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seeding dates for oats is an important consideration. In the pre-
ceding discussion, a wide range of seeding dates is offered where
grain production is the primary object, and where winter-hardy
varieties are selected. In the case of pasture, however, seeding
dates are restricted to September, and possibly early October, on
soils of high-fertility levels. Very little pasture can be expected
on soils of low fertility.

The combination seeding of barley and crimson clover is often
used for pasture. The strain Tenn. 090 x Bond, 140-17-63-75-243,
has very early maturity and ripens at the same time as crimson
clover. It has some promise, as shown by its yield in 1945 (tables
7, 8, 9, and 20).

BREEDING WINTER-HARDY OATS
The Tennessee Winter-Hardy Varieties.- Varieties from culti-

vated red oats, Avena bvzantiJla C. Koch, as distinguished from wild
red oats, A. stcrilis L., have been grown in the South for a long time.
Some years ago, J. A. Fulghum made a selection from Red Rust-
proof oats at Warrenton, Georgia, resulting in the Fulghum variety
mentioned by Stanton (30). It has been shown that Fulghum and
Red Rustproof varieties such as Ferguson 71 are of spring-type
growth. In 1926, however, Stanton (32) reported winter-hardy
selections from Fulghum, and one, No. 699-2011, was among the
best of these progenies. Seed of 699-2011 were sown at Knoxville,
where many off-type plants were observed. Twenty-five hundred
panicle, or head, selections were made and sown in head rows in the
fall of 1930 and the fall of 1931. The Tennessee winter-hardy varie-
ties-Tennex, Fulwin, and Forkedeer-are decendants of these se-
lections from Fulghum, or the ""I. byzantil1a species.

Species of Oats.-Etheridge (4) does not include A. byzantina in
his classification of 1916. It should be kept in mind, however, that
since then, as shown by Coffman et al. (2), a great deal of new
material has been introduced, and variations have been found in
old varieties, such as Burt. Nevertheless, there are few species of
interest to growers of oats. Lee, Winter Turf, Culberson, and most
of the white oats belong to /1. sati~'a. The wild oat, A. fatl/a. is im-
portant in many states, and fatuoids, or false wild oats, are often
found in varieties derived from Fulghum.

These fatuoids are observed readily by the long, twisted, black
awn on the lemma of each lower grain. These plants are not nu-
merous, but should not be permitted to accumulate over a period
of years. Of more importance than the morphological classifica- •
tion of species is the discovery that most varieties of agronomic
value belong to species which have 21 chromosomes as their haploid
complement. It follows that the varieties are compatible as to
crossing, and, having three times the normal set of 7 chromosomes,
they are polyploids and vigorous in plant growth. Victoria and
Bond cross as readily with Fulghum selections, A. bvzantina, as with
Lee, A. sativa (Stanton, 33). .
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This fortunate circumstance has enabled the breeder to incor-
porate disease-resistant genes of Bond and Victoria in their native
varieties.

Crossing and Selection.-The oat flower is difficult to pollinate.
The reproductive parts are enclosed in three separate structures,
the palea, the lemma, and the glumes. The male parts, or three
stamens, dehisce pollen and bloom for a short time, from 2 to 4
o'clock in the afternoon of each day. Blooming begins when spike-
lets first show themselves in the sheath of the culm. Oat pollen is
very sensitive to moisture-the cells burst in moist air. The cells
do not withstand low temperatures, and very early-maturing varie-
ties are injured by cold spells in the spring. Also Garber et al. (6)
have shown that natural crossing of oats has seldom been observed.
Oats are recognized as being self-fertilized, and the grower need not
be concerned about isolation from his neighbor's variety, as in the
case of corn or rye.

In winter-hardiness, Tennessee 090 ranked above all other varie-
ties and selections (table 1) -a result corroborated by the field tests

Fig. 5-First generation of oat plants grown in greenhouse.
Their vigor makes it necessary to stake and tie them.
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of Coffman et al. (1). This selection is semi-dwarfy, however, and
is not considered vigorous enough for Tennessee soils. Therefore,
crosses were made of Tennessee 090 with Bond and Victoria, com-
bining winter-hardiness with the vigor and disease resistance of
these two varieties. Selections of these crosses are shown, in tables
7 to 9, for the 1945 test. Comparative yields are shown also in
table 20, which contains the uniform tests at Crossville, on the Cum-
berland Plateau, and at Springfield, on the Highland Rim. The im-
portance of winter-hardiness is seen in the Crossville test, where
Forkedeer, Fulwin, and Tennex gave yields superior to those of
Stanton, Fulgrain, and Lee. The 090 x Bond 140-17-63-75-243
ranked well at both Crossville and Springfield.

The grower should realize that a long period of time must elapse
before a variety can be selected and its performance assured. The
method used at the Tennessee Experiment Station is as follows:
Seeds from a cross are planted in small pots, one seed to each pot.
Plants are transplanted 4 inches apart in rows 1 foot apart. These
plants are grown in greenhouse and staked, as shown in figure 5.
This results in a large population of heads, or panicles (Fig. 6).
These panicles are threshed separately
and each one is planted in a small row,
called a head row (Fig. 7). The sec-
ond-year head selections, or F2 genera-
tions, are taken on these head rows and
again each head is planted in a small
row. After this time, if the selection
is considered promising the heads of
single rows are massed and planted
in rod rows; then 2-row plots, 25 feet
long, are planted; these are followed
by 5 drill rows, 50 to 60 feet long, and
finally by a uniform test of drill plots.
Thus, 6 years are consumed even when
the breeder is fortunate enough to suc-
ceed with the first selection. But he
is not very often so fortunate, and it is
more likely that 10 years will elapse
-before he can release a worthy strain.

Many oat characters segregate
in the well-known Mendelian ratios.
Some are completely dominant in the
first generation, while others are inter-
mediate, and succeeding generations
segregate in 3 :1, 1:2 :1, 15 :1, 64 :1, and
other ratios. The winter-hardiness
character is not so simple in analysis,
because prostrate growth versus erect
growth must be considered along with
the length of time the prostrate growth continues. Stiff versus

Fig. 6-Another view of entire
plant from single--crossed seed, show-
ing vigor and large number of pan·
ides.
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weak straw, many versus few culms per plant-all such characters
are quantitative and complex. Experiments pertaining to them are
in progress, but too much space would be required for their discus-
sion here. Stanton (28) has given a general summary of ratios on
inheritance of oat characters; Garber (5) and Hayes et al. (8)
afford other sources of information.

Fig. 7-Head rows of oats in nursery. Each row planted from seed of single head, or panicle.

IDENTIFICATION AND ADAPTATION OF VARIETIES

Identification of Varieties.-Differences in morphological struc-
ture of the oat grain are employed as a means of identification of
varieties. The oat grain is developed from the fertilized florets of
the spiklet. There are one, two, or rarely three of these fertilized
florets. The axis bearing the florets is called the rachilla and con-
nects the spiklet with its supporting pedicel. When florets mature,
they are known as first, or lower, and second, or upper, grains of the
spikelet. When the lower grain separates from its pedicel, a dis-
tinct cavity, sometimes called suckermouth, is seen on the grain of
Red Rustproof oats, but in Fulghum this scar is almost always ab-
sent. When the second grain separates from the first, a rachilla
segment remains attached to the grain in Red Rustproof, but in
Fulghum the segment remains attached to the rachilla. Many
other differences might be mentioned.

These fine distinctions may be useful in separating variety
groups, as pointed out by Stanton (29); but morphological struc-
tures of this kind are influenced too much by environment and by
methods of combining and processing to be of value in distinguish-
ing varieties of a group. For example, Kanota, a selection of Ful-
ghum, has a spring, erect habit of growth for spring seeding; and
Forkedeer, a selection of Fulghum, has. a winter, prostrate habit of
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growth for fall seeding. Yet the grains and segment attachments
are almost identical. The same comparison can be made with ref-
erence to Forkedeer and Fulwin, which are very different in field
appearance and other growth habits.

Seed identification of varieties has come about through inade-
quacies of the Federal and many state seed laws. Varietal purity
has been confused with mechanical purity. Federal and state seed
analysts have properly assumed responsibility for mechanical puri-
ty, such as percentage of trash or inert matter, of germination or
viability of seeds, of broken or badly processed seeds, of weed seeds,
and other crop seeds. But when they assume responsibility for
measuring varietal purity from a small sample of seed, their knowl-
edge must be extended to cover not only the many varieties of oats,
but also of other farm crops. No group of plant breeders who origi-
nated the varieties can be found to assume such wide knowledge.

The variety should be identified and its purity measured in the
field where it has been planted with known sources of seed. The
burden of meeting these requirements should fall upon the vendor.
If he is unable to obtain the information, the variety should be
labeled "unknown." This procedure is followed under the seed law
of Indiana.

Adaptation of Varieties.-Every year, quantities of spring oats
from spring-type varieties grovm in westen and northwestern states
are distributed for fall seedings in Tennessee. Growers are at-
tracted by their low price and bright appearance. Proof has been
given that these spring-type varieties are not at all adapted for fall
seedings in this State. In the future, new spring varieties will be
released from this region carrying the additional attraction of
disease resistance.

It has been shown that new winter-hardy strains containing
disease resistance are being bred for Tennessee conditions and will
be released shortly. Semi-winter-hardY varieties having disease re-
sistance are available also and can be used for fall plantings, if seed-
ed early on soils of medium to high fertility. Furthermore, resist-
ance to diseases such as crown rust is not as important a considera-
tion as winter-hardiness in fall-sown oats, because they mature
before the infection is able to spread. On the other hand, rust
resistance has been shown to be very important in spring-sown
oats, so that some of the western spring varieties possessing disease
resistance might be adaptable to spring seeding.

In most cases, however, they are not vigorous enough for this
purpose. Tennessee soils, on an average, have not yet reached
sufficiently high fertility levels to justify the substitution of
dwarfy and semi-dwarfy varieties for vigorous-growing ones.
Where livestock predominates, soil-fertility levels have become high,
and less vigorous types of growth are adapted to these areas. On
many livestock farms, pasturing of oats is the primary need-and
the vigorous types recuperate in time for fair grain yields.
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The increase of over 50 percent in uverage oat yield per acre
might appear encouraging, but it represents an average of only 23
bushels per acre. This low yield is explained in part by the con-
tinued practice of seeding 35 to 45 percent of oat land in spring
oats; it also shows, however, that most soils seeded to oats in Ten-
nessee are of low fertility. Varieties attaining vigorous growth, or
plant height, therefore, are necessary for reasonable yields on such
soils. Luebke et aI. (11) have shown intensive cropping of land
with cotton and corn to result in depletion of soil fertility.

Varieties having the winter-hardy character are necessary for
fall-sown oats on those areas of high elevation in the State, such as
the Cumberland Plateau and the upper East Tennessee Valley. The
average low temperatures and late spring freezes in these areas do
not permit the substitution of semi-winter-hardy types.

The oat-production gains cited in the introduction are not re-
stricted to Tennessee. Other states in the South have made notable
progress. The distribution of hybrid material-of Bond from
Australia, and of Victoria, Alber, and other varieties from South
America-by the U. S. Division of Cereal Crops and Diseases, has
given plant breeders of the state experiment stations an opportunity
to make greater strides than ever before. Each breeder, of course,
is interested in his particular environmental conditions. All states
south of Tennessee are more concerned with resistance to rusts than
with winter-hardiness, because these diseases spread infection early
and cause severe damage to yields, whereas the winters are seldom
cold enough to injure semi-winter-growth types. Thus, Fultex,
Ranger, and Rustler have come from Texas; Camellia from Louisi-
ana; Traveler from Arkansas; De Soto from Georgia; Quincy from
Florida; Fulgrain, Victorgrain, and Stanton from South Carolina
(Coker Pedigreed Seed Co.) ; and Letoria from North Carolina. No
other crop has had so many new, improved introductions within the
last 10 years.
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