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‘ THE NATURE AND EXTENT OF VARIATION
IN KENTUCKY BLUEGRASS A8 CRITERIA FOR TYPE COF
SEED=FORMATION AND ITS FRACTICAL I1IMPLICATIONS

INTRODUCTION

Investigations conducted with both Europeen a nd American
bictypea of Kentueky Bluegraazs have established the fact that
sead formetion is predominantly apomicetlie; thet 1s, the em-
bryo develops solely from maternal tissue without previcus
fertilization of the egy nusleus by a sperm from the pollen,
The offapring may thus resemble the mother plant in morpho-
logical and physioclogical oharscters since they are, essenti-
ally, clonal inoreases of 1it,

Quite epart from its purely selentific interest, the
method of seed formation in Pog pratensis has importent prac-
tiesl implications, Is improvement in this specles to be
l1imited solely to seleotion of desiradle types which alresdy
are available in Nature? Or do forms exlst whioh allow the
breeder tc gchocse from among the various inbreeding and hy-
bridization teschniques one particularly adaptable to Poat

In such & polymorphlic speclies as Poa pratensis the pre-

vious experimentsl results have been so dliversified and oon-
tradletory ez to provide 1inadequate or unsatisfactory answers

to many of the guestions arlsing from a oonsideration of the



problema involved in a breeding program,

The present study was devised to determine the extent
and nature of the apomioctic and sexual methods of aeed pro-
ducstion in a representative sample of Kentuoky Bluegraas
obtalned from pasture and commercial seed scuroes in the
United States and Canada, It was thought that by detsiled
statistiocal and descriptive analysea of the materiel and 1ts
progenies from both self-pollination and cpen-pollination
some broad gensraligations might be reached which could ul~
timately be applied to practicel breeding methods in the ime
provement of Kentucky BEluegrass, The experimental results
have been s0 diversified that i1t has been found necessary
to present considereble detailed data in ordeyr that the sube
jeet be treated adeguately,

It is hoped, however, that the results presented will
indicete mcre clearly than hitherto {1) the extent of apom-
ixis and sexuslity in a representative group of Kentueky
Eluegrass, (2) the nature of the aberrant forme which are
produced by sexuasl phenomena, and (3) the practical appli-
cation of the results to breeding techniques in Poa,

Practically all of the plant meterial for this study
vas grown and most of the dsta was collected while the wrilter
was a member of the staff of the U, 5, Regloneal Pasture Re-

search Laboratery,

TERMINOLOGY O APOMIXIS

Apomixls 1s a generel term and, as originally proposed
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by Winkler, included sll forms of asexual reproduction among
plants, Apomietio phencmena among the Anglospermm have been
disoussed extensively in several recent publications (Gustaf-
sson (14) end (15), Stebbins and Jonkins (34), Fagerling (10),
snd Gentcheff and Guatafsson (12), The reader is referved
to t hem for edmirable treatments of the history, desoriptions,
and terminology of apomictie procéesses in the higher plants,

The olasesificetion of apomistic processes which follows
is based largely on the system propecsed by Gustafason (18),
and Gentcheff and Gustafsson (12), and will find general
aoceptance among the workers in this fleld,
I. Amphimizis - sexual reproduction, the essentlel eril-
terion being the fusion of female and male gametes,
IX, Apomixis ~ propagation without fertilization,

A, Vegetative Heproduction

B, Agamospermy (THekholm, 1922) - Seed production
without fertilization,

1, Reduction division occurs.

a, Baplospory - A funotional megaspore
produces an embryo sa¢ having a reduced number cof chromosomes,
Apomictic development results in the origin of haplelds, 3Seg~
regation occurs and the maternal type 1s not reproduced,

(1) Reduced Parthenogenesis (Vinkler,
1908 ) - formetion of the emdryo from a reduced egg cell,

(2) Reduced Apogamety (Henner, 1916}
formetion of the embryc from a reduced antipodal, synergid,
or polar nucleuss that is, from a cell other than the egg.

2. Ko reduoction divislion oscurs, A new indi-



vidual willl sarise having the unreduced or somatie number of
chromoscmes and will conform to the meternal type, Com-
prises the phenomena of Diplospory, Aspopory, and Adventitiocus
(Nugellar) Bmbryony,

@, Diplespory (Edman 1831) - formation of

an embryo sac with the unreducssed shromosome nuwmber from an

ogg mother cell in which meiosis 1s suppressed, The first
division of the E, ¥, C, may be either (1) meiotic in charac~
ter, followed by the organization of a restitution nusleus,
or (2) strongly mitotic in character, in which the univelents
divide lengthwise and separate at Division I,
(1) Unreduced Parthenogenesis
{2) Unreduced Apogemety
b, Apospory (Bower 1885) ~ formation of an
embryo ses with the unreduced chromosome number from vege-
tative cells by mitotic divisions, The &posporous cell 1as
usually derived from the nucellua,
(1) Unreduced Pathenogeneais
(£) Unreduced Apogemety
o, Adventitious (Rucellar) Embrxggg « forma-

tion of an embryc with the unreduced ehromosome number direct-
ly from a vegetative cell without the origin of an embyryo
sac, The edventitious cell 1s usually derived from the nu-
cellus,

In current literature, the terms apomixis and agamo~
spermy are freguently used synonymously in referring to seed
production without fertilization, In view of this, the writer

proposes to uee the simpler and more generally understood
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torm, apomixis, when desoribing seed production in Kentuoky
Bluegrass, There has arisen the implication in dlsoussing
apomtotic origins thet the offspring will resemble the me-
ternal parent, This 1s true only if offspring have arisen
by diplospory, apospory, or adventitious embryony, since
only these processes cen reault in the eatablishment of the
original shromosome complement of the parent, Haplospory,
while an apomiatic procsass, may produce a wide range of
morphologiocal types in the offspring., As ueed in thie paper,
however, spomictically reproduced plants are thoze showing
oomplete eonformity to the mother plant,

In deseridbing the manner of origin and the chromosomal
complements of pleants ¢f Kentueky Bluegrass the expressions
"haploid”, "diplold®, and "triploid” are employed, Thia is
obviously a loose use of the terms when applied to a ¢oOl~-
leection of Diotypes whose chromosome numbera range from
2n s 36 (MGntslng 1940) to 2n = % 110, and whose basie number
is x = 7, These terme are, however, convenient and will be
employed with the following implicationas

&, "Haploid" - a plant having approximately helf the
number of chromcsomes found in the mother plant, Napleids
arize by Haplosporic Parthenogenesis,

b, "Dipleid by Apomixis" - a plant having the same
chromosome number ae the parent and conforming to it in morpho-
logical and physiological characters, It may sarise by elither
Diplosporic Parthenogenssis or Aposporic Pathenogenesls,

e, "Diploid by Amphimixis" - a plant whose chromcaome

number 1s approximately the same as that found in its parent,



and whose morphological, physiologloml, and sytologleal
features suggzest that it arose by the union of a reduced
egg and a reduced sperm; that is, by normal sexual repro~
duction,

d. "Triploid” - a plant having approximately 50% more
shromosomes than exist in the mother plant, It 1s generally
belisved that triploids arise through the fertilizetion by
reduced pollen of an unreduced egg derived by either Diplos-
pory or Apospory, The poasibility may not be wholly elimine
ated, however, that in Foa certain triplolds arise through
the fertiligation of a reduced egg by an unreduced pellen
grain (Eﬁntzing (22 ),

REVIE¥ OF LITERATURE

The firat suggestion that seed producticn in Kentueky
14
Pluegrass was predominantly apomictic was made by Muntsing
(19) who studied 8 Swedish blotypes of Poa pratensis, Apomioe

ti{c seed production was slso reported in Swedish forms of
Poa alpina, He proposed the following oriteris for apomizis,
(1) an eneuploid chromcsome number which 1s constant for the
biotype, (2) morphological constenoy within the blotype, and
(3) gocd seed production even in plants with great chromosome
irregularities at meloslis, Apomlictic seed formation in Pos
pratensis has been confirmed by Akerberg (1), (2), (3), (4),
Engelbert (9), M;ntzing {22), Nilsson (24), (26), Rencken
(20), Tinney (36), and Tinney and Aamodt (37), and may be

inferred from the morphologloal constanocy observed by Arm-~



strong (6) and Kemp (17), Several other spesies of Poa

R

have been described as containing apomiotic biotypes: P,
psuluatris by Kiellander (18); P, aretiea, P. slpigena,
and P, glauca of northern Europe by Flovik (11); P, artioa,
P, alpina, and P, alpigena of Canada by Engelbert (9); and
P, compressa by the writer (7),

Poa pratensis le & remerkebdly diveraified species both
in its polymorphism and in its wide range of chromoscme
numbers, Reports have been made by Akerberg (1)(2)(4),
Armstrong (6), Avdulew (eited in (8)), Brown (8), M&ntsing
(19)(e0)(e1)(22), Rancken (29), Skovated (31), and Tinney
(36), The lowest aomatie number reported was 2n = 28 by
Avdulow (cited from (8)), the highest has been 2n = 110 by
Akerberg (4), Brown (8) has compiled sll the reports of
chromosome numbers in Kentuoky Bluegrass and finds a very
ateep mode at 2n § 56, indicating that most plants are octa-

ploid, Melosls in Poa pratensls has been reported by

¥untzing (19)(22), Rancken (29), Armatrong (6), and Tinney
(36). In general, the division iz an irregular one, many
univalents may ocour which divide lengthwl=e at I and lag

at II, Trivalents and quadrivalents may alss occur, Chromoe
somes are often lost in the cytoplasm snd pollen grains with
different numbers undoubtedly arise, Tinney deseribed mei-
osis in the megaspore mother eell, finding mostly bivalents
but a considerable number of univalents and trivalents, A
regular melosis has been reported by M&ntxing (22), ss occur-
ring in a 86 chromosome Poa pratensis "hsploid”, In 76% of
tho cells sgtudied, perfect palring occurred and 18 bivalents



wore observed, This plant was completely sexual in 1its
method of reprodustion,

The origins of tho embryc ses and embryo have been
desoribed for Poa by Kiellander (18), Mﬂntming (22), Anderson
(8), Armatrong (6), Akerberg (4) and Tinney (356), According
to Kiellander, in the apomietio dblotypes of Poa palustris,
the megaspore mother oell does not, as a rule, divide re-
duotionslly but mitotlcally to form ultimately an embryc sac
having the unreduced number of ochromosomes, the egg then de-
veloping parthenogenetically into the embryo, Infrequently,
however, the E, ¥, C, may divide somewhat typleally; that ls,
meiosis may teke place giving functiconal aggs with the re~
duced number, These may elther develop without fertilization
into haploids, or with fertilization into diploid ferms, In
Pos alpins, Ethztng observed essentiaelly the same manner of
origin of the embryo sac, In a highly apomictic glpina blo-
type with e somatic chromceome number of 33, the embryo aac,
without exception, developed directly from a megaspore mother
cell whieh falled to undergo meiocsls,

In Poa pratensis, and P, compressa, Anderson (5) de-
scribed the origin of the embryo sec as proceeding from the
normal development of one of the four megaspores formed in
the usual msnner by two divisions of the B, M, C,, the firat
division being melotic, She found no evidence that embryos
ariee from celle of the nueellus, in c¢contrast to early work
by Kishimura (27) who deseribed an embryo arising from a nu-
cellar bud, Anderscn 4id not observe fertilizaetion although
her slides wore examined oritioally for this detail, &he



obgerved polyembryony, and stated thet 1t arises from the
development of more than one smbryo sac within the same nu-
eceliue, The emdryc sacs develop simultenscusly if situated
equally near the vasoular stranda, but 1f one 1s located near-
er the mioropyler end and hence nearer the source of nutrients,
1t will develop more rapldly, In the latter ease, the two
enbryc aacs are ncot equally developed at maturity; in extreme
cases, the poorly situated one mey be only half developed,
She considered that twin embryo sacos arise from the develop-
ment of two sister megaspores, Armstrong (6) deseribed the
origin of the embryo sasc in P, pratenals essentlally es oute
lined by Anderson, He interpretsd hls observatione as indi-~
cating sexual reprcduction even in those biotypes with aneu-
ploid chromosome numbers end morphologloel constency of offe
spring, He attempted to explain these features by assuming
selective elimination of chromosomes in the formation of

the gametes, basing his theory on irregularities at melosis,
the origin of the embryo sac from a reduced megaspore, and
the occurrence of pollen tubes in the stigma, He did not
observe fertilization, His theory of heterogamy finds little
support in experimental results,

The physioal basls of apomixis in Pea pratensis waa
first deseribed by Akerberg (4), In an apomictic biotype
with ¥ 80 chromosomes, he indicated thet the embryo sac
arcse from a ¢ell of the nucellus, produsing an egg with
the unreduced number of chromosomes which then developed

parthenogeneticelly, Tinney (36) reported the same serles
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of phencmena in Xentuocky Hluegrass from Visocnsin sources,
His socoount is much more detailed and oomplete, The megasapore
mother 661l undergoes melosia and haplold megaspores are formed,
ususlly & since the micropylar dyad cell does not complete
the seocond division, In all instances observed by Tinney,
the megaspores degenerate and an embryo sec¢ is formed from
en enlerged oell of the nucellus, The unreduced sgg then
develops parthenogenetically, The process ls one of apos~
pory. In many instances, the embryo is well formed before
flowering cecurs, and it was suggested that the development
of the embryo la not pseudogamous, but that, since the endo=
sperm does not develop until later, the stimulus of polline
ation may be necessary for endosperm formetion, The origin
of twin embryos was deseribed as coriginating from the simul-~
taneocus development of two nucellar cells, Usually one em-
bryo sac 1is slower than the other in its development and may
not have formed an embryo before flowering, Thls suggested
that triploids might arise from the fertilizatlion of these

slowly developed egy oells, Also, while never obaerving
.runotional reduced embryo sacs arising from megaspores, Tine-
ney menticned that haploide undoubtedly must arise this way,
Akerberg (4) reported embryolegical studlies on s sexual
blotype of Kentusky Bluegrass and found eomplete absence of
aposporous development,

Self- and eross~fertility in Foa pratensis has been

analysed by Kilemon (24) (25) (26)., He has shown that plante
of ¥entueky Bluegrass differ widely in their abllities to set
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sesd under dbag, Fertility has ranged from 0,0% to 78,.9%,

In 52 plants, the average sesd set under beg was £0,7%; 8
were completely sterile, 14 showed less than 10¥ set, and

83 were falrly fertile, Three of the self«sterile or neariy
self-sterile plants had defeetive floral organs, ¥Nilsson
has shown that the physlologleel influence of the bag on
seed set may be considerable under some gonditions, de-
ereasing seed set in the fleld about 30%, but only about

10f in the greenhouse, The conolusion is resched by a
statiatical analysis that true differences in self-sterility
and self-fortility exist among plants of Eentuoky Bluegrass
end that genotypical differenses are responsible, On con-
ditions of open pellinstion in the fleld, seed set in 13
plants ranged from 2,6% to 78,1%, with an average value of
58.1%,

There 1a little doudbt that pollination 1ls necessary
for seed production in Pog pratensis, All experimental
evidence points in this direction, Nilsson (26), working
with sterile apomictic types, found that regerdless of the
type of pratensis pollen applled to the stigma, offspring
was matroclinous, Akerberg (1) end (2), observed essentimlly

the same phenomenocn, using pollen of Poa alpina. In rarve

instences, hybrids were obtained, one from fertilization of

ar unreduced egg, another from fertilizaticn of & reduced

egg, but the vast majority of offspring resembled the pratenslis
mother and had the sare chromcsome number, Reaults of the
writer (7) obtained by spprlying pratensis pollen on heate
emasculated florete of Poa compresap indicate similar pseudo-
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gemous development, but that ocsesional fertilization can
ocour, Akerberg (4) reported no seed formatlion in hsnde

emasculated florets of Poa pratensis unless pollen was ap-
plied, Pollen of alpins and gompresga was sa offective in
initiating seed development as pollen of pratensis, More
reaently, Engelbert (9) reported handeemasculation studies
conducted over a perlied of three years, using the speoies

Foa arotieca, alpina, alpigena, and prstensis, No seed de-

veloped in sny epecles withcut previcus pellination, 3Seed
produstien was geoocd both upon self-pollinstion end upon oute
erossing, FREngelbert reported high germination of pollen on
the stigmas whether from the same or different species and
that, as a rule, the pollen tubes remained ghort but one
pollen tube was found in Foa alpina which had reached overien
tiasue,

Numerous references huve been made to the high fre~
quency of polyembryony in Kentusky Bluegress, Nashimura
(27) first called atteontion to it and later Anderson (4),
Armstrong (5), and Tinney (%6) described the embryology of
twin seedlings. It was in 1937 that Muntzing (20) presentea
an gnalyeis of the morphology and chromosome somplements of
tvin seedlings found in seversl genera of plants, mostly
Graminese, He found, in Poa pratensis, thet while the great
ma jority of twins are morphologically ldentiesl and have the
same chromoaome number as the mother plant, a slgnificent
proportion of them are dlsgimllar eand that the atypleal plant
is generally a triplold and that it, without exceptlon, starts

out as the weaker secdling, He found 18% of the plants from
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twin seedlings deviating in chromoaome number frem their
watrooclinoua twin partner, One member of s set of triples
was found to be triploid, the other two plents identical with
the parent and having the same diploid number, In a labter
report (21) he reported the origin of haplolds from twin
seedlings, The percentege of plants different (triploids,
haploids, and unclaessified) was 9%, Hantsing (22) recently
hes given a fully detailed aacount of twin seedlings in Poa
pratensis, desoribing plant weight, morphology, ohemical
data, fertility, and chromosome variation in progenles from
tvins, He finds, as a rule, that the triploid menbers need
more time to mature and usually are not as productive as the
diploid members, that their most reliable morphclogical ori-
teria are thioker culms, wider leavesz, thioker leaves, and
heavier seed, that they have better pollen fertility, and
that they give progenies with a great diversity of chromo-
some numbers, indicating an inereesed degree of sexuality,
Akerberg (4) reported on the occurrence of polyembry-

ony in his experimental meterial, He found it a highly varie
able feature among his plants, stated the average frequenoy
as about 107 and suggested that the sexual types show a sige
nificantly lower rate of polyembryony than do the predomin-
antly apomietic types, Akerberg repcrted 12,7% aberrancy

in plante from twin seedling sources, as compared with 6,9%
in plants from single seedling sources, This difference is
not astatistlically significent,

Skovated (31 ) made an extensive survey of twin seed-

linga and reported cytologiesl date from 16 species, B8 of
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them Graminess, In Foa pratenais, In 31 twin pelrs selected
for study, 16 pairs had 1dentical oshromcsome nuwbers, 14
aberrant plants were triploid, snd 1 aberrant plant was bhap-
loid, In several 1instences, the triplold plant wes & small-
or plent compared with its diploid partner, and Skovsted
asoounts for this on the basis of poor development of the
embrye while competing in the nuoellus with the more advanced
apomictio embryo,

Yebber (38) hae prepared a review of the subject of
polysmbryony in the higher plants,

¥orphologisal verietion in progenies of Kentuoky Blue-
grass and the chromosome complementa of the aberrant plants
have been investigated by Akerberg (4), Of 44 familiee groen
from seed collected from wild Poa pratensis biotypes of
northern Europe, 7 showed great varlation and are ccnaidered
basicelly sexual, 37 were rather uniform, showlng ocollective-
1y a variability of 5,9%, Four blotypes used 1n previous
work (1) and (2) were investigated intensively., GSelfed
progenies showed a variabllity of 12,1%; artificklly orossed
progenies 13.,4%, Fifty-eight of the plants of the offspring
were investigated sytologleally, 43 were of maternal types
and had the seme schromosome numbers as the parents, and 6
had chromosome nurbers suggesting origin by triploldy, Ulany
of the aberrant F1 plants gave hilghly variable Fo progenies,
end ths suggestion is made that the aberrant plants were more
sexual than the parental type,

Tinney and Asmedt (37) have published the results of
102 progeny testas oconducted on Kentueky Pluegrass materiesl
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eolleoted fyom sources in North Ameries and Furope, Collec-
tions from pasturss wers included, The progenies from 48

of the selested plante were uniform and the two highest
values obtained for morphologieal variability were 12,06%
and £1,98%, The entire nursery showed an saverage valus for
variability of 1.,59%; 31 progenies from Tiseonsin pesture
sources gave a velue of ),66%, The authors guggest that

the veriant plants have arisen by elither gametio union or
mutation,

Teshniques which facilitete the identification of plants
with sberrant chromosome numbers heve been desoribed, Munte
ging (4) has presented evidence for the high positive cor-
relation between chromosome number and diameter of pollen
grains in Pos pratensis, Nigsen (28) similarly showed a
positive eorrelastion detween chromosome number and size of
stomats in this specles, Both of these correlations have

»
been shown by Muntging to exist also in Poa alpina.

Morphological conztancy in the progenies of Kentueky
Fluegrass 1s recogniszed by all investigators in this flelad
89 a reliasble griterion of apomiotie processes, Converssly,
sberreant plants whioch arise are conslidered as viesible proof
of aexual reproductive proceassa, These nriteria of repro-
duction were recognized firat by M&ntzlng (19), followed by
hkerberg (4) and Tinney and Aamodt (37), the latter suggesting
the progeny test as a practleal means of evaluating types of

seed development,



16

MATERIALS ARD MITBODS

Souxree, The foundation stook from which seleotions
were made was drawn from widely diversified sources, Dee
talled informatiocn is given in Table I, Seed for the orig-
inal Kentucky Bluegrass nursery of approximstely 10,000 &ne
dividually spaced plants, established at 3tate College,
Pennsylvanis in the spring of 1937, ocame from four scurces:
(1) seed eclleotions from psrmanent pastures, 118 pedigrees
from which £8 parental plants were drawny (2) seed from
comrercial seed sources, 38 pedigrees from which 71 perental
plants were selected; (3) seed of numbered strains and se-
lections, 6 pedigress from which were chosen 9 parental
plants; and (4) seed of B, P, I, introductions, 6 pedigrees,
from whieh 7 parentel plants were selected,

A total of 116 parentsl plants wag sslested from among
the 10,000 in the nursery, An effort was made to have thess
plants representative of the range of variation in plant type
and response found in the original nursery materlal,

Procedure, FEach of the selected plantes of Kentucky
Bluegrass was bagged in the spring of 1938 to determine the
extent of sterility under bag existing in the material, and
to provide geed for the study of Inbred progenies, Open
pollinated meed was also collected,

Seed was germinated in the fall of 1938 six weakg after
harvest, One hundred seeds were placed on blotting pa;er in
Petri dishes, The rest period of the seed wans broken success-

fully by exposing the molatensed seed to a temperature of 8° ¢
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TABLE X
Socurces of Materisl from which Kentucky Eluegrass Selections were made

fadigree Source
57-KB 1 o M4 seed collection Weat Virginis pasture
18 " " New Jersey pasture
120 » b Hew Humpshire pasture
127 " » New York pasture
181 o plug Gollection Vest Virginia pasture
87-KB 128 to 140 coumerocial seed Kentucky
142 to 146 " o Migpouri
158 " " Missouri
161 to 165 " o ilssouri
147 " o Eansas
1581 to 156 n " Minnesota
158 " " South Dakota
154 " " Iowa
158 " " Nebraska
(CB)184(470) # b " Canada
185(119)(156) (284) % * " Canada
188(525) # o « Cansda
(Asp) 19(1) #w " " New York
$7-KB 170 strain Ottawa 988; Minnesota P-BB
in v Obtewa 58353 Nirmesote P-86
172 " Ottawa 994; iMinnescta P-37
175 " Ontarie Agri. College )
176 " Ontario Agri. College 2
177 " Ontario Agri. College 8
87=-KB 178 intreduction F.Pola 114272
174 » FePele 78165
186 i FoPela 1).&14 R“ﬂﬂu
187 0 F.Puls 115405
(P’p) 1 ww " F.P.1s 98581 Canada

% Kentuocky Bluegrass plants found in Cenada Bluegrsss progenies

## Kgntucky Elusgrass plant found in Agrostis progeny
#4% Introduced a9 en unnamed species of Egp
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for a period of 10«14 days, followed by germination at room
temperature; a procedure found effestive by Sprague (33),

On germination, the single seedlings and twin snd triple
seedlings were separated and hendled separately, The nursery
oonsisted entirely of plants {rom seeds giving rise to single
seedlings, The use of the Petri dish method of germinstion
provides a means of odbtaining a representative sample of the
products of germination of the gelected Kentuoky Bluegraas
plants since all seedlings have equsl chances for survival,
Throughout thie work an effert was made to keep the sample
representative, The writer wighes to stress this point
strongly for he feels that entirely different results sould
be obtained should the worker fail to cbtain e representative
progeny, either through oertain oultural procedures which
eliminate the weaker seedlings or consclous selection which
choosea the stronger seedlings,

The single seedlings were transplantsd from the Petri
dishes to paper danda in flats, and allowed to reach suffie
clent alze for transplanting to the field, They were removed
to the fleld in October, 1938 during a favorabls spell of
wveather which allowed them tc become well established, Pro-
genles were arranged in oompact dlocks to minimize senviron-
mental influences on the plants, Y1th each progeny were
planted clonal incresses of the parental plant for comparile
sons of type end vigor,

Many of the plants flowered during the summer of 1939
anddﬂfferenees in morprhologieal type within progenies were

evident, It was believed, howsver, that the nursery was too



19

young for the plants tc heve developed their true expression,
Aecordingly, ell Qats presented in this paper were obtained
during the sprin; and summer of 1940, at which time ell plants
had reached meturity,

The double and triple meedlings were also transplented
to paper bands and allowed to resoh a slze best sulited for
thelr separation, Each seedling was transplanted to s 3"
pot, As the plants developsd to the point where notes ocould
be taken, those twineg and triplets which sesmed identical
were discarded, Of those which remained, a representative
sample wag teken for transplanting to the field; 69 palrs

of twins sand 4 sets of triplets were set out,
EXPERIMFNTAL REBULTS

Seed Set Under Bag, The 1185 plants which had been se-

lected for progeny tests were brought inte the greenhouse

in the fall of 1938 where 59, or approximstely half of them,
flowered, As nearly as ooculd be Judged, the flowering wae
normal, Four to eight panlcles of each plant were placed

in a parehment bag, Seed aet was clasalfied on the basls

of percentage, and four identiflable olasses were established:
(1) Wo set; (2) Less then 30% set; (3) 30%«60% Seed set; snd
(4) ¥ore than 60% set,

All 115 plents flowered in the fleld in 1938, Bagglng
operations were repeated in the fleld the followlng year,
This time the parchment bags were in duplloate, Table II
presents theae data, The fipures in parentheses refer to

the 59 seleeted plants which flowered previously in the
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greenhouse, Utlliging the realicated data, the column headed
"Cempoaite Data” was set up as the best avalladle appraissl
of seed set under dag,

It 18 perhaps significant that consistent values through-
out the series are obtained by oomdining the classes "No set"
and "Leas than 30%" and the classes "30%-60% 3et" and "Nore
than 60% Set", Environmental influences apparently modify
greatly the behaviours of planta in groups (1) and (2) and
in groups (3) and (4), dbut insignificently the behaviors
between groups (1 and 2) end groups (3 and 4), In this con-
nection, it may be pointed out that greenhouse conditions
apparently provide a more exact environment for the determine
ation of sterility than fleld conditions sines higher percent-
ages of plents set no aeed and set good seed in the greenhouse
than elsewhere,

To summarisze this information, we mey assy that bagging
testa carried out on 115 plants of Rentucky Bluegress indle
eate that 34,8% set seed poorly {less than 30%Z) or not at
8ll under bag, end that 85,27 set seed well under bag (more
than 30%), There 1a no difference in inherent adility to
get seed under bag between the sample of plants which showed
abillity to flower in the greenhouse end the entire group of
115 plants,

Analysis of Self-Pollinated and Open~Pollinated Progenies.
It 18 of interest in connection with thilsz study to determine

if any eignificant differences exiat between progenies from
seed produced undeyr bag and progenies from ssed produced under

conditions of open pollination, Both self-pollinated end



TABLE II
Seed Set under Bag in 115 Selected Kentucky Bluegrass Flants

GREENEOUSE FIELD 1958 FIEID 1989 COMPOSITE DATA
No. £ Bumber Percent Number Percant Bumber Percent
1. No Set 12 | 20.8 @)* 16 | (15.8)* 13.9 @* 9 | 5.4)* 7.8 (5)* 10| (8.5)" 8.7

2. I‘-ss than
50% Set 7 | .7 (12) 2z (z0.8) 20.0 | (27) 85 |(28.8) 30.4 {15) 30 | (25.4) 262

Subtotal | 19 | 82.2 (21) 89 (55.6) 5%.9 (19) 44 [(32.2) %8.2 | (20) 40 | (35.8) 34.8

5. 50‘ - GG*
Seed Set 4! 6.8 (12) 387 (20.5) 32.2 (7) 24 |[(12.7) 20.9 (7) 80 | (11.7) 26.1

4. Fore than
60% Set | 36 | 61.0 (26) 39 (¢4.1) 85.9 (38) 47 [(55.9) 40.7 (32) 45 | (54.2) 391

Subtotal | 40 | 67.8 (88) 76 | (84.4) 66,1 | {40) 71 |(67.8) 61.6 | (39) 75 | (66.1) 65.2

TOTALS 9 P00.0 (59) 115 100.0 (s9) 115 100.0 (59) 115 160.0

* Field Date from the 59 plants which flowered under greenhouse conditions

13
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open-pollinated progenies are availadls from 87 parental

plants, Data from this aenalysis are summarized in Table III,
a, Uermination In the self-pollinated progenies

the average percent germinetion was 82,4 :.1.6, in the openw-

pollinated progenies 80,4 * 1,3, The £2,0f difference 1s not

signifiecant (t = 1,08), There is a significant correlation

between the germination of seced from selfwpollination and

the germinstion of sesed from open-pollinatiocn (r = + ,278;

t = 2,687) for the paired progenies, (Figure 1),

b, Polyemdryony The followlng values for polyembry~

ony are dased on the numbayr of germinated seads which showed
evidence of containing more than one embryo, Thase vere
elmost entirely twin seedlinge, although triple sesedlings
appesred in some progeniss in significant quantities, Ine
varlably, the appearance of itriple seedlings was assooiated
with & hich incidence of polyemdbryony, The aversge percent
polyembryony in progeniss from selfe-pollination was 6,9 ¥
0.7, in progenies from open-pollination 8.1 * 0,7, fThe 1.,2%
difference is not significant (¢t = 1,23), The correlation
between the valuca for pelyembryony in self- and opsn«polline
ated progenies 18 very high (r = + ,733; t = 9,08), Figure 2),
The distribtutions of the values for polyembryony Iin
87 melf- and 87 open-pollinated progenles are shown In Fige-
ure S«A, In order to determine if significance could be aa~
cribed to any differences existing between psired progenles
from each parental plant, Chi Square determinetions were made

and plotted ageinst the theoretical distribution for N ~ 87,



Statistical Data from Self=-pollinated and Open~pellinated Frogenies of 87 Flants

TABLE I1IX

CORRELATION SIGRIFICANCE LOREST HIGHEST STANDARD
self:open MEAN OF DIFFERENCES VALVE VALUE DEVIATIOR

Germination(Percent)

Self-pallination o 278 %x | 8R4 216 2.0 * 2.0 87.4 100.0 4.5

Open-pollinatien . 80.4 * 1.3 t = 1.00 28.0 $8.0 11.8
P P 1119

Self-pollination . - 6.9 2 0.7 1.2 £ 1.0 0.0 28.7 6.1

Open~pollination - 788 8.1 £ 0.7 t=1.28 0.0 26.1 7.0
Survival (Percent)

Self-pollingtion . 610 %% |B89 215 1.6 £ 1.9 22.0 | 100.0 13.6

Omn-pollim‘hion * B6.5 * 1.2 t = 3.8% 34,0 100.0 1.l
¥ t

Self=-pollination + 614 a# 10.9 & 1.4 S.8 & 2.2 0.0 64.6 14.2

. Open-pollination * 4.8+ 1.5 t=1.71 0.0 74.6 15.8
Elimination of 3
widely divergent pairs:

S.H‘Poumtim B84 + 818 %% 10.5 £ 1.4 8.1 $ 2.1 .0 64.6 2.8

owa“pﬂnmtim ¢ 35.6 b 4 1.5 t = 1,49 0.0 70-6 B-?
Sige of Progeny(Number) | TOTALS

Self-pellination 4260 plants 49.0 * 1.2 1z 6o 10.8

.Open-pallination 4437 plants 51,0 * 0.8 17 60 7.4

* P.OS = 208 * P.05 = 1,96

P01 = ,270

*‘"P.Ol = 2,58

£8
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This 1s shown in Flgure 6, There 1s remarkebly close agree-
ment, indlcating that while plants of Kentucky Bluvegrass

may show highly significant different rates of polyembryony,
yot the rate for a particular plant is independent of the
nature of bollination, Ko significance ¢an be ascribed to
the five plants showing Chi 8quare values beyond the 5% point
‘besause 4,35 values out of 3 sample of B7 are expected to
show Chi Square velues beyond the 5% point,

o, Survival The experimental nursery weas planned so
that ultimately each rrogeny would consist of 60 plants in
the field, "1ith few exceptions, sufficient seed germinated
to supply this number, The studies of the mature plants in
the nursery revealed the fact that certaein progenies had
lost 8 consideradle number of plants and that others hed
lost none or very few, It was thought advisable to enalyse
the material to discover 1f the loas of plants was distribu-
ted at random throughout the progenies, and to discover, should
the loas in plants be the expression of some lnherent char-
acter of the parent plant, if any difference existed between
self« and open-pollinated progenies, The results are ex-
pressed in percent survival and inolude those plants which
survived transplanting to flats, transplanting to the field,
and thecee which persisted in the fleld for two years,

The high correlation (Figure 3) between percent sur-
vival in selfepollinated progeniea and percent survival in
open~pollinated progenies (r = & ,610; t = 7,10) establishes
the faet that survival is not distributed at random through

the nursery but is definitely asscclated with pelred progenles
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of a given parental plant, In progenies from self-pollination
the parcent survival wes 84,9 #% 1,8, in progenies from open-
pollination the 86,6 & 1,2, The difference of 1,8% 18 not
significant (¢t & 0,83),

d, Varlability As used in this study, the term varla-
bility refers tc the morpholegissl variations from the par-
ental type found smong the two=~year old plants avallable for
study, The aberrant plants include almost every oonceivable
depafturo~rrom the parental type, Many were more vigorous
and larger in all plant strustures; many were much reduced
in vigor and smaller in sive, The planta varied greatly in
rhisome development, degree of spread, height, leafinees,
snd length, width, and color of leaf, It was found that pan-
1cle charaeters were good eriteria of morphological varia-
billity, Panicles showed great variation in over-all slgze
and shape, size of spilkelets, number of spikelets, aend eclor,

All of the morphological verlations wmentioned above
are grouped under variadility, a term which the writer and
other workers in this field sasume tc be an expression of
sexuality existing in parental plents, Gonservatlsm was ex-
ercised in classifying the plants in the categories of variant
(sexusal ) and apomictie, Ho plant was ¢lesasified as veriant
unless all evidence indicated the variadility to be due une
mistekably to genetic causes,

The total number of plants from both self-pollination
and open-pollination of 87 parental plante was 8697, of which
4260 vere in selfepollinated progenles and 4437 in open=
pollinated progenies, The aversges were 49,0 # 1,2 plants
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per progeny and 51,0 : 0.8 plants per progeny, respectively,

The correlatiocn between the percent variebllity in
self-pollinated progenies and in open=pollinated ia highly
significsnt (r = + ,614; ¢ = 4.17), indicating a genetic
behavior inhorent in any given parental plant, This ocor-
relation 1s greatly increased by the remcval of three widely
divergent pairs of observaticna, The ocorrelation becomes
+ ,818, (Figure 4), Tne cbmervations which are divergent
way poseibly indicate plante with signifleantly different
behsvicrs from those in the main body which show good fit
with the rexression line,

The average percent varlability in the 87 self-polline
ated progenies was 10,9 ¥ 1.4, in the 87 open-pollinated
progenies 14,8 3 1,8, The difference of 3.,8% 1s not signifi-
cant, slthough the ¢t = 1,71 is the highest valus yet obtained
in this enalysis of self« and open~pollinated progenies,
Figure 5-B presents the frequency diastributicn in thls mater-
1al, The Chl Square analysis of each psir of progenles 1ls
presented in iigure 6, Comparison between the actual Chi
Square distribution and the theoretical shows & diascernible
drift toward the reglon of high values, There are 12 gig-
nificant values in the sstusl Chl Square distribution, 4,35
values beyond the 8% point are theoretlcally expected by
ehance alcne, The guestion arises as to whether the ine
orease over expestatlion represents plents which give self-
rollinated progenies significantly differsnt in variabllity
than the open~pollinated progenies, or whether the increase

might result from chance, The Chil Square analysis of the
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actual and theorstical distributions gives a value of X2 =
3,08, The oconcluaion s reached therefore, that, in general,
the results show no statistioally significent difference
betwesn the variabilities found in self« and open-pollinated
progenies, However, the statisticel values approsch B0
closely the 1imit of signifiocance that the possibllity may
not be eliminated that certain plants may give self- and
openepollinsted progenies differing significantly in veri-
ability,

Analysis of all progenies - 115 parental plants, In
addition to the 87 plants discussed in the foregeing section,
there were 28 parental plants which, due to fallure of seed
set under bag, gave only open=pollinated progenies, Since
the previous enalysies has esteablished that no statistically
significant differences exlst between self~ and open-polliine
ated progenies, thease from each parent plant have been com~
bined, giving an average propulation of 100,0 # 1.6 for each
plant, There were 1369 plants in the fleld from the 28
plants which provided only openepollineted progenies, and
the asversge number of plants in s progeny was 48,2 % 2,0,
The total number of plants in the experimental nursery upon
which this atudy 1is Saséd was 10,066, This nursery repre-
sents offapring of 115 selected parental planta of Kentucky
Bluegrass, which were chosen as representing the morphologi-
cal range of types found In the species,

Table IV presents the data obtalned from these plants,

a, Germination, The average percent germination

in all plants was 80,3 # 1,1, Germination in the 22 plants



Statistical Data from Progenies of 115 Farental Flants

TABIE IV

SICNIFICANCE LOWEST RIGHEST STANDARD
MEAN OF DIFFERENCES VALUE VALUR DEVIATION
Germinaticn(Percent)
Combined m" - 87 pllntl 81l.4 o 1.1 4.5 hd 5.1 56.0 $8.0 10.5
Open-~pollination - 26 plants 76.8 t 2.9 t =1.45 52.0 $9.0 15.2
All progenicl - J15 le 80.3 + 1.1 52.0 99.0 12.0
Combined progenies - 87 plants 7.5 £ 0.7 1.9 £ 1.2 0.0 81.6 6.2
Opon-pollinl‘bion - 28 plm’ 5.6 £ 1.0 t = 1.58 0.0 21.3 8.2
411 progenies - 118 plants 7.0 £ 0.7 0.0 81.6 7.0
Survivel (Percent)
Combined progenies - 87 plants 85.9 + 1.1 1.6 & 2.5 27.5 98.3 10.6
A1l progenies - 115 plants 86.3 % 1.0 27.5 100.0 10.4
v B
Open-pollination - 28 plants 20.5 £ 2.7 t =2,85*% 3.4 54.2 14.5
All progenies - 115 plants 14.8 2 1.5 0.0 65.5 15.9
- o (Numbe nte TOTALS
Combined progenies - 87 plants 100.0 £ 1.6 8,697 plants 29 118 15.2
Open-pollination -~ 28 plants 48.9 £ 2,0 1,369 plants 52 €0 10.8
A1l progenies -~ 115 plants Bumber in nursery 10,066 plants

ie
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whieh did not set mesd under bag was somevhat lower than that
in the 87 plants giving palred progenies, 76,97 as oompared
with 81.4%, but the difference is not significant (t & 1,48).
The lowest value obtained in germination was 32%, the high-~
ast 99%,

b, Polyembryony. The average percent of ocsceurrence
of polyembryony in the seeds whieh germinated was 7.0 2 0.7,
The 1ineidenoce of pelyembryony in the 28 plants which were
sterile under bag was lower than that found in the plants
which set seed under deg, 5.6f as ocompared with the 7,5%,
but here sgaln the difference 1is not statistioally signifi-
sant (t = 1,56), Pigure 7 gives the distridutions of perecent
polyembryony whieh oceurred in the 115 progenies, Only four
plants failed to give twin seedlings, The highest velue obe
teined was 31,64, 1In the histogram shown in Figure 7, the
solid blasck squares indicate those progenies in which poly-
embryony wes represented by only twin seedlinge, the crosa~
hatched squares those progenles in which triple seedlings
appesared in addition to twin seedlings, The highest value
obtained for the frequency of triple seedlinga waa 4,37 and
cccurred in a progeny giving a value of 27,8% for polyembry-
ony {(twins plua triples), As mentioned previously, the ap-
pearance of triple seedlings wes invarlably asscoiatod with
a high incidence of polyembryony,

¢, Survival, The average vaelue obtained for the
percent survival of plants in the fleld at the end of the
second year was 86,3 % 1,0, Therc wes only a slight differ-

ence in survival value between the 28 progenles from plants
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sterile under bag and the 87 progenies from plants fertile
under dbag, The lowest value for survivel wee 27,.5% of the
total number astarted in flats, the highest value 100%,

d, Variability, All availadle information gives
an averags percent variability of 14.8 & 1,3 for the progene
liea from the 115 selected parental plants of Kentusky Bluew
grage, The lowest value was 0,0%, that is, complete son=-
formity to the parental typej the highest value was 65,5%,
The distribution of valuea is given in Filgure 8 , Only 4
of the 115 plents gave progenies showing complete uniformity,
The ma jority of the progeniea, €2, had variabilities betwesn
0,1% end 12,0f, A smocth curve to fit the distribution should
be expected to show a model velue of approximately 7,0%,

The average percent varliablility in the progenies from
those 87 parental plants giving both self« and open~pcllinated
progenies was 12,8 & 1,4, The lowest value was 0,0%, the
nighest 65,5, In the 28 open~pollinsted progenies from
plants which set no seed under bag the average percent veri-
ability was 20,5 I 2,7, The lovest value obtalned was 3.4%,
the highest 54,2%, The difference of 7,6% between these two
meens 1s significant (t = 2,50, P<L,05), This would indicate
e tendeney for plents vhich were aterile undar bag to be more
sexual than other more fertile plants in their mode of repro-
dueﬁion.

Correlation Studlies, In #his study, an attempt has been

made to detarmine if significant relationships exist between
rorpheclogleal variebllity in the offspring of s plant of

Kentueky Fluegraes and any one of ameveral more esslily snd
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quiokly determined oriteria from the same plant, The analye~
sls centers around variability, for this 1s the feature in
which the plant bdreeder is uvltimately most interested,

a, Correlation between Souree of Material and
Variabllity, Figure 9 shows the distributions of variabili-

ties found in the progenles of 115 perental plents of Kentueky
Bluegrass arranged on the bvasis of scurce of the parentasl
stock, Oraph A oontaing the progenies of 16 plants from ine-
trcductions and numbered strains, graph B the progenies of
28 plants from pasture sources, and graph ¢ the progenies
of 71 plants from ocommercilal seed sourses, The percent varie
ebilities are 18,6 % 3.8, 16,2 ¥ 2,9, and 13,3 ¢ 1,6, respec-
tively, HNone of the dlfferences between the means 18 statise
tically signifiscant, (%,5* 0,50, ty; = 0,88, t,0 = 1,20},
There 1s, therefore, no evidence from this material that
plants of Kentucky Bluegrass frem pasture sources snd plants
from commereial seed sources diffey significantly in apomietic
behavior, Nor do plants of selectod strains show very pro-
nocunced apomictic behavior in comparison wilth plants of other
sources, '

b, Correlétlon between Seed Set under Bag end Variability,
As mentioned previously Iin the discussion of geed set under dag
in the 115 selected parental plants, the value of 30% appar-
ently messures an inherent sbillity of a plant to set seed
under beg with little distortion of results by environmental
forces, Figure 10 shows the distributions of perocent vari-

ebllity in the progenies of plants separated on the basis of
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seed seot under bag, Oraph A aontains the progenies of plants
whieh set less than 30% under bag, graph B the progeniea of
plante whioh set more than 30Y under bag, The percont varis
abilities are 18,0 & 2,1 and 18,1 ¥ 1,6, respsctively, The
difference of 4,0% 1s not statistiocally significant (¢t = 1,88),
Table V gontains the tsbulations of correleations be-
tween (1) germination ¢ polyembryony, (2) germination : varie
ability, (3) variabdility : polyembryony, and (4) variability :
survival, Both the aimple aorrolgtiona and the second dew-
gree partial correlations are given, Column A contsins the
correlations whieh existed in 87 seifepollinated progenies,
ecclumn B those in 87 open-pollineted progenies, and column C
containe the correlations found after combining self~ and
open-pollinated progenies, Column D, headed "Corrected for
Attenuation®™, oontains the correlation values ealculsted dy
the procedure suggested by Kemp (16) whieh makes use of paired
values to eliminate syetemantiec sempling errors, The valuses
obteined by this procedure indlcate the maximum degree of
correlation exlating in the material, Column F ccntainé the
correlation values cbtainsed uwaing ell avallsdble data from
the 115 selected parental plants of Kentuoky PFluegrass, In
the discussion which follows veference will dbe made only to
Column E, Teble V may be consulted for the cother values,

e, Correlstion betwsen Germination and Polyembryony

in progenies of 115 parental plants (Iigure 11) There is

a significent positive gorrelation of + ,222 (P« ,08) between
these two measurements, The partial qorrelatlion between

germination and polyembryony, holding survival and variablility



TABLE V
Correlsticns of Varisbility with Germination, Polyeambryony, and Survival in Frogenies of Kentucky Blusgress

A B c D E
SRLF-POLLI, OPEN-FOLLY. COMBINED CGRRECTED ALL
PROGENIES FPROGENIES FROGENIES FOR AVAILABLIE
oF - OF ' oF ATTENUATION DATA
87 plants 87 plants 87 plants 87 plants 115 plapts
Cerminstion -~ G Tgp + 202 + 150 + 210 ® + 510 = + 222 =
PWW - P rGP.sv + 206 + ,140 "-2CB v + JB5S0 ## + 202 %
Gemmtim - G mv - .225 # - i999 - -21‘ % - .586 e - .255 5
vmﬁbﬂity -~V rw.sp - 052 + 007 - O + ,068 - 1535
Polyembryony - P !’m - 167 - = 4168 - o210 ¥ = 260 # - ,205 ¥
Va!‘iability -V rﬂ.sg - <178 - 177 - 55 * - 551 &% - 4218 #
Survival -5 Yoy - 452 %% = 4265 # - 444 #n - 645 u% - 580 #®
Variability -V Tsyerg - 404 ¥ = +260 # - (M52 Uk - 640 ** - 378 **
K = g7 R =115
® P05 = ,208 #* P05 = 180
#* POl = 270 = P01 = 235

8e
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constant, 1s alsc signifioant, + 202,

d, Gorrelgstion between Uermination snd Variability
in progenies of 115 parental plants, (Figure 12) The simple

correlation existing betwean germinetion and varisblllity shows

e highly significant negative velue of -« 235 (P = ,01),
However, the partial correlation obtained by holding survival
and polyembryony econstant drops to the insignificant value
of = ,135, The introduction into the calculation of the value
for survival acocunte for the drop to Iinsignificence,

e. Correlation between Polyembryony and Variability

in progenies of 115 parental plants (Figure 15) There is a
aignificant negatlve assceletion between veriability and

polyembryony, The simple correlation is - ,2056 (P <,06),

Tre val—e for the partial eorrelstion, holding germination

and survival constant, rises somewhat to - ,218, In general,
it may be sald, therefore, that there is a tendency for the
hisher percentages of morphological veriablility in the progeny
¢f a plent to be associsted with & low percentage of poly-
embryony, and viee versa, Thie reletionshlp, however, can~
not he stated positively because of the barely significant
values ocbtained for the correlation, A study of the charscter
¢f the scatter dlagram in Flpure 13 suggests the possibllity l
that twe proups mey be presents one group of plants whose
progenies show a very hiph negatlve correlsticn between vari-
ability and polyembryony, and ancther group whose progenies
show no association botween thepe two characteristics, These
selections of Kentucky luegrass appeer to be sufficlently

diversified and heterogenecus as to permit this suppositlen,
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f. Correlation between Survival and Variabillty

in progenies of 115 parental plants (Figure 14) Tho faot
that the loas of plants was unusuelly high 1n some progenies

hes alresdy teen mentiocned, This ralsed the guestion as to
whether practically ell of the plents whiech falled to sur-
vive were not actually weak eberrant forms with no survival
value under field conditions, The highly significant cor-
relation of - ,3B0 between survivel and variability sugrests
this strongly., Holéing sermination and polyembryony constant,
the value for the partial correlation is - 378 (P<,01),

Comparative Variablilities in Plents from Single Embryo
Seed end in Plants from Poly~iinbryo Seed, Facilities were

not availsble for es complete an analysis of the twin and
triple seedlings as was made of thse single seedlings, It

1s, however, possible to obtamln an average flgure for the
variaebility which was found in the polyenbryo materisl,

Table VI gives the complate anelysis, Of the 1198 sets, rep-
regenting 7,47 of the total germination, 39, or 0,247, were
triple seedlings, and 1157, or 7,2% wore twin soedlings.

Only 711 sets wors avallsble for study due to ths fallure

of the weaksr membey of & set to survive, The percent sure
vivel was 80,17, This 1s to be compared with the value of
86,27 for survival emong the plants from single seedlings,

The difference of €,8% 1s not stetistically algnificant;

(x® = 2,40), 421 of the T11 weis of twin and triple seedlings
were dlscarded in the greenhouse from 3" pots, These dise
cards were thoee classifled as oonsisting of ldentlcal plants,

0f the remaining 200 sets which were classified as conteining



TABLE VI

Comparative Variabilities in Flants frem Sesd with Single Fmbryos and in Flants from Polyembrycuic Seed

Nugber of seed started 19,858 Number germinated 16,084 Geraination = 81.0%
POLYEMBRYO SRED Triples Twins SINOLE-EMBRYO SEED

Number appearing 1,196 7.4% 39 0.24% | 1,157 7.2% 14,888 92.6%
¥usber surviving for study m 19 692 10,066
Percent Survival 80.1% 82.9% 80.0% 86.9%
Croups discarded as identical 421 is 406
Groups dissimilar or questicnable 280 4 286
Fumber of Plants as Individuals:

Total Number from Germinstion 1,401 57 1,584 10,086

which Survived

Humber of Aberrant Plants 290 - 244" 4 286 - 240" 1,514
PERCENT VARIABILITY 20.1% - 17.15* 7.08 20.7% - 17.3%* 15.1%

#*
8 corrected valus - explained in text

14 4
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plants whieh differsd moryholecleally, 73 seta, 69 twin seed-
ling: pairs and 4 triple seedling groups were put inte the
field and grown to maturity, At meturity, 1t was sscerteined
thet 11 of the twin pairs conslisted of identical plants, On
the basis of thias error in identifiestion of aberrant paire
in the greenhouse, a correction factor of B84% was utilized,
Thus, out of 144} plents from seed contalining more than one
embryo, 290 to 244 (B4%¥ of 290) mey be sonsidered as sberrant,
This gives the fipure for percent variadbility 1in plants from
twin and triple seedlings of 20,1% to 17,1%, The true value
1s in this range, with the greater lislihocd of 4t being
nearer the 17.1% velue, This is to be compared with the
pereent varisbility of 13,1¥% found in plants from seeds with
a single embryo, The Chl Sousre test indlicates that greet
significence may be sscribed to thie difference (X2 = 16,85),
It mey be said therefore, that varisbility 1s significently
hizher amony plants derived frow polyembryenic seeds than
frem plante obtained from single-embryo seeds, Put while

the extent of morphologlecel varietion I1s significantly dife
ferent between these two populations, the nature of this veri-
ation 1a the same, In other words, plants of the same paneral
morphological configcurations may be found from elther source,
¥Yerelv the relative chances of obtaining them are increased

by a study of populations from twin and triple seedlings,

The nature of variation in morphologlcal characters found

in plants from seeds with single embryos has already been
drseribed, The same range of types wns found in the aberrant

rlants which osccurred in the groupe of twin and triple seedlings,
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In the instances where twin seedlings end triplé seed-
lings were identioal the type of plent invariasbly conformed
to thst of the parent, In the cases where triplets were dis~
similar, one plant was larger and more vigorous and two plants
wvere identical with the parent plant type (Plates II and 18,
Fi» Fa, F.). 1In the triple seedlings no aberrent plant was
found which was smaller and less vigorous than the parent
plant, but this can hardly be significant in view of the
small mumber of triplets aveilsble for study (19 triplets),
In the instances where twin seedllngs were dlssimilar, the
aberrant plent almost inveriasbly astarted out as the smsllew
and elowey growing seedling slthough in the majority of in~
stances it was to begome the lerger and more vigorous plant
of the ralr, It would seem, therefore, that the aberrant,
or sexually produced, member of a dissimilar pair of seed-
lings usually comes from an embryo whlch, for some reason,
is latey in germination than the epomictically produced eme
brvyo assoclated with it,

Studles on sberrant plants in progeniea Representative
verental plants, apomictically reproduced offapring, and
aberrant sexuelly produced offspring were analysed to deterw
rine the relative rate of polyembryony between parental
rlants end offspring end aleo the cosurrence of albine seed-
lings, since e fer of these had appesred in seed lotas of the
originel material, COpen-polllineted seed was germlnated in
Fetr! dishes in the manner described ebove in establishing
the experimentel nursery,

The probable shromosomal complements of meny of the
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aberrant plants have besn determined by an analysis of pollen
grain sige, These results are presented, and supplemented
with astual chromosome counts im a& number of instances to
show the manner of origin of the aberrant plants,

e, Polyembryony The results of an anslysls of

relative rates of polyembryony are presented in Table VII,
In each family, P represents the parental plant; A, the
apomictieally reproduced type; and the other letters refer
to plants of the pregeny whioh deviated from the parent type
in morphological sharacters and which are presumed to have
arisen by sexual processes, Dsterminations were made ¢on
seed from 88 plants, 10 parentel and 58 offspring, It was
found that the percent polyembryony in eleven offspring plants
was signifiecantly different from that in the parents; 2 haed
8ignificantly higher rates and ¢ aignificantly lower rates,
in only one instance dld the parent snd the apomiotic type
differ in rates of polyembryonys germination in the latter
was poor and sempling errors may account for observed
difference, The velus of x8 5 4,77 18 barely beyond the &%
point,

The pointe of interest in connection with these studles
on relative ratea of polyembryony are these:

(1) That apomictioally reproduced plants show
the same values for polyembryony as do the parental types
from which they are derived, This 1s self~svident if one
accepts the 1dea that the abllity tec produce polyembryonie
seeds 1s relsted in some way to the renetic constitution of

the plant, The statement is made however, to indicate that
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evidencs points to the fact that a plant has a charasteristic
and inherent tendency towards the production of polyembryonie
seed, and that the environmental foroes encountered in the
prosecution of these studies change this baslc rate llttle,
if at all,

(2) Thet eberrant plents, that is, those which
are not prodused apomictically, fall into 3 olasses on the
basls of relative rateas of polyembryony in comparison with
the parental plant; (s) The aberrant plants may show no aig-
nificantly different rate of polyembryony, This is by far
the largest group and this behavior seene to have no assogle
ation with plant type or man~epr of coriging (b) The sberrant
plants may show a significantly lower rete of polysmbryony,
Nine plants oomprise this elass, Both more vigorous plants
and weaker plants may be represented (Plate 1, F; Plate 6,
1y Plate 10, C; and Plate 11, C,, E;; or (¢) The aberrant
plants may show 8 significantly higher rate of polyembryony,
This must be regarded as exceptional since only twc plants
out of 858 tested fall Into this group, One plant is shown
in Flate 8, Gj the other, the triploid member of a group of
triple seedlings, in Plates 11 end 12, F,,

b, Albino seedlings Albino seedlings have appeared

in progenies of three plants,

1, 87-KEB 1 (11) This plent and its offspring

are discussed in the Appendix and evidence indicates that
it 1s perhaps the most sexuslly reproduced of the selected
material {(see Appendix), In 279 germinated seed of the plant

shown in Plate 1, P, there appeared 1 slbino single seedling



TABLE VII

Pollen Grain Sise, Chromoscme Numbers, FPolysmbryony, and Albine Sgedlings in Selected Flants of Kenmtucky
RMuegrass and their Progeniss

- T ]
POLLEN GRAIN CHROMOSOHE PERCENT ALBINO
SIZE (MICRONS) NUMBER POLYEMBRY ONY SEEDLINGS

PLATE 1

P $7-KB 1(11) + 56 15-278% 4,73 2 albino seedlings®
A 38-KB 3(8) type 56 O~ 99 0.0 * 2 albine seedlings
B s5(6) 2 48 - 0 —

c 3(9) no material 0- 0 —

b 4(4) t 50 1- 30 8.3

E 4(7) * 56 6264 2.6 4 albino seedlings
F 4(3) % 58 0-252 0,0
PIATES 2 gand 8 '

P $7-KB 38(12) no materisl 5-159 2.2%

A 58-KB 26(40) type 2 56 5-191 2.6

B 25(22) 275 0~ 38 0.0

c 26(10) * 60 2-118 1.7

b 26(26) x5

E 26(50) % 56 6~-259 2.3

F 26(50) + 76 0=152 0.0

FLATES 11 and 12

& 26(65)-1 * 50 1-40 2.5 1 albine seedling
s, (65)-2 type 56 53529 1.8
PLATES 4 and §

F 37-KB 140(11) 25.9 * 0.5 ref. + 45 7-305 2.3%

A 38-KB 150(4) type 25.2 * 0.2 + 45 7459 1.5

B 150(8) 4.8 £ 0,6 % 62 2-207 0.9

c 150(21) 53.4 1 0.5 #& 2 70 0-145 0.0

b 130(13) 85,8 £ 0,4 #» % 65 5-229 2.1

E 130(26) 52.2 £ 0.6 #* : 67 1-256 0.3

F 180(1) 32.4 & 0.6 % 2 60 7-192 3.5




TABLE VII (continued)

POLLEN GRAIN CHROMOS OME PERCENT ALBINO
SIZE (MICRONS) NUMBER POLYEMBRYONY SREDLINGS
NO PLATES
57-KB 172(14) 2 60 1-21~ 80 24.4%
$8-KB 195(1) type 1-89-157 25.5
195(21) + 42 0- 12 ?
196{1) type 4-44-172 25.7
196(5 110-120 17-182 9.3 =
FLATES 6 and 7
- P 37-EB 175(14) 29,0 £ 0.7 ref. % 50 1-18-218 8.5% 1 albino seedling
A 38-EB 206(16) type 50-882 7.8 -
B 206(1) 54 no seed
c 206{(11) dipleid O- 4% 0.0 #
D 206(4) diploid 5- 99 5.0
B 208(8) 17.5 £ 0.5 #* no material 0~ 2 —
F 206(6) 0.0 £ 0.7 diploid 16-186 8.6
G 206(28) diploid 2-185 1,1 **
H 205(6) 25.9 £ 0.6 ** diploid | 2-28-17% 15.9
I 205(14) 50.5 £ 0.4 diploid 1=108 0.9 #*
PLATES 11 snd 12
By 206(62)-1 21.8 2 0.4 =» 248 no seed
Cy (68)-1 25.4 & 0,5 #% no material 1-18% 0,5 #*
C2 (63)-2 type | 50.7 & 0.4 & 50 37-808 12.2 6 albino seediings®®
PLATES B gnd ©
P 37-KB 175(d6) | 2642 £ 0.6 ref. £ 56 c-201 0,08
4 88-KB 208(40) type 0-138 0,0
B 208(7) 20,4 1 0.6 st diploid o~ B3 0,0
c 208(18) 27.4 £ 0.8 dipleid 0-189 0.0
D 208(2) 26.6 % 0.4 dipleid 0-128 0.0
E 208(6) 54.1 £ 0.9 triploid 0- 67 0.0
F 208(54) triploid 0~ 77 0.0 —
G 208(56) alploid 4-121 5.3 % -
H 208(9) diploid C-58 0.0 ge
I 208(30) dipleid 3-285 1,5 -~



TABLE VII (concluded)

POLLER GRAIN CHRONOS OME PERCENT ALBINO
SI1ZE (MICRONS) RUMBER POLYBMBERY ONY SEEDLINGS
PLATE 10 TATE 15
P 37-KB 155(151) P 29,5 2 1.0 ref. 42 10-242 4.15
L 58-XB 118(40) t; 28,1 & 1.4 42 4-216 1.9
1168(47) no materisl| 15-198 7.7
c 18(42) : 42 1172 0.6 *
D 128(36) z 45 0=170 0.0 *
E 118(59) A 22,5 &£ 0,5 *# * 40 o128 7.0
F 118(46) B  54.6 t 0,5 ## 75 2-165 1.2
PLATES 11 and 12 PLATE 15
$7-KB 114(12) 21-188 11,58
Dy 26-KB 47(62)-1 Cy 18,2 & 0,2 #* no materisl 5-70 7.1
Dy (62)-2 Cy 28,6 % 0.4 ref. no material | 356-396 9.}
57-KB 157(240) | 12-184  6.5%
56-EB 124(65)«=1 | D; 54.1 & 0.5 #* no materisl | 8-243 1.2 #¥
(65)-2typd) Dy 27.4 & 0.8 ref. no materisl 3102 5.0

57=-KB 152(145)
F, £8-KB 16Q(S1)-1
o
7

$6.2 £ 1,0 ¥

(91)-2typcl $2.1 * 0.7 ref.

81.7 £ 0.6

15-265 4.5%
+ 65 1-15-159 8.8 #
42 5-185 2.7
* 42 1- 8- 55 7.3

1- 8-240 3.7

68 plants;
§8 are offspring

Mo

8o

P less than .05
P less than .01

* x

Last term total number seed, first term number twins.
lgst term total number seed, middle term number twins, first term number triples.

One albino single; 1 peir of twins, one member albino and other member green.
Three albine singles; 1 pair of twins, one member albinoc and other green; 1 pair of twins, both albine.

4 test for significance of differencs.

( * Touoo)
s
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and 1 albino seedling essocelated with a green seedling from
& twin embryo seed, Two progenles from planta of its off~-
spring have contained albinos, One was the progeny from an
apomiotically reproduced member of the population (Plate 1,
A) whioh gave 2 glbino single seedlings in 99 germinated
seed, the other was an sberrant plant from the same popu-
lation (Plate 1, E) which gave 4 slbino single seedlings
in 234 zerminsted seed,

2, 37-KB 175 (14) This plant and its progenies
also have been deseribed (see Appendix), 1In 813 seedlings

from the parent plent shown in Flate 8, P there appeared

1l albino seedling, An apomlctically reproduced plant of

1ts progeny has given e surprisingly large number of albinos,
This plent is shown in Plate 11, Cp end wae the plant assool-
ated with C; In a pair from e twin embryo seed, In 303
germinated seed, there were 3 alblno single seedlings, 1
aldbinc seedling which oecurred with e green seedling to
eomprise a pair of twins, and 2 albino seedlings which ocscur
red together as twin seedlings, No elbinos have appeared

in seedlings from any aberrant plants obtsined from this
parent,

3, 'The other instance of albinism was found in
the progeny grcwn from gpeed of the aberrant plant from a twin
pair shown in Plate 11, Ay, In 40 seedlings, 1 was an albino,
o albincs have appeared in seedlings from elther the parene
tal plant or any other aberrent plants in 1lts progeny,

6, Pellen Measurementa Mature pollen gralns were

mounted in acetoocarmine end their diameters measured by means
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of a fillar micrometer, The number of greins measured pex
plent varied between 20 and 25, This number of cbservations,
while small, allowed many more determinations than otherwise
oould be made due to limitations of time end assistance,
Astually, the small number seems entirely adequate, judg-
ing by the siges of the standard errors which are deereased,
on the average, only about 0,3 mioron when N = 100,

The measurement of pollen grains ie useful in determine
ing gross chromosomal changes, since, a8 has been found in
numerous plants, pollen grein sise %1a proportionel tc shromow
some number (plate 13), Thie has been applied to Poa by
Eﬂntzing (22) and the writer (7), The results are presented
in Table VII end require little individusl gsomment, The
fact 18 perfectly clear that the pollen of many of the aber-
rant plants 1s significantly different in size and may be
assumed to reflect the chromosomal oomplement of the plant,

In no ease, was the size of pollen signifisently different
between the perentsl plant and the spomictically rsproduced
progeny, However, the aberrant plants, on the basis of pollen
grain size, may be pleced in one of three catagories; (1)
Pollen significantly stmller in sige than the psrent, ilndl-
eating lower chromosome numberss (2) Pollen signifisantly
larger in sime, indicating plants with a great inerease in
ehromosome number, probably "triploids”; and (3) Pollen not
signifiocantly different in size, indicating chromosarc numbera
go near that of the parent thet the pollen differences did
not give statistically signifiocant valuesy these may be called
"diploids by amphimixis"”, as dlatinguished from "diploids by
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apomixis”,

d, Ohromoaome Counts 7The somatlo chromosome
number was obtained from root-tip divisiona, The meterial
was killed and fixed in the wodification of Naveaachin Fluid
proposed for Foa by Mﬂntains (19), Its constitution 1s se

follows:

A, Chromic Aoid, 10%f aq, sol, 10co B, Formalin U,8,P, 30Oce
Acetic Acid, glaclal 10ce 98% Ethyl Aloohcl 10ce
¥ater, distilied 80cc Vater, distilled 80so

The materisl was dehydrated and embedded by the procedure de~
vised by Randolph (30), was secticned at 12 miorcne, and was

stained by the medified erystaleviclet~fodine teshnique pro-

posed by Smith (38),

The extent and nature of chromosomal phenomena in Pea
pratensis have been snalysed in very detalled studies by
Eﬁntzing, Armatrong, and Akerberg, Therefore, it has not
been thought necessary in this study to do wore than to de~
termine with certainty the manner of origin of the sberrant
or sexually produced plants whioch have appeared in the writer's
material, Some indicationa of their probable ehromosomal
complements have already been obtained from a study of mor-
phological features and pollen grein size,

The results of the oytological study are tabulated in
Table VII, It 1s seen that by fer the greatest number of the
sberrant plants are to be considered as arising through the
fertilisation of a reduced egg cell by a reduced pollen grain
since their shromosome numbers do not devigste markedly from
the chromosome number found in the parent plant, Two "hap-
lo1d" individusls have been identified, one of vhich ls shown
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in Flate 6, B, "Triplold" aberrant plants have been identi-
fied with certainty in twelve instanoes, These plants are
usually of inoreased vigor, but attentlon is directed to

the plant figured in Plate 2, B which 13 sn exception to
this general statement, Another triploid of the same progeny,
however, is decidedly more vigorous than the perent plant
(Plate 2, F), This might indicate that chromosomal multi=
plication in Poa 1s subordinate to genic asonstitution in the
determination of plent vigor, Of oonsliderable interest 1is
the progeny shown in Plate 4 where every aberrant plant
studied has been demonstrated te be of triploid origin, On
the other hand, in the progeny of the most highly sexual
plant studlied shown in Plate 1, all aberrant plants pre-
sumably have arisen by the union of reduced egg and sperms
that is, "diploid by emphimixis",

Only two peirs of twin seedlings have been s tudled
cytologically, In each instence, the aberrant plant has
been shown to be of probable diploid origin (Plate 11 - Ay,
Ag, and By, Bp). The sberrant plant of the group of triple
seedlings (Plate 11, F,) has been shown to be a triplold,

To summarize the results of the eytologlieal studies,
we may enumerate the following poifts:

(1) Thet the eberrant plants which have appeared
in the progenies of Kentucky Fluegrass may be clessified
in their manner of origin as haplolds, sexuslly produced
diploids, and triploids, The diploids have been by far the
most prevalent aberrant type, The haplold individusl is
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either of infrequent origin or usually falle to survive for
study,

(2) That pollen grain size is of value in identi-
fying eertain types of aberrent plants but must be used with
gaution when appllied to the 1dsntification of others, FPollen
size may be used with somplete rellability, for example, in
identifying plants of triploid origin and sexually produced
diploida, 1ts use in presuming a plant to bde of haploid
origin if its pollen 1s significantly smaller than the parent
plent is not reliable since many aberrant plants with extremew
ly small pellen grains have beesn shown to have shromosome
purbers not greatly different from the parental type, FPre-
sumadly, if the aberrant plants are of low vigor, as many
are, physiological factors, sueh as rate of growth and effiei-
ency of nutrition, may cause the formstion of smaller cells
than should theoretically e produced on the basla of the
Plant's chromosomal complement,

(3) That simller ohromosomal condltions are
present in adberrant plents from elther seed with nultiple
embrvcs or seed with a single embryo., There 1s thus no.

essential difference in their manner of origin,
DISCUSSION OF RESULTS

Fmbryolegy of Apomixis in Poa, The embryology of ori-

gins of the embryo sec and the spomictic development of the
emdbryo in the Fluegraeses 18 by no means 8 complete as one
might wish, Twvo reasons may be assigned for this and these

will explain the limited knowledge we have, and the apparent
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contrediotions whioch exist among the ressarches of the several
workers, In the flrst place, the materiel 1z technically
diffieunlit to prepare and to obtain sn adequate supply of
oriticel stages; and secondly, we have not fully realized

that in as varieble a specles as Poa pratensgis it is entirely
possible that biotypes may exist which differ materially in
methods of embryo sa¢ formstion and the origin of the embryo,
Both Anderson and Armetrong deserided heplosporic develop-
ment of the embryo sac, Tinney end Akerderg eposporic developw
rent, There seems little guestion that, according to all

available data, epomixis in Poa pratensis 1s by Apospory, It

muet not be ovarlooked, however, that predomlinantly sexual
tyres unquestionably exlst, Akerberg presented limited em=
bryological data from such a blotype and showed that no epo~
aporic development cocurred but that functional reduccd eggs
arose by Haploapory, Nor should it be overlooked that Dlplo-
spory has been desoribed for Poa palustris by Kiellander and
for P, alpine by H&ntzing. It $¢ not improbable that, as
embryological work is extended in Pos pratensis, some blo-
types may show diplosporic embryo asec development, This may
be fomund either in neturally occurring blotypes or mey oceur
in hybrid typses between pratensis and diplosporous f orms,
such as elpine and pelustris, Pratensis-glpina hybrids have
already been obtalned by Akerberg (1) and (2) and Mintzing (22),
Sterility and Fertility Studles in Pos pratensis., It

1s unfortunate that the investigcator usually must depend on
sead set under bag as a measure of self-fertility, This may

introduce physlologleal fastors such es altered aeration,
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light, end moisture relationships whioh ultimately determine,
not the plant's inherent fertility but merely its ability to
set sesd under aconditions of dbagging, A better measure of
fertility would be that obtained by the use of pollen~tight
cages, or ideally, by 1solating the blotype,

However, with all the disaedvantsges attending the use
of bags, Nilsaon's work and the results of the vriter show
oclearly that plants of Xentueky Bluegrass differ markedly
in their ability to s;t seed under bag and that these obseyrw
vations undoubtedly indicate a genotypical basis for sterility
and fertility, These concluasions, both by Fllsson and the
writer, have bsen based on replicated observations, and fhess
are ossentisl, A single bagging operation has gquestionable
value, LKResults to have significent value should be accumue
lated over several yesrs and by the use of replicated bags,
Even then, the results must be used with ceaution, There
¥ill be no a priori reason for assuming that & plant which
sets nc seed under bag will also be sterile when unbagged
but 1scolated from foreign pollen, This haes lmportant pracge
tical implioations 1f the breeding program should center a-
bout such methoda ses hybridizaetion and strein bulliding.

Anglysis of self- and openw-pollinated progenies, The

meagurements made on germination and pelyembryony have indi-
cated that no statistiesl significance may be aseribed to
differences between self=- and open=pollinated progenies of
the seme plant, This is particularly striking with poly-
embryony, Plants vary tremendously in their inherent rates,

but thls rate ie apparently little affected, 1f at all, by
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the type of pollination, or by environmental faetors ensounter-
ed In this study, This follows neturally if 1t be assumed
that apomixis end its attendant phenomena are genic in charace
ter,

In the case of morphological variability, the relation=
ship 18 less clear, but it may be sald with a Fair degree
of certainty that most of the plents give self~ and opene
pollinated progenies which do not differ élgnificantly in
variability, Figures 4, 5~B, and 6 and Taeble III illustrate
this similarity., lowever, there are some paired progenies
which differ markedly in veriebllity and this mighd reflect
8 fundamentel difference in manner of orligin of the planta
belonging to self- and open=-pollinated progenies, Such a
difference is romdily understandable 1f 1t be assumed that
the plant's own pollen 1s incapable of fertllieing its own
eggs, but 1s cepadble of initlieting pseudogeamous development
to form apomictic offspring. However, if forelgn pollen were
availeble it is logleal to believe that pollen tube growth
would be rapid snough to effect fertilizetion and produce
aberrant forms, An ingtance of this behavior is strongly
suggested by progenles from one plant shown 1ln Figure 4,
Variabllity in the sslf~pollinated progeny wes zero, the 59
plants conforming perfectly to the perental type, On the
other hand, in the copen-pollinated progeny only 15 of 58
plante resembled the parent, while the aberrant forms showed
the morphological features of triplolds, It 1s possaible to

polect a graded serles of behaviors from thie extreme oase
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to paired progenies which show no differences,

Summarising the date, wo mey say that plents of Kentuoky
Ruegrass may fell into one of three general clessifiecationss
(1) Veriadility 1s higher in the self-pellinated progeny than
in the open pollinated progeny, (This is a theoretlcally
posaible class not demonstrated with gcertainty in the present
materiel); (2) Varlability is essentially the same in both
golf- and open~pollinated progenies, (By far the greatest
sumber of plants studied fall into this group)s or (3) Vari-
ability 1s lower in the ée1f~pollinated progeny than in the
open-pollinsted progeny, (An explanetion for this behevier
has beenh presented),

The origin of offspring in FPoa, The studles whilch have

been conducted on the embryryology and on morphclegieal and cytoe
logleal features of aberrant and metroolinoues plents in species
of Poa have furnished more or less satisfactory evidence,
however indirect, of the manner of origin of offapring, In
the following elassificetion all theoretienlly rpossidble methods
are outlined:
I, Reduction Division = embryo see arises by Haplospory,
A, FHon=fertilization
1, Pathenogenesis - production of "haploids”,
B, Fertiligation
e, Ry reduced pollen = production of "diploids by
emphinixis®,
3, By unreduced polien - production of "triplolds”,
II, Ko Reduotion Division =~ embryo sec aripes by sither

Diplospory or Apospory,
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A, Non-fertilization
4, Parthencgenesls - production of "diplolds by
apomixis”, with maternal eharecters and chromow
some gomplement,
3, [ertilization
B, By reduced pollen - produotion cof "triploids",
6. By unreduced pollen « produstion of "tetra-
ploids®,
Four of the six types have been definitely proven in

Foa pratensis, namely types 1, 2, 4, and 8, It has been

roasible in the present study to determine theae typess of
origin by an anslysila of chromosome numbera, Previous work
by other investigators leavesllittle doubt that matroclinous
plants in Poa arlse regulasrly by type 4 and that aberrant
plents arise by types 1, 2, or 5, Reocently, ﬁ&ntzing {22)
has shown quilfe eoncluaively thet functionsl unredused pollen
grains may form in Poas alpina, In this particular case, tetra-
ploids were obtalned in the progeny, thus establlshing type €
as sn actual method of reproduction in Poa, It followe from
this that type 3 18 also no longer theoretlesl but may be
congidered an actual method of reproduction in Pos, since
there 18 no reason tc assume that unreduced pollen csnnot
fertilize a reduced egg. The wide range of pollen sizes found
in some plants of Poa prstensis suggest the poaslbility that
functional unreduced pollen mey boe formed in thils specles
also (Plste 13,7),

To summarize, one can sey that all of the six theoretie

eally posaible methods of reproduction are possible among
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spsales of Poa, Four have been clearly established for Pos
pratensis, while the other two depend only on the demon-
stration of funotional unreduced pellen greins in this spe-
cles,

The appearance of albino seedlings is additionsl in-
direct evidence that reduced megespores may develop into em~
bryos, They may be considered as haploids, since 1t 18 un~
likely that the high chromosome numbsers and sutopolyploid re-
lationships found in Pos pratensis would permlt such
frequencies to arise by diploid methods of origin,

The study of pelyembryony affords additional evidence
of the manner of origin of offspring in Pea pratensis, win
seedlings heve been shown te bde largely maternsl, that is,
diplotidsdiploid and have probably arigen by the simultenecus
development of two mucellar cells, Tripleldsdiploid twins
have arisen in considerable quantities and have been sub-
jeated to intensive study, Workers are in agreement that
the tripleid member has arisen thpough the fertilization of
an aposporous embryo sec¢ by reduced pollen and that the tri-
ploid member 1s invarisbly weaker and later in starting de~-
velopment, Tinney (36) observed the probable reason for this
when he reported that one embryc sac neerer the supply of
food generally develops at the expense of the weaker member,
Andeprson (5) reported the same observatlon, Haploid:diplold
twins have been observed by Mﬁntzing, Skoveted, and the writer,
and have presumsbly arisen by the development of a reduced
megaspore end an aposporous egg cell, Of considerable inter-

est is the albino palr of twins observed in the writer's
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csultures, The mest probeble constitution of these plants
is heplold:haplold and they must represent the simultaneous
development of sister megaspores which have been derived
from the same cell of a dyad after meiocesis,

Triple seedlinge appearing in the writer's oultures
have been shown to be of two types, diploididiploididiploid
and triploid:diploidediplold, Triple seedlinges have also
been reported by ﬁ&ntsing. Their origin secems to be no dif-
ferent from that of the corresponding twine, FPresumably
three nucellar cells develop inatead of two,

Fseudogamous Seed Development, The complete agreement

of pollination studies in showing that pollen must be applied
to the stigmes of Poa pratensls for seed to he formed and
the observetions of Tinney that the embryo was frequently
well developed before fiowering ococurred need to be recons
ciled, Tinney observed further that the endosperm was not
well developed at the time of flowering and suggested that
pollination may atimulete its development, Thls explanation
finds support in the work of Genteheff end Gustafeson (13),
Thev report two blotypeas of Potentilla c¢ollins which differ
in response to pollinaticn end fertilization, In one, strain
C~B, apomictic embryos are formed independently of pollen
‘stimulation, dut the endosperm ocannct develop without the
stimulus of applied polien, In the second strain, C-G, an
ectual fertilizstion of the endosperm nuocleus 1s needsd to
jnitiate seed formstion, The application of these results

to Poa is obvious,
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The Nature end Extent of Variability, The morpholeogloal

varinbility found by the writer in progenies of Kentuoky Bluee
grass has been higher than that reported by othaf investi~-
getors, The writer reporta an average value of 14,8%, Akere
berg gives the values of 5,99 to 13,4% dcpénding on the nate
ure of his msterlal, while Tinney and Agmodt give am the
average peroent variabiiity in their wmaterisl the low figure
of 1,59%, The slight devistions between Akerberg's values
and the values obtained by the present wrliter mey well be
explained by sampling within e highly polymdrﬁhio specles,

Cn the other hand, the diacrepsncies in the reports of veri-
abillity presented by the writer and‘thame presented by Tinney
and Aamodt need to be asccunted for, particularly since the
perental material came, in part, from simller scurces,

The writer believes that the most plausible explenation
comes Trom the contrast in the methods employed in germinating
the seed for the eatablishment of the respectlive nurseries,
Tinney end Aemodt gorminated seed in soil; the writer util-
1zed Petri dishes for this purpose, thus permitting egusl
chances for survival of ell the products of germination,
Since many aberrant plants in progenles of Kentueky BHluegrass
are weak types barely able to survive, it 1s readily apparent
that this type of plant stands little chance of ever appear-
ing If 1t must force 1ts way through soll and grow in compe-
tition with more vigorous seedlings, The writer belleves
that the differences between hls results and thoseof Tinney
and Asmodt may well be accounted for br this explenation,

A statistioml treatment of data pertaining to survival of
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Pplants and variedility of the remaining plents empheaizes
thig statement,

Loss of plants in the field has been shown to be associ-~
ated with progenies from certain plants and not to be dlstri-
buted at random throughout the population, The high corre- .
lation between survival in self-pollinated progenies and
survival in open~pollinated prozenies ean mesn only one thing:
Thet losas of population is, in some way, related to an inherent
charaoteristic of the parent, It ia loglcal to relate this
loss of plants toc the fast that they were forms too weak to
survive, If they were too weak to survive they would not
have the genlsc conatitution of the parent and hence should
be classified es eberrant, Py the proposed criteria for
aromixis they must de presumed to have srisen sexuslly,

The high positive gorrelation between losa of plants
end the morpheloglical variation existing in the plants which
remain makes the relation between loss snd sexuslity even
more apparent, One cannot egespe the conoclusion that the
twvo groups of plente should actually be sonsldered as one
and that the only difference between them is one of degree
of vigor,

These results permit one to suggest that the values
for sexuslity in the parental plants of Kentucky Bluegrass
may be higher than indlcated by morphologieal variation in
thelr progenies, since plants whioh would have been aberrant
never appeared for study, By combining the number of plants
which felled to survive and the number of the remaining plants

showing morphological veristions, we obtain the following
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values in percent: mean, 25,5 ¥ 1,6, lowest value 5,0%;
highest value 90,5%; standard deviation 15,5%, The plant
and 1ts progeny which gave the highest value is shown in
Plate 1; loss, 72,5%, variabllity in remsining progeny,
65.5%,

The oriticlism may be raised in connestion with this
treatment of loss of plants and veriebility: Vhy be concerned
ebout plants which are loat even under the most exact cult-
ursl conditions since they will never appear and influence
the character of the plent's progeny? This is true, but the
atudy was designed to determine the extent of epomixis and
sexuality of gelected plants of Kentucky Bluegrass and no
valid eriterion of sexuslity may be disregarded, Further-
mcre, by the proper breeding techniques these highly sexual
planta may be utilized for hybridiszstion, and, again, any
¢riterion of value in thelr identificatiou should not be
ignored, \

It has not been possible in these studles to establish
with any degree of eertsiq@y correlations between apomixis,
as measured by the morphological featurea of a plant's pro-
geny, and certain other more easily and quickly determined
measurements,

1, No correlation is observed between apomiotic
reproduction end source of material, Variablllity, however,
is low in many progenles from plants grcwn from commereiml
seed, 1In fact, the most apomictic types were 1golated from
commerciel seed, This 1s in agreement wlth the general opin-

ion that apomictic types are more vigorous and more prolific
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sesdera and are thus better fitted te survive under oonditions
of natural seleotlcn, However, highly varlable forms were
obtained from this materisl, and the mean differences be-
tween plants from commerslal sources, pasture sources, and
streins are not statlstically significant,

2, In regard to seed set undeyr bag and mriability,
1t was found, in general, that thcase plantes completely sterile
under bag gave open«pollinated progenies more variable then
fertile plants, However, exceptions make this relationship
difficult to apply to practieal work, One thing 1s definite:
That good seed set is no oriterion for apomiotic reproduction,
as some of the most varisble progsnles came from plants with
good gseed production under bag (Plate 1),

3. Tre simple correlation between germinetion and
variability has s significent negative value and one might
infer that the apomictic types have a higher rate of germin-
ation, This correletion, however, le miesleading, since the
partial ocorrelstlion drope to an insignificant value if per-
cent survival of plants in the field 1e held constant, It
seems likely, therefore, that sexually produced embryos are
not algnificantly less viable than apomictioally produced
embryos in their abllity to germinate, and that no practical
significance may be aseribed to percent germination as a
measure of apomictle reproduction, The elgnificance of the
simple correlation must, then, be cesused by the widespread
elimination of weak seedlings which would ordinarily go une
measured in reckoning veriability,

4, Imbryologlcal studies by skerberg and Tinney
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have indicated that polyembryony and apomictic development
should be olosely assoolatsd phenomena, As a result, one
might reasonebly expect a significant negative assceoiation
between polyembryony and variebllity, Akerberg first suge
gested thls relationship snd presented rather sketehy data
in its support, The femilies studied were merely classified
a8 "sexual” end "apomictice" and ne statistloal trestments
or further desoriptions were presented, The present writer
has found a oorrelatlion of - ,208 between varisbillity and
polyembryony, & figure barely significant (P,05 = ,180),
It is 4ifficult to infer from this value just what the re-
lationship between polyembryony and apomixia might.bs, A
study of Figure 13 suggests the probebllity of the oceurrence
of two fundamentally different groups of plants, (1) Those
in whieh there is a high negative association between poly~
emdryony aend verlability, and (2) Those in which there is
1ittle, if any association, OCranting the prcbable existence
of these two classes, it would seem that in Kentueky Blue~
grass we have two inherently different types (1) "Obligate
Apomicte”, in whioh fertilization rarely occours and the rate
of polyembryony might be a ressonably sound measure of apomic-
t1c seed development, end (2) "Facultative Apomicta™, in
which fertilization may be readlly effected under the proper
conditions and in which the rate of polyembryony besra no
inverse relation to sexual seed development,

The practical use of the rate of polvembryony as &
measurs of apomictic seed formation must, therefore, be held

in sbeyance until greater relieblility can be demonstrated
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for this oriterion,

To summerige, correlatlion studles in Kentucky Bluegrass
between variability and source, seed set, germination, and
polyembryony have indicated no statistically significant
relationships, The investigator is, therefore, without any
reliable criterion for spomioctic seed formation in Kentuoky
Bluegrass, other than the actusl progeny test, With our
present knowledge, we ere fully justified &n adopting the
progeny test as a reliadle measure of apomictic or sexusl
seed formation in parental plants, It should be pointed aut;
however, that low values for variadbility will be obtained
if eultural practices are employed whish suppress the wasker
riants,

The Cause of Apomixis in Poa, Observations on apomictic
forms in all genera have established, im genersl, that apo~
mixis is usually asscolated with (1) high chromosome numbers
and meiotic irregularities, and (2) hybridization, 'The ine
ference has been mede, in lieu of experimental facts, that
hybridization with 1ts subsequent sterlility and melotic ir-
regularity may be oconsidered as contributing to apomictic
seed development, IExperimental results in several genera
have indicated that, while apomixlis end hybridiration may
be associated phenomena, it is a fallacy t¢ oonaider hybridi-
gation, as such, the basic cause of apomixis, Rather, 1f
apomiotic seed development follows hybridization it may simply
mean that a certsin "eonatellation of genea"™ has been brought
together which suppresees the usual sexual behaviore, Minte

zing hes advanced this theory and suggests that there may be
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genes whioh condltion non-reduction end others which condition
parthencgenetio development, To this 1ist might well be added
genegs for the development of cella of the nucellus to form
aposporous embryc sacs asince the results of the present
writer show a definite inherent abllity of plants to produce

a characteristic percentage of polyembryc seeds,

Hﬁntsing (22) has cbtained completely sexuel F; hybrids
from orossing a sexual bilotype of Pos slpina with an apemiatic
blotype, indicsting that apomixis in Poa 1s recessive, Fur-
thermore, breeding tests have not diseclosed any spomictic be-
haviors in the F, plants, The sample wes sufficiently large
to identify such plants if spomixis were inherited in a fairly
simple manner, PFPreliminary evidence from both Akerberg (4)
end Muntsing (22) indioates that, in Poa pratensis, aberrant
plants, whether haploid or triploid, are less apomictic in
their mode of reproduction than the mother plant, Mintzing
interprets this as a suggestion that apomixis 1s determined
by a balanced "constellation of genes" and that any disture
bance involves & change from predominant apomixis to more
or less sexuality, It remained to be demonstrated if this
type ¢f response 1s true for all plants of known hybridity
in Poa, and more important, 1f the sexuel types whioh arilse
remaln as such, or whether it is poseible for them to be
stabilized eventuslly as apomlctic blotypes,

Additional evidence that hybridization 1s not cauaal
in 1ts relation to apomixis is presented by Nannfeldt (23)
after a study of naturaslly ccourring apomictic and viviparocus
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blotypes of Poa of northern Burope, Lidforss (cited in (22))
and Gustafason (oited in (82)) have shown also for Rubus
that apomixis 1s recessive to sexuslity since artiflclally
produced hybrids are sexuasl even though both perents are
strongly spomictic in their method of reproduction, In
Crepis, the oconclusion is reached, (54) end (35), that hy~
bridization in 1teself is not the sause of epomixis sinee many
autopolyplolid forms sre as strongly spomioctic as allopoly~
plolds of the speoies,

In somse forms, however, apomixis seems to be dominant
over sexuslity, In Hiercium, Mendel (elted in (22)) and
Ostenfeld (cited in (22)) found somewhat variable behaviors
but, in general, hybrids between sexual forms were apomlotio,
Also, Munteing (22) finds that hybrids between sexual types

of Potentills are true~breeding,

1f hybridisetion alone and hybridigation with polyploidy
are exsluded es playing a csusal rocle in reproductive phe~
nomena, ae experimental evidence seems tc indloate, we may
place apomixis and sexuelity on s genetic basis , Hybridi-
zation, therefore, may serve only to bring together elither
genes for sexuality or aepomixls and the reproductive pro-
cesses of the hybrid will depend on lts genic complement,

H, Concluding Hemarks, The results presented in thle
report allow one to make the broad generaligzstion that Poa
pratensis is predominantly an apomlotic specles, There is,
nowever, a gradual range of spomictic behaviors from oomplete

uniformity in progenles to over 70% aberrancy, indicating,
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firat of all, the genlc nature cof the reprodustive phenomena,
and seoondly, the c¢aution whigh mnsﬁ bo used in epplying any
oriterion to a species as highly polym;rpnie as Poa pratenslis,
This polymorphism is not confined to morpholegical types in
the taxonomie sense, but is found in every character of the
specles the investigator chooses, The writer is stronpgly

of the opinion that we know too little about the species

to generalizs on any one criterion, whether it be emdryology,
polyembryony, polyploidy, breeding behavior, or morphological
and taxonomlec relstionships, A perfect analogy exists in the
fable whish tells of the four blind men who each received
individually different impressions of what an elephant must
look like depending on what portion of the besst's anatomy

he explored,
PRACTICAL CONSIDERATIONS

The investigations reported in this paper were started
with the ultimate purpose of applying the results cf funda~-
mental work in Poa pratenais to problems of practical breed-
ing, Kentucky Bluegrase is important both as a forage grass
and as & sod grass in lawns end golf fairways, Improvements
are sought in (1) disesse and drought resistance, (2) higher
productivity, especially in the perled hetween the spring
flush and the secondary fall flush, (3) higher nutritive velue,
especially in the fall flush, (4) greater sdaptabllity to
goil end olimate factors, (5) better assosistion with other
species, perticularly legumes, (6) greater tolerance to close

grasing and elipping, and (7) higher palatibility,
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Avalladble breeding procedures may bte olassified as

fellows: |
A, Selectlon of apomictic biotypes which ghow

desirable charactoristics, This 1s the method which may be
expeoted to glve the quickest results and, considering the
pelymorphioc nature of the species and the prevalence of
highly apomictic blotypes, should prove fruitful, Indeed,
this proscedure haes alresdy been utiliged in the ocreation of
commeroial strains by Kurcpean breeders and 1s employed in
Canada and the United States, (Tinney and Asmodt (37)), By
taking advantsge of the apomletic method of seed production,
problems of 1solatlon and the meintalinence of purity of the
selected types are non-existent, In this oconnection 1t is
well to point out that while certaln desiradble bilotypes
may produce a significant proportion of sexual offspring
‘these may be of no practical importance if they are of asufe
ficiently low vigor, In practice, seedling 1z in excess of
requirements and the aberrant plants would probebly never
appear in guantities large enough to alter the character of
the stand, On the other hand, if the sexually produced
aberrant forms are more vigorous and possess undesirable
agronomic characters, as meny of them do, the value of the
selected blotype may be seriously impalred, Aas fer ass the
writer is aware, s elestion of deelirable apomictic blotypes
18 the only breeding procedure so far utlilized in improving
Kentuoky Pluegrass, Ite advantages sre simplicity, ease of
gondueting the work snd rapidity with which results may be
achieved, It runs into difficulty 1f a high proportion of
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undesirable aberrant plents appesr regularly in the progenies
and, slso, if the naturslly oceurring meterial does not
provide the partiocular combination of plent ocharacters needed,
Nature and the agriculturist often work at oross purposes,
Tais is particulariy true in forage species where Nature
favors those forms whiech send all their energy and nutrient
materials into seed production but where the agriculturilst
develops forms which, while producing seed sufficlent for
commereial purposes, emphasize the vegstative phases of growth,
One need only grow plants of Kentucky Blusgrasa from ccmmercial
seed to see the predominance of the coarse, tough, stemmy
types whioch sre prolific seeders but are of little value foy
forege purposes,

These points brings us logicelly to & consideration
of breeding methods theoretically fesaslble for the genus Fes,

B, Utilizetion of aberrant plants and inbreeding

practices followed by selection of aberrant plants or homoe
gygous lines, The writer has been impressed by the appear-
ance cf aome of the aberrant plants which have appeared
(see Plate 2.5, Plate 4-E, Plate ¢~ Plate 8-I, and Flate
10-E), Many of these possess charescters of agronomlec im-
pcrtence, They are often more disease resistant, more vigor-
oue and mcre léafy types whileh suggest thelr utilization in
pasture improvement, Some others are compact, leafy types,
not quite soc vigorcue and sugszest the typesa sulted lfor lawn
and fairway purposes, Theae sbevrvant plentg, whether obtalned

from apomlictic blotypes or obta‘nad by the breeding of sexual
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forms, will provide more materiel for agronomic evaluation,
Their dominant method of yreprodustion will assume primary
importance, If, as Mﬁntsiug and Akerberg suggest, they are
sexual, then their practical importance depends on their de-
gree of homogygosis and the character of their progeny, The
poesibility must not be overlooked, however, that the sexual
nature of thelir reproductive processes may be transitory and
that they wlll later bte stebilized as epomictic types, On
the other hand, the experimental evldence iz toc incomplete
regarding the sexuality of aberrant forms to exclude the
pcesibility that some, from thelr time of origin, may be
apomictic,

Ko knowledge of the 8ffects of continued inbreeding
in sexual blotypea 18 availeble for Kentuecky Bluegreas, It
maey be supposed, however, that, in conformity with most other
work on nommally open<pollinated gresses, vigor and fertility
will decline, *“hether or not thie desline will be so serious
as to prevent the utilization of indbreeding procedure remains
to be determined, If it is feasidle, the speslalized tech~
niques in combining inbred lines may be extended to Pom, Al
any rate, 1t must not be overlooked that, for some uaes, vigor
in Zentucky Fluegrsas 1s not e primary oconslderation, In-
breeding could conceivably isolate strains well sulted for
lawn and fairway purposes,

¢, Intraspecific Uybridization and Strein Ifullding

1, Intraspecific Hybrldizatlon In the previ-
ous seotion, aberrant plants whish eppeared sponteneously in

cultures of Kentucky BEluegrasa were disouased, iHere it is
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rroposed tc disocuss aberrant plants which ere produced sons~
clously by eontrolled pollinstions, By utilieing self- op
partialesterility or by employing emasculstion teshniques 1t
is roseidle tc produce intraapecific hybrids from parents,
espeoielly the pollen parent, of known agrenomic value, FPro-
blems exist in adapting this technic to epomictie forms but
the writer suggests that it 1s feasible, ‘e case of & plant
whoee progeny from self-pollincation was wholly apomictisally
derived dut whose open-pollinated progeny showed 74,57 varie
abllity hes already been mentioned, The variemt plants in

this progeny conformed, with very few excepticns, to one ba~

slc more vigorous type, This nust mean that foreign peollen

is active enough to effect fertilization of the aposporous
egg cell befores it produces the embryo apemictically, This
sugreats thet even apomictic blotypes may be found whose
reproductive tehsviors adept them for hybridizing purpeses,
Fvidence for this asame type of behavior wss found in the
progenies of several other plants, not to the extent indi-
cated above, but sufficient to warrant consideration of the
use of sveh plants in 2 breeding progrem, One guch plant

1s shoen in Plate 1P, with the dominant type in its progeny
ghorn in F,

2, Strain Building WYith the identlflication
of sexual plants of Kentucky Fluegrass showing self- or
pollen-sterility ané of facultative apomictic plants In whioch
fertilizstion cccurs regularly 17 forelgn pollen is applled,
the utilization of strain bullding methods descrves consid-
eration, Supplied with materlial of thie kind adapted to
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dbulk hybridiszing, the breeder may find s relatively simple
method of obtalning new morphologilcal and physiologloal typeas,
These types if coming from apomiotic parentage may prove
highly apomictic themselvss when 1sclated and thus gilve rgne
0 a true~breeding biotypé. If the new types prove to be ~
sexual, it would mean that basia dreeding =tosks must bde
maintained on s ssale sufficlent for practiocal production,
28 15 done with corn and somes improved strains of rye grass,
orchard ¢rass, and clover,

D, Interspeciflic Hybridization in Poa Specles
hybrids of Foa have besn obtained betwsen arachnifers~pratensis

(Oliver, and later by X, Marion Brown (oited in (39)), pra-

tensis-alpina (Akerberg (2), MGntzing (22)), end gompressa-

pratensis hy the writer (7)., Interapecific hybridization

has thus been shown to be possible and, further, that 1t

might be epplicable in practiecal improvement in Poa since

Brown has reported increased viger and drought reslstance

in some of the arachnifera - pratensisg hybrids and the pre-

sent writer degseribes charastera of the hybrid between P,

compresss aend P, pratensis which may prove of prectical value,
The techniques of specles hybridization in Poa are

gssentially no d4ifferent from those involved in hybridizing

vithin the species Pos pratensis and the same types of bLreed-

ing material previously mentioned could be utilized., Apparent-
1y, speoles of Foa are relatively easy to hybridize, Judg-
ing by the list of known end suprosed natural hybrids, One

physiologlecal feetor may prove troublescme and thet i1s 4ife
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ferences in flowering dates, but proper handling of the plente
in the greenhouse under differential conditicna of light and
temperature may be expected to overcome this handiocap,

Of the breeding preaotices mentioned whioh are theoreti-
celly applicadbls to Poa, one, the selection of aspomiotic bio-
typees with desirable characters, has already proven of value,
If this method will take us to our gosl in the ultimate im~
provement of Fos pratensis well and good besause it ie by
far the ssslest line of approsch snd the one which will yiqm
the quilckest returns, On the other hand, if it should prove
ineapable of providing the agronomic types we need, as pure
selection has proven with many of our plants, then hybridle
sation in Poa 1s theoretically feasible and practicel pro-
cedures for both intraspecific aend interspecific hybridizing
could wndoudbtedly bhe devised,

SUMMARY

1. From a nursery of 10,000 spaced plantes of Ken-~
tucky Pluegrasg grown from seed ocollected from pasture, come
mercisl, and numbered strain sourees, 115 perental plante
were seleated which represented a wide range cof morphclogical
and physiologieal types, The experimental nursery of 10,066
plents was established from seed produced by open=pollination
and from seed, where avalleble, which was produced under parche
ment bag, Both self-pollinated and open=pollinated progenies
were evallable from 87 sslected plants,

2, Btudles on sterility and fertillty under con-

d1tion of bagging conducted in the greenhouse and in the field
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show that about 35,07 of the plants regularly showed less
than 307 seed sot under bag, Rehaviors variled from complete
sterlility under bag to well over 60% seed set, Yhile the
physlologieal effect of the bag may be a factor in seed set
the results indicate that sterility and fertility in Pop
pratonsis is largely genie in nature,

3. There are significant positive corralations
betwesn self-pollinated progenies and openepollinated progenies
in germination, polyembryony, survivel in the fileld, and vari~-
abllity, indicating an inherent nature of the parentel plant
which produces characteristic frequencles of these messure~
cents regerdless of type of pollination, Fvidence is pre-
sentéd that varisbility may be significantly higher in open=
pollinated progenies than self-pollinated progenles of some
of the psrental plants,

4, For the offaspring of all 115 plants the followw
ing average velues weroc obtained: germination, 80,3%; poly-
embryeny, 7,0%; survivel 86,37; and variability, 14,87, The
hizhest value obtained fcr polyembryony was 31,6%, the high-
sst for variebility 65,57, The loweet vaelue for survivel
was 27,57 and was found in tho progeny zlving the highest
velue for varisbility among the rlants which remained,

5, Variabllity among the plents from twin seedlings
was 17,17 end vas significantly higher than the value found
in plants from seed with a single embryo, IHowever, the seme
morphologieal and chromosomal aberrant plants appeared in

each populstion, A study of morvhologloal features, pollen
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graln siges, and chromosome counts hove indisated thet the
aberrant plants from both twin seedling and single seedling
sources arcse from (1) aromictis dcvelopment of reduced
egegs, ("haploid") (2) fertilization of roduged egss by re-
dused pollen, {(“dlpleids by amphimlxis") and (3) fertilie
gation of unreduced sgps by reduced pollen, {"tviplolds'),
The matroslinous plants are thought to have srisen from the
aromictie developmont of an unreduced egs whioh was dsrived
frowr a cell of the nucellus by spospory, ("diploid by apo-
mixis"),

€, YNo siznifisant correlstions were found between
variaghbility snd source cof materisl, seed sst under bag, and
germination, A barely significant negative correlation exe
isted betw™een polyembryony and variadtility, The data suge
gest that 1n some plants of Kentueky Bluegress a high negative
asscelation between polyerbrvony and varladility may be found,
wvhile 1r others no assoclatlion oxlsts, A highly significsnt
correlstion was found between survivel and variadblility, ine
dicating that variablillty wag cenerally higher in thomse pro-
geniesa vhich had lost the greater number of plents, This
sugcests thet the plante lost were weak sberrant forme and
shcnld be congidered In any measure of apomletic seed de-
velorment in parental plente,

7, '™e results iIndicate that while Poa pratensis
mey beo considered oz a predominently spomictlc specles, such
extremes of types and behaviors sre found that ceutlon is
nenessary 1n generallzlng on teo few data, The prozeny test

dose eprear to be, however, the only practical means of de-
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termining the type of seed development of Kentuoky Fluegrass,
8, 'The breeding methods available for improvement
of plant types in Kentucky Hlunerrass sre discussed, Selection
of desirable apomictic biotypes provides the quiokest and
easiest method of improvement, If thls remches a 1ilmit of
usefulneas due to lack of naturally cccurring desirable
biotyres, the breeder has at his disposal the methods of
inbreediny, intraspecific hybridigation, strain building,
and interspecifia hybridigation, The yesults of the study
rresentec in thls paper are not 1Inconsligtent with the con-
clusion tiet sny of these methods are applicable to breeding

protlems In Fos preatensis,
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Deseription of Reprosentative Progenies
2, 37«KB 1 (11) (Plate 1) This plant was cbteined

in a progeny grown from seed collescted in a Yest Virginias
pasture, It was of moderate vigor and spresd, felrly leafy,
and not very cosrse, It flowersd Profussly in the greene
house where 1t set soed well under bag, Subsequent bagging
in the field showed fertility to be quite high, well over
601 seed set under bag. -

Selfpollinated grogenz, 38«KB 3, Germination
of seed, 64,0%; polyembryony, 3,1%, Survivsl of plants was
the lowest e¢ncountered, 21,5%, only 12 of the original 56
rlants persisting, Seven of these surviving plants differed
from the parentsal type, a variability of B58,3%, Three of
these were similar, being much larger, coarser plants and
very stemmy (Plate 1«F), The other four aberrant plants
were leas vigorous than their parent, One (Figure 1-B) was
an exceedingly small plant, having short, narrow, dark green
leaves and few culms, one-third aa tall as the parent and
extremely small panicless ancther (Figure 1-C) was very
erest in its growth, had little spreading ability and ite
leaves were narrow, wiry and light green, 7The other twe
sberrant plants which were less vigerous than the parental
type were not ag extreme ms the above two, but differed une
mistakadly from the parent,

Open-pellinated progeny, 38eKB 4, Cermination,

56,0f; polyembryony, 3,6%, Survival wes very low, 34,0%,
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only 17 remaining out of an original 50 plants, Fourteen

of thess plants differed from the parental type, a variability
of 70,67, the highest obtained, ©Iizht of these were more
vigorous; 7 were similar and correspond in type of plant to
the group of 3 already deseribed in the melfed progeny and
shown In Plate l.F, ' The other more vigorous plant was not

as tall, but a vigorous spreader, Its leaves were more
nurferous 9nd dark green {(Plate 1~B), The other aberrant
plants were smaller end less vigorous than the parent, One

is shovn in Plate 1l=Ii,

Yo complete sot of twin seodlings survived for study,
end, In view of the high rates of loss of plants and varie
ability and the high correlation between them, the conclusion
mey b6 reasched that all twin pairs had dissimilar members,
The aberrant plants vere presumedbly too weak to survive,

These progzsnies of a plant obtained from a pasture
scurce have been descrided in some detall becanse they pre-
gent certeln extremes 1n behevior and some rather interesting
relstionships, The pointas of intersst sre (1) good seed
set under bvagy (2) poor germination, 80%; (3) a low value
for pclyembryony, 3,37; (4) the lovest value obtained for
survivel, 27,57; and (5) ths highest velue obtained for
morpnoloziesl veriation, 65,57, It nas been shown that
abevrrsnt plants in the progeny may show & wlde range of types,
that these may be elther more vizorous cr less vigorous
then the perental type, and that similar aberrant plant types

are obtalned in self-pollinsted and vpen-pollineted progenles,
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b, 37-KB 38 (12) (Plates 2 snd 3) Thie plant was

selected from a progeny grown from seed also collected in
a Yest Virginia pasture, It was a comparatively lowegrowlng
type, compact end leafy, ‘Tho plant was not a prolifie
seeder and after flowering maintailned its green color longer
than do most plants of Kentuoky Bluegress,

This plant failed to flower under greenhouse sonditions,
*hen bagged in the fleld, it set seed poorly, leas than 30%,

Self-pollinated progeny, 38-KB 25, OGermine
ation, 77,0%; polyemdryony, 16,3%; survival in the field,
80,5%; variability, 20,7%, There were 6 aberrant plants in
a population of 29,

Open=-pollinated progeny, 38~-KB 26, Germin-
ation, 80.0%; polyembryony, 6,3%; survival, 92,0%; veri-
ebility, 34,5%f, There were 19 aberrant plants in e popu-
lation of 85, A wide variety of morphologlioal types was
represented,

The extremes of variablility found in these progenles
are shown in Plates 2 and 3, B, C, D, E, end F, The plant
ghown 1n C 1s typleal of & groeup of eight, all of whleh showed
the same reneral charactersj leaves few, shorter, wider,
and darker zreen, psnicles lerger and heavier,

Ten pairs of twin seedlinga were avallsble for study,
Of these, 3 pairs were dissimiler, meking the variabllity
among plants from twin-embryo seed 15,0%, One of these pairs
of twins is shown in Plete 11 and 12, A end Agy,

These progenies are presented as showing a group of
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aberrant plants vhose extremes differ widely from the parental
t!pﬁ. One extreme is represented by the plant shown in Flates
£ snd 3, E, ereot, coarse, and stemmy type of growth, 50%
taller than the parent plantj the other extreme by the plant
shown in E, semi-prostrate leafy type of growth, leaves short-
er and softer in texture; panicles amailar and finer, oulms
about half the height of those of the parental phnt,

¢, 37-KD 140 (11) (Plates 4 and 5) ‘This plant was
selscted Iin a progeny from commercial seed grown in Kentuoky,
It was in no way representative of the plants from commercial
seed but is presented es one of the most unusual plantas of
Kentueky Bluegrasa in the selacied materiel, Leaves were
numerous, light green in c¢olor, and were the narrowvest found
in the nursery from which selections were mede, The plent
nad a decidedly different type of growth, Rhizomes were un-
usually poorly developed and the plant assumed the appearance
of & "bunch" grass, {(Plate 4P and A), Penicles vere deli~
cate in texture and splkelets extremely small, (Plates 5, P
and A), This plant has never flowered in the greenhouse,
It has been entirely aterile under conditions of bsgging in
the field, Seed set is poor on open pollinetion,

Open-Pollinated progeny, S38-KB 130, Germination,
7¢%; polyembryony, 3,673 survival of plants in the field, 90.5%;

variagbility, 27,1%. Thirteen of 48 plants were aberrant,
These plants differed from most groups of sberrant plants in
that none of them wasanaller or less vigoroua than the paren-

tal plant, Ho two were quite alike, but instead presented
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and 5B whioh had a type of growth similer to the parent
Plant but differed in being darker green and having leaves
somevhat wider, to the e:tfama plant shown in Flate 4QE and
5«E which had an entirely different type of growth and plant
characters, It was a vigorous spreading tyre, leaves deep
green, unusually broad and thick, panicles and aplkelots
much larger and heavier than those of the parent, |

No twin seedlings of thls plant were sveilable for study.

d, 37-KB 172 (14), Thie plant waes obtained in a

uniform progeny grown from seed of the strain of Xentucky
Bluegrass, Ottawa 994 (and slso Minnesots P=-37)., It wes a
plant unusuelly high in vigor, good spread, leaves numercus,
bread, and the longest found in the nursery,

No flowerlng occurred under greenhouse conditions, In
the field, the plant was later in its blooming dete than the
bulk of Kentucky Fluegrass material, and produced compara-

tively few paenicles, Seed set under bag was poor, less than

0%,

Self-pollinated progeny, 38-KB 195, Germinatlion,
5943 polyembryony high, 20,3%; survival in the fleld, 687;

variability, 3.,1%, The progeny was remarkably uniform, cone
forming exactly to the parental type plent, Only 1 aeberrant
plant out of 32 was found, This wae a very small plant with
no spread, leavee short, wiry, light green, oulms reaching

only oneethird the height of the parent, panlcles short and

very small, Chromosome counts show thls plant to be haploid,
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Open-pollinated progeny, S0-KB 196, Germination,

83%; polyembryony the highest found, 36.1%, with a high ine
cldence of triple seedlings, 2,4%; survivel, 83,5%; variabili-
ty, 2.4%, The open pollinated progeny was alsc uniform, except
for 1 plant in the population of 41, This differed from the
parental type in being more leafy, leaves wider and darker
green, culms ncot as tall as in the parent, but the panicles
significantly larger and heavier, Chromosome counts indicete
this plant to be triploid,

Forty-teo pairs of twin seedlings were obtained from
142 germinated seed of this plent, Of theee, only 26 peirs
survived for study, 4 of which were disaimilar, One aberrant
plant showed greeter vigor and larger foliage characters,
the other 3 aberrant plants were smaller than the apomiectic
member of the psir, This represents a variability in the
surviving plants from twin seedlings of 7.8%, No triple
seedlings survived as intaet groups of three avallable for
study,

Thia parental plant and 1te progenles are presented to
establish the following points of interest (1) poor seed
set under bag, (2) comparetively poor germination, 71,0%,
(3) an unusually high value for polyembryony, 31,6%, the
highest obtalned, and (4) prastleally complete conformity
to the perental type in the progenies, veriability, 2,7%
(2 plants out of 73),

e, 37-KE 1756 (14) (Plates 6 and 7), This plant

was selected In a progeny grown from seed of a strain of

Kentuoky Pluegrass received from The Ontario Agricultural
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College (O, A, G, Ne, 1), It was & bunchy, compact plant
leaves short, brosd, and dark grsen; oculms hardly taller than
the leaves; panicles compast, thiak, very broad in relation
to thelir length, spikelets exceedingly large.

This selection falled to flower in the greenhcuse, In
the field, it set seed only moderately well under bag, about
5%, Plants of this type were the latest of any Kentucky
Bluegrass to flower in the f1eld, being at least a week to
10 days later than all other plants of the specles,

Self-pollinated progeny, 38eKB 206, Germination,
86,083 polyembryony, 10,3%; survival in the field, 90,08

variability, 18,87, Ten plants out of 54 were aberrant, the
remaining conforming perfectly to the perental type, As &
gensral rule, ell plants odbtaimed which did not conform to
the parent type were smaller and less vigorous, A wide range
of plant types was present, Four of the 10 aberrant planta
were of the seme type, being extremely small and weak, barely
adble to survive and producing only 2 or 3 oulms (Plates 6 and
7, F and C),

Open-pollinated progeny, S8«KB 206, Germination
high, 94,0%; polyembryony, 6,4%; survivel, 91,5%; variability,
20,14, Sixteen of the 55 plants were sberrant, the others
resembled the parental type perfectly, As was the case in
the self-pollinated progeny, all of the aberrant plante were
lese vigorous than the parent plant, lYany morphcloglcal types
vere represented, 1t was posslbls, however, to group many
of the variant plants into groups having more or less the

same general growth characteristios, Thus, there were 5 plants
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all of whigh were similer to the two shown in Plates 6 end 7,
B and ¥y 3 plants similer to the one 1llustrated in C; aend

S plents of the seme general type as that shown in G, The
remaining aberrent plants oonférmed to none of the above
groupings, Two interesting departures from the parental

type are showin In Plates 6 and 7, D and H, The plant shown
in D had shorter, narrower, lighter green leaves, the culms
exceeded the leaves, and the psanlicle was much larger and of
& more open type,

Ten of the 15 palrs of twin seedlings of this plant
survived for study, Six pairs were dissimilar, glving a
value for variabillty of 30,0f in the seedlings from poly-
embryo seeds, “ithout exception, these aberrant members of
the palr were less vigorous than the apomictic type and
differed strikingly from it, Two pelirs of twin seedlinga
from this plant are figured in Plaste 11, By, Cy and BpCy,
the latter plent belng the apomictleally reproduced membey
and icdenticsl in each palr of tvin seedlings, Attention 1s
called here to the demonstration that the same plant types
may be found in both progenies from sged with a single em~
bryoc and progenies from polyembryo seed,

£, 37-KB 175 (46) (Pletes 8 and 2), This parental
plent end the one desoribed 1in the preceding section came
from the same progeny growvn from 0, A, C, etrain No, 1,

They are similar in morphologleasl characters as shown by a
comparison of Plates & and 8, P and A, Velther floweyred in
the greenhcuse, The plent under dlscussion, 175 (46), 4if-
fersd, however, in failing to set seed under bag in the fleld,
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Openepollinated progeny, 38-KBE 208, Germination

very high, 97,0%; polyembryony low, 1,0%{; survival in the
field, 100,053 variabiliiy high, 48,3%, Twenty-nine plants
showed morphologlesl deviatiocns from the parentsl type in a
populstion of 60, The sberrsnt plants were grestly diversi~
fled in type and vigor, end many showed a strong tendeney to
group themselves into distinot classses having similar mop-
phologlical features, The plant ahown in Platee 8 and ©, B
is 1llustrative of a group of 4 smaller, less vigorous plants,
the leaves cf which became yellowed and brown even before
flowering, FPhotograph E shows one of a group of 7 plants,
having the gencral features of the group eshown in B, btut
differing In that the leaves remained green, A represonta-
tive plant of & group of 4 is shown in D, the plant not as
large, about half the height of the parent, leaves narrower,
softer in texture, and decidedly lighter green, Shown in
F 18 one of & group of 5 similar plents, All had much Droader,
thicker, dark blue-green leaves, Fhotograph I shows one of
a group of 4 plants which had similsr morphologleal features,
Tese plants were very striking, They were more vigorous than
the parentsl type, more agressive, more leafy, the leaves nar-
rower and softer in texture, oculms not as heavy, and spike-
lets smaller,

The remaining five plants of the progeny were different
from the types deseribed and differsed emong themselves, Three
of the more intereating and striking plants are shown in Flates

& and 8, C, £, and in Plste 8, ¢, The plant shown in C was
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more stemmy than the parsnt, much tsller, leaves narrower
and llghter green, and panicles very much larger and of
en open type, spikelets much emaller,

This progeny has been described to show an assoclation
between (1) slmost perfeot germination of ssed, 97,07 (2)
a lov rate of polyembryony, 1,0%, (3) perfect survivael in
the fleld, and (4) a high rate of variability, 48,37, with
an unmistakable tendenoy for the aberrant plants to fall
into definite morphological groups,

‘e 37-XB 138 (131) (Piete 10) This plant was
chosen from a progeny grown from commerolsl seed from EKentuoky,
It was rather distinctive in vegetative oharacters, A4As 1t
appsared in the nursery of spaced plants, it was one of the
most leafy and aggressive typeé found, apreading extensively
and forming a loose scd, Leaves waers of moderate length and
width and very soft, Thils plant flowered frofusely in the
greenhouse, Set seed under bag was less than 30% under both
greenhouse and field conditlions,

Self-pollinated progeny, B38«KB 117, Germinetion,
79,073 Polyembryony, 5,17; survival under fleld conditicns,
83,573 variebility, 54,0%., Of the population of 50 plants,
only 23 resembled the parental type, (Flate 10, P and 4),
A surprising feature of the planta differing from the parent
type was that 23 of the 27 sberrant plants showed unmistakabdly
the same mcrphologlical features, Thls group bore no resem-
blence to the parent, 'The plante vwere qulbe erect, very coarse

and stemmy; leaves were longer, wider, end not as soft as the



94

parental type, The plant 1llustrated iIn Plate 10, F shows
tho goneral morphologicel featuros of the group of 23 abere
rant plants, Of the 4 remaining varisnt plants, one re-
semdled the type desoribed above but had significantly wider
lsaves, two werc alike in general features, showing poor
spreading quslitles and few, narrow, light green leaves
(Flete 10, B) and one was a small low-growlng plant, with
short, soft, wide, dark green leaves (Flate 10, E),

Cpenepollinsted progeny, 38-XB 118, Germination,
82,0%; polyembryony, 3,6%; survival 83,5%; verlabllity, 46,0%.

Twenty-seven of the 50 plants in the progeny resembled the
parental plant, The aberrant plants showed a grester diver-
8ity of types than did the plants of the selfed progeny, but
the greatest number of them showed the features already de-
scribed for the grcup 1lluetrated by the plent in Flate 10, F,
There were 11 plants of this type, The remaining 12 aberrant
plants were practlcally individusl in their features, Fouyr
of the widely deviating plants are shown 1in Plate 10, B, O,
D end E, The one shown in ¥ was the moat striking varistion
in the progeny, Leaves were numerous, very soft, short,
narrow, and deep green; penicles were qulte smell and delicate,
A1l twin seedlings from this parvental plant survived,
Of seven pairs, 4 wers dissimilar, giving e value for varie
abllity of 28,57 among plants from polysmbryo seeds, All
aberrant plantz from twin scurces were smaller and less vig-
orous than the apomioctic member of the palr,

h, Twin end Triple Seedlinze (Flates 11 and 18)
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Nepresentativa seta of twin seedlings and a typical set of
triple seedlings ame shown,

1, 38«XB (65)-1 and =8 (A7 and Ap) The parentael

plant, 37-X2 38 (12), has slready been discussed, At trans«

Planting, the palir of seedlings moasured as follows: -1, 37mm,;
-2, 65mm,, a8 ratio of 1:1,76, Differences batween the two
plants were readily appsrent in the seedling stage in 3" pots,
in the fleld, -1 plant was very small and erect; leaves emall,
short, lisht green; culms half the height of ths parental |
type; panlcles feow, small, and compact; -2 plant was the apo-
mictlc member of the palr and resembled the perent plant
(Plates 2 and 3, P),

2. 38«KB 206 (62) «1 and ~2; (63) -1 and =2,

These twc pelrs of twin aeediings are shown in Pletes 11 and
12, 53, C1, and Eg Cg, They eppeared In the progony of 37-KB
175 (14), & plant already discussed, At transplanting, (62)
-1 measured 26mm,; -2, 50mm,, a ratic of 1:1,83; (63) -1
rmeasured 35 mm,; -2, B3mn,, 8 ratlo ¢f 1:1,58, In describing
the two aberrant plents, 1t 1s sufficient to say that the
game general types vere tc be found awmong the varlant plants
in the progeny from seeds containing a single embryo,

-

3, 38=-KE 47 (62) -1 and -2 (Plates 11 and 12,

L7 end Dg) “hen the members of thls palr were separated and
transplanted -1 me¢asured 40wm,; -2, 5Tm,; 8 ratio of 1:1,42,
Y¥orphological 4ifferences between them were spparent even at
e very early seedling stsge, In the fleld, the =1 plant was

very small but leafy, leaves narrcw end short, culms oneshalf
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as tall as the parent, panicles one fourth the length, Thils
seneral type of plant was also prasent in the progeny from
single embrve seed, ss was the larger, more vigorous type of
aherrant,

4, 3B-KB 184 (65) -1 and «8 (Platea 11 and
12, ¥; and %), The members of this pair of twin seedlings

at transplanting measured 08 mm, end 120 mm,, respectively,

& ratio of 1:1,82, It was possible to deteot morphologiosl
differences in this early mesdling stage; -1 had much wider
and harsher lesves, In the fleld, -1 wes the more aggressive
snd vigorous plant, leaves were coarser and wider, oulms
about 20% taller, panicles lerger and heavier, In the pro-
genies from singls embryo seed from the seme parental plant
there were no fewer than six eberrant plants which subscribed
to the gencral type desgcribed asbove for (65) «1, Attention
1s directed to this similarity of plent type irrespective of
whether the plant comes from a single embryolaeed or is an
aberrant member of a pair of twin aeeﬁlings.

5, 38~KR 160 (91) «1 and «2 end -3 (plates

11 aend 12, F,, Fp, and Fz), This set of triple seedlings was
one of four sets which contained an sberrent plant, and is
representative in that the aberrant plant was larger, derker
green, and more vigorous, and the othey two plante were ldenti~
esl and conformed to the parental type, In the above set of
triple seedlings, measurements at transplanting weres -1,
59rmg =2, 80mm; and =3, B2rm; or a retio of 1:1,36:1,39,

Morphologlieal differenceas were clesrly evident in the young



9%

8eedling stage, The leaves of (P1) -1 were comsrse, wider and

much darker than those of (91) «2 and <3, In the field, the

mature plant of =1 was larger and more vigorous, more leafy,

and less stemmy, the leaves were wider and darker green, culms

fewer but taller, penicles descidedly larger, longey, and heevier;

flovering oocourred later (F,), The other two mature plants

of the triple set were 1dentiesl and showed complete conformne

1ty to the parental type (Fp end #g3)., The progeny grown from

single embryo seed contalned 4 plgntn having the same genersal

features of the aberrant plant (91) -1 deserided above from

a set of triple seedlings, One of these plents in particular

was strikingly similar, indiecating once more that there are

nc differences In the types of aberrant plants whieh appeayr

in progenies from polyembryonlc sesds, Reaults, in zeonewral,
shovx only that the frequency of aberrant plants may be higher
in plants obtained from polyembryonic aesd,
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