|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu




1.0 o e B
o g
o L5

— [l<L

128 [lls s

MICROCOPY RESCLUTION TEST CHART
HATIONAL BUREAY OF STANDARDS-1963-A

[0 2 &

S & =
e K

s i 20

||| T Al =

lL
L2 it e

MICROCOPY RESOLUTION TEST CHART
RATIONHAL BUREAU OF STANDARDS-1963-A



http:111111.25
http:111111.25

RIFERENCE
O NOT LOA

T Wy
“

tu
\
o

FACTORS AFFECTING SURVIVAL
OF WINTER OATS

«
T
L
~

Technical Bulletin No. 1346

-4,
2
O
‘-o\-
$
Lo M
cad
=
wr
o
. =
[ 72
i T2
& L3
=
o i
£y el
iz,
a—*“, ik
. K= »
Ly "
s -
ez
—

4
Agriculmiral Research Service
U.5. DEPARTMENT OF AGRICULTURE




CONTENTS

Poge

Introduetion______._________ 1
History and scope of tests______.______________________ - 1
Morphologic characters and history of varieties tested_________ 10
Experimental proeedure_._______J______________ T 12
Results_______ . T 13
Survival of varieties.._______________ . __ ____ """ 13
Survival by years_____ _____________ . ______ T 16
Survival in winter temperature zones_ . _.__________________ 16
Effect of altitude on survival ., _______ _______ 20
Effect of soil type on survival _________________ """ 20
Etfect of available winter moisture on survival_________ . 21
Effect of soilborne mosaic on survival_._______________ 24
Summary_ ... ______ 26
Literature cited .. .____._______________ T T 27

Washington, D.C. Issued October 1965




FACTORS AFFECTING SURVIVAL OF WINTER
DATS!

By Franguin A, Corryas, refired, Crops Research Division, Agricultural Research
Service

INTRODUCTION

“Phe most important plant character in the production of fall-sown
onts is winter hardiness. Factors that influence the extent of winter-
killing are: (1) The variety grown; (2) winter temperature; (3} alti-
tude, which includes chances {or protective snow cover, (4) soil type;
(5) winter moisture, which includes geographic area; and (8) the
presence of sollborne mosaic,

HISTORY AND SCOPE OF TESTS

The Uniform Winter Oat Hardiness Nursery was started in 1926.
All onrts were grown in experimental plots by Lge U.S. Department of
Agriculture in cooperation wilh State agricultural experiment stations
of the United States and the Provinces of the Dominien of Cenade.
Data have been assembled for 1 to 36 years from 114 locations in 29
States of the United States and from 5 locations in 2 Provinces in
Canada (equivalent to 1,249 station years}. All entries survived 100
percent in all years at 6 locations. All were 109 percent killed in all
venrs at 4 locations, and killing of a differential nature was reported
from: 109 locations. Resuits of some aspects of these investigations
have been published (3-16).2 This report summarizes data obtained
over a 36-ycar period.

All major winter ont types and nearly all winter oaf varieties released
to growers in North America during the 36-year period were included
for 1 or more vears in the nurseries. Data have been recorded not
only oo named varieties bub also on numerous selections, many of
hybrid origin.

To present all data obtained on the 342 entries grown was im-
practicable, Thus, this bulletin includes summary data on seven
varieties, Appier, Fulghum, Hairy Culberson, Lee, Pentagon, Tech,
and Winter Turf (check), grown [or 36 years, Wintok grown for 24
vears,® and Fulwin for 26 years. The data on the nine varieties

t Cooperative investigations of the U8, Department of Agriculture and the
experiment stations listed in table 1. The author is indebted to cach of the co-
operators listed, who supplied date on winter hardiness nurseries grown on their
respective stations.

* T1alic numbers in parentheses refer to Literature Cited, p. 27.

# Data on parent variety Hairy Culberson, only slighlly less hardy, was substi-
tuted for missing dala ou Wintok for the years 1937 and 1845 since there was
little winterkilling in those 2 years.
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evaluate the effect of different factors on survival of winter oats in
North America.

Table 1 lists the cooperating States and stations, their location
{fig. 1), altitude (22), soil type, winter temperature zone, years grown,
and cooperstors reporting data. Similar data are also listed for five
locations in two Provinces of the Dominion of Canads.
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FIGURE 1.—Average winter temperature zones and location of stations cooperating ic the Uniform Winter Oat
Hardiness Nursery, 1926-32.




TaBLe 1.—CQooperating States and Provinces, location
and cooperators report

(fig. 1), altitude, soil type, winter temperature zone, years grown,
g data on winter oats, 1926-62

State or Province and location

Altitude
(above
sea
level)

Soil type

Winter
tempera-
ture
zone
(Decem-
ber to
Febru-
ary) 1

Cooperators by State

Alabama:

Fairhope
Arkansas:
Fayetteville
Jonesboro
Stutigart

Colorado, Akron
Connecticut, Ellington
Delaware:
Georgetown
Newark

Experiment
Tifton

Sandy loam
Fine sandy loam___.

Sandy loam
“Stony’’ loam

Sandy clay loam____
Clay loam

Sandy clay loam.____
Sandy loam

Number
1

13

35
1
32

I. L. Mayton, H. F. Yates.

C. R. Adair, Tildon Basley, T. H.
Johnston, C. K. MeClelland, H. R.
Rozen, K. Smith, R. L. Thurman, E.
F. Vestal, J. W. White, . J. Williams,
W. J. Wiser.

I'. W. Frazier, G. O. Hinze.

I. K. Bespalow, E. K. Walrath.

F. D. Blest, F. B. Springer, Jr.

R. C. Bond, W. H. Chapman, J. D.
Warner.

J. B. Bailey, R. P. Bledsoe, Acton
Brown, R. R. Childs, J. W. Dobson,
Hugh Dozier, C. D. Fisher, H. S.
Garrison, U. R. Gore, S..I. Hadden,
J. W. Johnson, Harold Loden, D, D.
Morey, L. N. Skold.
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Ilinois:
Alhambra v e
Brownstown. .. .. ..-__.
Carbondale. ... .. 2_.-
Urbana, . cccceccrcmanaan
Indiana:
Bedford. o o on oo aaaae
Evansville. __.... e
Lafayette .o, comeeaoonn
Princeton .. oo

Worthington .. oo e Z0
Towa, AmMeS.cccao iommmanas

Kentucky:
Allensville_ . . ..o .
Hopkinsville. . o _.._
Lebanon ...
Lexington. ..o _..
Princeton. o oo
Louisiana:
Baton Rouge..- ...~
Bosier City . oocacoaooo
Calhoun. . oco oo .
St. Joseph o o oo
Maryland:
Beltsville (Plant Indus-
try Station).

College Park._ .. ______.__
Massachusetts:

West Springfield (Feed-
ing Hills).

See footnotes at end of table.

563
403

725

681
431
661
481
431

926

579
521
779
989
455

35
180
171

76

330

170

267
119

Sandy loam_ ...
Clay loam__._..._._.

Silt loam o ..o

Fine sandy loam_.___
Sandy loam._._.-_____
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C. M. Brown, D. R, Browning, G. H.
Dun;,an,.] W. Pendleton, Ed Sullivan,
J, P. Varra, . O. Weibel.

R. M. Caldwell, L. E. Compton, H. G.
Hall, F. L. Pﬂtterson, J. F. Schafer.

K. J. Frey,
Murphy.

V. C. Pinkner, L. M, Josephson, D, A.
Reid, Randolph -Richards, J.  F.
Shane.

R. Grindeland, . C.

E. C. Bashaw, J. P. Gray, C. B. Haddon,
J. A. Hendrix, D. M., Johns, . Y.
Oakes, Sidney Stewart.

W. 8, Becker, F. A, Coffman, Wendell
Headley, C. V. Lowther, C. B.
Marcus, R. G. Rothgeb, Roz,er Smith,
J. W. Taylor.

I. K. Bespalow, W. A. Rosenau, E. K.
Walrath.
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TaBLE 1.—Cooperating States and Provinces, location (fig. 1), altitude, soil type, winter temperature zone, years grown.,
and cooperators reporting data on. winter oats, 1926—-62—Continued

Winter
tempera-
Altitude ture
State or Province and location ;| Number] (above Soil type zone Years Cooperators by State
: on fig. 1 sea level) (Decem-| grown
ber to
Febru-
ary) !
Mississippi: Feet Number
Holly Springs_ . coco oo 76 600 | Silt loam e 3 16 | T. F. Akers, B. L. Arnold, D. H. Bow-
Seotbe . e 77 136 | ___ Aol 3 1 man, R. B. Carr; S. C. Clapp, J. M.
State College__-_--______ 79 362 | Houston black clay.- . 3 34 Green, P. W. Gull, G. F. Henry, S. S:
Stoneville. .. .. ___..i. 78 122 | Fine sandy loam.. __ 3 33 Ivanoff; J. W. Neely, J. F. O'Kelly,
West Point. .. ___.____ 80 241 | IHouston black clay.. 3 16 P. G. Rothman, A, D, Smith, A. D.
Suttle; H. A. York.
Missouri:
Columbia oo ... 82 738 | Silt loam_...__.___: 6 241 B. M. King, C. 0. Luper, M. E,.
Perrvy County (Gerar- 83 356 |.____ do . 4 1 Michaelson, J. M. Pochlman, Dale
deau). Sechler.
Pierce City.__ .o ... 85 1,198 . ____ O e 4 2
Sikeston__ ... _._____ 84 328 | Sandy loam.__....__. 4 15
New Jersey, New Brunswick_ _ 10 61 j..___ & T T 5 28 | G. H. Ahlgrer, C. S. Garrison, Steve
Lund, R. S. Snell, E. L. Spencer, H. B.
Sprague.
New York:
Aurora_ .. ___.____.__. 4 436 | e 7 21 N. F. Jensen, E. J. Kinbacher, H. H.
Caldwell (field) (Ithaca). . 6 836 | e 7 1 Love.
Ithaea (New York 9 836 | Clay loam______.____ 7 10
Experiment Station).
Katola (field) (Ithaca)_ __ 7 836 |ocee e 7 1
McGowan (field) (Ithaca)._ 8 836 - 7 1
Mount Pleasant. . .._.... 5 2718 | 7 1

9
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North Carolina:

MeCullers - w e iccvmamenc
Raleigh oo aanne
Rowan County_......___
Salisbury . oo
Statesville. .. oo
Swannanos . .. .._coo__.
Waynesvilleco oo _aao-

Qhio:

Carpeuter (Harrisonville) -
Columbus. oo _L..-
Germantown. .o oo oo
WoOoster, cmeo el

Oklahoma:

Cheroket. e cwvcocmcccuan
Goodwell L __ o _____.
Heavener oo cvcoceacaoa
Lawton oo —aaa
Lone Grove......__- ———
Stillwater. o o icee e
Woodward__ . _________.

Oregon:

Astoria. Lo

Pennsylvania:

Centre Hall_ ...
Clearfield .« oo~
Lancaster.____________.
Landisville..________.___
State College.o- - _-_.-

See footnotes at end of table.

Clay loam..___._.__
Balfor loam____.__..
Clay loam._._____._

Very fine sandy loam |
Si't loam. ..o
Sandy loam...___.
Silt loam . oo o=
Sandy loam....._...
Silt loam_.__._.____
Very fine sandy loam.

Silty clay loam___...
Silt loam_.__.____.
Very fine sandy loam._

Silt to silty clay loam._
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E. 8.-Carr, J. M. Carr, W. H, Chapman,
H. R. Clapp, G: M. Garren, T. T.
Hebert, J. W. Hendricks, P. H. Kime,
G. K. Mi‘Jdleton, C. F. Murphy, J. L.
Rand.

W. P. Byrd, V. C. Finkner, James
Foster, J. M. Hamill, C. A. Lamb,
L. 8. Powelson, D. A. Ray.

H. F. Cobb, C. B. Cross, B: C. Curtis,
R. G. Dahms, V. C. Hubbard, C. H.
Jameson, T. H. Johnston, R. T.
Odom, W. M. Osborn, A. M. Schlehu-
ber, J. B. Sieglinger, G. W. Statton,
Edmund Stephens, O. C. Terry.

R. E. Fore, W. E. Hall, D. D. Hill, H. B.
Howell, Roderick Sprague.

C. S. Bryner, F. A, Coifman, I A.
Hockett, HE G Marshall, R. P.
Pfeifer.
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TaBLe 1.—Cooperating States and Provinces, location (fig. 1), altitude, soil type, winter temperature zone, years grown,
and cooperators reporting data on winter oats, 1926-69-—Continued

State or Province and location

Altitude
(above
sea level)

Soil type

Winter
tempera-
ture
zone

(Decem-

ber to
Febru-
ary) !

Cooperators by State

South Carolina:

Tennessee:
Columbia
Crossville

Sandy lcam
Sandy clay loam. ___
Sand

Fine sandy loam_ ___
Claydloam

GO OO B o0 i Lo DD

W o OO i i 0

Numbe_r :

5
8
34
2
2
34
10

T. S. Buie, W. P. Byrd, R. B. Carr,
R. S. Catheart, H. P. Cooper, R. W.
Barhart, E. B. Eskew, S. J. Hadden,
E. E. Hall, R. W. Hamilton; H. F,
Harrison, J. H. Hoyert, J. “A.
Keaton, G. B. Killinger, J. W. Neely,
W. R. Paden, B. E. G. Prichard,
J. J. Stanton, R. W. Wallace, H. W,
Webb, G. J. Wilds.

J. Adams, J. J. Bird, E. J. Chapman,
E. 8. Chapman, J. A. Ewing, N. I.
Hancock, B. P. Hazelwood, L. R.
Neal, J. A. Odom, J. N. Odom,
H. P. Ogden, E. L. Smith, Lester
Weakley.

8
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Texas:
Amarillo, oo e e eaaa
Bushland_ .. _ . ...
College Station. .. ...
Denton. . ccvmme e

Virginia:
Arlington . ___
Blacksburg. .. .- _._
Glade Spring... - ___..__
Staunton._ - .. ___..._

Washington:
Battle Ground____.___...
Mount Vernon__ ___.._._
Pullman.._ . __.___.__
Puyallup. oo
West: Virginia:
Kearneysville._______.__
Lakin_ _evmeae o2
Morgantown________..__
Reedsville_ _ ___icouon oo
‘Wardensville. ... .______
Canada, British Columbia:
Cobble Hill . . ___...____
Dunean.. .o _____._
Nanaimo. o cwooloooooo
Saanichton.___..._..___
Canada, Ontario, Harrow_____

100

111
109
108
110

24
28
27
26
25

117
116
115
118
119

3, 676
3, 825
360
620
552
846
630

44
2, 100
2, 074
1,380

2 100
23
2, 550
49

589
553
963
1,817
7927

0)
0
¢

)
2600

Clay loam______..___
Silty clay loam .. ...
Fine sandy loam_._._
Clay loam. oo oo o
Houston Black Clay.

10 8O b 60 1= 4 i

Cr T O

N N N O A - L A oL

11
23
32
13
13
26

11
10

—
WO W S~ Ok Wwo

1. M. Atkins, P. B. Dunkle, Henr
Dunlavy,” A, M. Ferguson, J. H.
Gardenhire, H. O, Hill. D: R. Hooten,
C. H. McDowell, E. 8. McFadden, H.
C. McNamara, G. T. MeNess, P. C.
Mangelsdorf, D. D. Porter, K. B.
Porter, H. E, Rea, D. A. Reid, G. W.
Rivers, D. E. Weibel, R. E. Wester.

W. S. Becker, F. A. Coffman, Horace
Garth, P. T. Gish, M. S. Kipps,
R. W. Perkins, C. W. Ryburn, E.
Shulkeum, T. M. Starling, Frank
Stevenson, J.  W. Taylor, R, E.
Wester.

0. E. Barbee, Karl Baur, M. 8. Grun-
der, H. E. Harndon, W. Perry.

C. J. Cunningham, T. C. Mcllvaine,
G. G. Pohlman, B. C. Ritter, Collins
Veatch, J. W, Taylor, R. O. Weibel,

R. H. Turley.

G. H. Clark.

! Average (December to February) winter temperatures in
zones 1 to 7, inclusive, were 50° F. and above, 45°-50° F., 40°—45°

F., 35°-40° F., 30°-85° F., 25°-30° F., and 25° F. and below,

respectively,

2 Approximate: based on altitude at nearby location.
3 Below 200.
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MORPHOLOGIC CHARACTERS AND HISTORY OF
VARIETIES TESTED

Among the nine varieties reported in this study are represeniatives
of each of the major winter oat varietal types grown on [arms in North
Ameries during the 36-year period. Morphologie descriptions and,
in part, histories of each of these onts have been published (12, 13, 15,
18, 20, 23). Tour primary morphologic characters of the nins winter
ont variefles in this study are reperted in table 2.

Except for Winter Turf (C.1. 3296),' the histories of these nine
varieties have been traced. Winfer Turf is also known as Winter
Gruy or Gray Winter, Virginie Gray, and Oregon Gray Winter, It
would seem the ont was grown in Virginia long befors 1908, Seed of
Gray Winter (C.1. 8) was first received by the U.S, Department of
Agriculture apparently in 1900 {romn Peter Henderson & Co., Garrett
Park, Md,, who had obtained seed [rom Germany in 1885, As oats
of this type had been grown in England and Germany for many
decades before 1000, Gray Winter probably was introduced iato
Virginia from England, or at least from Rurope, possibly a century
or more ago. The variety has been comparatively homozygous for
decades. It matures considerably later than any of the other well-
known winter oats grown in Americn.  This late maturing eliminates
chances for it to be subject to natural hybridization.

The primary source ol winter oat varieties in America has been the
old variety koown by several names, such as Iled Texas, Texas
Rustproof, and Red Rustproof.

TaBLE 2.—Four primary morphologic characters of 9 winler oat varieties
reported in study

Variety CI. Maturity Height Lemma Awns
o, color
Appletacenaoa. 1815 | Midiate.___] Medium.___| Red . _.__ SBtraight.
Fulghum._ ... 708 | Early______ ot oL _odo..... Variable,
Fulwin .. __. 3168 | Midenrly__| Tall______. —-.do_____ Do.
Hairy 2505 |...do_o.o._ Medium....| Gray_.... Do,
Cuiborson,

T Ll 2042 | Midlate_ . _§ Tall__.____ Yellow___| Few straighé.
Poentagon._._. .. 2488 | Midearly__ ... do___._.__ Red_____ Variable,
Teeh ... .. D7 | Barly______ Medinm____| Black_...| Few straight,
Winter Tuef .. 1 3896 | Verylate_ __| Very tall_ _ | Gray._... Twisted.
Wintok_. .- 3424 | Barly_.___. Short_ .- _._ _doo____ Few straight.

One story (27) of the origin or introduction of that old variety into
the United States was obtained by U, R. Gore from the records of the
Transactions of the Georgia State Agricultural Society for 1876. The
story indicates that a soldier returning to South Carolina from the
Mexican War (1843 or 1849) brought back from Mexico seed of & so-
calleld Mexican Red Rustproof oat and that Red Rustproof was the
result.

1 C.1. refers to nccession number of Cerenl Crops Rescarch Branch, Crops
Research Division, Agricultural Rescoreh Serviee.
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G. W. Hendry, of California, obtained cat seeds from adobe bricks
taken from the ruins of & Spanish mission built in Mexico in 1780, as
well as from ruius of other missions built somewhat later in California.
Hendry sent oat seeds obtained from those bricks to F. A. Coffman
for identification. Some were ol the usual Red Rustproof type. Thus,
such onts were present in North America more than 180 years ago.
Tt can be assumed they were &lso introduced into America from Spain
or at least from the Mediterranean region.

Fields of unimproved Red Rustproof oats were observed nearly
40 vears ngo throughout Southern United States.  Many fields were al-
most & hodgepodge of different oat types. The morphologic type
typihed by Appler (C.1. 1813) wus dominant, but onts with red, gray,
some black, and yellow kernels were seen. The plants differed
greatly in height and maturity, in type of awns, and in panicle shape.
This explains why it has been possible to obtain so many widely differ-
ing onts from Red Texas, or, as the story found by U. R. Gore would
indicate, the Mexican Red Rustproof variety.

According to T'. K. Stanton (#3), Appler, typical of Red Rustproof
wnd the dominant type in the mixed variety, was selected by J. E.
Appler, of Georgia. ~ Stanton does not give the probable date it was
selected, U.S. Department of Agriculture records, however, reveal
thal Appler was first received from the Alexander Seed Co., Augusta,
Ga., in September 1902.

J. A, Fulghum, of Georgin, selected Fulghum from the old Red Rust-
proof in 1802. In 1912, C. W. Warburton received seed of TMalghum
onts (C.1. 699) from E. F. Cauthen, of Alabama. In 1920, T. R.%t_:m-
ton reselected Fulghum nt the Arlington Experiment Farm of the
U.S. Department of Agriculture in Virginia, and among other selec-
tions obtained Pentagon {C.1. 2499) and Winter Fulghum (C.I. 2500).

In 1930, N. I. Hancock, of Tennesses, noted that Pentagon was not
homozygous and from it he selected Fulwin (C.I. 3168} and several
other varieties.

In 1909, C. W. Warburton, working in Virginia, selected Aurora
(C.1. 831) from Appler. Aurora was used by T. K. Stanton as a
pareni of his Winter Turf X Aurora cross made in 1916 at Arlington,
Va. Yrom among the progeny of that cross Stanton selected Lee
(C.1. 2042) in 19i8. Lee was the first winter oat of known bybrid
origin produced in America, and possibly the first in the world. Tt
has been much used in crossing to produce other winter ont varictles.

One of the early agronomists of a Southern State told the following
story of how Culberson (C.1. 273) was produced. After an axception-
ally severe winter, only n few scattered plants survived in a field of
old Red Rustproof outs. ‘These plants were saved “in bulk” by a
man named Culberson, and the Culberson variety was the result.
The date ol selection is not known, but records reveal that seeds of
Culberson vals were received by the U.S. Department of Agriculture
from a sced firm of Dallas, Tex., as carly as March 9, 1903.

According to several publications that appeared about 50 years ago,
Culberson was not homozygous. This is further proved by the fact
that Dwarl Culberson (.1, 748) was selected [rom it by C. A. Mooers,
of Tennessee, in 1906 and Hairy Culberson (C.L 2505) was selected
by I'. R. Stanten at Arlington, Va., about 30 years age. The strain of
Culbersen used by the U.S. Department of Agriculture was received



http:dominn.nt

12 TECENICAL BULLETIN 1346, 1.5. DEPT. OF AGRICULTURE
from North Carolina in 1904, Hairy Culberson is characterized by
short, fine setaceous hairs in the juvenile stage (23).

Tech (C.I. 947), an entirely different type, has black kernels and
was selected from Culberson by T. B. Hutcheson at Blacksburg, Va.

Wintok (C.1. 3424) was selected by C. B. Cross st Stillwater, Okla.,
from a bulk population of progeny of the cross Hairy Culberson X
Winter Fulghum made by W, D. Mankin, a field assistant of the U.S,
Department of Agriculture, working at Arlington, Va.

Hence, records indicate clearly that, except for Winter Turf, all of
the varieties on which data are presented in this bulletin trace either
by selection or hybridization to the old Red Rustproof oats in
America.

EXPERIMENTAL PROCEDURE

Throughout the 36 years for which dats were compiled, all seed for
growing the winter hardiness nurseries was prepared at and mailed
from the Washington, D.C., area. Seed for sowing the nine varieties
on which data are presented was grown at the Arlington Experiment
Farm in Virginia from 1926 to 1942. From 1043 to 1961 seed was
grown primarily at the Plant Industry Station, Beltsville, Md. To
augment seed supplies from time to time, especislly those of the less
bardy outs, seed has also been grown at the Aberdeen substation,
Aberdeen, Idaho. The seed was grown from fall-sown oats in Virginia
and Maryland and from spring-sown oats at Aberdeen, Idaho. The
first year Fulwin was included in the nurseries, 1936-37, its seed was
received from N. I. Hancock, of Knoxville, Tenn.; and the first year
Wintok was included, 1937-38, its seed was received from C. B. Cross,
of Stillwater, Okla.

During the first 10 years of these experiments, 100 kernels of each
entry were space planted, ususlly at intervals of about 2 inches in
rows 17 to 18 feet long. From 1937 to 1941, 100 kernels of each
entry were space planted in two rows, 50 kernels per row. After 1941,
the nurseries at only the more southern stations were sown with seeds
that had been counted; seeds for the other stations were weighed.
Alter 1945 none of the seeds were counted, and seed for all nurseries
was weighed. All nurseries sown with weighed seed have been seeded
in duplicate 5-foot rows, with 5 grams of seed perrow. Some coopera-
tors have used randomization in seeding these nurseries; others have
not.

In nurseries sown with counted seeds the percentages of survival
were calculated on the basis of actual counts of plants made in the
fall after the plants had emerged and again in the spring after danger
of killing [reezes had passed. This procedure posed no problem in
the [all, but at some locations the plants had grown so much during
the winter it was necessary to spade up and separate them to make
spring counts.

When 3-gram lots of seed were sown, survival percentages were
calculated from two carefully made estimates of stands—the first in
the fall before severe winter started, and the second in the spring after
danger of killing had passed.
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RESULTS

Survival of Varieties

Table 3 indicates the number of nurseries grown each year, the
number in which no killing was observed, the number in which sll
entries were killed, and the number of nurseries in which differential
killing wns reported and the average percentage of survival of the
varieties in those nurseries.

Throughout the 3¢-year period, the survival of Winter Turf, which
ab the start of these nurseries was considered America’s most hardy
out, has been used as & basis or check for measuring the comparative
hardiness of other oats tested. In all comparisons, the survival of the
check has been considered 100 percent,

The data indicate the decided superiority of Wintok in hardiness.




TasLe 3.—Annual and average survival of winter oat varieties grown in Uniform Winter Oat Hardiness Nursery during

the 36-year period 1926-62

Nurseries wher¢—

Survival of varicties tested

Total
reports Differ-
Year grown re- All No |{ential { Winter Hairy
ceivedientriesentrieskilling] Turf | Appler {Fulghum| Lee | Tech | Peata- | Culber-| Ful- | Win-
sur- | sur- | was. | (check) gon 50N win | tok
vived | vived |report-
ed
Num-| Num-| Num-} Num- Per- t Per- Per- | Per-
ber ber ber ber | Percent | Percent | Perceni | cent | cent | Percent | Percent | cent | cent
1927 7 2 0 5 56. 0 63.3 53.3 1 51.3153.5 60. 9 62.6 |omcusofocaacl
9 0 3 6 23.7 43. b 44.9 ¢ 25.8 | 40. 8 27.6 60.9 1 ___L_f i ..
10 1 0 9 85.9 87.6 81.6| 8521 810 87. 1 86.4 | feois
14 0 4 10 22,1 23. 8 17.9-1 24.5 | 31,7 28.3 36.5 | feemnee
15 5 0 10 91. 6 92,2 88.189.8! 881 91. 7 90. 0 [ ouoafeaas
23 4 0 19 89. 9 84.6 75.9191.3 818 $0. 8 87 T |ececo]iiol
25 1 4 20 76. 9 68.0 63.5 1 74.7 1 75.3 74.9 8L 4 fcoofecaian
21 2 2 17 77. 8 79. 6 70.1 { 80.9(77. 4 80. 2 82. 2 - __ .l ..
25 0 6 19 72.5 61. 6 63.5 | 68.1.168. 7 70.9 75.2 | oo
26 1 21 23 52. 4 44, 2 48.2 | 48.8 ) 52.7 57. 6 56. 5 |ouooa] s
29 5 2 22 83. 5 74.4 88.0 1 83.8) 86.1 85. 7 88.11912] (v
36 3 2 31 67. 6 58. 4| -70.0( 62.0 | 68.1 71. 4 7.3 1.76.1 | 75.1
31 5 2 24 79. 9 70.3 77.4 1 76.4 | 76.6 77.0 77.2 1 80.2 | 78.7
32 1 2 29 72.2 59. b 70.9170.2 1 73.4 72.3 75.3 1 74.5| 77.6
35 4 2 29 58. 5 53.7 65.7 )| 549 | 61.9 66. 6 64.8170.9 | 67.2
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1042 i ceee i 40 6 3 31 80. 1 62. 6 66.6 ] 79.8 | 82.9 83.8 86.8 | 87.9 87.3
JO43 e v 39 2 7 30 51,2 36. 9 33.11 51,5653 65. 0 64,9 | 70. 1 73. 56
104 o i e o 41 8 5 28 71. 4 53. 1 53.6 | 63.1 727 77.6 80.3179.8 83, 2
R L S A 43 24 1 18 79.9 53,2 48.7 | 7.9 1 77, 4 75.5 81.0] 79.8 (O]
1046, e imniin e e 48 16 0 32 68.9 50.9 48.7 [ 72. 0} 72. 4 71.6 75.9 | 77.3 84. 6
1047 e meam e 45 5 1 39 69. 6 42,3 45.1 1 67.6 § 76. 4 76. 2 78.8 | 80.3 85.0
| L2 46 14 3 29 80. 2 57. 6 60.6 | 83:.01] 8.1 96. 6 01.6 | 89.9 93. 8
T949 i dvc e mmmec e 46 14 1 31 69. 3 52, 3 46.9 | 66.7 | 74.7 71. 8 65.2 | 72.2 74.1
1980, o e 42 18 2 22 75.1 58.7 61.8 | 74.5 | 81.0 85. 5 78.0 1 73.0| 88 4
1951 . vt cmmmm s mm e m e 36 2 5 29 48. 7 26.1 25.4144.2 1 61.6 70. 5 61.11 68. 0 77.5
1952 . i aeec———— 36 5 3 28 66. 7 46. 5 49.2 | 68.11 76.9 81.0 76.4 1 82.1 8 9
1953 i er e a e 40 29 0 11 77.0 58. 4 60.7 | 69.2 { 85.8 82.5 86.2 { 86.9 85.3
1954 i 40 15 2 23 62. 7 42.1 43.9 1 62.91 71.3 77.6 74.2 1 80.6 80. 7
TO55 . i 44 12 4 28 53. 2 35.2 34.6 | 48.3 | 54.5 59. 5 60.7 | 69.2 70. 3
1956 . o i cm i m 51 16 5 30 50. 4 35.7 38.3146.7 | 52.5 58.3 53.5 | 63,2 71.9
1057 e i c——— 48 16 0 32 55.7 30.2 29.8 | 57.6 | 59.9 62. 5 57.6 | 69.7 76. 5
1068, e 44 12 1 31 54. 5 26.7 20.4 | 44.7 1 52,6 58.7 53.6 | 63.7 69. 8
105 i iim e 49 8 10 31 37.5 23.6 21.51 3801} 30.7 38. 7 39.4 1 49.9 55.3
1060, e e 48 10 2 36 54.3 32,4 33.1150.864.6 60. 3 56.3 | 66.6 73.7
1O i mmem 43 15 1 27 68. 8 50. 1 47.01 66.4 | 67.5 68. 2 71.4 | 74. 3 83. 4
1962 e C i i 42 6 8 28 48. 5 31. 0 30.3 ] 51.9 ] 53.7 47.1 52.6 | 59.0 67. 4
Total or average. ... - 1,249 | 287 95 2 867 64. 7 48. 9 50.1162.6 ] 68.0 69. 5 69.7 | 74.0 77.2
Percentage of total
or of cheek o mmmoilincmnn 23.01 7.6 69. 4 100. 0 75. 6 77.4 1 96.8 [105. 1 107.4 {107.7 |116.5 | 121.5

! Wintok was not grown in all nurseries in 1937 or 1945. Data
on the parent variety Hairy Culberson, which is somewhat less
hardy than Wintok, were substituted for the missing data in
computing averages.  Hence, Wintok’s average survival is
believed to be about 0.5 percent lower than it would have been

had no substitutions been necessary.

2 For 7 varieties grown 36 years.
nurseries reported for Wintok and
for Fulwin,

Differential killing in 709
in 729 nurseries reported
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Survival by Years

It Iong has been believed that if 50 percent or more of the winter
onts survive the winter, the grower has a reasonable chance to produce
a crop, weather conditions being average to {avorable; but if less than
50 percent of the winter oats survive, the grower might well plow up
the oats and use the soil for another ¢crop. Average annual survivals
fur the nine oats, based on their overall anousl percentage of survival,
are given in table 4.

The data indicate that if the average nursery results are considered
as o whole, regardless of how widely scattered or numerous the tests
were in any | year, the more hardy entries survived sufficiently well,
An analysis of the data for overnll averages of the winter hardiness of
the nine varicties indicated thal the data are reasonably accurate
and reliable enough for use by crop scientists,

Survival in Winter Temperature Zones

The seven winter temperalure zones in the United States outlined
in figure 1 are based on the average winter {December-February)
temperatures in each zone (1).  As would be expected, winter tempera-
tures are successively lower as one proceeds from the south, zone 1,
northward Lo zone 7. The data from Canada are considered separately.

TanLe 4.—lverage annual survival of winter oat varieties, 1926-62

Survival

Years seeded and variety
Above 50-66.7 Below E0
66.7 pereent percent
percent

26 years:! Years Years Years
Wintok ? 25
Fulwin 21
Wintier Turf (cheek)

36 yours:

Hairy Culberson

Pentagon

Teeh. oo __
Winter Turf (cheek)

Fulghum

IO R W=

R

! Duto for 1936-62.
* Doty on IHairy Culberson, the somewhat less harcly parent of Wintok, substi-
tuted for eertain missing data on Wintok in 1937 and 1945.

The data on survival of winter oats from these winter temperature
zones have been considered in two ways: (1) The average percentage
of survival of the different variclies in cgeh zone based only on
nurseries in which differential killing was observed (table 3); and
{2} the number of all nurseries grown in which a usable stand (or 50
percent or more) of each variety survived (table 8).




TaBLE 5.—Percentage of survival of oat varieties grown in Uniform Winter Oat Hardiness Nursery in which

differential

killing was observed in winter temperature (December—February) zones of the United States and in Canada, 1926-62

Survival of differential killing in temperaturc zones-—

Years sceded 1 2 3 4 5 6 7 Average | Survival
and varicty survival |in Canada
Above 45° — 40°— 35°— 30° — 259 — Below
50° F. 50° F. 45° I, 40° F. 35° I, 30° F. 25° I,

26 years:! Percent Percent Percent Percent Percent Percent Percent Percenl Percent
Wintok 2. oo el 2.8 88. 8 -3 81.8 73. 9 51. 4 20. 8 77.1 83.9
Fulwine o ceooaaacooos 92,8 82.4 88.3 79. 6 69. 6 42, 6 16. 6 73. 9 80. 4
Winter Turf (cheek). . 91.5 80. 8 81.3 68. 6 54. ) 20,7 12. 3 63.3 81.1

36 years:

’ Hairy Culberson_. ... 90. 4 82. 8 84. 5 73.6 60, 2 35.2 12,9 69. 6 819
Pentagon ..o ioooaonn 87.9 82. 6 82.1 73.4 61. 7 36. 3 11.2 69, 4. 80, 4
Tech e a2l 90. 8 81.4 81.1 70. 8 61. 1 34,1 13.7 67. 9 80. 4
Winter Turf (check)_. 86. 8 78. 9 80. 5 68. 2 53.2 29,7 12,3 64. 6 82. 1
Lee ool oo 91. 9 77.8 76. 8 65, 4 53. 8 26. 2 5.0 62. 4 8L 2
Fulghum. ... ___ 83. 4 72. 4 71. 3 53. 1 30.9 9.2 2.4 49. 9 75.7
Appler_.o oo __. 85. 6 74. 8 68. 2 52. 2 29, 1 8.0 .6 48. 6 75.4

! Data for 1936-62.

2 Data on Hairy Culberson, the somewhat less

hardy parent

of Wintok, substituted for
1937 and 1945.

certain missing data on Wintok in

TVAIAUAS DNILDAJAV SYOIOVA
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TaBLE 6.—Nurseries reporting a usable stand (60 percent or more) of winter oats and nurseries reporting less than
50 percent in 7 winter temperature zones of the United States and in- Canada, 1926-62

Stations reporting survival in zones—

2 4
Number of nurseries and variety
50 per- | Less | 50 per- [ Less 50 per- | - Less 50 per- |  Less 50 per- | Less
cent or | than 50 | cent or | than 50 [ cent or | than 50 { cent or | than 50 | cent or | than 50
more | percent'| ‘more | percent | more | percent | more | percent | more | percent
1,075 nurseries reporting: Number | Number { Number | Number | Number | Number | Number | Number | Number | Number
Wintok 1___.__.__ e ——— 56 0 52 2 261 9 277 49 166 55
Fulwin..____.______..____.____ 56 0 51 3 258 12 276 50 - 155 66
Winter Turf (cheek)_______.____ 56 0 50 4 250 20 249 77 124 97
1,249 nurseries reporting:
Hairy Culberson.________.___.__ 70 4 65 8 313 34 296 77 143 91
Pentagon_ .. ____________ 70 4 64 9 311 36 293 80 148 86
Teeho o m o 70 4 64 9 311 36 287 86 144 90
Winter Turf (cheek).__.____.__. 70 4 63 10 307 40 276 97 127 107
L2 J i ——— 70 4 63 10 305 42 270 103 127 107
F\llghum _____________________ 69 5 60 13 294 53 230 143 80 154
Appler_ .o i e 69 5 61 12 283 64 225 148 74 160
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Stations reporting survival in zones— Canada

Number of nurseries and variety 6 7 Eastern Western
50 pereent | Less than | 50 percent | Less than 50 percent | Less than | 50 percent| Less than
or more |50 percent| or more |50 percent| or more 50 percent | -or more | 50 percent
1,075 nurseries reporting: Number Number Number Number Number Number Number Number
Wintok }o o oo e m i 49 60 2 2 0 2 11 2
FulWwin. _ - cecmec e cm e mmm 34 75 1 23 0 2 11 2
Winter Turf (cheek). o cemaeo- 25 84 2 22 0 2 11 2
1,249 nurseries reporting:
Hairy Culberson.. - . cocaua- 31 78 1 23 0 2 11 2
Pentagon ool e 31 78 0 24 0 2 11 2
Tech_...._ e ————— 27 82 1 23 0 2 11 2
Winter Turf (cheek) - _— . .-an 25 84 2 22 0 2 11 2
Lee ool e 21 88 0 24 0 2 11 2
Fulghum _ . cero e 3 106 0 24 ¢ 2 11 2
Appler_ e 6 103 0 24 0 2 10 3

4 1 Data on Hairy Culberson, the somewhat less hardy parent of Wintok, substituted for certain missing data on Wintok in 1937
and 1945.
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The data in tables 5 and 6 indicate that killing was not severe in
zone 1. The least hardy vats were injured markedly in sones 2 and 3,
but even moderately hardy oats survived ressonably well. Only the
most hardy entries escaped severe injury in zone 4. Data indicate
that in zone 5 less hardy oats do not warrant serious cousideration,
moderately hardy ones approach & 50:50 gamble, and only the most
hardy offer a reasonable promise of a crop.

Data from zone 6 indicate that only Wintok has & 50:50 chance;
and data from zone 7 indicate that even Wintok has little or no
economic promise as & crop for agricultural aveas in that temperature
zone.

For purposes ol this analysis, data {rom stations located in Canada
have been included as from separate zones. Quats in the two nurseries
in eastern C'anada were completely killed; in the few tests in western
Canada, snrvivals wers sbout us high as in zone 2 in the United States.
Winter oats, therefore, appear to be of little or no intervest for eastern
Canada but atlrastive as a crop in southwestern British Columbin.

Effect of Altitade on Survival

It long has been considered that altitude affects survival in winter
oats and other cercal crops.  To determine the extent of this infuence,
the approximate nltitudes of the different stations were recorded and
the datn on survivals at the different altitudes in the same tempers-
ture zone were compared. Datg were assembled on the basis of alti-
tude only in temperature zones 3, 4, and 5. It is well known that
altitudes in temperature zones 1 and 2 are low nnd that winterkilling
is comparatively light everywhere.

The genernl altitude at all lower elevations in zone 3 has little or
no appreciable influence on survival. However, at altitudes above
1,000 feet, winterkilling becomes more severe, especially in less hardy
oats. The exact altitude al which winterkilling becomes severe Is
a0t clear because it varies from year to yesr. Snow cover in some
years cun reduce the extent of winterkilling at moderately high
elevations.

In zone 4 the altitude of some stations is as high as 4,000 foet; in-
creased killing above 1,000 feet was obvious.

Deta frem zone 5 revealed severe killing at all levels, even when the
altitude was below 1,000 feet. Above 1,000 fect, killing ususlly in-
creased, except when snow cover was present. The influence of snow
cover appeared more evident in less hardy than in more bardy oats.

In zones 6 and 7 weather is so rigorous lor oats that killing is ususlly
severe or complete in all nurseries, regardless of any other factors
involved.

Effect of Soil Type on Survival

Soil type has often been considered an important influence on sur-
vival of cereal crops, particulwrly since it influences the extent of
heaving when alternate freczing and thawing takes place. To de-
termine the extent of this influence, the soil types on ali stalions con-
ducting nursery tests for 10 or more years were determined, or for
about 80 percent of the 1,249 reports.
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Severul soil types were reported, but in this bulietin the main types
reported wre: (1) Sandy or sandy loam, including fine or very fine
sandy lonm;: (2) silt loam, including o few minor variations in desig-
antion; (3) clay or clay loam, including one report of silty clay loam;
and (4) Houston clay, sometimes called black wax soidl.  In this report
Houston clay was separated from other clay sois.

No rveporfs on clay soils were included from winter temperature
zones 1, 5, and 6; and no reports on any soil types were included from
zone 7.

In general the dats were compared by winler temperature zones
and from nurseries with comparable altitudes. Datn on survival in
nurseries in which differential killing was observed appear in table 7.

Effect of Available Winter Moisture on Survival

Winterkilling of small grains is mnuch greater in the more droughty
western plains than in the more humid eastern arens of the United
States. [t is believed that reduced moisturs caused in part by desic-
caling winds is an important factor in bringing this about {2). In
this study the effect of available winter moisture on winter survival
of oats has been evalunted.

Dats were compiled [rom certain stations in the east and the west
in the same winler temperature zone, having comparable sltitudes
and similar types of soil {table 8). If any advantage in altitude has
been given, it has been to the western, more droughty stations.

T zone 2 dnta [rom tests on Houston elay in the west were comn-
pared with data from tests on other clay-type soils in the east. The
overall difference between these results in the west and in the east
were much greater than on results on general clay-type soils in zone 3
and are omitted since the soils were not comparable in the east and
west.

\¥ith these omitted, the difference in survival in the east and the
west on clay, silt, and sand indicates the advantage for survival of
winter onts in the 03 eastern nurseries over the 67 western (table 8).

Regardless of soil type, winterkilling averaged 13.185 percent more
in the droughty west than in the humid east. The mean differences
by soil type were as follows: Clay soils, 7.378 percent; sils, 13.9067
percent; and sandy soils, 18.211 percent.  Thus, il the difference on
cluy soils is used us & standard, then killing vn silt soils was nearly 90
pereent greater on weslern dry soils than on eastern moist soils, and
killing on sandy soils was sbout 146 percent greater.  This would seem
(o be o clear indication of the influence on winter survival of oats of the
waler-retaining or droughi-resisting qualities of the clay soils as
compared with silt or sandy soils.

A second conclusion was that the Iack of moisture in the west did
not injure varieties uniformly, The lack of moisture had less effect
on (he most hardy than on l?m least hardy oats; thus, drought vesist-
ance is a [getor in determining overall hardiness in an oat.

It has afveady been shown (4, 10, 17} that heat resistance and winder
hardiness were correlnted in onts and possibly other cereals. It now
appears clear that cold (winter) resistance, heat resistance, and winter
drought resistance are all correlated.




TansLe 7.—Comparison of survival of oat varieties grown. on several soil types in the same winter (December—February)
temperature zone in which killing of a differential nature was observed

Zone 1 Zone 2 ) Zone 3

Variety
Sandy Silt Sandy |Houston{ Clay Sandy Silt - jHouston| Clay Sandy
loam loam loam clay loam loam loam clay loam clay

Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent
Wintok 90. 5. 6 96, 88.5 2. 8

Fulwin 91. ¢

Hairy Culberson 835.
Pentagon 85.
Tech .
Winter Turf (check) 83.
OO e e 83.
Fulghum 3
Appler
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Zone 5 Zone 6

Variety
Sandy i Clay Clay Clay Sandy Silt Sandy Silt
loam (all) (east) | (west) loam loam loam loam

Percent ‘ Percent Percent | Perceni | Percent Percent Percent Percent
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TaBLE 8.—Differences tn survival of oat varieties in different winter morsture areas when the varieties and temperature
P
zones are the same, sotl types are simalar, and altitudes comparable !

Survival for zone, soil type, altitude, and location

Zonc 4
Zone 1 Zone 3
Sandy soil Clay soil
Years seeded and variety Silt soil Sandy loam

College States- Denton, | Knoxville, | Stillwater, | Waynes- Wood-

Tifton, Ga. Station, ville, Tex. Tenn. Okla. ville, N.C. jward, Okla.
370 fect Tex. Miss. 620 feet | 1,004 feet | 870 feet | 2,756 feet | 1,803 feet
360 fect 926 feet

36 years: Percent Percent Percent Percenl Percenl Percent Percent Percent
Appler e s 094, 3 57.3 66. 0 49. 6 50. 9 32,5 45. 5 30, 2
Fulghum_ .ol . 94, 1 58,2 69. 9 58. 4 55. 9 33. 5 39. 8 36.9
Lee . e 94. 4 65. 4 84. 0 67.0 71, 4 50.9 72, 6 46. 3
Winter Turf (cheek) ..o ___ 04, 3 64. 1 85. 8 74. 0 70. 9 53. 7 73.6 &b, 5
Teeh .o ol 92.2 68. 9 82.8 80. 5 70. 7 54, 2 78.0 62. 3
Pentagon . oo o .l _ 94. 6 66. 8 86. 4 79.3 75.1 63. 8 79. 3 66. 7
Hairy Culberson__ .. _._.__.__._ 94. 5 73.9 86. 6 88.9 77.8 59,3 73.3 64, 2

26 years:

Winter Turf (check) . .. __L_.._<_ 95.0 93. 2 89. 6 76. 4 74. 6 63. 8 73.6 51.0
Fulwin________._ . ___ 96. 8 91. 6 92. 8 91. 2 86. 8 86. 2 81.0 69, 0
Wintok__ ... ___ 95. 2 98.7 92. 3 91.3 83. 8 83.5 823 72.1

L In every comparison the altitude is more favorable to the more droughty region.
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These datn also indicate the extent of influence of soil type in winter
injury under drougby winter conditions.  Logically, elny soils having
smualler soil particles do nol dry out so rapidly as silt or, especially,
sandy soils.  The relative injury under droughty conditions is striking.
Study of data in table 8 will show that under droughty conditions
killing on silt soils was 189 percent of that on clay and killing on sandy
soils about 247 percent of that on clay.

Tt long has been considered that extensive root development favor-
ably influences bavdiness. No results of such a study on ocats are
availuble. T such differences exist, then an oat should survive ex-
captionally well with droughty conditions as compared with moist soil
conditions.

The overall survival in 1,249 nurseries of Hairy Culberson, Pentagon,
Tech, and Winter Turl was 69.7, 69.5, 68.0, and 64.7 percent, respec-
tively.  Teech’s record, especinily, and possibly that of Tiairy Culberson
on dry elay are of special interest.  The small amount of incrensed
injury ol these varieties on dry over moist clay soil is striking. The
data may indicate that these Lwo varieties have betier root systems
than Pentagon or Winter Turf, which ave approximately as hardy as
Hairy Culberson and Tech, respectively, when results from sll areas,
temperature zones, altitudes, and soil Lypes are nveraged.

Effect of Soilborne Mosaic on Survival

Soilborne mosaic of oats, caused by the Marmor terrestre var. typicum
and A terresire var. oculatum, is very injurious to growth in winter
oats and may reduce winter survival, In table 9 the survival of oats
&t special stations where mosaic is known to exist in the soil was com-
pared with survival at all other stations in the same winter temperature
zoneof Southeaslern United States, Data weresummarized separately
from hardiness nurseries on stations In temperature zones 3 and 4.
The data on mosnic infections have been published (17, 18, 19).
These dats were obtained primarily in zone 3 and largely from the same
stations as those from which hardiness date included here were
obhtained.

The data obtained from temperature zone 3 in a general way indi-
cate that mosaic does influence winter survival. The oversll reduction
is not very great in any case, bui the genernl trend is evident, Varlelies
that have appeared most susceptible to mosaic tend to have more
reduced stands, These dats were not vecorded in arsas where posifive
infection was known to exist in all years of tests. In some years the
nursery was probably grown on in%ccted soil wherens in other years
the soil was not infected. Thus, averaging the data for several years
reduces the nceuracy and the extent of any losses shown.

Data from temperature zone 4 differed greatly {from those in zone 3.
The reason for such a difference is not known. Since varieties appear-
ing highly suscepltible in specific disease nurseries often gave increased
survival on infectad soil In zone 4, two possible explanations are as
lollows: {1) Nurseries were grown some years on infected soils and
other years on noninfected soils; the resulis from the noninfected soils
tend in such an average (o negate resulls from infected soils; or (2)
strains or races of mosaic exist and & variety highly resistant or




TasLe 9.—Comparative survival of winter oats at stations known to have mosaic-infected soil with survival at stations
with noninfected soil in winter temperature zones 8 and 4 of Southeastern United States, 1936-39

Zone 3 Zone 4

Survival at nonin- Survival Survival at nonin- Survival
Variety Mosaic fected stations at mosaic-infected fected stations at mosaic-infected
reaction! stations stations

Average | Compared| Average | Compared| Average |Compared| Average |Compared
with check with check with check with check

Percent Percent Percent Percent Percent Percent Percent Percent
Wintok. .. - 11, 106. 105. 115.2 105.
Fulwin —0. 103. 108. 114. 4 105.
Hairy Culberson. . ... +25. 106. 103. 109. 0 108.
Pentagon -+ 6. 104. 103. 108.7 100.
—+-68. 103. 94. 103. 3 101.
Winter Turf (check) +29. 100. 100. 100.
Lee +18. 97. 99. 95.
Fulghum +11. 88. 89. 92.
Appler +12. 85. 85. 85.
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1 Arlington oats used as check in mosaic nurseries and given a to mosaic than check.
0 value. Hence, -+ indicates less tolerant and — more tolerant
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susceptible to one mosaic strain may react in a reverse fashion to a
second mosaic strain. There are so many sirains among important
diseases of oats it is not inconceivable this very common situstion
probably slse exists in soilborne mossic of oats.

The apparent drought resistance of the two varieties Hairy Cul-
berson and Tech could conceivably be an indication of an lncreased
survival resulting from the absence of mosaic on western stations as
compared with eastern stations. Both varieties are highly susceptible
to mosaic, Tn the west, damage and reduced stands would be absent
or presumably so, whereas in the east it would be considerable.
This would tend to cxplain why these oats survived comparatively
better in the west than in the east. Hence, their increased drought
resistance could be questioned,

SUMMARY

The Uniform Winter Oat Hardiness Nursery was conducted for 36
years, 1926-62, Nurseries were grown at 119 locations in 29 States
and in 2 Canadinn Provinces. A total of 342 entries were grown for
1 or more years and 1,249 reports were summarized. These reports
indicated that killing of all entries was observed in 95 nurseries;
no killing was observed in 287; and killing of a difterential nature was
observed in 867—in 7.6, 23.0, and 69.4 percent of the nurseries,
respectively. Winter Turf, the check variety ecqualing 100 percent,
had an average survival of 64.7 percent during the study; Appler,
the least hardy vmi'sty, had an average survival of 48.9, or 75.6
percent of the check; and Wintok, the most hardy variety, had 77.2,
or 121.5 percent of the check,

The nine varieties grown for 25 to 36 years, from least to most hardy,
were Appler, Fulghum, Lee, Winter Turf, Tech, Pentagon, Hairy
Culberson, Fulwin, and Wintok. These represent not only all of the
different hardiness levels found in fall-sown oats now grown com-
mercially but also all of thedecidediy differentmorphologic types grown
in North America. The histories of these nine oats reveali that all
except Winter Turf trace directly or indirectly to the old Red Rust-
proof oats in America. Winter Turf was introduced from Europe.

Data on survival by years based on average survival of 50 percent or
more or survival of less than 50 percent reveal that Wintok is the only
oat whose survival was never below 50 percent in any year it was
erown, Fulghum’s survival was below 50 percent in 19 of the 36 years
1t was grown, and Appler’s in 15 of the 36 years.

Seven winter {December-February) temperature zones, based on 5°
F. intervals from above 50° in zone 1 to below 25° in zone 7 for average
winter temperatures, were used in this study of oat hardiness data.
Data reveal that not even the least hardy oats were killed in zone 1.
Appler and Fulghum were reduced somewhat in zones 2 and 3, bui
more hardy oats survived reasonably well. Only the more hardy
escaped severe injury in zones 4 and 5; whereas even the most hardy
varieties in zones 6 and 7 were killed.

Data were obtained on the effect of altibude on survival, Ingeneral,
altitude appears to have little influence in any area below the 1,000-
foot level,  Above 1,000 fect, survival of less hardy oats is reduced.
This is especially true at altitudes above 2,000 feet. At higher alti-
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tudes in some mountain areas in Virginia and adjacent States, snow
cover can apparently moderate the temperature and killing is less
severe than at the same altitude farther south.

Winterkilling is slight in zones 1 and 2 regardless of soil type, but
survival was better on the silt than on sandy soils. Possibly in the
case of 2 sudden thrust of cold inte these southern zones, silt soil tends
to cool less rapidly than sand and killing is reduced thereby. Inzone3
no wide differences were observed; however, killing of less hardy oats
was much less severe on sand than on clay.  Possibly elay soils tended
to heave more. In zones 4 and, especiaﬁy, 5 average survival on silt
soils exceeded that on other soil types.

Available winter moisture supply is widely recognized as an im-
portant influence on survival of winter cereals. A comparison was
made between survival at stations in the more moist eastern areas and
i stations in more droughty western aveas. The differences were very
raarked, regardless of soll type and aititude. Reduction in moisture
supply usually resulted in reduction in survival. Insome comparisons
the differences exceeded 20 percent, © ren though soll types and alti-
tudes were comparable. Winterkilling averaged 13.185 percent more
in the droughty west than in the humid east. Data indicated that the
water-retaining or drought-resisting qualities of clay soils were superior
to those of silt or sandy soils.

Soil organisms often tend to reduce surviving stands in winter
cereals. 'The extent of the influence of soilborne mosaic in cats was
studied. Not all nurseries at any station were sown on infected soil in
all years, but the percentage of reduced stands were in general propor-
tional to the degree of susceptibility of the oats to sollborne mosaic.
In some cases reductions in most susceptible oats were sufficient to
result in destroying the crop for proctical purposes.
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