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UNITED STATES DEP.ARTMENT OF AGRICULTURE
WASHINGTON, D. C.

BREEDING HARD RED WINTER WHEATS
FOR WINTER HARDINESS
AND HIGH YIELD

By Karu 8. Quisexnerny, Associale Agranomist, and J. ALLEN Crarg, Senior
Agronomist, Office of Cereel Urops and Diseases, Bureaw of Plant Tndustry!
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IMPORTANCE OF HARD RED WINTER WHEATS

The hard red winter wheats occupy the largest acreage of an
class of wheat grown in the United States. According to the vari-
etal survey of 1924 by Clark and others (4),® about 41 per cent of
the total wheat acreage of the United States was of the hard red win-
ter class. This class of wheat is grown chiefly in the central and
southern sections of the Great Plains area of the United States.

One of the most important factors limiting the northern expansion
of the hard winter wheat rereage is winterkilling. The long, cold, and
often rather dry winters frequently cause severe losses from Lkilling,
During the 26-year Feriod from 1901 to 1926 an average of about 10
per cént of the total winter-wheat acreage of the United States was
abandoned annually, largely because of winter injury.

1"['he writers scknowledga the pesistance and conperation received from the loliowing persons during the
. tourse of these Investigntions: John 11, Martin, agrocomlst, had charge of tha work from 1009 to 1025,
. ;dohn HL Patker, of the Kansas Agrieultursl Expeciment Station, aided in meaking seme of the vrosses and
i n growing the material duriog Lhe first years. V, I, Florell mate some of the ¢rosses at Chieq, Calif.
2 The fellowing men nssisted {n prowing the materlal: R, W May, formerly at Moceasin, Alont.; 0. 0,
+ = Dnyles, Moceasing, Mont.; 1. W, Smith, Diekinsen, N. Dak.: L. 1. Waldran, Furpgo, N. Dak,; 3. F.
pragie, North Phatte, Nebr., F. A, Cotfman, formerly at Akron, Colo.; and A, F. Swansan, Hays, Kans,
‘rude-prolein and milling and buking results wera obinined in eonperation with the Grain Division of the
. Buresiz of Agricultural Eeonenics.
? Linlle pumnbers in parenilieses refer to ' Lilarsturg eited,” 1, 28,
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The growing of hard red winter wheat in the Great Plains srea
dates back to 1873, when Turkey wheat was first introduced from
Russta by Mennonite immigrants o Kansas and other States. This
varieby was first grown in Kansas, and, owing in large measure to its
winter hardiness and high yields, it soon replaced the varieties of
soft wheat then grown., Since this early date the growing of hard
winter wheats has been extended farther and farther north, being
limited chiefly by severe winter weather.

As a generel rule, winter wheat is more productive than spring
wheat wherever winter wheat can survive the winter. It also ripens
eariier, thus being less exposed to injury from rust and drought. In
the growing of winter wheat farm labor is bebter distributed than in
the growing of spring wheat.

As o class the hard red winter wheats are {airly winter hardy, but
many of the varicties will not survive the winters in the northern
Great Plains area. Various cultural practices have been developed te
reduce winterkiiling, such as seeding in {urrows, seeding in standing
stubble, and mulching the crov. with straw. These practices help to
catch and hold more snow, thus aflording e protective covering
geainst rapid changes in temperature.

WINTER HARDINESS

While various « iitural practices have been of great value in reduc-
ing losses due to winterkilling, they are recognized as a temporary
rather than s permanent solution of the problem.

The possibility of developing hardier varieties through hreeding
has been recognized for many years. Considerable breeding work has
been done in this country and in Europe to produce hardier varisties.
Most of the Furopean work has been done in Russia and Sweden,
Russian varieties have shown considerable promise when introduced
into this country, but the hardiest varieties from Sweden, which are
soft wheats, have been less hardy than the hard red winter varieties
grown in the United States and Russia.

In 1919 the Office of Cereal Crops and Diseases, in cooperation
with certain State experiment stations, started oxtensive investl-
gations on the problem of winter hardiness in wheats. As one part of
this study, uniform winter-hardiness nurseries were established in
cooperation with numerous stations in the nerthern United States and
in Canada to test the hardiness of the existing varieties. The results
of the frst five years of this work, published by Clark, Marciin, and
Parcker (3), showed definitely that varicties differ greatly in their
ability to resist unfavorable winter conditions and that Turkey was
not the havdiest variety. In general, the varieties that had the great-
cst hardiness were poor in quality or low in yield. Such varicties as
Adinhavdi, Buffum No. 17, and Odessa proved to be the hrrdiest, but
us they are soft wheats and very late in maturing they are not suited
to comumercial growing in the Great Plains area.

The sccond phase of this work was to enlarge the breeding program
with the obhject of combining hardiness, quality, and yicld. Earlier
hreeding for winter hardiness had been carvied on in North Dalkota by
Clark (1) and by workers in Minnesotn. The resalts reported by
Hayes and Gaeber 5} i developing the Minhardt and Minturkd
varieties m Miwmesote deinonsteated the possibilities of success by
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BREEDING WHEATS IFOR HARDINESS AND EIGH YIELD 3

this method of atéack. The purpose of this bulletin is to report the
progress of the breeding resulting from tho enlarged program started
im 1919,

ACRE YIELD

The dovelopment of herdy strains of hard red winter wheat must
be associated with an incressed ncre yield. High vield is the end
result and may be obtained from strains not having the preatest coin-
parative hardiness, provided she winters are net too severs. A high
degree of winter hardiness must be associated with high yield if &
winter variety is to be successfully grown in the Northern States.

MATERIAL AND METHODS

The choice of high-yielding varieties possessing good quality,
eariiness, or other deswable characters, for erossing with bardy
variebies; the mothod of growing and selecting the material; and the
choice of locrtions for testing the progeny were considered in develop-
ing the breeding program,

YARIETIES USED AS PARENTS

The original crosses were made at Manhatten, Kans., and Chico,
Calil,, in 1919 and 1920. The varieties Turkey, Kanred, Kharkof,
Euroka, and Nebraska No. 28 were the principal parents, having good
yvield snd quality but lacking hevdiness. The varieties Minhardi,
Odessa, Minessa, Buffum No. 17, and four Beloglina-Buffum hybrid
strains were used as harvdy parents. Tov a deseription and history of
these varicties, see Clark, Martin, snd Ball (2). About 45 combina-
tivns, including reciproeal crosses, were made with these and other
varigties. A$ the time the crosses were made, relatively little was
known of the merits of some of the parent varicties. ¥or this roason
many erosses were made, and the least promising were soon discarded.

STATIONS AT WHICH TESTING WAS DONE

Part of the crossed kernels obtaimed in 1919 ot Manhattan, Kans,,
and Chico, Cali,, were sown a6 Chico and part at Manhetten in the
fall, in order to insure against loss and to obtain an ample supply of
seed the following vear.

The entire I, gencration was grown at Manhatten, Xans, in
1820-21. Beginning in 1921-22 the hybrid and parvental material was
erown at various northern stations in the United States.  The original
plan inetuded growing most ol the material in bullk, although some of
the more promising crosses were continwed by individual-plant
selections.  The plan used was to grow plant sclections {rem the more
promising crosses n plant rows until they apparently were homeo-
zygous and then increase the best of these to rod rows as rapidly as
seed wos available.

In addition to the erosses that were carried in plant rows, seed of
each T, was bulked and grown in bhulk {from year to year in rows
approximaiely 132 fect long. . Table 1 gives & summary of the number
of plsnt rows, rod rows, and bulk rows seeded at the various coop-
grating stafions during the peviod from 1921 $0 1928, This summary
shows that most of the work has heen done at Dickinson, N, Dalk,,
and Moceasin, Mont.  In all, 26,085 rows were secded in these tests.
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TanLe 1. —Number of plant, rod, and bulk rows of wheal sown in winler-wheal
breeding nurseries af 11 experiment slations, 1920-21 lo 192725
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DIFFICULTIES IN STUDYING WINTER HARDINESS IN THE
FIELD

"
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A general summary of the results obisined {ror: the various stations
for each yvenr in which material was grown is given in Table 2. It
will be seen that hardiness data were not obtained every vear. In
many cases the killing was so severe that all the material was lost.
In other cases there was litfle or no killing and the least hardy straips
survived 100 per sent, Another difficutty was caused by the fact that
fall germination often was very poor, and some of the plants did not
smerge unéil spring, thus malang spring-stand counts worthless. In
some cases the ldllmo' may not have been caused by extreme cold but
by soil blowing, dmuu'ht heanving, or smothering by ice crusfs.
Because of these difficulties it seeined desirable to grow the material
at several stations and over a period of years.

WWhile this work was outlined primarily as an improvement project,
an attempt was made to obtain data on inheritance of winter hardiness
in & few of the more promising crosses,

In presenting the results of these studics, only the date {romn
stations where partial killing occurred will be considered.




TasLE 2—Spring condilion of the wheats in the winler-wheat breeding nurseries al 11 experiment stalions, 1920-21 {0 192728

Station

Manhattan, Kans..

Chico, Califoo....
Dieckinsoa, N. Dak.

Moccasin, Mont. __

Fargo, N, Dak.

Mandan, N. Dak..

Akron, Colo

St. Paul, Minn..

1020-21 :

102108

1922-23

Spring condition in season of—

1023-24

Killing in less |
hardy  hy-

1925-26

1926-27

102728

No killing

brids.
No Xilling.

Nearly complete
killing on fal-
low; heavy kill-
ing on stubble
land.

No killing_.o......

No killing except
in Eureka and
Eureka-Buffum

erosses.
Complete killing. -

»

Complete killing
on fallow; very

heavy killingon |

stubble land.

Emerged in win-
ter and spring;
killing occurred
onlyinnon-
hardy hybrids
and parents.,

Poor emergence in
fall; completely
killed.

Complete killing.

: No killing.

Ounly = moderate
killing, some va-
rigties surviving
100 per cent.

No killing.

Severe killing,
only hardy
strains surviv-
ing.

Killing on non-
hardy
good differentia-
tion of strains,

Very lttle killing

excepl in non-
hardy strains.

Complele killing..

strains;

¢ Fall germination
poor; somée
spring germina-
tivn:  killing
severs,

Only lightkilling..

Nearly complete
killing; only
most hardy va-
rieties showed
any survival,

Very littlo killing. -

Emerged in win-
ter; gome Kkill-
ing, due largely
to drought and
soil blowing,

Very little killing

Rather heavy Kkill-

North Platte, Nebr.
Hays, Kans

ing.
No killing. .cco_.

No killing- - ..
do:.

Bozeman, Mont. .

Fairly good differ-
entintion of
strains.

Rather sovere kill-
ing, ‘only most
hardy linssshow-
ing pgood sur-
vivals,

Some killing.

Little killing.

aTUIX HOIH ANV SSENICUVH J04d SIVEHM HNIGIEYT
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INHERITANCE OF WINTER HARDINESS

A number of Iy rows of the cross Buffum Ne, 17 X Eureka were
grown in comparison with the parents at Fargo, N. Dak,, in 1922
and al Mocecasin, Mont., in 1023. No killing had ocourred in this
material in the I, generation. Data as to the winter survivals of
this material are presented in Table 3. At Fargo the percentages
were based on actua] counts made in the fall and spring, whercas at
Moceasin they were based on estimates of spring stands, in which
the Buftum No. 17 parent (which showed no ldiing) was used as
the standard of comparison.

TanLe 8.—Survival, in frequency claszes, of F; winler-wheal hybrid strains end
parents grown ot Farge, N. Dak., in 18223 and al Moccasin, Moni., in 1923

. . 1
' Mumber of Tows with survival per-: i
. OWa Wikl § Avernge
centage of _“Totnl | survival
- ——— rows | {per
- cent)

Sintlen, year, varlely, and hybrid stralos

Fargn, . Dak., 1922:
Jjulfum No. 17

Moceasin, Mont,, 1923 i
Huam N, 17 e aaaaea [—
Fy hyhrid stralns. .
LLureka

At Targo the average survival of the hybrids was intermediate
between that ol the fwo parents, while at Moceasin the hybrids
showed an average survival which was lower than that of either
parent. Hybrids less hardy than Burcka were obteined, as well as
some segregates as hardy as Buffum No. 17,

Table 4 presents survival data obtained from ¥ hybrid strains of
Kanred X Minhardi and Minturki ¥ Turkey (C. 1.2 No. §152) crosses
at Dickinson, N. Dak,, in 1923. The hybrids had not been subjected
to killing previously. In each case the hybrids and parents showed
about the same range of survival, but the average of the hybrids
was slightly less than that of either parent. In each cross some
hybrid rows had as high a survival as the hardiest parent rows.

TanLe 4.—Survivel, in frequency classes, of Fy winler-wheat hybrid strains and
parents grown at Dickinson, X. Dak., 1823

* 3umbor of rows with survival
percentage of— Vipotar | Averae

Cross and parents, anil hybrld strains aws survival

i{pec cent)

Enorod ¥ Minhardl:
Minhardl. ..
Fy hybridd strains
Kanret

Minturk] € ‘lurkaey {C. L Mo,

Ainburki -
Fy hylrld strains. .. :
Tarkey (. 1 No BI82)_ i !

U The Tnithnds <O 1" refer 1o pecession unmbars of the Oflice of Corenl Crops and Tiscoses.
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In addition to the F; material grown at Dickinson in 1923, F, strains
of bhree crosses and F, strains of one cross also were grown. The
deta are presented in Table 5. TFor the F, strains of the three crosses,
Minesse X Turkey (C. I. No. 6152), Minhardi X Eureka, and Belog-
hna-Buftum (C. I. No. 5547) X Odessa (C. I. No. 3687), the average
survival of the hybrids was intermediate between that of the two
parents, nlthough individual rows were obtained which were hardier
than the hardiest parental row. The F; strain of Turkey (C. I. No.
1558) X Odessa (O. I. No. 3687) showed an average survival slightly
higher than that of the Odessa parent, and 13 of the 83 hybiid strains
grown were havdier than the hardiest pavent row.

Tarus b—Survisal, tn frequency clusses, of By and Fy winter-wheal hybrid strains
and parenis grown at Dickinson, N. Dak., 10231

i wuniber ef rows with survival percentoge of — o
Crass and paroeds, and hybrid e T 4 ;\‘ef"fg‘f
straing : b.oob sy Taws (;‘,;‘:e\ uﬂ
FO & 1512503514555 05 per cen
i I
Mingsma ¥ Torkey (O, L No, 4158 ! . )
ALINGSST . oo oo aam 2 & 6.7
7y bl strpdng, 5 B3 - 157
Turkoy (. 1. No. @ L i 6.3
Blinhardi X Karokn:
Alinhardl e 2 0.0
By hwbienl stralos. 2 47, 46.7
Eureks o oL - 3 15.0
Beloghan-thellnm (C.L3017) 3 Duessa
(L. i, No. 36571 | :
Heloglina-iioifmm No. 17 i 3 353
¥t ytricl skznins 53 2.7
(dessn. oLl 4 - 25.4
Turkey (7.1 No. 1555) ¥ Odessa (C. L. .
No, 3087;: N . .
L& 21 T T 2. 8.7
Fs hybricl strni .o 47 83 . 17.5
TUTROY e ama e e I ER L7
: :

! Progerdos of surviviog plants at Dickinson in 1422,

It would secin sale to conclude [rom these detn thabt winter hardi-
ness is & heritable character but of & very complex nature and thab
it is greatly influenced by cnvironment. By selection it is possible
to recover hybtid lines which are as hardy as, and in soine cases herdier
than, the hardy parents. This seems to indicate that parent variefies
possess different lactors for hardiness, which when combined may give
increased hardiness.

Martin (7Y brielly summaerized these results and pointed ount the
difficultics of studying the inheritance of this character in the field.

LABORATORY METHODS USED FO CHECK FIELD
RESULTS

Owing to the difficulty of studying the inheritance of winter hardi-
ness in the field, several investigators have been cndeavoring to de-
velop laberatory methods which will give a hetter index to the probable
hardiness of strains than can be obtained in the field. Recent investi-
gations by Martin (7) and Hill and Salmon (8) tend to show that the
best test 18 the actusl exposure to certain low temperatures. Beecause
of difliculties in developing a satisfactory hardening-off process, the
lnboratory tests have not exactly paralicled the results obtained under
field conditiops. Hill and Salmon pointed oui that the laboratory
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methods indicated that Kanred ard Kharkol were more hardy than
Minbardi. This reaction is probably caused by the methods used
in hardening off, as Kanred and Kharkof may be able to withstand
sudden drops of temperature better than Minhardi, provided the
latter is not well hardened off. -

During the winter of 1927-28 all of the winter-wheat hybrids and
leading parents grown in nwrsery experiments at Dickinson, N, Dak.,
and Moceasin, Mont., were subjected to freezing tests in the laboratory
at Manhattan, Kans The object of these studies was to accumulate
information on the hardiness of new strains ana 6o perfect the methods
so as to cheek field vesults and speed up the breeding program. Some
progress was made in perfecting the technique, so that the greenhouse
resulbs correlated rather closely with the behavior in the field. More
worlk slong this line is being done.

GROWING THE HYBRID MATERIAL

The I, plants of all erosses grown at Chico, Calif,, and Manhatfan,
Kans., in 1919-20 {urnished an abundant supply of seed. One head
from each plant was sceded at Chico and the remainder at Manhattan.
In the fall of 1920, 481 plant rows were space-planted at Manhattan,
Kans,, with the seed {rom the I, plants.  Winter-survival data weze
oblained on this material, the rows were harvested in bulk, some of
the least promising crosses were discarded, and the remaining ma-
terial from cach cross and reciprocal was bulled.

The F, generntions of all crosses were grown at Manhattan, Kans.
The winter of 1920-21 was rathor mild, and the killing that occurred
was due largely to an enrly spring [reaze.  The injury was not severe,
nxeept In the less hardy combinations. A summary of the survival
data obtained in the spring of 1921 is presented in Table 6.

Each cross and its reciprocal were grown separstely, and the per-
centage of wintor survival was determined on each. In the summary,
however, the crosses and reciprocals bave been combined, as the data
failed to show any marked differences in percentages of survival.
The crosses are presented in Table 6 in the order of average survival.
Tt will }:{e seen thaf most of the material showed = rather high average
survival.

The combinations showing the most hardiness were those that had
as one parent such varieties as Minhardi, Minessa, Turkey (C. 1. Na.
6152}, Padui, and Belogling-Buffum (C. I. Nos. 5545 and 5547).
The differences in killing were not wide enough to give a real index
of the hardincess possessed by the various combinations, Such combi-
nations as Minhardi X Buflum Ne. 17 and Padui X Oessa did not
show as good survival as might be expected, on the basis of the known
hardiness of the parenis. This meay be explained partially by the
fact that both parcnts in these crosses, while hardy, are not adapted
to Kansas conditiens. The cross Kanved X Nebzaska No. 28 had a
survival of only 70 per cont, but as neither of these two varieties is
outstanding in hardiness, little hardiness would be expected in this
cross. On the other hand, the lowest survivel, 7.5 per cent, was
recorded {or the eross Kanred X Buffim No. 17, As the Buffum
No. 17 parent is much more hardy than Nebraska No. 28, it would
be expected to produce hardier hybrids.

1This work was conducted by T, B, Bayles in cooperation with the Koensas Aprienitiral Experiment
Station, umnder the supervislon of 5. ©. Salinon.
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Tasre 6.—dAverage perceniage of winter survival of the Fu generation of wvarious
winier-wheat hybrids grown at Manhaltan, Kans,, during the winter of 1920-21

[The fifrares i paventheses are sccession numbers of the Oifice of Ceres! Crops and DIseases]

Plant
TOWS
Brown

Sur-
vival

. NuwmberiPer cent
Minhardl (51403 X Deloglina-Buffum (5545 3 95 1
Minessa (G151) X Torkey {(Gi52).._..
Padui (6153) X Detoghina-Butum {8552 .. !
Kunred (3100) X Balogling-Buffum (5517 i
Kaprod gsus) X ackey (8159 ...
Mllntark! (153 w0 '1‘urkei" EUISZ)
Kauredd (3L48) X Minhandi (5140)
Minhardi (GiHOY ¥ Baloglina-Buifin (5567
Bacskn (6158} X Minhardi {5116}
Minhieekd (8135) % Belogling- Belfem (5516).
Slressn (8134 X HBaeska {(6155)
Hnaoced {aL4Y 3¢ Pedud {Bi53 ...
Montnon No, 16 (5503 X Odessn
Mintuekl (8135) X Pacska (8156).
Krired (50} > Heloglinn- Wit
Allnesan (5151 ¥ Boreka (BIFG)_,..
nifunt Moo 17 (3350 2 Enreln (517
Kanred (31463 X Montsun Mo, 38 (5360
Dilesza (HI51Y % Turkey Ml3%, . . .
Minhnrdl }ai‘lsz) K Butfum Na, 17 (320
Minbord! (5140} X Minturk] (165} ..
Puteskn (8136 K Odessa (5150
Minhordi (5limy ¥ Burcka {31703,
Odessa (151 X Montuon Mo, 36 (55
Ranred (5140 X Delogiinn-Rufam (3
Mintuck] (8155) % wiogling- Buthnn (55153 .
Krnred {3148) X Ordessn (8151)
Minbardi (3i40) X Belogling-Balfum (3518,
Belopiina-Duffrn (6517) % Oudessa (3889 ...
Celessn (0151} 3¢ Padul (9150 ...
Padai (8153) X Odessa (4647).
Kuared (hray 3 Mintuacki (0155
Enrckn {5170} < Tyrkey (8152
Beloglina-NiTnm (5515} W Odessn (3687)
Furekn (317 X Odessn (5151)
Ennred (5146) % Eureka (5170 _
Eanred {546) 3 Mlnessa {61543 ......
Odesta {4151) XK Haloghlor-Buftum {35
Beloglinn-Bufem (3548 ¥ Odesgr (3087
Eurekn (58700 % Minturkl (0155)
JMlintarrk) 51}155) ¥ Odessn {8151)
Aarlorki (8158 3 Odessn (aps7)
Kanred (5148) 3¢ Nobraska No, 2

a3
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7
Kaaced (3140 X Buffian No. 17 {3330 ___.

-

The most promising F, material grown at Manhattan in 1920-21
was teansferred to northera stations, where the conditions were more
severe and therefore the percentage of killing likely to ke higher.
The Iy plants grown from each I, plant row wore harvested in bulk.
Eack ot was divided into lour parts and seeded in the fall of 1921
at Mandan and Dickinson, N. Duk., and Moceasin, Mont. At Dick-
imson the material was seeded in 18-foot rows, duplicate plantings
being made on fallow and on stubble land.

The Ky and F, materind grown at Chico, Calif, in 1920-21 pro-
duced an abundnnt crop.  Selections were made in the T, from some
of the ecrosses, and the remninder was bulled for esch cross and
reciprocal.  The sced from the I plants was sent to Fargo and Moce-
ansin,  The F. seleetions were sent to Iargo, Dickinson, and Moe-
sasin.  The hullk material was sent to Moceasin,

From Table 2 if is seen that there was no killing at Fargo in
1921-22 except in [ureln and Eurelka crosses. There was complete
killing ot Mandan and no-killing at Moccasin in this period.

535422022
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Table 7 presents a summary of the Dickinson data, which shows
that in 1921-22 the killing was very much more severe on fnllow
land than on stubble land. ~Three varieties of winter rye are included
in this table for comparison, and all show high survival on fallow;
however, in the case of rye there was spring germination on the
fallow land. The highest survival for wheat on lallow land was
from Duffum No. 17, which showed a survival of 5.6 per cont, whereas
most of the strains were complately killed.

In Table 7 the varicties and hybrids are arranged in ovder of their
survivel on stubble land. Odessa (C. 1. No. 6151) showed the highest
survival for wheats, followed by Minhardi. These two wheats
arc known to be very hardy, but generally Minherdi is the hardier.
Crosses containing Odessa, Minhardi, Buffum No, 17, and Beloglina-
Buffurn strains showed the most hardiness. The hardiest cross,
Minturki % Odessa (C. 1. No. 3687), had o winter survival of 44.4
Ecr cent. ‘T'he dilliculties of obtaining critical data arc emphasized

y the fact that Kurcka and Minturki showed neatly identical per-
centages ol survival, although it is a well-known f{act that Minturki
18 rauch hardier than lSureka.

Tanue 7.—Percentege of winter surofval of Fy winter-wheat hybrid sirains and
parvenls grown in rod rows on fellow and on stnbble land ot Dickingson, N. Dak,,
1821- 22

Parcentage survival
a—
Neme of eross or parent E{-_‘J' hnnaienies Tl
Follow | Stubble
an land

BT L U 100 80,0
LT O G5k .2 68.90
Advangs (ryu)! - b0 648
Swethlsh (TYo) . o oot em e e e R PR 1100 8.0
1 o1 5140 1.7 46,4
Allntorki X Odessa 10, I, Mo, 3637y . _ . - 1] 4.4
Bacske 3 Odlessa (0. L Mo 150 o oo e e o m .1 a8.4
L T R S, 0 ! 36.8
B No, 17 e ecmmmcm e ———————— 5.8 36,0
Sllnhurdi X EUcekn oo ceeeee e L7 B
St BN NO. LT e e cceecn e ———— - L2 33.2
Baloglina-Buum (O, I, N, 55817} X Cdessa ({2 .5 30.0
Uilessa (C. 1. No. 5131 X Padui 1.3 20.5
MIoessn X TUrKBY & . e e emm e e et e 22 27,2
Crlegsa (1Y 1. Mo, 65151) ¥ Belogling-Bulfum (C. 1. No. o 20.9
Teloglinm- DT o e v e cmemmmnas .6 25,8
Minturki ) Odessa (2. L. No. 6151y .. .. 0 2.4
ALITERSS e e meem 7. H.3
Mlinturki % Belogli o . 1
Turkey. .. ... .2 23,2
Chlessa (07, 1. R o]
Beloglin- um. .. .2 20.%
BEureka x Oilessa (O, L. No. o 2.5
Ainkandl x Geloglina-13uim L5 19.3
L 3 1.3
Kaured 3 Minessa . - .2 18.3
Alinphardl X A TinturkT L e —— i.0. 17. 5
Kunrid 2 Turkoy ... o 16,7
Beloglina-TheTum _ _ N . N L. g
D A (L U : 0 .6
Porhiel % Belogiina-Thutfum (C. L. No. 5318 . .8 .0
SN e e occe e emem e e mmm—m e ——— .1 13.0
PR, e mm s i el .6 12.2
Teloylina- Bt (0, T No. 5515) X Odessa (%, NI il0
Minturki £ Beloglina- Buffum (C. I No. 5515) .. o . Ll.g
ALnessn ¥ DHIPKR ., oo oo iececcccc i caaeaas .1 iLg
Fuduy 3 {lessn (O T, No. 8087 weeaao Lt . 1.4
Kanred = Deloglion-Botfm (O L N 5598) oo c e eamcccemcm e mmamae 5 16.8
Kanredl % Cabessn (0, B N0 ALY __ ot meaa ! .3 10.5

1 Tpeludad for comparison. 1 Largely spriog germination.
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TasLe 7.—Perconiage of winler survival of Fy winler-wheat hybrid Sirains end
parculs grown n rodd rews on fallow and on stubble land ol Dickinson, N. Dak.,
1821-22—Continued

Percentage survival

Ti—==

Nomoe of eress or parent

Fuifow | Stubble
land hand

!
J

‘Beloplina-Thnfum
_gnla rling-Butlan (0. [ No. 5518 3 Odessa (. L. Wo. 8687} ..
HTEKB s ae aocrmmmm mmm mmmmm e mm e hmmmmmmemeammeaanan
Minturki
Eapred % eloglina-ThiTom (. [ Mo, 550
Kanrt‘.dX’Ilotuglina-Ilmf::m (0. 1. Ko 55
Kanred X Padui
Tonrekn X Mintecki . ..
Alontnne No. 30 % Orossn {C T. %0, 3657} -
Minturki ¥ Hneshon .
Montpna Na. 3
Milouasn X Hocska
Hncaka. .,
Pacliab X Burekn

. voo

- e B SR ]

W Mgt RS D
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PLANT-ROW RESULTS

From tho rows showing good winter survival st Dieckinson in
1921-22, plant seloetions wore made and the seeds sown at Dickinson,
Mandan, and Fargo, N. Dak., and Moccasin, Meont. There was
complate killing at Farge and Mandan and practicelly no killing at

Moceasin.
THE F; GENERATION

At Dickinson, N. Dak., the material was space-planted in 8-foot
rows, and a summary of the winter-survival data is presented in
Table 8.

All the rows of a cross and its reciprooal and the parent check
rows are combined, and the percentage survivals on a row basis are
shown in {requency distributions. The total number of rows grown
and the average percentage of winter survival are given. The parents
and crosses are arranged according to the average percentege of
survival. TI& will be scen that the average survival ranges from 52.5
to O per cont. DBecause of the influence "of soil conditions on winter-
killing, the date based on only a {ew rows are not so rolinble as those
based on many rows. The hardiest crosses ware Kanred X Minessa
and Minhardi X Boreka, with avaerage survivals of 51.3 and 48.8
por cont, respectively. The Minhardi parent had a survival of 21
per cent, and the Kanred X Minhardi hybrids showed an average
gpurvival of 7.5 per cont. Padui and Bacska showed little winter
resistance, and the 10 rows of the Minhardi X Minturki cross wers

all killed.




TasLE 8.~Summary of winter survival of F, winter-wheal hybrid sirains and parents grown on siubble land at Dickinson, N. Dak., 19£8-¢3 5
Number 6f rows with survival percentage of— Aver-
Name of ¢ross or pacent %01 — — 3 = ; Tg}‘f‘s‘ “{3:",5‘:]1"
PO {25178 12.5It 5 ’)"53" ad/ 542, 54 5"55: 6",06: 572, 577, 5,82, 5/87. 5/02. 5/07. 5] T =
e i . i SO N ; {_m Y (pereent) 43
Beloglina-Buffunt. ... : 1y 2 52.5 Q
Kanred X Minessa K 17 5,3
Balogling-Buffum. . 1 47.5 2
Minhardi X Eureka- ........... . 45 43.8 S
Minturki X Odebsﬂ (C. LN 815 1) 42.5 &
Odessa (C. 1. MNo. B151) X Bo]omm'\ Buffum (C 1. Vo, - . I i I ] 10 40.5 &
IS 1800 ot T SO OEI I : : i - s 12 40,2
Minturki X Odessa (C 1. No. 36873 . i ; 8 34. 4 b
Kanred X Odessa (C, X, NO. 8151} o ccacmnmccicnmmaasccsannn e e 8 300 o
Beloglina-Buffam. . ... «oveeonce i R 4 29,4 o)
Minturki X Belogling-Bufium (C. L No, 3340) e zomcrmcuncooclecinus 212 ; o1 : 1 4002 2.1
Kanred X Bologlina-Buffuin (C, I. No. 5515)... - 2 ! i [ 21 o
Beloglina-Buffum (Q. I No. 8547) X Odessn (C. T. Na. 3687)__ 2 53 21,2 3
Beloglina-Buffum. . . . 1 3 2.7 E
Padui X Beloglina- [ 2 1% 25.0
Eureks X Minturki. 3 10 4.5
Kanred X Minturki. 3 2 20 4.5 w
Eureks X Turkey (C. 2 2 19 2.1 &
Minhardi_L. ... [ IR 13 21.0
Buftum No. 17, 1 fuuu L 2 0.0 o
Minessa. N RO B W N S | 8 20,0 .
Be]ol,lma-}}uﬂ‘um (¢ 24 ) Yl.oi M4 0 07
OBSSA - e e e e e m e dmmmme e mm e e e i m e o 7 emm 1 1l 1 7 19.3
))elu;,hna Butfum (C. 1. No. 53i8) X Odessn (C. L. N6, 5687)_. 1 2 2 30 188 9
Rurekit e pur . evnn e B T [} 183 o
Minesstt X Burek. ..o oiii.. Tl 3] 31 5 o ! 7.7 N
Mintorki X ’l‘urkcv (C 1, N0, G132) v oo memc e e 8} 8 5] 8{ 6 120 16.4 "3
Odessa. 3687 | 4 1 1 2haa 1 12 ¢ 15.0
'j‘urkey (G.1 251 9| 8l 9 6 21 13 ©Q
A0TCT e oo 71 1) 8.1 16, 189 4
Kanred X Bullum S ST S 4l 1) 4) .51 2711 20 1250 ke
BUTKRY - cicmmmm o yan e ma et e dmsn 4040 11 11 20 14 L8 o
Buffun No. 17 X Bureks.__ .2 J I 7T 11 1{ 21 1} 14 2 8 1.8 - o
Kanred X \Imhnrdl,._ ........ 03§281161 6| 84 5 194 f 7.5 =
Padui X Odessa (€. I NoA 3687) 171 2 0 e 1 25 | 7.4 Q
Kanred X Turkey (€. 1. No. 613 44 1) 9} 8] 1 )aee 18 | 6.0 o
Minhardi X ]leloghuu-BulIum (2. 1. No. 971 2.1 1] 2 15 5.3 t
Qdessa (C.'1. No., 6151). X Padui..... . 2 ¢ al 14 a3 a0 0+
Padui ... o 3 R PR T 4 1.3 4
Odessa (C. 1. No, m.u) X Furkey (¢ 1. No, 6 12| 2 el 4 4 .|
Baeska X Odessa (. 1. No. 6151)-....... 164 2 T 18 ¢ 3 =
AT o (C R, 11y 1 - 12 .2
Minhardi X mmmm_ B 10 deecediane]ocnn 10 ¢ ¢
Bacska S A TSRO NN MO IR NS0 M A 1} 0
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THE Fs GENERATION

Selections made at Dickinson in the Fy generation were grown
in plant rows at Fargo and Dickinson, N. Dak., and at Meceasin,
Mont., in 1923-24. There was no killing at Moceasin. Killing at
Fuargo was very severe in all strains grown with the exception of Dakold
rye. The Ifargo date are presented in Table 9. Buffum Ne. 17 was
the hardicst wheat variety, with & survival of 37.5 per cent, and the
Kanred % Bulfum No. 17 ¢ross was the hardiest of the hybrids. Many
of the less-hardy parcnts and hybrid strains were completely
winterkilied or nearly so. Selections made [rom the surviving
hybrid material and reseeded at Fargo in the fall of 1924 were com-
pletely killed, so that this material was lost,

The data obtained from Dickinson, N. Dak., in 1923-24 ave pre-
sented in Table 10, Killing was nob so severe as at Fargo, as in no
case was any strain or row completely killed. Buffum No. 17 was the
hardiest variety, with a survival of 67.5 per cent—slightly better than
Dakold rve, which had a survival of 62,5 per cent. Xanred X Odessa
progeny woere the hardiest of the hybrids. Several hybrid com-
binalions countaining Buffum No. 17, Minhardi, or Odesse as the
hardy parent showed very good survival. Inconsistencies are pres-
ent m these data, however, as Xanred and Eureka had nearly
identical percenilages of survival, wherens it is known that Kanved is
much hgrdier than Eureka. Of the hybrids, the Buffum No. 17 X
Eureka hybrid material showed the poorest survival.




TasLe 9.—Summary. of winter survival of 7y winter-wheal hybrid strains and parents grown in plant rows at Fargo, N. Dak,, 1923-2/

Wumber of rows with survival percentage of— : Aver-

. iTOtal{ agesur-
) [ B : ~vival

22.5.27. 532, & L 547,35 52, :)57 56’1.56: 57- :177. 2. . &Y 07,5, {per cent)

Name of cross or parent

Pakold (rye)y ..
Buffum No.17
Xanred X Buitam No. 17

Padui X Beloglina-Baffum (C. I. No, 3545)..
Minhardi X Minturki el

Mmhﬂrdi
Odessa (C. 1. No. 815D XBeloglmu Buffum (C. 1. No. 5547) .
Kanred X Minhardi.-.
Beloglina-Buifum.

. Kanu.d X Beloglina-Buffum (C. 1. No. 5545)_..

Odess!

Beloglma-Buﬁum (C. 1. No.5547) X Odessa (C:1. No. 3687).
Turkey X Minessa. -
Minturki X Bcloglma-Buﬂum (0 T. NO. 5546) eoivvmc o dnnans
Minturki X Odessa (C. 1. No. 3687y .._.._u..

Eureka X Minturki........._. S U
Kanred X Minessa..
Odessa
Beloglmn-Buﬂum(C 1. No. 5548) X Odessa (C. I. No.3687)__
Minturki ) Qdessa (C.T. No.6151)

Minhardi X Eureka.____ fedewmtamseriem—eecmmabicemmncmemes]
Minessa X Eurcka
Relogling-Buffum
Mintarki_ .
Turkey.
Kanred X Odessa (C. I. No. 6151)
Beloglina-Budlum
Beloglina-Buftum (C. I. No. 5545) deessn {C: I, No.3687) ...
Kanred X Minturki

Kanred
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Padui X Odessa (C. 1. No. 3687)
]Izu(liekn X Turkey (C. L. No 65162)

TUALTAOIIDY J0 "LdEA "S "0 ‘981 NIIWTTAL "TVOINHOML « 1L

6518 . Y S

i

1 Included for comparison.




TasLe 10.—Summary of winler survival of Fs winter-wheat hybrid sirains and parenls grown in plant rows at Dickinson, N. Dak., 1925-84

Avers
] Potal RER SUE
FORP gt e g o L
2. 547, 5@52. 557, 51‘62 5,67, 5i7‘.’. 577, 538‘2. 587,592, 597, cent)

bt b o o g e b s e 1 £ i e e i i st e s RISV VORU

Number of rows with survival percentage of—

Mame of eross or parent c - Ty VT 7

67.5

V
i
'
'

]

Buifum No, 17,
Dakold (rye) 1nev.o-
Kanred X Odessa (C. 1. No, 6151)
Minhardi._ ..
Kanred X Buffum No, 17 Fi.
Minhardi X Eureka
Minturki X Turkey (C. 1. No. 6152)...
Beloglina-Butinm (C. 1. No u54l) X Odessa (C.
Minturki X Odessa (C. 1 3687) -

Kanred X Beloglmu»Buﬁum (L, I. No. 5545) .
Beloglina-Buflum. _
Turkey (C. 1. No. 6152) X Minessa
Minessd.cvrewren
Beloglina-Buifum..
Kanred X Mlnhnrdl

Odessa (C, I, No..6151) X Bologlma -Buffum (C, 1. No.
Turkey,

Eureka X Minturki
‘Belogling-1
Minturk
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Kanred X Buffum No.
~ Minessn X Eurcka

Kanred

Eurcka

Minhardi X Minturki.

Beloglina-Bulinm (C. I

Beloglina-Bulum_ ..

Kanred X Minturki

Kanred X Mlnossn,“

Bcl();,linn-HulTum (( i‘o) X Odessa (L 1, No. 3657}

Padii X Odessa (C Nn, .ﬂ»‘u)

Padui T,

Paduti X Beloglina- atium (c.1 \Io 0 15) ——

Minturki X Belogling-Buflum ((‘ T e 5510).

Eurekn X Turkey (C. L. No. 6153} .

Minturki X Odessa (. 1, No. 613 )l)_

Buttum No, 17 X Eureka. ..
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SUMMARY OF WINTER SURYIVAL OF HYBRID SELECTIONS AND PARENTS

Dotailed data on winterkilling of hybrid sclections and parents are
availabla from Manhatten, Xans., in 1921, and from Dickinson, N,
Dal., from 1922 to 1924, slso from Fargo, N. Dak., in 1024. At
these stations partial killing was recorded in the spring of the vears
mentioned, and the material for growing the following year was
sclected from the surviving plants. Table 11 presents a SUIMIMAry
of these data. In no case were parents grown at Manhattan in
1921; only those hyhrids are included which had beon grown through
the entice series ol years.  The parents and hybrids are ranked aceord-
ing to the average winter survival from 1922 to 1824, Tor sake of
comparison the 1921-1424 average is also included for tho hyhrids.

TanLe 1l.—~8uymmary of winter survival of hybid sirains and parents grown in
plant rows al Menhullan, Kans., and ol Dickinson and Parge, N. Dak., in
sleted years

Aversge percentage of survival
. C. L v an- Liigkingon CAvernge
Nama of Lross or parent Cr, lan Far-. Y g
: ! No. hate -~ ———pmoee Far

: WL ooy ygen T loey oy, 1021- fapa

Duffum No. 17....

Odessn, . o.o,

Minbazdi. ........

Binhardl X Eureka. ..

Mintirrki 3 Crdessa (€. 1, 3o, 3687 ... ..ol o. .

Odessn (O, 1. No. 6151) X Deloglina-BaTum (C, L, ~o.
T} e n e rme e imaa e ———————

Deloglina-Butfum_, .

Knored X Hufum No.,

Ciessa {C, 1,
N0, 5517}, .

Euaren

Mivessn__ ...

Minwerkl ¥ Odessn (.

Beleglinn-Bulliun. ...

Do
Kuored X Odessn (C. 1
Belogliva-Baffum
Alinturki
Turkey ¥ Mlnessn. .o, ooooo.. .
Minturki x Beloglina- Buthum {C, [ No. 56403
Endut 3¢ Beloglina-Buthiun (. I. No, 55i5)
Kunredl 3 Deloglinn-Burfum (C. . No. 5515).

1005 e e = i O

L e WO D

H w‘_t :
376
43.8
M.

| 59.5 !
5.0 1

48.4 »
5.5,
35
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40y
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Uelogling-Buttum (2. I, No, 515 ¥ Udess (€,
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No. 535

Eurekp W T

Kaunred .,

Eurckn ..,

Kapred » &

Trurlun 3 Qulessa (U

Padui.. .. Lol
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Pl Fa hybeid data in 1922 are averages of Fx linss grown in rod rows,

The hardiest parents are Bulfum No. 17, Odessa (C. I. No.
61513, and Minberdi, followed by the several Baloglina-Buflum
strams, Minessa and Minturki, the least hardy parents heing Padui,
Euroka, and Kanred. This general order agroes [airly well with the
results obtained from the unifornt winter-hardiness nurseries, except
that Bureka usually is nuich less hardy than Kanred or Padui.

Of the hybrids, Minhardi X Eurckn showed the hest survival,
In most cases she hybrids showed a survival intermediate to that of
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tho parents. There are, however, exceptions; in some instances the
hybrids ranked highor than either parent, as, for example, the combina-
tions Minturki ¥ Odessa (C. I. No. 3687) and Kanred % Minessa. In
some cases the hybrids were loss hardy than either parent. Kanred X
Minhardi, Minhardi X Minturki, and Odessa (C, 1. No. 3687) X Belog-
ling-Buffum (C. 1. No. 5545) showed this condition. The Minhardi
X Euroka cross showed an average survival of 34.8 per esnt, while the
Kanred X Minhardi cross averaged 17 per cent. This cleariv in-
dicates that corfain combinations give more hardiness than others.

BULK-ROW RESULTS

In addition to the material grown in plant rows from year to year,
soveral of the hybrid combinations were carried in bulk rows. The
sced was obteined {rom the I, generation of the various crosses
grown at Manhattan, Kans., and Chico, Calif., in 1920-21, and was
continued at Moccasin, Mont., from 1922 to 1925. Winter survivals
were recorded [or ench row in each year. These data are presented
in Table 12, In this table the hybrids are ranked in the order of
their average survival. In all cuses the date from reciprocal crosses
have been combined.  1n 1922 and 1924 no killing oecurred in any of
the rows. There is little difference in the average survival of the
different combinations. Of the 36 combinations grown, 26 had an
average survival of 90 per cent or more. Only two combinations,
Bacska X Odessa (C. I. No. 6151) and Baeska X Odessa (C. I No, 3687},
had survivals of less than 80 per cent.

Tanne 12—8ummary of winier surnival of winter-wheal hybrid straing groum in
E-rod bulk rows at Meoccusin, Mont., 1928-1095

Percentaga of survival

Batun of sross ) S
* 1924 1905 i Aver-
. 3

age

Belogliua-Bufum (C. L No. 558 X Odessa (C. 1. No. 3637
Baloglisu-Buitin (0. I, No. 551%) X Odlossn (C, [, Ne. 30873
Enored X Heloglino-Buthan . [, N, 5517}

Padul ¥ Beloghina-Butfui (O, [ No. 3515)

Fanred % Miahardi._ .0 ... . ...
Belogling-BugTum (. L No, 8405 X Odussa (0, 1,3

MLk ) Odesse (00 1 Mo, 3687 . ... ...

Fanred o Bulhnn No. Iv .o o0 .. ... ...

Mintuckt X Belogina-futhnn (. L Na, 5540) .

Kuneedd X Mol _.o ... .o L L

Hunred woaldnessn Lol Lo

Crdesan (0, 1. No, 4151) % Uadui. .

Podi 3 Odessn {C. 1, No. 3887 .

Minhurdl ¥ Borekn, oo .

Karmont » Odessn (07, [, No, 3067

Sineredd ¥ Botoglinn-t3nffn (0, 1,

Slintarki o Vurkes 0, 1 N, 45

Kunred o Miaturei oL L.

Kanred « Oddesse (0 0 No, 43510

Minessn ) Turkey (€. 1. No, Mdy; .

Kunred 3 Varkey (0, 1. N, 0150, e
{relessa E(‘. LNo By X Korwmnib, ... ... ...
Oddessn (0, L No, 6151 > Turkey (0 L Mo, Msy L L
Ewrebn X Minterki . L0 T L
Minessn £ Ewreka, ..o,

Eurokn x (Ouessin () 1, No. 8151

Mbsessn 3 Bacgkn, .

Eoreks )X Turkey {O°, L N
Bahemn X Boreka, . (.
Knnred & Pureka | . . L
Ddessa 100§ No, 6151y % Beloghinn-1lum 00, 1 No, 53171
iBneske X Mndiedi eaiaanian -
Konred o et .
Mnturki X Gaeska L . . R
Bueskn @ (diessa 16” 1 GIBATY L, ..
n. 61531
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The bulk hybrids were grown at Moceasin in rows approximately
132 feet long. Iach year the entire row was cut and threshed, and
from this seed a random sumple was obtained for seeding the nex:
crop. Yields were determined on each row and are shown in Table 13.
In this table the hybrids are arranged in the order of their average
yield. Kanred X Beloglina-Buffum (C. 1. Na. 5547}, which produced
the highest average yield, also was one of the highest for winter
survivel. The sccond highest yielding hybrid vombinetion was
Kenred XBuffum. The lowest yielding hybrid, Baeska X Odessa
(C. I. No. 6151), also was the poorest for winter survival.

TapLe 13.—8Summary of yields of the winter-wheat hybrid straing grown in 8-rod
bulk rows at Meccasin, Mont., 1922-19%5

Yiald per acra

WName of rroks

£

i
1922 | 1924

]

HEERBREE
=4

]
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M A N En Eh B b G A DD S B O I E ChE DO A S DD DD I h I O

Kaored ¥ Belogling-Rufum (C. I No. 5347}
Kanred ¥ Guflum
Mintorkl ¥ Turkey (€. I, No. 6152) .
Hanred ¥ Minhard], ...
Tourmont 3 Culessn (0. L Moo $87)
Kanred X ‘Turkey (C. I No, 6132,
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At harvest time in 1925 head selections were made from the more
cutstanding crosses for survivel and yield. These selections were
grown in head rows at several stations in the winfer-wheat belt. At
this time these sclections have not been grown long enough to deter-
mine their value.

After harvest in 1925 the least promising combinations were dis-
carded, and those remaining were seeded at Dickinson, N, Dak., for
growing under conditions of more severe winterkilling.

NURSERY EXPERIMENTS

As promising homozygous material became available from pland
rows at the severel stations 1% was advanced to nursery experiments.
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TESTS IN NORTH L.iKOTA AND MONTANA

At harvest in 1924 at Dickinson, N Dak., the seed from the most
hardy and promising plant rows which seemed to he homozygous
was bulked and then seeded in rod roy.s at Dickinson, N. Dak., and
Moccasin, Mont. The first year the material was grown in sirigle
rod rows replicated three times?® As rapidly as possible, the more
outstanding strains were advanced to 3-row plots replicated three
times. At Dickinson the material was sceded in stubble, whereas
at Moecasin the sceding was done on fallow. In genersl, the same
strains were grown at both places, nlthourh this practice was not
followed entirely. uAiter each hurvest the strains were studied for
quality of grain.  The earlier studies were made on kernel appear-
ance and texture and the lnter on crude-protein content. These
data, together with date regurding winter hardiness and yield,
furnished the basis for discarding the less promising strains, In
all, 17 hybrid strains and 10 parent varieties have been grown at
both the Mocceusin and Dickinson stations lor the 4-year period
1926-1928. Many other hybrid strains have been grown, but only
those grown in all vears are included in the tables.

TESTS AT DICRKINSON, N. DAK.

Table 14 presents the winter survival and yield dats obtained from
34 hybrid strains and 13 parent varieties grown in replicated rod rows
at Dickinson, N. Dak., from 1825 to 1828, inclusive. A study of the
data shows thet during each of four winters killing was rather severe.
The winter of 192627 was the most severe, the highest survival

recorderd being 10 per cent. The strain having the highest average
survivel for the 4-year period was Kanred X Minhardi {C. 1. No. 8031),
which had an average survival of 48 per cent. Minhardi and another
strein of Kanred X Minhardi {nursery No. 130) were second, each
with an average survival of 44.3. Other hybrid strains showed
survivels nearly equal to Minherdi, while some were less hardy than
Kanred and Turksy,

The varieties and strains are listed in the order of their average
vield, The average yields are all low, ranging from 6 to 13.7 bushels
per acre.  In general, the hybrid strains giving the highest yields had
as ane parent such varisties as Minturki, Minhardi, or Buffum No. 17,
chcrantmins gave higher average yields then either Minhardi or
Buftum No. 17, and only four hybrid strains ranked below Min-
turki and Kanred.

The correlation between avernge yield and average winter survival
is not so great as might be expected, since some of the strains ranking
low for survival ranked rather-high for yield. This would seem to
indicate that strains probably differ in their ability to recover in the
spring and to utilize the available supply of moisture and plant food.

FTeipicnte rows.
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TaBLe 14.—Average percentage of winler survival and acre yield of hybrid selections
and pareil rarieties grown in replicated rod rows at Dickinson, N, Dak., 19251928
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TESTS AT MOCCASIN, MONT-

T all, 39 hybrid strains and 12 parent varietles were grown at
Moeensin, Mont., in replicated rod rows throughout the 4-year
peried from 1925 to 1928, The winter survival and yield data of
these strains are presented in Table 15, Exeept in 1928, the winter-
Killing ut Moeensin was rather light and almoest no killing occurred
in 1927, Three strains of Kanred X Minhaedi had average <uevivals
highe! than Minhardi,  Kaneed X Minhardi (C. [ No. 8031} ranked
first for average wintor siurvival af Aoceasin as well as i Dickinsen.
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TanLe 15.—Average perceniage of winler survivel end acre yields of hybrid selections
and pareni varteties grown in replicated rod rows al Moccasin, Mont., 159251828
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The varietics and strains arve ranked according to average yield
Turkey X Mlinessa (nursery No. 485) ranked

per acre in bushels,

first, followed by Minard (C. T. No. 6690). Minard is a production of
the Minnesota Agrieultural Experiment Station. A total of 13
hybrid strains ranked higher in average yield than Minhardi.  All of
the hybrid strains grown show average yields higher than Turkey
(C. 1. No, 1558), Kanred, Minturki, Odessa, and Bullum No. 17 parents.
The consistent high yield of Minhardi is hard to explain, since some
venrs provious this variety was grown in plot tests at Moceasin and
discarded beeause of low wvield.  Sinee it has been included in the
nursery tests it has yiolded well.
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A comparison of $he data in Tables 14 and 15 brings out$ the fact
that winter conditions at Dickingon, N. Dak., are much more severe
than at Mocceasin, Mont. Tor this resson strains such as Minturki
X Beloglina-Bufium (C. 1. No. 5546} (C. I, No. 8033), Minhardi X
Minturki (C. 1. No. 8034), Kanred X Buflum No. 17 (C. I. No. 8030),
and Turkey X Minessa (C. I. No. 8028), which are known to possess
considerable wintor hardiness, ranked woll for yield at Dickinson, but
at Moceasin they weve surpassed by strains having less hardiness but
greater yielding ability. 1t would secem, however, that hybrid strains
arc availeble which have greater winter hardiness and yielding ability
than commerdinl varietics now grown.

TESTS IN HANSAS AND NEBRASHA

In the fall of 1925, 17 of the hybrid strains that appeared prothising
in the nurseries at Dickinson, N. Dak., and Moceasin, Mont., were
selected for testing in Kansas and Nebraska. These strains were
grown &t Manhattan and Hays, Kaans., and at North Pliatte, Nebr,
during fhe season of 1925-26. The material was grown in single rows
replicated three times.

Table 16 presents s brief summary of the date obtained with these
strains and with Kanred at the three stations. In no case was there
any wintorkilling. At Manhattan a late frost in March, after the
wheat had made some spring growth, caused slight injury in a few
of the strains. In no case was any strain injured more than Kanred,
and in most cases less.

Tanue 16.-—Summary of dala oblatned with 17 winfer-wheat hybrid sirains grow -
at Marhatian and Hays, Kuns., and at North Plaite, Nebr,, 192526
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The strains are arranged in the order of the average yield at the
three stations. Kanred, which was used as a check, produced the
bighest average yield. At Manhattan 3 of the 17 strains yielded
more than Kanred. At Hays there were no strains which equaled
Kanred, whereas at North Platte there were 2 strains which yielded
slightly more than the checks. While these data are based on the
results of only one year from replicated single rows, it would indicate
that none of the new hybrid sirains is any better then Keanred for
yiald under the conditions in Kansas and Nebrasla.

DATE QF MATUORITY

Table 16 presents dates of hending for each of the 17 hybrid strains
grown st Manhattan in comparison with Kanred. Only 3 of the
hybrids headed as carly as or carlier than Kanred, whereas some
strains headed as much as five days later. At Hays, Kans,, nll of the
strains were so late that they were all discarded after the first-year
test. At North Platte the differences in date of headiag were not so
mazked.

For successful growing in Kansas a variety must not be later in
maturity than Kaured, and it would be desirable to have varicties a
few days ewrlier than Kanved. Under the conditions in Montans snd
North Dakota, earliness is not so important, and little attempt was
made fo obtain carliness. By growing the material under severe
winter conditions the less hardy strains were climinated, and by grow-
ing the hardier lines in the southern part of the hard red winter-wheat
arca 1§ appenrs that most of the early sirains had been eliminated.
From the results obtuined and from genersl observations it appears
that the strains which are hardiest are also late in maturing. It would
seem that for the material herein reviewed latencss and winter hardi-
ness usually are associnted,

UNIFORM WINTER-HARDIN ES.S NURSERIES

Light of the more promising hybrids were selected o be included in
the uniform winter-hardiness nurseries, which arc grown nt experi-
meni stations in the northern part of the United States and in Caneda.

WINTER HRARDINESS

Table 17 presents the winter-survival dats obtained for these hybrids
in comparison with several standard varietics. The aversge survival
recorded in ecach year for o vamety is based on reports {romn stations
where partial killing cocurred. Data from stations reporting cither
no survival or no killing were not used. In 1926, 18 sialions
reperted partial killing; in 1927, 21 séntions; snd in 1928, 20 ssations.
The table shows the weighted averege for the years grown and the
percentage of survival in comparison with Kharkef. The varieties
and strains are presented in the order of their percentage survival in
terins of Kharkof., 1t is seen from these dete that none ol the new
hybrid strains has as much hardiness as Buffum Ne. 17 snd Minhardi.
All of the hybrid strains are distinctly hardier than Kanred and
Kharkof. The hardiest hybrid strains are Kanred X Buffum No. 17
(C. I. No. 8030), Turkey X Minesss (C. 1. No. 8028), and Minturki X
Belogling-Buffum (C. I. No. 8033). Kanred X Minhardi {C. I
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No. 8031), which showed so well at Moceasin and Dickinson, ranked
a little lower.

Tanns 17.—Perceniage of winter survival of winler-wheat hybrids and some slandard
parielies grown in the uniform winler-hardiness nurseries, 1986-1928
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Severnl of the cooperators who grow the uniform winter-hardiness
nurseries hove been harvesting the varieties and strains and doter-
mining vields. In these nurseries the strains are grown in single rows
replicated three times. This does not makes possible the elimination
of border effect or compeiition bebween varieties. This is of con-
siclorable importance in winter wheat where strains are winterkilled
in varying percentages. The strains in the nurseries are so arranged,
however, that the hardier varieties are grown side by side, which
would tend to reduce the competition.

Table 18 presents the yield data for the hybrid strains and six
standard varieties grown in the winter-hardiness nurseries in 18286,
1927, and 1928, Yields were reported from 14 stations in 19286,
{rom 18 stations in 1927, and [rom 12 stations in 1925, 'The varieties
are arranged in the table in the ovder of their percentage of yield as
compared with I{harkof, The strain produeing the highest yield
was Minhardi X Minturki (C. 1L No, 8034}, followed by Minturki X
Beloglina-Buffum (C. 1. No. 8033). Minturki showed the highest
vield of the standard varieties. Minhardi produced the lowest yield
of all the varieties and strains shown.

From the data presented in Tables 17 and 18 it would seem that
some of the new hybrid strains have winter hardiness approximating
that of Minhardi and Buffum No. 17, and in addition have the ability
to yield very muech more. The new hybrid strains also have at
least equal quality with the leading hard red winter varieties. During
the testing, all strains with grain which was soft or sppeared to be
inferior to that of the hard parents have been discarded, and the
appearance of the grain from the new strains has been very good
when grown where they are faitly well adapted. This would indicate
that the desired combmation of winter hardiness, yield, and quality
appurrently has been obtained. :
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TasLs 18.—Yield of winter-wheal hybride and some standard variclies grown in the
untform winler-hardiness nurseries, 19861928
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PLOT EXPERIMENTS

In the fall of 1927 several of the more outstending strains were
increased to plot experiments at Dickinson, N, Dalk., and Havre and
Moceasin, Mont, At Dickinson four hybrid strains were grown in
single %,-ncre plots. At Havre three strains were grown in duplicate
Ye-ncre plots, and at Moccasin the four strains were grown in dup-
licate Ye-acre plots. Although none of these tests have run long
enough or on & scale extensive enough, they give some indication of the
behnavior of the new strains in comparison with standard varieties.

The winter-survival and yield results from Diekinson, N, Dalc.,
arc presented in Table 10, At this station the new hybrids preduced
yields beiter than Minhardi, but were outyiclded by Turkey, Min-
turki, and Beloglina, The survival figures show the hybrids to be
hardier than Minhard..

TarLE 18.—Yield and perceniuge of winler survivel of some hybrid siraing and porent
varieties grown in single plots al Dickinson, N. Duk., 1928
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In the Havre, Mont., experiment, shown in Table 20, the hybrid
strains were outyiclded by Montana No. 36 and Newturk, while
Turkey X Minesse {C. 1. No. 8028) yielded slightly more than Kar-
mont. The three strains in this test are probably among the hardiest
of the hybrid lines now available.
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TaBLE 20.—Average yield of some hybrid sirains end slandard varielies grown in
plot tests ai Havre, Monl., 152788 1
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At Mocossin, Mont., the new hybrids were rather outstanding in
winter survival and vield, as shown in Table 21. Three of the hybrids
greatly outyielded the standard verieties and made fair yields, whereag
in most cases the standard verieties were nearly & failure. The
survivals of the hybrid strains were very encouraging and indicate
that progress has been made. Minturki X Beloghne-Buffum (C. 1.
No. 8033), which gave the highest yield, has also been found to be
very resistant to bunt or stinking smut under conditions at Moccasin.

Milling and baking experiments (conducted in cooperation with the
grain division of the Bureau of Agricultural Economics) heve been
made on the samples, snd the date on protein content, flour yield,
and loaf volume are shown in Table 21. These data indicate that
the quality of the new hybrid selections compares favorably with
that of Kharkof, Karmon$, and Newturk, the principal commercial
varieties of winter wheat grown in the Judith Basin section of
Mozntana.

TABLE 21.—duverage yield per acre, percentage of winler survival, and gqualily
dala! of some hybrid sirains and standard varielies of wheat grown in plol tesls al
Moceasin, Monl,, 1928

f[ Quslity
i

Name of cross or variety 3o i"“,‘; Yield .P et i .
) . Protein our
‘content; yield

1

Per cent. Bushels Per cent, Per cent
75| 1B.B: %5'0 72.1

R

BEBREEE®

Eureka X Minlordi ' ; ; ©OILe . 153
Kaored ¥ Diinossa 5 ! : L5
Nowtnck

MME\?M_‘@MIOQ

t The erude-profein and milling sod baking results wero obiained In cooperation with the research and
milling eod baking loborntories, grafn diviston, Burean of Agricuitural Economics,

SUMMARY

The hard red winter wheats, which now occupy aboubt 41 per cent
of the total wheat screage of the United States, are Hmited in their
northward expension chiefty by winterkilling. Winter whest is
more productive than spring wheat if the former is not injured
during the winter. )

As a class, the hard red winter wheats are fairly winter hardy, but
not hardy enough to be grown in the northern portion of the Great
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Pl-ins area. The use of various cultural practices, such as mulching
with'straw or seeding in furrows or in stubble, offers a pertial solution
of the problem of winterkilling,

In order to develop hardier, high-quality, and high-yielding wheats,
numerous crosses were made between hardy soft wheats (like Min-
herdi, Buffum No. 17, and Odessa) and high-guality hard wheats,
such as Turkey, Eanred, and Kharkof.

Because of the difficulty of studying winter hardiness in the field,
the plan used was to grow the hybrid material at several northern
stations over a period of years. The material was grown af 11
stations during the period from 1920 to 1928, a total of 26,085 nursery
plantings being made.

An attempt was made to study the inheritance of winter hardiness.
Tt wos shown that hardiness is inherited, but the character proved
to be very complex and probably is confrolled by many genetic factors
which may be overshadowed by environmental factors.

Laboratory .methods are being developed for studying inheritance
and testing the coald resistance of parents and hybrids under con-
trolled conditions.

The F, plants of about 45 crosses were grown at Manheatten,
Kans., and Chico, Celif., in 1919-20. The F, generation was grown
ot Maonhatien in 1920-21 and was only slightly killed. The F; gen-
eretion material grown at Dickinson, N. Dak., was seeded both on
fallow and on stubble ground. Much more of the material on fallow
than of that on stubble ground was killed.

Selections from the surviving F; rows at Dickinson were continued
into the F, at Dickinson, in 1922-23, where partiel killing again
ocewrred, the combinations From the hardiest parents in general
showing the best survivals,

Selections made in the Iy generation were confinued in the Fy at
Fargo, N. Dalk., where killing was severe, and at Dickinson, N, Dsk.,
where there was only about 50 per cent killing.

In addition to the material grown and selected cach year, all
crosses were grown in bulk at Moceasin, Mont., from 1922 to 1925,
inclugive. Yields and winter survivals were recorded on this raaterial.
Fead selections were' then made in the most promising of these
CLDSSES.

"The most promising I's head rows at Dickinson, N. Dak., in 1924,
which appeared homozygous for botanical characters, were placed
in nursery cxperiments af Dickinson, N. Dak., and Moceasin, Mont.
In these experitnents many hybrid selections were discarded on the
basis of lack of winter hardiness, yield, and quality.

In the fall of 1925 several hybrid strains which eppeared promising
were included in the uniform winter-hardiness nurserics, which are
sceded at 28 stations in the northern United States and in Canada.

Froem the results obtained in the nursery experiments at Diclinson,
N. Dak., and Moceasin, Mont., covering four years and from the
exporiments in the uniform winter-hardiness nurseries covering three
yoars, it is concluded that strains have heen developed which are
approximately as hardy as the hardy soft red winter wheats, Minhardi,
Buflum No. 17, and Odessa, in addition to possessing the ability to
outyield these varviotios and also the hard red winter wheats, Turkey,
Kanred, and Minturki, in Montana and North Dakota.
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‘The best of these hybrid sirains when tested in Kansss and
Nebraska were found to be too late in maturity and therefore of
little valus for the central and southern sections of the Great Plains
aree. 'This seems to indicete that the characters of winter hardiness
and late maturity are associsted.

The most promising strains have been incressed to plot experiments
at Dickinson, N. Dak., and at Havre and Moceasin, Mont. From
one year’s results they appear to have promise for winter hardiness,
high yield, and good milling and baking qualities.
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