. Fallure of flowering in
the remainder may be aseribel to the failure of thermal induc-
tion or to some other phyeiologicel resction eonditioned by
certaln genetle fzctors. The seedlings which falled to flower
appeared more or less at random throughout the various crosses.

Vegetative culms were eut out st about mm thly interwals
during the growth of the seecdlings forcing newly differentiated
shoots to grow., As long &8s the older vegetative shoots were
allowed to remain new culms with differentiated flower panicles
did not sppesr in these small pots,

Plants from see? of E. auleticus from Uruguay, South

Americs, B. porteri from éauthwast Utah, B. eiliastus from
Colorado ﬁpriaga, Coloradeo, and B. purgans from Gray's Summit,
Missouri, falled to flower under the ordinary greenhouse
conditions during the winter, B3eedlings of the latter 4id resch
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flowering stsges, however, in tle greenhouve at Berkeley, Callf.,
during the winter of 1946-47,

To facilitste estzblishment of potentisl hybrids obtained
from crossing He. inermis and E. pumpelllenus with B. texensis
1t sppeare:d desirable to study the possibility of embryo culture,
The potential Fq hybrids of these crosses previously obtained
failed in several ways. In some the ¢aryopses remained shrunken,
in others the caryopses was normal but falle! to germinate, and
in still others the seedlings weve chlorophyll deficlent or,
if not, faliled to grow past the first seedling leafl stage.

A series of crosses among plants of B. inermis were set
up and at daily intervals starting =2t 8 deys after fertiliza-
tion, excision of the smb?ycﬁ was attempted. Technl-ues and
materials employed were similar to those outlines by Kandolph (42)
in the eculture of iris embryos. Embryos of 12 day pollinations
or less could not be menipulated physicelly. After 12 days
the embryoc tilssue was sufficlently firm to facilitate easy
removal of the seutellum end embryonic axias as 8 unit. The
earyopses approached maburity 20 days after pollination and no
further excision was attempted. 7The Randolph (42) media was
satlsfactory for culture of embryos from 16 to 20 days after
pollination., XNutrient deficlencles existed among the cultured
embryos under 16 dsys, however. The 13 gay embryos, which were
the youngest to live in the erperiment, grew only very slowly
and falled to reach a traneplanting stage. Growing embryos were

transplanted to two inch pots of ssnd on the greenhouse bench
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and watered with the minersl nutrient solution mentioned pre-
viously. They made satlsgfuctory growth but were slightly
chlorotie, indieating deficienciles., later they were transplant-
ed to four inch pots of soll snd the ehlorotic symptoms disape
peared.

The embryo culture technl ue was initially attempted as
a means of establishing hybrid embryos between B, inermls and

B. te;enais and also between PB. pumpellianus and B. texensis,

on previous ocessione hybrid seeds falled to develop fully,
to germinate, or to grow past the first seedling leaf stage.

Ho normal embryos were obtained in the finsl series of pollina-

tions between B. lmermis or B. pumpellisnus with B, texensis.

g;tnlegiea& tachinliiuves

Cytologleal emphasls was placed upon chromosome &associstion
and behavior at melioses in the parent speai#s and hyorids.
Particular attentlion was paid to fixation and smearing of the
material since analyses were made from temporary aceto-carmine
smears. Polypleid members of thie section are unfavorable
subjects for mélotic studlies. Only rarely were diskinetie
and first metaphnse cells found whieh could be anslyzed. No
doubt there has been some Dias injected into the analyses
although 1t is likely to be of & conservatlive neture. Those
cells with more complex asseeiantions might contain entangled
multivaelents whiceh spread poorly upon smearing while those

possible of snalyses might contain the least complex asscistions,




on this baslis one might expest estimetes of bivalent associa-
tion to be higher and multivalent associstions minimized in
actual melotic anslysges of these speeles. The most serious
aiffieulty imposed on meiotie Analyses of the complex polyplolds
of this section ls the interpretation of extremely complex
maltivalent associstions.

A lete diskinesis stage in which maximum contraction of
the chromosomes and dispersal about the nucleus is attainabdle
.waa fﬁﬂnﬁ:MQﬁt satiafactory for associntion analyses. MHeta~
phases offer little possibilities for eriticsl astudy because
of multivalents and other factors probebly including fixation.

In most of the materiasl examinel meloses did not occur
until the panicles were compleotely emerged from the boot.

There was & period of several dsys during which melioses occurred
in progressively younger flowers of each aplkelet.

Repid killing was obtained by placing individual flowers
severed at the base in one of the following Carnoy solutions:

parts $5% ethyl aleohol
part glacial acetic smcid

parts 95% ethyl aleochol
parts ¢hloroform
part glaeisl acetic acid

parts 925% ethyl aloohol
parts e¢hloroform
part glacial ecetic acid

AP AN Wi

Fixation in the 331 solution was inferior to that obtained in
either of the two containing chloroform for diskinesis stages,.

¥o eritieal differences, however, were observed in favor of




one or the other solutions conteining chloroform. ﬁrtsr 1z to
24 nours in the killing solutions the flowers were transferred
to T0%Z aleohol in visls and stored at 50°F until smeared.

Quartet stages were smeared in the ordinsry manner as
outlined by Love (31). Diekinesis strges, however, required
gpecial attentlon. Indiwvidusl snthers in a drop of stain on
8 sllide were cut in seversl crossg~sgections with a scalpel and
needle under a 1% X wide field binocular, These sectlions were
flattensd with s small rounded chisel and sectlons of anther
walls retrieved with s needle and small spade before affixing
the ecover slip. Slides were heated over a steam bath 15 to 20
seconds before preasing and sealing.

By 4illuting aaa%ﬁuaarmine with 45¢ asgetic scid to & standard
meintained for color comparisons it wes poasible to effect a
more critiezl etaining of chromosome detsils then with ordinary
stain. Several deys at room temperatures were redquired to attain
optimam staining of the echromosomes. Juring this period tempor-
ary mounts required e¢areful cover-slip sealing with paraffin
or sealing wax to pevent drying out. Ouring warm weather the
temporary slides were placed in & glass jar with an sir-tight
11d4. Addition of 45% smcetic aeld at intervals to toweling
in the bottom maintsines 2 humid atmosphere in the jar. Occasion-
ally, slijes were made permanent by the t®ehnicue outlined by

Love (31).
Root-tip mitosis smears were employed in the analyses of

a number of c¢lones., Preoefixation for n 4 to & hour psriod in a




gaturated agueous solution of paradiechlorobenzene at S50°F
proved beneficial in most eases, Fixstion was asscomplished
using a 3351 Carnoy solutiopn for a three day perlod st 50°F.
Storage in T0Z aleohol for & few hours at lesst prior to smear-
ing faeillitated staining. A 1% orcein stsim in 45% scetic =cid
prav»a satisfectory for chromosome counting in this material.
Some diffienlty wag encountered in obteining conditions favor-
able for roct«tip mitosmes. Varlous nutritional treatments
were attempted with only @rr&tieisucaeas; The same treatmenta
of warious clones f21led to result in compsrable numbers of

cells undergoing mitoses.

photomicrographic techniques

The initial photomierography for the study wss made in
the agron@mg labors tory 3t Davis, Calif,, at magnifications of
580X snd B20X using a Zeiss binoculsr research microscope
equipped with & 1,4 N.A. pancratie ﬂanﬁoniar, spochromatic
- objectives, compensated oculars, and a Zeiss bellows camera
unit.

The photomiorography &t lowa State College was done with
& Bauach snd Lomb binocular research microscope with a 1.4 N.A,
aplanatic condenser, achromatic low and hlgh power objectives,
a 100X Fluorite oil-immersion objective, and compensated oculars.
Fo this unit a Voightlander double extension bellows camera
was adapted affording magnificstions from 800X to 1100X. Blue

filters were use’ in bhoth instances.
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Contrast Process Panchrometic and Contrast Process ortho
Eastmon Kodak film were usec. Hastman Kodek Penatomie X film
was used for certasin morphologieal photographs. Veveloping
and printing were earried out using Kedak chemiesls, various

grades of Velox paper, and Xodak formulae.
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The speeies of the Bromopsls seetion, as indicated earlier,
are native to Furope, Asis, North Americs, and Scuth Ameriea.
The diplold members of concern here are natives of western
United States. Llittle speclific research other than that con-
tained in the various floras of the United States is avallable
concerning the digtributions of these relstively uncommon
section members. The manual b Hitcheoek (19) lists the dis-

tributions by stetes of the warious section members and may

serve &8s &n epproximate gulde. B. auleticus from Uruguay was
included in the study.

Bs inermis is native to Asia, Furopean Russla, and Central
Eurapé (17,19,36}. 3in§a its introduction into Celifownia
in 1884 {92} it has been planted extensively on ranges and
pastures throughout the srea indiente’ in Pig. 1l.

The closest North American counterpart of B. ilnermis

is B. pumpellianus which renges northward from the Intermoun-

tain rqgian'in%m Ganads gnﬁ Alagka as far as the Seward
Peninsula ss indicsated in Filg. 2. During the past few years
1t has become Aifflcult to loeste typleal plants of this
apecies in the United Stetes. This phenomenon will be trested
in detall later.

B. riparius Rehm, used quite extensively in erossing




FIG. 1. XNORTH AMERICAR DISTRIBUTIOR OF BROMUS INERMIS FROM
HERBARIUM SPECIKENS
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FIG., 2. DISTRIBUTION OF B. PUMPELLIANUS 1IN NORTH AMERICA AL
INDICATED BY GPECIMENS COLLECTED DURIBG THE PERIOD, 1860-1947
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experiments in this study, is n=tive to parts of Russia,

morphology of the parental species

The Bromopsis section, ac¢cording to Hitehecock (19), 1is
characterized by terete spllkelets and lemmas which are not
eomprensed and keeled. They predominantly sre perenniaels,
although B. texensls grew as sn annual in greenhouse experiments
reported here.

The sparse habites of growth and general adaptation of the
majority of the uncommon sectlion members to poor, infertile

places has relegeted them to a rather incomspicuocns role as

forage speclen,

B inermis end B, pumpelliernus are the only rhizomatous
members in this seotion listed by Hitchcoek (19). They are
particulsrly interssting from a morphologlicsl point of view
{soe Piga. 3-18}. The presence of pubescence on the merglins

of the lemmas in B. pumpellisnus has been employed by several

taxonomists as the chilefl delimiting characteristic. In comment-

ing on the habits of B. inermis and B. pumpellienus at Fort

| Saskatchewan, Alberta, Dr. G. Ha Turner wrote: “ﬁ;omua inermis,

a8 we have 1t here, i very sggressive, and now occurs widely
and generally in more or lessdense stands, In any 201l where it

can obtalin a footing. B. pumpellisnus is very modest in 1ts

habits, and remains to be found only on bits of native sod
that remsin here and there along roadsides, river banks, ete.

Usually it is much less caesplitose than E. inermis, the stems




Fige

Filg.

Fige
Fige
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Spikelet of Alaskan B. pumpelilanus 25«15, 3Xca.

Spikelet of clone 26~1 from Fort Saskatchewan,
Alverta, 3X esa,

Lemma with class 7 pubescence, 77X e¢a.

Lenma of typieml class & pubescence, 7% ca,

Figse 7-8-8, Node end culm characters in various clones.

Figs 10.

Leaf gsectlions of charscteristic clones of
Be pumpellianus,
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Fige
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Figs

1l.
12
13
144
15,

Spikelet of clone 548-26, 3X ch.

Class 3 lemma observed in Figcher B. inermis. 7X
g?&sﬁ 1 lemma. TX ca,

Culm and node chariacters of clone 269-44., 11X ca.

Bs inermis embryos In witro B dsys after excision.

Fmbryvos exeised 17 deys after pollination. 1X oa.
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being very discretely sprend in such colonies as we have

loft-~B. pumpellisnus remains essily recognizecd by its
erect nanicles and larger spikelets in addition te its
pubescence.” The diversity of forms probebly relzted to

B. pumpellianus is shown by previous taxonomic snalyses.

Hulten (22) has included the wvarleties arcticus and

villoslssimas in B. pumpellianus. He classifiec specimens

with pllose glumes and lemmas as var, arcticus and those

#ith lemmss covered with dense, villous, gray indumentum as

var. villosisslumus. Hulten (22) regarded B. pumpelllsnue

ag closely relsted to B. inermis, differing only by its
longer aswns, pubescent culm nodes, and more pubescent

lemmas, On this basis he postulated that B. pumpellianus

was the Americ:n counterpart of the Furasisn B. inermis

and thet its vars. aratiﬁua and villossissimus, as well o8

the Kemchatken E. ornans, were northern warintions of thie
series,

Nevski and 3ochava (36), in thelr treatment of the
subegenus Zerna, deseribed B. ornsns as endemic to sandy
ridges of river valleys and volcanic ssnds on the Kemchate

kan peninsula, They deseribe B. richardsonii &s & rhizoma-

tous perennial with very similar morpholegy distributed in
meadows of eastern 2iberis, in Kamchatks, Sakhalin, Udsk,
Oknotsk, Zu-Bureys, Ussuria, and slzo geénerally distributed
in Worth Americs, Japan-China (Menohuris) and the eastern part

of ¥ongelia. ¥itchocoek (18) reduced B, richardsonii to a
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robust form of B. eilistus, common in the Rocky Mountains,
gince he reported it graded freely into this speciles, A
robuat form of B. gillintus collecte” in Horaine Park,
Colorade, 1n 194% by the writer is tetraploid, whereas two
colleetions of thisz specles evamine: by Stebbins (44), one
from Hzine and one from Cslifornis, are both diploid. Nelther
the dislold nor tetraploid forms are rhizomatous, however,

and eannot, therefore, be regsarde? morphologiezlly equivale-
ent to . richardsonli as recognized by Hevski and Sochava

{(36).

Be irkutensis was deseribed by these authors (38) from

the Irkut River walley in eastern Sideris and generally
distributed in HMongolla. B, korotkyl 1s endemlc to sandy
shores in eustéern Sibkeris and waas described from sands along

the Ulen-Burl Xiver. B. sibiricus, in this key, Was dis-

tritunted in the Northern and Central Urals, eastern and
wegtern $lberils, and ¥ongolis.

B. ornans, B. korotkyi, B. irkutensis, BE. vogulicus,
B. richardsonii, end E. sibirieus are not sufficiently

delimited from = morphologicsl point of view to warrant
exclusion from s complex whieh would inelude the various

forms of B. pumpelllanus,




Cytology of parental species

Plants of the diploid end tetraplold species examlined,
in the maln, exhibited rogulsr meivcses, There were rare
instances where sporocytes were deficient in chromosome
number and there were slso occceslional lsgging univalents
and bridges as shown in the accompsnying photomicrographs.
{Figs. 16~33). The later meiotic irregulsrities shown in
B« laevipes, Figs. 18-21, probesbly were due to the presence
of at least one, and perhaps two, heterozygous inversions in
one ehromosome arm as shown in the pachytene, Filg. 17.
Fallure to observe the same configurations in adjacent cells
as shown in Fig. 16 werse interpreted as evidence of none
h@mnl@g@ms pairing. Analysis of this plant revealed 84
percent normal anaphase I stages, 1 percent with 1 lagging
chromosome, £ percent with more than one lagging, and 3
paraaﬁt'with single bridges. One tetraplold B. cilistus
plant wags observed in which an accessory chromosome wWas
present (FPig. 33). The uartets of the plants examines in
this group were free of micronuclel in excess of 80 percent.
Chromosome numbers ~"nd associztions observe:! here are sinmllar
to those observed by Stebbins (44) for members of the group.
The mean chromosome associntlions per sporoecyte of the species

representatives examined are presented in Table 1,




Figs. 16-17.

FPig. 20.

Fig. 2.

-

Pachytene stages in B. laevipes. Note
heterozygous inversion econfiguration in
Fig. 16. 1200X es.

Yetaphase I stages in B. lagvipes. BHote

. the presence of two unlvalents in Fig.

19. 1200X e¢a.

Ansphase I in B, laevipes showing division
of two lagging univalents. 1200X ca.

Early anaphase I in B, laevipes with a
bridge whieh presumably arose from orossing-
over in the heterozygous inverted segment
shown in Fig., 17. 1200X es.

Fige. 22-23-24., Dlakinesis in B. ciliatus. 820X.
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Figs 25+ Early metaphase I showing major splraslling in
Be teoxensis pair. 1200 ca.

Fig. 26, Barly metaphase I in B. texensis., Note spiralling
among the bivalent associmtions. 1200X ca,

¥Pigs <7+ Late diakineslis in B. texensis shﬁwing presence
of one open bivalent. ~1200X ca,

Pig. 28. Blakinesis in tetraploid B. ciliatus with 14
bivalents. Note assoeciastion of two bivalents
with the nucleolus, 1200X ea.

Fige 29. Diakinesis in tetrsploid B, ciliatus with 10
bivalents and 2 IV. 1200X ca. ’

Fige 30 Diakinesls in B. suleticus with 19 closed
bivalents snd £ open bivalents., BZ20X.

Fig. 31. HMetaphase I in B. purgans (F-354). 820X.

Fig. 32, pRiakinesis in B. purgans with 1Z closed bivalents
and 2 open bivalents, 20Xs

Pigs 33. Diekinesis in tetraplolid B. ciliatus with 1
accessory chromosome in addition to the reguler
complement.
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Table 1

Mean chromosome associstions per aporocyte of dipleid
and tetraploid Bromopsis species examined

To. Ho. Hean Chromosome ASS50CiGe
Specles of of _tions per cell
plants cells = 1 11 1L Iv 2n= Source
; open closed
Be. snomaious 2 27 18 1.0 5.9 0 14 lelmxn,
’ ‘ iash,
Be ciliatus 5 58 %281 1,07 5.8 @ .02 14 Calif,
Te clllatus 5 41 59 (97 12,73 0 28 Colorado
- i 2 12 «40 .45 6,45 0 14 Calif.
3 8 0 .90 12.6 «26 28 Texas
3 a8 228  JT4 12,9 «05 28 F354 USDA
1

5 0 0 70 -0 14 Missouri

As mentioned previocusly, chromosome aszotintion analyses
in complex peolyploids @f.%hia section was rendered difficult

by the nature of the msterial., B. auletiocus from Uruguay, South

Ameriea, was the only exception. Analyses of a number of pollen
mother cells from several plents revesnled a 2§3§2 chromosome
number. The chromosomes were largely assoclated as bivalents,
although there were peocssional ocusdrivalentse

The ev§gage chromosome associstions among clones of .

inermis and B. pumpellisnus are summerized in Table 2 {see

Pigs. 354-49). PFor a more complete gnalyaia‘ot the associations
by eclones the render 1ls referred to Appendix Tables 10 and 1ll.

The most atriking festure of these asssocliations 1s the extreme

range possibles No doubt thers were differsnces in proportions
of the various &ssocintions from clone to elone although the

blased sempling does not permit valid inferences concerning the
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probability of signifiesnt differences. The sxtreme ringes
possible within the clones tends to obscure whatever real differ-

ences might have been present between clones.

Table 2

Hean chromosome associations among clones of E.
inermis and B. pumpellianus

Be. inermis B. pumpellianus
No. of clones examined 37 11
¥o. of cells analysed R 163 40
Type of association
I range 0=20 Owd
mean 1.8 Qa8
II  range  0=-14 ' 0=13
open mean 543 392
1ii TENZS 1-23 §~21
elosed mean 13,32 14.64
III  range 04 0-2
mean 0,8 0.5
v range O=7 O=-6
mean Pl CeB
Vv  range , Ow3 Qw2
mean (4 7% § 0,05
v range Qe3 1+ 28]
mean 0.6 0.6
VII range Om2 O
mean 0,03
VIII range Qw3 Ome
mean 0.2 0.23

X mean 0 0,003
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40

41.

Diakinesis in Alberta clone with 5 open bivalents, 16
closed bivalents, 1 association of IXI, 1 V, and 1 Vi,
Kote heteromorphic associastlion of pair at tope 1200X
Gl

Dlisakinesis in Alberts clone with 1 open bilvalent, 16
closed bivalenis, 2 assoeistions of IV, 1 Vi, and 1
TII¥, 1200X cae.

Mitosis in anther smesr of a» South Park clone with a
2nw56 plus 4 or 5 sccessory chromosomes. l1200X ca,

Niakinesis in Alberta clone with 3 univalents, £ open
bivalents, 21 closed blvalents, 1 associztion of III,
and 1 IV. 1200X ca.

Diakinesis In Albert= clone with 1 open bivslent, 20
closed bivalents, 2 assoeciations of IV, sni 1 VI.
1200X ca.

Barly anaphage I In Pulilmen, Washington, clone showing
comnon early anaphase appearance. 1100X os,

Diakinesis in Alberta clone with 1 univalent, 14
bivalents, 1 association of III, and 6 IV, 100X
ca. : ‘

Dlakinesis in Alberta clone with 1 univalent, 3 open
bivalents, 18 closed bivslents, & asasvcistions of IV,
and 1 V. 1200X ca.




-l




Wige

Figu

Fige

‘i*'ig.
Fige

rig.

Pige.

™ 1&;

42

434

44.

454
46.

47«

48,

49

Diakinesis in elone 314-8 with 1 univalent, 10
open bivalentaz, 9 eclosed bivalents, 1 association
of 111, € IV, snd 1 vi. MNote the loose bivaolent
associstions and spparent chiasma between pairs
in upper right hand corner, 1200X eca,

Dlakinesis in clone 298-30~10~4 with 1 open bi-
valent, 15 closed bivalents, 4 associstions of IV,
and 1 VIII. ¥Yote the sitraction of at least 8
chromogsomes to the mucleolus. 1200X ca,

Anaphase 1 in clone 460-1 showing ecuational
divigion and disjunction of 5 univalents whieh
lagpged. B40X.

Anaphfge I in c¢lone 460-) with bridge in addition
to 3 univalenta, 540X,

Common sticky appesrance of metaphise I stages
in clone 2-5

Second mslotic division in VFischer 100 indicating
a bridge and fragment: resulting from erossing-
over in s heterozygous invertes segment and in
sopment between inveraion and the centromers.

Quertet stage in Lineoln 11 showing the presence
of two micronuclei. 820X,

An associrtion of VIII in 255.44 x B54e22 #7,.
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As indicsted esriier by Elliott and Love (9), B.
inermis cannot be considered a functionsl diploid in view
of the extreme miltivalent sssoeiations possible. The complex
genetie segregation to be expeected from such assogistions will
be considersd later. Other features of bresding behavior will
be complicute’ as a result of this depsriture from funectional
diploidy. The range encountered in the wvarious chromosome
ssoociastions from cell %o cell seem 1mpe$sibie to account for
on the basgls of chissme fallure smong sutosyndetic assoeclstions.
The various mltivalent associations might have sppeared more
uriformly on this assumption, Segmental interchanges among
structurally similar chromosomes and proximal preferential
pairiﬂg in prophase would more satisfactorily account for the
varying assoclations and also the loose heterogenetlic bivalent
agssoclations ohserved in both speeies., There wa:- an apparent
tendengy for odd-numbered multivalents to ocour at a lower
frequency than sven-numbered associations of 4 and above, The
sinilarity of assoclations obisined in pollen mother cells of
both specles was rather strikings In view of the artifieial
selection practiced within B. inermis one might expect more
nearly functional diploid reletions.

The bivalont distributions among sporocytes of both species
are sumnerized in ¥ig. 50, The means of both species are es-
sentially the same. Whatever factors are responsible for

bivalent assoclatlion appear independent of artificisl selection
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Fige 50

Comparative bivalent distributions in sporocytes of
B. inermis and B. pumpelllanus
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or other factors attendant to the culture and distribution of
B. namis by seed over a short span of time. As will be men-
tioned later, these two members probably have been isclated
since the Plelstocene. The similarity of the chromosome
ags0cintions observed is evidence of =2 more stable melotiec
mechanism than some of the eytologilesl irregularities might
seem to indieate.

Analyses of micronuclel st the cuartet stage were rela-
tively simple snd a number of clones of each species were examin-
ed at this stege., 7The summery of results follow in Fig. 5l.

Since such an anslysis was so readily obtainable it
seemed deslirable to correlate these deta with other fertility
measures., On the basis of the guartet asnalyvses s number of
erosees within B. inermis were made between clones with
relatively few micronueclel per 100 cuartets (H X H), between
clonee with intermediate numbers of mioronuclei (HM x HM),
and between clones with large numbers of mieronuclei per 100
guartets (L x L) The cuartet anslvyvses of the resulting
heterozZyious hybrids yielded variable results. In general,
hybrids resulting from the (L x L) combination were like the
perents with some exceptiens. Likewlise, those resulting from
the (H X H) combination gave fewer numbers of micronuclei
like their parents.

Random cross~-pollinstion was simulete’ asmong these hyirids
placed in a group on the greenhouse bench st {lowering. When

the resulting seed wes mature the panicles were harvested
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rig. 51

Comparative distributions of percentage normal
expected pollen from clones of B. inermis and B. pumpellianus
from micronuclel analyses at ~uartet stages
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AN

(o]

170

20

v ¥ ¥ ™

3o #0 So &0 720 8o 90 /00

Zo normol expected pollen




ol G

individually and the number of flowers and seeds were counted,
and per cent seed set determined., The analysis of warlance of
sesed-setting of the various clones and combinations is presented

in Table 3.

Table 3

Analysis of varisnce of greenhouse seed-setting under
open-pollination of selected B. lnermis clones

Source of wvaristion ae S ¥

Panicles e Be35
Clones 12 3534495 D EH¥%
HxH 5 292,66 4 o BO%
Lx L 2 787 .58 12.,37%%
Backerosses X 99,23
Other comb. 1 260,04
Between groups 3 207,30 Je 26
E x H wsa.
LxL 1 518,90 B,15%%
Hemainder 2 ' 51,45
Error ; 24 63466
Total _ T 3B

# Exceeods 5% lewel of significance
#% Exceeds 1% level of sipnificance

The comparison of H x H vs L x 1. combinations was highly
significant indicative of a8 real difference in seed-spetting
between the two series.

In another greenhouse experiment designed to messure the
geed-getting ability of several superior B. inermis clones
used in the thesis study by Hewk (15) the ananlysis presented
in Table 4 was obtalned.
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Table 4

Analyeis of variance of greenhouse seed-setting of
selected B. inermis clones

Sounrce of wvariation ag M3 P

Panicles 4 97,25

Clones i 4 1392.00 16.85 ##»
Erroy {% ) BR.6

Total we)

Highly significant differences were obtained in seed-setting
abllity as expressed by percent gseed set per flower subjected
to cross-pollinstion in the greenhouse, One should not
necessarily infer, however, that the same results would be
obtained under fleld conditions. The deta suggest thst the
various c¢lones do not set seed with ecual facllity., This
~is signifiecant information for the breeder. This feature may
impose additional restrictions upon the randommess of pollina-
tion necessary in verious testing procedures designed to sample
gamete populations validly.

From a quartet analysis it has besen possible to predict
a theoretleally expeeted percentege of normal eggs subjested
to pmk}iﬂatiau in the greenhouseé exXperiment, Aasuming that
m&ernmﬁelai arigse as a rsult of irregularities at the first
melotiec dividon and that they result in a deficiency in the
nucleus as well as a departure from normality when present in
the cyvtoplasm the following has been suggested: Those quartets

with no micronuclel may be consideres as comparable to 100%




normal eggs and those with 1 micronucleus as 37,5% normal.
Under such s hypothesis the ssed set of the 19 clones obtained
under open-pollinetion in the greenhouse end the expected per.
centsge of predicted normal eggs gave an r velue of+ 77, This
highly significant correlation coefficient suggeasts the
predictive wvalue of micronuelel analyses in estimating the
ability of clones to set seed under open-pollination at least
in the greenhouse,

Considerable importance often hae been attsched to the
percentage of stainable pollen as indicative of meiotic nore
mality. It was desired in %rls study to determine the associa-
tion of stainable pollen under fileld conditions with the per-
centagse of normal pollen expected from the micronuclel snelyses
of quartet stages. The correlation of these values in 30
B. inermis cleones from the nursgery gave an » of ~.le A negative
correlation of this magnitude might tend to discourasge the use
of pollen stainsbllity as s messure of fertility relations.

The whole fleld of gemetophyte ontogeny needs serious study.

Ko doubt slgnilficint e¢hinges oceur in the population products
which enter this ontogeny snd those which emerge as functional
pollen grains, NMale gametes floating in tapetal fluid mast
compete directly for nourishment reculred in their growth and
metabolism, Deflelent gametes would not be expected to compete
favorably with t oSe more properly balanced geneticully. Whether
nutrition is the eritical factor or not, it is safe to postulate

that rather critical selection cceurs during gametophyte




development .

Very few diakinesls or metaphase stagesof 5. riparius
plants could be analyzed, A considerasble number were observed
in which the chromosome number was approximately 2n=70. The
saasoclietions In 5 cells which eo°ld he sceurntely determined

are gumnarized in Table & to follow.

Table &

T LIi Iy I IV WV VI OVIT O OVIIT T Ime=

Clone open closed

E=2 6 is iz Q 1 70
E=3 2 1 25 0 4 70
3 5 13 1 2 1 1 70
0 4 16 0 4 1 1 70
1 3 15 2 2 2 1 70

The assoeistionsg observed were indliecaitive of a structural
hybrid chromosome aaﬁﬁwaawﬁw similar to that observed in B,

inermis and ¥. pumpellisnus. The percentages of cuartets

free of micronuclel smong certzin clones of B. riparius examined
ranged from 33 per-ent to 74 percent.

B. erectus miterial from lLund, iweden, shown in several

figures, was not avallable for esrlier crossing experiments,
Root=tip mitoses in seedlings of this materisl rovesled &
2ns56 chromosome number. The rather extensive introgression

of this speclies with B. inermis reported by Zherebrina (49)

already has been elited in the literature review of this study.




S -

Photomicrographs of diakinesis and other melotic stages
in these species are presented to indicute the irregularities

present (sce Figs. 5l-5H5).

ﬁcm&ralleﬁ Crosses

A total of 7,621 flowers were artificially pollinated
during the course of the study to ascertain the existing fere
tility relations within and between certain individusls of the
Dromopsis section. IJome open-pollination under greenhouse
and fleld eonditlions was observed and the various percentages
of seed get tabulated.

As might be expested, the results obtained from erossing
various diploid members of the section with the higher poly-
plolds were of a negative nature., As is indicated in summsry
form in Appendix Table 8 the plants obteined from crossing

Bs inermis, B. riparius, or B. pumpellianus with diplold

members proved to be selfs without execeptlion. There were
obtalined, however, a number of plants from crossing diploid
and hatrapleid members among themselves Which appeared to be
of hytrid origin., Under Iowa fleld conditions the diploids
of this section from the Pacific coasst were unsble to survive
the summer growing seasons. Potentlal hybrids among these
members were, 8s a resuli, eliminated before flowering stages

were sttaineds Likewise, s pumber of potential hybrids between
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53
54,
55

Spikelet of B. ri.gariua clone Ee3, 3Xx ca.

Lemme. characters of B. erectus (2n=56) from Lund,
Bweden. 7.5X ca. |

Lemma of B. r_ig&rius elone E=3, 7.5X ca,
Lemme of B. riparius clone E«9@. 7,5X% ca.
Diskinesis in B. riparims clone -3 (2n=70) 820X,
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tetraploid E. purgans F-354 and diploid B. orcuttiasnus falled

to survive to flowering. Wone of the potentisl hybrids obtained
from erossing B. bexensie with either B. inermis or B. pumpel-
liasnus survived heyond the firast seedling lesf stage,

The summary of fertllity relotions obtrined from crossing

various plants within snd between B. inermis and B. pumpellianus

ere presented in Table 5, For a more complete summsry by clones
the resder is referred to Appendix Tables 1, 2, 5. The
similarity of average see’ set 18 apparent. There weie some
individual instanees of much higher fertility between B. lnermis

and B, pumpellisnus from Pullmean, Washington, than the average

indicated in Table 5. The same might be said of psrticular

combinations from the other sources of B. pumpellisnus. %he

Pullman, %aghington collection of the latter specles contained

some inftrogressive types between B. inermie and B. pumpellimnus.

Thig phenomenon will be enlarged upon in later paragraphsa,
Fertility vajues a8 high as some obtained in crosses between

clenes of P. inermis and of B. pumpellisnus from varlous sources

sugpest a rather close relation of the two. 1t 18 suggested

further that B. pumpellisnus germplasm and the introgressive

products in the original dlistribution of the latter deserve
additional study.

The nigh standaﬁé;ﬁggjgﬁiens obtained both within snd
between these specles sugpest the importance of specific factors

conditioning compatability. They are, of course, confounded




with the physiecal manipulations attendant to c¢rossing in addi~
tion to climatic ( temperature, light intensity, ete.) differences
when the orosses were made, and, perhaps, other factors. They
do suggest, however, that the crossing taking place may not be

entirely at randome

Table &

Seed set from crosses within snd between B. inermis
and B. pumpellianus

fo. of  Total  Aves

Crogses flowers seed seed
erossed set set s
Within B. inermis 1010 450  44.55 23.0%
within B. x 304 142 46,71  29,7%
Bam&an g. inermis and
ampellisnus from 610 149 24,43 25.1%

?ull, Washgten
Between B. inermis and

B. pumpellisnus from 418 128 31.08 26.9%
Alberta, Canada

Betweesn B. inermie and

B. pumpellisnus from 229 7% 34,50 25,1%
Bodenburg Butte, Palmer,
Ale ska

The seed set obtilned from erossing B. inermis and B.

ripsrius is summarize! in Table 6.
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Table 6
3eed set from crosses among B. pumpellianu
B« inermis, and E. r&garfus

o, of Total  AvVesd

Crosses between flowers seed seed
crossed set set 8
B. inermis and B. riparius 380 131 34,47 18.9%
‘ B fnermis as Temaie
—— 48,18%
Bs riparius as female
- 28.50%
Bs riparius snd B. pump-
ﬁllianue D98 288 26.81 21.8%
Be gumpellianna as female :
26,43%
Be rigﬁrium as female
- 26.83%

The relative ease with which members of either 2n= 56
species c¢could be erossed to B. riparius 2ne70 suggested a
rather c¢lofe relation among the three, There was &n apparent
increase 1: seed set in crosses involving B. inermis as the

female parent. No & fferences were obtained in reciprocal

ecrogses between B. pumpellisnus and Be riggriﬁs»

The results of these erosses in general served to emphasize
the fact that some plants were better parents than others in
the various speeles grosses. 3nma erosges in which a consid-
erable number of Fflowers were involved fealled eampletaly.
Reciproeal ecrosses dild not always yvield the zame seed set

although they were essentially alike in a2 number of instances.
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Hatural erosses in the fleld

Data on seed-setting from a number of E. inermis, B.
riparius, and F3 clones under open~poliinution in the nursery
are presented in Table 7. The results appear similar to those
obtained in the greenhouse experiments, The r:ther high
seed-set of the B. riparius x B. inermis hybrids suggested the
posslbility of selfed plants being involved, In the reciproecal
eross, representei by (278-18-15 x E-9) plants 3, 6, and 8,
where morphological charscters of the male parent were ¢x-
pressed in the F, hybrids there can be mo doubt as to the
validity of the a&aedua‘et obtained. The B. inermls parent
454-10 uged in the f{:mﬁ:’ croas provel to eross resdily with
a2 number of B. ripsrius clones and the high seecd set muy
have bLeen due to specific compatability factors,

inermis and .

In view of the sympatriec dlatributions and artificial
fertility relations reported for B. inermis and B. pumpeliisnus
it wonld seem possible to expeet some hybridization in nature,.

In an Aspen parkland just off the csmpus of the University
of Alberta, Edmonton, Alberta, which has probably been broken
at leust onece (30), the two speeles gour together., Among the

clones of B. pumpelllanus obtzined from the boundery of an

Aspen eclump were typleal members of the species. A number of
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Table 7

Seed-set under open-pollination in the field of
representntive clones of B. inermis, B.

riparius, and Fl hybrids

Total Total Ave.
Cross Plant number seed :
of set seed
flowers gel
Be inermis
298~30 x E91-15 5 1311 830 69.3
25544 x 55422 2 1560 327 20,9
. . 6 1105 687 62.2
# " 9 1887 1056 67.4
Be ripsrius
E-2 318 141 44,3
Ewl326 462 242 52.4
E~1327 1188 328 27.6
B. ripearius x B. inermis
Ekﬁ“§2§§z:Ib A 3 894 565 6342
" : ' 5 698 531 7643
L 8 654 4582 69.1
Be inermis x Be riE?rina |
PresIBIE x E-9 3 1662 402 24,2
6 . 7086 131 18.4
B. inermis 8 264 3 1.1
268~44 1427 746 55,1
2781815 907 597 65.8
298-30 955 629 85.8




panieles colleete’ from individusl elones in several arens
throughout the parkland {5@), howsver, reveasled a gerles of
forms Intermediate between the two sgpeciles. It was possible
in fact to select » series of mature lemmas from plants in
the area which intergraded from the more or less glabrous
condition found in B. inermis to dense marginal pubescence

typieal of E, pumpellianus« On the basls of this material

2 seriesg of model lemmes were selected and a pubescence value
assigned to each (see Fig. 58). The limit of typiesl BE.
inermis pubeascence was arbitrarily set at class 2 while class
ﬂ.r@prnaantﬁd the lemma pubescence of type B. pumpellisnus

specimens examined., Forms of HB. pumpellianus from Alaska,

Yukon, and the Northwest Territoriles were found in the
herbarium specimens examined with more extremes of pubescence
whiech were assl gned wvalues of 7 and B,

The distribution of lemms pubescence scores of several

handres B. inermis and B. pﬂmgallianna spec imens collected in

various locslities of Worth Americs over a 80 year perih& are
presented in ¥ig, 57. A considerable number of intermediates
were encountered. ¥rom purd vy a priori considerations the
pubescence classes 3 and 4 should perhaps contaln the greatest
number of potential hybrids. Their geogrsphical distributlion,
as presentes in Filg. 58, would suggest th:t hybridizsation
occurred in separate places before the turn of the present

gentury, Between 1895 and 1900 intermelates were collected
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Fig. 56

Lemma pubescence classes
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Fig. 5%

Distribution of lemma pubescence among 501 specimens
of B. inermis and B. pumpellianus collected

in the peériod IBB0-1947
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in Colorado, Montans, and Alberta. During this same period
B gmérmia was rapidly being inecressed in hay and pasture
plantings throughout the Intermountsin region. Two clsss 4
ﬁﬁﬁﬁiﬁﬁnﬁ were collected Qriar to thé introduction of Be inermls,
one from the Rocky Mountsins {E. Eourgesu 1858-Gray Herb.),
and one from South Park, nesr Gray's Peak, Colorado (Wheeler
Expecition. 393, 1873-Gray Herb.). Nelther of these were
snfficiently'maturevto all&w'aacurate soe ring of thelr poten-
ti1al pubescence, but their inclusion seeméd worthwhile from
the historic:l point of view, Intermedintes also were found
among sped mens from the Black Hills, South Dakota, Minnesota,
Wisconsin, Ganﬁ@@tieut; and Quebee as shown in Fig. 58,

Be puM§@11ianua was introduced into warious gardens,

nurseries, and ab&afvatienal plots frbm 1880 to the present,
some plantings of which are ﬁe doubt raspénaible for the inter-
mediates liated\ﬁa introduced in Fig, 58. The specimen from
the Experirent 8%&%1&55 Lincoln, Nebrasska was collected in
1890, (Mo. Bot. Gard. 216672), the one from the Kichigan
Agricultural College grﬁss gardens (C. F. Yheeler-Gray Herb.)
was taken in 1895, end the mn@kffam the Ephralm Branch, Great

Basin Experircent Stition, Uteh, (B. L. Blichards Jr. 5138-Gray

Herb,) in 1934. Several pl:znts grown from B. pumpellianus seed
obtalned from the Soil Conserwvation Service nursery at Pullman,

Washington, were previously mentimed in thils seme category.
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There is econsiderable disecontinuity in the distribution
of B« pumpellianue in the United States as indicsated in

figs 2+ Typlexl specimens were noted from the Intermountain
region, the Blsck Hills, the Cheyboygun ares in Michigsen, 2nd
near Ottaws, Canada. Hitehs@ak~(19) consideres the Michigan
8. pumpeliisnus an introduction, This interpretation 1is ques-

tioned in view of tﬁa Cenadian and American distributions of
the .int@r:@éﬁi&t&m as well as typleal B. pumpellisnus. Very
simller North americen distributions have been reported by
Fassett (11), Munns (34), Hopkines (20), Hitcheook (19), and
Harie~Vietorin (32) for the following species of flowering
plantsg

Rubuﬁlgarviflarag, Populus balsamifers, Picea glauca,

Arablis divaricarpa, Scirpus E“@i%ﬁﬁf Listers borealis,

Antenneris g@&aharrgaa,‘ﬁastugﬁ seabrells, Pos interior,

FPoo apine, Pos canbyl, Mellecs smithii, Agropyron bakeri,

Agropyron spieatum, Deschampsle atropurpures, Panthonia

intermedia, Calsmagrostis neglecta, Phleum aipinum, and

ggyﬁm@sia asperifolia.

The B. inermis specimens examined from Central Europe
did not exeeed elams 2 lemma pubesgence., Within the Lincoln
varlety of H. inermis thoe lemmss examined were largely class l.
In 300 lemmss taken from a seed sample of the Fischer varlety
three wére scored in ¢lass 3, Thiz see’ was produced in the
ﬁnii Conservation Service marseries nesr Ames, lowa in 1944

fyom seed teken from an old stand in a southern Iowa fleld
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whieh had persisted more than 20 years. The seed 'rom which
this old stend was planted hatl been obtained from a Mechanlcsa-
burg, Ohio, source. The previous history of this seed lot is
unknowne 7The closely related pubescent B. ripsrius also was
being produced in the same nursery ags the Linecoln snd Fischer
varieties sampled in thie study. The Linceln wariety, grown
ffrom an unknown seed source, did not exhibit any pubescence
exceeilng elass 2, however, The original forelgn source of
this variety may have been culte different from thet of the
¥ischer variety, although the two erossed readily und set an
spundance of seed under srtifiecial conditions in the greenhouse,

Various festures of the artifielsl hybrids between B. iner-

mis and rather typicel B. pumpelllsnus will be discussed at some
length later. 1% wauiﬂ be well to point out that they are
intermediaste in lemma pubesacence, although more nearly spproach-
ing the pubescent condition (cless 5) than & true intermedisate
con ition. It is entlirely posaible, of course, that the inter-
medintes sam-led under natural conditions econtiined bsckerosses
and other complex segregsbtion products between the two species.
Inssmuch &8 both parents and hytrids are largely ¢ross~polline-
ated 1t is reasonsble to assume that most of the natural crossing
would have been to the sgpressive parent B. inermis since its
introdunction snd incresse in these areas,

In the Intermountaln reglon, the intermedistes huve per-

sisted most often in altered environments, Hoadsides, highway
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shoulders, and railway embankments seem to have common environ-
mentes in which the hybrids flourished, These disturbei habitats
may have served a two-fold function: in addition to providing

a habitat for the hybrids they also served sp &n svenue by which
Be inermis was able to escape und invade the restricted runge

of B. pumpellianus, B. inermis was, however, carried into and

planted widely in the wenge of B. pumpellisnus, thue sllowing

-additional opportunity for hybridigation.
On the buais of specimensu examined it ¢'n be reasonsbly
stauted that hybridizstion betweoen the two specles 1s currently
under way in the followings
1. The area just west of the campus of the University of
Alberts, Rdmonton, Albort:i.
Ze Waterton Laltes parklands, Alberts,
3« In the Black Hills, Zouth PMakota, in the wviecinity of
the junction of Ue . highway B5 and Cemp Este road.
There are evidences of muny other isolated arems within

the possible range of B. pumpelliianus where hy ridization has

probably occurred within the pmst 20 years. The most intereste
ing, however, 1s the intermedlute condition found in the
specimens from Hinnesota, Wisecnasin, Coﬁnsctieut, and Quebee
which sre, supposedly, outside the known range of the gpecies.

| An explanation for the presence of these intermedistes may

be found in one or more of the following postulstes:
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l. They may bear some velstion to the mnow relic populations

of B. pumpellisnus along the Michigen l2ke shores,

2+ They masy represgent introductions of closely related
naterial from Aslatic sources carried in by early
immigrants. |

3They might concelwably represent extreme variants within
B. inermis.

4. They may have resulted from hybridization in these areas

w&thlg, pumpellianus carried in from other American or

Canndian ranges of thig specles.

Immigrant floras of introduced weedy specles in particular
may be elted as an example feavoring the latter. The pattern
of this distribution, however, does not favor such s hypothesis,
The possibility of extreme variants 1a ﬁi$counted since the
yubaﬁcénee should slso have shown up in various other localities
of comparable latitude and 801l conditions which were sampled
equally well., There le 2 possibility that introduction of closely
related pubescent materisl from European or Asiatic sources is
involved. It was reported by Pleters (41), for instence, that
much of the B+ inermis originally introdueced from Furope was
adulterated with seed ef‘g. erectus as well as other contaminants.
In view of the introgression of these species observed by

Zherebrinn (49) and the fertility of B. inermis, B. pumpellianus,

and B. riparius crosses it seems resgonsble to expect some come
plication of the pubescence patterns of B. inérmis: in this

country. The lemma pubescence of typleul EB. erectus is fairly




uniform over the beck while thst of typieal B. pumpellianus

is more nesrly restrieted to veins snd margins, Among the speci-
meng examined were curious patterns which were difficult to de~
1imit under the srbitrary arrangement adopted.

one of the complicating factors in any 2nalysis of B.
inermie ia the fact thet different lmportations have been made
from widely separsted loecalities in Central Hurope snd ussla.
Indesd, 1t may well be possible that a considerable part of the
morphologieal, as well as cybological variadility now found
in B. inermis 1s due to the mixture - in North Americen areas -
of germplasm from widely differing scurces,

in the writerts opinion the most plausible explanastion of
the intermediste pubescence types found around the Grent Lakes
lies in the poesibility of relation to the remmant lake shors

distribution ol B. pumpelllsnus, Since no specimens of B.

pumpellisnus were reported from enstern United EBtates and Canada,

excepting the collectlion from the vicinity of the Great Lakes

snd one specl on from Ottews, Cansde, the presence cf these
intermediates is accepted as evidence of relle distributions in
the particular areas. The very nature o these hsbitets bespesks
of endemism. The ﬁisﬁribgtiang of the intermediates in eastern
United States and Canade are, without exception, in terminal
moraine aress where stony, 1isolsted habitats presented & minimum

of floral cowpetition. 2. pumpellienus and certain introgressive

produects are, perhaps, peculiarly sdapted to these stony habitats.
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In the Intermou tein region B. pumpelllxnus has persisted in
eocol, rocky, montane habitats where florsl competition was
reduced to s minimam end has in no way been able to compete
with B. inermis in the more fertile valleys in thesc mountain
aross where 1t once was, apparently, much more plentiful.

Plsnts of typieal B, pumpellisnue, in spite of morpholegleal

similarity, are not compsrable in vigor to those of B. inermis.
Artificlsl hybrlids between the two species have, in the main,
been as vigorous as average B. inermlis plants and some have
exhibites some heterosis.

The fact thet aﬁ# recombination preducts with B. pumpel-
lisnus-1like eharawterakagyearad in the restrictel seampling of
Hinnegota, Wisconeln, Connecticut, snd Ouebec seems auite
remarkable. In the tétminal'marainsg or higher, rocky habltats

chence recombinstion products with B. pumpellienus charscters

would not have been critically gelested angainst, It 1s ex-
pected further that the reduced fertility of the hybridses would
not hive been selecte’ against critically as long as effective

asexual propagative characteristics were maintalned.

Controlled hyirids bﬁgﬁﬁﬂﬁ'gg inermis an? B. pumpellianus

The relative eese with whieh hybrids were obtained from
certain combinatlons of these two specles was emphasized in
esarlier paragrephs, bvidqnce for the introgresaion of the two
in nature since the introduction of H. inermis also has been

presented. Should the transfer of specific charscters from
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B. pumpellismusg to B. inermis become desirable, certein features

of the cytological and genetlc behavior of these hybrids should
be kept in mind.

Hybrlds obtsined between typleal appearing B. pumpellisnus

and B, inermis largely were Intermediaste in morphological
eharacters. Certain of these characters &re shown in Figs.
59 - 63« 1t was impoesible to set definite limits on the ox-

tent of thils intermediacy since the parentas themselves were of

such = highly variable nature. Where plants of B, pumpellianus
with typiesl lemma pubescence were used as parents with B.
inermis clones from the nursery, the Fl hy rids obtained were
of clrge 4 or 5 lemmax pubescence ss shown in Figs. 81 and 62.
Culm nodes of the hyﬁrida were also intermeiiste in pubescence
when the parents raytaaentaﬁ extremes of this charascter. Howe
ever, this charac¢ter difference hus proven so wariable smong

clones of H. pumg&llianns as to render it useless as a constant

species difference.

The melotic annlyses of the hybrids made with the HEdmonton,

Alberta, source of B. pumpelllianus are presented in Table 8.
Chromosome asao@iati&n& obgerved were essentislly similsr to
ti:ose of both parant'speeias. Univalents were cuite common,
In the hybrids examined the number of cuartets free of micro-
nuclei per 100 range’ from 12 to 41, This was considerably
lower than the average of the parents indieating that certsin

meiotic factors were conbtridbuting te thils instabllity.
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Spikelet of hyorid 7-7. 3x cs,.
Spikelet of hybtrid B3, 3X ca.

lemmas of aybrids 7«7 and 7-< exhibiting class 4
pubeacence. T.5X ca.

Lemm:g of hybrids 7«4 and 8«3 exhibiting class 5
pubescence, T,Bi ca.

¥ode and aﬁlm pubegcence in hybrid 7-<, 1X ca.







A number of these hybrids were zllowed to open-pollinate
at random with a group of B. inermis clones in a greenhouse
experiment previously mentioned in Table 3. The seed-setting
of these hybrids resulting from this procedure is presented in
Table 9 to follow. The seed set among these hybrids ranged
from 13.6 percent Lo 33.% percent per flower subject to pollina-
tion. Typlesl B. inermis clones in the same experiment ranged
from 13.0 per cent to H8.R percent. While the éeed—set among
the hybrids failed Lo approsch the hivh level possible in
B. inermls 1t was sufficiently higher than the low fertility
clones of B. inermis to indicate a close relation of the two.

A considereble number of hybrids between the f. pumpel-
lisnus and B. 1naxm$afwara grown and anelyzed for various fest-
ures. Charscteristic melotie stages among these hybrids are

shown in Figs., 64-71 . The B. pumpellisnus parent (P-8) in

these ceapes did not exhidbit a typieal U. pumpellianus lemma

pubescence, This clone has a glasucous appearance with short
pubeseence over the leaves and eulms quite unlike typiecal
g.';nermis. The summary of melotic chromosome gssociations
obaserved in a number of these clones is presented in Table 10.
Hybrids 12 and 18 waré somewhat more irregulasy than the others
ag eovidenced by large numbers of univalents and open bivalents,
Teteils of this are presented in Pigs. 64 and 69,

A number of hybrids were obtained from crossing B.

riparius with B. inermis and analyses of these are included




Table 8

Heiotic chromosome sesocintions observed in PE. inermis
x B. pumpellisnus F; hybrid 8-2 :

I T I I I IV VI VIT VITE

Wo open closed

1l 4 4 1Y 2 1
b1 2 5 16 4] 0 0 1l 0 b |
, 2 8 14 4 1 0 b ]

Table 9

Seed-selting under open~pollinstion in the greenhouse
of certain B, inermisz x B, pumpellisnus Fl hybrids

Tlone ——
Humber seed
— s - . , set
g 7“"2 15 qs
T4 21.9
-7 23.9
B o &

8.3 2B8.56




Fig.

64.

65.

66

67
68 .

69

Tle

Metaphase I in P-8 x 258-44 #12 with 10 univalents
ineluding 2 ring univalents, 2 open bivalents, 14
closed blvslents, 3 associntion of 1iI, and 1 V.

The ring univalents are evidence of chromosome dupli-
cetion on elther side of the centromers, KNote

- fragment 1n lower rignht corner., B20X,

ﬁataphaae in P-8 x 25544 #8 with 2 univalents, 5 |

' open bivalents, 18 closed bivalents, and 2 associstions

of IV. B820X.

Niakinesis in P«8 x 255«44 £18, HNote the multival-
ant associstions with chisama held to other assocla-
tlons. B7BX ea,

Early anaphase I in P~8 x 25544 /12, B820X.

Anaphase in #12 showing ecuationsl division of 5
lagging univalentse B20X,

Anaphagse I of P=~8 x 25544 #18 showing extreme

- irrvegularity of lagging snd bridges, 820X,

Pirst metaphase orlentation of an association of V
in p-8 x 26544 #6, 1200X e=a.

Late di-kénesls association of VI in P-8 x 255-~44
#15., 1200X osaa.
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Table 10

Summary of meiotic ehromosome association in -
F4 hybrids of P-8 x 255-44

— F5 —F6 _#8 Fio _Fi1z _Fis FI6 FIic 718
¥o. of
cells 1 10 11 3 6 é 4 3 3
TPype of
agsocliation
I mean 5,0 1.6 2.2 1.7 8.8 1.2 0.8 1.7 3.3
- range 0=-5 Q=g O=4 B=l2 O3 0=2 l1=-2 2«6
open mean 3,0 3,2 3,9 3.3 6.3 3.3 1.8 3.0 6,7
II range 16 0=8 1~8 3~ 1=5 13 0=5 5-8
closed mean 16.0 11.9 16.9 11,7 12,7 14.8 13.8 10,7 15.0
~ II range 5«17 14-22 6-16 9-19 7-19 11.17 7-13 12-17
I11 mean 1.0 0.8 Q.8 0:3 1*3 0.2 0 Qed 4]
range Ow3 Om2 O=l 0=3 O-l 0 0-1 ©
IV mean 140 3.5 1,7 3.7 0.2 3.5 3.8 2.3 0.7
range - 1-6 0-4 3-4 0-1 1-4 3-4 13 1-2
VvV mean O 0 0,8 0 0,7 ©0 0.3 0 ©
range O Ow2 0 0-1 0 O-~1 0 0
Vi mean 1.0 qu 1.8 1.0 0.2 Otv 1.0 Q Q
range 7 0-3 O=~1 O=2 0«1 ° 0O=2 0«2 0 0
VII mean ' 142 0 0 4] 0 0 0.7 0
range | 0 _G 4] 4] 4] ¢ 0=2 O
ViIii mean 0.3 ¢ 0,3 0 0.2 D3 Qa3 0.3
renge Ow2 0 O=l 0 Q-1 0-1 0-1 0=1
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in tre study. They were generally intermediate in morghologiQ
eal characters between the parents. A few of these detalls
are shown in Figs. TE«T76. The typlerl leaf and culm pubescence
of B. ripsrius is an objectionable feature from a forage stand-
polnt although the non-sprending habit of growth which it hss
may be desirsble in gome instances. The figures presented
show the intermediate expression of these characters in Fy
hybrids. There were plants anrong the firat buckeross progeny
to B. inermis which were as pubescent, or more so, than the
Fl hybrids. There slso were some which appeare: intermediate
between the F 's and the recurrent parent, B. inermis. The
plents of the second hﬁekermsaiwer@, for the most part, like
the recurrent parent in this charascter although = few still
'paa&aazeﬁ some short pubescence not typieal of the E. inermis
parent, The differences in chromosome numbers in these hybrids
and backerosses may have been responsible for part of the
observed complexity.

Similar results were obtilned for splikelet charscters
in trese complex hybrids as shown in Figs. 77 -« 79. The lemma
pubescence of the F1¥é, likewlise, was generally intermediate
although variasble from plant to plant.

Mitoses in root-tip cells of second backeross plants are
shown in Filoe, 81 end 82, The someatic number shown in Fig. 81
is 54 while that of ¥lz. 88 1s 856, The possibility of chromosome

loss during smesaring was recognlzed and diseretion was employed




Pilg. 72. Left to right: B. inermis, three Fl hybrids, and
Ba ripﬂl‘i\lSi Jx Che

Pilgs. 7T3-T4-75. Backerosses of in&rmis~rigar1us ? to
Be. inermis, 1X ca.

?1%. 76, Seoond baakmrasaas to By, inermis. 1lX ca.
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in the analyses of cells where error seemed at all possible.
In spite of these precsutions numercus cells in these hybrids
and vackerosses were observed to be deficient in somatie

chromosomes. In root-tip cells of sn inermis-riparius F,,

for instance, the chromosome numbers in the cells observed
ranged from 46 to 63. At least two pairs and apparently 5
ehromosomes in Fig. 81 are satellited. Terminsl associations
of eertsin ﬁhéemagamaa were observed fre~uently in the root-
tip cells examined.

Table 11 summarized the meiotie chromosome anslyses
of 8 number of hybrids snd backerosses examinéé in this
group, Assocletions similar to those reportei for the parent
species were oObserved for the most part, A few more complex
maltivalents (IX and X) were obssrved here than in the parents,
indicative of additionzl interchanges since divergence. There
were varistions in the 2n number of chromosomes observed in
various cells, the ranges of whieh are listed in Table 1l.
These differences are sconfounded, however, with the possible
misinterpretation of extremely complex associations,

There may be barriers involved in these hy'rids other
than the whole ehromosome aaiet&u irregularities already
noted. The summary of gquartet snalyses of a number of these
hybrids is presented in Table 12, The wvery low number of
gquartets free of micronuclel in any of the hybrids or

backerosses is apparent, Some of these micronuclei have,




Fige

Flge
Fige
Fige
Filge

Fig »

T -

79

B80.

8l

82,

Spikelet of hybrid #8. 3Ix ¢s.
Spikelet of s first backeross hy'rid. 3X ca,
Spikelet of 2 second backeross hybhrid. 3X ca.

Lemmas of 3 inermis-ripurius Fl hybrids, 11X ca.

Root«~tip mitosis in second backeross hybrid in
12«4 showing 54 chromosomes in this cell., 1180X
Chas

Root-tip mitosie in seeond ba keross hybrid 12-9
showing 56 chromosomes. 1180X oca,
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78
R
/
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Table 12

- Bummary of aquartets free of micronuclel in

analyses of wvarious inermis ripsrius

hybrids ano beokerosses

ey

% quartets

- Plant free of
Combination Cross TiOw micronuclel
?1 278-18-15 x E-9 8 12
Fl 454«10 x E~d 1 2
Fl Fed x 454-10 1 15
Fy E-3 x 454-10 7 0 2% bridges
at Ana,l
BG4 I-E 3-17 17 8 8% bridges
1 i at Ana,.l
BCy I-E  6-11 11 5 2% bridges
1 ‘ Ana.l
BCy C=10 10 23
Bﬁl C-8 5 2 1% bridges
at Ana-:(
BGy, 122 2 0
BCg 12.3 3 18
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no doubt, azrisen from the random distribution of unerual chromo-
‘some numbers in some of these nybrids. The rather low percen-
teges of gquartets free of micronuclel in the BCy, clones examined
leads one to conelude that other factors also were involved,
Examination of Pigs. 83 - 97 depicting meiotic stages
in certain of these complex hybrids may reveal several inter-
esting festures of this irregularity. Heteromorphic bivalents
are apparent in Fipgs, 84 and 85. The association of satellited
members with those without satellites seems to indlicate further
the palilring complexity possible. Thils will have a profound
‘affecﬁ upon the econcept of chromosome duplicstion, palring, and
recombinstion. Only on rare oceasions was it possible to
achieve effective stafping of satellited chromosomes at
meloses.
Gilant spores gimilar to the one shown in Fig. 96 were
obaerved on oceasion among certain of the speciea hybrids.
They may have arlsen from fallure of cell wall formstion at
the two or four nueleate stage., This failure may have resulted
from the 1aaa of genetic materials from the main nucleus controle
ling this proeess or from other factors controlling the growth

and development of the young spores.




Fige. 83. Diskinesis in P, 454-10 x E~4 #1 showing =sn assocla-~
tion of eignht cliromoscmes in upper right hand corner.
125X e¢a.

Tig. B84+ Diakinesis in first backeross 3-17 with 2 univalents,
4 open bivalents, 0 closed biwvalents, 1 association
of IV, and 1 VI. 1000X eca. '

Wig. 85, Pilakinesis in 3«17 showing 1 univalent, 3 open bi-
balents, 19 clossd bivalents, 1 sssoeistion of 1II,
and & IVe 1000X c8.

Flg. 86. Diaskinesis in firet backeross C-10 showing a rather
loose sssociation of B chromosomes in upper right
corners. 1180X ca. '

Filge 87, Diakinesis In €¢-10 showing 2 univnlente, 7 open
bivalents, 13 closed bivalents, 2 associntlons of 1I1I,
snd 2 IVe 11<5X cas

Filg. 88s Diakineslis in second beckeross 12-2 with 2 univalents,
4 open bivalents, 15 eclosed bivalents, snd 4 assoclia~
tlions of IV. 1190X ca,

Flige 88. Polar view of ansphase I in C-10, 800X cu,

¥Pig. ¥0. Metaphese II in backeross 6~11 showling an anaphase
I bridge still intact. 1225& qsa,

Fig. 91. Quartet with six mieronucleil in second backeross
12«3, 1190X ca.
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Figs

Fige

Pig.

Pilge.

92.

93.

Dd .

Spikelet of pumpellisnus-ripsrius Fl backerossed
to B. inermis.

Diakinesis in 307-35-3 x (P=10 x H=4) shown in
3 univalents, 6 open bivelents, 89 closec blvalents,
1 assoclation of IX, and 1 X. 1188X ca.

Diskineslis in ssme clone with £ univalents, 6 open
blvalents, 11l closed bivalents, £ associations of
i1, 2 1V, and 1 VI, 1188X oa.

Spikelet of ripsrius-pumpeliisnus F, 20-2, 3X ca.

1

Sporea of ripariuns-pumpellisnus ¥, 209 showing
the result Qg wall fsiiure. m.Oilcaa

Leaf seotions from top to bottom: B. pumpellianus
P-8, B. riparius -3, B. erectus from Eun& and
second baagerasa of r&g&riu ~Inermis back to Be

riggriua.
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The polyhaploid B. inermis clone 55439

Turing the course of the study a considerable number of
clones of wvarlous specles were brought in from the nursery for
grecnhouse analyses of various kinds. At the suggeation of
Knobloch (283) an aberrant clone (554-39) was investig:ted. This
clone proved to be a polyhapleid.

iIn root-tlp cells of thils clone the haplold chromosome
complement was observed. Under an artificially extended photo-
period the e¢lone csme into flowering slong with s normal sister
eclone brought into the greenhouse at the sume time. The haploid
failed to grow as rapidly as the sister clone and the foliage
and flower parts were somewhat reduced in size.

& serles of photomicrographs showing detalls of this clone
are presentel in Figs. 98 - 108. The reduced slze of the
spikelet shown in Fig. 98 and the comparatively small pollen
grains In Pige 100 and 101 are apvarent. At least two chromo-
somes of the somatiec complement shown in Fig. 104 show terminal
econstrictions, From a superficial examination of pachytene
pairing (shown in Pigs. 102 and 103} one would conclude that
rather normel synepsis had oceccurred although there are unpaired
strande in certain sections. dignificant festures of the
chromosome make-up &re revesled in the diskinetlc stage shown
in ¥ig. 105« A rather loose association of slix chromosomes and
an associztion of four indiestes a high degree of internal

peiring possible. The multivalent associations msy be due in




Flg. 98+ Splkelet at anthesis showing a slightly reduced
number of flowers. 3X o,

Flge. 99+ Splkelet of clone 314-8 for compariscon. 33X ca,

Figse. 100-101. Pollen grains of polyhaploid stulned with
aceto-carmine in comparison with pollen (Fig. d)
from a normal sister clone 554-49, 790X ca.

Plge. 102-105. Pachytene stages indicating the synapsils
attained within the polyhaploid, 1125X ca.

Flge 104, Hoot«tip miteﬁia showing the complement of 28
chromosomes. ll128X ca.

Pig. 10565, Diakinesls showing one sssociutlon of six chromo-
somea, one of four, and nine bivalents. 1175X ca.
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Fig.
F i}g#

?ig.

Diakinesis showing associztiomn of two pairs with
tihe nucleolus. 1000X ca.

Metaphesge I showilng one assocl tion of IV, 6 open
bivslents, and 8 closed bivalentr. 1175X csn.

¥etaphage I showing 7 open bivslente snd 7 closed
bivelents. 1188X es.

Metaphase I showing 7 open bivslents, € closed
bivalents, and two univalents. 1188X ca.

Anaphase I showing a 14-14 distribution of the
chromogome complements 1175X ea.
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part to the polypleid nature of the species and to asegmental
interchanges which have otcurred during its phylogeny. The
series of dilskinetic and metaphase I stages shown in Vigs.

106 - 110 provide additianal evidence of poesible internal
pairing. A summary of associstions observed at diokinesls snd

metaphage I sre present in Table 135 below.

Table 13

Melotic chromosome associatlions in polyhaploid
E. inermis clone 55459

Xo. or " Wesn Chromosome S880Ciations
cells per cell
I Ii i1 iv V1
open elosed
Makinesis 11 ald 2.6 8a8 l.1 « 09
ﬁ%tﬁ’g}hﬁ se I 81 ~12 ’?ng BB « 08 0

The normal disjunction of the haploid complement at sniphase I

i1z stown in Fig. 110. The cusrtet stages exmmined were 87%

free of micronuclei and, =28 waz shown in Filg. 100, a high propor-
tion of stainsble pollen was present, No seed-set was obtalned
upon selfing or outecrossing this clione in the greenhcuse. It
resched flowering stege wvery late in the spring when greenhouse
temperatures were high and conditions gener:lly unfavorable for

soed-getting.
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Beeasuse of the presence of many closed biwvslents in the
polyhaploid one might c@nalﬁde that the speciles was nearly an
autopolyploid which arose by doubling from s hybrid between two
closely related allotetraploids (45)., The fact that a predom-
inent number of bivalents still apprear at the octoploid level
leads one to suspect forces in addition to homology as being
responsgible for the palring. A supplementary explanation must,

therefore, be so:ght to account for the observed assoclations.
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DISCUSSION

The anslyses of the warious hybrid combinations among

B. inermis, B. riparius, and B. pumpellisnus have indicated

rather close relationehipe among these species. The results
indjcste that seed-setting ebility is not necessarily an
accurate measure of the extent of recombination possible
among thems Oytolopglesl analyses reveal rather serious
limitations to the expectation of normal recombinstion among
these closely related members, The transfer of characters
from one to the other may be attended with meny difficultles,
particularly if the inheritance 1s of a cuantitative n:ture,
To be at all ressonably sure of success in the tranafer of
characters from one entity to ancther large pornulations
would be extremely desirable,

In the case of B. pumpellisnus and B. inermis, where a

certain degree of introgression and segregeation hes spparently
been under way sinoe the introduction of B. inermis, effective
trensfers may alrendy have been executed in nature. The survey
of plents within the original distribution of B. pumpelilisnus
should prove valueble sghould 2 situation arise in whiech the
desired character was not readily forthecoming in available
materisl of B. inermis.

One need be eoncerned, however, with the implications of

an apparently irregular meloses within the species B, inermis
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itaelf., One might also be criticsl of speculative ventures but,
nevertheless, great significance must be attached to the main.
tenance of the apparent irregularity of the melotic mechanism
found in these spedles. The occurrence of melotic Airregular-
ity smong the long-lived perennial grasses with means of
asexual propagation has been emphasized in the literature cited
in this study.

In thls regard it seema advisable to point out the differ-
ences between melotle mechanismsin annual grasses and cereals
and that of long~lived perennials. In the anﬂaai, natural
selection operstes rather eritiecally upon sexual reproductive
a&paﬁi%&; The successful spread of a superior genotype is
dependent, %o a conslderable degree, upon the abllity to set
the greatest possible smount of wiable seed. 4s a result,
the meiotic mechanliam ls under critliesl selectlon pressure for
factors promoting seed set and wiability. Normal meloses 1s the
rule, for example, in diploid bdarley as well as in polypleoid
wheat and oats where chromosome members are typle:lly associated
as bivalents. Offtypes, su@ﬁ as speltoids in wheat snd fatuoids
in oats, have been ascribed to occonslonal aberrant chromosome
behavior {(£3). In the application of present-day breeding
methods, evolved largely around studies with annutls, notably
corn sand small grains, testing programs explolit this feature
of normal melosis.

In a predominantly vegetatively reproduced long-lived

perennial, natural selection must act ;rimsrily upon the asexual
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stages of the life cyele. The clones, or sectors thereof, which
have been unable to compete under warying extremes of environ-
ment will be elimineted., Sinece an individusl of thies type need
only replace itself ocessionally through sexual reproduction
in nature, the selection pressure affecting the two reproductive
eycles is not comparadble, Later it will be postulated that there
is a selective wvalue attached to a certain minimum level of
gsexual reproduction to hold the specles together and to allow
a minimum level of recombinstion with other clones of the
species.
considerable artificial selection has been practiced in
Be. inermis since it was first cultiveted as a forage crop.
One must conclude, however, that selection, artificial or
otherwise, has done little to reduce cytological irregularity.
The chromosome complement, in reslity, appears much more stsble
than might be assumeds. The conelusion that some selective value
ia attached to the maintenance of this irregularity seems in-
escapable. Excepting,for the moment, the beneflts accrulng from
heterosis, maintenanece of irregularity is evidence that suppress-
ion of random recombination waes selected for rather than against.
in a 1&ng~11vaﬁ sod population of largely asexually re-
produced crosse-pollinated plants a relstively few vigorous
heterozygotes are likely to predominate. Only & few zygotes
at & time ¢an enter and compete for estsblishment in the
population. In sn annual, however, relatively large numbers

begin growth anew eech yesr in & partiecul:ar season a{fording
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optimum conditions for the establishment of large numbers.

As far as the perennial, cross-pollinated species is
concerned, s stablllzing selective force whlieh would ensble a
plant to produce a2 few parential type gametes in contrast to
511 possible recombination products would constitute an lmmed-
inte selective advantage szince the effective breeding population
is a smsll highly selected one. 7To achieve this end, longe
lived grasses can sacrifice the regularity of meiotic mechan-
ism 80 necesssry in annuals for quantity production of gametes,
0f the cytologiezl mechenisms known to date, the heterozygous
inversion system and segmental t?&nsloeation achieve the de-
sired effect-~~that of suppressing recombinstion, Crossing-over
in heterozygous Inverted segments, in most cases, leads to the
establishment of dicentric chromatids which result in bridges
at anaphase in addition to acentric fragments. 'The resulting
deletions may lead to inviability or to unbalance and only those
gametes receiving the inverted segment intict may prove balanced.
Segmental translocations, particularly in these members, may
lead to recombination suppression in a number of ways. MHulti-
valent associstions achlieve a2 reduction in the number of linkage
growp s which m&y result in fewer kinds of recombinastion products.
Secondly, chissms formstion may be suppressed in the vieinity
of the insertion region. Thirdly, the variable multivalent
agsociations from cell to cell may have led to heterogenetic

pairing as evidenced by observed heteromorphic bilvalents. in
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these, relatively little recombination would be expected. Under
such a hypothesis sygehana'pairing would take place on & seg-
mentgl rather than whole chromosome basis. Preferential palr-
ing would take place between homologous segments lving in close
proximity as meiosis got under way. 7This would result in non-
homologous segmenitsl associations in which c¢crossing~over would
be suppressed, Synapsis of homologous segments of a certain
moagnitude may be sufficient © satisfy the pailring impulses of
the whole chromosome, Unless the assoclation or synapsis of
segments ocecurred in seversl placed slong the chromosome
simulteneously it is doubtful if opportunity for recombinetion
in more than a few segments would become possible.

Since the msexual steges ol these specles are dominant in
the 1life cyecle 1t waﬁid seem possible thut the genetic system
under which they reproduce might be pecullarly adapted to the
emphaéia of somatic mechanisms, Since some evidence of somatie
pairing was observes and since it may possibly teske place between
only partislly homologous chromosomes the following hypothesis
is supgesnted:

Crossing-over in somatie cells as s result of palring of
non-homologous, or partially homologous, chromosomes with only
duplicated segmenits may tend to scatter segments of the originsl
chromosomes over the entire complement, Certalin palrs of
homologous chromosomes would, on such an assumption, loss

 their identity and furither emphasis wonld be on individuel
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chromosomes,. Assuming that the loeci are distributed more or
less at random over the whole complement some degree of higher
poiyploidy would seem neceéssary in order to obtain balsnced
gametes., With polyploidy snd dominence sll but one of the
duplicsted original loel would then be relensed for evolution-
ary PUrposes. |

We may, for erample, assume that somatie palring and
recombination occurred in mitosis of a mother cell., Clonal
sectors ariging from mitotiec divisions of a daughter cell in
which a more favorsble recombination was obtained than that
present in the mother cell or other dsughter cell might easily
possess 4 selective advantage. The process might be considered
s very conservative stebilizing mechsnism in that the original
somatic condition would not be relinquished unless the new
recombination proved more favorable. IThus, any favorable
somatic recombination or matation would be saved and unfavorable
ones would be discardeds

Under such s hypothesis of somatic interchange and mata=-
tion, recombinatlon eould oceur only among the loeil present,. A
certain minimum level of sexusl reproduction would have a sel-
ective value in that 1t would hold the species together and
permit some séxnal recombination between selected parentel
clones. From this astendpoint various forms of spomixis would
appear more desirable then exelusive vegetative reproduction

gince they would maintain the floral structure snd still allow
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some sexual reproduction leading to the Intarchange of germ-
plasm thro ghout the speecies. Sueh 2 hypothesis would explain
aneuploldy in certain grass geners where chromoszome numbers
are in multiples of other than two chromosomes. It might slso
account for the similsrity of certsin individusls of widely

differing ehromosome number in species like Pon pratensis,

for example. The lower chromosome plants may merely heve
fewer of the same loci that are containe? in the higher chromo-
gome plants.

The binae? sampling of the cytologicsl datn presented in
studles of thls nature nee’s emphasis. Highly selected samples
of units only wvaguely definsble are not adapted to treatment
with refines? statistiesl technilgues. Sampling of melotic
stages, in addition to the selective restrictions previously
alluded to, is difficult becsuse the stages are =2rbitrarily
selecte’ steps in 2 dynamlce proeess., Regularly dividing cells
tend to be slightly ahesd of those with irregularities in these
atagee. It is d4ifficult, therefore, to compare normal and
irregular cells at any given time since they are at different
stagess The plling up in certuln stages of a large number of
pellen mother cells end the rapid consumation of other stages
1s indicative of the intricate energy relstions involved. The
desirsble diakinesis stage for snalyses of these complex
members which immediastely precedes first metaphage is of such

gsrort duration that one only r-rely encounters 1it,
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A sigeable proportion of irregularities observed cytologi-
eally are of whole chromosome magnitude. There are, however,
evidences of many small irregularities leading to inviability
which may or may not be detectable. In snspheses and quartets,
numercus instances of chromosome fragmentation hove been
observed, Hicronuclel, from those of spparently soveral
chromosomes on down to the limits of microscople visibility,
have been detected,

The signifiecance of irregulsr meliosis in these complex
poelyploid specles should not be underestimated in breeding
programs, Certain festures of breeding methods aprlicable to
annuals, pariieulariy 88 regards the potentielity of random
regcombination, may greatly reduce thelr eoffectiveness in these
speeies. It has been shown, for instance, that selectec clones
of B. inermis do not set seed with equsl facility under artifi-
cially controlled conditions of open-pollination. It has slso
been shown cytologieally that the numerous chromosome irregularw
ities may not be formed entirely at rundom in gamete production.

Recurrent gelection {21) recently has received the enthus-
iastic acclaim of corn breeders. In the utilizstion of this
breeding methed it has been sssumed that recombinations occcur
randomly and with equal facllity emong sll members of the
selected populstion. There is, admittedly, little direct
evidence to the contrary in corn. The extension of the concept
to include any cross-pollinsted ¢rop, as advocated by some

breeders, mey not be entirely jJjustified. Breeding technlques
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developed for and used successfully with annual crops may not
prove ecually sultsble for some of the long-livesd, rhizomatous,
polyploid grasses. The phylogenetie forces leading to normal
bivalent chromosome assocletion and random recombination in
the functionally dipleid annusl need not have had comparable
offects on the melotic mechaniem of the polyploid perennial
possessing extensive asexusl propagative features.

The avsilable oytologiesl ovidenes in B. inermis indieates
thet dbarriers to free recombination during gamete formation
may be commons The ha%&ruaygaua inversion syatem and seg-
mental translocatlion, both capable of recombination suppress-
jon, have been expldted in wvarying degrees in the specles.

A8 a result, blocks of genes with selective surwvival volues
may be held intact and transmitted, to a large degree, as units
to trhe resulting viable gametes. In this species, then, the
effectiveness of reourrent selection may be in proportion to
the failnfa of the cyvtologleal mechanisms present to suppress
recombination,

It would mseem desirable in the breeding program to ex-
ploit vegetative propagetion wherever possible. Two by two
combinations of highly selecte’ clones might roveal certuin
combinat ions which unite well to produce a desirable progeny
in spite of melotiec irregularity.

The reasonable degree of Fy fertility displayei by
artificial hybrids between B. inermis and B. pumpelllianus
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to enumerste. Hybridization of the two species has surely
occurred in nature, but since the two specles are neither eompar-
able from the standpelnt of populastion frecuency nor competitive
ability, any analysis of this introgression is complex.

| The suestlion of spee¢ific walldity has unsvoidably arisen

in the study of B. inermls snd E. pumpellianus. It is not

the purpose of this discussion to defemd or deny various conw-
cepts involving this rather wawieldy ucit in nature. In the
sense of Dobzhansky (7) the environmental barrier between Horth
America asnd Aslia provides a convenlent definitive criterion to

reduce B. pumpellianus at lemst to a race { subapecies) of

B. inemmis.

The Cleusen, Keck, asnd Hiesey (4) concept of internal
degree of‘a@parktion does not sllow for varying degrees of
fertility in defining the scotype as the aspplicable systematic
unlt based qn’axperimantal evidence in t is instance. It does
become applicable, however, upon consideration of the addi-
tionsl eriterion of a vigorous second generation. From the
stan point of nomenclature the distinet sub-specles as dla~
grammned by these authors (4) is the applicable homologue of

B. pumpellisnus.
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SUMMARY AND CONCLUSIONS

Kelotic analyses of several Eromopsis section members
revenled a eupleld series of chromosome numbers from

n="7 to nw35. A diploid race of B. anomslous and diploid

and ﬁetraplaid races of B. eiliatga and B. purgans were
observed, A 2n=<8 chromosome count was confirmed for B.

texenecis end 2n%42 for B. auleticus, from Uruguay, South

America.

Ho hexaplolid forms of either B. pumpellisnus or B. inermis

wera observed although s polyhaploid clone of B. inermis
with a somstie complement of £8 chromosomes was discovered,
The clones of B. inermis snd B. pumpellisnus from Washington,
Alberts, and Alagks all proved to be Z2n=586,

Root~tip mitoses of B. erectus from Lund, Sweden, reveal-

ed a 2n=568 ecrroposome number.

B. riparius, originally collected in European Kussia, wes

observel to be 2n=T70.

certain irregular festurea of meloses were pointed out in
these complex polyploidss The nmumber of biwvalents per

eell varied widely. Univalents snd maltivalent associations
as nigh as 8 chromosomes were fre uently observed., At
ansphases lagging univalents and bridges were comuon.

Micronuolel were often present in the ouartet stages,
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Weloses 1in the polyhaploid E. inermie clone reverled a
high degree of internzl pairing which suggested that this
specles may be nesrly asutopolyploild in its constitution,
Grossing of the diploids, tetraploids, and the hexapleid,

B« auleticus with E. inermis, B. pumpellianus, or B.

riparius failed., The hexaplois, tetraplolds, snd diploids

uzed would be of doubtful value, therefore, as sources of
germplasm in the improvement of B. inermis.

Crosses smong B. inepmig, E. pumpellisnus, =nd B. ripsrius
— A o el " -

indiecated s considerable degree of relationship. In most
cases the F; hybrids were ot lenst partially fertile as
expressed in thelir ability to set seed under openw
pellinstion., Cytologicrl eramination of these hybrids
reverled many irrogularities. As 2 resnult, the presence
of barriers to complete raniom recombin-tion smong them
would be expected, Root-tip ﬁitcsas in the same hybrids
revezles varying numbers of chromosomes present from eell
to cell.

The introgression of B. pumpellisnus =snd B. inermis in the

¥orth American renge of B. pumpellisnus since the introduc-

tion of B. inermis was pointec out, It was suggested
further that certoin recombinstions might be obtainsable in
these =zreas which possessed certain characters not found in

ordinary B. inermis.
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The irregularity of the melotic mechunism in E. inermis
revealed by ceytolo:iesl énalysaa indieastes the failure of
random recombination to oecur. Ereeding programs dependent
upon the validity of rﬁnéam sampling among grmete populaw
ions on this basis may not prove successiul. It was
shown that selected plants of E. inermis miy not set
seed with ecual f@aiiity under rether uniform srtificisl
condltions of’apan—péllinmtiﬂng
Breeding programs emphasgizing exploitation of =211 possibleu
means of vegetative reproduction are suggesteds Two by
two combinations of highly selected clones might revesl

certain combinations which would unite well sexusnlly to form

-8 deslireble progeny in spite of cytologle2l irregulerity.

The persistence of these irregularities in Be inermis

even uder artifieizl sexual selection over a considersble
period has lel to the post.lste thnt some selective wvalue
must bavattach@ﬁ to their maintenance. Since the chromo-
some complement appears stable in spite of these diffieunl-
ties and the asex@al gtage is so dominant in nature the
possibility of s genetic system peenliarly adapted to this
vegetative propagstion way be involved, A system in which
somatic palring and recombl ation smong only pertislly
homologous chromosomes at various levels of polyploidy

is suggested,
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Appendix Teble 1

Summery of artificial orosses within B. inermis

TertilIty Tlowers oeed & Seed Flants

level erossed set set resching
pParents flowering
, stage

255-44 x 554-E2 HxH 686 39 60.0 17
20830 x 201-15 HM x L 35 7 20,0 4
281-15 x 298~30 29 1 Seb 1
LO9B«30 x 255-44 HxH 43 13 30.3
286-44 x 29B-30 29 14 48.4
£298.30 x 278-.18-156 HM x HM 70 40 57.2
B78-18-15 x £88.30 698 s 21.8
281«15 x 268~44 L xL o4 15 16,0
26844 x 291-15 54 14 41.2
269-44 x B62-49 45 35 77.8
276=1 x BEZw49 37 27 T30
279~-20 x 562-49 45 19 42,2
279-41 x 562-49 40 28 70.0
B43w32 x 562-49 36 12 B3BeB
54B-286 x 314-8 27 11 47,4
3148 x B6E-49 26 0 0
B42-37 x BOZ-49 38 25 6640
Lincoln #2358 x 307353 32 17 53.1
Fisher x Lincoln # 216 1i8 54,7

Totals 1010 450 44,55

8 = 2:.5.;0%

snnumbered seedlings
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Appendix Table 2

Summary of artifielsl crosses between B. inermis and
B. pumpelllamms

¥iowers oSeed % Seed Flants
Parents crossed set sot reasching
flowering

stoge

B. pumpellienus from Pullman, Wash. (p-3054)

DRE.44 x P8 42 1 Bad 1

P~B x 25544 73 32 43 .8 19
Pell x 298-45 84 27 42,2 13
298«458 x p-8 18 0
58422 x P8 ‘ 49 0
P=-8 x 255~44 : 30 ) 16,7 4
P-9 x 20830 29 4 13.8 1
P~6 x 58422 15 1 8.7 0
P-2 x 291-15 31 14 45,2 4
P-2 2 Linecoln 1 29 17 58,7 12
PeZ x 30735 25 14 56,1
FOT=35 X Pwi 50 8 16,0
pPed x B554-28 26 1 39 1
P-~13 x B in@nais 77 33 1 3 a0 0
291-15 X Pl 39 3 Tal
45410 x Be. pump. % 56 21 B748 20

Totals 610 149 24 4,43

g = £4 cﬁ%

Be pumpellismus from Alberta, Canads

298.30 x TP B5073-1 22 15 68,2
25544 x TP BOT7-7 64 8§ Fed
ﬁﬁ?&%ﬁ@& % KP 1=l , 19 14 74.0
298u45.9 x KP 1wl 80 9 15.0
55422 x TR BOTT 38 g 23,7
454-10 x TF 5073-1 ) 22 11 50.0
KP lel x 298-45-9 22 24 Dad
KP l-l 5 45410 28 20 Tla.5
TP 50731 x 454-10 28 i0 35.8
TP S5073-1 x 255-44 &80 22 3646
TP BOT77=7 x 25F0=44 20 0
EP 1«2 x Fisher 101 32 11 3444
Totals 415 129 31.08

{con'd next page) 8 = 26.9%
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Appendix Table 2 (contd)

FTiowers  Seed % Seeq Flants

parenta ecrossed got set roaching
flowering

abtege

Bs pumpelliisnus from Bodenburg Butte, Palmer, /laska

3ld-8 x £25~1 25 e 20,0
BLB-28 x EBel 3}2 2 6.3
562-49 X 284 36 17 47,2
1~6 x 25«1 66 24 36 o3
25«10 x 582-49 25 2 8:0
Totals 229 79 34,5
8 % 231:1%
Combined totals 1254 587 28,47

B = 2501;;;

#Bulk pollien




Appendix Table 3

Summary of artificiel crosses between B. inermis and

;fi‘ m.garius

: Tlowers Seed % Beed Flants
Parents erosased set set resching

flowering
stage

88422 x Fe 14 0
Ee-q4 x 454-10 14 4 28.6 4
" 454-10 x Fed 25 a8 32,0 1
E~1 x 454-10 102 43 42,1 ie
B3 x 454-10 53 14 26,5 iz
£78~18=15 x H~9 71 45 63,5 4
E~1338«% x Fisher 100 62 9 14,5
E-4 x B. inermis = 38 8 20,6 7

Totals 380 131 34 .47

s = 18,9%

Average % seed set with B. inermis as female parent 48,18%

Averuge % seed set with B. riperius e female parent 28.89%

#Bulk pollen




~124

Appendix Table 4

Summery of artificial erosses between B, ripsrius and
Be pumpeliiasnus

“Fiovwers seed & ceed Plsnbs

rFarents erossed set set reaching
flowering
stage

E-1 x B, pumpellisnus % 24 11 46.0
Bwd % ' T 64 29 45,3
Fomedd 3&/?-*5 20 (4]
E-4 x Be pumpellienus #% 124 21 16,9
-8 X . : 43 16 373
P=l X E~4 24 8 3843
P~1 x B. rigariaﬁ * 19 10 BT
Pel x ™ ' ' 18 7 43,7
P33 x " 90 7 18,9
P«10 x E~d 142 12 84,5
P=-10 x B. wvipariuve s 40 3 7.5
PulB x 58 30 517
P-8 x " 103 25 24.2
EKP l1-3 x E-l 40 16 40,0
TP BOT3=B X Kwd 28 20 715
B« x TP 50738 52 23 44,1
E=l333«1 % KP 1.2 90 i3 14.5

Totals 99586 2868 28 ,.6

s = 21,.8%

Aversge 4 seed set with B, pumpellisnus as female  26,43%

Average % seed set with B. ripariue as female parent 26.83%

#Bulk pollen sources
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Appendix Tsble 5

Summary of artificlisal crosses within B. pumpelliasnus

PTlowers Seed % Seed Plants

rParents groased set set rezching
- flowering
‘ . stage
P-7 x P=9 83 20 31.8
P8 x P-19 62 35 856 .5
K 1-3 x Tp BOTS 26 19 732
P=-10 x Tp S5077-7 40 0
26=16 % 25H5=-15 45 40 88.9
25-15 % 26«18 18 11 6l.2
25~1 X 28«16 50 - A7 34,0
Totals 304 142 46,71
s = 29.7%

Appendlix Table 6

Summary of artificisl crosses between B. inermis and
B. texensis
W Nt i O

Flowers Seed % Seed Flants

Parents erossed set set reaching
flowering
gtage
55422 x Be texensis 29 O
RBS=4d x T T 40 0
208-45 x " 61 2 1 (self)
Be. texensls x 288-45 34 10 0
" x B. inermis 36 0
Be inermie x B. texensis ‘ 82 Q
Totals 252 10 Le5

Average i seed set with B. inermis as female parent .6p

Average % seed set with B. texensis rs female parent 14.3%
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Appendix Table 7

Summary of artifielsl cercsses between B. pumpellienus
andMgg texensig

Yiowers Seed Pi=nt=s
Parenta erossed set resching
flowering
stagg
Be texensis 34 x 28.3 80 O
P-1 x B. tozxensls 26 0
P2 x " 12 0
P=d x w 26 0
P=8 x N 22 4]
P=7 x " - 45 0
E. boxensis x P 91 12 0
T X Pu3 18 2 0
Totals 289 14 4.8%
seed set

Average ¥ seed set with B. pumpellianus as femnle O

hvernge ¥ seed set with B. texensis @ female parent B8.8%
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Appendix Table 8

Summary of misceéllaneous artificisl erosses

“Flowers Seced “Flaents Flants

Parents crossed set obtuined reaching
flowering
stage
Ze inersnis x B. orcuttianus 95 1 1l self
B. Tipsrius x » - 298 8 8 selfs
- x B. purgans F354 126 7 7 smelfs
v Hems laevi 387 S 9 self
iy Tiparius x B. laev pag i selfs
i x B. 43 1 1 0
' 1 1 0
0
0
o
0
0
13 13 selfs
o .
o
‘ » !5 evip: 3} 0
K13 x.E; ur;aaa
33 42 8]
Be btexensis x B. clliatus 24 3 0
B. cIIlatus x B. texensis 14 0
Be amw s x B. EEia) 28 13 12 0
g‘. Fttianus x %. mei 23 11 4 0
Ha Eurgﬁna 354 x B, oreua -
- snus Sl 12 a8 0
B« inermlis x ['s snomalous BO2S ) 44 O

Total 1990
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Appendix Teble 9

Summary of artificlial backerosses made in

(eontd next page)

the study
Tiowers  S8eed % Seed
Parents e, _ crosged set set
{B* inermis x B. rirp rius) x B, inermis
(278TIB-I5 x F=9) #
(255-44 x m&»aﬁ; #1,11,14 126 45 35,7
(278-18.15 x E«=8) #1 x {307-35 x P-2) #2 47 13 27«7
{45410 x E=4d) x (255«44 x 554-22) #11 41 4
(454-10 x E-4) x (P~8 x 2°5-44) #18 17 5 34.0
{Bs riparius x B. inermia) % Bs Inermis
(Fu3 X 4B4~10) 3 X (P=?2 x 291-18) 7% 56 18 32,2
{E=3 x 454-10} #7 x (255+44 x 554-22) #14 27 0
(Ewd x 454-10) #9 x (P=9 x 25544} #5 7 1 5.9
{E-3 x 454-10) #11 x (255-44 x 554-22) #11 13 5 3845
(Ee3 x 454-10) #11 x (255-44 x 554-22)#15 19 0
Totals of first backeroass a7 24.0
Be inermis x {first backerosses)
BEBdd x 1wE 3«17 44 21 47.6
Fisher #100 x E-I 6-10 30 2 6.7
I-% 3«17 % Lincoln 234 38 18 39.5
I=E 3-17 x Flsher 1285 84 . 81 80.0
T Totals of second backeross 176 89 Oe
Be 1nermia x {B. pumpellienus x B. rigarins}
BoT-" X (P~10 X Yed 35 85,0
{Pe- &Q x.Fué) x 30?~%5~5 42 25 5944
Lincoln 1 x (P-10 x Ked) 64 _6_ Pad
Total 160 66 41,2
Be riparius x (B. umpellianus x . ripsrius)
YTed X (P10 x E—é)p‘ - ""E‘“‘“Ez 1 4,5
gpmpallianna x (Be inermis x B. p ellianus)
x “f%ﬂ-%@) #18 x)?; : 8 17.6
?-2‘:“ X (30735 x Pel 1 32 4 1245
Total 8e 10 152
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Appendix Table 9 {(con'd)

~ Flowers Seed % Seed

Parents ’ erossed set sct
(Pe ri ariua x Bs inermis) x B. riparius
TEwe TE=10) #6 X Ewmlandel 24 11 46,0
(E=3 ;x 454-10) #7 x E=9 ‘ 54 9 16,7
E=7 x {E-3 x 454-10) #9 50 6 12,0
Ewg x (Ew3 x 454-10) #10 , 24 8 33.0
Potal 158 .73 Be.4
(B um~ellianus x B 1narmia) x (Bs pum ellianua x E. inermis)
(P=8 x 25 F6 x (307235 x p=2) #1 T B6e7
Bs inermis x (Knowles pumpel liannﬁ x Turner ellianus)
Beg-AU X £8-4 | 3 47.2
{30735 x P=2) #1 x (255«44 x 554-22) #11 99 1 1.0
{Bw3 x 454~10) #10 x Fisher 100 42 3 '?,1

Grand total 1146




Chromosome assoclstion summary in B. inermis sporocytes

Appendix Table 10

YWo. 1 II 1T IIT IV v Vi Vvii vii1
Glone of open closed
cells _ ,
291~15 10 Oul 3.4 14.6 Oel 2.3 0O 0,5 o 0.8
55422 10 0.9 Tl 1l.7 Dok 2,1 D3 0.8 0 0.2
e 16 9 1.2 2.9 17.9 Qa8 048 0.7 03 0. O.1
E298uqb=9 8 2485 BW3 10.3 045 343 0 1.0 O - OeS
Pefl x 25544
Plant 8 8 2.8 135 17.5 0.6 1.8
255.44 x 55422
Plent 11 7 1.7 7.1 16.8 0.9 1.1
463"1 6 0"? 5*2 &3.’7 0‘3 4’5 0'3 0;3 0 9.3
BM 7 Plant 7 1 1.0 4.0 170 1.0 1.0 0 1,9
278-18-15 5 1.8 7.2 G0 1.2 2.4 0O 1.2 0 0,2
29830 9 OB B 10.7 a7 248 0.1 1.2 O 0.2
Pisher 125 3 lgﬁ 9.0 15.3 0.7 1.0
Pisher 124 2 240 11&5 9.0 1.0 0 1,3
Linecoln 1 3 1.7 11.0 10.3 1.0 1,3 0 0.3
307-385 1 0 740 17.0 0 2.0
255w44 2 38 B0 10.5 0.5 3«8 0 0,8 0 0«5
BOTwBE5-3 7 1.8 8.6 79 0.9 3.4 0.1 0.4
20845 3 0.7 9.0 8.0 1e7 13 0.3 13
298~30~10=-4 8 0«8 2,0 12.8 0.2 0.4 0 0.6 0 O.6
298-30 x <91~-156
Plant 2 3 1.7 4.7 16.7 ¢ 1.7 1.0
L255-44 x 5H4-22
Plant 13 2 2.0 4.0 17,5 0.5 1.5 0 0,5
255=44 x B54-22
Plant ¥ 1 O 0 1840 Q 3.0 O 0 1.0
285=44 X 554282
Plant 14 5 e DauB 15.8 Q.4 1.6 0O 0G,2 14) Q.6
P8 x 255-44 )
Plant B 1 8 3 16 1 b 3 &) 1
P8 x 255~44
Plant 6 10 1.8 3.2 11.9 0.8 3.5 0O 0.9 0,3
Puid x 255-44
Plant 10 3 1.7 3.3 11.7 Oud 347 0 1.0 0.3
P~8 x 25544
Plant 12 & 8.8 8.3 12,7 1.3 0.2 0.7 0.2

{Con'd next page)
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Appendix Table 10 {contd)

Wo. I IT 1T 11T IV Vv VI VvIr VIiX
lone of open closed
. cells

P-8 x 255-44

: . Plsnt 13 6  1eZ . TeD 14.8 0.2 3.8 0 0.7 © D2
Pl X 2855-44 " _
Pleant 15 4 D8 1.8 13.8 0 JaB 0,3 1.0 O Ou3
P=8 x 255-44 _ . -
Plant 16 3 1.7 B0 10,7 3.3 2.3 © O 0.7 0,3
Pel X 25544
Plant 18 b3 B3 EsT 1540 0 1.7 O 0 0.7 0.3
2E5B=d4 x Mwa:mw i B 4.0 10.0 H.OO 4.0 0 1.0 8] Q
Figher 123 2 1.0 0O 14,5 0O 3.5 0 2.0
Lincoln 11 B 1.0 348 13.8 O e 0O 0.8 0.2 0.2
278~18-15 x . ,
29B-30( 4=T) 2 1.0 9.0 15.0 0 1.0 0O 0.5
268-44 x 291-15 ” ( :
{6~8) A 440 | 2,5 18,5 O L5
S514-8 1 1.0 10,0 9,0 1.0 2,0 1s0
Total 37 163 65.8 194.4 492,.8 22,2 B0.9 3.8 22.0 1.0 7.2
3 1.8 5.3 13,32 0,8 2.2 0.1 0.6 08 0.2

Range per ecell 020 0u14 1~23 0=d4 O0-7 O=3 O0=3 O=2 0-3
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