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Field, growth chamber, and greenhouse studies were carried
out to evaluate factors that cause low seed set in Dactylis Glomerata
L. The variety, 'Latar', and the parental clones of the variety,

'Pennlate', were studied in detail.
Floral anatomy investigations indicated that 98 percent of
Dactylis flowers opened at Corvallis in 1968 and that non-necrotic

ovaries were present in 96.5 percent of the florets. The variety,
'Latar', and clone 'R' from 'Pennlate' which showed more necrotic
ovaries at flowering time than the other types examined were also

lower in seed set. Abnormal stigmatic bending was found to be
associated with low seed set clonal types; reduced stigmatic area was
found to be partially responsible for low seed set in these clones.

Clonal types set slightly more seed at 82 F than at 72 F in a
growth chamber. Plants maintained at 20 atmospheres of moisture

stress at flowering time set significantly less seed than plants

maintained at 12.5 atmospheres of stress. Greenhouse studies indicated that Dactylis seed set was significantly reduced by moisture
stress during the flowering period but not by moisture stress shortly

after heading or during the five day period after flowering.

Forty-one 'Latar' plants from field grown material had a
chromosome count of 2n = 28 which indicated that this low seed set

variety did not contain a large number of aneuploid plants. Evidence

for genetic irregularity was found in other aspects of the research.
Examination of microsporocytes in clone 'R' revealed that ten percent of the metaphase cells showed lagging chromosomes, chromo-

some fragments, and bridges. A significant correlation between
normal pollen and seed set was found in 616 heads from 43 commer-

cial varieties grown at Corvallis in 1969. Genetic instability may
have been responsible for both pollen and ovule abortion. Plants

with a normal pollen rating of 91 percent or over had seed set six
percent greater than the population mean.
Significant differences were found in seed set between clonal
types which indicated that some clones were more fertile than others.

Significant year-to-year differences in seed set were found within
clones; genetic environmental interactions were apparently respon-

sible for these fertility differences.
This research indicated that some Dactylis varieties grown
for seed in Oregon were low in seed set and procedures were worked

out for identifying the infertility in varieties. Screening clonal

materials in polycross nurseries to remove infertile types was suggest,:c as a way of increasing seea set in commercial varieties.
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ENVIRONMENTAL AND GENETIC FACTORS AFFECTING
SEED SET IN DACTYLIS GLOMERA,LA L.
INTRODUCTION

The common name in the United States for Dactylis Glomerata

L. is usually orchardgrass. In England and many other English
speaking areas the name cocksfoot is used. In this paper the tetraploid form which comprises most of the cultivated types will be
called Dactylis.

Dactylis has been grown in the United States since the mid 18th
Century.

It was possibly introduced by accident as were many de-

sirable and undesirable species. Dactylis was apparently planted and
grown under cultivation in the 13 Colonies before it was known as a

species of economic importance in England where it was part of the

natural flora.
Dactylis is one of the productive grazing plants of the temperate

world; it has several advantages for pasture use over other adapted
species. It is relatively palatable to all classes of livestock; adapted
strains do not show the large summer growth depression common to

other cool-season grasses; it is persistent and yet forms lasting
associations with legumes.

During the last 30 years, this plant has begun to be recognized

2

by agriculturists as one of the great grazing grasses available to

temperate areas. Consequently the demand for seed has increased
and will continue to increase in the forseeable future.

Dactylis is an important species in the seed production industry
in the Willamette Valley of Oregon. Yields vary between 200 and

1, 600 pounds of clean seed per acre depending upon cultural, environ-

mental, and genetic factors. Based on grower experience, varieties
are known that produce low seed yields in most years; other varieties

produce satisfactory yields and are favored by seed growers. The

varieties, ' Latar' and 'Penn late', are known locally as poor seed
producers. 'Potomac' is usually a good seed producer. In years
when 'Potomac' will yield 1, 600 pounds of clean seed per acre,

'Latar' may yield only 600 pounds per acre. Varieties that are poor

seed yielders may be lost to commercial agriculture even though
they may be agronomically desirable. The price differential is
usually not enough to make up for low yield. With many varieties

available, production will shift to high yielding varieties under the

present demand-price structure for the seed. The forage producer
should buy seeds of those varieties that most nearly meet the needs
of the grazing animal. However, there is inadequate information

available at the forage production level on the Dactylis varieties that

are best suited to various locations or forage production situations.
The present price structure will not change until the forage producer
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knows what he wants and is willing to pay the necessary price to get
it.

Commercial seed growers take advantage of the beneficial ef-

fects of commercial fertilizer, row spacing, weed control, and field
sanitation by burning. Knowledge of these aspects of Dactylis seed

production far exceeds the basic knowledge of floral initiation, flower

opening, flower anatomy, genetic aspects of fertility, and the over-

all environmental effects on all of these. If wheat or corn varieties
set seed on only 60 percent of the available florets, commercial
growers would be quite concerned; and yet, some Dactylis varieties
grown in the Willamette Valley, set seed on 60 percent or less of the

florets in some years. Clonal selections have been found that set
seed on 10 to 50 percent of the available florets. Seed yields possibly

could be improved if some of the factors affecting seed set in some
genotypes could be identified. The present investigation was under-

taken to study fertility in Dactylis as it is affected by genetic and
environmental factors. The environmental effects of temperature

and water stress were evaluated. Flower opening and floral anatomy
were studied to see if genetic and environmental factors are related

to flower characteristics that might be reflected in poor seed set.
Pollen staining was utilized as a means of investigating genetic instability.
The clonal types most intensively studied were the polycross
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clones of the synthetic variety, 'Penn late'. Clone 'B', an Oregon
selection, was usually included with the 'Penn late' clones. In 1968,

43 selections were made in the variety, 'Latar', a Soil Conservation
Service release. Forty-one varieties other than 'Latar' and 'Pennlate' were studied for fertility percentage and the relationship of
fertility to pollen stain.

5

LITERATURE REVIEW

Evolution, Fcology,and Taxonomy in Dactylis
Evolution

One of the keys to understanding Dactylis as an economic

pasture plant is a knowledge of where the cultivated strains might
have originated. This would give information on the environmental

adaptation of the species to areas of introduction and indicate where
new sources of genetic material might be found. A great deal of
evidence indicates that many of the fertility problems encountered in
Dactylis can be partially explained by understanding its ecology and
evolution.

Fortunately Dactylis is one of the species that has been studied
from a purely evolutionary aspect; however, work done at

Aberystwyth, Wales, at the Welsh Plant Breeding Station was certainly done with the motive of applying this information to agronomic

problems.

Several key articles on the evolution of Dactylis are included

in the literature. Cooper (1965) described the range of the species
and recognized ten diploid sub species as part of a tetraploid-diploid
complex that ranges from Nepal and Central China to North Africa

and then northward to the Arctic Circle. The basic work in defining
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the geographic limits of the Dactylis complex and postulating the
sequence of evolution was done by G. L. Stebbins (1956) and Stebbins
and Zohary (1959). Their thinking probably has had the greatest im-

pact on our knowledge of evolution in Dactylis. In 1956 Stebbins

concluded that the diploid sub species could only be handled by taxo-

nomists as sub species because of the fact that all diploids except
D. smithii and a portion of D. himalayensis were surrounded by and
were integrated with the tetraploid complex. In this diploid-tetraploid
complex the ploidy levels could be separated only by chromosome
counts. Stebbins believed there were three phases in the evolution-

ary history of Dactylis to describe the present day distribution of the
species. The first phase was the divergence of the diploids and the
establishment of relatively homogeneous populations in divergent

climatic zones. The second phase was the eventual recontact of

these populations after the Pleistocene ice age with resulting hybridization and the doubling of chromosome numbers to become tetraploids. The third phase was the movement of some of these tetra-

plaids to disturbed forests and to other diploid pockets where further
gene exchange occurred. These interspecific hybrids were reduced

in fertility but produced some fertile offspring.
Stebbins and Zohary (1959) provided a taxonomic and locational

description of 11 diploid sub species and gave general geographical

limits of the tetraploid, D. glomerata L. They found that tetraploid
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Dactylis covered over 95 percent of all areas occupied by the

Dactylis complex. Stebbins and Zohary (1959) also surmised that
sub species aschersoniana X woronowii contributed a great deal of

genetic material to cultivated D. glomerata.
Myers (1948b) assumed that Dactylis glomerata L. resulted

from chromosome doubling of D. ashersoniana. On the basis of the
widespread distribution of the diploid-tetraploid complex from North

Africa to Northern Europe, his postulate was unsatisfactory for the

species as a whole. Not all investigators agreed that all Dactylis
tetraploids should be named Dactylis glomerata. Borrill (1961b) and

Jones and Borrill (1962) recognized some tetraploids as species, for
example Dactylis marina from Portugal.
Mtintzing (1937) was the first investigator to report triploid
Dactylis. These triploids were found growing in a mixed population

of diploid D. aschersoniana and tetraploid Dactylis. Crosses with
the triploid as female parent produced progeny with chromosome
numbers ranging between 14 and 20. Crosses of female triploid by

D. glomerata produced progeny with chromosome numbers ranging
from 22 to 56. The majority of plants contained 25 to 30 chromo-

somes. Sixteen percent of the plants contained between 33 to 36
chromosomes. This work indicated to Milntzing that a continuing
genetic exchange between ploidy levels was possible.

Zohary and Nur (1959), working in Israel, examined 27 plants
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with non dehiscent anthers in an area where diploids and tetraploids
were found in close proximity. Three of these plants were triploids

with 21 chromosomes; seed set on two of these plants was about five
percent as compared to 30 percent on adjacent plants. Only 23 progeny of these plants survived; twelve were tetraploids, six were

pentaploids, and four were aneuploids. Chromosomes of one plant
could not be counted accurately. These authors assumed that the

trivalents produced unreduced eggs. Pentaploids or tetraploids were
produced depending on the ploidy of the male parent. They concluded

that triploids could provide a bridge for gene flow from diploids to

tetraploids.
Jones and Borrill (1962) were able to produce triploids from

four diploid sub species as female parent with a large variety of

tetraploid male parents. Both the seed set and the seedling survival
in these crosses were low and averaged only 3.39 established seedlings per 100 spikelets. These triploids were male sterile but did

set a little seed when back crossed to diploid or tetraploid male

parents. Meiosis was irregular as could be expected in the triploids
with the production of univalents, divalents, and trivalents. Diploid

back crosses gave progeny with 14, 15, and 16 chromosomes or 19,

20, and 21 chromosomes. Twenty and 21 chromosome plants comprised 84 percent of the diploid back cross progeny. In these progeny, aneuploid fertility was very low while fertility in the tetraploids
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averaged 182 seeds per 100 spikelets. The tetraploid back cross
produced more fertile progeny than did the diploid back cross. The
normal gene flow was probably diploid female by tetraploid male to

produce triploids and then triploid female by tetraploid male to produce fertile progeny with approximately 28 chromosomes.

In a subsequent paper Carroll and Borrill (1965) reinvestigated

the proper crossing sequence to produce tetraploids and reaffirmed

that the diploid female was the proper route to the triploid. No conclusion was reached on the reason for the apparent non reduction in

some diploid female gametes. A satisfactory explanation for gene
flow from diploid to tetraploid Dactylis was available in the literature.

Another aspect of gene flow can be considered in crosses between converging diploid or tetraploid populations. Borrill (1961a)

presented excellent data that showed when either diploid or tetraploid

Dactylis from divergent populations was crossed, the seed set was
reduced below either population. The effect was more marked in

diploids than in tetraploids. In a diploid population of sub species,

lucitanica, the seed production was 303 seeds per 100 spikelets. If
lusitanica crosses with aschersoniana and woronowii were averaged,

the seed set was 92.7 seeds per spikelet. Lusitanica is from
Portugal, aschersoniana is from Sweden, and woronowii is from
Iran. Borrill concluded that woronowii and lusitanica had probably

been separated from aschersoniana over long periods of time and
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showed some inter-sterility. This geographical separation caused

a greater reduction in fertility in the diploid sub species than it did
in the tetraploids. Borrill concluded that tetraploidy could be im-

portant in lessening the fertility drop of interspecific crosses in
Dactylis. Divergent crosses in tetraploids did not show the same

fertility drop as did the diploids.
Ecology and Taxonomy

Both Borrill (1961b) and Stebbins (1956) agreed that most

normal taxonomic procedures for identification of the sub species of

Dactylis were of little use in identifying materials once they were
moved from their normal habitat. The significance of this to the

agronomist is that great care must be used in drawing conclusions
about a sub species growing in environments that differ widely from
the native environment. Borrill (1961b) found that certain charac-

teristics were useful in sorting out sub species in nurseries if the
area of origin were not known. European and mountain types were
likely to be summer growing, were tall with slender culms, had
more open panicles, and had glaborus long leaves. African and
Mediterranean types tended to be winter growing, were short with

stiff, thick culms, had stiff, erect panicles, and had short pubescent
leaves. Since these types merge there would always be difficulty in

identifying Dactylis planted outside its native habitat.
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Stapledon (1928) contributed to understanding the impact of

man and his grazing animals on the plant type and seeding habit of

cultivated Dactylis. He placed cultivated Dactylis into six categories
ranging from hay types to pasture types that had been selected by

heavy, long-term grazing. His data showed that hay types, which
have also been selected for seed production and short rotations,

have less than 13 percent barren early tillers. Medium pasture
types have about 26 percent barren early tillers. In the dense pasture types about 50 percent of the tillers were non flowering. Early
seeding types would have an advantage in hay and seed fields.

Stapledon felt that woodlands and thickets were the native habitat of

European Dactylis. He concluded that man and grazing animals have
had a marked influence in selecting ecotypes of Dactylis. His work
also indicated that seed production could be markedly influenced by

tillering potential and the percentage of fertile tillers. If infertility
existed in Dactylis, continued seed production over a period of time

influenced selection of more fertile types,
Flowering and Floral Anatomy in Dactylis

Most taxonomy texts were in agreement that Dactylis has two

to six florets per spikelet. Holt (1954) reported that the usual number of flowers that produced an ovary was three to four while the
number of potential primordia was four to six.
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Except for possible floral diseases, there were no reports of
failure of Dactylis flowers to open. In a summary of papers on

flowering in Dactylis, Knuth (1909, vol. 3) described the strong

flower opening characteristic of this plant and stated that divergence
in the glumes was caused by swelling of two lodicules. The stigmas

protruded laterally between the divergent glumes. The anthers were
extended above the open flower before dehiscence; length of time the

flower remained open was listed as one to two hours. Wolfe (1925)
found that the average time from flower opening to closing was two
hours and 26 minutes. Knuth cited an observation by De Cando lle

that grass flowers open only once. Hubbard (1954) listed only two

species of grasses that opened twice a day and made no mention of
the same flower opening in subsequent days.

The most complete description of time of day for flower opening was given by Wolfe (1925). He and his assistants observed 22

heads that contained 5,861 flowers through the 1925 flowering season

at Blacksburg, Virginia. Observations on time of flower opening
were made day and night. He found that 76.9 percent of flowers

opened between sunrise and noon, 16.3 percent from midnight to

sunrise, 6. 6 percent from noon to sunset, and only .3 percent from
sunset to midnight. The hour of most bloom was between eight and

nine in the morning. The average time from beginning of flower
opening to fully open was 15 minutes. Another 12.5 minutes elapsed
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before anthesis. Wolfe made a few general observations on the
relationship between flowering and climatic conditions. Blooming

was deferred from morning to afternoon under cool conditions. The
minimum temperature for flowering was 52 F. He observed that
cloudiness in the morning seemed to delay the time of flowering.
Other observations of flowering time were: Knuth, 6-9 A. M, and

Beddows (1931) at Aberystwyth, Wales, 3 -10:30 A.M. The order of
flowering in a head was again described by Wolfe (1925) as being

from the top of the head downward. He found that about seven days

were required for heads to complete flowering. In an individual
spikelet, bloom started with the bottom floret and proceeded up-

wards to alternate florets with an average of 30 hours elapsed time
from one floret to the next.
Johnson (1960) investigated commercial fields of Dactylis in

43 locations in New Zealand. Ten heads were taken before, during,
and after flowering from the 43 locations; the flowers were examined

under 60 power magnification. Abnormalities due to trips, disease,

nematodes, or other causes were noted.
Heads from the Banks Peninsula area contained anthers in
unflowered florets with a waxy flattened appearance. The five most

severely affected samples contained flowers with 35, 27, 25, 16,
and 11 percent showing this defect. This problem had been observed

in these areas in previous years and had been assumed to be
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pathogenic.

Thrips damage was observed in some samples, especially in
older fields. Thrips damage before, during, and after flowering
was assumed to result in reduced yields of seed in affected fields.
Of all samples taken and examined, 89 percent were normal on the

basis of visual observations. Since the average seed set for the

year was 52.4 percent, it was assumed that the failure of most
flowers to set seed was due to unknown causes.

Nilsson (1934) reported strains of orchardgrass that were
poor seed producers and tended to have more heads with vegetative
proliferation than good seed producing types. Beddows (1959) re-

viewed the general flowering characteristics of Dactylis at the
Welsh Plant Breeding Station, Wales. His description of flowering

applied to most temperate areas.
Cytology in Dactylis

Several cytological investigations on this species have been

done during the last 40 years. Unfortunately most of the investigators have not related the general cytology of Dactylis to fertility
data.

Significance of Chromosome Number

The fact that most of the Dactylis complex is tetraploid or
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near tetraploid has already been established. The sub species of
Dactylis contains 2n = 14 chromosomes. A few triploids have been
found in areas where tetraploid and diploid populations merge. Jones

and Borrill (1962) reported progeny of triploid X tetraploid crosses
of 35 and near 35 chromosomes. These probably were not common
in natural populations. Borrill and Jones (1961) reported two collec-

tions of hexaploid Dactylis in natural populations. Miintzing (1937)

measured the relative vigor of Dactylis plants that had between 18
and 37 chromosomes. He found that plants that contained near 21,

near 28, and near 35 chromosomes were more vigorous than plants
with chromosome numbers that fell between these numbers. He also
showed that the progeny of aneuploid plants were not as vigorous as
the progeny from euploid plants.
Aneuploid plants have been reported in both wild and cultivated

Dactylis glomerata L. MUntzing (1937) found that seed set per panicle

was less on plants that were aneuploids; the greater the variation in
chromosome count from 2n = 28, the greater was the reduction in

seed set.
Chromosome counts in tetraploid Dactylis have been done by

several investigators. Jones (1962) reported the chromosome count
on a cross section of both cultivated and wild Dactylis. Of this population only 3.2 percent were aneuploids (2n = 27, 29, or 31). The
total number of plants counted was 460; these were mainly meiotic
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counts at metaphase I. Jones, Carroll and Borrill (1961) reported

the meiotic count on tetraploids from the Mediterranean area and
found 19 of the 149 plants were aneuploids. Miintzing (1933 and 1937)

gave somatic counts from several Dactylis populations. In the first
paper, 17 tetraploids were counted and one 2n = 29 plant was found.

In the second paper, the accurate count of 177 plants grown from
seed from Norway and Finland showed ten percent aneuploids. Pro-

geny from several selected plants from the variety, 'Skandia', showed
comparable values. Weiss, Taylor and Johnson (1961) took somatic

counts on 28 clones from old hay fields in Iowa. All plants contained
2n = 28 chromosomes. Myers and Hill (1940) gave the somatic
chromosome count on 116 clones at State College, Pennsylvania; the
somatic count indicated that 21 percent were aneuploids.

Meiotic Irregularity
An inquiry into the fertility and seed setting potential of Dactylis
would not be complete without some understanding of the meiotic

behavior of the species. Even an enlightened guess at the reasons
for poor seed yield in Dactylis must draw on all the information

available from the agronomist, the evolutionist, the ecologist, and
the cytologist.

Miintzing (1937) states, "The tetraploid species D. Glomerata

is not cytologically stable, at least ten percent of the individuals
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having aberrant chromosome numbers." Nielson [1952] summarized
the work of cytologists working on D. glomerata by saying that some
of the following irregularities had been found:
(a) Unequal disjunction of multivalent configurations; (b)
unpaired chromosomes at metaphase I; (c) lagging and
dividing univalents at anaphase I; (d) the formation of
microspores of unequal chromosome number and micronuclei at the quartet stage; (f) reduced seed set; and (g)
deviating chromosome numbers among progeny.

The study of meiotic irregularity in Dactylis is part of the
overall picture of sexuality in tetraploid species. McCollum (1958)

brought a great deal of literature together on general fertility in
tetraploid species. His paper is recommended as a starting place
to polyploidy as it relates to Dactylis. Newton and Darlington (1929),
working with polyploid tulips and hyacinths, showed that quadrivalents

and trivalents were common in these species. Lagging of chromo-

somes at meiosis was usual in these near polyploids.
Myers and Hill (1943) and Myers (1948a) found that reduced

seed set of inbred Dactylis was associated with metaphase I univa-

lents, anaphase I laggards, and micronuclei in pollen quartets.
Myers and Hill, more than any other investigators, have studied the
cytological reasons for micronuclei in pollen tetrads. These related

papers are: Myers and Hill (1940), Myers and Hill (1942), and
Myers (1943). In the first paper of the series, these authors studied

several aspects of meiosis in Dactylis, tall oatgrass, and crested
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wheatgrass. All of these tetraploid species showed about the same
degree and type of meiotic irregularity. In Dactylis there were dicentric chromosome bridges at anaphase I in eight percent and 20

percent of first division meiotic cells in two of the three plants
studied. Micronuclei in quartets were associated with lagging uni-

valents at anaphase I; there seemed to be more micronuclei than
could be accounted for by lagging univalents alone.

Myers and Hill (1942) showed that univalents at metaphase I and

the number of micronuclei in quartets were significantly correlated
at the five percent level. The number of micronuclei also varied
significantly between collection days. This indicated there was an

environmental effect on micronuclei formation. Bridges and frag-

ments were observed in 18 of 20 plants and ranged as high as 13.8
percent of dividing cells in some plants. Micronuclei ranged between

1.5 and 25.6 percent of the quartets in various plants. There was no
significant correlation between quadrivalent formation and micro-

nuclei in quartets. Myers (1943) continued this work and reported
additional chromosome bridges and approximately the same number

of micronuclei in quartets as in previous papers. The suggestion
was made in his paper that selection for increased meiotic regularity
in clonal types could lead to increased fertility. He also suggested
that reduced quadrivalent frequency might lead to greater regularity

at meiosis.
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The relationship between quadrivalent pairing and meiotic

irregularity has been mentioned by at least four cytologists. Both
MUntzing (1937) and Myers (1943) postulated that quadrivalent forma-

tion might be responsible for some of the meiotic irregularity in
However, Myers' own data showed that quadrivalent

formation was not related to micronuclei in the quartets. McCollum
(1958) postulated that if quadrivalents have an adverse effect it was
due to closed pairing. He felt that a zig-zag mode of pairing was

less likely to lead to unequal disjunctions.
Jones (1962) presented data on chromosome pairing in Dactylis

from a large population of tetraploid Dactylis. He reported approxi-

mately three quadrivalents per cell. This was in agreement with
Miintzing, Myers and Hill, and McCollum. There can be little doubt

that tetraploid Dactylis is a quadrivalent pairing species. In fact
Jones (1962) showed that fewer quadrivalents were formed in wide

cross Dactylis hybrids than were found in either wild or cultivated
Dactylis. Jones also showed that there was interchange pairing in

3.1 percent of bred varieties and 12,1 percent in non cultivated

clones. Multivalent pairing of greater than four chromosomes indicated that minor gene changes occurred in isolated populations.

He

postulated that bringing diverse populations together would create

genetic instability and the fact that greater instability had not been
found was due to the buffering effect of polyploidy.
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Meiotic Irregularity in Relation to Seed Set
Hill and Ho\ in (1964) apparently attempted to correlate quartet

micronuclei at Tehachapi, California; Logan, Utah; and Prosser,
Washington, in 1960 and 1961 with seed set in those locations in 1958
and 1959. These correlations were non significant.

There was a

correlation in 1960 and 1961 at Logan between micronuclei and

temperature two days before collection. The correlation of micro-

nuclei in one year with seed set in another year is a questionable
procedure and should be reviewed accordingly.

Weiss, Taylor and Johnson (1951) correlated micronuclei with

seed set in 80 clones in Iowa. A non significant correlation coefficient of -.005 was obtained; however, micronuclei were correlated
with increased temperature one and two days before sampling.

Apparently micronuclei in pollen quartets increased with temperature, but may not be indicative of those conditions which caused poor

seed set.
Variation in Dactylis Seed Set

There is little doubt that Dactylis is typically cross pollinated
and as such undergoes a loss of vigor with selfing (Kalton, 1952;
Stapledon, 1931; and Schultz, 1941).
Stapledon (1931) and Schultz (1941), working independently with
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large populations of Dactylis, found that fertility ranged from com-

plete self fertility to complete self sterility. Stapledon stated that in
most Dactylis families the average selfing was 12 percent and average crossing was 74 percent. Schultz calculated a fertility index by
dividing open-pollinated seeds by selfed seeds and found that this index value for each clone of a 38-clone group did not show a signifi-

cant correlation between years. He concluded that selfing was not

constant from year to year.
Wolfe and Kipps (1925 and 1926) studied eight clones and found

selfed seed varied from .5 percent to 27 percent. The interesting
aspect of this work was the fact that some clonal types set more seed
than others; clonal line 269 set 7.3 percent seed while clonal line
230 set 50 percent seed.
Smith (1944), working with 50 Dactylis clones at Pullman,

Washington, found an average open pollinated seed set of 41.7 per-

cent. Again a great deal of clone-to-clone variation was noted.
Seven percent of the clones set seed on less than 27.5 percent of

the available florets; six percent of the clones set seed on more than
72.5 percent of the florets. In a study of 35 clones over a threeyear period, he found there were significant differences in seed set

from year to year.
Stapledon (1931), working with populations of 'S-37' and 'Wild

22

Danish', selected individual plants that varied in seed set between
15.4 and 72.2 seeds per 100 florets.
Hill and Hovin (1964) worked with four selected clones from

Beltsville and the four parental clones of 'Penn late' orchardgrass.
Clone XLI-8 from 'Penn late' produced 97.5 percent seed set at

Tehachapi, California, in 1959; 36. 6 percent seed at Logan, Utah,

in 1958; and 23.0 percent seed at Prosser, Washington, in 1958.
At Tehachapi the 'Penn late' clones did not show significantly differ-

ent seed set. At Logan and Prosser, XLI-8 differed from MIV-17.
Locational differences were also present in the Beltsville clones.

In other cool season grasses, percent seed set has been shown
to be an important component of yield. Ross and Adams (1955),

working with Bromus inermis, showed that seed set for 30 clonal
types was highly correlated over a two year period and found that the
seed set potential of a clonal type was important in total yield.
Concluding Remarks

The cultural aspects of seed production have not been reviewed;
however, a recent paper by Canode (1968) adequately reviewed the

effects of row spacing and use of nitrogen fertilizer in Dactylis seed

production. Two papers by Calder (1963 and 1964) gave a background

to the literature on floral induction and initiation in Dactylis.

In summary, the available literature that could apply to genetic
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and environmental aspects of seed production is widely scattered

and contains too little solid statistical data to tie genetic and environmental studies to actual plant fertility. There is, however, enough
data to indicate that Dactylis fertility varies greatly within clones

from year to year and that there is a probability of persistent genetic
instability caused by bringing together plants that have been separated
in time and space.
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GENERAL MATERIALS AND METHODS

Because of the diversity in types of experiments conducted

during the course of this investigation, materials, methods, and
results are included together for each related group of experiments.
Certain standard materials and methods were used in several experiments. These are described here to avoid repetition.

The variety, 'Penn late', is a four clone synthetic registered
by the Pennsylvania Agricultural Experiment Station. One clone

came from 'Tammisto', one came from 'Tardus II', and the other
two clones came from an unknown origin. Cleland (1963) gave the

registration information on this variety. Different identification
numbers were used to identify these clonal types at Pennsylvania
State and Oregon State. The identifications are as follows: XLI-8 =
(R); XLI-17 = (S); MIV-5 = (0); and MIV-17 = (P). The letter in

parenthesis is the identification used at Oregon State. Clone 'B' is
a wildland Oregon type selected for its earliness and profuse heading

characteristics.
An established replicated nursery of clones 'B', 'R', and 'S'
was made available by Mr. H. H. Rampton at Hyslop Farm for use
in 1968 and 1969. This nursery was row-planted and received care

similar to commercial plantings. This nursery was burned every
fall to remove plant residue and kill seedling weeds. This plot
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received 120 pounds of nitrogen per acre as ammonium sulfate in
the spring of 1968 and 80 pounds of nitrogen per acre as ammonium
sulfate in the spring of 1969. Three pounds of diuron per acre

were applied in the fall of both years. The plot was sprayed with .5
pound of 2, 4 -D in the spring of 1968, but not in 1969. Clones 'P'

and '0' were located in an adjoining nursery that received similar
care; both were planted in 36 inch rows.

The 'Latar' selections were made at random at flowering time
in 1968 from border rows in the Hyslop Farm Dactylis nursery that

came from a commercial seed source.
The other large block of materials was the 43 commercial
varieties that were grown in the Dactylis variety trial conducted by

Dr. Robert Fore at Corvallis, Oregon, in 1969. This was a new
nursery planted in the fall of 1968 in 36 inch rows.

All greenhouse materials were planted in a silty loam soil
with approximately 20 percent peat moss added. All plants received the equivalent of 80 pounds of nitrogen per acre as 16-20-0
fertilizer at planting time and the equivalent of 30 pounds of nitrogen
per acre applied monthly during active growth periods. Fiber pots

ten inches in diameter by ten inches deep were used for all greenhouse and growth chamber trials.
Reciprocal crosses were made by bagging heads before flower-

ing with standard semi-transparent paper bags of sufficient size to
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enclose the whole head. The reciprocal cross was made when the

lower panicle branches showed about half of the flowers in bloom for
that day. This ensured a fresh pollen source and a maximum number

of stigmatic surfaces available in the middle branches. On the female parent, the top and lower branches were removed from the head
leaving one or two middle branches that could be closely grouped for
the application of pollen. The pollen was applied by letting it fall

from the inverted head bag of the pollen donor. Hands were washed

before going to another reciprocal cross. Distribution of pollen from
plant to plant in greenhouses and growth chambers was unsatisfactory;

a standard reciprocal cross was far superior in estimating relative
fertility of a cross. Head bags were closed with a paper clip and a
small paper tag identified the cross.
Seed set was taken by counting 25, 50, or 100 seeds per head
over a light table. Either all of the florets were shelled or if a whole
head was collected three sub branches were shelled completely to get

a representative sample. All seeds were handled with small tweezers
since the size of a seed was usually more valuable than light penetra-

tion to determine if there was a filled seed in the lemma and palea.
The final criterion for judging a seed was starch content. If no starch
could be seen in a broken seed, it was not counted. Terminal florets
in a spikelet were not counted.

Moisture stress readings were made with a pressure bomb
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made by the PMS Instrument Company, Corvallis, Oregon. The
operation of this device was described by Waring and Cleary (1967).

The principle of this machine is that the tension at which water is

held in a leaf is equal to the pressure needed to force it out. Freshly

cut leaf tissue is threaded through a rubber stopper and a metal slug
seated with a rubber "0" ring. This slug then seats into a stainless

steel cap which makes a rotating breechblock seal with a pressure

chamber. The cut edge of the leaf surface is exposed to the atmosphere while the remainder of the leaf is inside the chamber. High
pressure nitrogen flows through a rate control valve and a shut off

valve to the pressure chamber. A pressure gauge indicates the

pressure in the chamber. The pressure reading is recorded at the
point water droplets are forced from the cut surface.
In these experiments the amount of leaf material extending

from the pressure bomb was one cm or less. The pressure increase
was maintained at 100 pounds per square inch every six seconds.
All readings were made within one minute after the leaf was cut with

a razor blade. Readings were made from one upper leaf per plant.
Repeat readings were made if a questionable reading was observed,

however, repeat readings were seldom necessary. All readings are
given in pounds per square inch. They can be converted to atmospheres by dividing by 14.7.

Where appropriate, experimental data were subjected to
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statistical procedures. Analysis of variance tables are located in the
Appendix.
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MATERIALS, METHODS, AND RESULTS

Flowering in Dactylis

Some very real questions arise about Dactylis seed set in relation to conditions during the flowering period. Since Dactylis is

mainly cross-pollinated, do the great majority of florets open? If
not, what are the conditions that may prevent opening? Does Dactylis
bloom every day through the flowering period? Is pollen load or lack

of it important in seed set? Do all flowers contain anthers and
ovaries; are there important anatomical differences between plants
that are good and poor seed producers?
Two papers by Wolfe (1925) and Johnson (1960) describe

flowering and floral antomy in some detail. A comparison of these
findings to observations at Corvallis was of interest.
Floral Anatomy and Seed Set

All samples for anatomical examination were taken in 1968
during the flowering period of the respective materials. The

'Chinook' and 'Potomac' samples were taken six days after flowering
for the evaluation of seed set and stigmatic remnants. A small halflance needle was used to open all florets and examinations were made

under binoculars at 24 X. All examinations except 'Chinook' and
'Potomac' samples were done on flowers that had opened from one to
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three days before the sample was taken. Fresh material was

examined within 48 hours after harvest and was kept in a refrigerator

at 4 C for storage. Preserved material was stored in FAA fixing
solution made from 500 ml ethanol, 50 ml glacial acetic acid, 100
ml of 40 percent formalin, and 350 ml water for a volume of one

liter. A spikelet was usually selected for examination that had two

or three flowered florets per spikelet. Apparently the order of bloom
from the lowest floret upwards is quite precise since a floret with
retained anthers is seldom found under a floret that has shed the

anthers. If such a floret was found, it was assumed to be a nonopening floret since the anthers were still retained.
The ovaries of flowers that had shed anthers were examined.

The ovaries that were necrotic were subtracted and were not counted

as being viable ovaries at flowering time. Non necrotic ovaries
were scored in two additional readings: (a) Type of bending defect

in the stigmatic surface; (b) Stigma remnants outside the closed
flower indicated that the bending defect did not prevent at least some

presentation of stigmatic surfaces; these were scored as number of
stigmas that escaped from the flower. Anther escape means that the
anthers were gone in the lower flowers of a spikelet. Seed formed

was the percentage of florets that set seed; all seed counts were
made on the basis of 100 florets.

Correlation coefficients were determined for the preserved
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'Latar' material for total bent stigmatic surfaces by seed set and
also stigmatic escape by seed set in 25 clonal types. A stepwise

correlation and also a linear correlation of ten heads each of clones

'P', 'S', '0', and 'B' were run to evaluate the relationship between stigma escape and seed set. Only the preserved material was

used in these correlations. Twenty-five flowers per head were
examined in these clones and adjusted to a percentage figure to
match the 100 seed count. These computations were done by the

Oregon State University Computer Center.
Results

Some of the types of stigmatic bending abnormalities present

in clone 'R' in 1968 are shown in Figure 1. The ovary on the far
left in the upper photograph does not show abnormal bending and
twisting. In the lower photograph one ovary has stigmatic surfaces

that cross to opposite sides; this type of bending would allow some
stigmatic surface to remain outside the flower when it closes.

In the 'Latar' material the correlation coefficient between
bending of stigmatic surface and seed set was . 126; between stigma
escape and seed set the correlation coefficient was .264. These
correlation coefficients do not differ significantly from zero at the
five percent level though there was an indication that stigmatic bend-

ing was of less importance than stigma escape.
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The linear correlation coefficient for clones 'R', '0', 'S', 'P',
and 'B' was .53 and is significant from zero at the one percent level.
Stigma escape was 75.04 percent while seed set was 61.82 percent.
There was a significant relationship between the number of stigmatic

surfaces that escaped from the flowers and the seed that was
eventually set in the clonal material. The correlation coefficient for

clone 'R' was .656 and was significant from zero at the five percent

level. None of the other clones showed a significant correlation co-

efficient in the stepwise analysis. Stigma escape and seed set are
given in Appendix Table 1 for each clonal type.

The information on floral anatomy for 4, 075 florets examined
in 1968 is summarized in Appendix Table 1. Ovaries were present

in 96.5 percent of the florets. 'Latar' material had 90.9 percent

non necrotic ovaries. Some of the lack of fertility in 'Latar' and
clone 'R' material possibly was already noticeable at flowering time

as dried and necrotic ovaries.
Stigmas escaped on 73.4 percent of all florets. Both clone 'R'

and 'Latar' showed poor presentation of stigmatic surfaces. Anther
escape was 97. 6 percent which indicated that the vast majority of

Dactylis flowers opened. Anther escape in 'Chinook' was 92 percent.

Retained anthers in some early varieties may have been due to a
plant disease. In 'Chinook' only 15.2 percent of the florets with re-

tained anthers set seed in 1968, while seed set in 'Chinook' for all
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florets was 70. 6 percent.

Terminal florets were examined for seed in several seed lots.
In 2, 000 florets of clones 'B', 'R', 'S', and 'P' only ten seeds were
found in terminals in 1968. In a 'Potomac' seed lot harvested in

1968, 26.8 percent of the terminals contained seed; while the seed

set for the variety was 82.4 percent.
Dates of Flowering and Flower Opening

Dates of flowering for clonal materials under investigation are
given in Appendix Table 2. Maximum and minimum temperatures
and rainfall for the period April 1 through June 30, 1968 and 1969,

as recorded at the Hyslop Farm meterological station is given on
Appendix Table 3. One unusual day of lack of flowering at Corvallis

was recorded in 1968. Flowering and non-flowering days were recorded at Hyslop Farm May 26 to June 16, 1969 (Table 1).

On June 13, 1968, 25 flowers on five different plants of clone

'0' were marked. The following morning 35 flowers on seven differ-

ent plants of clone 'B' were marked. Marking procedure was as
follows: The head used was marked with a visible red paper and

string tag; the panicle branch used was marked with a small paper
and string jewelry tag; and the lemma of the open floret was marked
with a spot of India ink.

These florets were easy to locate and were checked for flower
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Table 1. Maximum and minimum temperatures in °F and estimated
bloom in Dactylis at Hyslop Farm, Corvallis, Oregon,
from May 26, to June 16, 1969.
Date

Maximum

Temperature

Temperature

Estimated Bloom

50

63

none

27

49

65

none

28

43

69

29

50

67

30

50

68

31

47

78

light
light
light
very heavy

1

51

86

heavy

2

55

86

heavy

3

57

90

heavy

4

51

79

5

55

70

moderate
light-moderate

6

57

66

none

7

55

72

very light

8

55

77

heavy

9

59

67

moderate-light

10

56

67

none

11

55

77

12

57

71

light
heavy

13

54

76

light-moderate

14

54

80

15

51

81

heavy
heavy

16

50

93

heavy

May 26, 1969

June

Minimum
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opening the two following mornings. Heavy bloom occurred on June
13 through June 16. These observations were made to provide some

information about flower opening since there had been some question
about Dactylis opening more than once.
Results

In 1968, Dactylis had been in a period of heavy bloom
since June 13. The morning of June 19 was warm and overcast with

the heaviest bloom observed during the course of this investigation.
Cold air moved in during the night of the 19th. The morning of the

20th was clear and cool and the high for the day was 66 F. There
was no bloom on June 20, 1968. The 25 flowers of clone '0' that

were marked on June 13, 1968, did not open during flower opening

time on June 14 or 15. The 35 clone 'B' flowers marked on June 14
did not open on June 15 or 16.
Delayed Pollination

The normal flowering pattern in Dactylis probably allows the

stigmatic surface to extend from the flower after it closes. This
flowering pattern may permit pollen to reach stigmatic surfaces and
bring about fertilization even though a flower has closed; this could
be of importance in allowing crosses between flowers that did not
open at exactly the same time.

37

Six plants of clone 'P' were placed in each a warm and a cool

growth chamber. Temperatures were 82 F day, 65 F night and 72 F
day, 65 F night, respectively. Light reading at flag leaf height was
1,600-1,900 ft-c. The clone 'P' plants that were used as female

parents had an average of three florets per spikelet. Zero time of
pollen application was defined as the day that two of the three florets
were in bloom on the selected panicle branch.

Pollen was applied

on zero day, zero day plus two days, and zero day plus four days as

treatments in each growth chamber. The crosses were made on
single heads of two plants for each time interval. Plants were not
head bagged until after the cross was made. Plants to be crossed
were taken from the growth chamber, and a head bag was placed

over a panicle branch to measure the degree of selfing. The panicle
branch that had been marked for the day the cross was to be made
was fertilized with clone '0' pollen; fresh pollen was grown in the

greenhouse for this purpose. Upon completion of the cross the
fertilized branch was bagged to prevent contamination of other heads

in the growth chamber. Hands were washed between each cross to
prevent contamination of selfed material. In this way crosses were

made on flowers that were .5 day, 2.5 days, and 4.5 days old.
Results

The flowers that were in the warm chamber became infected
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with an ergot type disease and were lost. The plants from the cool

chamber were harvested. Average fertility was 88 percent on day
zero, 66 percent on day two, and 80 percent on day four. The

fertility of self heads was under four percent in all cases. This experiment should be repeated so the results can be examined by stat-

istical methods. Length of stigmatic life at various temperatures
remains to be worked out. These data suggested that stigmatic life

at cool temperatures may be several days.
Pollen Load

The abnormal bending of stigmatic surfaces is associated with
poor seed production in some clones. This defect could be associ-

ated with lower seed set in at least two ways. The first possibility
would be that the bending of the stigmatic surface is associated with
lack of fertility of the ovary. The other possibility is that the defect
cuts down on the amount of pollen that reaches stigmatic surfaces.
Clone 'S' pollen was added to 15 heads of clone 'R' during the
1969 flowering season at Hyslop Farm to see if additional pollen

might improve the seed set of clones that show reduced stigmatic
presentation. Clones 'S' and 'R' were planted side by side and
bloomed during the same days. Pollen was added by shaking the

'R' heads in a bag that contained a large amount of 'S' pollen; 'R'
heads were pollinated during flower opening time on June 12, 13,
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and 14. Untreated heads in the 'R' row were tagged for comparison

with treated heads. Twenty-five seeds per head were counted. A

paired t test was run for significance between means.
Results

The heads to which pollen was added produced 8.33 seeds while

untreated heads produced 2.60 seeds out of a possible 25. Since the

calculated t was 3.39 and the required t at the one percent level is

2.98, adding pollen in this experiment increased seed set.
Water Stress and Temperature
Growth Chamber Studies on Clonal Type,

Temperature, and Moisture Stress
Very little information is available for Dactylis on either the

effects of temperature differences or moisture levels at flowering
time on subsequent seed set. Since clone 'R' is a late clone, high

temperatures and moisture stress may account for the low fertility
observed at Corvallis in most years.
A 2 X 2 X 2 factorial experiment was designed to evaluate

clonal types ( factor A), temperatures (factor B), and moisture

stress (factor C). Clonal types used were 'B' and 'R'. Temperatures were 82 F day, 65 F night and 72 F day, 65 F night. Average
moisture stress was 183 pounds per square inch (12.45 atmospheres)

40

in wet treatments and 303 pounds per square inch (20,6 atmospheres)

in dry treatments. The higher moisture stress was sufficient to cause
wilting and death of some lower leaves. Four replications were made

per treatment in a completely randomized design with one plant per

replicate; therefore, 16 plants were in the hot growth chamber and
16 plants were in the cool growth chamber. Day length was 16 hours
in both chambers; light intensity was maintained between 1, 500 and

1, 800 ft-c at flag leaf height with florescent bulbs. The lights came
on at six A.M.

The materials used for this experiment were potted on July 25,
1968, induced to flower by cool temperatures and short days in a
growth chamber, and used for flowering studies in October, 1968.
They were cut back, given the equivalent of 100 pounds of nitrogen per

acre, and maintained outside for floral induction starting on November
20, 1968. Clone 'R' plants were moved on April 18, 1969, to a 72 F

day, 65 F night greenhouse under normal photo periods; they remained in the greenhouse ten days and were then rotated outside for
five days, then back to the greenhouse. Clone 'B' plants were brought
to the greenhouse on April 25. Clone 'R' and 'B' plants were moved to
the hot chamber on May 9. The remainder of the 'R' and 'B' plants

were moved to the cool chamber on May 12. Heads were bagged with

dialysis tubing at the time they were moved into the growth chambers.
All crosses were made in the hot chamber between May 15 and May
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21; crosses were made in the cool chamber between May 19 and May
25.

Crosses for the day were made between ten and eleven-thirty

A.M. Pressure bomb readings were taken at one P.M. and plants
were then watered to adjust readings to the desired level. Every
plant received a pressure bomb reading each day during the flowering period. Watering was resumed on the stress treatments 48 hours

after the last cross was made. Plants were removed from the
growth chambers one week after the last cross was made in the
chamber and allowed to mature seed in an 80 F day, 70 F night
greenhouse. Fifty seeds were counted per head. Each plant yield

is the average of five sub samples. Degree of selfing was measured
from one bagged head per plant.
Results

The seed yields for main effects and first order interactions
are given in Table 2. The analysis of variance for these data are
in Appendix Table 4. The fact that clone 'B' was more fertile than

clone 'R' is not surprising. Differences due to temperatures were
not significant though the seed yields were higher in the warm cham-

bers. The effects of moisture stress at flowering time were significant at the one percent level. The clones responded differently to

moisture stress as indicated by a significant clone X moisture
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Table 2. The effect of clonal type, temperature, and moisture

stress on seed set in Dactylis.

Factor
Clones (A)

Treatment

Mean number
of seeds

B

20.34
15. 76

Temperature (B)
Moisture (C)'''*

(A B)

Cool

16. 59

Hot

19. 53

Wet

22.05

Dry

14. 06

B Cool

17.80
22.88
15.38
16.18
25.98
14.70
18.13
13.43
18.70
14.48

B Hot

(A C)*

(B C)*

R Cool
R Hot
B Wet

B Dry
R Wet
R Dry
Cool Wet
Cool Dry
Hot Wet
Hot Dry

*Significant at the five percent level of probability.
**Significant at the one percent level of probability.

25. 40

13.65
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interaction. If these data were evaluated for biological significance

the indication is that fertility of clone 'B' was reduced more than

fertility of clone 'R' by moisture stress. The significant temperature X moisture interaction would indicate that the higher tempera-

tures combined with moisture stress were more deleterious to

fertility than moisture stress at cool temperatures.
Moisture Stress at Several Intervals
and Dactylis Flowering
It would be of interest to know if there is a critical time during
flowering when moisture stress would be more deleterious than at

other times. Clone 'B' plants were used in a greenhouse experiment
to gather preliminary information about this question. A completely
randomized design was used with four plants per treatment. The

treatments were: (a) Watered through the flowering and seed set
period; (b) stressed at beginning of heading; (c) stressed both at
heading and flowering; (d) stressed at peak of flowering; and (e)

stressed after peak of flowering.
The plants used in this experiment had been planted in October,

1968, and were maintained outside for floral initiation; they were
moved to an 80 F day, 70 F night greenhouse on May 7, 1969. All
crosses were made between May 19 and May 28,

Stress measurements were made with the pressure bomb.
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Readings were taken at two P.M. Pacific Standard Time. Stress
was maintained three days before and one day after flowering on the

stress treatments made at flowering time. Water was stopped the
day the cross was made in the stress after flowering treatment;
stress was apparent after two days and was maintained for three
days. Pressure bomb readings were made daily during the treat-

ment period. Readings were made daily on watered plants to record

a standard reading for the day.
Clone 'S' was the pollen parent. Reciprocal cross procedures

were followed except that these were one way crosses. Three

crosses were made per plant. Fertility per plant was the average of
these three sub samples. Fifty seeds per head were counted. Self
seed was measured though clone 'B' is ordinarily self sterile.
Results

Seed set per 50 florets and average stress during treatment
are given in Table 3. Analysis of variance for seeds per 50 florets
is presented in Appendix Table 5. The least significant difference

at the one percent level is 9.73 seeds,
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Table 3. Number of seeds and average pressure bomb readings for

Dactylis stressed at various times prior to, during, and
following flowering.

Treatment

(a) wet
(b) heading stress
(c) heading stress +
flowering stress
(d) flowering stress
(e)

after flowering

Stress
(pounds/sq. in.)
185

480

480
482
388

406

Seeds

(per 50 florets)
19.08
19.50
8.65

3.80
22.08

This experiment indicated that Dactylis may not be sensitive to

severe moisture stress at heading or to moisture stress in the five
or six days after peak flowering; however, severe moisture stress at
flowering resulted in yield reductions that were significant at the one
percent level. The moisture stress readings in Table 3 are average
readings. Several readings of over 600 pounds per square inch were

recorded though an effort was made to keep all readings under 525
pounds per square inch. Once a pot became dry there was a very fine

line between maintaining the desired stress and overwatering to the

point where the desired stress was lost. Heads from four watered
plants were examined for anther retention; 16 percent of the florets
had retained anthers. Four heads were also examined in the heading

stress treatment; 52 percent had retained anthers which indicated the
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flowers did not open. Filament elongation was slowed at water stress

reading of 475 pounds per square inch. A reading of 500 pounds per
square inch was approximately the critical flower opening value.

Field Moisture Stress
A trial was established to evaluate the effect of irrigation on
yield and fertility in clones 'R', 'B', and 'S' at Hyslop Farm in 1969.
A split-plot irrigation treatment was imposed on row plantings of
these clones arranged in a randomized complete block design with
five replications. The rows were 50 feet long with 20 foot irrigation

treatments. Border rows protected treatments from possible irrigation water escape. Irrigation water was applied with 20 foot perfor-

ated aluminum pipes; time of irrigation set was three hours per irrigation.

The 'B' plots were irrigated on May 28 and June 1, 1969, and

the 'R' and 'S' plots were irrigated on May 27, June 2, and June 14,
1969. The 'B' plot irrigations were made during the bloom period.

The June 14 irrigation coincided with the heavy bloom period of clones

'S' and 'R'. Pressure bomb readings were taken during the flowering
period from May 31 to June 13 at four P.M. Pacific Standard Time.

Ten feet of treated row was harvested before seed shatter in

clones 'B' and 'S'. Fertility was so low in clone 'R' because of other
factors that no information on irrigation response could be gained.
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Seed was thrashed and cleaned twice through a Clipper Mill.
Results

The results of this experiment are summarized in Table 4. A
paired t test was run on the '5' wet and 'S' dry means. They were not
significant at the five percent level of probability. The yield means

in clone 'B' were assumed to be alike.
Table 4. Yield, percent seed set, and average pressure bomb reading during flowering in an irrigation trial at Hyslop Farm,
Corvallis, Oregon, in 1969.

Treatment

Yield

gm/plot

'S' wet
'S' dry
'B' wet

273

'B' dry

312

257
296

Seed Set

Average
Pressure Bomb

Percent

Lbs./in. 2

84.40
86.22
75.12
76.32

246
300
301

372

Clone 'B' bloomed under more moisture stress than clone 'S'
in 1969. The May 31 through June 2 peak bloom period was warmer

than the June 12 through 14 bloom period of clone '5'. There was a

period of hot weather from June 16 to June 18. On June 18 pressure
bomb readings had risen to 343 pounds per square inch in the irrigated plots and 451 pounds per square inch in the dry plots. This de-

gree of stress after flowering did not affect seed yields. Irrigation
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was not necessary in 1969; however, the period from June 16 through

18, 1969, were high water use days. A reading of 300 pounds per
square inch did not indicate a dry soil during the bloom period.

These soils supplied enough water to prevent severe moisture stress
in 1969.

Genetic Instability in Dactylis

Several types of experiments were conducted to see if genetic

instability could be identified in the material available at Corvallis

and, if so, whether such instability caused a seed yield reduction.
Greenhouse Crosses, 1968
A completely randomized experiment was designed in a 75 F

day, 65 F night greenhouse to test the compatability of clone 'R' as
a male and female parent with clones 'S', 'P', 'B', and '0'. Sixteen

'R' plants and four 'S' plants were brought into the greenhouse on
April 18, 1968. Four plants of each of the remaining clones were
brought in on April 25. All plants had been outside since November

15, 1967, and were placed under continuous florescent light at 700

ft-c. Reciprocal crosses were made between April 18 and April 25.
Only one head cross was made per plant. Practically all 'R' heads

and almost 50 percent of the 'S' heads had many aborted florets.

These heads were readily noticeable and it was necessary to select
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only the least aborted heads for the crosses.
Results

One hundred seeds were counted per head. The results of the

(R X S), (R X P), (R X B), and (R X 0) crosses were averaged be-

cause of the uncertain results due to head blast. Clone 'RT as male
parent yielded an average of 22.67 seeds per 100 florets. Clone 'R'
as a female parent yielded 12.49 seeds per 100 florets. Either clone
'R' was a poor female parent or other unknown factors were present.
The floret abortion in clones 'R' and 'S' was thought to be caused by
placing these clones under continuous light; in subsequent work other

factors were implicated.
Greenhouse Crosses, 1969
The same general type of experiment was done as in 1968 with
some modifications. Crosses and reciprocal combinations were

made involving clones 'R', 'S', 'B', and 'P'. The plants had been
cloned out on December 27, 1968, and had remained outside for induction. Clones 'S' and 'R' were brought to the greenhouse on Febru-

ary 19. Other clones were brought in on February 26. Greenhouse

temperature was 65 F day, 60 F night. Plants were placed under
continuous light on March 19 and the temperature was increased to

72 F day, 65 F night at that time. All crosses were made between
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April 2 and April 10. Four crosses were made per treatment and

were usually confined to one cross per pot. Fifty seeds were counted

per cross.
Results

The average number of seeds per 50 florets for each cross is
given in Table 5. Analysis of variance for this experiment is in
Appendix Table 6.

Table 5. Number of seeds from 50 florets in crosses of clones 'Br,
'P', 'Si, and 'R' in all reciprocal combinations during
1969.

Number of Seeds

Cross
Male
B X
S X
P X
R X
P X
R X
S X
B X
R X
S X
P X
B X

Female
P
P
S
S

B

P
B
S

B
R
R
R

37.75*
36. 75*
31. 75*
29, 50*

28.00
25.75
18.50
18.00
14.25*
6.75*
5. 25*

*Significantly different than the mean at the five percent probability

level. Mean = 21.86 seeds.
Clone 'R' was the least effective female parent in these crosses,
The least significant difference at the one percent level was 8.98
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seeds. The (S X B) and (B X S) crosses were significantly lower

yielding than the best crosses.
Selfing studies were conducted in every experiment in this

thesis. Selfing in those clones was always less than five percent and
was not thought to be an interfering factor. Selfing on these clones
under field conditions was also low.
Seed Germination

Workers at the Welsh Plant Breeding Station generally reported
seed set per head by the number of seeds that germinated when planted in greenhouse flats. These workers have observed that the seeds

that were set by poor seed producing clones were less likely to

germinate than those seeds from high producing clones. There was
the possibility that even though a seed was produced, genetic defects
might prevent the seed from germinating or producing a seedling

that was able to survive in an adverse environment.
Uniform seed lots from the 1968 harvest of clones 'B', 'P',

'S', and °R' were counted over a light table. Each replication consisted of 25 seeds with four replications. Seed was placed on filter
paper that had been soaked in .2 percent KNO3. Seed was germinated
at the Oregon State University Seed Test Lab at 25 C day, 15 C night

in petri dishes. Germination counts were taken every other day for
14 days. Germination was as follows: Clone 'B' = 88 percent,
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clone '13' = 93 percent, clone 'S' = 96 percent, and clone 'R' = 88
percent. These means are not significantly different at the five percent level.

Since clone 'S' showed a germination of 96 percent and clone

'R' 88 percent, these two seed lots were paired with more replication in a modified stress test. Paired rows of 100 seeds each from
clones 'R' and IS1 from the same seed lots as above were planted one

cm deep in flats filled with quartz sand. Row length was 35 cm.

Six paired replications were made. The seed was placed on blotters
that had been presoaked in .2 percent KNO3 for 24 hours at room

temperature prior to planting. Temperature was 18 C day and 15 C
night. Stand counts were taken after 21 days; the mean stand count

was 87.17 for clone 'S' seedlings and 69.50 for clone 'R' seedlings.

A paired t test was run; required t at the five percent level for five
degrees of freedom was 2.57. Calculated t was 3.62. The 'R' and
'S' means were significantly different.
Somatic Chromosome Counts

Various investigators have found between 3.4 and 21 percent
aneuploids in Dactylis populations. If aneuploid plants are poor seed

producers as indicated by Mirritzing (1937) the variety, rLatar', might
contain aneuploid plants.

To check this possibility, somatic chromosome counts were
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taken on all 'Latar' selections made in 1968. The parental clones
of 'Penn late' were also checked for chromosome numbers. Clonal

materials were grown in a heated greenhouse during the winter of
1968-1969, Single tillers were grown under continuous light in

quartz sand and watered with nutrient solution as described by
Machlis and Torrey (1956). Actively growing root tips were harvested and placed in a ten ppm solution of N- (3- chlorophenyl)- carbamate

(CIPC) for one hour at room temperature. The root tips were fixed
in Carnoy's fluid and placed in a -18 C freezer compartment for
storage, The root tips were then hydrolyzed in one N HC1 for 12
minutes at 60 C. Root tips were placed in Feulgens stain for 20

minutes, washed, and placed in tap water at 3 C until somatic counts

were made. Root tips were broken apart with needles in a solution
of propionic carmine and Venice turpentine. The cover slip was
applied and metaphase chromosome counts were made. In all cases,

at least two positive counts were made; in the majority of cases
four positive counts were taken.
Paradichlorobenzene and monobromonaphthalene saturated

solutions are the usual treatments for shortening chromosomes.
These were found to be unsatisfactory in Dactylis even when coupled

with cold treatment. The CIPC treatment suggested by Storey,
Jordan and Mann (1968) gave satisfactory results in Dactylis,
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Results

Forty-one of the 43 'Latar' selections were counted. The only
two selections not counted were clones five and eight. The chromosome count on all 41 clones was Zn = 28. Clones 'R', '0', 'S', 'P'

from 'Penn late' and clone 'B' were also counted and had a chromo-

come count of 2n = 28.
Meiosis in Clone 'R'

Heads of clone 'R' that were just emerging from the boot were
harvested and preserved in Carnoy's fluid. Heads were harvested
on May 28, 1969,from Hyslop Farm clonal material. Propionic

carmine stains were made of the microsporocytes and examined at
500 X.

Results

Of the 150 metaphase I cells examined, 16 showed irregularity.

Irregularities included lagging chromosomes, fragments left at the

plate, and bridges. Some of the bridging resulted in a great deal of

scattered chromosome material across the dividing cell. Meiotic

division was irregular in clone 'R'; at least ten percent of the metaphase I dividing cells showed abnormal division of chromosomes.
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Relationship Between Pollen Stain and Seed Set

Two experiments were conducted to see if there was a significant correlation between normal pollen in a head and the seed that

would eventually be formed, Several investigators have used pollen
staining in Dactylis as a method of suggesting genetic instability,
(MUntzing, 1937; Jones and Borrill, 1962). Small populations were

generally used and the results were inconclusive. Acetic carmine
was the usual stain.

Acetic carmine, iodine, Feulgen, and tetrazoleum bromide
(TZB) stains were tried in preliminary studies. Feulgen stain was
excellent for both living and preserved Dactylis pollen. Tetrazoleum

bromide was an excellent stain on fresh pollen; it is also a vital
stain that indicates reductive capacity. Iodine was unsatisfactory
because of the great variation in degree of staining.
Feu lgen stain was used at once part Feu lgen to five parts of

50 percent sucrose. The tetrazolium stain was one part of .5 per-

cent tetrazolium bromide to five parts of 40 percent sucrose. Tetra zolium bromide readings were compared with actual pollen germination readings. The method of growing grass pollen used by Wallace
and Carbassi (1968) was used to grow 12 different Dactylis pollen
lots.

Pollen tube growth was much slower than indicated by these

authors and better growth was achieved at 81 F rather than at the
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72 F temperature. The relationship between TZB stain and pollen
tube growth was good for lots that stained very poorly indicating a
relationship between abnormal pollen and absence of pollen tube
growth.

From preliminary studies with stains on Dactylis pollen from
plants with known seed set histories, it soon became apparent that
percent stain was not a good measurement since practically all

pollen grains stain to some degree. In the preserved material two
types of readings were taken. The first was the number of aborts

plus the partial fills. Any pollen grain that did not fill at least 80
percent of the cell wall area was counted as defective. The second
reading subtracted the number of round giant pollen grains along with

the aborts and partial fills.
In the TZB stains with freshly shed pollen, differences in
pollen maturity were no problem; however, in preserved material

maturity differences were a serious complicating factor. This
problem was solved by selecting heads for preservation that were in
heavy bloom at the top of the panicle and light bloom at the bottom.

A spikelet in which the bottom one or two floret had flowered was

selected. The anthers just above a floret that had flowered were

used and gave good, uniform results.
An osmotic gradient was necessary in working with living
material to prevent change in shape and size of the pollen grains
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and also to prevent protoplasm from pulling away from cell walls.
The sugar solution also prevented unequal separation of pollen grains

when the cover slip was applied. TZB stains were readable after 20

minutes; Feulgens stain could be read in five minutes. All three
anthers were removed from a flower and broken apart in a drop of
staining solution with tweezers and a needle. Minimum tearing of

tissue had to be used to prevent pollen grain breakage. All readings
were made at 150 X. One hundred pollen grains were counted for
each head.

Preserved Pollen
Pollen samples were taken from commercial Dactylis varieties
at Hyslop Farm in 1969. Fifteen heads per variety were sampled
between May 28 and June 12; these heads were tagged for positive
identification. Pollen samples were preserved in one part glacial

acetic acid and three parts 95 percent ethanol. A head density
count wasAalso made in each variety for use in structuring Dactylis

yield components. Tagged heads were harvested before seed

shatter. Fifty florets per head were counted and seed set was adjusted to a percentage value. The correlation coefficient was computed both stepwise and linearly for the percent of filled, stained

pollen with the resulting seed set. The rating for the filled pollen
minus giant cells was also run with the same seed count as above.
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The computations were done by the Oregon State University Computer

Center.
Results

The correlation coefficient for filled stained pollen with seed
set was .3086. The correlation coefficient for the adjusted pollen

stain with seed set was .3135, Both of these correlation coefficients

are significant from zero at the .1 of one percent level. These data
were summarized in Appendix Table 7. Only the adjusted pollen

percent is given in this table.
Sample means of the 43 varieties that vary from the population mean are indicated. These data were of value in showing varieties that were high, medium, and low in fertility in 1969. The popu-

lation mean seed set of 81.88 percent was surprisingly high because
most previous work done on this project has been with the poor

yielding variety, 'Latar'. The differential between high and low
fertility in these varieties is about 30 percent. This difference
could account for noticeable variation in yields. In Appendix Table

7 the number of heads per meter of row has been divided by the
maximum number of heads found in any row. The variety with the

least number of heads had only 13.14 percent of the variety with the

most heads. Head numbers vary in this population more than seed
set percentages.
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Fresh Pollen
Pollen from 43 clonal selections from replication number four

in the 'Latar' nursery were evaluated in much the same manner as
the preserved pollen. TZB was used as a stain. One hundred
pollen grains were counted and a correlation coefficient was calculated with a percentage seed count based on 25 seeds per head.
Only pollen grains that showed uniform staining of the cytoplasm

were used for the count. Giant cells were not excluded in this trial.
An example of TZB pollen staining on two 'Latar' clonal types

is shown in Figure 2. The upper photomicrograph shows pollen

from clone '28' which is a fertile clone. The lower photomicrograph

shows aborts, partial fills, and size variation in clone 'A-12' as
contrasted to clone '28'. Clone 'A-12' is a low fertility clone.
TZB stains of pollen from two 'Penn late' clones are shown in
Figure 3. Clone 'S', upper photo, is an excellent seed producer.

Clone 'R' pollen, lower photo, shows defects ranging from aborts
to giant pollen grains. Clone 'R' has been a poor seed producer at

Corvallis in all years.
Results

The correlation coefficient between pollen stain and seed set

in 43 'Latar' clones was .4541 and is significant from zero at the

Figure 2. Photomicrographs of tetrazoleum bromide stained pollen
from 'Latar' clone '28', upper photo, and clone 'A-12',
lower photo. Pollen grains are 150 times natural size.
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Figure 3. Photomicrographs of tetrazoleum bromide stained pollen
from clone 'S', upper photo, and clone 'R', lower photo.
Pollen grains are 150 times natural size.
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one percent probability level. Average TZB stain was 79 percent;
average seed set was 76 percent.
Variation in Seed Set

Smith (1944) indicated that certain clones were more fertile

than others; however, there were statistical differences from year
to year between seed set in these clonal types. Stapledon (1931)
concluded from many observations that some clonal types were more

fertile than others at Aberystwyth. Hill and Hovin (1964) showed
locational and yearly effects on percent seed set in Dactylis.

Past observations at Corvallis indicate that in a given year

some clonal types are more fertile than others. One observation
does not preclude the possibility of locational differences in nurser-

ies that are responsible for this variation; therefore, it was necessary,to plant materials in designs suitable for statistical treatment.
Since clone 1R' has been a poor seed set clone at Corvallis for

several seasons, this clone was carefully observed to gain information on the genetic-environmental interactions affecting its seed
set. Several trials were conducted during 1968 and 1969 to show

that differences in clonal types exist and are subject to environmental modification.

The 43 selection of 'Latar' that were made in 1968 were
planted with the four parental clones of 'Penn late' and clone 'B' in
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a randomized complete block design at Hyslop Farm on November 7,
1968.

The plot was separated from the main nursery by 300 feet.

The plot received 120 pounds of nitrogen per acre as ammonium sulfate with 40 pounds per acre applied in the fall and the remainder

applied at the start of the growing season. One head per plant was

harvested before seed shatter. Twenty-five florets per head were
counted. In the 'Latar' clones an analysis of variance was run on the

basis of the number of seeds set out of a possible 25. A paired t test
was run on the 1968 and 1969 seed set in the 'Latar' clones to see if

these populations varied in seed set between years.

In 1968, clones 'R', 'S', 'B', and 'P' were sampled in a randomized complete block design with five replications. Ten sub

samples were taken and averaged for seed set per replication. Seed
count was on the basis of 100 florets per head. In 1969, clones 'R',

'S', and 'B' were sampled in five replications. Five heads were
sampled per replication and averaged for the seed set of the replication. Seed count was on the basis of 50 florets per head. Seed set

in clones 'R', 'S', and 'B' were compared by a paired sign test in 25
heads from 1968 and 1969. The 1969 heads were selected at random

and paired with 25 heads also drawn at random from the population in
1968.
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Results

Seed set for the 43 clonal ' Latar' selectio:_s in 1968 and 1969
is given in Table 6 and the analysis of variance for the 1969 'Latar'
data is presented in Appendix Table 8. Treatments differed significantly which indicated that some of these clones were more fertile

than others.

The paired t test for seed set in the 43 'Latar' clones in 1968
and 1969 was significant at the one percent probability level. Calcu-

lated t was 4,70. The value required for significance was 2.70. The
mean fertility of 73.67 percent in 1969 was significantly greater than

the mean fertility of 59.19 percent in 1968.

Analysis of variance for percent seed set in clones 'R', 'S',
and 'B' in 1968 and clones 'R', 'S', and 'B' in 1969 are given in
Appendix Tables 9 and 10, respectively.

Mean percent seed set for

both years is presented in Table 7. The least significant difference
for the 1968 data was 12. 08 percent. Clone 'R' was lower in seed

set than any other clone in 1968. Clone 'B' is lower in seed set than

clones 'S' and 'P' but higher in seed set than clone 'R'. The least
significant difference for clones 'R', 'S', and 'B' in 1969 is 9.02 percent. Clones 'B' and °R' are lower in seed set than clone 'S'. Clone

'R' is less fertile than any other clone.
The comparison of clonal means by sign test for fertility
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Table 6. Percent seed set for 43 clonal selections of 'Latar' at
Hyslop Farm, Corvallis, Oregon, in 1968 and 1969.1
To

Seed Set
Clone
1

2
3

4
5

6
7

Clone

1968

1969

72
78
62

79
82
57

86
67
67
70
73
77

50
72
76
78
50
80
48
62
60
54
64

79
75

60
58

25
26
27
28
29
30

82
66

13
14
15
16
17
18

62
76
58
66
58
58

20

48

21
22

23

32
13
74

24

52

31
32

A-1
A-2
A-3

81

65
89
78
87
95

A-4
A-5
A-6
A-7
A-8
A-9
A-10
A-11

69
83
71
66

A-12
A-13

74
81

40
58

80
78
66
44
78
34
38
8

76
96
63

90
76
56
63
72
83
79
59
81
86
72
55
72
59
61

69

49

Mean
1

Seed Set

1969

11
12

10

Seed Set

Seed Set

%

1968

60
54
70
68

9

%

°70

59.19

73.67

LSD at 5 percent probability level within 1969 data is 19.12 percent.

66

differences between years is given in Appendix Table 11. Clone 'R'
was lower in seed set in 1969 than in 1968. Clones 'S' and 'B' were
higher in seed set in 1969 than in 1968.
Table 7. Percent seed set in clones 'R', 'S', 'P', and 'B' at Hyslop

Farm, Corvallis, Oregon in 1968 and 1969.

Clone
R
S

P
B

1968

1969

31.34
75.94
80.68
60.38

15.20
86.32
74.96

Clone 'R' grown under field conditions was low in fertility at

Corvallis in 1969. Many heads showed the same symptoms of head

blast and accompanying necrotic tissue that were present in clone
'R' material that was brought into flowering in a heated greenhouse
in 1968. Many heads did not clear the boot in 1969. Tissue that was

proliferated eventually became necrotic leaving more or less normal
looking heads with fewer spikelets and fewer florets per spikelet.
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DISCUSSION

Flowering in Dactylis

A great deal remains to be done in working out the tempera-

ture, humidity, light, wind, and other requirements for flower
opening in cultivated Dactylis. With the great diversity in types

there are certainly differences in optimum conditions for flower
opening.

No great differences were found in flower opening at Corvallis
from the descriptions given by Wolfe (1925). Dactylis flowers open

primarily in the morning at Corvallis, Oregon. The usual flowering

period is six to ten A.M. Pacific Standard Time. Flowering occurs
late in this bloom period on cold mornings even though there is sunshine. If flowering has been deferred for several days, a light

bloom may take place between eleven A.M. and one P. M. Pacific

Standard Time.
Dactylis usually did not bloom on days when the maximum

temperature did not reach 66 F. Maximum temperatures for the day
may be deceiving in predicting whether Dactylis bloomed on a given

date, however, this may be modified by the time of day at which a
critical temperature was reached and the amount of bloom in the
preceding one or two days. It has been observed that following a day
of very heavy bloom there will be a light bloom the following day
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unless optimum conditions exist in the second day. At Corvallis this
means that flowering can be intermittent with peaks of bloom on certain optimum days.

The fact that flowers only remain open about two hours and do

not reopen does not reduce the opportunity for pollination since the

stigmatic surfaces on normal Dactylis flowers are oriented at right
angles to the lemma and palea. These large plumose surfaces re-

main outside the flower when it closes. At 72 F in a growth chamber these stigmatic surfaces have been shown to be receptive to
pollen for at least four days after flower opening. This study has
shown that abnormal bending of stigmatic surfaces may prevent

these surfaces from remaining outside the floret after closure. This
stigmatic abnormality is prevalent in a wide range of Dactylis types

and is most likely to be found in varieties or clonal types that are
low in fertility. In clone 'R' and 'Latar' types only 50 percent of the

florets have extended stigmatic surfaces after flower closure. The
turgor movements of Dactylis are precise. The spikelets are spread
one from the other at flowering time. Flower opening is rapid and

almost never fails to occur. Filaments grow to a half inch in length
in twenty minutes or less. Stigmatic surfaces are in an upright
position before flower opening and bend rapidly downward as soon as

the flower opens and stay bent downward at right angles to the axis
of the flower. The failure of stigmatic surfaces to remain outside
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the flower could result in less pollen load and lesser seed set. Adding additional pollen to clone 'Rt more than doubled seed set. Since

necrotic ovaries are present in these poor seed set clones, twisting
and bending of stigmatic surfaces may indicate that the ovule has
aborted. If a viable ovary produces certain growth regulators neces-

sary for stigmatic control, then the death of the ovule could be
associated with abnormal stigmatic bending. Myers and Hill (1940)
and Jones (1962) showed that meiotic irregularities occurred in
Dactylis. The work done in the present paper on the relationship

between pollen stain and seed set in 43 varieties of Dactylis indicates

that pollen abortion is related to poor seed set. This indicates that
some of the pollen abortion is also related to ovule abortion. Per-

haps some ovules are incapable of being fertilized at flowering

time. Meiotic studies in clone

indicate an irregular reduction

division and hence the chance for ovule abortion. The overall data,

however, would suggest that abnormal stigmatic bending is not
completely associated with a non-functioning ovule and that this defect

acts to some extent on fertility by cutting down the amount of pollen
reaching stigmatic tissue. In any event abnormal bending of stigmatic surfaces can be associated with lower seed set. Materials in
breeding nurseries and commercial varieties showing this defect
should be suspected as being low in fertility.

This work is in general agreement with that of Johnson (1960)

70

in that the great majority of ovaries appear to be viable at flowering

time. A head disease that caused retained anthers and lowered seed
set was observed at Corvallis in the variety, 'Chinook', in 1968.
This problem greatly resembled Johnson's description of anther
retention in New Zealand.

The study of floral anatomy in 1968 suggests that dried and

necrotic ovaries are present in some poor seed producing clones

and that a study of ovary size, color, staining reaction, or even
more intensive observations might give valuable information about

the status of the ovary at flowering time. With proper flower marking it should be possible to discern if the same flowers that show

poor stigmatic presentation are the exact flowers that do not set
seed. Pollen could also be added to flowers with stigmas that don't

escape and to normal flowers to see if the bending defect is associ-

ated with reduced pollen retention or lesser fertility due to genetic
causes.

Temperature and Water Stress
Very little helpful information is available in the literature on

either moisture stress or temperature in relation to seed set in
Dactylis. Stebbins (1956) mentioned that seed set in Dactylis at

Davis, California, under hot dry conditions was lower than in the

marine climate at Berkeley. The data presented in this thesis on
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temperature were based on only two clonal types; however, differences between relatively cool flowering conditions and warm floWer-

ing conditions were not significant as far as fertility wa s concerned.

Seed set was higher at warmer temperatures. Since Dactylis blooms
more readily at high temperatures and pollen tube growth is better

at 80 F, perhaps clonal types could be isolated that show greater

fertility at high temperatures. Because of the great diversity in
Dactylis, information on temperature at flowering should be applied
only to those clonal types under study and not applied too broadly.

The same rules would also apply in discussing moisture

stress. Some desert forms of Dactylis might respond entirely differently to both temperature and moisture stress than northern
types. Work with clones 'R' and 'B' in growth chambers showed
that by maintaining them at approximately the permanent wilting

point during the flowering period, the seed set was significantly re-

duced. The data also showed that higher temperatures were beneficial
as long as there was adequate moisture; however, higher tempera-

tures plus lack of water caused a greater yield reduction than cool

temperatures and moisture stress.
The experiment on time of moisture stress indicated that

moisture stress in clone 'B' was deleterious to fertility at flowering
time. Stress sufficient to cause death of lower leaves at heading

time or two days after flowering did not reduce fertility. This is in
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agreement with the findings of Denmead and Shaw (1960) who found

that the greatest yield reduction in corn from moisture stress was
during the tasseling and silking period. Yields were reduced by 50

percent if corn was stressed during this period. Stress both before
and after tasseling and silking caused less than 25 percent yield
reductions even though they occurred over a longer period of time.

Aspinall et al. (1964) showed that several cycles of moisture stress
in barley from spikelet formation to anthesis caused a significant

reduction in seeds produced. Stress after anthesis did not reduce
number of seeds produced, but did result in less weight per seed.

Certainly more critical experiments are warranted on the
timing of moisture stress between heading and flowering to see if

there might be a critical period other than the flowering period.

Several stress levels should be measured to define critical levels
of moisture stress that are associated with reduced fertility. The
growth chamber experiment showed that with prolonged stress,

pressure bomb readings of under 350 pounds per square inch were

associated with reduced fertility. At a stress of 475-500 pounds per
square inch in the greenhouse, flowers failed to open. Water stress

is probably associated with other factors in addition to flower opening.

At Hyslop Farm in 1969 moisture stress was not sufficient to

cause yield reductions. Even though the stress readings on the dry
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treatments in the field were about the same as those recorded in the

growth chamber, the same degree of stress may not have been present. The stress in the growth chambers with potted plants rose

rapidly and continued for 14 or more hours per day. Under field

conditions with moisture reserves the stress was present only during
the late afternoon. Duration of stress must be considered along with

maximum stress readings for the day. It should be possible with
the pressure bomb to describe those temperature and moisture stress
combinations that cause fertility loss in Dactylis. Moisture stress
could be a factor in seed yields in the Corvallis area in some years
though it probably was not a factor in 1969.

Genetic Instability in Dactylis

The 41 plants from the variety, 'Latar', were examined for
somatic chromosome count. All plants contained 2n = 28 chromo-

somes. The literature concerning chromosome numbers in Dactylis
varies a great deal. MUntzing (1937) presented evidence that ten
percent of seedling Dactylis in populations from Sweden and Norway
were aneuploids. His data indicated that aneuploids produced fewer

seeds and plants that varied from 2n = 28 chromosomes were usually
less vigorous than euploid plants, He concluded that genetic in-

stability resulted in the ten percent euploid plants. Jones et al.
(1961) reported that 19 of 149 Dactylis plants from the Mediterranean

74

area were aneuploids. Jones (1962) reported that 460 plants from
a wide selection of cultivated and wild Dactylis contained only 3.2

percent aneuploids. Myers and Hill (1940) reported 21 percent
aneuploids from somatic counts on 116 clones at State College,
Pennsylvania. Weiss et al. examined old stands in Iowa and found

all plants to be Zn = 28.

Emphasis on several points may help correlate the above information and give a suggestion as to the amount of aneuploidy found
in Dactylis populations. (1) Whenever spaced nursery plantings or

seedling materials were examined, greater amounts of aneuploidy
were found. There was general agreement in the literature that

aneuploid plants were less vigorous than euploid plants. Milntzing
(1937) examined seedling plants; Myers and Hill (1940) examined

space planted nursery plants. These aneuploid plants probably would
not have survived in old stands or wild populations.

(2)

Mrintzing

examined a rather narrow base of clonal material. Whenever progeny from several clones were studied, there was a good chance that
they did not represent the Dactylis population. Jones (1962) reported
on a broad spectrum of Dactylis. (3) Somatic counts at best are always somewhat difficult to make. In the presentstudy new methods

were used for shortening chromosomes and Feulgens was a better

stain for chromosome material than those used in many of the older
studies. There is always the chance that counts are not accurate.
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The available evidence indicates that there is less than five percent aneuploidy in most old stands of Dactylis. The work with iLatar'

in the present study would indicate that a variety can be unstable

genetically, be a poor seed set variety, and still contain mainly
euploid plants. Aneuploidy might be a measure of genetic instability
if seedling materials were examined and not old established plants.
Borrill (1961a) indicated that lower seed set in Dactylis was

associated with low germination of the seeds that were set. One of
the standing procedures of the Dactylis investigations at Aberystwyth

has been to report seed set in terms of the number of seeds that
would germinate from a head when planted in greenhouse flats. In

the standard germination test, seed from clone 'R' was the lowest
in germination of the 'Penn late' and clone '13' seeds. In sand culture

in the greenhouse, germination of clone 'R' was significantly different

from clone 'S' seed. The Aberystwyth group has had a great deal of
experience in working with Dactylis. In addition to seed set data,

germination data under semi-stress conditions might give a further
indication of genetic instability. A great amount of the Aberystwyth

work has reported fertility in terms of seedlings produced per head
as the only measure of fertility. Since head size varies a great deal

from plant to plant, a percent of seed set for heads based on a 25 or
50 floret count screened over a light table might give additional,
worth-while information. Conversely, a germination test associated
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with the work reported in the present study might give a better esti-

mate of true fertility of the clonal type.
The 1968 greenhouse crosses were made to see if there were

absolute barriers to cross fertility in these clonal types. These
crosses indicated that clone 'R' was a better male parent than a female parent. The 1969 greenhouse crosses again showed that clone

'R' was a poor female parent. Clone 'R' shows pollen abortion, is un-

stable at meiosis, has retained stigmatic surfaces, and is very difficult to bring into flower without floret abortion which influences the

fertility of the florets that remain. Clone 'R' is a poor female parent
because of several factors. Clone 'R' might be a poor male parent
because of pollen abortion and genetic instability in the pollen that is
produced. The 'S' X 'B' combinations fall at the lower end of the 'S',

'B', 'P' combinations. Borrill (1961a) has shown that when tetraploid types from divergent populations were crossed, the number of

seeds produced by these crosses were likely to be less than either
original population. The fact that clones 'S' and 'B' might be from

divergent populations could be a reason for lower fertility in this

cross. Borrill postulated that instead of incompatibility mechanisms,
the lack of fertility in crosses was caused by genic inbalance.
The fact that Dactylis shows a high degree of meiotic irregular-

ity has been established in the literature review on cytology. Myers
and Hill (1940) found some plants that contained 20 percent
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chromosome bridges at anaphase I. Jones (1964) found that over
three percent of cultivated Dactylis types showed interchange pairing
as evidenced by multivalent pairing in excess of quadrivalent pairing.
Myers and Hill. (1943) and Myers (1948a) have shown that there was

increased meiotic irregularity with inbreeding which might account

for lesser seed set with inbreeding. Both Myers and Hill (1942) and
Weiss et al. (1951) have shown that micronuclei in pollen quartets in-

creased with higher temperatures during meiosis. Weiss et al. were
not able to show a correlation between micronuclei and subsequent

seed set in 80 clones of Dactylis.

Meiotic irregularity has been suspected as a factor in seed set
but no factor commonly associated with meiotic irregularity has been
shown to be significantly correlated with poor seed set. Work at
Corvallis in 1969 has shown that normal pollen was significantly cor-

related with seed set at the one tenth of one percent level across 43

varieties; however, the low correlation coefficient of .3135 indicates
that many factors alter pollen fertility and affect overall seed set.
Pollen abortion is associated with reduced seed set; the most likely

cause of this relationship is that meiotic irregularity causes both
pollen abortion and ovule abortion.

Attempts have been made by other researchers to associate

meiotic irregularity in microsporocytes with micronuclei in pollen
tetrads,.

This has been successfully done; however, it does not
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indicate if the irregularity is of a fatal nature. In the present study,
pollen abnormalities caused by meiotic irregularity could be detected
by examining pollen grains that were mature.

The other factor that

contributed to the success of this experiment was the necessity to

discard the usual concept of pollen staining. Almost all pollen grains
in Dactylis stained to some degree. Only those that stain uniformly
should be counted. If was also necessary to work with head numbers

of over 50. The main study was done with 616 entries. Of these

616 heads, 60 had a pollen rating of 91 percent or better. This
group had a seed set of 87.60 percent, which is six percent better
than the population as a whole. Thirty-nine heads had a pollen rating

of 50 percent or lower; these heads had a seed set of 69.51 percent.
Only one of the 60 highly rated heads had a seed set of less than 70

percent. Apparently a very high pollen score is highly associated
with good seed set.
Variation in Seed Set

Significant seed set differences were shown to exist between

commercial varieties grown at Corvallis in 1969. The percent seed
set ranged from almost 95 percent in 'Roskilde' to 63 percent in
'Holstenkamp'. The percent seed set of 'Latar' in the variety nur-

sery was about 67 percent which made it one of the least fertile

varieties. (See Appendix Table 7)
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In 1969 the 43 'Latar' clones showed significant differences in

seed set between clones; however, there were significant differences
between the mean seed set of these clones in 1968 and 1969. The

data from the 'Penn late' and clone 'B' materials indicated that there
were significant differences between these clones and also differences

in seed set between years within a clonal type for 1968 and 1969.
Borrill (1961a) stated that seed production in a population did

not come equally from all plants; certain plants contributed heavily

because of greater fertility. Smith (1944) also showed that seed
yield of Dactylis populations come from the more fertile clones. The
population that he investigated had seven percent of the plants that

produced seed on less than 27.5 percent of the available florets.
Schultz (1941) found that seed yields on clonal types varied

from year to year. Hill and Hovin (1964), working with the 'Pennlate' clones, indicated that clone 'R' produced 97.5 percent seed at
Tehachapi, California, in 1959, and only 23.0 percent seed at

Prosser, Washington, in 1958.
The data at Corvallis in 1968 and 1969 pointed out clearly that

there were highly significant differences in percent fertility between

clonal selections and that percent fertility was variable on these

clonal types from year to year; while there were variations from

year to year, some clones tended to be low in fertility every year.
The seed set behavior at Corvallis during 1968 and 1969 was

80

consistent with the types of variations reported in the literature.
These genetic-environmental interactions are difficult to explain in a
fully satisfactory manner. Hill and Hovin (1964), Weiss et al. (1951)
and Myers and Hill (1942) have shown that micronuclei in pollen

quartets varied with collection dates and seemed to increase with
temperature. Possibly some clones are sensitive to higher temperatures during the meiotic period and this may account for some of the

variation in seed set from year to year or from location to location.
Some insight into the complexity of fertility can be gained from

studies with clone 'R'. Clone 'R' showed pollen abortion,had abnormal stigmatic bending, was a poor female parent in greenhouse
crosses, showed head blast when brought into a heated greenhouse,
and showed meiotic irregularity in 1969. In 1969 the same head blast

symptoms were present in the field that had been observed under
greenhouse conditions. The fertility of the florets that remained

was only 15 percent; in 1968 the fertility was about 32 percent.
If initiation is controlled by day length, initiation time may be
about the same each year. Floral initiation was not complete in
clone 'R' in 1969 until April 18. The period of elongation and differentiation was May 1 until heading on May 20. During the May 1

to May 20 period in 1969, average high temperature for these days

was 70.35 F. In 1968 the temperature was 65,05 F during this
period. Clone 'R' bloomed five days earlier in 1969 than it did in

81

1968. Warm temperatures during the differentiation period may

greatly affect the overall fertility of clone 'R'. Head blast was observed in 1969 in other clonal types with approximately the same

maturity date as clone 'R'. Even though some northern types of
Dactylis will flower in the Corvallis area, the warm temperature
during the floral differentiation period in some years might cause

proliferation of florets and very low fertility. This may be an example of growing Dactylis clones outside their area of adaptation.
The explanation of head blast is drawn from observation and is an

initial hypothesis to explain the behavior of clone 'R'. Additional

work with controlled temperatures will be necessary to prove that

increased temperature is responsible for some of the head abnormality.

Pollen abortion is present in many of the clonal types that are

low in fertility. A good representation of these types has been
selected from the 43 varieties that were studied in 1969. These

selections represent a wide range of cultivated Dactylis. Future

meiotic studies can be carried out with material that is already
known to be low in seed set. This will give an opportunity to com-

pare the instability in this pre-selected group with more fertile
types. There should also be the opportunity to study the environ-

mental aspects of this instability. These studies are needed before

more of the season-to-season variations in Dactylis seed set can
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be understood.

Economic Aspects of Research in Dactylis

A plant may be studied for its cytological behavior, its evolu-

tionary past, and the ecological implications of its present distribution. Unless this information can be found, understood, and utilized

the potential economic gain from this knowledge will be lost. There

are some aspects of the research in Dactylis that should be reviewed
from an overall knowledge of the species to facilitate its utilization

as a grazing plant and clarify related seed production problems.
Those working with introduction and breeding in Dactylis should be
familiar with the work of Stebbins (1956) and Stebbins and Zohary
(1959).

The mere knowledge of the widespread dis.tribution of

Dactylis and the probable sequence of evolution has these implications: (1) There is a great amount of diversity in the species that

can be used to fill ecological niches in areas of potential introduction. There is the inherent danger that these introductions may re-

sult in failure if materials are not properly classified and used in
comparable environments.

(2)

Dactylis evolved from sub species

that were separated over time. While the taxonomist can treat the

species as a whole, the plant breeder must be aware that there may
be genetic differences present in diverse populations.
The papers by Myers and Hill (1940 and 1942), Miintzing
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(1937), McCollum (1958), Jones (1952), and others showed that

Dactylis is an unstable species. This is not surprising in view of the

work on other polyploid species. Research in this thesis adds supporting evidence that genetic instability is involved in poor seed set
in clonal types and synthetic cultivars.
The paper by Borrill (1961a) showed that there was a fertility
drop in both diploid and tetraploid Dactylis when populations that

were widely separated in geographic location were brought together.

Borrill read this fertility drop in terms of genetic repatterning of
chromosomes in the isolated populations. His interpretation of the

results of his work was probably correct. Jones (1962), working on
pure cytology in Dactylis, also felt that there was reason to believe
that part of the genetic instability in Dactylis was the result of
bringing together diverse populations.

There is no reason to believe that this instability cannot be

carried in the species because seed set is not that important to the

survival of the species. Dactylis plants may be far longer
lived than ordinarily believed. Stapledon (1928) stated that Dactylis
was found in old pastures that had not been allowed to set seed for a

hundred years. Certainly there is gene flow from diploid populations
to tetraploid populations continuing in wild populations. In agronomic

situations diverse types are brought together by accident and design.
In any event instability is carried in cultivated Dactylis.
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Some implications of this genetic instability may be important

to the plant breeder. Most varieties are synthetics of four to ten
clonal types. If these clones are picked at random there is the

chance of introducing more instability into the variety than was con-

tained in the parental clones if the parental clones are from diverse
geographic areas. If the variety is a four clone synthetic, any initial
fertility drop could eliminate several potential combinations because
of less seed production and lower germination of the seeds that are

produced. Based on observations at Corvallis, 'Penn late' may be
one of the varieties with a very narrow genetic base. Clone 'R'
probably did not contribute a great deal to the polycross because of

genetic instability and other reasons already reviewed. Clone '0'

is very susceptible to root and crown rot diseases. If this variety
were a balanced four-clone synthetic in the initial release, a significant genetic shift might have occurred in Oregon seed fields.

At the present time, varieties with poor seed set are bred and
released to seed growers. Differences of over 30 percent in fertility
can be found between commercial varieties. 'Latar' is one of the low

fertility varieties (see Appendix Table 7).

The rules for breeding a fertile variety should include the
following:

(1) A knowledge of clone origin should reduce the possibility

of bringing together diverse types.
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(2)

Chromosome counts on all clones should be made to
eliminate aneuploids.

(3)

Parental clones should be checked for meiotic irregularity;

irregular clones should be eliminated.
(4)

Clones that show over 20 percent aborted or partially

filled pollen grains might be suspect for meiotic irregularity.
(5)

Controlled crosses should be made to evaluate a possible

fertility drop in seed set below that of the parental clones.
Clonal types that show this fertility drop should not be

placed in the same polycross nursery.
(6)

Parental clones that show abnormal stigma bending should
be eliminated.

(7)

The proposed variety should be sampled for head density,

percent seed set, and overall yield in the area of intended
production before it is released.
(8)

The variety should be evaluated for genetic shift in the

area of intended forage production after it has been grown

in the seed production area.
The review by Stapledon (1928) on hay and pasture types of

Dactylis brought into sharp focus the fact that there may be a fundamental conflict between seed production and forage production in

certain pasture and forage types. Plants with 30 to 50 percent non
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flowering tillers are probably an advantage to forage production.

These may well be the plants that are adapted to grazing pressures.
The head number per meter of row and the percent of the maximum

tiller number for the 43 varieties investigated for seed set in 1969

are given in Appendix Table 7. As important as fertility is to seed

production, head numbers per unit area are more important. Some
varieties are low in head density and, hence, are poor seed producers; this should be recognized by the seed grower, the seed

trade, and the eventual consumer. The grower must receive a
greater price per pound for growing low yielding varieties. There

is no reason, however, to impose poor seed set on a variety that
already has low head density.
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SUMMARY AND CONCLUSIONS

Studies were conducted at Corvallis, Oregon, in 1968 and 1969
to gain information on flowering and seed set in Dactylis glomerata
L.

Flowering is intermittent at Corvallis and is greatly influenced
by morning temperatures and the degree of bloom in the previous
day.

Flowering is concentrated into the warm days. Dactylis

flowers seldom fail to open except that a few early varieties in

some years show retained anthers and reduced seed set. This problem may be pathogenic.
Dactylis flowers open only once and the stigmatic surfaces on

normal flowers remain outside of the flower at the time of closure.
Abnormal stigmatic bending and twisting is associated with poor
seed set in Dactylis and exerts some influence on seed set by limitThe environing the amount of pollen to reach stigmatic surfaces.
bending
mental and genetic factors that cause abnormal stigmatic

in over 96 perare not known. Non necrotic ovaries were present
seed set probably
cent of all flowers in 1968. Some types with poor
at flowering time.
show detectable ovary necrosis
studies indicate that seed set
and
greenhouse
Growth chamber
temperatures by moisture stress
cool
and
warm
at
both
is reduced
conditions at flowering time were
time.
Warm
at flowering
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beneficial as long as there was ample moisture. Drought was most

deleterious to seed set at warm temperatures. Moisture stress was
applied at several times during the heading and seed set period.
Moisture stress during the flower opening period reduced seed set;
stress at heading and two days after flowering did not influence seed
set. The moisture stress in an early clonal. type and a late clonal

type did not result in reduced seed set in field grown plants at
Hyslop Farm in 1969.

Filled pollen grains were found to be correlated with the num-

ber of seed set in 616 entries across 43 varieties of cultivated
Dactylis in 1969. It was concluded that some factor that causes

abortion of pollen grains may also cause abortion of ovules. This

factor is probably genetic instability. 'Latar', a poor seed set
variety, does not have a large number of aneuploid plants in the
population and still carries enough genetic instability to cause reduced seed set.

Clone 'R' exhibits pollen abortion, meiotic irregularity, and
poor germination of seeds that are produced. Stigmatic bending

abnormalities and floret abortion complicate the fertility studies
with this clonal type. Clone 'R' is probably outside of its normal
environmental range when grown at Corvallis.

Clonal types can be identified that are low, medium, and high

seed producers; however, there are significant year-to-year
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variations in seed set which means that genetic factors are modified
by the environment. Fertility in Dactylis varieties might be in-

creased if precautions are taken by the plant breeder to breed a
variety that is fertile in the area where seed will be grown. The
seed trade should recognize that many desirable forage types of
Dactylis produce a low number of seed heads. Unless these varieties can be induced to flower by applying compounds that cause floral

initiation and induction, then low seed yields must be expected.

Seed yields might be increased by 25 to 30 percent in some varieties by eliminating the genetic instability through selective breeding.
Several minimum precautions in breeding Dactylis should be
followed. Parental polycross clones should be checked for pollen

fertility and seed set. If diverse types are crossed, controlled
crosses between these types should be made for an indication of
instability. The proposed variety should be evaluated for yield in

the area of intended seed production before it is released. There
should be some effort on the part of the plant breeders to ensure
that seed of the proposed variety can be economically produced;

failure to do this may result in rejection of the variety by seed
growers and the loss of the variety to the forage producer.
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Appendix Table 1. Summary of Dactylis floret characteristics and seed set from varieties and clonal
types examined in 1968.

Variety or Clone
Chinook Fresh

Potomac Fresh

Heads

Florets

5

500

5

500

Ovary
Present

Stigma

469
93.8%

370
74.0%

460

496

428
85.6%

484
96.8%

412

568
90. 9%

289

618

380
60. 8%

223

132

99.2%

Latar Preserved

25

625

Escape

46. 2%

Anther
Escape

92.0%

98. 9%

Seed Set
353

70.6%
82.4%

Clonal Types
R Fresh

5

240

92.9%

R Preserved
P Fresh

P Preserved
S Fresh

S Preserved
O Fresh

O Preserved
B Fresh

B Preserved

TOTAL

10

5

10

5

10

5

10

5

10

110

250
240
250

240
250
240
250
240
250

4075

55.0%

233

97.1%
243

250
100.0%

105

230
95. 8%

210

242
96. 8%

183
73, 2%

249

240

212

239

42.0%
87. 5%

97.0%
239
99, 6%

99. 6%

63

26.2%
76

30.2%
212
88. 5%

220
87. 9%
167
69. 6%

100.0%

88. 3%

99. 6%

249
99.6%

218
87.0%

248
99.2%

180

238
99.2%

206
85. 8%

237

127
53. 0%

245
98.0%

200
80.0%

250
100.0%

140

234
97.5%

203

233

147

250
100.0%

233

3934
96. 5%

84.6%
93.2%
2989
73. 4%

98. 8%

97. 1%

245
98.0%
3978
97. 6%

72.0%

56.0%
61.2%
157

62.8%
2634
64.6%
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Appendix Table 2. Maximum flowering period for clonal selections
at Hyslop Farm, Corvallis, Oregon, in 1968 and
1969.

Clone
R

O
S

P
B

1968

June 16-19
June 13-17
June 17-21
June 15-18
June 10-13

1969

June 12-15
June 1-4
June 12-15
June 1-4
May 31-June 2
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Appendix Table 3. Daily high temperature, low temperature, and
precipitation at Hyslop Farm, Corvallis, Oregon,
during April, May, and June 1968 and 1969.1
April 1969

April 1968
High

Low

63

44

51

41
33

55
61
50
54
53
56
60
70
70
52

38
40
33
39
35

34
36
35
34

50
66
58

24

52

33

50
55
52
53
52

30
30
28
34
29

56
67

33
42

59
58

31

55

44
40

61

35
33

39

81

39
39

76

46

70

Precipitation
T

.13

High

Low

60

40
39
29

59

46

T
T

Precipitation
.01

.20
.15
.07
.18

.24
.05

54

33
43

57
59

31
31

T

.02

60
65
54
65
67

34
40
35

0

31

T
T

53

0
0

0
0

T
T

59

.17

56
58

.01

61

.20

63
56
54
54
60
69
62
56
53
59
67
70
52
55

0

T
T

.02
.23
T

.31
,

09

T

.02
0
0

0

.02

43
39
38
38
34
43
42
45

.01
0

.05
.04
T
T
0
0

.15
.01

.13

31

38
40
46
39
35
33
40
50
35
33

T
0

.17
.07
.01
0
0

.29
.38
.02

Continued on next page
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Appendix Table 3 Continued.
May 1969

May 1968
High

Low

61
62
69

38
39
42
41
35
39
35
39

75
59
50
57

64
74
71

64
69
52
59
59

64
78

41

37
43

40
36
34
43
38
43

71

47

77
64
63
64
63

55

61

64
63

65
66
68
66
66

Precipitation
.01
0

0
0

.01

.08
.01
0
0
0

.03
T

.27

Low

51

35
35
40
35
40

T

44

0
0
0
0
0
0
0
0

54
54
56
66
75
80
87
76
76
78
82
82

42

46
40
43
49
55

46

T
T

64
63

50
42

0
0
0

70
78

44
49

83
58

55
49
42

.23

47
47

.46

47
48
45
46
50
50

.04
.66

.32
,

06

.67
.46
.13
.01

53
41
41

T
T

43

0

Precipitation

High

60
69
84
87
76
68
65
63
65
69
67
68

49
51

49
50

.15
.03
T
0

.20
.07
T
0

.08
.70
.01
0
0
0

.01
.03
.01

41
50

49
43
50
50
47

.07
.02
0

.26
T

Continued on next page
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Appendix Table 3 Continued.
June 1968
High

Low

73
66
64
69

51

71
71

65
63

65
76
70
66
68
68
74
80
86
80
87
66
74
80
71

76
85
92

84
68
62
63
1

Precipitation
.25
.34

57

44'

T

42
44
43
48
43
43
53

0
0

71

0
0
0

0
0
0

.01

June 1969
High

Low

86
86
90

51

79
70
66
72
77
67
67
77

51

55
57

55
57
55
55
59
56
55

71

57

76

48

T
T

80

54
54

49
47

0
0

81

51

93

46
50

0
0
0

97
85
75

50
58
54
54
57

36
47

53

.04

44
43
50
54

0

53

0
0
0

54
64
55
41

42
48

.06
.08

68
66
61

T
0

.01
T

72
76

52
52

56
53

64

51

62
62
58
72
79

48
50
51

52

49

Temperature is in OF; precipitation is inches.

Precipitation
0
0
0
0
0
0
0
0

T

.04
T
0
0

0
0
0
0
0
0
0
0

.03
.76
.10
.21
.09
.52
.35
.36
T
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Appendix Table 4. Analysis of variance for the number of seeds set
in Dactylis from the effects of clonal type,

temperature, and moisture.

Source of variation

A Clone
B Temperature
C Moisture
AB
AC
BC
ABC

Error
Total

df

Mean square

SS

1
1
1
1

1
1

24
31

9.67**
4.01

166.53
69.03
510.40
36.56
86.47
94.53
56.99
17.22

166.53
69.03
510.40
36.56
86.47
94.53
56.99
413,35

1

29. 64 **

2.12
5.02*
5.49*
3.30

1,433.86

*Significant at five percent level; significance required is 4.32.
**Significant at one percent level; significance required is 8.02.

Appendix Table 5. Analysis of variance for number of seeds set in

Dactylis stressed at various times prior to,
during, and following flowering.

Source of variation

df

Treatments

4
15

Total

19

Error

SS

1007.81
327.36
1335.17

Mean square
251. 95 **

21.82

**Significant at the one percent probability level.

Appendix Table 6. Analysis of variance for number of seeds from 50

florets in crosses of clones 'B', 'P', 'S', and 'R'
in all reciprocal combinations during 1969.

Source of variation

df

Treatments

11

Error

36
47

SS

5,648.73
1,463.25
7,111.98

Mean square
513.52**
40.65

Total
**Significant at the one percent probability level; F = 12.63; F at one

percent probability level is 2.80.
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Appendix Table 7.

Adjusted pollen stain, percent seed set, and correlation coefficients for 43
commercial Dactylis varieties at Hyslop Farm, Corvallis, Oregon, in 1969.
Head density and percent of maximum density for each variety are given in the
two right hand columns.

Variety

Adjusted
Pollen
Percent

L 22

81.93

Fala

78. 93
88. 93

Chinook

Rideau
Roskilde
Sildig Roskilde
Chantem ale

73.00

D aprirne

85.00

Late Eagle Hill
Pajbj erg Elite XI
Pajbj erg Milka

85. 43
80. 29
78. 40

Pajbj erg
Frode

88.07
80.00

Floreal

72. 71

Lemb a RVP
Baraula
NFG

81. 64
79. 43
78. 79

Von Kemekes
Taurus

83.00
85.36
83.93
85.65
82.23

76. 33
75. 85
78. 47

Percent
Seed Set
93. 20**
85. 59
88. 40**
75.60 **
94. 74**
82. 29
86. 53

Correlation
Coefficient

of row

. 2763
. 0326
. 0990

134
138
127

76. 57
78. 85
72. 57

-.2957

93
91
88

53.14
52.00

2307
. 0715
. 4106
.

88. 13**
78. 79**

-. 0634
-. 2065

81. 86
93. 33**

-.0541

92.13 **
86. 00**
78. 29**
74. 93**
86. 43**
79. 57**
83. 43*
77.43 **
71.87 **
89.46 **

Heads/meter

Percent of
maximum
number of
heads

. 41 42

. 13 47

. 8868
. 1327
. 3649
. 2727

50. 29
42. 86
49. 14
81. 14
58. 86
58. 29

75
86
142
103
102
142

81.14
50. 86

89
136

77.71
36.00

63

2 8. 00

Iris

80, 93

75. 14**
76. 93**
87. 87**

Scotia
Holstenkamp
Sceempter
Smalbladige
Oberweihst
B-15
Germinal
Prarial

77.29

82.29

.0778

65. 54

63. 38**

. 2521

49
152
175
35
45
67
63
53
70
50
52
57
80
35

61.07

.5568

23

13.14

83, 00
63. 40
76. 31

66.00 **
76. 57**
88. 53**
78. 31**

-, 0812

42. 86
24, 00
35. 43

81.60

81.60

T a mmisto
Permlace
Perim ead

69. 33

78. 13**

80.60

87.20**

67. 60

Modac
Trifoliurn

69.00

75.73 **
94. 50**
92, 14**

. 7464
. 7854
. 3807

75
42
62
58
93
101
97

. 48 57

74

53, 14
57.71
55. 42
42. 29

. 7840

63

36.00

Coxa
Brage

Tardus II
Adefa
Daehnfeldt Hera
Phyllox Daehnfeldt
Ferdia

77. 46
8 4. 00
80. 21

73.62

82. 71

82. 93
77. 85
89. 33**

. 61 50
. 10 41

-.0996
. 06 77

-. 1468
-. 1156

, 1591
-. 0941
. 3230
. 3451
. 3505

. 0002

.5636
.4897

86. 86

100.00

20.00
25.71
38.29
36.00
30. 29

40.00
28. 57

29.71
32. 57

45.71
20. 00

33. 1 4

Continued on next page
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Appendix Table 7 Continued.

Adjusted
Pollen

Percent

Percent
Seed Set

Latar
Potomac

75.71
79, 15
71.21
72.23

83. 43**
84.00 **
67.42 **
75.53 **

Population
(all above entries)

78.13

81.88

Variety
Akaroa
Boone

Correlation
Coefficient

.2550
-.1142
.6215

.4479
. 3135

*Varies from the population mean at the five percent level.
**Varies from the population mean at the one percent level.

Heads/meter
of row
47
111
43

85

Percent of
maximum
number of
heads
26. 86

63.43
24.57
48.57
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Appendix Table 8. Analysis of variance for number of seeds set by

43 selections of 'Latar' at Hyslop Farm,
Corvallis, Oregon, in 1' 69.

Source of variation

df

SS

Treatments
Replications

42

1,914.47

5

55.12

210
257

3,630.88
5,600.47

Error
Total.

Mean square
45. 58 **

11.02
17.29

**Indicates significance at the one percent level of probability.
Calculated F = 2.63; required F at the one percent level = 1.59.

Appendix Table 9. Analysis of variance for percent seed set in
clones 'R', 'S', 'P', and 'B' at Hyslop Farm,

Corvallis, Oregon, in 1968.

Source of variation

Treatment
Blocks

Error
Total

df

SS

3

7,368,15

4
12
19

103.67
468.09

7,939.91

**Significant at the one percent probability level.

Mean square
2,456.05**
25.91
39.01
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Appendix Table 10. Analysis of variance for percent seed set in
clones 'R', 'S', and 'B' at Hyslop Farm,
Corvallis, Oregon, in 7969.
SS

Mean square

2

14, 336. 71

4

194.71
146.61
14, 677. 03

7,168.35*-',
48.68
18.33

df

Source of variation
Treatments
Replications

Error

8

Total

14

=I'*Significant at the one percent probability level.

Appendix Table 11. Percent seed set for heads from 1968 and 1969

data for clones 'R', 'S', and 'B'; 25 heads per
sample for each year were used in a paired sign
test for difference between means.

Year

Clone R

Clone S

Clone B

1968

32.32%

75.32%

61.20%

1969

15.20 % =

86.32

74.96%*

*Significant at five percent probability level between years by sign
test.
**Significant at one percent probability level between years by sign
test.

