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o BREEDING PERENNIAL
PORAGE GRASSES

By A. A. Hanson and H. L. CARNAHAN,2 rescarch agronemists,
Field Crops Reseurch Branch, Agriculiural Research Sorvice

INTRODUCTION

The current interest in grassiand farming and the increased
use of forage crops in agricultural systems have focused attention
on the possibilities of developing new and better varieties of the
major forage grass species. This publication ig an effort to ap-
praise the problems confronting the forage grass breeder and to
summavize the techniques and methods that are at his disposal.
Opinions vary widely with respect to the significance of partic-
ular objectives in grass breeding and the best procedures for at-
taining them. TUntil definite answers are available, diverse
opiniens should be considered in planning and executing forage
grass breeding programs. Some of the theories presented here
are tentative and may not be substantiated by future studies. A
useful purpose will be served 1f this presentation contributes to
the planning of research that will advance our knowledge of for-
age grass breeding.

Specific information on the improvemen. of a number of peren-
nial forage grasses is available in reviews prepared by Atwood
(9)% and Burton (387).

PROBLEMS AND CONCEPTS

Forage grasses, in addition to serving as feed for livestock,
stabilize soils and maintain soil fertility. In general, however, the
value of grass on cultivated or range land must be considered
primarily on the basis of utilization by livestock. Fortunately,
most of the grasses that have been widely accepted and used for
soil conservation are accepiable as feed to some class of livestock.
Grasses unpalatable to livestoek are sometimes used on sifes es-
pecially liable to soil erosion, such as dune areas, where the first
objective is to establish and maintain a good vegetative cover.

Quality tests for the forage grasses have not been so well de-
fined as those for cevtain cereal and fibey grasses. Evaluation of
improved forage grasses is complicated by wide differences be-
tween and within various classes of livestock in forage prefer-

1 Submitted for publication November 16, 1955,

2 Phe aunthors wish to acknowledge the cooperation of R. J. Garber, director,
and Helen D. Hill, resezrch geneticist, United States Regional Pasture Re-
gearch Laboratory, who made valuable suggestions.

8 Italic numbers in parentheses refer to Literature Cited. p. 3100
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ences and grazing behavior. In addition, perennial grasses must
be capable of persisting over wide variations in environmental
conditions, both between and within years, whereas annual farm
crops are exposed to only a portion of the environmental hazards
of a single year.

Some grass species are well adapted for producing high yields
of good-quality hay as a consequence of their leafiness, time of
maturity, and compatibility with associated legumes but are in-
capable of sustained herbage production because of poor recovery
or lack of tolerance of trampling and frequent defoliation. Species
characterized by a ereeping habit of growth and a high propor-
tion of basal leaves often persist better under intensive contin-
nous grazing than erect growing bunchgrasses, but their mainte-
nance of herbage yields may be restricted by lack of tolerance of
high temperatures or drought or by lack of disease resistance.
Vigorous high vielding species that possess some drought resist-
ance and recover well after grazing may be so competitive that
the stand of associated legumes is reduced.

Kentucky bluegrass (Poa pratensis 1L.) offers a good example
of the grass breeders’ problems. It is an excellent pasture grass
that thrives in association with white clover and tolerates tram-
pling and frequent defoliation; but sustained production from
bluegrass pastures is restricted by this species’ low tolerance of
drought and high temperatures, which result in pocr herbage pro-
duction during midsummer (27). In the Northeastern and North
Central Regions considerablie work has been devoted to efforts to
isolate strains of this species producing consistently higher
vields of forage at critical periods. These breeding programs
have been relatively successful in developing straing that pro-
duced higher and better distributed yields than commercial lots
(5, 108, 210, 286). The gains realized, however, have not been
sufficient to meet midsummer grazing needs. It has generally
been conceded that breeding Kentucky bluegrass to meet these
needs is an unprofitable undertaking, because of the limited vari-
ation in heat and drought tolerance that exists within the species.
Breeding Kentucky bluegrass for greater total forage produetion
may, nevertheless, be justifiable, depending on the environment
and the degree of improvement sought.

Sound obhjectives are of paramount importance in any breed-
ing endeavor. To a great extent, the objectives determine the
ultimate suecess of the program. Often the selection of forage
grass breeding objectives has been influenced by conflicting or
confused philesophies. The breeder has a choice between general
and specific ehjectives, and if he chooses to adopt specific objec-
tives he has a choice of trying to improve desirable characteris-
tics or trying to reduce undesirable characteristics.

The general objective in forage grass improvement can be de-
scribed as a search for a timothy or a bromegrass, for example,
that is superior in all respects. Improvement is sought on a
broad front with that somewhat fanciful concept an “ideal grass”
in mind. So far as possible, the features that contribute to the
value of a species should be recognized and maintained, and
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within this framework specific ohjectives of improvement should
be sought. A specific objective should not he chosen on its own
merits alone. Usually, for example, increased disease resistance
or seed production should not be sought at the expense of other
desirable chavacters. Under those circumstances additional time
and effort would be required to incorporate good agronomic
characters into the strain bred specifically for disease resistance
or seed production.

The diversity of the forage grasses, each characterized by cer-
{ain outstanding features, affords wide opportunity to select for
study species that already possess many of the characteristics
desired. The question then arises, should the breeder concen-
trate on strengthening the desirable characters of the selected
species or on correcting its weaknesses? Let us assume that the
grass species showing the most promise for meeting the needs of
a certain region or subregion have been selected, and that one
of them is outstanding because of its winter-hardi.iess, drought
resistance, and high feeding value. It would be very shortsighted
to breed this species for greater drought resistance if poor seed
habits were limiting its widespread use. Breeding for increased
seed production while maintaining drought resistance, winter-
hardiness, and feeding value weuld appear to be a logical and
desirable course. If serious limiting factors can be neutralized
through either management or selection, then the breeder can
profitably concentrate on one or motre of the outstanding char-
acters for which the species was originally selected. The empha-
sis placed ot correcting inherent weaknesses in a species will,
of course, depend on the genetic possibilities for improvement.

ADAPTATION AND NATURAL SELECTION

A majority of the forage grasses are cross-fertilized and
largely seif-sterile. As a consequence, individual species are ex-
tremely variable, exhibiting wide ranges in phenotypic expres-
sion of most characters. Excellent examples of the wvariation
encountered within species are provided by the early investiga-
tions conducted with timothy (Phleum pratense 1.) by Clark
{51) and Webber {309). Interspecific and intergeneric hybridiza-
tion would appear to have contributed to the heterogeneity of
many species. This characteristic feature of the Gramineae, in
conjunction with polypleidy, has made it possible for man to ac-
celerate the natural processes of distribution by exchanging val-
uable species between regions and continents, either deliberately
or by chance.

The ecotype concept as developed by Turesson (298, 294),
Gregor and Sansome (98), Gregor (97), and, more recently,
Clausen, Keck, and Hiesey (56, 57) has proved invatuable to the

grass breeder in clarifying the species concept and defining po-

tential variations within species. The classification applied by
Clausen and coworkers to variations found witkin genera and
species is shown in figure 1.
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Figure 1.—Concept of species presented by Clausen, Keck, and Hiesey (56).

Turesson defined an ecotype as a population that has become dif-
ferentiated in response to the conditions of a particular habitat.
Ecotypes may differ in growth habit, maturity, and other char-
acteristics such as pubescence and flower color, Feotypes of a
given species have the same chromosome number and hybridize
readily. Gregor (97) stressed that an ecofype is not necessarily
genetically uniform over its entire range, that populations can
seldom he clearly delineated with respect to ecotypic charzcters,
and that identification of an ecotype depends to a large degree on
the proportional representation of ‘“‘indicator” types. Gregor
concluded that an ecotype's value in plant improvement is more
likely fo be associated with use as source material than with use
as a commercial strain.

A population of a grass specieg invariably consists of a mix-
ture of many different subgroups (biotypes), which vary in fit-
ness for survival in a given environment. Environmental factors
bring about a sorting of the bioiypes, with an increase of the
better adapied ones at the expense of the others. Thus, a species
may respond to the challenge of diversified habitats by develop-
ing local races. The nature of the response depends on the range
of biotypes encompassed within the population and the particular
combination of environmental conditions to which the population
is exposed. Mutations may play an important part in the process
of adaptation. The effectiveness of eurrent mutations is much
greater in dipleid than in polyploid members of the Graminese.

Clausen, Keck, and Hiesey (57) considered several plant spe-
cies and found no cbservable correlations hetween depree of
polyploidy and environment. They found no evidence that the
direci influence of environment produces heritable changes in
species. Major environmental changes do, however, provide new
habitats or refuges for the products of variation within and
among species. Stebbing (268} suggests that polyploids may be
well adapted to the colonization of newly available areas. Liéve

and Loéve {180) concluded that the abundance of polyploids at o

northern latifudes and higher altitudes cannot be explained at
present according to any simple and general physiological rule.
Experiments have shown, however, that the genera of the higher
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plants of Europe react to severe environments by reduction in
number of species. In most genera the diploid species disappear
first and consequently the proportion of polyploids increases in
severe environments,

Ha::an, Snyder, and Celavier (7113} found the diploid forms
{(2n = 20} of blue grama (Bouteloua gracilis (H. B. K.) Lag.)
adapted fo a wider vange of ecological conditions than the polv-
ploid forms in the same region. The polyploid forms (2n = 40 and
an = 60) were appavently the more abundant at higher elevations.
Data collected by Nielsen (217) suggest that polyploidy in switch-
grass (Panicum virgatum L.} iz not divectly associated with
winter-hardiness or the ability to grow in a more rigorous en-
vironment than that of the diploid forms. In an earlier study
Nielsen (216} found a polyploid series of 18, 36, 54, 72, 90, and
108 somatic chromosomes in switchgrass but did not find evidence
of any “regional” segregation of races on the basis of chromo-
some number.

In nature, the principal selective influences governing the pro-
duction of ecotypes ave latitude, altitude, moisture, temperature,
and—under some civcumstances—plant pathogens and insects.
Man has superimiposed on these selective factors seed production,
which tends to eliminate infertile plants and, in accordance with
time of harvest, either late or early flowering types; severe graz-
ing, which favors low growing biotypes; and other management
practices that may make plants more liable to severe drought
damage or winterkilling,

The cool-season grasses make thelr maximum vegetative
growth during the spring and fall. These grasses begin active
growth quickly after the ground thaws in the spring, and under
favorable moisture conditions they continue growing until late
in the fall. Some cool-season species provide winter grazing in
the southern United States. Most of the important cultivated
grasses belonging to this group have a relatively wide range of
adaptation. Well differentiated local strains of ccol-season grasses
are infrequent, probably hecause domestic seed production is con-
centrated in a few areas and substantial amounts of foreign-
grown seed are commonly imported. An example of strains
adapted to specific areas or regions is provided by the northern
and southern types of smooth bromegrass (Bromus inermis
Leyss.). The southern bromegrass strains are thought to have
originated from Hungarian introductions, while the northern
types apparenily trace to Siberian sources (214}, Within the
two groups variation similar to that found in other cross-pol-
linated erops occurs from farm to farm and from locality to
locality. Such variation may have resulted from selective factors
operating both before and after the introduction of this grass
into the Uunifed States. There is no definite evidence to show
whether diffeventiation between the northern and southern
straing took place chiefiy in this country. Tests conducted by
Newell and Keim (2714} in Nebraska have shown that under
their conditions the southern bromegrass strains, as compared
with the northern strains, produced seedlings having greater
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vigor in fall and early spring. The southern strains were also
more tolerant of drought and heat, and possessed more vegetative
vigor and greater productivity.

The warm-season grasses start growth in late spring or early
summer and attain their maximum vegetative development during
midsummer. Heotypes are remarkably well differentiated within
the native warm-zeason grass species in the Great Plains; nu-
merous geographical strains have been isclated there within the
bluestems (Andropogon spp.), buftalograss (Buchloé dactyloides
(Nutt.) Engelm.), the grama grasses (Bouteloua spp.), switch-
grass, indiangrass (Sorghastrum nufans (L.) Nash), and others.
At southern locations the nerthern ecotypes of a warm-season
species are generally earlier, smaller, and less leafy than the
southern. Working in Kansas with hig bluestem (Andropogon
gerardi Vitman), Law and Andersen (175) found that plants
from Nebraska headed 21 days earlier and plants from Oklahoma
headed 47 days later than local plants. The variation between
ecotypes was always greater than that within ecotypes. Appar-
ently only local strains of the warm-season grasses are suffi-
clently well adapted within a particular locality to be useful under
cultivation or for reseeding native range. Results from strain
tests indicate that seed of the mative grasses should not be
moved either north or south in excess of 300 miles (15).

THE ROLE OF CYTOGENETICS

Cytological and genetic investigations of the grasses have two
primary purposes— (1) to elucidate the taxonomy and phylogeny
of the Gramineae and (2) to contribute fundarsental informa-
tion that can be applied to the improvement of grasses through
breeding (207). It is important to the investigator to have
sound taxonomic information on the particular species he is
studying and alse data on the degree of variation (morphological
and cytological} encompassed within the limits of the species.
Cytological and genetic studies contribute fundamental infor-
mation on chromesome numbers, the nature of polyploidy, and
the existen<e of aneupleids and chromosome series that is use-
ful in breeding. A knowledge of chromosome numbers can be
applied, for example, in deciding which of several crosses among
species might succeed and may also influence the direction In
which certain crosses are attempled.

Low fertility is associated with extreme meiotic irregularity,
but in polypleid species considerable meiotic dislocation can oceur
without much reduction in seed set. In a study of interstrain
hybrids in Fiymus glewcus Buckl., Snyder (253} found some
plants with 94-percent pollen abortion, but only a small part of
this abortion could bhe attributed to cytological disturbances.
Ahsence of correlation between production of abnormal poilen -
and degree of self-fertility has been noted in certain herbage
grasses (221). In clones of orchardgrass (Dactylis glomerata
L.} the frequency of micronuclei at the quartet stage was found
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by Weiss et al. (812) not to be closely associated with forage
yield, leafiness, or selfed or open-pollinated seed set.

In cross-pollinated long-lived perennial species capable of
asexual inerease, according to Elliott and Love (71}, natural
selection may favor plants that are vegetatively aggressive, some
of which can survive in spite of irregular bivalent formation and
low fertility.

There have been numercus reports of interspecific and inter-
generic hybrids in the Gramineae; Myers (207) lists over 200
such hybrids. Interspecific and intergeneric hybrids have been
produced with Festuca and Lolium species, and several inter-
specific hybrids have heen found or produced in each of the
genera Agropyren, Hlymus, Dacfylis, Phleum, Poa, and Bromus.
Most of the controlled-hybridization studies have not led to
production of new forms that could be utilized directly in crop
production; they have been begun only recently, and their cur-
rent results have not yet heen thoroughly evaluated. There is
every reason to believe that intevspecific hybridization will serve
the purpose of extending the range of variation beyond that
existing in well-established species.

Ounly preliminary irradiation studies have been conducted.
More Information is needed on the usefulness of X-rays and
thermal neutrons in producing useful variants, either for genetic
experiments or for utilization i selection programs.

S0 far as possible, different lots of material for studying
meiotic behavior should be coliected under comparable environ-
mental condifions. Maximum temperatures preceding collection
and other environmental conditions may influence the degree
of meiotic irregularity ($12) In many cool-season grasses
meiotic divisions appear to reach their peak at or near midday.
Heads that have emerged about halfway from their sheaths
generally provide opportunity for study of all stages from early
prophase through pollen-grain development. Material of some
species must be collected somewhat earlier—e.g., when the head
is just beginning to emerge from the sheath. Variation with
respect to the optimum stage of development for collection of
cytological material has been noted within species.

Smith (252) has reviewed the aceto-carmine smear technique;
Hill and Myers (127) have reported a schedule that facilitates
counts of somatic chromosomes; and Hanson and Oldemeyer
(106) have described an aceto-carmine smear technique that
gave satisfactory resulis with several grass species.

Plant-breeding metheds and procedures are largely dependent
on modes of reproduction. Observations on flowering together
with data from selfing studies and progeny tests estallish the
dominant method of reproduction. Cytological examination has
helped to explain many types of anomalous behavior characteriz-
ing certain grass species. Although most of the economic grasses
are largely cross-pollinated, apomixis is fairly common and sev-
eral species exhibit varying degrees of cleistogamy.

+ OLDEMEYER, D. L. METHODS OF EVALUATING COMBINING ABILITY IN ORCHARD-

GRASS, DACTYLIS GLOMERATA L. 105 pp., illus. 1952, [Unpublished doctor’s
thesis. Copy on file Library, Pa. State Univ,, at State College.]
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APOMIXIS

Apomixis, broadly defined, includes any reproduciive process
that does not involve the typical union of egg and pollen nuclei.
Uniformity with respect to maternal characters is the outstand-
ing feature of apomictic progenies. Warmke (805) divides
apomixis inte ftwo categories, apomixis with seed formation
(agamospermy) and vegetative apomixis. The latter classifica-
tion applies where vegetative reproduction substitutes for sexual
reproduction as a consequence of sexual sterility. Vegetative
apomixis is a characteristic of certain species of Poa, Agrosits,
Deschampsia, Festuca, Bromus, Phleum, Avena, and Panicum.
In some of these species the florets may he replaced wholly or in
part by vegetative proliferations or buibils.

Apomixis with seed formation in the grasses was suhdivided
and discussed by Warmke (805) in the following manner (ref-
erences to publications by some other authors are interspersed) :

Diplospory.—Meiosis initiated in macrospore mother celis.
Chromosome number not reduced, usually owing to incomplete
synapsis.

Apospory.—Embryo sac develops by mifotic divisions from
unreduced cell.

Reduced macrospores are formed in Poa prafensis, bui these
degenerate and are replaced by an unreduced embryo sac formed
by mitotic divisions of one or more cells of the nucellus (287).
In P. alpina L. and P. polustris L. the embryo sac is formed
through mitotic divisions of the archesporial cell.

Diplospory or apospory substitutes for normal meiosis in
producing unreduced embryo sacs, while seed formation through
processes defined as parthenogenesis and pseudogamy occurs in
the absence of normal fertilization.

Parthenogenesis—Igyg cell divides and develops into an em-
bryo in the absence of pollination. Parthenogenesis apparently
occurs in Calamagrostis species, Poa nervose (Hook.) Vasey,
Pennisetum villosum R. Br., and P. ruppellii Steud, (272).

Pseudogamy.—Pollination reguired for seed formation. The
initiation of endosperm divisions depends on the union of a male
nucleus with the polar nuclei of the embryo sac. In Poa pratensis
a proembryo may bhe formed prior to anthesis but no seed is
formed in the absence of pollination.

The occurrence of uniform progenies has suggested apomictic
reproduction in certain strains of Poa alpigena Lindm., P. glauca
Vahl, P. compressa L., Boufelowa curiipendule {Michx.) Torr,
Paspalum dilatatum Poir., P. notafwm Fliigge, P. wrviller Stend.,
and P. malacophyllum Trin. The usual method of reproduction
in Pantewm moximum Jacq. (805}, Pennisetum ciliare (1.} Link,,
and Cenchrus seligerus Vahl (86) appears to be apospory fol-
lowed by pseudogamy,

This abridged presentation of Warmlke's discussion does not
include all possible types of apomictic processes. Apomixis has
been discussed in detail by Stebhins (271},

Brittingham (25) examined 10,000 plants grown from seed
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of 115-selections of Poa pratensis and recorded data on morpho-
logical characters, polien grain size, and chromosome numbers
of aberrant plants from both twin and single seedlings. These
data indicated that aberrant plants arose from apomictic devel-
opment of reduced eggs, fertilization of reduced eggs by reduced
pollen, and fertilization of unreduced eggs by reduced pollen.
A highly significant negative correlation was reported for vari-
ability and survival. The percentage of variability (aberranis)
for all offspring was 14.6, but for various families it ranged
from 0 to 65.5. Smith and Nielsen (249) found that percentage
of normals in progenies from normal and aberrant plants of P.
pratensis varied widely. Normal plants tended to produce mere
uniform progenies than aberrants, but selection for normal types
did not invariably increase the constancy of the progenies. In
general, the most constant families maintained a high level of
normals in three successive generations: examples are 98, 91,
and 100 percent; 98, 79, and 88 percent; and 100, 83, and 75
percent.

POLYEMBRYONY

Occurrence of multiple embryos and twins has been reported
for several grass genera. Study of {win plants has contributed
valuable information on reproductive processes, the possible
origin of species, and interrelationships of species within genera.
Nielsen (218} examined the cytological behavior, morphology,
and breeding behavior of 28 sets of twin plants of Bromus
mermis. Earlier work cited by Nielsen indicated that in this
species twin plants were produced by about 1 seed out of 550.
Individual bromegrass plants produced as many as 8 percent
twin-embryoed seed. None of the 28 sets of twins was found
to be monozygotic. Three different chromosome numbers—28,
56, and 70—occurred in the material studied. Meiosis in the
1 set having 28 chromosomes was irregulay, indicating that these
plants do not represent stable tetraploid members of a regular
polyploid series. A polyhaploid smooth bromegrass plant re-
ported by Elliott and Wilsie (72} was regular, with most of the
chromosomes associated as bivalents.

Miintzing (194) isolated 6 “triploids” (2n=63) and 3 “hap-
loids” (2rn=21) from 446 twin plants of Phleum pratense.
Miintzing and Prakken (196) found that “iriploid” members of
twin pairs had good vigor and fertility. The “triploids” were
more robust than corresponding “diploids,” having longer,
thicker culms and leaves, larger spikelets, and larger pollen
grains.

Mintzing (794) found 18 “triploids,” 2 “haploids,” and 5
other aberrants in a sample of 270 twin plants of Poa nratensis.
He found (195) that in 2n—3n pairs the twin with the higher
chromosome number was more productive and had broader,
thicker leaves than the other. The high-chromosome plants ex-
hibited better pollen fertility and were somewhat more sexual
than the “dipleid” members of the same sets. Brittingham (25)
found 7-percent polyembryony in a population of 10,000 piants
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of P. pratensis. Aberrants among plants from twin embryos
amounted to 18.9 percent, a proportion significantly higher than
that found among plants from seeds with a single embryo, Aker-
berg (1) determined the chromosome numbers of twin plants
of segzeral species, with results some of which are summarized
in table 1.

TABLE 1.—Chromosomal variction in twin plants of several
grasses as determined by Akerberg (1)

Twin plants examined

Specics )
Total Triploid | Tlaploid | Otherwise| Tolal
aberrant | sberrant

Nrmber Number Number Number Percent
Dactylis glomerala 198
Festuca pralensis 34
Festuea rulra 32
Festuca ovina 4]
Lolium perenne 105
Agrostis stolonifera 31
Cynogurus cristatus 17
Poa pratensis (Minlz.)__ 270

o QPR R O RS L e

an

Paa pratensts (Akerb.)_“ 63

*

More than two-thirds of the species included in Myers’ review
(207} were polyploid or had one or more pelyploid races. Myers
lists 99 species with chromoesome races, exclusive of species in
}fvhich apomixis is contributing to the persistence of aneupleid
Orns.

In species that contain chromosome races, the breeder should
talkte note of this and ascertain to what extent phenotypic varia-
tions may be associated with variation in chromosome number,
Hanson and Hill (1¢4) determined chromosome numbers of
seedlings grown from open-pollinated seed of hexaploid orchard-
grass that was not isolated from normal tetraploid nurseries. In
their study 14.6 percent of the sample differed from the hexaploid
compiement, 11.2 percent of the seedlings having 35 or fewer
chromosomes; evidently considerable crossing between X and
4x plants had oceurred. This points to the necessity of isolation
unless one is interested in developing aneuploid stocks. Kramer
(166) found that spreading rate and mildew susceptibility were
positively correlated with chromosome number in Poa pratensis.
Absence of other significant associations indicated that chromo-
some numbers could vary over a considerable range without
causing appreciable variation of meorphological characters or
agronomic hehavior.
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POLYPLOIDY

Stebbins (269) has reviewed poiyploid nomenclature and the
significance of the various forms of pleidy. He recognizes three
general types of polypleids: Autopolyploids, segmental allopoly-
ploids, and true aliopolyploids,

Autopolyploids are derived either from essentially homozygous
diploids or from hybrid progenies of strains or subspecies. The
component genomes are similar, but genetic differences may exist
hetween wild autopolyploids and their nearest dipleid relatives.
An autopolyploid species is distinguished by a high frequency
of muitivalent chromosome configurations at meiosis and the
presence of tetrasomiec ratios.

The genomes of segmental allopolypleids have a significant
freguency of their chromosome segments in common., Segmental
allopolypleids resemble autopolyploids to a greater or lesser de-
gree in that they exhibit some multivalent chromosome associa-
tions and tefrasomic ratios, but both these features are less
commeon in them than in autopolyploids.

True allopolyploids are derived from hyhrids hetween species,
and the chromosomes contributed by the respective parents are
largely nonhomologous. In general, allopolyploids resemble dip-
loids in their cytogenetic behavior and rarely exhibit multi-
valent chromosome configurations or tetrasomic ratics. They
differ from diploids, however, in that they tolerate to a greater
extent deficiencies in chromosomal material.

The characteristics of autopolyploidy and aliopolyploidy may
be fiombined in higher polyploids, at the hexaploid level or be-
yond.

The multiplicity of forms that may be encompassed in the
range between autopolyploidy and allopolypleidy accounts for
the divergence of opinion regarding the proper classification of
many of cur economic grasses. Miintzing (198) and Myers and
Hill (211) have suggested, on the basis of cytological informa-
tion, that orchardgrass is an autopolyploid. Limited data avail-
able from the segregation of chicvophyll-deficient seedlings in-
dicate tetrasomic inheritance (2062), bhut other observations
suggest that two closely related diploid species were probably
invoived in the origin of tetraploid orchardgrass (269). Several
workers (147, 241, 267) have shown that the inbreeding depres-
sion in this species approaches the degree of depression expected
in a diploid species. This situation may he resolved by assuming
that orchardgyrass is a segmental allepolyploid and as such may
exhibit a varying freguency of multivalent associations and
some tetrasomic segregation. In such a species it might be
assumed that some of the genes governing the cexpression of a
given character may bhehave acecording to disomic expectations
while others exhibit tetrasomic inheritance. A parallel situation
may exist in many grass species.

The genetic consequences of the chromosomal behavior of
orchardgrass have been reported by Myers (203). 1t has been
caleulated by Bartlett and Haldane (18) and by Haldane (103)
that the rate of approach to homozygosis in selfing of auto-
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tetraploids is slightly slower than that in brother-sister matings
of diploids. Since most cross-poilinated forage grasses are rela- ®
tively self-sterile, it is of interest to compare the rates:

Generations reguired to

Type of mating and ploidy halve heterozygosis
Number

Selfing:

Diploid 1

Autotetraploeid 3.80
Brother-sister:

Diploid 3.26

Auntotetraploid 8.72

Ratios of lominants to recessives when a given heterozygous
autopolyploid type is crossed with the homozygous recessive or
selfed (assuming chromosome segregation) are as fellows:

Level of ploidy Genotype Test-crosg ratio Py ratio
Dipleid An 1:1 3:1
Autotetraploid Az a2 . 5:1 35:1
Autchexaploid A3 ald 18:1 399:1
Autooctaploid At at 69:1 4,899:1
Autodecaploid AS an 251:1 63,503:1
Autododecaploid AS afb 923:1 853,775:1

It is quite clear from the above ¥ ratios that in most instances
it would not be practical to attempt to obiain pure recessive
plants in the F. from anything higher than an autohexaploid.
Where two unlinked dominant-factor pairs are involved and
chromosome segregation occurs, the corresponding ratios at
several levels of autopolyploidy are as frllows: ®

Leuvel of ploidy Fa ratio
Dipleid 9 : 3 3:1
Autotetraploid 1,225 : 35 : 35 :1
Autohexaploid 159,201 ; 399 : 399 : 1

Therefore, in practice, the breeder would probably not even
attempt to obtain afbt in the Fs from A%ht X a*Bi More logically,
he would self a'B— and A—Db* individuals in the F. in order to
obtain some double recessives in the Fi.

INDUCTION OF POLYPLOIDY

The use of colchicine to effect chromosome doubling has led
to considerable enthusiasm and speculation regarding the useful-
ness of autopolyploids in crop production. Investigations have
indicated, however, that artificial autopolyploids cannot be uti-
lized directly to any appreciable extent in developing new grass
varieties. This may be accounted for by (1) the fact that many
of the important polyploid forage grasses are at or near the
maximum chromosome number for optimum development, (2)
the meiotic instability and reduced fertility of artificial auto-
polyploids, and (3) the diffieulty of maintaining pure autonoly-
ploids in the Gramineae. ®

The effect of chromosome reduplication in many comparisons
of dipioid and tetraploid material has been confounded by gene
differences in the materials compared, Hill and Myers (128)
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overcame this difficulty by isolating pure 2n and 4n clones from
several mixoploid clones of perennial ryegrass (Lolium persnne
L.} that arose from colchicine-treated seed. Morphologically the
autotetraploids were distinguishable from the corresponding
diploids in that they had somewhat wider, thicker, and longer
leaves, thicker but fewer tillers, longer leaf sheaths, and larger
florets, spikelets, pollen grains, and seeds. Their stomata were
slightly larger, but 2n and 4n types could not be distinguished
on this basis. In some pairvs morphological differences svere
slight, In others they were striking. Myers 7207) later ohserved
that 4 L. perenne exhibited a greater sensitivity to winter in-
jury than the corresponding diploids. Contrary to the usual effect
of chromosome doubling, Myers (207) found no differences be-
tween related 2% and 4X clones of L. perenne in maturity or in
1'a‘lte of growth except that the 2> material produced mare new
tillers.

Stebbins (270} produced autopolyvploids of 20 grass species
ard tried to establish 14 of them in natural habitats, He suc-
ceeded in establishing only 1. The only aufopolypleids in his
study that approached the vigor and fertility of their undoubled
progenitors were those of the species Bromus staumaneus E,
Desv, and Ehrharte crecta Lam. The reduced vigor of auto-
polyploids in his study was not related to the original chromo-
some numbey of the species.

Colchicine and other agents for doubling chromoseme numbers
will probably have their greatest application in obtaining arti-
ficlal amphidiploids from the sterile products of interspecific
or intergeneric hybridization. In addition to fixing, or rendering
fertile, hybrid combinations, chromosome doubling can he used
to facilitate transfer of gene complexes from one species to
another ¢59). Xither of these approaches would be far more
profitable, according to Stebbins (269}, than chromosome dou-
hling and intensive selection within a single strain. Stebbins has
concluded that the major role of polyploidy in evolution has
been in fixing and spreading hybrid combinations.

Chromosome doubling can he induced by applying colchicine
to either germinating seeds or tillers. In general, tillers require
higher concentrations and longer treatments than germinating
seeds. Seeds ave placed on colehicine-soaked hlotting paper, and
roots and erowns of tillers are immeirscd in colchicine solutions.
Growing points can bhe treated by wrapping roots in meist blot-
ting paper and inverting tillers in colchicine solutions so that the
crowns and growing pomts are completely immersed. The con-
centration needed wvaries with species and with duration of
treatment, ranging approximately from 0.02 to 0.50 percent for
saeds and from 0.10 o 1.00 percent for fillers. Exposure ranges
from about 6 to about 24 hours. Seeds and tillers should be
thoroughly rinsed with water hefore 'hey ave planted.

Hill and Myers ¢126) describe a technigue by which they
isolated diploid and tetraploid clones from mixoploid ryegrass
plants arising from seeds treated while germinating with 0.2-
and 0.4- percent colchicine (201). Mixoploid plants were divided
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into single tillers and the chromosome numbers of root tips were
determined in successive vegetative generations., In some plants
mixtures of 2X and 4X tissue persisted through 11 vegetative
generations, indieating that an intimate mixture of 2X and 4X
cells followed colchicine treatment and that tiller primordia were
produced by the differentiation of groups of cells. Neither
diploid nor tetraploid tissue apparently tended to eliminate the
other, and pure tetraploid material was not noticeably harder
to obtain than pure diploid material.

HERITABILITY

Knowledge of the heritability of economic characters is essen-
tial for efficient selection. Genetic investigations on perennial
forage grasses have been limited, however, by several factors
over and beyond lack of research support. These inelude the ab-
sence of clearly defined qualitative characters and the complex
nature of inheritance, Study of the inheritance of seedling char-
acters would appear most profitable, since easily recognizable
seedling mutants can be isolated in many species and large seed-
ling populations can be grown in greenhouse flats. Most seedling
mutants represent various degrees and patterns of chlorophyll
deficiency. The major economic characters are quantitatively
inherited, and strict limitations are imposed by population size,
the possibility of more than one mode of inheritance, and the
somewhat artificial assumptions that are frequently required for
a genic interpretation.

Burton (388) estimated the minimum number of genes control-
ling the expression of characters in diploid pear]l millet (Penni-
setwm glauewm (L) R, Br.) by use of the formula, suggested
by Sewell Wright,

_ 0.25(0.75—Rh+A*)D?
n= IJ:!F n 0'2 F‘]

in which o
Fl_Pl
Po—D;y
E = ?2—ﬁ1

P, = the mean of the smaller parent

h =

P, = the mean of the Jarger parent
7, = the mean of the F; population

Fs = the mean of the > population
This formula provides an unbiased estimate of gene numbers
under these conditions: (1) No linkage between pertinent genes;
(2) one parent supplies only plus factors and the other parent
only minus factors among those in which they differ; (3) alt
genes equally important; (4) degree of dominance of all plus
factors similar; {5) no interaction between pertinent nonallelic
genes, Burton (8%) considers that estimates based on this or
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other formulac are of value fo the plant breeder provided their
inherent limitations are appreciated,

Most of the information available on parent-progeny relation-
ships in the grasses has been expressed as correlation coefficients.
This can be atiributed to the need for data of this type and the
relative ease with which they can be accumulated. The degree
of parent-progeny correlation reported in any one study veflects
several variables including method of planting, amcunt of repli-
cation, environment in which the material was grown, type of
progeny, and parenial clones. In a limited number of studies
heritability estimates have heen calculated in an effort to arrive
at seme approximation of the progress to be expected in prac-
ficing selection in segregating populations. The term “herit-
ability” has been used in these studies in a broad sense, as
signifying the proportion of the fotal vaviance due fo genetic
effects. Kalfon, Smit, and Leffe] (1.47) used plant-to-plant vari-
ances to estimate the extent of genetic vaviation in inbred
progenies of orcharvdgrass. They considered the variance of the
parental clones to be environmenfal and that of the first inbred
generation to he partly environmental and partly genetic. The

EAI 7
L_V—E—” % 100, V., and

7. signifying the variance of the first inbred generation and
that of the parental clones, respectively. Genetic variances cal-
culated in this manner are estimates of the sum of (1) total
genetic variance, which includes (a) additive genetic variance,
{(b) wvariance due to dominance deviations from the additive
scheme, and {c¢) variance resulting from interaction of nonallelic
genes, and (2) variance athributable to genotype-environment
interaction.

Burton (38) caleunlated heritability values for pear! millet by
subtracting the variance of the F, population from that of the
¥. popuiation and dividing the difference by the . variance,
Warner ¢306) has suvggested using the first backeross and Fa
populations in estimating heritability in maize. He believes that
inbred lines do not provide a satisfactory measure of nonheritable
variance, The total variance of inbred lines measures the non-
heriteble variation comparable to that of normal populations
plus the nonheritable variation characteristic of nonvigorous
populations.

Barton and DeVane (11) used wvariance components from
analyses of variance fo estimate heritabilities in a replicated
spaced planting of tall fescue (Festuca arundinaces Schreb.)
clones. High heritability values were obiained for all the
characters studied. The investigators suggest, however, that the
actual gain may be lower than that caleulated from data on
spaced plantings. Grasses in solid stands geperally exhibit less
variation than comparahle material in spaced plantings, at least
if the solid stands are dense. Also, the additive portion of the
genetic variance for some of the characters studied may be
small, in which case simple selection would prove inadequate

heritability percentage is expressed as
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and other breeding methods will have to be relied on for produc-
ing superior varieties.

COMBINING ABILITY

Combining ability is the relative ability of a biotype to trans-
mit desirable characteristics to its crosses. The combining abil-
ity of a selection may be measured in terms ol any one of several
characters. Much of the progeny testing in ecross-fertilized for-
age grasses is to defermiine combining ability as measured by
yield.

The terms used in maize breeding to define combining ability
have been summarized by Johnson (141) as follows: General
combining abilitr—relative performance when selections ave
crossed with a wide source of heterozygous germ plasm (e.g.,
an open-pollinated variety), due primarily to additive gene ac-
tion; specific combining ability—relative performance when
selections are crossed with a narrow source of homozygous germ
plasm {e.g., an inbred line), due primarily to deviations from
the additive scheme; average combining ability—mean relative
performance when selections ave crossed with several homozygous
testers. If the number of homozygous testers is fairly large,
the values for average and general combining ability may be
much the same. Definitions based exclusively on maize breeding
cannot be applied directly to forage grass investigations, as
most crosses in forage grasses involve heterozygous lines ov
clones. However, the broader definition provided by Sprague
and Tatum (255) is acceptabls in relation fo forage grasses.
These writers state that “specific combining ability” designates
those cases in which certain combinations do relatively hetter
or worse than would be expected on the basis of the average per-
formance of the erosses of the lines involved.

Studies of combining ability in maize have shown the value of
incorporating diverse germ plasm into breeding programs (62),
and this observation applies equally to the breeding of forage
grasses. 1o maize, Sprague and Tatum (255) and Federer and
Sprague (&4) have shown, the variance for specific combining
ahility is greater than the variance for general combining ability
if the comparison involves lines sclected on the basis of high
general combining ability. In relatively unselected matevial, the
component of variance for general combining ability may exceed
that for specific combining ability. Exceptions must be expecled,
depending in part on the species, the degree of previous seiection,
the number of selections investigated, and the method of evalu-
ating progenies. Knowles (164) found that the variance due to
specific combining ability was much greater than that due to
general combining ability for noninbred bromegrass clones, but
that it was less than that due %o general combining ability for
noninbred clones of erested wheatgrass (Agropyron crislatum
(L.} Gaerin.}.
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BREEDING OBJECTIVES

Grass breeding objectives, of necessity, vary with the species,
the region, and the intended use of Improved varieties. In brome-
grass, for example, increased resistance to foliar diseases may
be considered universally sigaificant, but in some regions superior
seedling vigor or superior recovery aftey grazing may well tran-
scend increased disease resistance as a major objective. Uniform
production, a possible consequence of increasing disease resist-
ance, is especially desivable in areas where bromegrass is ex-
pected fo contvibute aftermath for midsummer grazing, The
practical significance of realizing improvement in one or more
characters depends on the increase in efliciency of production
thus obtained.

Several investigators have listed the objectives that they con-
sider should be soughti in developing improved grass strains. In
some instances, these objectives have been adapted to fit the in-

tended use of the grass or the avea where it was expected to be

grown. Thus, in 1519 Witte (327} oullined the characteristics
he socught in developing improved timothy varieties for 2-vear
hay and for pevennial pasture. Greater emiphasis was placed on
longevity and aftermath in selecting the pasture strain. Later,
Nilsson-Leissner and Nilsson {225) emphasized that the objec-
tives sought in developing timothy varieties for vavious regions
in Sweden wene as follows: Sonth—vigorous type with high
nutritive value and the best possible aftermath; east—drought
rvesistance and relatively early type; central—havdy strain with
late devolopment for growing with red clover; north—hardiness,
disease resistance, tolerance of acid soils, and persistence,

A common feature of most published statements of grass-
breeding objectives is the rather large number of characters in
which improvement is confemplated. This is not necessarily
objectionable, huf the impression is somelimes created that a
large nomber of objectives are all held to be equally important
and will receive comparable emphasis in the program. Where
this situation exists I practice, major objectives could he lost
in 2 maze of detail that delays progress or limits it. Major ob-
jectives should be clearly delineated; others may be outlined
with the clear understanding that they may have to be sacrificed
in pavt.

Stapledon (262, 263, 264, 265) discussed in detail the characters
that in his opinion determined the economic value of grasses:
Nutritive value and palatability; leaf-to-stem 1atio; production
of tillers and resistance lo repeated defoliation; and persistence
and aggressiveness. According lo Garber et al. {82), prime re-
quirements of a new variefy ave high yield and befter distribu-
tion of yield throwgh the growing season. The sustained-yield
characteristic is influenced by winter-hardiness, rosistance io
diseases affecting forage yield and persistence, longevity, toler-
ance of drought and flooding, and ability to tolerate ocecasional
periods of overgrazing and undergrazing., Other important ob-
jectives listed by these writers include nutrvient value, compati-
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bility in mixtures, ease of harvesting and management, and |
adaptability to various management systems. Davies (66}, in |
listing various characters that influence the value of pasture :
plants in England, included winter greenness and accessibility
(the ease with which livestock can graze the plant).

Af least five and sometimes six major objectives must receive
some attention in the development of a superior forage grass
variety. The five are yield of digestible nutrients, distribution of
yvield, persistence, palatability, and ease of reproduction, and the
sixth is ease of management.

Yield of digestible nuirients can be divided into the twe char-
actevistics toltal dry weight and guality of herbage produced
under given environmental conditions {such as latitude, soil type,
drainage, and management), Total yvield is a resultant of factors
including heterosis, resistance to disease and insect attack, tol-
erance of droughtl and of temperature extremes, time of maturity,
growth habit, appressiveness, soil fertility, drainage, and manage-
ment. Photoperiod and day and night temperatures have a pro-
found effect on fotal yield. Thus, Hiesey (725) found that a sub-
arctic form of Poa pratensis required velatively warm nights for
succussful growth, while a form from the Sierra Nevada, in
California, produced maximum yields where nights were rela-
tively cold. Nutritive value refleets not only the amounts of di-
gestible nutrients, vitamins, and minerals produced under favor-
able environmental conditions but alsc factors such as resistance
to disease and insect attack, matority, lodging, and management. @

Distribution of yield through the growing season depends on
environmental factors, the growth cycle of the species, its hahit
of growth, the location of reserve carbohydrates, and manage-
ment. Management practices influencing the seasonal distribu-
tion of herbage yields include time of fertilizer application (£26)
and height and frequency of clipping (245, 261).

Persistence is an expression of such characters as winter-
hardiness, growth hahit, aggressiveness, resistance to disease and
insect attack, and tolerance of drought, temperature exiremes,
and flooding.

Palatability is not necessarily associated with nutritive worth,
but it has real significance in relation to selective grazing, ease
of management, and intake of digestible nuirients. Optimum
palatability represents the culmination of numerous plant and
anima} variables that are difficult to define in simple terms.

The factors associated with reproduction are relatively easy
to establish. Abundance of seed and ease of vegetative propaga-
tion are influenced by such variables as fertility, vesistance of
seed {o shattering, growth habit, resistance to disease and to in-
sect attack, temperature, moisture, day length, and soil produc-
tivity.

The adaptability of a strain to diverse kinds of management
depends on growth habif, mode of reproduction, aggressiveness, @
location of reserve carbohydrates, and tendency to lodge. i

Specific objectives include yield and vigor, growth cycle, dis-
ease resistance, insect resistance, winter-hardiness, high-tempera-
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ture tclerance, drought tolerance, tolerance of soil conditions,
time of maturity, seed habit, ease of harvesting, root development,
aggressiveness (including seedling vigor), growth hahit, chemieal
composition, and animal acceptance.

The objectives sought by Burton (35) in breeding bermuda-
grass (Cynodon dactylon (1..) Pers.) illustrate the manner in
which major objectives can he defined in terms of specific char-
acteristics. Burton’s major cohjective was development of more
productive strains capable of providing highly nutritious and
palatable {ovage during a greater part of the growing season.
Specific objectives were (1) resistance to pathogens {Helmintho-
sportum spp.), drought, and frost; (2) ability to grow in associa-
tion with legumes; (3} tall-growing types for hay production;
and (4) either strains that would net preduce seed or non-
stoloniferous seed-producing strains,

YIELD AND VIGOR

Results obtained in experiments with several of the perennial
forage grasses show that the heritability of forage yield is low.
In bromegrass, the correlation coefiucients for the forage yields
of seed progenies and their parental clones have heen positive
for the most part but the magnitude and variability of the co-
efficients indicate a low predictive value (116, 163, 188, 292).
Weiss et al. (§12) found no appreciable association between the
forage vield of selected orchardgrass clones and that of their
open-pollination progenies. Similar results were obtained when
single-cross yields were compared with the mean yields of the
parental clones. McDonald et al. (188) studied plant-to-plant
variations in 40 bromegrass families and found significant dif-
Terences in yiald, spread, and height both among families and
between inbred and open-pollination progenies. Heritability es-
timates obtained for yield and spread were low or negative, in-
dicating that much of the total variability among plants in &
progenies could be attributed to environmental variation. Kalton
et al. (147} arrived at essentially the same conclusion after es-
timating the genetic variation in inbred orchardgrass progenies.
Attention has been drawn to the ineffectiveness of selecting for
vield on the basis of superior phenotypes in space-planted nur-
series of Kentucky bluegrass (5) and timothy (815).

Some form of progeny testing is essential to isolating geno-
types capable of transmifting a high yield potential, Testing of
progenies in selid seedings has not played a significant role in the
development of most varieties of forage grasses that are cur-
rently available. The difficulties encountered in increasing yield
cannot he atiributed solely to inadequate progeny testing. The
technigues adhered to in evaluating progenies and in grouping
selections for experimental strains may impose certain restric-
tions on the magnitude of the gains realized under farm condi-
tiens. In addition, the performance of a new strain varies widely
as a result of differences in environmental conditions inchuding
soil fertility and management. In spite of the difficulties en-
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countered in breeding for increased yield this objective is ex-
tremely important, if for no other reason than the necessity of
maintaining a reasonably high yield in varieties bred for other
desirable characters. Yield attning its true significance as an
objective when sufficient emphasis is placed on yield of digestible
nutrients as contrasted with vield of dry matter per acre.

GROWTH CYCLE

The developmental cycles of most grass species are intimately
associated with the conditions under which the grasses are grown,
including day length, temperature, and moisture. In a given en-
vironment, early varieties may produce more aftermath than
later maturing varieties. At northern latitudes, a large propor-
tion of such a difference in aftermath production is associated
with more favorable temperature and moisture conditions pre-
vailing in the spring and early summer and the fact that varieties
harvested early have more favorable conditions for aftermath
growth. Within-species differences in altermath yield exist that
do not appear to reflect time of maturity hut may e due to one
or more factors such as heat tolerance, drought tolerance, and
temperature. If time of maturity is an objective in a grass-
breeding program, consideration should be given to the possible
velation bebween this factor and aftermath yield.

Since most forage grass species are utilized in several different
ways—as silage, hay, and pasture—the distribution of their yield
has major proportions as an objective. Considerable progress can
be realized by selecting for different growth patterns within
species. 1t is highly desirable from the standpoint of efficiency
of selection to accumulate information on the specific factors in-
fluencing the phenotypic expression of the growth-pattern char-
acteristic. For example, aftermath yields sometimes can be
altered through rate and time of fertilizer application and, par-
tienlarly, through frequency and time of defoliation.

DISEASE RESISTANCE

Forage grasses are attacked by a large number of pathogens.
The importance of their diseases varies according to the grass
species, the environment in which it is grown, and the manner
in which. it is utilized. Leaf diseases, including rusts (stem, leaf,
stripe, and crown rust), are among the most widespread. Root
and crown rots are serious in many areas. Head and leaf smuts
damage grasses in some years. Seed disorders such as ergot,
those caused by nematodes, and the blind seed disease sometimes
result in appreciable financial loss to seed producers, Pre-
emergence rots, on an average, destroy an estimated 25 percent
of all Torage grass seed planted (256).

The leaf diseases have a marked effect on quality and quantity
of Torage, and plants severely weakened by them are less likely
to survive extreme conditions of heat, drought, or low tempera-
ture. Some species are susceptible to a number of leaf diseases
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that result in weathered, poor-quality forage and premature leaf
loss. For example, in the Northern States smooth bromegrass
is subject to leaf scald (caused by Rhynchnsporium secalis),
brown spot (caused by Pyrenophora bromi) leaf spot (caused
by Selenophomae bromigena), brown stripe (caused by Scolecoiri-
chum graminis), septoria leaf spot (caused by Sepioric bromil,
and the bacterial disease cansed by Pseudomonas coronefaciens
var. atropurpurea (168). Experimental evidence is lacking eon
the extent to which different amounts of foliar infection reduce
forage quality; but observations substantiated by limited chemi-
cal analyses indicate that the losses may assume major propor-
tions. Burton (40) has reported a decrease in percentage of pro-
tein and fat and a substantial increase in percentage of lignin in
leaves of sudangrass (Sorghum vulgare var. sudancnge (Piper)
Hitche.) affected with anthracnose, caused by Colletotricum
graminicola. Results of an investigation hy Bird (22) suggest
that rust can have a marked effect on both yield and vigor of
individual plants and strains of timothy.

Screening of selections for disease resistance under controlled
conditions has been limited by the lack of satisfactory inocula-
tion technigues. Inoculation work has been most extensive in
connection with selecting for rust resistance. The usual way
of inoculating with rust is to transfer the spores to seedlings
or tillers when new plantings are heing established in the field,
either by vubbing spores on the leaves or by injecting a spore
suspension. In breeding nurseries, susceptible checks may be
interplanted and the development of 1ust further encouraged
by spraying selections with an aqueous suspension of rust
spores. Natural field infection has been supplemented through
these procedures in order to select for rust resistance in timothy,
orchardgrass, and Italian vvegrass (Lolium maultiflorum Lam.).
The effectiveness of selecting for increased rust resistance has
heen demonstrated in timothy (712, 22, 77). '

Management methods (fertilizer application, clipping and
grazing practices, etc.) have an important effect on the develop-
ment of many foliar diseases, Carter and Ahlgren (47) made
comparisons between inoculated and uninoculated plots of brome-
grass, using the pathogen Pseudomonas coronafaciens var. atro-
mapurea. Their results indicated that when bromegrass plants
were dispersed among alfalfa plants the accumulation of
inoeulum and the rapidity of dissemination were less than in
pure bromegrass stands, especially at the hay stage. Comparisons
made during periods favorable fo disease development showed
that forage harvested at the pasture stage was infected more
severely than that harvested at the hay stage. Application of
nitrogen was not observed to influence disease development.
The effect of blighted leaves upon palatability was not deter-
mined. Dickson {68} has pointed out that foliar diseases of
Bromus itnermis tend to be more of a problem in nurseries and
seed fields than in meadows.

Carter and Dickson (48) have studied the development of two
foliar diseases of bromegrass, brown leaf spot (caused by
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Pyrenophora bromi) and bacterial blight (caused by Pseudo-
monas coronafaciens var. atropurpurec), in different environ- @
ments. Plants were inoculated with blight bacteria grown in
nutrient breoth in shaker flasks or with a suspension of conidia
and macerated mycelium of the fungus. Blight inoculation of
plants that had some open stomata or had heen subjected to a
24-hour pre-inoculation moist-chamber treatment, followed by
24 hours in the moist chamber, vesulied in adequate and uniform
Infection. Wounding followed by blight incculation resulted in
lesions on both susceptible and resistant lines. Apparently re-
sistance in the lines studied was not completely physiological.
Infection with Pyrenopliore bromi suceeeded i humidity was
high during the peried necessary for spore goermination and
penetration. In comparing the reactions of resistant and sus-
ceptible lines at four tempervatuves, rvating by lesion size and
number gave results similar to those of rating by disease index.
It was concluded that rating by disease index was more efficient.
Observations made on space-planted clones in the field showed
that development of these {two diseases was not influenced
appreciably by plant type, spacing, or nitrogen applications.

Kreitlow (168) reports that leaves of Dactylis glomerata
attacked by the leaf spot fungus rSlugonespore maculale) were
dried at rvelatively low temperature and stored at 0° to 57 C.
for 8 to 18 months with no apparent lessening of viability or
virulence of the fungus. After the leaves were taken out of
storage, spore suspensions were prepared by macerating some
of them in distilled water in a Waring blendor. Orchardgrass o
seedlings sprayed with the spore suspension developed lesions
typical for the disease. Epiphytotics of Helminthosporiwm {ur-
eiewm in field plantings of sudangrass can be created by spray-
ing plants with ayueous solutions of macevated agar eultures of
the fungus.

Inheritance of disease resistance has been demonstraied in a
number of experiments such as one made by Tsiang (292) In
which the resistance of 1-year selfed bromegrass progenies to
the leal spot pathogen Selenoplioma bromigena was correlated
to a highly significant degree with that of the parental clones.

Corkill (61) reported differences among ryegrass strains in
susceptibility fo blind seed disease (caused by Phislea temu-
lemta)}. Breeding for escape, rather than immunity, is suggested
as the best procedure for controlling this disease. Because a
study made in Oregon (110) has shown that this disease can
be controlled very effectively by agronomic methods [deep and
early plowing, seed inspection, thorpugh harvesting, destruction
cf infested screenings, stubble burning), little attention is heing
devoted in the United States to breeding strains that will escape
or resist it.

Burton et al. (42) found within a sample of 147 bermudagrass
selections plants that were highly resistant and others that were @
highly susceptible tv root knot nematode. Kobe lespedeza plants
taken from the resistant bermudagrass plots were practically
free of root knot, while those from susceptible bhermudagrass
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plots were heavily infected. These results suggested the possi-

@ bility that Kobe lespedeza, although susceptible to root knot
nematode, can be grown successfully in association with highly
relzsjstant bermudagrass on the sandy soils of the Georgia coastal
plain.

In the absence of satisfaciory inoculation proceduares many
investigators have relied almost exclusively on natural inocula-
tions in the field, scattered infected material over space-planted
nurseries, or planted highly susceptible check varieties, Selec-
tions obtained through controlled tests should he grown under
field conditions to determine the effectiveness of the selection
program. Under certain conditions the correlation between re-
sults of controlled greenhouse tests and fleld response may oot
be significant, and the possibility that greenhouse selections are
lacking in certain agronomic characters should not be overlooked.
Jarvis (181) stressed the development of disease-resistant varie-
ties on a foundation of Iocally resistant strains. In efforts to
produce varieties with wide regional adaptation, investigators
should recognize the relative nature of the resistance of a plant
to a pathogen and the fact that resistance may he largely local,
resulting from a specific interrelationship of host, environment,
and pathogen.

Breeding for disease resistance is frequently hindered by the
absence of resistant material or the narrow range in plant
reaction exhibited under severe epiphytotics. For example, little

® if any resistance tc the common root rots has been found. Active
introduction programs are useful in locating disease-resistant
plants, and in the absence of an economic level of resistance
some consideration should be given to incorporating resistance
from related species. This approach has heen used successfully
in isolating ergot-resistant lines of dallisgrass (Paspalum di-
latatuwn Poir.), a species that is extremely susceptible to ergot.
Resistant and immune lines have been developed by crossing
P. malacophylhom Trin, with P. dilatatwm (21).

Disease vesistance may well be the most important breeding
gbjective in much of the humid eastern and southeastern United

tates.

INSECT RESISTANCE

Susceptibility to insect attack sometimes restricts the useful-
ness of an otherwise desirable forage grass, Rhodesgrass seale
is a limiting factor in the production of rhodesgrass {Chloris
gayanae Kunth} in southesstern Texas (234). Before 1940
rhodesgrass stands could be maintained for 6 to 10 years, but
owing to scale infestation present stands cannot be expected
to last more than 2 vyears. Damage by the spittlebug reduces

@ forage yields in humid areas, especially in the Northeastern
States, and insects such as the timothy mite lower seed yields
of 2 number of the forage grasses grown in the Pacific North-
west. Infestations of thrips, chinch hugs, grasshoppers, white
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grubs, and other insects sometimes cause considerable forage
losses in certain areas.

Heinrichs (128) observed that some lines of intermediate
wheatgrass (Agropyron intermedium (Host) Beauv.) were dam-
aged by grasshoppers more than others, and that lines palatable
to grasshoppers suffered most winter injury. Differences in
amount of damage by thrips have been observed by Kneebone®
among selected lines of blue grama. For the most part, however,
very little information, observational or otherwise, is available
on differences in insect tolerance within grass species.

Chemical dusts and sprays have been used successfully in
controlling spittlebugs and the timothy wmite. The parasite
Anagyrus entoninae offers some promise in confrolling rhodes-
grass scale (234). In the presence of effective methods of con-
trol through management or use of insecticides, insect resistance
has not heen considered a major objective of breeding. If satis-
factory confrol measures are lacking and damage reaches eco-
nomic importance, it can be recommended that selections bhe
screened for insect tolerance or resistance. The necessity for
timeliness in applying chemicals and the cost of chemical control
are other reasons for efforts to find insect-resistant strains.

WINTER-HARDINESS

The adaptation of grass species over a large part of the United
States is closely associated with their ahility to survive very
low temperatures, hazards associated with alternate freezing and
thawing, desiccation, and long duration of low temperatures.
Increased winter-hardiness is frequently listed as an objective
in breeding forage grass varieties adapted to the northern tier
of States, and it may be equally important at southern locations
where low temperatures of relatively short duration sometimes
reduce the stand of potentially valuable species. Mavked differ-
ences in winter-hardiness exist between and within species and
varieties.

Field tests conducted by Schultz (247) showed that winter-
hardy orchardgrass selections tended to produce winter-hardy
inbred progenies. In artificial-freezing tests highly significant
differences in regard to this characteristic were found among
I. clones even though all the parental plants were relatively
winter-hardy in the field. The field hardiness of inbred clones
was not correlated with their reaction to artificial freezing.

Myvers and Chilton (209} found statistically significant dif-
ferences in winter injury among 59 clones of crchardgrass and
among 60 clones of timothy. The correlation coefficients of the
mean winter injury of clones and that of their inbred progenies
were 0.91 and 0.85, respectively, in orchardgrass and timothy.
Segregation occurred within inbred progenies, suggesting that
it is possible to select for resistance to winter injury not only
hetween progenies but within them. Severity of stem 1rust was

6 Unpublished data of W. R. Kneebone.
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correlated with degree of winfer injury in parental clones of

@ timothy, but a similar correlation was not found in orchardgrass.

; Rogler (237) studied the responses of geographical strains
of grasses to low temperatures in North Dakota. He grew seed-
lings in fAlats under l4-hour days, hardened them for 7 days
at 2° to 4° ., subjected them to freezing temperatures, allowed
them to thaw for 48 hours at 2° to 4°, and returned them to
the greenhouse. Warm-season grasses of northern origin tended
to survive in greater proportion than those of southern origin.
Among the cool-season grasses, Agropyron smithii Rydb. seed-
lings from southern locations were less resistant to low tempera-
tures than those from northern locations. 4. crisiafwm survived
hetter than A. smithil, and A. gmithét survived hetter than Bro-
mus inermis. In the field, the average survival of the warm-
season grasses tested varied inversely with the southerliness of
their origin, but there was no injury to any of the cocl-season
grasses.

Wit (320) describes the use of freezing chambers, in Holland,
in screening grasses and legumes for cold resistance. Seed is
sown in September in open frames, which are covered only when
snow or heavy frost is threatening. Seedlings are dug in winter,
washed, tied in bundles of from 25 to 40, and cooled in a freezing
chamber for 1 day at 0° €. and at -2°, Then the temperature
is lowered gradually “to the point thought best adapted to the
hardiness of the material {(befween -12° and -16°)}.” After

. some hours the femperature is gradually raised to 0°. The
seedlings are permitted fo thaw, then are planted in moist peat
mess in the greenhouse. After 2 to 3 weeks, hardiness scores
are assigned to the vavicus entries. Results obtained by Wit
from different trials were fairly comparable and were fairly
consistent with his results from earvlier field tests. Wit mentions
the necessity of compromise in attaining desired levels of winter-
hardiness and early spring growth in ryegrass, the cold resistance
and spring vigor of which are negatively correlated.

Close fall grazing or clipping reduces the reserves in some
of the tall-growing grasses and increases their susceptibility to
winter injury. The possible significance of reserve carbohydrates
and of disease should be considered in selecting for improved
winter-hardiness.

Spaced plantings generally provide a more critical measure
of winter-hardiness than do solid seedings, because spaced piants
do not offer so much mutual protection as plants in solid seed-
ings. The more plentiful soil moisture in spaced plantings,
however, and the consequent greater plant vigor may tend to
offset this lack.

Selection for increased winter-hardiness has proved to be
profitable in & number of the economic grasses. Winter-hardy
strains of timothy, orchardgrass, bermudagrass, and other

@ species have been develnped (112).° 7 The inheritance of winter-

" 8 Unpublished data of E. .. Nielsen.
7 Unpublished data of G. A. Rogler.
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hardiness is admitiedly complex, but survivors selected after
severe winters have generally been observed to fransmif some
degree of this characteristic to their progenies.

HIGH-TEMPERATURE TOLERANCE

Wide differences exist among forage grass species in ability
to tolerate high temperatures at various stages of growth. A
limited number of observations indicate considerable variation
in this regard within species, alse, Certain recent introductions
of Bromus inermis, Agropyron cristatum, and Dactylis glomeraia
exhibit superior heat tolerance in comparison with domestic
strains—and in some cases superior drought tolerance, also.

Laude et al. (174) investigated the effect on grass emergence
of high soil temperatures during the pre-emergence period. Of
the species studied, Phealaris tuberose L., Festuca arundinacea,
and Leliuwm perenne were the most sensitive to high soil tempera-
tures, Bromus catharticus Vahl and Oryzopsis miliacea (L.)
Benth. & Hook. were intermediate in their reactions, and Stipa
cernue Stebbins wag the most tolerant. A reduction in emer-
gence was associated with delay in emergence of seedlings
surviving the heat treatment, and the seedlings that emerged
tardily were also considerably shorter than corresponding con-
trols. Both the delay and the height reduction would place such
seedlings at a decided disadvantage in competing with seedlings
of species not so affected. In further studies, Laude and Chauguie
(173} investigated heat tolerance in the bromegrasses according
to stage of seedling development. Significant differences in heat
tolerance were found among mountain brome (Bromus margi-
natus Nees), prairie brome (B. catharticus), and Harlan brome
(B. stamineus), prairie brome exhibiting the highest degree of
tolerance. Differential injury was obtained by subjecting seed-
lings of different ages to 130° F. and 80- to 35-percent relative
humidity for 434 hours. Among unhardened plants subjected
to uniform heat stress af stages from emergence fo 70 days
after planting, those tested 7 and 8 days after planting (immedi-
ately after emergence} demonsirated the greatest degree of
heat tolerance. Low tolerance was demonstrated from about
the thirteenth to the twenty-eighth day after planting. From
that stage onward, heat tolerance gradually increased with age.
Thus, severe heat damage fo new stands is most likely to occur
during a 2-week period beginning about & or 6 days after emer-
gence. It was demonstrated that plants of the species studied
could be hardened to heat by brief periodic exposures to high
temperaiures.

Bromegrass clones studied by Atwood and MeDonald (10)
exhibited differences in recovery at high temperatures after
removal of the first crop. The plants were grown at 70° F. until
the first cut, then at 80° until the second and the third cut, and
at 85° thereafter.

Temperature is an important selective agent, and undoubtedly
natural selection for tolerance to high temperatures has had an
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important part in the development of certain forage grass eco-
types. In some environments, screening grass selections for their
ability to become established and produce aftermath under high
temperatures should be a profitable undertaking.

DROUGHT TOLERANCE

Field observations indicate that forage grass species and
strains differ in their ability to withstand drought, both during
and after establishment (277). A machine for producing atmos-
pheric drought conditions was developed by Aamodt (2) and
used by him in evaluating spring wheat varietics for tolerance
of this type of drought (4). Schultz and Hayes (242) tested 14
species of grasses, 4 clovers, and alfalfa for reaction to drought
in Shirley’s drought machine (244). Plants were treated as 30-
and 60-day-old seedlings and as sod material grown in 4-inch
pots. The treatment was essentially one of atmospheric drought,
m which the plants were exposed for periods of 10, 16, and
20 hours to a temperature of 43° C., a relative humidity of 17
percent, and an air velocity of 5 miles per hour. The 16-hour
treatment was the most effective in differentiating among the
species and strains tested. The injury resulting from treatment
was found to be proportional to the drought injury suffered by
these species and strains under field conditions. Several turf
grasses subjected by Carroll (46} to atmospheric drought under
controlled conditions as potted sod plugs exhibited differential
survival.

Mueller and Weaver (192) studied the resistance of seedlings
of 14 prairie grass species to soil and atmospheric drought under
greenhouse conditions, effecting soil drought by withholding
water from the plants and atmospheric drought by passing a
current of heated air over them for varying lengths of time.
The short, or upland, prairie grasses blue grama, hairy grama
{Boutelouq hirsuta Lag.), and buffalograss seemed to have
greater resistance than others to soil drought. Although the
results from the atmospheric-drought tests were not so clear
cut, the short prairie grasses appeared to be more resistant
to hot dry wind than the tall prairie grasses.

McAlister (187) studied the resistance of grass seedlings to
soil drought by growing plants in galvanized iron flats for 2
weeks to 2 months under optimum conditions and then holding

-them in a drought chamber for 6 to 9 days. Plants tested usually

were from 9 to 18 inches in height and had from 2 to 6 tillers,
depending on the species. After exposure to drought the plants
were removed to a greenhouse, the soil was saturated with
water, and the dry leaves and stems were clipped 1 inch above

* the soil. Survival was recorded after the plants had heen kept

under optimum conditions for 2 to 3 weeks. The drought
chamber used in these experiments was designed to provide
these environmental conditions: Temperature, 80° F.; light in-
tensity, 175 foot-candles; relative humidity, 80 to 35 percent;
and air velocity, one-half mile per hour. Although field survival
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data were available for only a small number of the strains tested,
the greenhouse survival data were considered to agree satisfac-
torily with them. McAlister emphasized the limitations in char-
acterizing drought resistance of a species from ohservations
on a single strain or seed source.

The differences exhibited by strains within species suggest
the possibility of selecting individual plants that are outstand-
ingly tolerant of both atmospheric and soil drought. Artificial
screening alone may be inadequate, but if coupled with field tests
it might facilitate the isolation of superior genotypes.

Efficiency of water utilization is important in some aveas,
Kelter (155) found a wide variation in the relative water require-
ments of 16 genotypes of orchardgrass, In his greenhouse tests,
genotypes high in herbage yield were generally low in water
requirement, and vice versa.

TOLERANCE OF SOIL CONDITIONS

rags strains for hay and pasture production should usually
bhe bred to give the maximum vesponse ¢n scils of medium to
high fertility. On the other hand, where a species or new strains
of a species will be used on marginal land, or where fertilizer
application is not practical, it may be advisable to direct the
breeding program toward isolating material that will grow well
oh soil of relatively low fertility. A high requirement for some
specific element, e.g., phosphorus, may in time place an improved
strain at a disadvantage. Harlant* has isolated selections of
bermudagrass that ave capable of giving better yields on soils
of low fertility than the more aggressive, high-producing strains
developed for fertile soils or soils adequately treated with com-
mercial fertilizers. In any breeding program, the soil conditions
under which strains are developed should be taken inte account
in evaluating their usefulness. The immediate and the potential
value of an improved strain may be intimately associated with
its efficiency in utilizing soil nutrients.

Many gquestions regarding the soil requirements of grass
species and strains remain unanswered. Although strains that
are superior when grown on highly fertile soil are not necessarily
superior to commercial strains when compared on soil of low
fertility, even there some of the characteristies that distinguish
them cn highly fertile soil (e.g., improved seedling vigor} may
give them an initial advantage in establishment and yield.

Varietal differences in efficiency of nitrogen utilization and
growth on soils of high fertility have been demonstrated in
timothy and orchardgrass (225), bermudagrass (42}, and smooth
bromegrass (87).

Tall wheatgrass (Agropyron elongaiwm (Host) Beauv.),
Russian wildvye (Flymas junceus Fisch.}, and some other forage
grasses exhibit considerable tolerance of saline conditions, but
information is lacking on the ranges of salt folerance that may
exist within species.

8 Unpublished data of J. B. Harlan,
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TIME OF MATURITY

Differences in time of maturity within species are determined
to a large degree by the reactions of plants to the combined
effects of photoperiod and temperature. In general, northern
ccofypes require a much greater day length in order to become
reproductive than southern ecotypes of the same species, In
general, also, northern ecotypes can start growing at tempera-
tures too low for growth of some southern ecolypes. Certain
races of Poa ample Merr. and P. compressa will not flower when
night femperatures go no lower than 17° C. but will flower
Treely when temperatures go as low as 6°, other factors remain-
ing the same (725). It appears that ithe maturity of a species
and of plants within the species is governed hy a multiplicity
of interactions involving genotype, photoperiod, and tempera-
ture, which depend on the combination of environmental condi-
tions prevailing in the native habifat of the species or ecotype.

Evans et al. (80} examined the responses of 13 timothy strains
grown in 3 localities at different north latitudes—Washington,
D.C., 38° bd"; North Ridgeville, Ohio, 41° 23‘; and Guelph,
Ontaric, 43° 3%. The eavliest strain began to bhloom at the
scuthern stalion 24 days sooner than at the northernmost station.
In selections progressively less early, the differences in time of
heading and time of Blooming between strains grown at the
northernmost and the southern station, respectively, diminished.
Medium selections bloomed at nearly the same time at the 8
locations, and for the 3 latest strains the progress of heading
and hlooming was from nerth to south rather than from south
to north. The investigators councluded that day length at the
southern station hecame sufficient for the beginning of head
development hefore femperatures at the northern stations did
s0. In other experiments, Evans (78) found that at a northern
station both early and late selections produced relatively high
vields, but that at a southern station the late selections were lower
vielding than the early ones.

Olmsted (228} found considerable interspecific and intra-
specific varviation in the pholoperiodic response of seven native
grasses. Sideoats grama (Doutelona curtipendula (Michx.)
Torr.) from the northern Great Plains was of a long-day type,
while a Texas strain was of an intermediate or short-day type.
Species cannot be classed as short-day, intermediate, or long-day
on the basts of limited sampling.

Species exhibiting wide ranges in time of heading and time
of flowering are amenable to the development of strains that will
mature at different times. Observations and cxperimental data
on variefies representative of many species suggest that the
heritability of time of flowering is velatively high. In orchard-
grass, Kalton et al. (747) reported significant correlation coef-
ficlents for mmafurities of parvents and inbred progenies that
ranged from 0.55 to 0.42. Hanson® found evidence that in

? Unpublished data of A. A, Hanson,
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orchardgrass date of heading is controlled by a relatively small
number of major genes. This indication is substantiated by the
fact that grass breeders have experienced at least as much
success in modifying time of maturily as in modifying any other
charaeter. Generally, the problem is one of incorporating other
desirable characteristics inte a strain bred for a specific time
of flowering—for example, increasing the vegetative vigor, after-
math production, or total yield of a late-flowering strain of
timothy or orchardgrass. The nature of this problem has heen
outlined under the heading “Yield and Vigor™

SEED HABIT

Because seeding is the cheapest method of establishing most
forage grass species, fairly high seed yield should be a char-
acteristic of new varieties of these species. Ior species tnat can
be propagated vegetatively on a field scale, seed sterility or near
sterility may be of litile consequence or actually desirable.

In space-planted tests, seed vields of progenies often are not
closely correlated with those of the parents (123).

Because high seed yields are not always compatible with high
forage yields, a decision must sometimes be made on the
extent to which seed yields can be sacrificed in favor of betfer
forage yields. Limited observations on many species indicate,
however, that the problem of “seed vs. forage’” may have been
overstressed. Selections have been isolated in Bromus inermis,
Dactylis glomerata, and Agropyron cristatum that are outstand-
ing with respect to both seed and forage preduction.

At northern locations the seed production of southern ecotypes
may be inferior to that of local strains even though differences
in forage yield are negligible (165).

The irregular meiotic behavior that characterizes Bromus
mermis (70, 162} does not appear to have any appreciable effect
on seed set of the principal strains. The poor seed set of certain
selections can, however, be attributed to meiotic disturbances,
some of which are not completely understood (219}, Lamp (171)
stated that while degree of fertility of bromegrass is in part
determined genetically, the position of Individual tillers within
the clump and the associated favorable environmental conditions
affecting growth appear to have an important effect upon repro-
duetion in bromegrass clones fending to be sterile.

It is possible that in dallisgrass poor seed set and high inci-
dence of ergot are associated with meiotic irregularities.

Factors himiting the usefuiness of forage grass species fo at
least as great an extent as low seed yield include tendency of seed
to shatter, difficulties in harvesting, dormancy, and other objec-
tionable characters like persistent awns. Observations made on
several species suggest that selections superior in resistance to

shattering could he developed info varieties, but little progress @

has been made in this direction. Much of the variation in shat-
tering in reed canarygrass {Phalaris arundinecee L.) and {all
oatgrass (Arviienatherum cletins (L.) Presl) can be attributed
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to differences in maturity between selections or strains rather
than to inherent differences in abilify to hold seeds after matur-
ity. In cerfain species, it appears, the only way to incorporate
resistance to shatiering wounld he to transfer genes from other
species or genera.

Green stipagrass (Sfipe viridule Trin} plants the seed of
whieh remain dormant for less than the fypical period have been
isclated by Rogler.® This work points to a possibility of reduc-
ing seed dormancy in other species.

Considerable progress has been made in developing forage
grass strains the seed of which ave easier to harvest. Thus,
Harlan!! and Neweli® have been able to increase the ease of
ha}rvesting buffalograss burs by selecting plants with longer
culms.

Improving seed guality in several native prasses, inchading the
bluestems and gramas, that are characterized by low-purity,
chaffy seed would be a significant contribution,

LODGING

Tendency to lodge may be a major problem in grass seed pro-
duction, particularly when grasses are grown in cultivated rows.
Excessive lodging at the hay stage makes harvesting difficult
and, by causing loss of leaves, reduces hay guality. Rogl:r® has
demonstrated, in work with Russian wildrye, that selection for
lodging resistance on a space-planted basis is feasible. Care must
be exercised, however, to avoid sacrificing guality to prevent
lodging.

Before undertaking selection for lodging resistance, the breeder
should consider the possibility of utilizing later maturing strains
that can be cut for hay under more favorable weather conditions
and also the likelihood that prasses of otherwise desirable species
tending to lodge can be given effective support by growing other
grasses gr legumes in mixture with them.

ROOT DEVELOPMENT

Extensiveness of root development has an impeortant bearing
on the ability of perennial forage grasses fo become established
and to tolerate low-moisture conditions. The dry weight of the
1(:001; system produced by such a grass may exceed that of the top

11).

Studies of several range grasses (232) have indicated a rela-
tion between total root development prior to summer drought
and initial success or failure. Cook (60) has shown that the ex-

tent of the roof systems produced by eight smooth bromegrass

strains during the seedling year was directly related to ability
to resist drought. In the absence of severe drought or in humid

. areas, deeper rooted species generally are more productive and

16 Unpublished data of G. A. Rogler,
1! Unpublished data of J. R, Harlan,
32 Unpublished data of L. C. Newell,
3# Unpublished data of G. A, Rogler.
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continue to grow when shallow-rooted species have exhausted
the available moisture. The root system of a given species is not
ahvays indicative of the species’ ability to survive drought; in
arid and semiarid regions some shallow-rooted species, by virtue
of dormancy, cah survive long dry periods that may eliminate
deeper rooted species.

Seedling root development as reflected by seedling vigor is
discussed in the next section, under the heading “Aggressive-
ness.”

Aside from their primary role of absorbing moisture and an-
choring the plants, the roots and rhizomes of grasses frequently
accumulate an important share of the carbohydrate reserves,
which influence the rate and degree of recovery after defoliation.
Characteristics of the root system determine to some extent the
reactions of planis to competition from associated plants of other
species and the usefulness of a species in erosion control. Toler-
ance of fleoding and poor drainage, also, are related to root
characieristies.

The neglect of the root system in forage grass breeding efforts
can he explained by the fediousness of the excavation methods
available for studying root development (30, 89, 308) and the
difficulty of relating controlled tests of roots {made in green-
house pots, tanks, efe.) to field conditions.

In studying root development of species and strains under
controlled conditions, it should be remembered that root distribu-
tion may be more significant than quantity of roots produced.

Preliminary studies (42) suggest that radioactive tracers may
be useful for studying root activity and distribution. One such
study has demonstrated that the roots of bermudagrass varieties
differ in total weight, in distribution, and in efficiency of absorp-
tion. It remains to be seen whether it is practicable and advis-
able to ure this procedure for screening large numbers of in-
dividual plants.

In general, the nature of the root system of a grass is re-
flected in the development of the aboveground parts. Selecting
for superior plant and progeny performance, especially if the
testing is conducted over a wide area and continued for several
yvears, should lead to the development of new strains each of
which has the kind of rool system that is best for counditions
under which the strain will be utilized.

AGGRESSIYENESS

Aggressiveness of a grass species or strain can logically be
divided into two phases—{1) seedling vigor as related to ease
of establishment and (2) capacity of the well-established piants
to compete with an associated grass, with an associated legume,
or with weeds.

Soil germination tests of grasses conducted in the field and
greenhouse have shown wide differences among strains, ceed
sources, and individual plants as to rate of seediing establish-
ment. The importance of these differences lies in the fact that
vigorous seedlings are better adapted to survive under unfavor-
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able envirenmental conditions. If has been suggested by Hawk
and Welch (175) that seed quality, especially when combined
with varietal adaptation, may be an important factor in the re-
sistance of bromegrass strains to the root rot fungus Puythium
graminicola.

In general, il appears, the forage grass species having the
heaviest seed tend to produce the most vigorous seedlings (199,
232). Emergence is closely associated with depth of planting
(199, 240), and wilhin species heavy seed has better emergence
percentages than lighler seed, especially for the greater seeding
depths (124). Rogler (240} found a high degree of correlation
between weight of seed and emergence in crested wheatgrass
planted at depths of 2, 2145, and 8 inches. In his experiment, two
types of emergence were observed in 134-inch and deeper plant-
ings. In one type both the first internode and the coleoptile
elongated, while in the other type elongation was confined to the
coleoptile. No relation between this difference and lotal emer-
gence has been established, Nordan crested wheatgrass, char-
acterized by larger seed and improved seedling vigor, has been
released in North Dakota (239).

On the basis of present information it would seem advisable
to investigate the possibility of developing strains having greater
seedling vigor within forage prass species that are deficient in
this important characteristic. Information should be accumu-
lated not only on variation in seedling vigor but also on possible
relations to seedling vigor of such factors as presence of patho-
gens, low soil moisture, temperature extremes, and low light
intengity. Information of this {ype for any given species would
indicate what factors have the greatest limiting effeet on es-
tablishment, and this would serve as a useful guide in selection.

Aggressiveness at mature stages of development depends on
prevailing .nvironmental conditions and the expression of such
plant characteristics as time of blooming, height, rate of spread,
and rate of recovery. Thus {he aggressive tendencies of a species
can sometimes be modified by management or by seleclion for
any one of several characteristics. In selection worlk, first con-
sideration is frequently given to rale of spread or vegetative
inerease. Knowles (7163), studying bromegrass clones and their
open-pollination progenies, found a correlation of 0.87 for spread.
Tsiang (282) reported a low correlation for this character be-
tween parenial clones and their I, progenies. MacDonald et al.
{188) concluded that most of the variation in spread within in-
bred progenies was environmental,

It has been suggested that less vigor may be highly desirable
in some of the more aggressive forage grass species, because it
would mean greater compatibility with associated legumes. The
fact that low yield, poor distribution of yield, and low seedling
viger are freguently associated with reduced aggressiveness
makes this suggestion seem one of dubious value. Management
factors—especially, time of fertilizer application, amount of fer-
tilizer applied, and time of grazing o1 mowing—can be used to
reduce the competition offered by a grass or an associated legume
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and should be relied on to the greatest possible extent in selving
the problem of “overaggressive” species (259). Interrelations
among species may be complicated by other management factors
such as irrigation {285).

If inereasing the efficiency of production is recognized as one
of the outstanding objectives in forage grass breeding, then the
breeder cannot penalize himself by selecting for reduction in pro-
ductivity. Truly cutstanding varieties of the forage grasses, as
of other farm crops, can and should be promoted in ferms of
management practices thal will give the highest vield of total
digestible nutrients per acre and produce this yvield most econom-
1cally.

In much of the Greaf Plains and of the western intermountain
region, forage grasses are seeded alone or in combination with
others except in irrigated pastures and meadows. Some work
has been done toward developing nonspreading or weakly spread-
ing varieties in certain species—e.g., intermediate wheatgrass—
on the assumption that pure stands of such wvarietles would
not become sodbound and decline in productivity so rapidly as
those of more aggressive strains. Under moest circumstances,
nowever, aggressive strairnis are more wvaluable, by virtue of
th%ir greater persistence and ability to compete with weedy in-
vaders.

GROWTH HABIT

Practically every forage grass species has a wide range in
growth habit. Strains may vary widely in degree of erectness,
height, abundance of basal leaves, leafiness, number of tillers,
size of rhizomes, and rate of spread. In general, selection for
plant type has proved very effective (266). Travin (280} has
explained the efficacy of type selection on the grounds that ad-
vantage is being taken of hereditary group variation, the basic
heredity common fo all plants of the same form. Stapledon (2663
classified orchardgrass collections into a dozen main growth
forms and, as a result of further studies, into the three main
types hay, pasture, and dual-purpose. Jenkin (7137) stated the
opinion that persistence under severe grazing couid be obtained
by selecting the right type of plant from the right habitat.

Certain species by virtue of growth habit are very tolerant of
frequent defoliation, frampling, and overuse. The characters
distinguishing such species are generally abundant bhasal leaves,
some form of vepetative propagation, and the capacity for rapid
storage and buildup of reserve carbohydrates. In several char-
acteristieally erect species, such as orchardgrass, prostrate
strains have been selected with the purpose of increasing adapta-
tion to pasture nse. Because most orchardgrass plants are char-
acterized by considerable basal leat development, however, selee-
tion of plants having different growth habits may not be
especially profitable in this species. Tall, erect types or strains
of orchardgrass persist and prodoce high vields in properiy
managed pastures, ie., under rotation or ration grazing.
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Information on growth habit should be accumulated at an
. early stage in the program. Clones representing & wide range
in growth habit can be increased vegetatively and planted to
simulate solid seedings in replicated small-plot tests. Differential
management treatments (different intensities of grazing or clip-
ping and different fertilizer levels) assist in determining the rei-
ative merits of specific growth forms—their persistence, leafi-
ness under use, etc. In general, the necessity of selection for
different growth habiis is determined by the species and the
conditions uunder which new strains will be used.

CHEMICAL COMPOSITION

It is well established that vorious forage grass species differ
in nutritive value (37, 248, 281). Environmental and manage-
ment variables exert a marked influence on forage gquality and
may accentuate or reduce the differences in this regard that sep-
arate species or genotypes (22, 43). In most species, individual
plants exhibit a wide variation in morphological characters that
may be correlated with variation in nutritive value. Such cor-
relation has been substantiated for some species by chemical
analyses, which have shown that plants selected under specified
sampling conditions varied in chemical composition (23, 53,
231, 292). Literature on the chemical composition of pasture
plants has been reviewed by Sullivan and Garber (281). These
writers vmphasize that precise comparvizsons among and within

@ grasses are often complicated by the difficulty of sumpling plants
at comparable stages of growth.

The nutritive advantages of leaf vs. stem, namely, higher per-
centages of minerals, protein, and vitamins and lower percent-
ages of fiber, have been brought out in several studies (23, 82,
88, 268, 266). Plants with short internodes have a larger pro-
portion of leaves than plants with long internodes. In addition,
some individual plants develop larger leaves at the tops of the
culms than others. Genotypes have heen selected that are capa-
ble of retaining their leaves for longer periods, and considerable
variation has been observed as to the interval during which
leaves remain green {81). Both these characters may reflect to
some extent the susceptibility of plants to foliar pathogens.

Selection for broad leaves has been effective. Studies have
indicated fairly high parent.progeny correlation for this char-
acteristic in certain grasses (128, 147, 312). Observations on
broad-leaved selections or lines of some species show, however,
that selection for this character does not necessarily add sub-
stantially {o the fotal leaf area or value of new strains. Yield
was not found to be correlated with width of leaf in intermedi-
ate wheatgrass (123). If broader leaves are combined with short
internodes, however, it should be possibie to inerease substan-

@ tially the leaf-stem ratio.

Some forage grass investigators have developed lines and
strains much leafier than commercial strains (775). Quantita-
tive data demonstrating the effect of a slight increase in leafi-
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ness on vield of nutrients are very meager, but observations and
limited analyses suggest that the gain in guality may be appreci-
able (40).

While parent-progeny correlations for leafiness are low and
inconsistent (282, 312), leafiness appears to be conditioned in
part by genetic factors (147). There is a possibility that leafiness
may be increased through selection, and that progress in the
increase may be enhanced by practicing selection for characters
such as disease resistance, maturity, growth cycle, and growth
habit. Late plants, for example, tend to be somewhat leafier than
early plants in Andropogon scopurins Michx. (6). Sampling
progeny tests and vurietal trials to obtain quamntitative data on
leaf-stern ratios can be recommended.

Variations in chemical composition between and within species
do not necegsarily reflect differences in feeding value (248). be-
cause of the many variables influencing digestibility and animal
acceptance. Chemical analyses do, however, provide an approach
to establishing natritional differences among genotypes. They
may be valuable, also, in determining chemical constituents that
are limiting the growth or value of a species.

The variability of crude protein and carotene in smooth brome-
grass was investigated by Pickett (231) in an experiment in-
volving spaced plants of 175 lines from 25 unrelated first-gen-
eration inhred families. Top-growth characteristics were studied
during the second and third years after transplanting, prin-
cipally at the ‘early pasture” stage. Carotene content at the
early-pasture stage varied significantly among plants in 6 of 17
families analyzed in the third vear. If was positively correlated
with color and protein content {(r=0.29 and r=0.49, respect-
ively} at the same stage. Highly significant differences in
carctene and protein content were found among families. Pro-
tein content was related more closely to degree of green color
at the early stage and at anthesis than {o any other character
studied, It was concluded that morphological characters could
not be used as indicators of high protein content. Direct testing
for protein content during early stages of growth in advanced
trials of hromegrass lines was proposed. Heinrichs (723} found
the correlation between protein content and morphological char-
ac%ers in intermediate wheatgrass too low to be of predictive
value.

Tsiang (292) provided evidence of heritable variation in the
carotene content of bromegrass selections. He found a signifi-
cant positive correlation {(r=0.76} between the beta-carotene
content of parental clones and that of their I-year seifed prog-
enies. Clarke (54) obtained evidence of heritable variation in
the carotene and crude protein content of orchardgrass. He
found significant differences in content of carciene and crude
protein for both parental selections and the I; clones derived
from them. Clarke concluded that the significant interaction of
genotype ¥ management stressed the need for accurately defining
sampling period when making comparisons among plant selec-
tions. He considered the vegetative stage {6- to 8-inch height
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of spring growth) most satisfactory for characterizing plants
as to relative content of carofene and of crude protein. Johnson
and Miller (142}, studying selections of Fairway crested wheat-
grass and Parkiand bromegrass, found highly significant differ-
ences in percentages of fotal carotenoid pigments, beta carotene,
and chlorophyil. Sullivan and Garber (280) found that in Ken-
tucky bluegrass late flowering plants, as compared with indi-
viduals flowering a few days earlier, had a greater nitrogen
content (1) during the flowering period, (2) several months
later in the aftermath stage, and (8) when clones were grown
in the greenhouse,

In general, actively growing forage grasses have more than
enough protein and carotene to satisfy the dietary needs of
grazing livestock; but this is not always true for many grasses
native to the Tropics or for grasses grown on infertile soils.
Specific sitpations may justify efforts to develop strains higher
in protein and carotene content—for example, varieties that
could be utilized more efficiently in the production of dehydrated
leaf meal.

Considerable evidence has been accumulated on the nutritional
importance of carbohydrates and lignin as forage plant constit-
uwents. Tsiang (292) studied 36 clones of smooth bromegrass
with reference to content of calcium, copper, iron, manganese,
magnesium, and potassium and found highly significant differ-
ences in content of magnesium and of potassium. The propor-
tions of these fwo minerals, respectively, varied from 263 to 758
p. . m. and from 164 to 1,712 p. p. m. Sullivan and Myers (282)
studied ithe chemical composition of tetrapleid and dipleid plants
of Loltum perenne derived from the same mixoploid parent. The
tetrapioid plants were higher in reducing sugars, total sugars.
sucrpse, and soluble dry matter and were essentially similar to
the diploids in content of soluble and inscluble nitrogen. Addi-
tional comparisons of diploid and tetraploid clones of L. perenne
indicated that greater percentages of moisture and soluble con-
stituﬁnts were associated with fhe higher chromosome number
273).

More information is needed on the variation in chemical com-
pusition among and within grasses grown under different en-
vironmental conditions. Conceivably the carbohydrate fraction
vr some other constituent may prove to be far more important
in the development of improved strains than protein or carotene.

Smith (248} points out that although better quality may be a
promising breeding objective there is danger that one desirable
component may be increased at the expense of another.

ACCEPTANCE BY LIVESTOCK

For maximum economical production of livestock products
through the use of grass, not only must the herbage have high
nutritive valoe but it must be readily acceptable to the stock.
Acceptance of a pgrass by livestock depends on the class of lve-
stock, the palatability of the grass, its accessibility, and the
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proportion of it in the forage mixture. According o Stoddart
and Smith ¢(278) the term “palatability’” has been applied very
widely in the literature to the percentage of the plant consumed
under proper grazing, rather than to the avidity with which an
animal ate the plant. These writers suggest that the term
“palatability” be discarded and the term “preference” applied
instead teo the taste an animal displays for any plant.

Studies of factors affecting palatability have been made and re-
ported by several investigators. Tribe (291} has emphasized
that palatability of forage cannot be determined apart from ob-
servation of acceptanee by livestock. White et al. (316) found
that, in general, applications of nitrate of soda and lime im-
proved the palatability of seven grasses tested at Ithaca, N, Y.
Bender (12) and Beaumont et al. {16) also found that applica-
tions of nitrogen increased palatability. Beaumont and his asso-
ciates attempted to determine the relation of toughness (breaking
strength) of leaves to palatability. In their experiment one of
the least palatable grasses, reed canarygrass, was found to have
the least tough leaves. They stressed the relationship between
palatability and stage of growth. From experiments to determine
the palatability of grasses to sheep, Davies (65) concluded that
succulence was the chief factor involved and, hence, that palat-
ability was largely dependent on time of year and intensity of
grazing. He found that leaves were preferred to stems and that
palatahbility was lower in species characterized by harsh or hairy
foliage. Thatcher et al. (285) reported that of 3 sudangrass
varieties planted in strips in a 2-acre pasture, the common
variety was the least palatable. This was attributed to prevalence
of Helminthosporium leaf blight and anthracnose among the
plants of the common variety. The preference of cows for cer-
tain grasses as determined by Archibald et al. (7) was in order
of vitamin A content and, with one exception, in order of sue-
culence. In general, high preference was associated with low
fiber content and relatively high percenteges of ether extract,
soluble ash, and magnesium. Little correlation was found be-
tween the palatability of grasses and their nitrogen content.

In grazing studies conducted in the northern Great Plains,
Rogler (238) found evidence that would suggest that taste is
very important in determining palatahility. Within species, he
found, palatability generally declines as maturity advances;
under some cireumstances, however, steers may prefer grass of
coarse-appearing species near maturity te other grasg that is
young and succulent. Factors related to palatahility are listed
by Rogler as follows: (1) Maturity of forage—mnew growth gen-
erally more palatable than old mature forage; (2) intensity of
grazing-——heavy intensities eventually lead to a situation in
which previoudly ignored species are eaten readily; (3) rate of
recovery—species recovering rapidly after defoliation are pre-
ferred; (4) proportion in mixture with associated species—a
species that is poorly utilized if it constitutes a high percentrge
of the mixture may be utilized very fully jf it constitutes a small
percentage of a stand in which more palatable species predom-
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inate; (5) drought resistance—under drought conditions, species
that remain green are preferred; (8) previous feed or grazing
activity—grasses previcusly eaten may be preferred to unfamil-
iar grasses, but animals that have been on a.one-grass diet may
prefer a change rather than continuanee of the same grass; (7)
individual differences in animals—e.g., certain steers readily
eat mature crested wheatgrass and make good gains on it, but
other steers consume very little of such forage and do not gain
on it; (8) fertilizer—e.g., where soil nitrogen is deficient, grass
on nitrogen-treated plois is generally more acceptable than that
on plots not so treated; (9) kind of stock—cattle, horses, sheep,
and goats have different preferences; {10) local conditions—
environmental factors such as soil fertility, moisture, and avail-
able sunlight.

Differences in palatability have been observed within species,
According to Buckner (28) dairy heifers exhibit consistent pref-
erences for certain selections of tall fescue. Significant differ-
ences in palatability have been observed among individual plants
of Kentucky bluegrass (299)—a species in which palatability
is not generally recognized as a problem.

Before an investigator begins breeding work with any forage
grass, he should learn something about the acceptance of that
grass by Hvestock. If information based on field observations is
lacking or limited, acceptance tests are in order. A strain and
species test established in solid-seeded plots, replicated 4 to 6
times, can be fenced and grazed 3 or 4 times during the growing
season. Each grazing should be limited fo a few hours, enough
livestock being used so that all species and straing are subjected
to some grazing and the most palatable ones are completely uti-
lized. After each grazing, the plots should be clipped and ferti-
lizer applied. The amount of herbage consumed can be determined
by removing samples from each plot before and after grazing.
Data from these samples can be supplemented with observations
on the order in which the species and strains ave grazed. Less
precise information can be obtained by seeding strips of various
grass species and strains in well-managed pastures. The influ-
ence of slight differences in growth rate and maturity may be
magnified in cafeteria trials, in which animals have access to
several species and strains of grass, and may or may not be of
practical significance when animals are confined to one species.

The relationship of palatability te nutritive value has not been
fully established. Animals are eapable of making good gains on
some relatively unpalatable forage species, e.g.; weeping lovegrass
(Eragrostis curvule (Schrad.) Nees). The possibility should
not be overlocked, also, that gains in palatability may be ob-
tained at the expense of some ofther valuable eharacter such as
persistence, The plant breeder must concern himself with palat-
ahility, however, insofar as it complicates pasture management
probiems and influences the consumption of herbage and the yield
of animal products. If an otherwise valuable species is not ac-
cepted very well, the feasibility of using animals in screening
selections and in evaluating experimental strains should be in-
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vestigated. Similarly if the growth habit, or type, of a new strain
deviates widely from that of the original species, observations
should be cbtained in the testing program not only on animal
acceptance but also on the influence of grazing on persistence.

BREEDING PROCEDURES

The methed of breeding used in improving a forage grass
species depends in part on the species’ mode of reproduction
(table 2). Numerous summaries and outlines of procedures
used or suggested for use in grass improvement have been pub-
lished (83, 44, 77, 121, 134, 189, 150, 212, 266, 276, 321). A com-
plete review of available literature would entail much duplication;
therefore the discussion here has been limited to a selected group
of references.

TABLE 2.—Normal modes of pollination and sowmatic chromosome
aumbers of some important forage grosses

o Modeol| Chromo-
Eeientific name Common name poili- SOME
nation! numiber

Agropyron
eristotum (1..) Geerin Fuirway wheatgrass 14
desystachyum (Hoole.}

Seriban Thickspike wheatgrass___ 28
desertorum {Fisch.) Sehult, | Crested wheatgrass 25
elongatum (Host) Beauv..__| Tall wheatgrass 14, 5G, 70
tnerme (Scribn, & Smith)

Beardiess wheatyrass 28
intermedium (Host) Beauv. | Intermedialc wheatgrass_ - | 28, 42
repens (L.) Deavv Quaekprass__ ... .. ___ 28, 42
sibirfcum (Willd.) Beauv.___| Siberian whealgrass : 28
smithii Rydb Western wheatgrass 42, 5§
spicatum (Puysh} Seribn, &

Smith Bluebunely whealgrass___ 14, 28
trachycauium (Link} Malte ) Slender whealgrass. .. __ 28
trichephorwin (Link} TRicht..| Stillhair whentgrass. ... 42

Agrostis

Red top . 28, 42
pabustris Hude. o .. .._L Creeping beptgnss .. 28, 56
tenuis Sibth Colopinl bentgiass 28

Alonecurus pralensis L Bileadow foxtail i 28

Andropogon :
coucasicus Trin Caneasian bluestem : 40
gerardi Vilinan Big bluestemn 40, 60, 70
hettii Hack Sand blueslom 40, 70, 100
fschaemum s Yellow bluestem.. ... 40, 50, 60

(38 to 47)

nodosus {Willem.) Nash_____| Angletongress__.__.....} 40, 60
scopariws Michs. o __ Liltle bluestem ; 40, 56

Arrhenatherum
elatius (L.} Presl._________. Tall optprass . ... .._.F 28

Bouteloua
curtfpendule (Michx.) Torr._} Sideoats gramn. ... 28 to 101
ertopoda {Torr.} Torr Ilack grama 1 21, 28
gractliis {(H, B. X.) Lag Blue grama 20, 46, 42, 80

{21 to 82)

See footnetes at end of table.
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TABLE 2,—Normal modes of pollination and somatic chromosome
numbers of some important forage grasses—Continued

Modeof | Chromo-
Scientific name Clominon naine polli- some
nation? number
Bromus
arvensis Lo oo . .. Tield bromegrass_. __._.. 2 14
carinefus Hook, & Avn.____ Mountain bromegrass._._.| 2 56
catharficus Vahl. . ______. Rescuegrass..__. ...} 2 28, 42
erectus Huds.__ ... _____ Meadow bromegrass. .. . 1 42, 56, 70
tnermis Leyss. ... ___ Smooth bromegrass._____ 1 28, 42, 56,70
Buchloi
dachiyleides (Nuit.} Engelm. .| Builalograss. - . _____ 4 56, 60
Chloris gayene Kunth_________ Rhodesgrass_ . _____.. 1 20, 40
Cynodon dactylon (L.) Pers...__. Bermudagrass___________ 1 30, 36, 40
Daclylis glomerate L. .. ... Ovehnrdgrass. ... _. 3 28
Digitaria decumbens Stent______ Pangolagrasa ... __ h 30
Elypnus
canadensis Lo . _____ Cunada wildrye_ __._____ 2 28, 42
condensatus Prest.__..____ Ciant wildeye .o ___ 1 28, b6
giganfens Vohl ___________. Siberian wildrye_ ... .. __ i 28
glavecus Buekl. oo o ___. Blue wildrye_ . ________ 2 28
Juncews IMsch. . ___.____ Russian wildrye . ___ 1 14.
Eragrostis
chloromelas Steud... .. __ Boor lovegrass ... _ 2
cirvufe  (Schrad.) Nees.. .| Weeping Jovegrass. ... 2 10
frichodes (Wubt.) Wood_ ____ Sand lovegruss_ ... __ 2
Fesfuca
arundinaeen Schreb, oo oo . Tall fescue oo oau..o. i 42
elatior L. oL Meadow leseue_ oo _. 1 14, 28, 42, 70
oing Lo oo oo Sheep feseuc. oo ... 1 14, 42, 56, 70
vubra Lo e Red feseue__ ... _.__ 1 14, 42, 56, 70
Hordetwm bulbesum Lo Buthous bavley ... ____. 1 28
Lolian
mudfiforwm Lam. ... Ttalinn ryegrass_ ... ____ 1 14
perenne T oo oo .. Perennial rvegrass. o ____ 1 14
Oryzopsis
hymenoides  (Roem. &
Sehult.) Rickero_____ .. Indian ricegrass . .__._ i 48
miliacea (L.) Benth. & Hook. | Smilograss.__.____._ ____ 1 24
Fanicum
anlidelale Relz.... .. ___ .1 Blue panicgrass_ ________ - 18
mazimun Jaeq..o ool Guineagrass. . oo cceeoao | & 32, 45
milieceton Lo ..o . Proso. oo nei el 2 36, 40, 42,72
obfusum H. B 1 . ____ Vine-mesquite..._ oo ___. - 20, 36, 40
purpurascens Roaddio .. . Pavagrss. oo oo 3 36
wirgafum Lo ... .| Switchgrass______.___.__ 1 18, gﬁ, 54,72
i ]
Paspalum
difafatum Poiro_ ... .| Dallisgrass ______.______ 3 44, 50
nofatum Fligge . .. ____ Bahingrass ______.._____ 1,3 20, 40
wrvilled Steud. ..o ool .n VOaSOYEIRSS . o o C o cv e 1,3 40, 60
Fenntselum .
ctliare (L) Link___ ... Buffelgrass ... _.._.._1 3 20, 32, 40, 54
glarewm (LY R Bro__. . __ Peart millet. . ______.__ 1 14
purpurewen Schumaeh. .. __. Napiergrass ... ... .. 1 23
Phalaris
arundinacee Lo _____ Reed vanaryprasa_____.__| 1 14, 28
fuberose Lo .o e . Hardinggrass_ .. _..__... 1 25
Phienm pratense Lo __________ Fimothy . 1 14, 42

See footnotes at end of table.
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TABLE 2.—Normal modes of pollination und somatic chromosone
numbers of some important forage grasses—Continued

|
iModeofj  Chrono-
Scienlific pame Common name polli- some
nation? number
Poa
ample Merr._______________ | Big Dluegrass. ____.______ 3 62, Gt
arechnifera Torr. . ______ Texans bluegrass. . _____ 4 42
compressa Lo _.____.. Canada bluegrpss_______ 1 1,3 35, 42, 41, 56
prafensie L. ______ Kentucky bluegrass__.__.| 1,3 28, 56, 70
HERGR O
seeunda Presl_ .. L. Snndberg bluegrass___ .8 __ 82, ca. 81, 56
trivfalis Lo . Lo Ttoughstall blusgrass. _ {1 14
Serghastrion wifans (L) Nasho_ ) Indiangrss .o .o __ 1 40
Sorghum
hatepense (L) Pors. oo ... Jotmeongrass, . (_____. 1 A%
vilgare  var.  sudanense
(Pipery Hitehe. . ... .. Sudangrass . .o ool 1,2 20
Sporobolus
girotdes {Tor) Torm ..o Alkali sncalow., . oo _ — 126
cryplandris (Torr) A, Gray.| Sund dropseed o ..o .. - 18, 36
Sitpg
comata Trin. & Rupr.__ _____ Neadle-and-thread ... 2 46 {42 o 4
viritula T ool Green needlegrmss .. ] 2 82

1l=largely cross-pollinated; 2=cross-pollination usually less than 5 per-
cent, but in some species greater than that under certain conditions; 38—
largaly apomictic; 4=largely dioecious; 5=sterile.

Breeding methods for forage grasses can be grouped into three
main categories: .

1. Methods desighed for normally self-fertilized species, With
these plants, as with wheat and most other small grains, the
most practical breeding procedures are controlled hybridization,
backerossing, and selection. Varieties are developed by inereas-
ing superior individual plants selected from advanced inbred
genevrations, commonly the Fy;, Iy, and ¥,

2, Methods designed for improving naturally cross-fertilized
species that are normally propagated from seed. These methods
include individual plant selection, inbreeding, hybridization, and
recurrent selection. Varieties are developed by crossing, com-
positing, or interplanting fwo or more strains or clones. Breed-
ing procedures for species of this group have been the object
of several recent studies (88, 128, 313, 319 }.

3. Methods designed for species that are mormally apomictic
or that are male- and female-sterile, These methods, essentially
the same as those applied {o the normally self-fertilized species,
are hybridization followed by individual plant selection where
some degree of sexuality exists and, in the absence of sexuality,
individual plant selection within wide collections followed by
comparison of clonal lines. (This procedure can be applied
wherever it is economical to muitiply a strain vegetatively, re-
gardless of the strain’s seed-setting eapabilities.)

Methods of selecting and evaluating individual plants and
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evaluating experimental strains ave identical for the three cate-
gories of breeding methods listed above. Problems encountered
in progeny evaluation are similar for categories 1 and 2.

SELECTION OF SPECIES

Comparative tests should he conducted to select species that
may be of value at a particular location. Each species included
in the tests should be represented by several strains or seed
sources. FPreliminary information on persistence, winter-hardi.
ness, disease susceptibilily, leafiness, and other agronomic char-
acters can be oblained from observational plantings, established
as either replicaled drilled rows or solid-seeded plots. In making
observational fests careful attention should he given to seoil
fertility and management. The success of a grass improvement
project may well depend on the thoroughness of the preliminary
evaluation af the species level. Burton ¢87) suggests that tests
of this fype can be greatly improved by conducting them at two
or more levels of soil fertility and under two or more systems of
management {e.g., hay and pasfure management as simulated
by clipping). Dallisgrass, which is a2 valuable species in Georgia,
dies out if left unclipped, evidently from the combined effect of
foliage diseases and the heading process, which weakens the
plant. Conversely, vasevgrass makes an excellent showing if
left unmowed but soon disappears under real or simulated close
grazing.

Field observations ou the needs of the area in gquestion plus
experimental comparisens should enable the investigator to make
a sound choice of species to receive major emphasic in the breed-
ing program. In selecting species for further improvement the
following questions should be answered: What species are best
adapted to meeting specific local hazards or specifie local needs
such as good distribution of herbage yields, ease of establish-
ment, winter survival, or drought resistance? (Emphasis on
high total dry-matter yields at this stage in the program may
result in elimination of species having other desirahle charac-
feristics that are of the utmost importance in meeting the needs
of the area.) Which of the species best adapted to the area
would be most amenable to mwodification and, hence, most prom-
ising for development of new and improved varietieg?

Preliminary tests will help to provide an answer to the first
question; but more intensive studies are required before any
conclusion can be reached with respect to the second. An ex-
haustive collection of foreign and domestic strains and ecotypes
should be assembled in order fo determine the range of varia-
tion within any species considered. If sufficient seed is available,
these strains and ecotypes can profitably be established in plots
to obtain quantitative data on their desirability. If a companion
legume is commonly grown with the grass, a legume should be
included in preliminary plot tests in order to evaluate the com-
petitive ability of plants from the various sources. At the con-
clusion of or during the preliminary festing stage, source nurs-
cries of one or more species are established.
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SOURCE NURSERIES

A wide gene base is essential in source nurseries. Usually
sources of material include domestic collections of seed and
clones (from waste places and old seedings), foreign introduc-
tions, named varieties, and experimental strains. The contribu-
tion of material collected in waste places and fields is frequently
hard to assess, but it seems evident that plants should be collected
under conditions that at least approximate the environment in
which improved strains will be used. Extensive local collections
are of the utmost importance for developing strains at locations
outside or on the fringe of a species’ area of greatest forage
adaptation. One or several factors such as disease or temperature
may be Umiting persistence and forage production, and investi-
gators should make every effort to capitalize on any beneficial ef-
fects of natural selection (156).

Smith and Nielsen (251) compared clones of Poa pratensis
from good and poor pastures. In their study approximately 500
plants from each pasture were grown in space-planted nurseries.
The clonal isclations were made from approximately 50 sod
samples from each of 10 pastures. Vigorous types occurred in
clonal progenies derived from poor pastures but were somewhat
more frequent among progenies from good pastures. Intensity
of grazing appeared to exert little influence on the relative pro-
portion of high yielding biotypes. Significant differences occurred
among the lots from individual pastures in the proportion of
plants resistant to powdery mildew and leaf rust, but these differ-
ences did not appear to be closely associated with differences in
soi]l type, available moisture, or management. The clonal iso-
lations sugpested rather clearly that though weak biotypes may
contribute little to the forage production of & given area, they are
nevertheless maintained among the components of the sward.

Plant material from various collections is space planted to ob-
tain observations on variabilily among and within sources. Seed-
lings are established in fiats and transplanted to the field in the
spring or fall at intervals of about 2 to 4 feef within rows about
2 to 4 feet apart. Spacings of 2 feel or less are satisfactory for
some bunchpgrasses. Species that spread very rapidly, e.g., ber-
mudagrass, should be planted on 8- or 10-foot centers. Absolute
limits cannot be set as fo population size, buf for most grasses
the initial nursery should include at least about 5,000 individuals
and could well inclnde 10,000 or more, according to the diversity
of the collections. Management should be in accordance with the
objectives of the program.

Selection of desirable planty of nonaggressive species may be
aided by overseeding the source nursery with a legume. Species
may be sereened as to velative palatability by making the nurs-
ery accessible to livestock and recovding their preferences. If
legume compatibility and animal acceptance are major objec-
Eives, these two measures should be taken at all stages of the
program. A “controlied competition” technique suggested by
Keller (152) may be useful for screening individval plants in
gource nurseries or for evaluating space-planted progenies. This
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technique consists in interplanting spaced plants of various
@) grasses and legumes in such an arrangement that each plant is
subject to approximately the same amount of competition from
other celections of the same species and from each associated
species. This procedure might permit breeding simultaneously
2ll the species incinded in the planting. Controlled corpetition
couid be obtained alse by drilling a single row of a legume be-
tween each pair of space-pianted grass rows, thereby enclosing
cach grass selection within a square of the associated legume.
SBelection should be directed toward isolating groups, or classes,
of fairly comparable plants, The number and size of such
groups will reflect the number and nature of the breeding objec-
tives. Individuals that appear outstanding with regard to any
characteristic sought should be retained. The heritability of the
specific character. if known, should govern the size of the se-
lected sample.

CLONAL EVALUATION

The best phenotypes selected from source nurseries are sub-
jected to varying degrees of clonal evaluation, either in con-
junction with the production of seed for progeny tests or in
special clonal tests. Selections are generally increased vegeta-
tively and established (1) as space-planted clones—1 to 10 or
more space-planted propagules per replicate; (2) asg tiller plots
or beds—oplants divided into tillers, and tillers planted on narrow

@ centers to simulate solid seedings; or (3) as tiller rows—tillers
planted rather densely in a single row. The first of these methods
is relatively inexpensive and provides an opportunity to observe
selections in several different habitats. The second permits study
of the plant under conditions approximating those of ordinary
sward. Tiller rows can be replicated with less expense than a
tiller piot. The use of tiller rows and plots is restricted by the
expense of vegetative multiplication.

The value of clonal tests depends on the degree of correlation
betwaen the responses of parental clones and those of their
progenies. Fairly high correlations have been obtained hetween
individual plant selections and their progenies with regard to
maturity, leaf width, disease resistance, and habit of growth.
Parental characters such as leafiness, seed yield, height, vigor,
vield, and recovery of individual plants may not be strongly cor-
related with progeny performance. As mentioned previously,
however, pareni-progeny associations are relative, and characters
such as height may exhibit 50-percent heritability in replicated
nurseries (748}, It is well established that the phenotypic char-
acters of selected plants ean be measured more accuralely in
replicated elonal nurseries than on individual plants in a source
nursery. Likewise, overseeding clonal nurseries with a legume
or grazing livesfock in such nurseries provides more precise in-

@ Iformation than the same procedure applied to source nurseries.
Calder (44} used clonal rows to compare orchardgrass selections
under sheep grazing. Clonal evaluation is not a substitute for
adeguate progeny testing, but it does provide for further selec-
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tion and thus reduce the size and expense of subsequent progeny
tests.

Adequate clonal testing is the only procedure required for
species that can be propagated vegetatively on a commercial
scale. Burton ¢(33) has outlined procedures that might be used
in such a breeding program in his discussion of the development
of the Coastal variety of bermudagrass. The Tift and common
varieties of bermudagrass and two tall growing South African
straing of this species were interplanted, and 5,000 seedlings
were grown from the open-pollinated seed. The following year
records were obtained on vigor, spread, stem length, leaf length,
heading date, and resistance to Helwminthiosporium, and observa-
tions were made on head abundance and percentage of florets
setting seed. Spring growth was recorded in the second year.
From the 5,000 seedlings 128 were selected, and these were
planted in 4-inch clay pots in tripticate and subsequently elipped
at 3-week intervals. Sprigs from the potted plants and addi-
tional selections made in the field were planted in the centers
of 4-by-24-foot plots established in triplicate. Cultivated alleys
were maintained between plots, and the plots were fertilized
each year from 1939 to 1946. In November of 1941 and
1942 crimson clover was seeded over the plots at the rate of 30
pounds per acre, and in February of 1944, 1945, and 1946 Kobe
lespedeza was seeded at the rate of 40 pounds per acre on the
same half of each plot. A total of 50 observations were made
in the interval between 1939 and 1946 on the vegetatively estab-
lished plots. Visual observations were recorded on rate of spread,
sod density, head abundance, frost resistance, disease resistance,
vigor, color, percentage of weeds, and percentage cover. Hay
yields were recorded, and the plots were sampled for seed pro-
duction. Separations were made on fresh samples to determine
the percentage of clover, and dats were obtained on the lespedeza-
grass mixtures and on nematode resistance.

In March 1941 the five best bermudagrass selections were
planted in duplicate 1/10-acre plots at 3-by-3- and 6-by-6-foot
spacings. Five fertilizer treatments were applied at random on
each plot. In July 1941, nine selections were planted in dupli-
cate 30-by-60-foot plots in a pasture, These plots were subse-
quently grazed, and observations were made on palatability and
the amount of forage removed from each plot. Palatahility rat-
ings were based on the distribution of 20 or more animals on
the piots at 5-minute intervals. In June 1943 the nine selections
were planted in 6-by-18-foot plots, in quadruplicate, and the
next year these plots were clipped at frequent intervals to simu-
late cloge grazing.

Evidence appeared that yield ratings made the first year on
spaced seedlings would be of some value in eliminating low
yielding individuals. Morphological characteristics considered to
be important factors in palatability did not provide a reliable
guide to palatability as measured by grazing. The finest stemmed
clone was very unpalatable, and the coarsest selection included
in the comparisons, the Coastal, was highly palatable. Burton
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suggests that hybridization of material from diverse’ sources
may well precede selection when the end product sought in
breeding is a single superior plant that may be propagated
vegetatively., Under this procedure, thousands of hybrids should
be produced and screened in order to isolate the best possible
phenotype.

The methods used in breeding apomictic species differ from
those outlined for vegetatively increased species principally in
that promising selections are progeny tested to establish the
frequency of aberrant plants. Smith and Nielsen (250) com-
pared progenies from enclosed and open-pollinated panicles of
Poa pratensis and found that bagging had some effect on seed
formation but none on the frequency of aberrants. Classification
errors are not unusual, and Myers (206) has suggested using
second-generation progeny tests to verify the classification of
individual plants as normal or aberrant. After this has been
done highly spomictic selections are evaluated in plots estab-
lished either from seed or from tillers.

Apomixis presents certain breeding advantages and definite
limitations that should be recognized hy the breeder. Plants
exhibiting a high degree of apomixis need not be isolated in
breeding nurseries. Vigorous heterczygous genotypes can be
maintained without significant change as seed is increased from
breeder to certified. The possibility of isolating a genetic mech-
anism conditioning apomictic reproduction in otherwise desirabie
sterile interspecific hybrids should not be overlooked,

Apomixis, in general, restriets the recombination of characters.
Fortunately, many apomictic species exhibit some degree of sex-
uality, The direction in which facultative apomicts are crossed,
whether within or between species, may be extremely important.
For example, selection or species A may have many of the desir-
able characteristics but lack one of them while selection or spe-
cies B is generally undesirable but possesses the characteristic
in which A is deficient. Sexuality in facultative apomicts often
results from the fertilization of an unreduced egg by a reduced
pollen grain. In that situation, the cross A > B results in some
plants with 2n from A and n from the undesirable B but the
cross B X A could give 2n from the undesirable B and oniy n
from the desirable A.

ECOTYPE SELECTION

Ecotypes have played an important role in grass improvement
(224). Local grass strains that have given rise to such varieties
as Achenbach bromegrass, Fischer bromegrass, and Kentucky 31
tall fescue provide excellent examples of the value of ecotypes.
Ecotypic strains provide good sources of seed for use while new
varieties are being developed. Not only domestic but foreign
plant collections may confain ecotypes capable of filling an im-
portant need in the agriculture of a region or subregion.

The procedures in selecting ecotypes are essentially the same
as those outlined in the discussion of selection of species. Under
many circumstences the number of entries or the limited supply
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of seed necessitates using solid-row or spaced plantings with
frequent checks of standard varieties in lieu of replication.
After the preliminary studies, promising entries are increased
under isolation for more comprehensive testing.

MASS SELECTION

Many of the forage grass varieties available at the present
time were developed by mass selection, and several of the current
improvement programs depend, at Jeast in part, on this proce-
dure.

Environmental conditions are relied uvpon to eliminate un-
adapted types from space-planted source nurseries representing
extensive seed collections. Such a nursery includes at least about
5,000 individuals and is fertilized and clipped to promote good
growth. Seed harvested from surviving plants serve to repeat
the cycle. Breeders may well supplement natural selection by
cutting back undesirable plants or roguing them from the nurs-
ery before pollination.

An alternative procedure involves the use of solid-seeded plots.
Seed from different sources are sown broadcast on plots, and the
plots are clipped or grazed for one or more seasons before seed
is harvested. If one desires to keep the sources separate or to
maintain the original plots, seed for the next cycle can be pro-
duced from vegetative clumps transplanted to isolated erossing
blocks. Mass seedings are easier to maintain than space-planted
nurseries, their populations are generally larger, and their man-
agement is more comparable to that of fields. Spaced plantings
are preferred, however, where they are more conducive fo natu-
ral selection. Spacing is essential to selection for characters that
may not be closely associated with persistence, eg, rvesistance
to some foliar diseases.

Mass selection has several distinet advantages, particularly in
the early stages of a selection program. Not enly is it relatively
inexpensive and simple, but under certain conditions it is also
remarkably efficient (266). The success of the program invari-
ably depends on maintenance of a high leve] of selection pressure
either by environmental factors or by the plant breeder. As
practiced on cross-pollinated crops it has two primary disag-
vantages: Selection is based upon the phenotype of an individual
plant, and generally it is restricted to half the total inheritance
because the male parentage is not considered,

It is reasonable to expect that the possibility of making major
advanees in winter-hardiness, disease resistance, and produc-
tivity will be greater at locations outside or not far inside the
periphery of the area where the species is best adapted.

MATERNAL-LINE SELECTION

“Maternal-line selection” applies to any one of several breed-
ing procedures based on screening plants according to the per-
formance of their progenies. The one common feature of these
methods is maintenance of the identity of the maternal clone.
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The progenies may he of any one of three main types: Open-
pollination (no restriction as to pollen source); topeross (selec-
tions interplanted with a common pollen source); and polyeross
(pollen source restricted to plants that have certain characters
in common). Topcross and polycross nurseries must be isclated
from other plantings of the same species.

Open-pollinated seed may be collected from selected plants
growing in nonreplicated source murseries or similar plantings
in which no attempt is made to restrict pollen source. Tests of
open-pollination progenies provide information on the general
combining ability of individual plants at an early stage in the
improvement program, a distinct advantage when increased
vield is a primavy objective. Confounded pollen source could
result in some errors in classification for general combining
ability. This would increase the difficulty of separating average
from superior genotypes, but it should still be possible to dis-
card at least some of the inferior genotypes. It may be advis-
able to practice some degree of selection in the source nursery
by cutting back undesirable phenotypes before anthesis.

The large number of selections included in open-pollination
progeny tests and the limited amount of seed of each selection
available for planting necessitate the use of rather simple de-
signs. Knowles (163} has suggested unreplicated row plots in-
terplanted frequently with check varieties.

Because yield data from row plots may not be comparable with
those from solid-seeded plots (167, 371), the time-saving practice
of seeding in rows may involve loss in thoroughness of evalua-
tion. Whether it does so depends in part on experimental design,
particularly on replication. On the basis of results of replicated
tests Murphy (188) suggests that various types of progenies
and planting methods can probably be used with a fair expecta-
tion of success in isolating plants having high vield potential.

In Murphy’s experiment vegetative pleces, polycross seedlings,
and self seedlings were used to evaluate selected plants of or-
chardgrass, smooth bromegrass, and red fescue. The progenies
were planted in a split-plot design with six replications in which
the main plots were species and subplots were planting methods,
types of progeny, and, lastly, progenies of individual selected
pilants. All the average correlation coefficients reported by Mur-
phy were highly significant (table 3). However, the correlations
were suibject to considerable variation indicating that row plots
are not necessarily equivalent to solid seedings as a means of
evaluating progenies with regard fo yield.

Considerable savings in time and expense could be realized if
it were found possible to use seedling progenies to measure com-
hining ahility (176)."* The relation between seedling response
in the greenhouse and plot yields is extremely variable, but some
encouraging results have been obtained.* Additional experiments
involving comparisons among various methods of growing and
measuring seedlings should be made before this use of seedling
progenies is written off as impossible.

Y iii;-;:l}:)ﬁshed data of D. L., Cldemeyer.
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TABLE 3.—Average and range of simple correlution coefficients
for forage yield between methods of planting, between prog-
eny types, and belween progeny types and methods of

planting!
Correlation eocfficient
Faelors correlated
Averape? Range
Same progeny and different methods of plunting:
Spuced vegetalive ve. drilled vegetative___ ... +-0.88 +0.50 to 40.98
Spaced polyeross vs, drilled polyeross_ . ... __ + .77 - .0lto + .BB
Spuced polyeross vy, brondensl polyeross. . 4 47 — .93 to 4 .05
Trilled polycross ve. broadeast polyeross_ o ... + .51 — .63 to + .BH
IYifferenl progenies and same method of planting:
Spaced vegetative vs. spuced polyeross___ o _ ... __ + .74 — 1llo + %
Spaced vegetative we wpaeed solf L o oL + .78 — .23 + .99
Spaced polycross ve. spuced sell oo ____________ + .78 4+ 36t + .99
Drilled vegetative ve. drilled polyeross_ . ... .. 4+ .60 — .Blto + .9
Different, progendes and different metheds of planting:
Spaced vepgetalive vs, drilled polycress. - ... ___ + .00 - .22t 4 .56
Spuced vegetative vs. broadeast polycross. o __ -+ .50 — .4010 4 .93
Spaced self ve. drilled vepetative_ .o ______._. ... + .69 — .B5 to + .50
Spaced self ve, drilled polyeross__ .. ______ + .63 — .03 to 4+ .B4
Spaced self vs. brondenst polyeross_ . ___________ + .36 — Bl 4 .98
Spaced polyeross vs. drilled vegetative________.. -+ .69 — .51t0 ¥ .09
Dritied vegetative ve, broadenst polyeross. ... + .65 — 50to + .94

1 Data from Murphy (128},
2 Al average correlation coefficients are highly significant.

Topcrossed seed can be obtained by interplanting spaced clones
with a standard variety or an experimental synthetic strain.
The tester is planted in a manner ensuring that a large propor-
tion of the pollen will be supplied by it—e. g., in alternate solid-
seeded rows, Several border rows of the tester should be planted
around the topeross nursery. If the tester is seeded in alternate
rows of a space-planted source nursery, the seed supplies ob-
tained are not adequate for a progeny test more extensive than
space-planted plots or nonreplicated drill rows with frequent
checks such as Knowles (163) suggests for open-pollination
progenies. Topeross nurseries in which selections are propagated
vegetatively to provide five or more single-plant replicates each
provide sufficient seed for planting replicated solid-seeded plots.
They also provide an opportunity to study replicated clones and
can be established at somewhat less cost than comparable poly-
cross nurseries. Kalton 1% has suggested using replicated topecross
nurseries to avoid excessive monrandom pollination such as
may occur in large polycross nurseries that have not been
replicated sufficiently. There is considerable merit in this pro-
cedure provided the tester and the selected clones bloom at or
near the same time. In some programs individual plants are

34 Unpuoblished memorandum of . R. Kalten.
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toperossed with a series of superior phenotypes. Kralt or parch-
ment bags or sleeves are used to isolate maternal parents, and
pollen collected from a group of paternal parents is applied with
a pollen gun,

The polycress technique as defined by Frandsen (88) and by
Tysdal et al. (296) is based on the principle of random pollina-
tion—that is, each of the original selections included in the
nursery has equal opportunity of pollinating, or being pollinated
by, any of the others. In general, each clone is randomized
within complete biocks, 1 or more propagules o each block, and
the blocks are replicated from 10 to 30 times, depending on the
number of selections, The ecifectiveness of the procedure is
greater if all the selections included in a nursery flower at
approximately the same time—i.e., in most species, within 3 or
4 days of the time when anthers are extruced on the earliest
clone.

Hittle (128) and Wit rJ19) have investigated the amouni of
variation thal can occur in a polycross nursery as a conseqlience
of limited replication and nonrandom pollination. Hittle (128}
compared the performance of 10 polycross progenies from as
many different replications of each of 20 hromegrass clones.
Progenies were compared on the basis of height, green weight,
vigor, aftermath, spread, and reaction to Pyrenophora bromi.
In 12 of the 20 comparisons, the polycross progenies from
plants of the same clone in different replications varied sig-
nificantly in the expression of 1 or more characters. The varia-
tion was attributed to nonrandom pollination. Significant dif-
ferences in variances among polycross progenies within clones
provided further evidence of differences in male parentage. Wit
f319) used a simple dominant marker, roughness of culms and
upper leaf sheaths, to study cross-pollination in Lelium peremnc
in both wueplicated and polycross nurseries. Heterozygous
rough clones (7¢) served as the source of contaminating pollen
and homozygous recessive clones (it} were used as testers.
Cross-pollination decreased rapidly over the first 3 or 4 rows
and only slowly beyond that. In spile of differences as great as
1 week in flowering time, clones were fertilized, on an average,
40 percent by the 2 adjacent clones on both sides and 74 percent
by the 3 on both sides. Simultanecusness of flowering often
had greater influence on the perceniage of crossing than prex-
imity. Clones were pollinated with genotypically different pollen
mixtures in unrveplicated clonal plantings, whereas in polycross
nurseries genotypically homogeneous pollination was possibie.
The reliability of the polycross fest was shown to depend on
nearly simultaneous flowering and adequate replication.

Properly designed polyeress nurseries have these three ad-
antages: Random or neay-random pollination among plants
selected for ecommon characteristics—maturity, disease resist-
ance, seed habit, habit of growth, etc.; an opportunity to study
replicated clones; and production of ample sced for progeny
testing. Polycross blocks provide an excellent opportunity to
practice recurrent selection within progenics. Normally, gonod
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combining eclones selected on the basis of topcross or open-
pollination progeny performance are grouped in polycross blocks
and the resulting progenies are available for reselections. Thus,
if recurrent selection can be utilized, the polyeross method would
apé?;ear to be more efficient than either of the alternative pro-
cedures.

Recurrent selection, first desecribed with reference to corn
breeding (180¢), has been successfully applied in forage crop
breeding—not always under that name (711, 140). Hull (139)
applied the term to a system of corn breeding based on the
recombination of first-generation inbred lines selected according
to the fest-cross performance of parental plants crossed on a
homozygous line., The procedure was repeated in the bulked F;
population resulting from crosses among selected I; lines.
Sprague and Brimhall (254) have presented data to show that
recurrent selection is more effective than inbreeding and selec-
tion in modifying the oil content of corn. Lonnquist (181) found
that the frequency of favorable genes for yielding ability could
be effectively increased in corn by practicing recurrent selection
for general combining ability.

Differences among species, in facilities, in the nature of the
improvement sought, and in the degree of selection pressure
determine the number of selections and the size of the resulting
polyeross nurseries. The following discussion vepresents a gen-
eralized scheme:

In the first cycle of selection a large number of plants are
ordinarily available—about 250 individuals, representing ap-
proximately 5 to 10 percent of the population of the original
source nursery. In many species the selections represent a wide
range in maturity and many diffcrent combinations of char-
acters being sought in the breeding program. Maturity and
sometimes other criferia are used to divide selected plants into
several groups, each including 50 or so clones that could con-
stitute a polyeross nursery. Nurseries differing in average
blooming date can be established adjacent to each other; other-
wise, the nuvrseries should be spatially isclated. In general,
individual nurseries are arranged in randomized-hlock designs
with approximately 20 replications of single-plant plots each.
Seed collected from all replications of individual clones (prefer-
ably an equal quantity of seed from each replication) is bulked
and included in a solid-seeded plot test having at least 4 replica-
tions. The numher of entries included in the plot test can be
reduced on the basis of observations made on the replicated
clones, The plot test can frequently he supplemented with space-
planted progenies (approximately 4 replications of 10 plants
each), on which observations can be made and from which
reselections can be taken.

As the number of selections included in an individual poly-
¢ross nursery increases, there should be a corresponding increase
in the number of replications. If there is no logical basis for
combining selections into rvelatively small groups, the physical
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limitations imposed by replication requirements provide a strong
argument for using the topcross method.

After data have been obtained from the progeny test for at
least 8 years it should be feasible to discard from 75 to 85 per-
cent of the original clones. At the conclusion of or during the
testing program the Dbetter combining clones are increased
vegetatively and established in isolated advanced polycross nurs-
eries with from 10 to 20 veplications.

One or several advanced polycross blocks are planted, depend-
ing again on differences in maturity, growth habit, seed produc-
tion, and other characteristics that form a basis for separating
selected clones. Seed is again collected from each replication of
the individual clones and bulked for plot testing., Under some
circumstances it is feasible to include the component lines and
a mixture of all of them (using an equal amount of seed from
each clone) in a variety test. In general, however, the number
and size of the advanced polycross nurseries prohibit ineluding
each line in the regular testing program. Normally, bulked seed
From each isolation block appear in a variety test and a separate
progeny test is established to evaluate the component lines in
comparison with bulked seed lots and check varieties.

Recurrent selection can he practiced within advanced poly-
cross progenies that have demonstrated superiority in the solid-
seeded yield test. A space-planted progeny test is established
for this purpose.

Breeding by maternal-line selection should be a continuous
operation in which new source materials {new intreductions,
collections, and reselections from within first-cycle progeny
tests) are being evaluated in second-cycle polycross nurseries
while progenies from advanced polycross nurseries are being
tested. In pracvice, each new series of advanced polycross nurs-
eries may contain approximately the same number of clones
as were included in the first-cycle crossing blocks, representing
the following classes: (1) Clones from the original scuree nurs-
ery, retained on the basis of their performance in two progeny
tests; (2) clones included in the second-cyele source nursery and
evaluated in one progeny test; (3) clones selected within superior
advanced polycross progenies. One or more advanced polycross
nurseries can be confined to selections made within outstanding
polycross progenies in order to measure the effectiveness of re-
current selection.

The pedigrees of experimental strainsg vary according to the
stape of the program at which plants are selected for intercross-
h}g zgnd the number of metheds used in =electing and evaiuating
plants,

In the foregoing, procedures have been outlined on the premise
that yield is one of the major objectives in breeding, Obviously,
breeding objectives may affect not only the type of progeny
utilized but the method of progeny testing. Progenies from plants
selected for such characters as resistance to diseases influencing
seed production, lack of awns, or seed size can be evaluated in
space-planted nurseries. Progenies from plants selected for
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superior palatability, seedling vigor, and lodging resistance ca
be tested in replicated single drilled rows. However, bulk seed
from crossing blocks should be tested in solid-seeded plots to
measure the effect of selection on yield, vigor, and persistence.

A difference in breeding objectives does not necessitate differ-
ences in the polycross methed, but procedures ean be modified
in accordance with the regquirements of the progeny test. Thus,
open-pollinated and selfed seed can be collected in source nurs-
eries and progenjes evaluated in either replicated space-planted
rows or single drilled rows with appropriate checks. Superior
clones can then be grouped in polycross nurseries. In addition,
selfed and open-pollinated seed can be collected within superior
progenies to establish second-cycle progeny tests. Experimental
strains may then be composed of clones traceable to plants of
one or more of the following classes: (1) Selected from the orig-
inal source nursery on the basis of selfed and open-pollination
progeny performance; (2} selected within superior open-polli-
nation progenies in the first-cycle progeny test; (3) selected on
the basis of advanced polycross progeny performance; (4) se-
lected within superior advanced polyeross progenies; (5) selected
on the hasis of advanced inbred generations—I. or beyond.

Investigators have arrived at somewhat different conclusions
regarding the effectiveness of certain grass-breeding procedures.
For example, Knowles (163) and Heinrichs (723) concluded
that open-pollination progenies served a very useful purpose in
screening plants for general combining ability, while Harlan
(111) stated that open-pollination progenies were seldom used
in the Oklahoma program because of their variability and the
lack of progress from this type of selection. It seems evident
that the usefulness of any one procedure will vary according to
the species, the objectives, and the area where the work is being
conducted.

Several investigators have outlined methods that are applicable
to the impyovement of naturally cross-fertilized species. Outlines
presented for timothy by Evans (76) and Frandsen (88) will
serve as examples. The methods used by Evans are as follows:
(1) Seed from single-plant selections is driiled in a seedbed or
broadcast in a small plot; (2) growth of the resulting plants is
observed and compared; (3) plants taken from superior plots
are transplanted to cultivated row plots; (4) one or more selec-
tions are made from the row plot of each strain; (5) the selec-
tions are grouped and tfested. Frandsen's program, which in-
cludes several refinements over Evans’ open-pollination technique,
is as follows: (1) Selection of from 50 to 100 individual plants
(on the basis of observations over 2 or more years); (2) vege-
tative propagation into clones of not less than 100 propagules;
(3) random planting of individual propagules in a “mixed”
(polycross) nursery; (4) harvesting of seed from each clone; {(5)
selection of from 10 to 20 of the superior clones whose progenies
have given the highest yield (these could be used for strain
building by mixture and intercrossing); (6} self-pollination and
diallel pair crossing, suggested for studying iraportant charac-
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teristics of families such as leafiness, tillering capacity, rust
resistance, and cold resistance.

The significance of restricting pollen source to plants having
similar characteristics is well illustrated by Harlan’s (111) ap-
plication of partial isolation to the breeding of sideoats grama.
For each of 18 type classes, which represented a variety of
growth forms, 14 plants were selected. These were transplanted
to separate isolation blocks, approximately 25 feet square and 28
feet apart in each direction. The intervals between the blocks
were pianted te sorghum, which probably did not afford complete
genetic isolation. Seed was harvested from each block in the fall,
a population of approximately 180 plants was established from
each lot, and reselections were made. The second-generation
isolated populations included 12 plants each. Characters readily
fixed in populations of sideoats grama were broad leaves, narrow
leaves, fine stems, heavy stems, and late flowering. Types in-
volving abundant leaf production showed the least progress
toward fixation. Ceriain characters appeared to be closely as-
sociated in the sample populations—for example, broad leaves
and late flowering, fine leaves and rust resistance, broad leaves

and blue-green color, narrow leaves and yvellow-green color.

CONTROLLED HYBRIDIZATION

The emphasis placed on studying breeding behavior of peren-
nial forage grasses through some form of maternal-line selection
has been due largely to the self-incompatibility and inbreeding
depression that characterize cross-fertilized grass species. An
increase in the gene frequency for economie characters is gen-
erally sought by intercrossing selected plants and by praecticing
recurrent selection within maternal lines. In an effort to increase
the effectiveness of these procedures, some workers have resorted
to controlled hybridization. Various erossing schemes including
diallel crosses (all combinations of single crosses} and cyelic
crosses (1 X 2, 2 X 8, 8 X 4, etc.) have been used to study the
breeding behavior of selected plants. Diallel crossing is a sound
procedure, although its expense and the limitations it imposes on
population size constitute serious shortcomings. Single crosses
can serve at least three purposes: To obtain desirable recom-
binations of characters or to transfer specific characters to other-
wise desirable selections; to increase the gene frequency for de-
sirable characters by crossing either inbred or noninbred clones
{and practicing recurrent selection within the resulting F; prog-
enies) ; and to study the specifie combining ability of selections
constituting experimental strains.

If only a limited number of plants with the desired expression
of a given character can be isolated, controiled hybridization is
a Jogical approach to investigation of the possibility of main-
taining, improving, or transferring this character. The value
of certain disease-resistant ecotypes in grass improvement can
be investigated by making single crosses and comparing the F,
progenies with the parental types. Differences in maturity among
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ecotypes frequently necessitate making controlled crosses in the
greenhouse.

Differences L~fween progenies arising from reciprocal crosses
have been observed on occasion (263). Probably most of the
variation can be attributed to difference in degree of seli-fer-
tility and difference in the vigor of seifed offspring of individual
parents, Zimmerman (323) obtained data on the performances
of reciproeal single crosses of I lines of Arena elabior (Arrkena-
therum elalius) and Daclylis glomerata. Coeflicients of correla-
tion between periormances of reciprocal single crosses caieulated
from his data were -+0.17 and -1 0.66 for 36 crosses of 4. elalior
and 22 crosses of D. glomerata, respectively.

In general, the limited quantity of single-cross seed restrvicts
the testing of ¥, progenies to replicated space-planted nurseries,
Seed requirements for establishing plot tests can be met by bag-
ging more plants or by arranging the clones in pairs in small
isolated crossing blocks. TField crossing by either bagging or
spatial isolation is applicable when clones flower at the same
time—a situation commonly encountered in studying the specific
combining ability of clones constituting synthetic skrains.

Recombining specific plant characters is a difficult undertaking
in species that behave genelically like a topolyploids. Never-
theless, controlled single crosses, recurrent selection, and back-
crossing constitute an effective approach to the recombination of
important guantitative characters. These procedures, especially
backerossing, can be expected to become more productive as the
infensity of grass improvemenl increases.

INBREEDING AND SELECTION

Although inbreeding has been used successfully in developing
improved varieties of the naturally cross-pollinated forage grasses
(2, 222), wide diflerences of opinion exist regarding the appli-
cation of this technigue to grass breeding. Several investigators
(197, 212, 301, 302, 315} have reached the conclusion that self-
pollination offers little promise in grass improvement,

Sufficient selfed seed can be obtained from many of the eross-
pollinated gzabses to permit estabiishment of inbred populations
(120, 204, 223, 241). Cheng (49), studying the self-fertility of
3 prass species, obtained cnough stch seed for the production of
progenies from 19 out of 29 clones of Bromus inermis, 3 outl of
24 elones of Agropyron crigtaetum, and 23 out of 24 clones of
Alopecurus pratensis. Most of the {orage pgrass species exhibit
a wide rauge in sel-compatibility, fvrom plants that are com-
nletely self-incompatible to those that are completely or almost
completely seif-fertile (17, 120, 218, 247). The interannual varia-
tion iu self-fertility ratings is large (49, 2035. 247). Data com-
piled by Smith (247} that illustrate the variation from year to
yvear in seced set resulting fromn self-poliination and from open
pollination are presented 1 tuble 4. Studying 16 plants each of
orchardgrass and bromegrass, Smith obiained correlation co-
officients of 0.07 and - 0.04, respectively, for percentages of seed
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TABLE 4.—Interannual variation of seed set of individual selected
plants of Dactylis glomerata as ¢ result of self-pollination
and open pollination, respectively®

1
: Average seeds per floret resulting from—

Plant No. Oprn pollination Relf-pollination

14:3R 1930 1038 1939
Nrpher Number Number Number

L SRS B (-1 0.42 0.000 0.030
M L e ieaes j .07 G7 035 .070
¢ 3 O | 02 .69 000 .030
BB L . eemmmcmraan—a .G& .40 000 .030
by [ .50 40 007 .020
¢ TS, RS .53 005 -0B)
BB L . i memmeeeanoe .36 .39 .042 .050
32 S s 3L . 000 004
P B, ot .5l 000 .01
2ot .4l A6 000 L0900

! Nata from Smilh (247).

obtained by seifing the same plants in different years. Resuits
obtained with several different species (49, 204, 218, 247, 818)
indicate a positive relation hetween self-fertility (seed set under
bags) and cross-fertility (seed set under open pollination). In-
breeding is generally accompanied by a reduection in average
vigor (139, 124) and, at least in some species, by increase in
meiotic irregularity and decrease in fertility (208).

Some evidence suggests the feasibility of selecting for self-
fertility in bromegrass (818). In orchardgrass, Myers (204) re-
ported a significant parent-inbred progeny correlation (r =
0.62) for seeds set per panicie under bag. Similarly, Jenkin
¢185) concluded that the self-fertility of perennial ryegrass plants
has a profound effect on the self-fertility of their inbred progeny.

Waldron (304) compared inbred bromegrass progenies with
the parental clones over a 2-year period. Sibs from planted seed
outyielded transplanted parental clones in the first year, but just
about equaled them in yield in the second year. The leaf areas
of parental clones were greater than those of their inbred prog-
enjes, but the range in leaf arez was greafer within the prog-
enies. Hayes and Barker (118) and Hayes and Clarke (119)
studied the effect of inbreeding on timothy and the possibility
of improving this species by selection in self-fertilized lines.
Data obtained by Hayes and Clarke (119) from lines that had
heen inbred for either 1 or 2 generations indicated to them that
selection in selfed lines wouwld be a practical method of improv-
ing timothy. Self-fertilization did not result in a great reduction
in vigor; some selfed lines yielded less but others somewhat more
than the commercial check. Self-fertilization permitted freeing




58 TECHNICAL BULLETIN 1145, U, S, DEPT. OF AGRICULTURE

lines of undesirable recessive chavacters and iSolating disease-
resistant lines. Law and Anderson (775) observed a marked and
progressive loss in vigor in most inbred lines of big bluestem.
The response to inbreeding varied, however, and some inbred
lines exhibited no less vigor than their open-pollination sibs, In
a study by Anderson and Aldous (6) the vigor of Andropoyon
scoparius was not seriously affected hy inbreeding. Schultz ¢2471)
found a wide range of seli-fertility among and within self-prog-
enies and among open-pollinated plants from eight collections
of orchardgrass. The amount ol self-seed produced varied
greatly from year to yeay. Significant differences were observed
within 2-year selfed material, within the open-pollinated group,
and between the 2 groups for every charaeter studied. In the
2-year self group a number of vigorous clones wetre found thal
were fully equal to the superior individuals in the open-pollinated
group.

Hayes and Schmid ¢120) studied the feasibilily of selection in
self-pollinated lines of bromegrass, meadow fescue, and orchard-
grass. Populations were studied in space-planted nurseries, and
notes were taken on growth habit, disease resistance, and yield
of individual plants. The procedure was to plant clonal progenies
of 80 to 100 selected plants in veplicated rows or beds; select 20
of the best clones; cut all others before pollination; and harvest
open-pollinated seed [rom the 20 selections. The seed was mixed
and increased in an isolated seed plot, and the desirability of the
new strain was determined in field trials. Seed harvested from
the isclated plot furnished the basis [or second-vyvele selection.
For the sclfing-and-selection test, vigorous plants of the same
origin as those used for clonal trials were selected. Selfing and
selection were continued for 5 yvears. After 2 or more years
of selection in selfed lines, a few lines ol each of the 3 species
were as vigorous as the commereial check. Several crosses
between I, clones were made and the progenies studied. The
yield of the F, progenies of I, clones ranged from 126.5 to
220.9 percent of that of the commercial check. The investi-
gators deduced that a selfing-and-selection project, to be sue-
cessful, must include selfing 2 or 3 times as many plants as
will be used. They suggested that isolating clonal and selfed
lines, testing them for combining abilily, and combining them in
crosses to produce synthetic varieties or to produce single- or
double-cross seed may constitute a valuable approach in Zrass
improvement.

Julén (746} concluded that inbreeding may improve the ¢hance
of obtaining positive resulls in grass improvement, by leading
to the development of strains that are more or less homozygous
for various chavacters Xe obtained progenies by selfing in
species exhibiting some degree of self-fertility and obtained satis-
Tactory seed set in some of the plants after sib fertilization in
the I, and subsequent generations. It was assumed that through
natural selection more or less cross-sterile plants would be
climinated and highly fertile plants would become increasingly
predominant until Tull fertility was acquired. In spite of the
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geners] occurrence of inbreeding depression among normally
cross-fertilized grasses, Julén expressed the view that it should
be feasible to isolate vigorous inbred lines in many species, if
much material is examined. In addition, he suggested that inbred
lines comparatively free of the ill effects of inbreeding may be
the most valuable parents in crossbreeding. Nilsson-Leissner
(222} found that I, genervation seed of Dactylis ylomercta gen-
erally produced weaker stands than seed of later generations
obtained from isolated fields of I, lines. Evidently some of the
weak, more or less abnormal segregates are suppressed in the
dense plant rows of the seed fields, this is repeated in subsequent
generafions, and econsequently the adaptation of the strain in-
creases. Alkerman et al. (2) cite several examples of varieties
derived from 1 or more advanced generations of the 1-year-selfed
progeny of individual clones—Primus and Gloria timothy,
Skandia 1f and Brage orchardgrass, Viking red fescue, and Vik-
toria perennial rvegrass.

Murphy and Atwood (200) suggest that more attention could
well be given to the possibility of utilizing inbred lines in those
species, such as bromegrass, in whick 1-year-selfed lines of ex-
cellent vigor and uniformity can be selected. They point ocut that
I, families may be used in at least three different ways: To
progeny-test selected plants, as a source of new superior clones,
and in the development of synthetic varieties through isolated
seed increase of one or more families. They draw attention to
the fact that several grass species may behave in part like auto-
polyploids. In addition, the use of 1, families {or progeny-testing
clones selected in source nurseries effects a considerable saving
in time as compared with the production of polycross sced and
subsequent progeny testing,

Zimmerman (328) developed 1, T, and I lines of Avena elatior
{ Arrienatherum elatins) and Duaelylis glomerata from local col-
lections. The average yield of 22 crosses among I, lines of
orchardgrass was 93.5 percent of the average of the 3 commercial
checks when all were grown as spaced plants. Two of the crosses
vielded 185 and 140 pevcent, respectively, of the average of the
checks, The resuits with Avena elatior were closely similar. The
investigator concluded that crosses among inbred lines constitute
a promising method for obtaining productive new varieties.

Stapledon (267} observed that in orchardgrass inbreeding was
followed by a decline in vegetative vigor averaging about 50 per-
cent, but that some of the I, plants showed little or no decline in
vigor. Valle {301 concluded that selfing could not iead to prac-
tical results in timothy. He helieved that timothy improvement
should not be dependent upon the rare appearance of constantly
seif-Tertile and self-vital individuals. Travin (280) considered
that intervarietal hybridization was far superior to selection of
seif-pollinated individuals. As one of several reasons for this he
mentioned the advantage of obtaining, early in the program, large
amounts of seed with which to conduct preliminary plot tests
and varietal tests and fo reproduce the variety rapidly if the
results indicate that this is advisable. Generally, also, a variety
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obtained by intervarietal hybridization has wider adaptation than
a “pure line” and hence can he distributed through a region more
readily, with a saving of many years of varietal testing in a num-
ber of locations.

Murphy {197} concluded that selection within selfed progenies
of crested wheatgrass was not a very promising method of im-
provement, because of the difficulty experienced in obtaining
selfed seed and because of the lack of unifermity and peor vigor
observed in many of the I; progenies. Greater self-fertility
would have to be atfained in order to make this procedure effec-
tive in crested wheatgrass breeding, Under the conditions of
Murphy's experiments some I, and I. plants produced pollen
distinetly smaller and less fertile than that of nonselfed plants,
although others showed no appreciable inferiority with respect
to this character. It was suggested that improvement over indi-
vidual-plant selection can be made by selecting among superior
plants after they have been tested in replicated clonal nurseries.
Stevenson (276) has described procedures {or breeding crested
wheatgrass that involve aspects of inbreeding and also of
maternal-line selection and diallel crossing. Although I, progenies
provided an opportunity to eliminate undesirable segregates.
selection within selfed Hnes was not considered to be a profitable
approach, Ialton et al. (747) councluded that inbreeding offered
little promise in orchardgrass improvement.

A decision as to the probable usefulness of selection within
inbred lines in grass improvement must be made with reference
to the method that will be followed in constituting new varieties.
Although vigoerous inbred lines arc apparently rare within most
forage grass species, varieties can be and have been developed
by the multipiication of individual plant selections. Evidence is
lacking on which to base precise comparisons between the ranges
of adaptation of varieties having a narrow gene base and
varieties having a broad one. Limited observations indicate, how-
ever, that certain plant varieties developed through inbreeding
are capable of producing reasonably good yields over a vride
area (2). The difficuity of inereasing or maintaining vigor in
seifed lines must certainly be recognized, but regardless of this
shortcoming it should be feasible 10 use selections from within
several selfed lines in the development of synthetic varieties.
This procedure could result in restoration of vigor and similavly
contribute to greater uniformity in disease resistance and other
economic characters. It is open to criticism because of the likeli-
hood of selecting plants that are largely seli-fertile and so would
set considerable selfed seed when isolated {or the production of
synthetic varieties.

Data accumulaled by Hanson el al. (105} on 1, orchardgrass
lines suggest that general combining ability is nol aflected ap-
preciably by inbreeding. In the development of these I, lines,
several lines were eliminated by very poor vigor or lack of seed,
and bags that contained large amounts of sced were discarded
because of possible contamination with foreign polien. Thus,
there was some selection against very low and probably some
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against very high self-fertility. There was some indication that
inbred lines within certain farmilies were superior to their paren-
tal clones in general combining ability. Hawk and Wilsie (116)
compared the yields of open-pollination progenies from I; and I.
bromegrass selections and their parental clones. The yields of the
progenies were not significantly different, demonstrating inde-
pendence for level of inbreeding and general combining ability.
Wilsie et al. (3218} found little or no correlation between seif-
fertility and combining abrlity in bromegrass.

It would seem possible, at least in certain species, fo use inbred
lines in the production of synthetic varieties without danger of
loss of vigor.

INTERSPECIFIC AND INTERGENERIC HYBRIDIZATION

The possibility of utilizing interspecific and intergeneric hy-
bridization in developing improved varieties of the forage grasses
confronts the plant breeder with an interesting challenge. Love
(182) and others (278, 297) have discussed the possible merits
of this approach, and several workers have expressed the opinion
that such hybridization offers the greatest promise of breaking
the ceiling that exists or eventually will exist in the improvement
of certain species by standard procedures. Many vexing problems
are encountered in this type of investigation (incompatibility,
sterility, identification of hyhrids, and screening for agronomic
value), and generally there is no absolute assurance that it will
produce hybrids of practical importance ox, in fact, any hybrids.
Love (18%) has stressed the value of accumulating fundamental
data on diploid species and on phylogenetic relationships as a
basic step in the application of these methods to forage-crop
improvement. Stebbins (273) has concluded that there is no way
of predicting the resultis fo be expected from any particular
hybridization. He is of the opinion that generalizing on the ex-
pected hehavior of allopolypleids might restrict rather than guide
Tuture investigations. This view is based on the possibility that
any particular hybrid combination desired by the practical
breeder may prove to be an exception to the “established” rule.

Hybrids have been produced, naturally and avtificially, between
widely different species, and sometimes it is easier to cross species
belonging to different genera than it is to cross species within
a genus, Stebbins (278) suggests that this situation reflects the
artificial charactey of presently accepted laxonomic systems. He
cites several successful crosses, including festuce clatior ~
Loliwm perenne (188) and Agropyron trachycanlum ¥ Elymus
glaweus (274)—which are especially interesting because it is
difficult or impossible to make cresses belween certain Festuca
species or between certain Agropyron species.

Ullmann {297) suggested that the following crosses might be
very interesting from the standpoint of producing new strains
and valuable breeding material: Dactylis aschersoniuna Graebn.
¥ D. glomerata, which might modify or eliminate, through the
formation of short stolons, the undesirable turf-forming char-
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acter of D, glomerate; Festuca pratensis (F. elatior) X F. arundi-
nacea, which might increase competitive ability in mixed stands,
through inereasing plant height; and F. pratensis X F. rubra,
which might be helpful in obtaining a high-yielding ecreeping
type. He also mentioned the possible importance of hybridizing
Phalaris arundinacea with P. bulbese L. for alteration of time of
flowering and time of ripening and for obtaining forms suitable
for more arid areas. He suggested that annual P. canariensis L.
might be hybridized with perennial P. arundinacea to produce
more rapidly growing, tender-leaved hybrids with greater ion-
gevity and greater resistance to seed shattering.

Several of the hybrids suggested by Ullmann ¢297) have lheen
produced. Dactylis glomerata has been hybridized with D.
aschersonigng Graebn. and with D, wveronowii Oucz. Although
some of the hybrid plants look rather interesting, they are less
vigorous than D. glomerate.'® Phalaris arundinacea X P. tuberosa
hybrids show considerable promise, but there has heen a
notable tendency for the selected offspring to resemble one or the
other parent, depending on conditions under which selections
were made.!”

Jenkin (186) and Crowder (64) have reported on inter-
specific and intergeneric hybrids involving Festueca and Lolium.
Crowder obtained reciprocal hybrids of F. wundinacea X F.
elatior, F. arundinacea X L. wmultiflorum, and F. arundinacec
X L. perenne. He also obtained hybrids from the cross L. multi-
florum var. diminutum Mutel X F. arundinacea. He reported
that several of the F, derivatives were rather vigorous and that
their foliage was not so harsh as that of the F. agrundinacec
parvent. All the F; hybrids were infertile.

Very interesting material has been obtained through inter-
gpecific hybridization of Paspalum species, and although most of
the hybrids are highly sterile it is possible that they may yet be
utilized through vegetative reproduction or restored to fertility
by doubling the chromosome number (37}.38 Bennett (21) has
been sunccessful in erossing P. dilatatum (dallisgrass) with P.
malacophyllum and isolating fertile dallisgrass segregates thal
are immune or highly resistant to ergot.

Sweet johnsongrass segregates and perennial sorghum lines
have been produced by crossing johnsongrass with other sor-
ghums. Several of these lines look very promising fer pasture
and silage (21). Nielsen and Rogler (220) have reported on Man-
dan ricegrass, a fertile hybrid believed to have originated from
a chance cross between Stipe viridula and Oryzopsis hymenoides.
The adaptation and usefulness of Mandan ricegrass have not
heen definitely established, but observations suggest that it might
be useful in certain localities in the northern Great Plains. Bur-
fon (32) found that perennial napiergrass crossed very readily
with annual pearl millet. All the ¥, plants were sterile, but a few
iooked very promising. Coastal hermudagrass is considered as

e Unpub;ished data of M. W. Myersand A. A. Hansen.
17 Unpublished data of R, M, Love.
15 Unpublished memorandum of I Forbes.
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having arisen from a chance interspecific hybrid ¢895. 1t is al-
most completely sterile and must be prepagated vegetatively.
Farmers have accepted this variety on the basis of its greal
superiority over common bermudagrass and many of the other
warm-season grasses adapted to parts of the Southeastern States.
Clausen et al. (55), at the Carnegie Institution of Washington,
have used mutual pollination to obtain crosses among several
Poa species. They have isolated a number of promising hyhrids,
but as yet the agronomic value of these has not been established.

Crosses hetween “species” or “genera” may he used in efforts
to transfer a desirable character from an otherwise worthless
species to a species that has demonstrated its economic worth.
Backerossing to the superior parent would probably be an es-
sential feature of such a program. Hybridization also serves to
produce new genetic combinations; at the present stage of grass
improvement, this aspect has received more attention.

Hybrids can sometimes he produced between species that differ
in chromosome number. The possibility of such a cross is fre-
quently greater if the plant with the larger chromosome number
is used as the paternal parent (64, 228). If the cross does not at
first succeed, doubling the chromosome complement of the low-
chromosome parent may facilitate it. If hyhridization then suc-
ceeds, and if chromosome synapsis and disjunction are regular,
the resulting ¥, may be fertile. Complete autosyndesis tends to
promote cytological stahility. Consideration can be given, also,
to the possibility of doubling the chromosome number of diploid
grass species hefore crossing them. Successful crosses might re-
sult in immediate production of amphidinloid hybrids.

Induction of pelyploidy is the most rapid method of obtaining
fertile plants from sterile F; hybrids. Selection for fertility in
the F: generation of partially fertile ¥, hybrids may be effective
in self-fertilized plants (273). The absence of chromosome pair-
ing in undoubled F; hybrids would indicate that the resulting
allopolyploid might be fertile and retain its fertility in advanced
generations. Conversely, a high degree of chromosome pairing
in the undoubled F, would suggest that the allopolyploid pro-
duced from the hybrid might not succeed (58). Stebbing ¢2¥38)
has found, however, that some sterile ¥, hybrids with nearly
regular chromosome pairing produced vigorous, fertile segmental
allopolypleids.

Many controlled crosses have imvolved parents that were not
specially selected for good agronomic characters, and many have
been Detween species of limited economic inmportance. Informa-
tion obtained from such crosses is important in establishing the
phylogeny of species, but many of the resulting hybrids have
little or no immediate economie value. Qne of the important
principles cstablished by Clausen and coworkers at Stanford
University is that hybrids between types having widely different
ecological preferences may be expected to exhibit hroad adapta-
tion. In geneval, both parental species should have a range of
adaptation that approaches the requirements of the area where
the new type is expected to be used (273).
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Ulmann (297} has pointed out that the value of artificially
produced hybrids depends on the presence of desired characters
transferred from the parents. Certain desired characters may
not be transmitted to the hybrid, and several undesivable char-
acters may be retained. Hybrids between Loflium perennc and
Festuea eclatior appear highly resistant to crown rust, although
both parents ave highly susceptible’® [t is presumed that the
Festuea parent contributes resistance to the races of crown rust
attacking Lelium and the Loliunm parent contributes resistance
to the races attacking Festuea.

Production of successful hybrids freguently depends on the
extent of hybridization. Ungueslionably, some negative resulls
can be attributed o a restricted number of c¢rosses involving
relatively few genofypes. Smith (246) found that failure to pro-
duce certain crosses could nob be considered as proof of complete
incompatibility befween the species in question. Interspecific or
intergeneric hybridization is a long-term underfaking in which
the parental species should be selected with care, crosses should
be made on a scale commensurate with facilities, and doubled
and undoubled hybrids should be examined theroughly for adap-
Lation and economic characteristies.

SYNTHETIC YARIETIES

“Synthetic variety,” as defined by Tysdal and Crandall (2935),
means a variety developed by crossing, compositing, or Inter-
planting two or more strains or.clones (harvesting and replant-
ing the bulk seed of successive generations). The definition has
been enlarged on oceasion lo include “single plant” syntheties
derived by selecling several plants within the inbred progeny of
a superior clone.

The clones included in experimental syvuthetic strains should
be randomized within replications and replicated sufficiently to
avoid appreciable nomrandom pollinativn. Seed harvested from
the compenent clones should be compared with bulk sced {rom
the experimental sirains and with seed ol appropriate check
varieties. Experimental synthetics shoukl be carvied fo the Syn,
or Syn, generation before they are subjected to advanced testing
at the originating station or distvibuted for regional testing.
Sy seed is produced by planting, under isolation, equal amounts
of Syn, sced from each clone. The Syny generalion is produoced
from bulked Syns seed.

Lowe and Murphy (184) sludied anthesis and open-poltinated
seed set in hromegrass, and concluded that it might be advisable
to make first-generation synthetics by compositing seed, produced
in isolation, of all the varicus single ¢rousses.

In contrast with single-plant strains, in which a certain degree
ol self-fertility is essential, Jenkin (724} is of the opinion lhat
the selections constituting muiltiple-plant strains should produce
ample pollen and at the same time be highly sell-incompatible,
The significance of a cerlain degrec of self-fertilization when

T -L-'n_}‘){iﬁli:'-iwd donle of . f,. Carvuhan and J, H, Grabam,
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selected clones of normally cross-fertilized species are isolated for
seed production has been the subject of considerable debate. The
assumption has been widely accepted, however, that under most
conditions self-fertilization does not have a major influence on
the yield of the first synthetic generation. Yield fests show that
the combining abilily of selected clones is largely independent
of their degree of sel{-fertility when they are provided with an
ample supply of foreign pellen. The effect of selfing would be
accentuated, however, in experimental synthetics whose component
lines exhibited a relatively wide range in time of blooming. On the
other hand, clones that contribute little to the yield of the syn-
thetic vaviety would be eliminated by testing the progeny of
individual clones.

In certain cases, competition within solid seedings soon leads
to the disappearance of inbred seedlings, or at least reduces their
contribution to a point at which herbage yields are comparable
to those of a pure hybrid planting. Burton (36) has presented
some interesting data on the performances of various mixtures
of hybrid and parent-inbred lines of the annual pearl millet,
Seed mixtures containing 90, 80, 50, and 20 percent hybrid seed
were compared with pure seed of the inbred parents and of hy-
brids. The forage production over a 6-year period of 90-, 80-,
and 50-percent-hybrid seed mixtures did not differ significantly
from that of pure hybrid seed. Under the conditions of this test,
3 to 314 seedlings per inch of row seemed to be about the density
required to give a vield performance from mixtures comparable
to that from pure hybrid seed. Burton lists several factors af-
fecting the production and utilization of hybrid seed: {1} Pavent
lines or clones should flower at about the same time, should be
highly cross-fertilized, and should produce good seed yields; (2)
hybrid seedlings should be vigorous; (3) the percentage of chance
hybrids will be increased as the number of lines or clones is in-
creased; and (4) seed of several parent lines is mixed in equal
proportions for planting. All the seed produced should be har-
vested.

Resuifs such as those obtained by Burton may he expected
wheraver a variable amount of selfing occurs and it is feasible
to maintain inbred lines for direet natural crossing. The com-
mercial seed is then a mixture of Fy's and inbreds. The more
common situation in forage grasses, however, is represented by
advanced generations of multiple-heterozygous-clone synthetics.
Such populations are not mixtures of ¥y and inhred lines but are
likely to be F; and F. crosses. Undoubtedly, although natural
elimination of weaker genotypes occurs in synthetic wvariefies,
many plants of an intermediate nature must become established.
Obviously, there are insufficient data bearing directly on this
subject.

Multiple-plant strains are less chviously affected by inbreeding,
but Jenkin (134) draws attention o the fact that the greater the
number of plants used in developing a synthetic strain the
greater 1s the danger of lack of uniforsty. Lack of uniformity
is 1ot serious unless it includes nonuniformity in the character-
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istics for which the strain was developed. The performance ol
a synthetic variety may be influenced to a greater degree by the
general combining ability of the parent clones than by the num-
ber of clones used in any specific ecombination. Kinman and
Sprague (158) have stressed the importance of using good com-
bining inbred lines in formulating maize synthetics. Similarly,
Tysdai and Crandall (295) observed that the highest yielding al-
falfa synthetics can be expected from clones that are high in
general combining ability. The yield vank of 8 synthetic alfalfa
varieties consisting of 4 or 5 clones each was closely associated
with the average polycross performance of the parental clones.

Graumann (95) compared the performances of 15 experimental
alfalfa synthetics and found that the mean yields of one 3-clone,
seven d-clone, six H-clone, and one 6-clone combination amounted
to 112, 108, 103, and 105 percent of those of the check varieties.
These data suggest the difficulty that might be encountered in
producing high yielding synthetics by combining an increasing
number of selections. In Graumann’s experiment very few of
the parental clones were common to various groups. Further
comparison by Graumann and Kehr (96) indicated that in alfalfa
2-clone combinations exhihit a greater yield change in advanced
generations than multiple-clone combinations. The Syn, genera-
tion of 2-clene synthetics yielded considerably more forage than
that of the multiple-clone synthetics, but there was little differ-
ence in yield performance of the two groups in the Syn, and
Syn, generations. These results suggest that synthetic varieties
should be advanced beyond the Syn, generation before they arve
evaluated on an extensive seale.

Some grass breeders, in determining the number of clones o1
lines required in a synthetic variety to ensure satisfactory per-
formance in advanced generations, have used as a guide the

[ormula .
N OF (-I}\?[)

in which 8§ is the yield of the synthetie in advanced generations,
F the yield of the first generation, I the average yield of the in-
bred lines, and N the number of lines. Garber and Myers (Y1)
point out that emphasis has heen given to N, ie.. that a large
number of clones o lines have generally been used in constituting
synthetic varieties. In most forage grasses it is doubtful that
the relationship between inbrecding depression and vestoration
ol vigor can he reduced to such simple terms. Grouping similar
pant types in a restricted crossing block may result in yield
depression nol dirvectly attributable to number of clones. Under
these cireumstunces diverse germ plasm might be of greater
significance in restoring vigor than an increase (n the number
ol clones would be.

The minimum number of plants that should be used in develop-
ing a synthetic variely in order to prevent appreciable reduetion
in vigor in advaneed generations may depend on the species and
on the origin and pedigree of the clones. In the absence of spe-
cific information, the following approach would scem to warrant
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consideration; Given 12 clones all of which look very promising
in terms of a given progeny test but of which 8 or 4 are especialiy
outstanding, include the limited number of outstanding clones
in one experimental synthetic and all 12 in another. Then revise
the composition of these synthetics in accordance with the per-
formance of the Syn, and advanced synthetic generations.

MULTIPLICATION AND VARIETAL RELEASE

Multiplication and releasc of the seed of a new variety fre-
quently present problems that are ameng the most vexing en-
counterad in forage-crop improvement. Who is responsible for
testing new varieties? How long should a new variety be tested?
To what extent should varieties be tested on a regional or na-
tional basis? Is wide adaptation a requisite of an improved
variety? What characteristics should be stressed in evaluating
varieties? To what extent should the performance of a new
variety surpass those of commercial lots? What fiducial limits
should be accepted in testing new varieties? These questions in-
dicate some of the problems that must be considered in following
hreeding activities to their logical conciusion. The procedures
for varietal release vary among individuals or agencies and may
be either simplified or complicated by demand, competing species,
or existing varieties.

Some of the questions regarding multiplication and release
may be resolved as follows:

1. A high degree of uniformity is hard to attain in most cross-
pollinated grass varieties. Uniformity is not essential, however,
provided the variety breeds true with respect to the character-
isties for which it was developed (256).

2. Initial comparative tests should be conducted by the breeder
who developed the variety. If these tests are turned over to other
workers, the breeder should follow them very closely. In the ab-
sence of effective cooperation the superior characteristics of new
strains may be obscured by faulty management, Initial tests
should he continued for 3 to 5 years if some of the experimental
strains look promising. HExperimental strains should be sub-
jected to a comparative test after each complete cycle of the
selection program. In species that develop slowly, strain tests
should he maintained for at least 4 years in order to evaluate
vield capacity, aggressiveness, and persistence (108).

3. Seed of interesting strains should be increased on a modest
scale before the preliminavy tests have been completed. If
enough seed of the hetler experimental strains are available these
strains should be subjected at an early date to more elaborate
experiments (e.g., grazing tests) at the originating station and
to comparative tests elsewhere. Small-scale seed increase does
not ordinarily pose a serious problem for the plant breeder,
except insofar as isolation requirements and facilities limit the
number of strains that can be increased at any one time. On the
other hand, certain species or strains may not set seed regularly
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in the area of forage adaptation. In that case it is advisable tu
examine the possibility of having seed produced elsewhere.

4. An experimental strain should he subjected to comparative
testing at several locations in the region where il was developed.
If the testing program conducted at the originating station has
been as comprehensive as it should be, however, not more than
2 or 3 new experimental strains need be included in any cycle
of regional tests. 1t is usually desirable to have some one agency
assemble and distribute, at vegular intervals, seed of the strains
to be included in uniform regional tests.

Varietal release based on comprehensive tests at a single loca-
tion can be justified if the hreeding program is directed tosward
developing strains to meet localized problems, especially if the
variety in question is very different from available ones. Decision
as to the advisability of releasing a variety is the prerogative
of the originating station, but several arguments {avor some de-
gree of regional testing prior to release. Experiment stations in
the region are asked for their recommendations as soon as the
variety is released, but, because of the time involved in evaluating
perennial species, several years may eldpse before these stations
can develop positive recommendations. This delay may lead to
confusion that obscures the value of grass improvement.

Regional tests represent a logical effort to capitalize on grass-
breeding activities to the fullest possible extent. Varieties that
exhibit a wide range of adaptation help to simplify the problem
of producing adequate supplies of certified seed. This does not
mean that varieties should not be released unless they are adapted
over wide areas, bhut the range of adaptation may determine
which of two or more varieties should be released. In addition,
an experimental strain may show more promise at other locations
in the same region than it does at the originating station. The
potential value of such a strain would never be realized if the
strain were discarded on the basis of tests conducted over a
narrow environmental range.

5. Testing and release of varieties within species are mueh
more complicated than regional testing of new species and their
eventual release for commenrcial seed production. Generally, @if-
ferences at the species level are such that the potential value of a
new species can be established in a relatively short time. Regional
tests conducted for about 5 years are sufficient for release of a
new species if information on such factors as animal acceptance
and persistence under grazing has heen obtained at one or more
locations.

6. Quantitative data on varvieta! performance should be ana-
lyzed statistically. Some improved varieties are not appreciably
different from commercial lots in dry-matter yield, but Trequently
distinet yield trends in favor of certain new varieties are en-
countered in individual tests. The differences are generally not
significant if probabilities of less than 5 or 1 percent are accepted
as indicating actual differences among varieties. On the other
hand, if these differences are encountered in numerous tests in
different years and at different locations it would appoar that
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they are real. Conceivably, wider fiducial limits can be accepted
in interpreting varietal performance if the performance of some
varvieties sampled widely in terms of fime and location is con-
sistently superior. This would be equally true for quantitative
or ohservational data obtained on any of the characters studied
in the evaluation program.

7. Before a variety is released, breeder seed should be increased
and, if possible, arvangements should be made to establish fields
for the production of foundation sead. Generally, {urther seed
increase of an improved variety through the registered and cer-
tified seed classes does not present any major problems if the seed
can be produced economically in the avea of adantation for for-
age. If it cannot, this situation shonld be established priev to
release and the necessary steps taken fo ensure an adequate and
continuing supply of certified seed from some other area or areas.
Tnformation on possible demand will be helpful in interesting
ather States in producing the seed. Inferstate certification pro-
vides a basis for proper field inspection and labeling in the seed-
producing arveas. If environmental factors differ widely between
the region of adaptation for fovage and that of adaptation for
seed production, some attention should be given to limiting the
number of generations of seed increasc oufside the rvegion of
forage adaptation. The possibility of differential nataral selection
in the seed-producing region could prompt the originating sta-
tion to specify that only 1 or 2 seed generations be produced out-
side the vegion of forage adaptation—i.e., ouly certified, only
registered and certified, or only foundation and certified. Syivén
(284) has reported certain unfavorable changes in type in 2
northern strain of timothy that had been increased for 2 or 3
generations in middle Sweden. These changes were expressed
Th increased frost susceptibility and lower green-matter vields
when the seed was used in novthern Sweden.

The National Foundation Seed Project of the United States
Department of Agriculture was established in 1948 to facilitate
the multiplication of seed of improved forage-crop varieties. Iis
planning commitice includes 2 representatives from each of the
1 regional forage crops technical commitiees, 2 from the Infer-
national Crop Improvement Association, 2 from the American
Seed Trade Association, and 4 from the Department of Agricul-
fure. Varieties are recommended to the planning committee of
the project by regional forage crops technical committees, each
vecommendation being supported by evidence of superiority.
Breeder seed of variebies accepted by the committee is allocated
to seed-producing States, in which foundation seed is grown
under Covernment contract. Foundation-seed production is
geared to meeting the demand for registered and certified seed.
Production goals for a given vaviety are based on estimates of
possible seed use in the region or regions where the variety is
known to be adapted for forage. No perennial grass varieties are
included in the National Foundation Seed Project at the present
time. I iack of certified seed is limiting the usefulness of a new
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forage variety, the possibility of having the variety accepted by
the project’s planning committee should be carefully considered.

8. Varieties should receive distinctive names. Consulting other
grass breeders with regard to naming a variety is a eommendable
practice, since it keeps others informed of developments and
may give them theiv first opportunity to test a variety., New
varieties should be registered with the American Society of
Agronomy,

9. The success ol breeding work is measured by the extent to
which the improved varieties are grown. Active extensisn work
is necessary to the wide nse of improved strains. Educational
programs should emphasize the importance of purchasing cer-
tified seed, since there is no other guarantee that seed purchased
will be true to type.

Frolik and Lewis (§0) have reviewed the nature and impor-
tance of seed certification. The certification standards of the
International Crop Improvement Association are available in
published form. The seed classes recognized in these standards
are breeder, foundation (including elite in Canada), registered,
and certified. The grass standards include specific information
on the increase of grasses according to whether they are or are
not cross-pollinated, at least 80-percent apomictic, entirely
apomictic, highly self-fertile, or vegetatively propagated. The
minimum isolation standards approved by the 1. C. I. A. are pre-
sented in tabls 5,

TABLE 5.—Jsolation stundurds for yrass-seed cortificetion by the
International Crop Improvement Associabion, 1854

l Mininum isolution distance for producing

' seed of indieatod ¢lass

highly seli-fertile,

Cirasses o . o
i Foundution l Reyristered Curtitied
b Rods Rods 1 Rads
Crosspollinnied speeies . L. . _ __1: 50 40 : 20
Straing ab least 80-percent mpomictic or 10 lit a
. ]

Data pertaining to isolation requirements lor prass-seed pro-
duction have been obtained by Bateman (14}, Grittiths (99, 100),
Hodgson (129), and Jones and Newel] (144). Griffiths (106), in
England, concluded that seed crops of cross-poilinated forage
grasses can be expected to attain the standards of purity neces-
sary for certification even if isolation distances are reduced to
50 yards, provided fields are properly managed. He points out
that rigid regulations applied later in multiplication will be of
no avail without adequate protection of improved strains during
the first stages of increase. He proposes a minimum isclation
distance of 200 yards for small plots of breeder seed.
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EXPERIMENTAL TECHNIQUES
PROPAGATION OF BREEDING MATERIALS

In some naturally cross-pollinated species, potentially valuable
germ plasm can be maintained either by inbreeding or by vege-
tative propagation. Because of its greater simplicity, vegetative
inerease has been preferred to inbreeding in most grass-breeding
Programs.

YEGETATIVE PROPAGATION

Plants selected for vegefative propagation are usually cloned
in the fall or early spring, but this work can be done at any time
of year if the plants are healthy and their nutrient reserves have
not been depleted. Rooting of cool-season grasses is delayed or
inhibited by high temperatures. Limited studies have failed fo
demonstrate a need for applying plant hormones to stimulate
rooting in the grasses (227).

Plant fragments consisting of several tillers each are satis-
factory material for vegetative propagation where a small num-
ber of propagules are needed and uniformity is not essential--
a.g., in greenhousz crossing or in hold-over nurseries. The frag-
ments may be planted in pots or flats or, under good moisture
conditions, directly in the field. Individual tillers are preferable
if uniformity is essential, large numbers of propagules are re-
quired, or the amount of plant material is limited. When a tiller
has been separated from the plant its old leaf sheaths are re-
moved and the roots are trimmed away from the cluster of nodes
at its base. If the old sheaths and roots were left on the tillers,
soft rots might develop. The trimmed tillers may be planted
directly in soil, sand, or vermiculite. In order to hasten establish-
ment and to reduce losses and the labor of replanting, it is pref-
erable fo rool them first in water, Tillers from the same plant
can be held together with a heavy elastic band and identified
with a wooden pot label. The bundles can then be placed in water
g0 that each tiller will be jmmersed at all times fo a depth of
14 to 1 inch. Tillers may be rooted in beakers or tin cans if the
water is changed 2 or 3 times a day. Use of a shallow galvanized
pan equipped with an overflow outlet and supplied with running
water reduces the labor imvolved in rooting them. Two chicken-
wire sereens, one placed at the bottom of the vessel and the other
attached near the fop, will serve to keep the bundles evect. To
avoid excess root breakage, the tillers should be planted in pots
or flats when the new roots are 14, to 34 inch long. Stoloniferous
grasses may be increased by planting fragments or individual
stolons either directly in the field or in pots or flats in the green-
house.

PROPAGATION FROM SEED

Grass seed may be germinated on blotting paper or in sterilized
sand, vermiculite, or soil. 1t is freguently advisabie to plant small
amounts of seed in finely sifted sterilized soil in petri dishes.
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This permits considerable flexibility in subjecting the seed to
various temperatures and in the period during which the seed-
lings should be transplanted. The young seedlings can he held
in the petri dishes until they ave ready to he transplanted into
flats. This is done by gradually adding sifted soil to the petri
dishes to support the seedlings and keeping the dishes covered
with a cheesecloth canopy to prevent rapid loss of water. BMcAl-
ister (186) germinated grass seed in shallow trays or pot saucers
filled with saturated soil. He placed the seed on the surface of
the soil and kept tho saucers or trays in a closed chamiber until
sprouts appeared. Another method is to place the seed on the
bottom of a water-soaked clay pot saucer and either cover the
saucer with another or place it in a moist atmosphere. Additional
water may not be needed. If needed, it can be supplied from time
to time with an atomizer or any other device producing a fine
spray. Germinated seeds can be fransferred with forceps to
water-saturated soil. Young seedlings can be separated with a
pencil and planted by hand. McAlister (185} faveored transfer-
ring the germinated seeds, because in his experience it was more
rapid than pricking off seedlings and because it might decrease
the chance of entrance of damping-off organisms via injured
rootlets.

Freshly harvesled seed {reyuently [(ails to germinate because
of dormancy—an adaptation that prevents late-ripening seed
from immediately germinating and producing seeddings, which
would be liable to frost damage. Seed dormancy exists to some
extent in most forage grass species. The native warm-season
grasses of the Great Plains exhibit it to a mavked degree. The
seed of some of these species will not germinate satisfactorily
until they have heen kept in storage {oir several months, In order
to break dormancy so as to obtain successive generations at short
intervals in breeding projects, Sprague (257) suggesis daily al-
ternation of contrasting temperatures. He found that the best
treatment for seed of Dactylis glomerate, Poa pratensis, P. com-
pressa, P. palustiris 1., P. alpina L., and P. arachnifere was alter-
nating 10~ and 30° or 15 and 30° C., maintaining the lower
temperature for from 16 to 1B hours and the higher for from 6
to 8 hours. He suggested that large quantities of field-grown
grass seed may germinate satisfactorily if moistened and kept at
107 to 15~ {for 2 weeks, Kearns and Toole (148) used low-
temperature treatments to break the dormancy of freshly har-
vested fescue seed, and got best results with temperatures ap-
proximately the same as those recommended by Sprague (257).

Fresh untreated seed of Indian ricegrass germinates best at
3% C. or if chilled at that temperature for at least 28 days before
being placed at a higher temperature for germination (289}
Scarification sometimes promotes germination of Indian rice-
grass seed (288). In tests by Plummer and Frischknecht (2.33),
the highest laboratory germination of this seed was obtained
through scarification either by mechanical means or by treatment
with 85-percent sulfuric acid for 60 minutes, and the highest field
germination through treatment with Tl-percent sulfurie acid Tor
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60 minutes. Storage under moist conditions at temperatures of
8% to 59 for 4 to 10 weeks improved germination of beth un-
treated and acid-treated seed, indicating that both embryo and
seedcoat dormancy existed.

The effects of various germination techniques were studied by
Dawson and Heinrichs (67) to determine their efficiency in over-
coming dormancy in green needlegrass. Untreated seed fested 4
months after harvest gave a germination of only 2 percent over
a d-week period. Seed moistened and then subjected to chilling
for 8 weeks at 4° C. before germination had a2 germination per-
centage of 42. The highest germination, 58 percent, was obtained
alter seed scarification in 95-percent sulfuric acid for 10 minutes.
According to Laude (172), weakening of the seedcoat of Dan-
thonia californice Boland. appeared essential to overcoming delay
in germination. The seedcoat in this species did not prevent water
absorption, but appeared to Jelay germination through mechani-
cal vestraint or restriction of gaseous exchange. In Laude's ex-
periments field plantings benefited most from acid treatments
of considerably shorter duration than those leading fo the best
results in the germinator. The seedcoat could also he weakened
by cutting. Hulling without seedcoat injury was not beneficial.

Wenger (J14) observed a marked increase in the germination
percentage of matwre buffalograss seed when the burs were
soaked in water, and a still greater increase when the seed was
presoaked for a comparable period in potassium nitrate. The
germination of mature seed was increased with scarification or
by puncturing the pericarp. The possibility of utilizing embryo
eutture to by-pass seed dormancy in buffalograss was investi-
gated by Parkey.?® The results of his experiment indicated that
embryo culture would be a practical means of obtaining prog-
enies. The vigor of the seedlings obfzined from buffalograss
embryos that were cultured at various stages of development
varied proportionally with the age of the embryos. Seedlings
from cultures of 10- and 15-day-old embryos were not so vigorous
as those from cultures of embryos that were excised at more
mature stages of development.

Considerable information on germination equipment and tech-
nigue is available in published form (228). In the standardized
regulations light is specified for all grasses except napiergrass,
canarygrass, and certain fescues. The sensitiveness of seed—
e.g., timothy seed—to temperature and light may change with
age (94}

PLANTING

Under most civeuns: ances 8-inch clay pots are satisfactory for
growing forage grivses in greenhouses. Generally 2 fo 4 tillers,
seedlings, or germinated seeds are planted In each pot, and after
the plants have become established any in excess of 2 per pot are
removed. In using 4-inch clay or glazed pots, it is preferable to

20 PARKEY, W. CERTAIN ASPECTE OF EMBRYO CULTURE AND PROGENY EVALUA-

PIGN IN BUFFALOGRASS. 48 pp., illus, 1862, [Unpublished doctor’s thesis. Copy
on file Library, Univ. of Nebr,, ot Lincoln.]
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leave only 1 plant per pot. Nitrogen or a complete fertilizer
should be supplied ag needed, the amount depending on the pot-
ting mixture and the growth of the plants. Insecticides such as
nicotine and parathion can be used for controlling aphids and red
spiders, respectively. Sprinkling sulfur on steam pipes reduces
the incidence of rust and mildew. For late-spring and early-fall
greenhouse plantings it is freguently advisable to reduce light
intensity and temperatures by spraying the outside of the glass
with whitewash or applying walnut dust on the inside. Walnut
dust may be applied at any intensity as a spray, and a hose
equipped with a nozzlo attachment can be used to reduce or re-
move the covering.

Tillers or seedlings for transplanting to the field may he
siarfed in flats with or withont plant bands. In the absence of
plant bands a board with pegs set at any given interval (e.g., at
135 by 1% inches or 2 by 2 inches) can be used to mark fats
for planting. When the plants are ready to be set out they
are cut back fo about 214 inches and the soil is cut in hoth direc-
tions between them. At planting, the moist soil around the roots
is firmed by hand,

McAlister (786) studied the usefulness of plant bands made
from several kinds of paper. He tried No. 10 asphalt building
paper; plain, oiled, and paraffined 50-pound kraft wrapping
baper; and plain and paraffined newsprint. Bands 3% by 34 by
334, inches of untreated newsprint proved satisfactory for grass
seedlings. They were magde by wrapping paper around a block,
3% by 34 by 5 inches, that had sharp metal edges for separating
the paper. The plants wera grown in hands for at least 8 weeks,
By this technique, 9,000 seedlings were ztarted in flats that oc-
cupied a space 4 by 12 feet on a greenhouse bench. Plant bands
can be recommended when plants are to be held in flats for pro-
longed periods. Generally, bands are not removed at planting
time. Under unfavorable planting conditions they may have an
added advantage because they hold moist soil around the roots.

Horn-shaped, metal-tipped dibbles may be used to dig holes for
planting, but this may tend to make planting too shallow. Short-
handled hoes may be more satisfactory, particularly in heavy
soils. McAlister (186) describes a dibble developed by J. W.
Carlson that consists of an iron pipe 514 feet long with a closed,
bluntly pointed lower end and a 5-inch collar welded in position
314 inches from the shoulder of the point. The collar serves to
regulate the depth of the hole. Planting implements that remove
a small soil core have been devised.

INDUCTION OF FLOWERING IN THE GREENHOUSE

Heading and flowering of perenniaj forage grasses under
greenhouse conditions during the winter months are dependent
upon three major environmental factors: Day length, tempera-
ture, and soil fertility. Peterson and Loomis (230) studied the
response of Kenfucky bluegrass to different photoperiods and
temperatures. Dovelopment of shoots was increased by short
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days; carbohydrate accumulation was greatest when tempera-
tures were low and photoperiods shorf. The investigators con-
cluded that the induction of flowering conditions in bluegrass
occurs during the fall season at normal cool temperatures and
short day lengths. Flewer development, after the induction
period, was favored by longer photoperiods and moderately low
temperatures.

Sprague (258) investigated the length-of-day requirement for
perennial ryegrass, orchardgrass, timothy, meadow fescue, smooth
bromegrass, Canada bluegrass, and Kentucky bluegrass. He fook
field-grown material into the preenhouse in September or early
QOctober and established individual tillers at temuperatures of 687
to 72° F. under normal day lengths—814% to 1015 hours. Plants
of each clone were subjected to a series of low-temperature treat-
ments during the month of December. Best heading was obtained
by subjecting plants {0 2 16-hour day o1 to a 10-hour day plus 1
or 2 hours of light during the middle of the night. Dayvlight was
supplemented by using Mazda lamps. Little, if any, increase in
number of paunicles per clone was obiained by using light in-
tensities above 75 foot-candles, ILow-temperafure treatments
prior to the long-day treatmenl did not generally increase the
number of clones flowering or shorten the {ime required for
flowering, Adeguate soil fertiliby proved {o he an lmportant fac-
tor in producing salisfactory heading.

Evans and AHlard ¢77) state that the later a lorage grass strain
flowers under natural conditions, the greater is the day length
the planis reguire for normal development. Evans and Wilsie
(73) Tound that an early maturing bromegrass clone produced
approxtmal-ly the same humber of panicles per plant when grown
under 15- and 18-hour day lengths at temperatures of 66~ and
70" F., respectively. The data suggest thai northern bromegrass
strains will flower under a fairly wide range of femperature and
soil fertility when exposed to a day length ol 18 hours. The
southern strain included in this experiment required higher fex-
tility and higher femperatures for oplimum Howering, Newell
(213) concluded that bromeprass plants require a period of
growth under short-day and ccol-temperature conditions before
being subjected to a long photoperiod, if they are to produce
panicles. The supply of available nitrogen during the short-day
period Influences the rapidity of growth and the abundance of
tillering.

Hanson and Sprague (707) investigated the hieading of orchard-
grass, meadow {escue, bromegrass, reed canarvgrass, and timothy
under greenhouse conditions. Plants were brought into the
grecnhouse in early Seplember, and individual tillers were rooted
and planted in pots. Exposure to a short photoperiod, at a tem-
perature of 58~ F., of plants thal were subsequoently exposed to
a long photoperiod had a marked effeet on time of initiation of
foral nrimordia, heading, and flowering excepl in timothy. The
rasults indicate the [following procedure for handling several
long-day species in the same greenhouse section: (1) Bring plants
into the greenhouse in early fall Tor multiplication: (2) supply
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adequate Tertility to promote good vegetative development at nor-
mal temperatures; (3) subject plants 1o continuous low tempera-
ture, approximately 56%, for 4 or 5 weeks; (1) inerease dayv
length to 15 or 16 hours and raise temperature to 70°; (5) apply
moderate amounts of supplementary nitrogen at intervals indi-
cated by plant growth.

Knight and Bennett (761) have investigated the cffect of
photoperiod and temperature on the flowering and growth of
five southern grasses. Seedlings and cuttings of cach grass wero
transplanted into half-gallon glazed pots and grown in them for
2 months at temperatures of 55 to 65 F. hefore being subjected
to the long-day treatment. Johnsongrass clones aind seedlings
were in the boot stage when cut back and placed under Jight. In
relation to carliness of flowering, the hours-of-light treatments
ranked in this order: 8, 1015 (normal), 12, 14, 16. The 16-hour
day length Inhibited seed-head formation in johnsongrass seed-
lings. Some flowering occurred in carpetgrass (Azronopus affinis
Chase) under all day lengths. The 12- and 14-hour day lengths
were the only ones under which ali plants flowered. Dallisgrass
plants grown under the l14-hour day flowered eariier and pro-
duced more panicles than those grown under the 16-hour day.
In general, the plants grown under the 14-hour day produced a
higher percentage of florets containing carvopses than those sub-
Jjected to the 16-hour day. Bahiagrass Howering was confined to
plants grown under the 14- and 16-hour day lengths. Bermuda-
grass failed o flower under the photoperiods provided, perhaps
because of growing conditions other than photoperiod. Night
temperatures below 557 tended to inhibit flowering in all &
species. The vegetative chavacteristics of plants grown at low
night temperaturves resembled those of plants grown under normal
night temperatures and an 8-hour day.

In order to facilitate crossing under greenhouse conditions, if
i advisable to have each clone represented in more than one
light series. With a given long-day speeics, 8 light series sepa-
rated by 10 to 1.1 days in the time when 1he extended photoperiod
is initiated are uselul in oltaining crosses between plants that do
not flower simullancously under onc long-day treatment. Light
series are readily separated with black sateen curtains. Photo-
periods are extended effectively and cconomically by subjecting
plants to 1 hour of supplementary light in the middle of the
night,

ISOLATION AND HYBRIDIZATION
SPATIAL ISOLATION

In forage grass hreeding projects distance serves to isolate
sclections of most species thal are naturally cross-Tertilized, and
it can be used very suceessfully Tor isolation purposes in special
studies that require large amounts of inbred or single-cross seed.
Distance is the principal means of isolation, also, in producing
synthetic strains and ensuring the varietal purity of strains that
have been released. Tt is havd, however, to nbtain sufficient isala-
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tion for a large number of lines that are to be either selfed ov
erossed.

Jones and Newell (144) studied pollen dispersal in bromegrass,
crested wheatgrass, intermediate wheatgrass, buffalograss,
switchgrass, rye, and maize, using microscope slides covered
with glyeerin to catch pollen at various distances and in various
divections from grass plots. They found striking differences in
the amounts of pollen produced by the various grasses. Rye and
bromegrass produced the larger amounts. A somewhat larger
part of the polien of these 2 grasses was disseminated fo dis-
tances of 5 to 15 rods, but the amount of pollen caught at 60 rods
as related to that caught in the center of the field was about the
same for each of the grasses. Pollen dispersal varied considerably
according to the direction of prevailing winds. The data obtained
suggest that the chance of maintaining genetic identity is much
greater when seed is produced under an isolation of 60 rods or
more than when the isolation distance is only 25 or 40 rods.

Griffiths (99, studied pollen dispersal in Loliunt perenne by
using non-red-stemmed plants (¢ ¢ £ R) Tor markers. Contami-
nation decreased rapidly up to a distance of 300 yards, except
that beyond 200 vards the effect of additional isclation swas
negligible when 30 or more plants were grown fogether. Griffiths
suggests an isolation distance of 200 yards (36 rods} for this
species. Apparently fertilization was effected chiefly by pollen
from neighboring plants. In the same species, Wit (379) used the
presence or absence of small downward directed teeth on the
culms and upper leaf sheaths in progenies as an indicator of
pollination habits. In his experiment simultaneousness of flower-
ing often had a greater effect on the percentage of urossing than
nearness of the plants. Grunder and Dermanis (102} studied the
effect of a limited number of pollinator plants on seed set in a
relatively seif-sterile strain of orchardgrass, plants of which were
set 18 inches apart in 3-foot rows. Plants within 1'% vards of
the pollinators averaged 62.4 seeds per panicle, while those at
greater distances up to 114, yards averaged 27.2 seeds per
panicle.

Obviously, the correct isvlation distance depends largely on
the species, on maturily differences among strains, and on the
number of plants in each isolation block. It is affected also by
the direction of prevailing winds and by the crops separating
crossing biocks.

ISOLATION UNMDER BAGS

Various fypes of cloth eages, bags, or tents and varvious types
of paper bags have been used to isclate grasses for controlled
pollination. Jenkin (784} concluded that cotton fabries were
unsatisfactory under the conditions of his experiments. At pres-
ent, most investigators use either par-hment or kraft paper bags
or sleeves. Bags and sleeves to be used under field conditions
should be assembled with waterproof glue. Keller 7151) concluded
that for smooth bromegrass paper hags of 35-pound parchment
were more satisfactory than those of 50-pound bleached kraft,
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i3-pound parchment, or 40-pound brown kraft. Seeds produced
under 35-pound parchment and 50-pound bleached kraflt were
heavier than those produced under 10-pound brown kraft and
i3-pound parchment. A relationship was found befween weight
of seeds and their ability to germinate. Measurement of penetra-
tion of light and air through the different papers and of evapora-
tion of water from vials enclosed in the hags failed to reveal any
characteristics that might account for the results obtained. Myers
(205, {found that vegetable-parchment bags 2 by 4 by 12 inches
were satisfactory for selfing and crossing orchardgrass. Keller
{150} used 3- by 25-inch bags. There has been little standardiza-
tion in the size of bags, because of the range in inHorescence
size Tound in the grasses.

Wire or hambhoo stakes are used to support bags, in the field or
the greenhouse; 1%~ by 1le-inch wooden stakes are used hy
some workers to support parchment sleeves. Myers (205) de-
scribes a method for applying vegetable-parchment bags. In an
upper corner of each bag eyelets are placed, and a string is passed
throngh these to secure the bags to bamboo stakes. After the
heads are inserted in the bag the bottom is closed around the
culms and fastened io the stake by means of a copper-wired
woopden tree label or, in the greenhouse, a paper label. Ketler
(150} supported bags in the field with stakes of No. 9 galvanizoed
wire. The wire stakes had a 1%-inch loop at the top, which was
inserted into the bag with the panicles. The bottom corner of
the bag was felded over and fastened with a paper clip.

Some workers have inserted cotton pads at the base of thoe
bag to prevent damage to the stems and o improve air circula-
tion. Jenkin ¢7.72) has used such pads in attaching parchment
sleeves to planis. Inflorescences to be selfed are fitted with a
cotton-wool pad, and the pad on the culms and that on a bamboo
stake arce then tied together with bast. The sleeve is slipped over
the stake and the heads and is then made secure at the top and
over the ecolton-wool pads at the bottom by means of four firm
string ties, The sleeve is tied to one of the nodes, to prevent slip-
ping and sagging, Myers (205) found that the use of cotion to
protect eculms had no appreciable effect on seed set in orchard-

Tass.

& Removal of the flag leaf from culms that are to be enclosed in
isolation bhags may help to keep down relative humidity.,

Gregor and Sanseme (98) concluded that use of igolation bags
did not cauwie sterility, hecause plants found o be self-sterile
vider bags were likewise selivsterile when isolated by time of
flowering, Cheng (44) fnand a high correlation hetween seed seot
under hag and seed set in isolation. Nilsson (221} coneluded that
the bag had only a small influence on seed set. Myers (205) found
that seifed sced st in orchardgrass did not vary significantly
according to whether 1, 2, or 4 panicles were enclosed in each
bag, bul that it was less if § panicles were enclosed in each hag.
Under the conditions of Myers’ oxperiments, the early panicles
set a significantly larger average number of seed than the late
ones. Myers remarked that factars contributing to variation in
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seed set under bags could imclude variation in panicle size (and,
hence, in number of florets per panicle), injury to culms during
bagging, and differences in time of flowering among panicles of
the same plant. He suggested that critical comparisons should
not be based on a few determinations.

The type of isolation to be used depends on the results desired
and the number of plants or panicles involved. Where absolute
isolation is desired, vegetable-parchment bags or sleeves have
proved to be most satisfactory. The choice between sleeves and
bags depends in part on the species, the amount of seed desired,
and Jocal conditiens (particularly, wind and hail).

1n either selfing or crossing, plants should be bagged before
any anthers have extruded. This geunerally entails bagging pan-
icles 2 or 3 days before anthesis. As parchment bags tear very
easily, it is advisable to prepare them for use by soaking each
bag in water to a third of its length from the open end. This
cnables the operator to tie the bag firmly around the culms, with
a wire label in the field or with a paper label in the greenhouse,
Seoaking is not necessary when the bags are to be secured hy
folding over the hottom and applying a paper ¢lip. Plants should
be checked periodically after bagging to prevent the culms from
growing through the top of the bag or forcing the bag off the
heads. This difficulty can be prevenfed by using larger bags or
sleeves.

Stapledon (26868) has suggested the use of small greenhouses
as a substitute for hagging in crossing large numbers of grass

plants. The houses are kept tight during pollination, and the
panicles are agitated by means of cords that are pulled from the
putside.

EMASCULATION

Although a large majority of the forage grasses have perfect
flosvers, a Tew species are dicecious, e.g., Buchloé¢ dactyloides and
Poa arachnifera. The male flgwer containg from 1 to 6 stamens
(usually 3}, each bhearing 2-celled anthers on slender filaments.
The pistil has 1 cell with 1 ovule. There are usually 2 styles and
2 feathery stigmas {occasionally I or 3}, The florets are alr-
ranged principally in spikelets on the rachilla and are enclosed
by the lemma (flowering glume) and palea. The two lowest bracts
of the spikelet are glumes if present; one or both may be ab-
senf. Different species flower and shed pollen at different times
of day: e.g., Dactylic glomereln and Phicum pratense bleom in
the carly morning and Bromus inermis normally blooms in the
late afternoon. It is self-evident that the grass breeder should
familiarize himself with the Dblooming habits of the species in
which ke is interested.

Blooming begins near the apex of the inflorescence and
progresses toward the base. The basal florets of a spikelet open
first and are Tollowed in regular order by those above. Tempera-
ture, humidity (to a lesser extent}, and other environmenta]
conditions influence the time of day of blooming, the period of
pollen dispersal, and the amount of pollen shed. Individual plants
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and inflorescences of different species normally shed pollen over
different lengths of time. Several workers have reported on the
time veguired for all the flowers in a singie inflorescence to bloom
(17,75, 143, 144, 822}, Some of the resulis obtained in Nebraska
by Jones and Newell (144} and a few obtained by other investi-

gators are presented in table 6.

TABLE 6.—Duration of pollen-dispersal period and time of day of
blooming and pollen shedding for 34 forage grassest

Average
) pollen Tine of day
Bpocies . drpersal of blooming
periol uand pollen
Coper - shedding
, Horeseence
D
Cool-season grasses: =
Agropyroa eristalum (L. Gaerta, - 5 2o Gpom?
A elongatum {Hosly Beauv.. . . 7 2t06 p.m,
A. tnlermedivm (Host) Beauv, . .. L. ) 2to06p m.?
A, repens (Luy Beauveo _L.oooL - v -2t 0pom
A smithit Rydbo oo ___._.. - 7 C2tob pomt
Alopecurus carolfnfanus Walt, _ -- B Htlo8p om
Arrhenatherum elatius (L. Pres| eoa 7 dtoT p.om.
fromus inermry Ley=s, .. . 143 c2to Y pom?t
Bodnermis Leyss 300 0 T2 .. - .
Daclylis glomerate L4 L. W7 e ioeoo..
Flymus juncens Fiseh.. ... ... . n Jto7 pom.
Festuca arundinacer Sehireh, | Flo b poom.?
Foelatior Lo .. ... . T Jto8 p.om.
Foovine Lo .. ... ti Jdto S pom.
Hoelerie crivlafe (L. Pers.. n Jilo7 p.om.
Phleum pratense 1... . - 4] Cdto%am
Poa prafensis 1. _.__. Coae 5 “dtweSam?”
Seeule ceregle Joo oo L L. b 310 1t &, m.-
WArm-500300 Frasses: .
Andropogon gerurds Viloma, . v cd oY aomd
A hadfii Haek, (.. o0 0! 5 Cdto B aom,
Boutelowa curtipenduda QAlichxs Torr. | 5 R TR T
B, curtipendula i2Michx) Torrvo ... S
“Bogracilis 0 13 Koy Lap 1 Jlofa m?*
Buchtod daciyloides 1Nutt.} Hogeln. - e, Gto 1l a m?
Cymodon daclylon {1, Pers?___ . b Y R
Eragrostis curvufa thehrad,) Neess | 53 2to8um,
B trichoides {Nutt,s Woudd.. . . .- ¥ Ttolla m
Panicwom virguion I .. AR I s, mto22p.m-
Phraguifes communis Toino. .. .. . in Gt 10 2o m,
Sorghastrin nutans (1. Nash, . . 8 tto 10 a. m.
Sorghum halepense th.: Porsd 0 U5 Suom. tod pom
N, vedgare Popeo oo . . i) 4 io 10 a, m,
5. vudgere var, sudanense (Piper: Hiebe, . 1) Gto 12 0.
Speritme peelinnta Link ... .. . 1) ToaopuL to 4o

! Table based on observations by Joenes and Newell {174} in Nebraska in

1946 except as otherwise indicated,

2 Observations confirmed by data frum stides exposed to pollen.
3 Dbservations by Jones and Brown at Stillwater, Olda, {149).
i Observations by Weolfe at Blackshurg, Va. {322),

5 Indeterminate.
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Emasculation is unnecessary if plants can he isolated that are
either completely male-sterile or completely self-incompatible.
Male-sterile plants have been observed in several of the perennial
forage grasses (34, 146, 226, 300). Such plants are genevally
characterized by small yellow anthers that do not dehisce. Varia-
tion in the expression of male-sterility is encountered in certain
plants, and a few late-maturing heads may shed pollen in plants
that are otherwise fully male-sterile. The expression of partial
male-sterility can be varied within limits by various combinations
of temperature and humidity ' Nordenskidld (226) has pointed
out that male-sterile plants may he more or less pollen-sterile
according to external conditions. She induced male-sterility in
male-ferfile plants of Phlewm commutatum Gaud. by subjecting
them fo temperatures of 0 to 5° C. in a dark room just before
they flowered.

Hand Emasculatian

Hand emasculation is a slow, tedious )rocess, generally em-
ploved only if one is working with a limited number of panicles
or if pollen competition and selfing must be reduced to 2 mini-
mum. It can be used very effectively in making interspecific and
intergeneric crosses.

Compact inflorescences require thinning before emasculation
is attempted. This leaves the remaining florets more accessible
and reduces the chance of overlooking florets, In addition, greater
uniformity in maturity can be obtained by removing the topmost
and lowest spikelets of the inflorescences and the terminal fiorets
of individual spikelets. The heads should be worked from the
tip in a systematic manner in order to reduce handling of emas-
culated fiowers and avoid further injury to them. To remove
anthers, forceps are inserted between the lemma and the palea.
Under no cirecumstances should the points of the forceps be sharp,
since anthers ave easily punctured. Plants having large anthers
can be emasculated without use of a magnilyving glass, but for
many species binocular loops or horizontal-arm binoculars are
indispensable in this operation. Commonly, the anthers should
he removed at jeast 1 o1 2 days before anthesis would ordinarily
begin; the longer one waits, the easier is removal of the anthers
Lbut the greater is the danger of contamination.

Beddows and Davis (78) have suggested that separation of the
palea be started with a slight lateral pressure of the thumbnail
and completed with forceps and that if there is any risk of dam-
age to the anthers the floret should be discarded or its ovary taken
out. They also suggest that the spike be bent over so that it lies
without strain along the first finger of the left hand, and that the
forceps he held pencil-fashion, almost perpendicular to the spike
and partly supported by the otutstretched middle finger of the left
hand.

Jenkin (134) found that the very small florets of Phalaris
could be emasculated by remeoving anthers as they were extruded

._&'-‘ﬂl_ﬁhpt:hlished obzervations of V. G, Sprague and A, A, Hanson.
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during anthesis. This technique is based on the observation that
the anthers of certain species exhibit delayed dehiscence. Kelier
(154) mentions that artificial fogs have been used to retard de-
hiscence and thereby afford time to remove anthers as they are
extrunded. Continuous emasculation is an interesting technique,
but considerable contamination may result from broken anthers
or faulty timing,

Bulk Ermasculation

Bulk emasculation with hot water, a procedure developed by
Stephens and Quinby (275) for sorghum, has been applied suc-
cessfully to rice (188} and many forage grasses (154). The tech-
nigue is based on the fact that the thermal death point of pollen
is slightly lower than that of the ovary. It is especially usefu!
where large numbers of emasculated panicles arve desired for
hybridization. Domingo (69) veported that when applied to brome-
grass it gave more consistent results than hot-air treatments, The
success of emasculation in his study was measured by the differ-
ence in seed set hetween treated panicles that were selfed and
those that were exposed to atmospherie pollen. The most effective
temperatures for bromegrass appeared to he 467 and 47° C. Tsiang
(29:2) found that bulk emasculation of bromegrass was effected
rather satisfactorily by hot-water treatment of 47° for 3 minutes
or 487 for 1 minute. Knowles and Horner (764) suggest a treat-
ment of 48° for 1 minute Lo emasculate crested wheatgrass.

Clark (52) applied hot-water freatments of 45°, 46°, and 47 (.
for 5 minutes at 1-hour intervals from 6 a. m. to 6 p. m. His re-
sults showed, for the grasses studied, that treatments applied at
midday were less injurious to the plants than those applied in
early morning or late afternoon. At 6 a. m., 45° appeared as
effective for emasculation as 47~ was at noon. Five methods of
contrulled pollination were tested after bulk emasculation of
Lromegrass, crested wheatgrass, and western wheafgrass. None
of the methods used led to production of satisfactory seed vields:
as similarly treated material gave salisfactory seed vields after
exposure to continuous wind pollination, however, it was con-
cluded that factors other than the mesthod of emasculation were
responsible for this.

Bulk emasculation ¢an be conducted with simple egnipment—a
wide-mouthed thermos jug, an accurate thermometer, and a wire
loop for stirring the water in the jug, A small gasoline stove for
heating water and a supply of coid water {or making rapid tem-
perature changes are necessary for large-seale emasculation.
Containers with thermostaticaily controlied ieating coils are
helpful (85,. Treated panicles sihould be allowed to dvy before
being bagged.

Although the methoad is simple, several varialiles may con-
tribute to erratic results, Satisfactory emasculation depends in
parl on the age of the flovets {reated; therefore, in some species
in which florets on a single panicle vary widely in age the
voungest and possibly some of the oldest florvets should be ve-
moved. Time of day is important, likewise the compactness of the
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panicle and the thickness of the glumes. Hot-water emasculation
should not he attempted without careful preliminary tests.

POLLINATION
Mutual Pollination

Mutual pollination is the most simple and rapid technigue for
crossing plants. The practice is based on the observation that
most grasses are highly self-incompatible. Available evidence in-
dicates that differential fertilization exists in many grasses and
that very little selfed seed is set even on highly self-cornpatible
plants if an ample supply of foreign pollen is present. Reciprocal
progenies resulting from mutuzl pollination are often untform
(219). Mutual pollination can be used in making crosses between
species or genera, but selfing may be appreciable in the absence
of comps:ible pollen.

Inflorescences at upproximately the same stage of develspraent
are bagged together before anthesis. They should first be ex-
amined carefully to ensure that no florets have already bloomed.
After anthesis. bags should be tapped occasionally for several
days to scatter the pollen.

In genera! this method of crossing is more dependable under
greenhouse conditions than in the field, for in the field slight
differences in maturity can result in failure or at least contribute
to an increase in proportion of selfed seed. Mutual pollination is
a very satisfactory method of obtaining single-cross seed for
tests in which a small amount of selfing would be of little con-
sequence. Reciprocal crosses are obtained from each bag if the
seed harvested from individual plants is kept separate.

Burton (385} dug rooted plants of Pensacola bahiagrass that
had developed panicles and were due to flower the following day.
The plants were labeled, the soil was washed from their roots,
they were placed immediately in a bucket of water, and the in-
florescences were hagged. Mutual pollination was relied on fo
effect crosses. The bagged plants were placed in a cool, moder-
ately light Jocation in the laboratory, shere they remained until
the seed was mature,

Pollon Transfer

Bag transference or pollen guns can be used for pollination of
cither emasculated or unemasculated florets. Domingo (69) and
Knowles and Horner (164) used bag transfer to pollinate emas-
culated florets. The panicles of the male parent are bagged, and
after anthesis the bags are shaken to collect pollen. The bags
are then removed, placed over the female panicles, and fastened
to the stakes that supported the original isolator bags. The pol-
linating bags are then agitated to spread the poilen inside. If
sufficient material is available, emasculated florets can be pol-
linated very rapidly by enclosing entire panicles of the male
parent in the bag protecting panicles of the maternal parent.
The necessity of having the two parent plants side by sice in
order to pollinate either emasculated or unemasculated florets by
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this method may be circumvented by techniques suggested by
Keller (150) and Burton (85). Keller (150) achieved satisfactory
results by cufting the male panicle, placing its stem in a test
tube of water, attaching the test tu'-e to the stake that supported
a female panicle, and then enclosing both panicles in a bag.

The use of either entire heads still attached to the male plant
or detached panicles as suggested by Keller is superior to most
hand-pollination procedures. As Jenkin (132) has mentioned,
however, this technique does not enable the hybridizer to detect
unemasculated florets,

Pollination of emasculated inflorescences should be delayed
until the stigmas have extruded.

Jenkin (182) warns that these precautions should be taken
in pollinating grasses by hand: (1) All inflorescences that are
not to be used should be kept cut back, so that no free pollen will
be produced within the greenhouse; (2} pollination should not
follow soon after flowering; (8) the greenhouse should be closed
down for some time before the work of pollination begins; (4)
the house should be kept as nearly draft proof as possible during
pollination; (5) units, hoth male and female, should be exposed
only for the briefest possible intervals.

It is advisable to use extreme caution in delaying pollination.
The viability of the pollen may decline, with a corresponding
decline in seed set. This problem may be overcome by pollinating
emasculated florets in a section of the greenhouse where no grass
is flowering.

Collected pollen can remain viable for several days if stored
at low temperatures and high humidity. Jones and Newell (145)
found that buffalograss pollen may remain viable for a week if
stored at 40° F. and 90-percent relative humidity. If the pollen
1s left on the spike the time may be extended for a day or so,
They found that some stigmas remained receptive up to 19 days
but that maximum seed set was obtained by pollinating 5 days
affer anthesis began.

If pollen is plentiful, Jenkin suggests the following method
of hand pollination: The bagged male panicle is held horizontally
and shaken, the bag is then removed, the pollen is emptied onto
a creased sheet of paper, and a soft brush is used to apply the
pollen to the stigmas of the female pavent. .’oft brushes are
recommended so that the pollen will not he violently scattered
during pollination. Vinall and Hein (303) state that W. J. Sando
prefers tweezers for applying pollen. When pollen is limited it
may be collected from several panicles and brushed onto the
stigmas with tweezers. A bouguet of male parent plants may
be collected in the evening, placed in a vial of water, and set
on a sheet of paper where it will be exposed to direct sunlight
the following morning. In the morning, pollen is collected on the
paper by gently tapping the panicles. This is stored in & vial and
applied with a brush.=

Regardless of the method of applying pollen, it is advisable to

2 Unpublished memorandum of J, R. Harlan.
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make a second application in order to increase seed set. More
than two pollinations are probably not justified by the additional
amount of seed that would result.

HARVYESTING SEED

Seed of bagged plants is generally harvested when the culms
have turned brown just below the head. For species the seed
of which shatter very readily, harvest may have to be somewhat
carlier. Selfed seed is harvested by clipping the cuims and
removing the bag from the stake. The heads can be left in the
bags to dry or removed and placed in coin envelopes. Heads of
plants that have been mutually pollinated should be harvested
promptly, to avoid loss of identity through breaking of culms.
Such heads should be placed individually in labeled envelopes
at harvest, so that they can le kept identified. Special attention
should be devoted to harvesting seed from emasculated heads,
to avoid loss of seed.

In the field, seed from individual plants or replicated clones
may be harvested by cutting the culms with a sickle just low
enough to include all the heads. The heads can then be piaced
in a cotton bag, labeled, and allowed to dry in a sheltered place.

Some shattering from the apex of the earliest heads provides
a satisfactory guide for the field harvest of bulk seed.

Data are available indicating that immature seed of forage
grasses may justifiably be harvested under certain conditions.
The viability and longevity of immature seed may vary among
species. Gruber (101) noted that seed of most of the forage
grasses he studied were viable if harvested 14 days after fiower-
ing. McAlister (785) investigated seed maturity of Agropyron
cristatum, A. smithil, A. trechycaulum, Bromus inermis, B.
margingtus, B. polyanthus Scribn., Elymaus gleucus, and Stipe
virtdula, In 1937 he harvested seed at the premilk, milk, dough,
and mature stages of development. He conducted soil germina-
tion tests in the greenhouse with sead that had been stored fou
4, 9, 15, 22, 40, 51, and 58 months, and made field plantings in
1938, 1939, and 1940. In the greenhouse tests, seed of most
of these species harvested at the premilk and milk stages proved
inferior in most instances in hoth viability and longevity to
seed harvested in either the mature or the dough stage. However,
seed of Bromus marginatus collected in the milk stage and seed
of B. polyanthus coliected in the milk or even in the premilk
stage gave as high germination during the entire storage period
. as did mature seed of these species. Dough-stage seed were
similar in viability and longevity to mature seed in all species.
Under field conditions, seedling emergence from immature seed
was generally inferior to that from seed harvested at maturity,
The only immature seed that gave as large a percentage of
seedlings as mature seed during the 3 years following the seed
collection were dough-stage seed of B, murginatus. No differences
in size or relative suvvival could be detected by the end of the
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seedling year bhetween plants produced {rom mature and imma-
ture seed, respectively.

Hermann and Hermann (1.24) collected Agropyron eristalum
seed 9 fo 12 days after anther exsertion. None of the seed
harvested at 9 days germinated, Lut seed harvested at 12 days
germinated in low percentages. Bennett (20) Tound that the
embryo of Puspalum dilefatum is mature 14 fo 18 days after
pollination and suggested harvesting seed earlier than usual in
order to obtain sced of hetter quality. These examples suggest
that early harvesting may well he resorted to with certain species
in order fo avoid loss of valuable seed from shattering during
harvesting operations.

Keller (149) has reported that several forage grasses will
mature viable seed if culms are detached before pollination, the
cut ends are placed in tap water, and the inflorescences are
exposed af anthesis to an appropriate pollen source. In his tests,
seed developed on detached culms weighed ahoul 40 to 83 per-
cent as mnch as seed matured on intact culms. Germination
of the seed was reasonably good for all species except Bromus
inermis, for which it ranged from 25 to 35 percent.

THRESHING AND PROCESSING SEED

Individual heads {rom seclfed or crossed plants of forage
grasses may be threshed by placing them on a sieve of appropri-
ate size and rubbing them with a large rubber stopper. The
sieve openings should allow seed to drop through {o a finer sieve
Tastened below. When the lower sieve contains all the seed,
it should be held over a revolving fan until the chaff has heen
blown out. A small seed lot can also be threshed very satis-
factorily with a piece of corrugated rubber floor matting and a
rubber stopper.

To reduce the amount of hand labor involved in threshing
individual heads, several workers have adapted Waring blendors
te thresh small seed lots by fitting the agitator with either
rubber or leather flanges (88). A South Dakota bicwer can be
used to clean the seed. Several modified seed blowers have been
used in analyzing grass seed and cleaning small seed lots (29,
177). Excellent illustrations of the South Dakota and other seed
blowers are available in United States Department of Agriculture
Handbook 30 (298).

Seed from replicated clonal nurseries or isolation blocks may
be threshed in a hammermill and cleaned with a small clipper.
A modified hammermill suitable for threshing prass seed has

been described by Kneebone and Brown (160). In modifying .

a hammermill for threshing seed, it is important to provide some
mechanism for adjusting the speed of the machine. The mill
described by Kneebone and Brown had a range in adjustment
from 640 to 3,880 r. p. m,

Hammermills may be used also for removing awns and ap-
pendages from seed. For this purpose speeds of about 1,000
r. p. m. and slightly larger screen sizes are recommended.
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Although seed may be processed very satisfactorily with a
hammermill, it is possible that processing will have an adverse
effect on the seed’s capacity to germinate either immediately
or after warehouse storage. Schwendiman and Mullen (243),
investigating results of using a hammermill {o remove ap-
pendages from seed of tall oatgrass, found that completely
dehulled seed suffered a considerable loss in viahility during the
first 14 months as compared with seed not thus processed. Their
results did not, however, indicate that moderate processing of
the seed of tall patgrass causes a rapid decline in its germina-
tion. Seed of this species milled twice immediately after harvest
at controlled rates of speed and with the correct screen iwas
safely stored unfjl the second season following production with-
out a substantial loss in viability.

The cottony filaments on rough seed of Pow prafensis may be .
removed by partly filling small containers with the seed, adding
limestone fragments, and agitating the confainers at a very
moderate speed.

NOTE-TAKING SYSTEMS

With the exceptions of heading and flowering dates, observa-
tions on grass characters are usually recorded as numerical
ratings or as percentages. Actual measurements may be taken
on characters such as height, spread, and leaf area. Although
uniformity in note taking among grass-breeding programs is not
essential, it gives certain advantages, especially when data from
two or more stations are summarized with a view to char-
acterizing regional responses of clones or selections. Newell and
Tysdal (215) have suggested numerical expression of characters.
Strong, vigorous growth, for example, could be recorded as 1,
medium growth as 5, and weak growth as 9. Verbal equivalents
of the numerical ratings with regard to any one plant character
could be 1, excellent; 3, good; 5, medium; 7, fair; 9, poor. These
investigators point out that it is not necessary or desirable to
use the full scale of 1 through 9 for every particular set of
readings. Various symbols and diagrams can he used to con-
dense the expression of several characters in a single note,

In studying crown rust in Festuce elatior, Kreitlow and Myers
(170) used a modification of Murphy's classification for infection
types of crown rust of oats. They scored plants as follows: I,
immum: {no macroseopic evidence of infection; 1, highly re-
sistant (no uredia, or uredia few, small, always in necrotic
areas, necrotic areas offen produced without uredia) ; 2, moder-
ately susceptible (uredia fairly abundant, small fo mudsize,
always in necrotic or chlorotic areas); 3, susceptible (uredia
abundant, midsize to large, with or without necrosis or chlorosis
immediately surrounding the uredia).

Scores are frequently useful in clagsifying large numbers of
plants for yvield. Burton (31) found that some inexperienced
individuals could satisfactorily score yield on a scale of 1 to &.
Individuals differed significantly not only in scoring ability but
also in ability to improve their scoring under training. Scores
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are very useful {or characterizing plants with respect to reten-
tion of green color, leafiness, spring and fall vigoer, and recovery
after clipping.

Height may e recorded as the length of the longest culm
from the surface of the soil to the lip of the head or as the
distance from the surface of the soil to the level reached by the
tips of about 30 percent of the heads.

The relative number of green leaves can be established visually
or by sampling individual plants or plots. In either case, some
method must he chosen for recording partly green leaves. A
partly green Jeaf may bhe defined, for example, as one in which
1e tissne remains green across the entire width of the base of
the biade but exhibits browning elsewhere,

Leaf area is a good measure of quality and vield of forage.
Anderson and Aldous (§) calculated the leal area of individual
plants of Andrepogon seopurius by multiplying average length
of leaf by average width, by average number of leaves per culm,
by total number of culms per plant. These computations gave
values that slightly exceeded the actual leaf area buf that were
considered satisfactory for comparative purposes. In generval,
such detailed measurements are not practieal,

The relative maturity of plants can be recorded by assigning
dates Tor one or several of these developmental stages: (1) ¥irst
head—at least 1 head completely emerged from the sheath: (2)
heading—580 percent of the heads completely emerged from their
sheaths; {(3) first bloom—when first flovets bloom on 1 or more
heads; (4) early bloom—interval from first bloom to full bloom;
{(5) full bloom—wvhen flovwers are in bloom over at least two-
thirds of the leungths of at least 25 percent of all heads and
blooming of at least an additional 25 percent of the heads has
hegun; (6) late bloom—25 percent of all heads past full bloom;
{7} very late bloom—all main-crop heads entirely past full bloom,
and only a few late heads remaining in bhlocom. TUnder some
circumstances seed maturity may have enough significance fo
Justify recording it. In several species plants can be considered
mature when all Tlorets are straw colored on 25 percent of the
heads and more than half the florets ave straw colored on at least
an additional 50 percent of the heads., Some of the categories
listed above were developed by Evans (74}, for recording ma-
turity of timothy. Heading date is particularly wvaluable for
preliminary separation of selections info maturity classes,
especially with species having compact inflorescences. The varia-
tion encountered in assighing dates suggests that information
should be obtained on date of blooming (probably of first bloom)
before selections are placed in isolated crossing blocks,

Self-fertility is very cemmonly expressed as the ratio F/I, ie.,
open-pollination seed set over isolated seed set (generally, under
bags} (241). Good indices of self- and cross-fertility are pro-
vided by number of seeds per panicle (204}, number of seeds
per 100 spikelets (7947, and average number of seeds per floret
£247). Relative fertilitv has heen rveportsd alsc in ferms of
germination counts of the seed from individual panicles and
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on the hasis of examination with transmitted light (102). The
germination method is fairly rapid and quite satisfactory for
making comparisons. Keller (153) has discussed the use of
{requency distributions in inferpreting self-fertility data.

The time and labor involved in note taking may be reduced
by using correlation coefficients o study the interrelations among
plant characters. Fall and spring vigor, for example, are closely
associated in smooth bromegrass (188), and fall vigor is a good
guide to winter-hardiness in mtermediate wheatgrass (122).

MAINTAINING RECORDS

Identification of individual plant selections necessitates a way
of numbering that is both systematic and flexible. One simple
method is to use numbers that indicate the year of planting,
the row, and the individual plant. For example, 56-20(9) would
signify plant number 9 in row 20 of a nursery planied in 1956.
Selection numbers conld be retained indefinitely by vegetatively
propagated material, Newell and Tysdal (215) present a basic
system of numbers that include year of seed production or plant
selection, a treatment number or letter indicating the breeding
procedure or the conditions under which the seed was produced,
and the serial number of a selection. The year designation, which
is the last figure of the calendar year, appears first and is
followed by the number or letter indicating treatment, from
which the serial number is separated by a dash. These writers
present a system of treatment index numbers that would serve
te identify pollination condifions or breeding procedure. The
identification number 61-20, under their system, would be applied
to selfed seed (index number 1) produced in 19566 by selected
plant 20, and 69-20 would designate open-pollinated seed (index
number 9) produced in the same year by a plant of the same
clone.

Abbreviations may he used to designate different types of
progenies in maintaining records—and also in publishing results.
Acceptable abbveviations include the following: (1) Open-
pollinated sced {(seed obtained with no restriction on polien
source), OP; (2) plants from colchicine-treaed seeds, C; (sub-
sequent seed generations, Cu, Gy, efe.); (3) polycross seed (seed
collected from individual clones in polycross nurseries), PC;
{4} topcrossed seed (seed collected from clones or lines grown
in association with a common pollinator or tester), TC; () seed
produced by one sib pallination, Sibs (subsequent generations so
produced, Sibs, Siby, ete.) ; (6) seed produced by one self-fertiliza-
tion, Ls, L, or (the most frequent) §; (additional generations
of selfing, S., Sa, ete.); (7) bulk seed of the first seed harvest
produced by restricted polycrosses, in theory equal amounts of
seed from all possible single-cross combinations {synthetic varie-
ties including a limited number of clones but ahvays more than
two selections), Syn, (advanced generations from successive
plantings, Syn., Syny, etc.) ; mechanical seed mixtures of different

varieties or lines, blends (sometimes, Syne) ; (8) seed derived by
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a single cross of two clones {pollination controlled either by
bags or by isolation), Fy. Use of the term “¥,” seems justifiable
even in the absence of emasculation, which may permit some
degree of selfing.

Clones ean be identified according to their source. For example,
1,C signifies vegetative propagation of a selection made in the
first inbred generation, and OPC signifiés vegetative propaga-
tion of a plant selected from a population produced with no
restrictions on polien source.

PLOY TECHNIQUE

Evaluation of species, varieties, and experimental strains in
small plots is an integral part of all grass-breeding endeavors.
In many breeding projects plot tests are conducted at several
different stages of the program.

SOIL SELECTION AND TREATMENT

In general, species and strains should be compared on soil of
optimum fertility, so that they can be differentiated on the basis
of their efficiency in utilizing nutrients, On the other hand,
relatively infertile soil of inferior moisture-holding capacity
should be selected for tests intended to develop varieties especially
well adapted to marginal land; in such varieties seedling vigor,
drought resistance, and tolerance of low soil fertility may be the
most important characters. Selection of a velatively homogeneous
area is essential to the establishment of good plot tests.

The soil should be plowed well in advance of seeding, by mid-
summer for fall plantings or by late fall for spring plantings.
After being disked and harvowed, it should be cultipacked %o
provide a firm seedbed. A complete fertilizer should be applied
if needed. In humid aveas, pure grass seedings should be top-
dressed annually with 50 to 100 pounds of nitrogen per acre,
in addition to receiving adequate amounts of phosphorus and
potash. Au early spring application of 40 pounds of nitrogen
per acre followed by application of 30 pounds after each clipping
may be desirable. The amount of nitrogen needed varies with
time of application, soil fertility, use of barnyvard manure, and
precipitation.

EXPERIMENTAL DESIGN AND PLOT LAYOUT

When the sile has bheen plowed and has been examined to
determine the general plot layout and the location of zlleys, a
decision should be reached with respect to experimental design,

Lattice designs should be considered for progeny tests and
similar trials, which commonly contain large numbers of entries.
Both in these experiments and wherever soil heterogeneity is a
problem, lattice designs ave likely to be more efficient than
randomized-block designs. The gain in precision obtained with
them will not always compensale the added expense involved,
however. Also, analysis of data from lattice-design studies in-
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volving perennial species may be complicated by loss of some
plots in later years. Randomized-block designg will serve for
most varietal trials that contain a limited number of entries.

The size of plot to be used in testing forage grasses has been
determined chiefly on the basis of experimental work done with
other crops. Drilled and broadcast plots generally range in size
from cone-hundredth to one-thousandth of an acre. The areas of
most plots are included in the range from 1 two-hundredth to 1
five-hundredth of an acre, and the harvested areas range approxi-
mately from 1 five-hundredth to 1 eight-hundredth of an acre.
Standard dimensions are 5 by 20 feet with a harvested area
of 3 by 18 feet. Plot width may be increased to 6 feet and the
harvested sample to approximately 4 by 18 feet, depending on
the mowing equipment available,

In Jowa, Wassom and Kalton (867) concluded that optimum
plot size for smooth bromegrass is 8%, by 744 feet. Provision
for adequate borders increases these measurements to 514 by
10 feet. In discussing their findings these wrifers mention that
plot size can vary appreciably from the optimum with little effect
on efficiency.

Tnder most circumstances ohlong plots are superior to square
plots and should be laid out parallel fo the direction of the
fertility gradient, in blocks at right angles to it.

Four or more replications are used in most forage plof tests.
Data from previous trials can be used in judging the advisability
of a larger or smaller number of replications.

Border effect can be very pronounced next to roadways or
cultivated alleys, or between species and varieties having diverse
growth habits. Buffer plots should be used to separate experi-
mental areas from roadways and from other such areas. Removal
of borders at least 1 fool wide from the ends and sides of each
plot is a sound precaution in all yield tests.

Frequently it is desirable fo separate every double tier of
plots with a seeded alley wide enough to permit easy access with
mowing and weighing eguipment.

SEEDING METHODS AND SPECIES MIXTURES

Pure stands established in either broadcast or muitiple-drill
plots are recommended for most experiments designed to com-
pare the yield potentials of grasses. Drill seeding is recommended
over broadcast seeding at locations where difficulty is experienced
in obtaining good siands.

Plots commonly used in comparative testing of forage grasses
include individual rows 15 to 25 feet long and 2145 to 314 feet
apart, multiple rows 7 to 12 inches apart, and broadeast seed-
ings. Row plots are used commonly in seed-production studies,
especially where row culture is a standard procedure in the
production of seed. They are useful also in obtaining observa-
tional information on strains and progenies. The artificial nature
of row plantings makes them inferior to solid seeding for forage
yield comparisons. On the other hand, Patterson and Law (229)
belicve that much preliminary grass-strain testing could well
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be carried cut by the use of rows spaced 30 inches apart. Milton
(181) reported that grass species performed differently in broad-
cast plots and 2-foot drill rows, respectively, but that the strains
maintained the same relative performances within tests.

The fact that forage grasses are commonly sown in combina-
tion with Jegumes except in the semiarid and arid parts of the
Great Plaing and the western intermountlain region makes it
desirable that a new grass vaviety be subjected 10 some festing
in association with an appropriate legume. Plot experiments
have demonsirated differences among Kentucky bluegrass sirains
in ability 1o compete with white clover (270). Churehill £50)
Tound that differences among bromegrass varieties with respect
to total wield were less proncunced when bhromegrass was grown
with alfalfa than when it was grown alone. Wilsie (477), having
studied bromegrass varieties under varions methods of planting,
concluded that rows or hroadeast plots of bromegrass grown
either alone or with legumes will serve for the preliminary
evaluation of bromegrass strains. e suggested that in {final
tests bromegrass varicties should be grown in association with
a commonly used legume,

Palterson and Law (227) found that many strain differences
were masked in mixed plantings, and that sueh differences conld
be demonstrated most effectively by separating the forage into
grass and Jegume fractions. Weiss and Mukerji (317), in com-
paring orchardgrass strains, used the following methods: (1)
3-foot drill rows; (2) I-fool drill rows; (3) broadeast alone;
(1) with alfalfa, alternate 1-foot drill rows; {5) with alfalfa,
hroadceast; and (6) with birdsfool trefoi}, broadeast. Under the
conditions of their experiment, the mean performance of orchiard-
grassg associated with methods 5 and 8 was eousidered indicative
of the true strain potential and broadcast plots of the grass
alone permitted a more accurate evaluation of the orchardgrass
strains than 3- or 1-foot drill rows of the grass alone or 1-foot
rows of grass and alfalfa alternated.

ESTABLISHING AND MARKING PLANTINGS

In preparing seed for planting, the en{yiecs are coded and are
randomized within replications, and the seed is weighed into
envelopes numbered according to thie sequence in which their
contents will be used in the field,

It is advisable to adjust seeding rates on the basis of germina-
tion tests, recognizing that sufficient viable soed must be sown
Lo produce a vniform stand. Correction for germination in terms
of viable seeds per unit weight of seed is preferable to corvection
for percent germination alone, as it takes into account varviation
in seed size. Adjusting seeding rate on the basis of emergence
data, obtained by planting sced in greenhouse flats, can be
recomumended. Interpiant competition tends to minimize popula-
tion dilferences among plots, if the less dense populations are
spaced uniformly enough to keep weeds from encroaching.

If it is necessary to use a companion grain crop, the seeding

.




®

BREEDING PERENNIAL FORAGE GRASSES 93

rate of the grain erop should be not more than about 1 bushel
per acre. A companion grain crop should be removed at the milk
stage—or earlier, if drought or lodging becomes serigus. In the
absence of a companion crop, competition from weeds can be
reduced by clipping and spraying with 2,4-D.

To ensure uniform distribution, usually seed for each indi-
vidual plot is mixed with sand or soil in a shallow pan and equal
amounts of the mixture are distributed over the plot in two
dwections. Keller® has peointed out that a mixture of seed and
shorts or hran shows up better on the soil and therefore is
likely to be distributed more evenly. Broadeast plots should be
cultipacked or raked lightlly to cover the seed. Drill seeding is
done with small hand drills or belt secders. Eguipment capalle
of seeding multiple-drill row plots Is still vnavailable at most
locations. Modified helt sceders have heen adapted to sowing
single-width plots, but the distribution of sced from many of
these machines is comparable to broadeast seeding.

In broadeast plantings the houndaries of tiers can be marked
with strings and individual plots clearly defined by placing pairs
of strings across the tiers. On areas where seed are fo be
drilled, any one of various types of soil markers should he used.
Temporary garden stakes can he used to identify plots during
seeding, but they should be replaced with semipermanent wooden
stakes, 114 by 11% by 10 inches, driven to ground level. If the
stakes are placed at the ends of the plots they will serve as
useful guides for centering the mower. Locating stakes can he
simplified by attaching metal tahs to their tops or by removing
vegetation around them wwith a sgil sterilant. The practice of
drilling a single row of alfalfa or a contrasting grass species
between tiers and plots can be recommended.

CLIPFING

Cutting for hay or silage can be duplicated rather easily.
Pasture or hay-plus-pasture management -an be simulated with
difficulty and not always without marked discrepancies.

Hein and Benson (122) compared the effects of clipping and
grazing on the botanical composition of permanent pasture mix-
tures. Their results indicated that clipping was more severe in
its effects than comparable grazing; thinner stands resulted
under clipping. They concluded that inerease in seil fertility of
grazed land resulting from droppings contributed to the differ-
ence. Klapp (7159}, in considering the effects of clipping as
compared with those of grazing, stressed the more complete
removal of leaves by clipping as one of the principal differences.
Defoliation by the grazing animal is largely selective (510},
Other factors w.th which marked differences are associated in-
clude trampling, soil compaction, and sciling of the herbage.

It would he expected that pasture management involving rapid
defoliation and a minimum of trampling, such as intensive rota-
ticnal or strip grazing, would tend te reduce the difference

23 UUnpublished observations of W, Keller.
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betiwveen the mower bar and the grazing animal in thelr effect
on forage grasses. Under most conditions, however, it is ad-
vantageous to accumulate information on lhe persistence of new
strains under grazing. Valuable information of this kind can be
obtained from relatively simple experinments.

The proper heights and frequencies of clipping or grazing
for grass species and strains differing in growth habit should
Lbe determined and used in evaluating experimenial material.
Greenhouse tests were used by Harrison and Hedgson (714)
to compare the responses of several grasses when clipped weekly
af three different heights. The amount of injury under close
clipping varied considerably. Trom least to most injured, the
grasses ranked as follows: Kentucky bluegrass, quackgrass,
smooth bhromegrass, timothy, and orchardgrass (the last two
were mmjured aboubt egually). In general, the shorter a given
grass was cut, the less was its subsequent top growth. Yield of
underground parts (roots and rhizomes) varied inversely with
severity of cuiting treaiment.

Correet height and fregueney of clipping or grazing for given
forage grasses depend in part on the location of carhohydrate
regerves, Sprague et al. (260}, having summarized studies of
this factor, drew atiention to the fact that while defoliation in
itself does not remove carbohydrate reserveg from legumes,
clipping or grazing of certain grasses close to the soil surface
removes a subslantial proportion of the reserves that would
normally serve in gencrating new leaves. The nature of reserve
substances in the grasses has been studied (283, 3710).

Tow growing prostrate species such as Kentucky Dblucgrass,
hermudagrass, and benigrasses (Agrostis spp.) tolerate frequent
close defoliation owing to their abundance of basal leaves and to
the fact that defoliation does not remove a large proportion of
the reserve carbohydrates they need for recovery. Rhizomatous
angd stoloniferous species arve better adapted than bunchgrasses
{ov spreading under close defoliation hut might not be especially
resistant to confinuous defoliation without an appreciable develop-
ment of hasal leaves. Branson (24) observed that species whose
growing points were far enough aboveground to be eaten by
grazing stock did not tolerate heavy grazing so well as those
whose growing points remained close to ground level, and that
lower persistence under heavy grazing was associated with a
high ratio of flowering stems to vegetative stems. The significance
of both frequency and height of defoliation may be obscured by
soil productivity, and the carry-over ceffect of severe defoliation
nay not be so conspicuous or sericus under conditions of rela-
tively low soil fertility (189).

Usually, all the eniries in a comparative test are clipped at
the same Lime if management is designed to simulate preduction
of either silage or pasture. Cutting at more than one date can
be recommended for hay treatments if the entries differ in time
of maturity. Practical considerations frequently restrict differen-
tial clipping to either 2 or 3 cutling dates.
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HARYESTING AND DETERMINING YIELDS

In order to facilitate note taking, alleys can he mowed and
the clippings removed a few days hefore harvesting. Generally,
the end borders are mowed jusi before harvest and the borders
separating plots are mowed immediately after it.

Common methods of hayvesting include (1) raking the
clippings, whether hay or pasture, with a wooden rake, and (2)
using a galvanized pan or similar attachmeni on the mowey to
catch the clippings. 1f is frequently necessary to make some
provisicn for sweeping the clippings back into the pan.

Green weight of the yield from each plot is determined either
with stationary scales or with milk seales attached to an A-frame.
Immediately after the green weight has been recorded, a random
sample for determining dry weight should be taken, weigled,
and transferred to the dryer in a labeled pan or cotton hag. (Pans
or baps should be uniform in weight.) Such a sample from
a small plot generaliy consists of ahbout 2 pounds of green
material for either ¢chopped herbage or pasture clippings. Some-
what larger samples ave preferred for hay- or silage-length
clippings. Where vields ave small, particularly in closely clipped
pasture plots, it is feasihble and advantagecus to diy the entire
plot vield. Dry-matter percentage may noft vary appreciably
under certain conditions, but dry-weight determinations are
recommended in most plot work hecause of the numerous factors
affecting this variable, such as growth habit, maturity, disease
resistance, intraplot competition, time of day, and location in the
field. The dry weight of forage samples can he established by
successive weighings oy, after checking the efficiency of the
drying facilities, by leaving the samples in the dryer for sufficient
time to provide a margin of safety and thus confining the work
to a single weighing. Dry weights should be faken as soon as
possible after the samples ave removed from the dryer.

BOTANICAL ANALYSIS

Rotanical analyses are frequently used at various stages in
grass-improvement projects. either to evaluate grasses grown
in mixtures in plots or to establish the contributions and im-
portance of grass species under field use. Both gualitative and
quantitative procedures are available for determining the bo-
tanical composition of swards. Quanfitative procedures have
the advantage of indicating relative abundance in addition to
kind and number of species.

HAND SEPARATIONS AND YISUAL ESTIMATES

Dry weight is the standard measure for establishing the per-
centage contribution of any one species or class of forage plants
to tofal yield. Samples or entire yields from plots are hand
separated, dried, and weighed in order to determine the relative
dry-matter contributions of the component species. Because of
the time required and the expense involved, it is not practical
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as a rule to separate a sample from every plot. Visual estimates
of the standing crop are commonly employed to establish the
approximate dry-matter contribution of various species. The
value of these estimates is enhanced if the observer pericdically
checks them against dry-weight values for hand-separated
samples. Because of the errors to which visual estimates ave
subject, the use of hand separations for checking or adjusting
them is strongly recommended. As it may be difficult to separate
samples immediately after cutting, provision should bhe made
For holding them in cold storage, if necessary, to prevent excessive
wilting and respiration,

Estimates can be based on dried moisture samples and checked
with occasional hand separations. This procedure has a certain
advantage in that work based on dried material can he done
at any time. It is better suited to simple mixtures than fo
complex mixtures, because of the difficulty n identifying com-
ponent species.

Stands chtained by broadeasting are usually estimated visunally.
Stands in drilled plots can be determined with a high degree of
accuracy by measuring vacant spaces within iows. A clearly
marked measuring stick with a 4-foot handle attached af a 45°
angle serves for measuring the vacant areas. Generally, only
vacancies greater than 3 inches are vecorded.

MECHANICAL AIDS

Mechanical aids widely used in making botanical analyses are
the point quadrat and the grid guadrat.

The point quadrat, devised by Levy and Madden (179), con-
sists of 2 pipes mounted in horizontal position on legs 12 inches
high. Each pipe has 10 holes, at 2-inch intervals, through which
14-inch needles are moved up and down. Data are faken in two
ways: 1. Each needle is pushed down until the point touches
some plant part or bare ground, and the 10 hits af each station
are recorded. 2. Each needle is pushed down to the ground and
the number of times each species is hit during the downward
thrust is recorded. The type of analysis used with the second
method of recording data has been outlined by Levy (178) and
by Tinney et al. (288). The percentage contribution of each
species to the pasture sward according to the second method
may be expressed as!

Total number of fimes plants of that species are hit
Total number of times vegetation is hit

Hanson (709) found that results obtained with the point
guadrat weve in fair agreement with the percentages of the com-
ponents in mixtures as determined on the basis of dry weights.
On the other hand, his results indicate that use of this technigue
leads to overestimating the prevalence of species having a rela-
tively large total leaf and stem surface for a given amount of
dry weight. The “inclined point quadrat” method, in which the
needles are pushed to the ground at an angle of 45°, tends to re-
duce this error but still may lead to underestimating or over-

x 1040,
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estimating certain species. Arny and Schmid (8) suggest cor-

@ rection factors for use with the inclined-point-quadrat method.
Leasure (176) veported that, while the point-quadrat method
does not apparently introduce any bias into estimates of botanical
composition, values obtained with it for a single sample area
are likely to vary as much as 1{ -srcent from the frue percentage
composition. The average of visual estimates seemed to be ac-
curate within 10 percent, although individuals may tend to ex-
hibit a bias toward overestimating or underestimating. Leasure
suggests that visual estimation can be used in conjunction with
the inclined-point-quadrat method to save time without impairing
accuYacy.

Grid guadrats are useful in closely grazed pastures or on clipped
plots. These quadrats vary in size; the 50-by-50-centimeter frame
divided by crosswires into fwenty-five 10-centimeter squares has
been used rather widely. The percentage of total area covered by
each species and the percentage of hare ground are estimated for
each of the 10-centimeter squares or for a lesser number of them
—commonly, for 5 squares, 1 in each of the 4 corners and the
other in the center of the quadrat. This procedure is subject to
a large personal error, but it may be satisfactory if observers
are well trained and especially if all readings are taken by one
ohserver.

CONCLUSION

. Variation within species is indicative of the promise of grass
breeding (98, 117, 157}, hut the potential may well remain only
a promise if breeding projects ave begun without dne regard
to existing problems. Sound objectives are al least as important
as the methods of breeding used in efforts toward grass im-
provement. The rate of progress {and, hence, the efficiency) of a
grass-breeding program depends on the thoroughness of the ex-
perimenters’ knowledge of the species and on application of
suitable breeding methods. The perennial forage grasses, by
virtue of their cytogenetic behavior and modes of pollination,
lend themselves to a variety of breeding procedures; and it is
in choosing procedures that the plant breeder can make full use
of his imagination, energy, and experience. The need for more
data on the physiclogy and breeding behavior of the perennial
forage grasses is obvious, and efforts should be made to acenmu-
late such data either in separate experiments or in connection
with breeding investigations.

The following points should he considered in either planning
or reviewing grass-breeding work:

(1) The outstanding importance of good souree nurseries, As
many important perennial forage grasses have been introduced
into the United States, it is very probable that the introduced
@  species are inadequately represented by the source nurseries now
available. For some of these species, thorough foreign plant
explorations would be necessary to provide adequate representa-
tion.
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(2) The importance of evaluating widely diversified secd col-
lections and plant material not only during the initial stages but
2lso as a continuing, integral part of the work.

{8) The relationship of specific objectives to breeding progress.

(4) The necessity, at all stages in the program, of thorough
evaluation of breeding materials. Emphasis should be given not
only to large numbers of individuals but also to thorough screen-
ing. A wide source of germ plasm is extremely important, hut
mere numbers are not an adequate substitute for thorough fest-
ing.

(5) The fact that any one of several breeding methods may be
satisfactory, depending on the species and objectives. Breeding
methods are not mutually exclusive, and frequently more than
one method can be used o advantape.

{6) The potential value of radical procedures in Qeveloping
superior grass varieties. These include investigations of inter-
specific and intergeneric hybridization, and studies on the utility
of X-ray and thermal neutron irradiation.

(7) The possibility of capitalizing on heterosis, displayed by
first-generation hybrids, either through distribution of eclonal
varieties or through field-scale use of ¥, or Syn, seed.

{8) The possibility of realizing gains in characteristics other
than those selected for investigation. An example is provided by
the nematode resistance obtained in breeding Coasta! bermuda-
grass.

A tentative breeding plan should be developed, indicating the
main steps in the program. Typical outlines are presented here,
with the warning that they will need to be adapted to specific
conditions. The continuous nature of grass-hreeding work is not
clearly indicated in these outlines, but it is cbhvious that provision
should be made for incorporating new source materials as they
become available. Similarly, greenhouse tests, chemical analyses,
and other procedures should be used in accordance with breeding
objectives and facilities.

Essentially the same procedures are outlined for species repro-
duced vegetatively as for apomictic species.

BREEDING OUTLINES

Assumptions: Seed collections accumulated from local and
other sources: available sfrains tested in nursery rows and solid-
seeded plots to determine adaptation and productivity.

Group I, Apomictic Species

Year Procedure

I Establish space-planted source nursery with original seed
cotlections of domestic and introduced material. Seed col-
lected from nursery rows should bhe included on the
chance that some hybridization has occurred. If some
mutual pollination, under bags, between species has pre-
ceded the establishment of the nursery, the hybrid prog-
enies can be included. Record observations.




Year
2

7-9

10

11-14

V)

4-5
5-9

10

5-7
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Procedure

Record observations on vigor, spread, disease resistance,
seed characteristics, recovery, and other factors, Collect
seed from interesting plants.

Establish replicated space-planted progeny test. Record
observations.

Collect seed from superior lines that exhibit a high degree
of uniformity.

Establish replicated space-planted progeny test fo check
degree of apomixis and to repeat observations. A pre-
liminary plot test raay be made with some “outstanding”
selections.

Collect seed from superior lines,

Plant selections in solid-seeded plots. In humid areas,
preferably use 6 rcplications, overseeding 3 of these with
a legume.

Continue to record observations and measure yields on
solid-seeded plots. Start to increase superior lines for
regional testing.

Include superior lines in rvegional tests. Istablish chserva-
tional tests to check persistence under grazing.

Group 1}, Spaciss Reproduced Yoegetatively

Space-plant source nursery.

Establish selected plants in replicated clonal nursery. If a
limited number of plants are selected, these plants can be
established directly in replicated tiller plots.

Evaluate clones.,

Establish veplicated tillex plots. Overseed half the planting
with an adapted legume. if selections are limited in num-
ber, plant them also on an area that can be grazed by
livestock.

Continue to obtain data from tiller plots and observational
grazing tests. Increase selected clones for regional testing.

Group I, Species Largely Cross-Pollinated

Space-plant source nursery.

Increase selected plants vegetatively and plant them in

replicated clonal nursery.

(a) If a large number of planis exhibiting a relatively
narrow range in maturity are selected, they may be
planted in a replicated topeross nursery.

(b) Polycross nurgeries arve preferable if selected plants
can be grouped into relatively small blocks on the
basis of maturity or other specific characteristics. A
few heads of each clone can be bagged to obtain self
seed for further selection and progeny evaluation.

Make observations on replicated clones. Collect seed from

each cione for progeny tests.

Establish replicated space-planted or row test to evalnate

progenies for characters such as seed production, seed
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Year Procedure

size, disease resistance, and winter-hardiness. If progenias

a}i‘etto be evaluated for forage yields, establish solid-seeded

plots.

Isolate superior clones in rvestricted polycross nurseries.

Evaiuate replicaced clones and collect seed from each clone.

{a) Establish solid-seeded plots with and without an
adapted legume. Seed of each line should be used in
the plot test together with bulk seed from the re-
stricted polycross blocks and appropriate checks.
Plots should be established with bulk seed on arveas
that can be grazed by livestock.

{b) Establish space-planted nursery of polycrosses from
clones included in restricted polycross nursery. Prac-
tice recurrent selection within lines and include new
introductions in this nursery.

Continue ohservations on plot fests. Establish isolated

plantings of sclected clones for production of synthetic

seed.

Collect seed for preliminary testing and for production of

Syna. seed.
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