
 
 

Give to AgEcon Search 

 
 

 

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. 
 

 
 
 
 
 
 
 

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




III 1.0 

1.1 
.

11111,·25 1111/1.4 111111.6 111111.25 1111/1.4 111111.6 

MICROCOPY RESOLUTION TEST CHART MICROCOPY RESOLUTION TEST CHART 
NATIONAL BURtAU or STANDARDS·1963-A NATIONAL BURtAU Of SlANDARDS-1963-A 

http:111111.25


(.,,'1>0 

It""JO-\ 

TECH:<ICA~ BULLETIN XQ.• 136 SEPTEllBER, 1929 

maTED STATES DEPARTMENT OF AGRICULTURE 
WASHINGTON, D. C. 

BREEDING HARD RED WINTER WHEATS 

FOR WINTER HARDINESS 


AND HIGH YIELD 

By KARL S. QUISENBERRY, Associate Agronomist, and J. ALLEN CLARK, Senior 

A gronomist, Office of Cereal Crops and Diseases, Bureau of Plant I ndllstry 1 

CONTENTS 

Page I Page 
Importance oC hard red winter wheats_______ ~ I Laboratory mcthous used to check fieldresults__________________________________.__ i 

Acre yield _______________ .._____________• 3 IWinter hardiness________ ________________ _ 
Growing' the hybrid lllateriaL_______________ S ....raterisland methods___________ .___________ :1' Pla'lt-row results ____ ..__________________ 11 

Varieties IIsed us parents ______________ • :1 Hulk-row results _____ •______ .___ ________ J7 
Stations at which testing was done______ :1 Xurscry e~perilllent5 ______ .. _._---______ IS 

Ditllculties in studying ",-jnter hanJiness in Plot experiments___ •. _____ ••••• ___ •___ ._ 25
the l1eld ___- ____________________ •__ .._. ___ _ Summ!lr}·.. _______ •_____ .•• __ ...... __ ._______ 26 

Inheritance oC winter hardiness _____________ _ L.j~erature (:ited4_~,.., ....... ~._ .. __ .. ~~_ •._____ .. ___ 28 

IMPORTANCE OF HARD RED WINTER WHEATS 

The hard red winter wheats occupy the largest acreage of any 
class of wheat grown in the United States. According to the nri 
etal survey of 1924 by Olark 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 mosh important factors limiting the northern expansion 
of the hard winter wheat acreage is winterkilling. The long, cold, and. 
often rather dry winters frequently cause severe losses from killing. 
During the 26-year period from 1901 to 1926 an average of about 10 
per c~nt of the total winter-wheat acreage of the United States was 
abandoned annually, 'largely because of winter injury. 

I 'rhe writers acknowledge the nssistance and cooperation received Crom the Collowing persons during the 
course oC these investIgations: 10hn H ..Mnrtill, agronomIst. had charge oC the work Cram 1019 to 1925. 
John H. Parker, oC the Kansas Agricultural Experiment Stntion, aided in making some oC the crosses and 
in growing the material d\lring tho first years. V. II. Florell made some oC the crosses at Chico, Calif. 
'rhe [ollowing men assisted in growing the materIal: n. W_ Mny, formerly at Moccasin. 1\[ont.; D. D. 
Bayles, '\;[Qccnsin. 1\[ont.; H. W. SmIth, Dickinson, N. j)llk.; J" it. Waldron. Fargo, N. Dak.; O. F. 
prague, North Plntte. Nebr.; F _A. ColIman, Cormerly at Akroll. Colo.: and A. F _ SW:I050n. Hays. Kilns. 
·rude.protein. and milling and bilking results were obtained in cooperntion wilh the Orain Divisi')n oC the 

. ,urellll oC .\gr!Cllltural Economics. 
, Italla I)urnbers in parentheses reCcr to "T.l(ernture cited," p. 28. ~ 

55t;'42-29--1 
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The growing of hard red winter wheat in the Great Plains area 
dates back to 1873, when Turkey wheat was first introduced from 
Russia by Mennonite immigrants '1;0 Kansas and other States. This 
variety 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 general rule, winter wheat is more productive than spring 
wheat wherever winter wheat can survive the winter. It also rIpens 
earlier, thus being less exposed to injury from rust and drought. In 
the growing of winter wheat farm labor is better distributed than in 
the growing of spring wheat. 

As a class the hard red winter wheats are fairly winter hardy, but 
many of the varieties will not survive the winters in the northern 
Great Plains aL·ea. Various cultural practices have been developed t@ 
reduce winterkilling, such as seeding in furrows, seeding in standing 
stubble, and mulching the cro!1 with straw. These pr~ctices help to 
catch and hold more snow, thus affording a protective covering 
against rapid changes in temperature. 

WINTER HARDINESS 

While various c Iltmal practices have been of gruat value in reduc
ing losses due to winterkilling, they are recognized as a temporary 
rather than a permanent solution of the problem. 

The possibility of developing hardier vadeties through breeding 
has been recognized for many yenrs. Considerable breed.ing WQl"k has 
been done in this country and in Europe to produce hnrdier varieties. 
Most of the European work hns been done in Russia and Sweden, 
Russinn varieties have shown considerable promise when introduced 
into this country, but the hardiest varieties from Sweden, which are 
soft wheats, have been lem, hardy than the hard red winter varieties 
grown in the United States and Russia. 

In 1(111:) the. Office of Oereal Orops and Diseases, in cooperation 
with cOl'tnin State experiment stations, started extensive investi
gations on the problem of winter hnrdiness in wheats. As one part of 
this study, uniform winter-hardiness nurseries were established in 
coopemtion with numerous stations in the northern United States o:J.d 
in Oanada to test the hardiness of the existing varieties. The results 
of the first flve ye,ll'S of this work, published by Clark, :rvbrtin, and 
Parker (8), showed definitely that varieties differ greatly in their 
ability to resist unfiINorable winter conditions and that Turkey was 
not the hardiest variety. In general, the ,'arieties that had the great
est hnt'Cliness were poor in quality or low in yield. Such varieties as 
1Jillhardi, Buffum Ko. 17, and Odessa. proved to be the harditist, but 
ns they are soft wheats and very latc in maturing t.hey aTe not suited 
to commercial gl'OWiIl~ in the Great Plains area. 

The sccond phaso of thi::; work was to enlarge the hreeding program 
with tll(\ objcet of ('omi>ining hnnl.:ness, quality, lmel yield. En,dieT 
In'f'NLing for win tor hllnLin(lss hnd h(,<'Tl ('a[Tied on ill North Dakota by 
Clnrk (l) llnd by wor\Wl'!-l ill j\'linn('sotn, Tho ['('suIts reported by 
Hn"Vl'H and Gnt'l)(1!' (5) in dHP\oping tht\ 1tinllllrdi and Minturki 
Yfu'icti('s in ~ [ill)l{\S()t(~ (\l'illOllstt'lttecL til(' posf>ibilities of success by 
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this method of attack. The purpDse of this bulletin is to report the ! 
progress of the breeding resulting from tho enlarged program started i 

in 1919. 
ACRE YIELD 

The development of hardy strains of hal'd red winter wheat must 
be associated with an increased acre yield. High yield is the end 
result and may be obtained from strains not having the: greatest com
parative hardiness, provided the winters are not too sevore. .A high 
degree of winter hardiness must be associated with high yield if a 
winter variety is to be successfully grown in the Northern States. 

MATERIAL AND METHODS 

The choice of high..:yielding varieties possessing good quality, 
earliness, or other desu:able characters, for crossing with hardy 
varieties; the method of growing and selecting the material; and the 
choice of locations for testing the progeny were considered i.n develop
ing the breeding program. 

VARIETIES USED AS PARENTS 

. The original crosses were made at "Manhattan, Kans., and Chic01 

CaliL, in 1919 and 1920. The varieties Turkey, Kanred, Kharkof, 
Eureka, and Nebraska No. 28 were the principal parents, having good 
yield. and quality but la0killg hardiness. The varieties lvlinhardi, 
Ode!'osn., Mincssa, Bufl'llm :Ko. 17, and four Bclog1i::.a-Buffum hybrid 

'. 	
strains wore used as hardy parents. Fo:' a descl'ipt:on and history of ; 
these varieties, see Clark, Martin, and Ball (2). About 45 combina
tiuns, including reciprocal crosses, were made with these and other [

tvarieties. At the time the crosses were made, relatively little was 
known of the merits of some of the parent varieties. For this reason 
many' crosses were made, and the least promising were soon discarded. 

STATIONS AT WHICH TESTING WAS DONE 

Part of the crossed kernels obtained in 1919 at Manhattan, Kans., 
a.nd Chico, Calif., were sown at Chico and part at Manhe.ttan in the 
fall, in ordC'r to insure against loss and to obtain an ample supply of 
se(lcL the following yenr. 

The entire 1"2 gC'n(1['ation ,,'as gwwn .at "Manhattan, Kans., in r 
1920-.21. B!'ginning in 1£)21-22 the hybrid and parental material was ,; 
grown at various northern stn,tions in the United States. The original 
plan ineluclt:'d growing most of the materia.l in bulk, although some of 
the more promising crosses were continued by individual-plant 
scle(ltio"fls. TIl(', pJ fin 11seci was to grow plan t selections from the. more i 

promising (lr08S('S in plant rows until th(1Y apparently were homo
zygous a.nd tht:'n incremle the best of these to rocl rows as rapidly BS 

seed WfiS anlilabk. 
In addition to the er08ses that were carried in plant rows, seed of 

each 1') "wa.s bulked and grown in bulk from year to yellr in rows 
approximntcly 132 fC'et long.. Table 1 gives 11 summary of the number 
of plont rows, rocll'ows, and bulk rows sC'Nied at the ....arious coop
erating stations during the period fl'om 1921 to 1928. This summary 
showq that most of the work has bC'on done at Dickinson, N. DaIc, 
find ?...locellsin, "0i!ont. In all, 20,085 rOws were see.ded in these tests. 

http:1920-.21
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TABLE I.-Number of plant, rod, and bulk rows of wheat sown in winter-wheat 
breeding nurseries at 11 experiment stations, 1920-2t to 1927-28 

DIFFICULTIES IN STUDYING WINTER HARDINESS IN THE 
FIELD 

A genAl'ol summary of the results obtained rrO!':l the various stations 
for each year in which material \\Tas grown is given in Table 2. It 
will be seen that hardiness data were not obtnined every year. In 
many cases the killing wns so severe that all the material was kat. 
In other cases there was little 01' no killing Ilnd the least hllrd}C strains 
survived 100 per cent. Another difficulty was caused by the fact that 
fall germination oiten was very poor, and some of the plants did not 
emerge until sprin~J thus making spring-stand counts worthless. In 
some cases the killmg may not have been caused by extreme cold but 
by' soil blowing, drought., heaving, or smothering by ice crusts. 
Because of these difficulties it seemed clesirable to grow the material 
at several stations and over a period of years. 

"While this work was outlined primarily as nn improvement project, 
an attempt was made to obtain data on inheritance or winter hardiness 
in a few of the more promising crosses. 

In presenting the results of these studies, only· the data from 
stations \vhere partial killing occmred will be considered. 



~, 

". ~ '!'" " 

T_-I.BLE 2.-Spring condition of the wheats in the winter-wheat breeding 111lrscI'ies at 11 experiment s/atio7ls, 1920-21 to 19£7-£8 

---~--------------- --~-~ --,. -~ ~~~------~------

Spring conditlon in 5enson of
t:dSlutiou 

J(1~,(}-21 1U21-22 1922-23 1023-2·1 102·1-2.) 11125-26 1 92tl-27 1027-28I 
,t---=- _________ ~~------1 --~ - ~-~ --~- ~ .....Manhattan, Kans__1Killing In less '--------------------1--------------------1-----------_________ 1____________________ No killing_________1No killing________ _ Zhurdy hy-' Q: brids. i 

m~~yn:~~~i~-D-nk:i-~~_:~I!~~~::::::-Nciirly--roiiii~;;te- -comilieio-kftiing-'-ouiy----liiOderiirii- -i{iliiiig--on--noii:-'-j;;nlT"iiiirmiliiitioii-I-Niiiiriy--coilijliiiiii- Fairly good ditTer
: i killing on ial- on fallow; very killing, som6 VII' hardy strains;' poor; some killing; only entintlon of ~ I low; heavy kill- heavy killing on rietiessnrvlving gooddilTerenlia- spring germ ina- most hardy va- strains.I 
l ing on sntbble stubble land, 100 per cent. tion of strains, tiun; killing! rleties showed 

.. 1 ,.lm~~.. . " T~' r .~. • so~ere.. . ' . , I Tnnr .survi~\"n!. UJ:'Ioecuslll, :.ront. __I________________ No ktlhng_________ Emerged ID II ID- :IS 0 kllllng_________ 'ery little Kllltng Qnl) hght kllhng__ \ er~ httle killtng__ Ha\har sevore kill
ter lind spring; except In non- I ing, ouly most I::j
killing occurred hnrdy struins. hardylinllSshowI 

~ 

only in non- ing good sur
o 
t:;:l

hardy hybrids yi\"ols,
nnd pnrents. 

I 

Fnrgo, N. Dnk_____ !________________ No killing except Poorelllergencoin Severe killing, Complete killing _________________________________________ _ 


in HUI'~ka lind fall; completely 0 n I y i1 a r d y I' ~ 
}<;UI'eka-ButrulIl killed. strains surviv t;i
I crosses. ing. .....Mandan, N. Dltk __ !________________ Complete killing __ Complete killlng ______________________________ •___________________________________________________ 

Akron, ('010_ - - ---t---------------r-------------------I ETh~gj1i-t~1!~ I Very little killlng __ ,________ -----------. -------------------- --------------- -----
Z 
l':l 
UJ 
UJ 

to drought and 
soil blowing. ~~~r:::~:;n:~:l~:;l:~ ~~~~~~~~~~~~~~~~ ~~~~:~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~_~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ :~~i~:i~;_V_)~~~~I~_ -~:-~;I~;I~~~-~:~~~:~I~ SOllle killing. 

=sn~i;th~:.n:Kioi;t::: :::=:=:::::::::: :::::::::::::::::::: ::::::::::::::::==:: :::::::::::::::::::: :::::::::::::::::::: -\Tor~liiiiek-iii;iig: :::::~~___~:::::::::: Little killing. 
____________~__________ 1 ~ 

S 
G 

c,,'1 

,,,,.,,,,",,,,';C""""__ ." ~,,.~~w."'_"....,'~' '~,","""" 
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INHERITANCE OF WINTER HARDINESS 


A number of Fa rows of the cross Buffum No. 17 X Eureka were 
grown in comparison with the parents at Fargo, N. Dale, in 1922 
and aLMoccasin, Mont., in 1923. No killing had occurred in this 
material in the F2 generation. Data as to the winter survi-\rals of 
this material are presented in Table 3. At Fargo the percentnges 
were based on actual COlmts made in the fall and spring, whereas at 
Moccasin they were' based on estimates of spring stands, in which 
the Bu1£um No. 17 parent (which showed no killing) was used as 
the standard of comparison. 

TARLE 3.-Survival, in frequency classes, of Fa winter-wheat hybrid stTa'ins and 
parents grown at Fargo, N. Dak., in 1.922 and at JIoccasin, ilIont., in 1923 

. ._ ..•._.. ~ ._- ..__.._.....' "-',"'''-''(''-

, Number ot rowS with survival per· : !. Average 
! centage 01- Tot!11 survival 

Station, year, variety, anc.! hybrlc.! stralus ,-"'- -- ._\-'-1----'--' rows I (per 

______________: 0 t~;~o.:~I~\ ,90 : __I~~ 
Fargo, N. Dnk" 1922: I I ! I I I I IBuffum No. 17.•• _____ •_________ •_____•______•__ .'. ___________ •_____ ,______ 7 ' 7 I 90.0 

1<3 hybrlc.! straius...... __...__________...___ .-----)------....--.\ 3 1 g 'I 109 120 I 87.7
Eufl'kn .....____ •• __ . __ ..........________ ••. ______:.. __••• _____ 1 3 3 ' 7 75.7 

Moccnsin, '\'lont .. 1923: '\: ! I
Bufrum.No. 17_____..___.._________________.'------ ___.._.---:--1 ______:_____ ., 13, 13! 90.0 
~3 hybrid stralns..__ •••____________________1 31. HI 02 i 17 i 6 I 7 257 19.1 

_.hl1rek~·~-_-._.-~~=--_=._.-------~~-~--~---.----·1 0 6 -I ~i_ It=J~l~ 26.D 

At Fargo the average suryival of the hybrids was intermediate 
between that of the two parents, wbile at :Moccasin the hybrids 
showed an average survival which was lower than that of either 
parent. Hybrids less hardy thun Eureka were obtained, as well as 
some segregates us hardy us Buffum No. 17. 

Table 4 presents survival data obtained from F3 hybrid strains of 
Eanred X Minhurcli and Minturki XTurkey (C. J.3 No. fH52) crosses 
at Dickinson, N. Dale, in 1923. The hybrids had not been subjected 
to killing previously. In each case the hybrids and parents showed 
nbout the same range of survival, but the average of the hybrids 
was slightly less thn.n that of either parent. In each cross some 
hybrid TOWS had as high a survival us the hardiest parent rows. 

TABLE 4.-Survival, in frequency classes, of Fa winter-wheat hybrid strains and 

parents grown at Dickinson, N. Dak., 1923 


-.----~.--------~-..-----:N-T-um-bc-r-ot-r-o"-'s-w-lth-su-rv-l-va-l-;":-----.r-·-
percentage of- i 'I' til Ave~ago 

Crozs anc.! parents. nnd hybrid straius :'-~~-'~~'T 30 !
50 

1-;;-1 rg,:S W:rv~:~i) 
--.. -----.--..,.-~-.....-.. - ...----.....-.- .~-,---- "'-'--i ---"1-1--1--
Kaured X ;>Iinhardi: , 5" . 1 ; .

:\flnhnrdl.._______________________________________ 3 , 1 :______ 1 10 1 13.0 
F3 hybrid strains_________________________________ lOt 53: 20' i ' -I ! 185 : 9.5Kanred___________________________________________ -I 4 1 j 1 • _____ .1 10 j 12.0 

r.I!nR\Y,~tu~k;~~~~~:_::~_~·_~~:_O_I_5_2!:~ _______________J 2 1 I------! 2 i 51' 34.0
F, hyIJri<l strains ______________________.._________ ' 4~: 3?' 12; 9 7 16.29~ 

_'~lIrk~ (C.~~~~5_2!..::-=-------===-j__ .. _~L:":::":::=_ l' J 
16.7 

I '['ho initials "C. 1." reter to accession uumbers of the OJlice ot Cerenl Crops allc.! Diseases. 

http:Bufrum.No
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In addition to the F~ material grown at Dickinson in 1923, F4 strains 
of three crosses and F5 strains or one cross also were grown. The 
data are presented in Table 5. For the F4 strains of the three crosses, 
Minessa X Turkey (C. 1. No. 6152), Minhardi X Eureka, and Belog
lina-Buffum (C. 1. No. 5547) X Odessa (C. I. No. 3687), the werage 
survival of the hybrids was intermediate between that of the two 
parents, although individual rows were obtained which were hardier 
than the hardiest parental row. The F5 strain of .Turkey (C .. I. No. 
1558) X Odessa (C. I. No. 3687) showed an average survival slightly 
higher than that of the Odessa parent, and 13 of the 63 hybrid strains 
grown were hardier t.han the hardiest parent row. 

TABLE 5.-Survilial, in frequency classes, of F4 and Fs winler-wheat hybrid strains 
and parents Grown at Dickinson, N. Dak., 1923 

' 

Number of rows with survlvnl percentage of - : 

Cross and P~[~:'l~~s and hybrid l~-T~ --- .. ~ l~~ ~; -, ~~~ I~i .~. ;o~t~1 ;},~~~~~~ 
o 5 151 25 I 35145 I 55 ; 65 I 75 I 85 05 ; (per cent) 

- .. . ~ i'- .I--I~I I ~'-:-I"~--~--
MlnllSllll X 'rurkey (C. 1. No. 6152): try' t I I j ! ! ! ;

~\lIl1cssa, •••• ~ ...................... _ 1 1. 1 '•••• i.... ' 1 .........\........ 6 16.7 

~', hybrId slrains..................125 15 151 L4 I 6 I 3 i 3 l' 1 ,.... .... 83· 15.7 

'furkoy (C. r. No. 0152) ........... i 1 2 1 •••• j' ....I.... \. __ .•• __.,____ ;______.. ·1 , 6.3 

l\[;nhnnh X Eureka: ' , r I • 1 
.\[Inhurd!..••••• __ .................!........ ....,....;....;....i--__ .... : 1, 1.... 2, 80.0 

r.', hybrid 5lrlllos................... 2 2 a' 7' S '1' 5 5 ~ 5. 4 2! 4:', 46.7 


u))eltJl:;;;~;~·,iiTiil;i(c.Ti;5:17rX·oJessn"l---· 2 .... "--11 1 ·1'· ..·'.... ,..--:..·+--· ...J 15.0 
(C. 	r. ~o. 36~7): I • I l I 

J1clo~linn·lJulfum No. 17.......... j........ 1 ....... __ 1 1 I 1 , ....' .....__. .... 3 . 3S.3 
1', hybrid slralns .................. ) 5, 7' 7 12 j 11 3, 3, 3 I 2 : .. __ .... 53: 27.7 

'rur~~;!(~~.TN.O.:i55syx.6dcssn.(6~.C:.... 1 I !....II 1, I ....." .... ~.'.... .... 4 , 25.0 
No.3687):· . ' .: 

O(l!:nsa............................l 1 1 ........1.---1 1 ....:.... ,....;....... j 3, 16.7 
F, hybrid strains.................. , 37 Q 2! 0 I 0 .2 1, 7 I 2' 1 2 I 631 17.5 

Turl.oy ···---·..--.... •..=·~-..·l 2: I~·~~.·.:t=~~~.~·:.....--!--~t~·.:t=-=~I 3 I 1. 7 

I Progenies of surviving plllnts nt Dickinson [n 1022. 

It would seem safe to conclude from these datil. that winter hardi
ness is a heritable ehal'llcter but of a very complex natme and that 
it is greatly influeneed by environment. By selection it is possible 
to recover hybl'id lines which are as hardy as, and in some eases hardier 
than, the hardy parents. This seems to indicate that parent varieties 
possess different factors for hardiness, which when combined 111l1y give 
increased hardiness. 

Martin (7) briefly summarized these results and pointed out the 
difficulties of studying the inheritance of tIns character in the field. 

LABORATORY METHODS USED TO CHECK FIELD 

RESULTS 


Owing to the difficulty of studying the inheritance of winter hardi
ness in the field, seveml investigators have been endeavoring to de
velop laboratory n1Cthods which will give a hetter index to the probable 
hardiness of stl'llins than can be obtained in the field. Recent investi
gations by .Martin (7) and Hill and Salmon (6) tend to show that the 
best test is the actual exposure to certain low temperatures. Because 
of difTicultics in developing a satisfactory hardening-off process, the 
laboratory tests have not exactly paralleled the results obtained under 
field conditions. Hill and Salmon pointed out that the laboratory 
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methods indicated that Kanred and Kharkof were more hardy than 
Minhardi. This reaction is probably caused by the methods used 
in hardening o£f, 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 aU of the winter-wheat hybrids and 
lending parents grown in nursery experiments at Diekinson, N. Dak., 
ancLMpccasin, ·Mont., were subjected to freezing tests in the laboratory 
at wlanhattan, Kans.4 The object of these studies was to accumulute 
information on the hardiness of new strains and. to perfect the methods 
so as to check field results and speed up the breeding program. Some 
progress was made in perfecting the technique, so that the greenhouse 
resll.lts con'elated rather closely with the behavior in the field. More 
work along this line is being done. 

GROWING THE HYBRID MATERIAL 

The 1i\ plants of aU crosses grown at Ohico, Onlif., and :Mnnhattan, 
Kans., in 1919-20 furnished an abundant supply of seed. One hend 
from each plant was seeded at Ohico and the remainder at Manhattan. 
In the fall of 1920, '181 plant rows were space-planted at lvIanhattan, 
Kans., with the seed from the :B\ plants. Winter-suITi\'al data were 
obtained on I;his material, the rows were harvested in bulk, some or 
the least promising crosses were discarded, nncl the remaining ma
terllli from each cross and reciprocal was bulked. 

The F2 genorations of [til crosses were grown at :Manhattan, Kans. 
The wlnter of 1920-21 was rather mild, and the killing that occurred 
was due largely to an early spring freeze. '1'he injury was not severe., 
except in the less hardy combinations. A summary of the survival 
datil, obtained in the spring of 1921 is presented in Table 6. 

Each cross and its reciprocal were grown separately, and the per
centage of winter survival was determined on each. In the summary., 
however, the crosses and reciprocals have been combined, as the data 
failed to show any marked difl'el'ences in percentages of survival. 
The crosses are presented in Table 6 in the order of averuge survival. 
It will be seen that most of the material showed a rather high average 
s urviv al. 

The combinations showing the most hardiness were those that had 
as one parent such varieties as Minhardi, Nlinessa, Turkey (C. I. No. 
6152), Padui, and Beloglina-BuCfulll (C. I. Nos. 5545 and 5547). 
The difl'erences in killing were not wide enough to give a real index 
of the hardiness possessed by the variolls combinations. Such combi
nations as 1-linhal'di X Buffum No. 17 and Padui X Odessa did not 
show as good survival as might be expected, on the basis of the known 
hardinesR of the pfLrents. This may be explained partially by the 
fact that both parents in these crosses, while hardy, are not adapted 
to Kansas conditions. 'l'he cross Kanred X Nebmska No. 28 had a 
survi val of only 70 per ('ent, but as neit,her of these two varieties is 
outstanding in hardiness, littl(, hardiness would be expected in this 
cross. On the other hand, the lowest sUI'viy!d, 67.5 pel' cent, was 
recorded for the m'oss Kaured X Buffum No. 17. As the Buffum 
No. 17 parent is Illllch more hardy thl1n Neb l'Il<i kn. No. 28, it would 
be expeetecl to produce hl1rdier hybrids . 

• 'rhis work wns ronducled by TI. n. TInyll'S in coopcrntion with the Kansns Agricultural Experiment
Station, under thcsnpcrvlslon of S. C. Salmon. 

~ . 

... 
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TABLE 6.-ilverage percentage of winter survival of the F2 generation of various 
winter-wheat hybrids grown at i"Ianhattan, Kans., during the winter of .tB20-21 

[The fir!uros In parentheses aro accession Immbers o[ tbe Office oC Cereal Crops and Diseases] 

Plant Sur'Cross rows vivalgrown 

lVumber Per cent 
~\[f!lhnrdl (6[.10) X Deloglinn·Dufium (55-15)............................................. 3 05.1 

Mlnossn (OliH) X '~'urkey (0152)......................................................... 20 lH.O 

~dllI (01;>3) X Do·lOgl!na·Dll!{lIm (55-15)................................................. 4 g~. 0 

fi.unred (.,1010) X IJelogllnn·Dutrum (55-\7) •••••••.•••••.•••••••••••••••.•••••••••••••.••• 3. 9a. i 

Knnred (5146) X 'rurkey (0152) •••.•••••••••••••••••••••••••••••••.••••••••••••••••••,.. ·1 I 93.4 

~llnturk! (1Jl55) X 'rurkey (6152)........................................................ 13 93.2 

Knnred (oHO) X Mlnhur!lJ (oHO) ••••••••••••••••••••••••••.••••••••.•••••••••••.•.•..•. 8 02.8 

~I1nhurdl (5140) X Bologllnn·BufTulfi (55-li)............................................. 1 92.0 

Baeskn (0150) X Minhnrdl (5140) •••••••••••••••••••.••.•.•.••••••••••••••••••.•••••••••, 1 92.6 

i\[intuckl (1!l5S) X lJelogllnll·lJufTllm (55-16)............................................. 0 92.4 

Mlnossa (I!l51) X ilaeskll (0150)......................................................... 19 02.1 

Tranred (5146) X ·Pndul (0153) ••• _....................................................... 12 01.3 

Montana No. 36 (5.1411) X Odessa (3OBi) ................................................. 6 1 8U.8 

Mlnlurkl (0155) X Dneskn (0 ISO) ........................................................ 7 , 89.8 

Knnred (r.t46) X lleloglina·UufTum (5518) ............................................... 2 ' 80.0 

~{jllessa (llIM) X [~urekn (ol7O).. ....................................................... 39 87.8 


utrum ~o. 17 (33:30) X l~urekn (5170) .................................................. 30 87.0 

Knnred (5l·1O) X ;\fontalln No. 36 (55-19)........ ......................................... 7 87.4 

Ode'!!sa (/1101) X 'Purkey (0152) ••••••••••••••••.•••••••...••••••••••••.•.•••••••••.•.• '" 5 87.2 

Minhnrdl (:;H9) X BuffUm No. 17 (3330)................................................ 1 87.1 

Mlnhnrdl (5l·lO) X Mlnturkl «(liM)..................................................... 1 87.1 

Daeskn (l1I5!1) X Odessa (UIOll........................................................... 12 86.0 

Mlnhncrlt (51Ul) X F.urekll ('il7il)........................................................ 30 80.2 

Odessa (1l151) X ;\[ontllull NO. 3U (5.'H9) ................................................. 0 80.1 

Knnrot! (51.[6) X Helogllun·llulTuIIl (55-15) ••••••••••••••••••.•••••••••••..••••.••••••.••. 7 85.. 9 

,\lioturkJ (0155) X B~loglillU·lJutTuIIl (5515) ••••••.•••••••••••••.••••••.••••.•.•••••••••. 1 85.5 

Knnred (5HO) X Odessn (0151) ......................__ •••••••.•••••.••.••.•.•.••••••••.• 11 85.1 

Mlnhnnll (5HU) X lJologl!lln·llulTulIl (55-18)............................................. , 2 85.0 

llelOg!llln-fluffum (5f>17) X Ouessa (3(i87) ................................................i 8 SI. 5 

Orlcss.n (0!51) X Patlu! (~153) ••••••••••••••••••••••••••••••••••••..••••.•.•.•.••.•.•.•••• ~ 16 8~"1 

Pndul (11153) X Odossn (.If,~7)............................................................. 24 83.1 

KlIored (51,Ul) X Millturki (1I155) ..............................................~•.•••••••: 28 82.7 

Eureka (SliO) X Turkoy (01521 ..........................................................: 2.'; 82.2 

llelogl!nn·BUlTum (5515) X Ouessa (3OB7)................................................ ! 1U 82.1 

Eurekn (5170) X Odessn (11151) •••••.•••••.••••••.••••••••••••••.•••••••••••••.••.•.•.••.1 za 82.0 

Kunred (.iHU) :< Eurekn (5170).......................................................... 13 81.5 

Knnred (51·1«1 X J\lInessu (llIM) .........................................................i 11 80.8 

Odessa (U15l) X lJelogllnn·[lutrllnt (5Mi) .........................._•••.•.•..•••••••.••.•1 5 78.2 

BelQgllnn·Bllffunt (55-18) X Odessa (a687) ................................................1 .J 74.9 

E.llreka (5l70) X l\'Hnlllrkl (6155) ...................................................·•·•• 1' SO 7-1.8 

~[(ntllrkl (6155) X OdcsslI (6151) ••••••••_............................................... 5 i3.1 

M!lItllrkl (01552 X Odessn (36~7) ..... ~ •••.•••••••••••.:.................................. 1 70.6 

i\:nnre(! (.5146) X Nebmskn No.:!8 (5H7) ............................................... .1 70.0 

~.!I~red (51016) X II utrum No. 17 (3330)._................................................1 0 07.5 


The most promising F2 material grown at Manhattan in 1920-21 
wns tmllsf('tTOd to northern stations, where the conditions were more 
sever(' Ilnd therefore tho po['centage of killing likely to be higher. 
The F2 plllnts growll from ('nch J'\ pla[lt row were harvested in bulle 
Ench lot wns divided into foUl' parts and seeded in the fall of 1921 
at Mandan and Dir.killSOll, N. Dak., and Moccasin, Mont. At Dick
inson the Illaterial WilS seeded in IS-foot rows, duplicate plantings 
being made on fallow and on stubble llmd. 

The FI and F2 matol'ird gl'OWll n.t Chico, OaliL, in 1920-21 pro
ducC'cl an abundant crop. f5ekdious were made in the F2 from some 
of the el'(Jsscs, and the l"(~!Ilaindel' was bulked for each cross and 
rcdpl'ocnl. The seed from the FI plants WHS sent to l"ltrgo Hnd :Moe
cltsin. The F2 sclcctil)Jls WPI'C sent to li'argo, Dickinson, and :Moc
onsin. Thl' bulk matt'riitl WitS sen.t to Moccnsin. 

]!'t'om Table 2 it. iR l';pen that there WitS no killing at FfLL'gO in 
1921-22 f'xcept in Ii}ul'f'kl)' nnd EUl'elm cmsses. There WitS complete 
killing I),t .Mimdall Ilnd no' killing Itt .Moccasin in this period. 

55542-20--2 
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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 fallow 
lanel than on stubble land. Three varieties of winter rye are included 
in this table for comparison, ancl all show high survival on fallow; 
however, in the case of rye there was spring germination on the 
fallow land. rrhe highest survival for wheat on fallow land was 
from Buffum No. 17, which showed a survival of 5.6 per cent, whereas 
most of the stmins were completely killed. 

In Table 7 the varieties n.nd hybrids are arranged in order of their 
survi\'al 011 stubble land. Odessa (C. I. No. 6151) showed the highest 
survivrd for wheats, followed by Minhardi. These two wheats 
are known to be very hardy, but generally Minho.rcli is the hardier. 
Crosses containing Odessa, :Minhal'cli, Buffum No. 17, and Beloglina
Buffmu stmins sho\ved the most hardiness. The hardiest cross, 
Minturki X Odessa (C. 1. No. 3687), had a winter survival of 44.4 
per cent. The difficulties of obtaining eritical data are emphasized 
by the faet thn.t Eureka and MintUl'ki showed nearly identical per
centflges of survival, although it is a well-known fact that Minturki 
is much hardier thfln EUl'Oka. 

TXBT,E 7.-Pcrc('l1/age oj winter survival oj F3 winter-wheat hybrid strains and 
parents grown in 'rod rows on Jallow and on stubble Zctnll at Dickinson, N. Dak., 
W;jl~22 

---'---.---------------__,--c-----

IPercentage survival 
on-

Name Of cross or parent No. 
C.T. 

l-;:llO,; -;tubble 
land land 

-------------------·1--------- 
8d~~I~~~r.~~).I:.:::::::::::=::::::::=:::::::::::::::::::::::::::::::::::::::: "'iiI51' , 100. 2 

80.0 
68.0 

Advance (ryOJI....................__...........................................".~ • 100' 64.8 
Swedish (ryo)I.............................................................. ........ • 1O!f.7 I 62.0 
Minhardi..""'" •••""" ................... ..................... ......... 5149 40.4 
~linturki X Odl'ssa (C. r. No. 3687) _._~••_............__•••••••••••••_.........,.... 0 I 44.4 

Bncskn X Odessa (G. r. No. 0151) ........................................... ••••••.• .1 : 38.4 

Odessa.. __................................................................. +175 0 I 30.8 

Bullum No. 17.. ........................................................... 3330 5.6 i 36.6 

Minhurdi X Eur~kn ........................................................ ........ .7 : 34.4 

;::anr,'d >{ ButTnm NO. 17 ...................................................,........ 1.2 : 33.2 

:Uologlinu·Butrum (C. r. No. 55-17) X Odessa (0. 1. No. 3687) .•..•••••_......:........ .5 30.0 

Odessa (C.!. No. 6151) X P!ldul .............._........................__ •••,........ 1.3 29.5 

l\UOl'ssa X Turkey .........................................................:........ 2.2 27.2 

Odessa (C. 1. No. 6151) X Beloglina·Butrum (C. J. No. 5517) ................ •••.•.•• 0. : 20.0 

Beloglinn·IJuffun\..........................................._••_.•.•._.... 551S 6 25.8 

MinLurki X Odessa (C. r. No. 6151) __ .............._.._....._..............'........ 0 21.4 

l\Uness!l........ _,,_ ............._........................................ _. 0154 .7 24.3 

Mlnturki X Beloglina·Ilullunl (C.!' No. 5516) ..................... _.......>......_ 0 21.1 


~''l'urkl'Y..................................................................... i 0152, 23.2 

Odessa (C. 1. No. 0151) X 'rurk~y (C. L No. 6(52) ..................... _.... ,........, :ii I 22.1 

Beloglina·IJIIITunl __ .......... __••_••••_...................................., 5517. .3 20.9 ,,:

Burekax O<l,'ssa If'. 1. No. 015ll ..........___ ..............................:••••.•.• ' o 20.5 

1\-Ilnhardl X Bclogllnn·Butrunl (0. 1. No. 55-15) ............................. ;........ ' 1.5 10.3 


19.3 
.2 

Minhanll X :\lInturki _________.•_••.•_......._...__........................._._.••• j 1.0 17.5 
~~~~~iX~i j nrssa''-:::::::::::::::::::::::::::::::::::::::::::::::::::::::::...~~:~.' .3 

18.8 

o 16.7 
.0 14.g~~~tJ~l~¥~:~r~~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::,~~:~~~~:, o 14.6 

Pndui X Beloglin8·TllllTllm (C'. r. No. 55,15) ................_......__._..•.•.•..• __ •• , .8 14.0 

1 13.0 

12.2 
Uelogllnn·l1l1tTlllll (C. r. No. 5545) X Odessa (C. r. No. 3687) •.•.•.•.•..••..••••.•.__ .0 11.0 
Minturki X Beloglina·llllflulll (C. I. No. 55(5) ...........__.........__ . __ •.•••.•..• ' o 11.6 
Milll'ssn X I'"rekn " ., ........................ _•.•._.••••••••••.. __ ••__...• :••••.•••• .1 11.0 
Puclni X (Jrlrs.;a (G. r. No. ~OS7) ••• __ •• __ . __ ••••••_____ •••••_. __•••_._. ___ .. '. __.....1 1.1 11.4 
Kanr~d X IJeiQgllnn·BIlITlIlll (C. I. No. 55·18) _...._••• __ •••___...•...•__............ .5 10.8 
KanrcrlX Odc'ssa (C. i. No. 0151) ...... __.........._••••.•••.••_...........,,____... ! .3 10.5 

I Included Cor comparison. I Largely spring germination. 

~::t~j":::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ~Wi :0 '' 
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TABLE 7.-PcrccnlllUc of winler survival of F3 ll)iflter~wheat ltyurid illmins and 
p(lrent.~ grown i1t rod roU"s on fallow and on stubble land at Dickinson, N. Dak., 
19£1-£2-Continucd 

Percentnge survival 
on-

Nume of cross or parent I ~o~' -------
I 
j Fnllow IStubble 
, Inll!l lund 

-......,--------~.- ----'--- ,-~- ~'-'-

nOlOgIiDn.ll,U!!Um. --.....-----.....------..--___________ •___________.._.._-1 55·\0 0 9.:;I 
~~~~~~~~~~~j~~I_(~~~~~=:::~:_~~~~~~.~~~~s:~.~~:._:~::_~._~~~2:===::=::::=::::;---hi7ii- g ~: ~ Mlnturkl.._______________________________________ •______ .._________________ 1 6155 .2 8.5 
Kanred X llelogllnn-nulTunI (G. r. No. 5:;17) ______ .._______________________ :________ .2 7.7 
Kanrcti X 11~loglhll\·Il11lruUl (C. r. No. 5:;15) _---------------.... ___________'________1 .2 5.0 

~~~~~:~ ~ tli~~'lf(rki"--~=::::::::::-:::::=:::::::::::::::::::::::::::::::::::1:::::::: 0. 
1 t ~ 

MQntnlln No. 36 X Otlrssn (C. r. No. 31lS7J ________------------------------.1-_______ .3 3.3lHfntlirki 'K llnc$kn _____________________________________.. _________________ '________ 0 3.3 
Monillnn No. all ...___________________________________________________ •_____, 5:;10 0 1.5 

t~~k'1.~?:PUllul X k:lIreku_J~~~~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!.t________ ---iii50- g0 1: g___________________________________________________________ .2 

PLANT-ROW RESULTS 

.From the rows showing good winter survival at Diekinson in 
1921-2~, plant, selections wore mllcle and the seeds sown at Dickinson, 
:Mandan, and Fargo, X. Dale, and l\ioccasin, Mont. There WIlS 

complete killing at Fargo aml Mandan and practically no killing at 
Moecllsin. 

TIlE }', GENERATION 

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

All tilo rows of a cross and its reciprocal and the parent check 
rows aro combined, and the percentage survivals on a row busis are 
shown in frequency distributions. Tho total number of rows grown 
and the u\+orage percentage of winter survival are given. The parents 
and (a'osses arc alTn.nged according to the ayel'llge percentage of 
surviyul. n will be soon tha~ the avol'llgc survivlll ranges from 52.5 
to 0 per cent. Because of tho influence of soil eonditions on winter
killing, the dllta based on only a fow rows are not so reliable a<; those 
based on many rows. Tb(', hl,U"diest crosses ,voro Kanred X NIinessa 
and Minhn.rdi X Eurektt, with n,verage survivals of 51.3 and 43.8 
per cent, respcC'tivcly. The Minhardi parent had a survival of' 21 
per cent, Ilncl tho Kanreci X Minhn.rdi hybrids showed an ayeruge 
Burvi\~1l1 of 7.5 per ccnt. Po,clui and Biwska showed little winter 
resistance, find the 10 TOWS of the :~vIinharcli X NIinturki cross were 
all killed. 



TABLE 8.-Summary of winter survival of F. winter-wheat hybrid strains and parents grown on stubble land at Dickinson, N. Dat, 192$~fJ8 I-' 
t..::> 

--~--.•~.. -.~----. "---~--'~---'--'-' 	 Number of rows with survival perceot-age of- I A~;;;;:::-
Name of cross or purent <,:.1. __ Total ag~sur-

NO. 0 9 5 ~ 5 10 -Il" 51"" 51", 539 r. S" 549 514- 5'59 515" 5'0'> -16' 5j"" 5 7" 5'S9 5187 5tO'> ,107 5 rOWS "Ivnl ~BeIO~liJla-BUffulll. ___ ." __ ~_~_~_________·-_-__-_-""-_-_-__-_-_-__-_-_-__-_-__-_-_'-55-4-8 =_ =~~ ~'= _~~: _~~_;~~~~C=_:=~\·~~ :~~r~J=~=j\~~~-c:l-~~· !:~~_ -:~_ -~~- =-I-~:l--~- --2tr ~:.t~ 
Kanred X Mioessu_____________________________________________ • ____ -___ 2 ____ 1 ----t 1 1 '___ -' 2 ____1___ -' 1 112 ____ 2 2 ____ ____ ____ 2 17 51. 3 fa 
Beloglinu-Bllfl'ulll___________________________________ •• ____ ---- 5546 ----1---- ---- ----:----1---- --.- ----'---- ----I 11.---1---- ---- ---- ---- ---- ---- ---.1---- ---- 1 47.5 z 
Minhardi X Eureku_____ . __ •. __ ._.... ________ ._ ..._____ •_____ 2 •• __ 2 3 ,____ 0, 1; 5, 4 2 3 i 21 2 3 I I' 3 1 2 11----1 2 45 43.8 .... 
Mlnturki X Odess!l W. L ~o. 0151) _______ -' _____ •___ .. ___ -----_ ---- ---- ---- ___ .1 ____1 1,____ 2 -- __ 2 \ 2 ___ -'1 ____ ----I --_ 1 ---- ---- ____ ----1---- 8 42.5 

Q 

Oqessa [C. 1. ",:0. 6151) X 13elogUlIa-13ulTuill (C, 1. No. 5547) _______ • 2 ,________ ----1----(---- 1 ,____ , 1 ____ I 3 •___ "--I 1, 21________ -- _____-'____1____ 10 40.5 
M!oturki._. ____________ .. ____________________________________ 6155 3 ___________-j-_______ ' 2, 1 ____ ____ 2j---T---\ 1 1___ -' 1 1 ---- 1 i----I---- 12 40.2 	 ~ 

b:!rf~~~~~k~1>2~~~s(d:i.:"~<JiI~~~:~::=:~::::::::=:::::::::::: :::::: :::: :::: --2- :::::--2-, ~ '__ ~.i ~ :::: __ ~J::::i._:_ ::::I--r,::::j--l' :::: :::: ::::::::=1=::: ~ ~~:6 
Beloglilln-BnJfulll._____ ... _______ ._. ________ • ______________ 5S47 1 ---- --__ 1 t---.I---- ----1-.-- -___ ----, 1 ,----1 1 ----l---- ---_ ---- ---- --- L___ I____ 4 2'3.4 	 8
Minturki X Beloglinn-DnlTlIlll (C. L No. 5546) _____________________ ..2 2 2 4' 1 j l' l' 2 1 2j' 2' 1 1 2 !____ 1 II 1 ___________:1____ :____ 25 20.1 
Kanre~ X Beloglinn-ButTulll (C. 1. No. 50.15) ________________________ --__ 1 --__ 2! 2 _______.I 1 1 ---- - ___ : 1 '____1____ 1 ________ --______ j'____ ____ 0 28.1 ~ 
Delogh1l8-BufYunl (0. 1. No. 5517) X Odessa (C.!, No. 36S7)__ ______ 5 2. 6 4 I il j 6' fj! 5 5 1 2. j 2 i 1 2 1 2. _______________1____1 53 27.2 ~ llelnglinn-Bllfi·l1UL _____________________________ • __________ ---- 5545 1 1 ---- ________1__.-- ----,---- ---- ----·----'--------1----'----'---- 1 ---- ----,----i.---.1 3 26.7 ZPndui X nel~gliJln-putTl1ll1 (C. 1. No. 5545)___________________ ______ 1 ---- ---- 1 1 2 3 i 1 1---- 2 ,____ 1________ ----l----l---- ----r--- ___+ -' 11 25.0___ !___ 

l-' 
00 
0> 

~~~~~ ~ tii~;.~~tL:::::::::::::::::::::::::::::::::::::::: :::::: :::: ~ ~ --j- --ii- ~ i I--i- __ ~_ --j- i hoi --i-I::::I:::: :::: :::: --i- ::::C:;:::: ~ ~:: ~ 
Eureka X 'furke)' (C. L Xo. 6152)____________________________ ______ 3 2. 3 1 2 2 J. 1 i---- ---- 2 I 1 i---- ----,---- ---- ---- ---- ____11 ,---- 19 22.1 

::::~~~~~t~~·:~:==:=:=:::::::=:::::::==::::::::=::=::::::::=:::: ~~i~ --~- -T ::~: --~- ::::I::i~ ::~:l::i:li-T =:== :=J:if:=i=:~t:: ::~: ::=: ::~: :::: =::::.:::: Ii ~:3 	
lJ2Dologlina-BufrUIll (c. 1. No. 5546) X Odossa (r:', L No. 3667)__ ______ ____ 2 ____ 1 ____ I 4 ____ , I 1 ---- --_ '---------\---+--- ---- ---- ---- ____ 1____ ,____ 9 19.7 

Ocless.n-----------------_--. -___ •___________ •___ ,, ______________ 6151 1 1 1 1 ---- 1 ----111---- _____.._----(1 ____ ,________________________ 1____ 7 19.3 
})elogUnn-Buffulll (C. 1. No. 55·18) X Odessa (C. L No. 3087)__ ______ 5 1 3 ~ 0 I 2 5 3 1 1 1 ____________________________________ '____ SO 18.8 t! 

~1~~~t\-x-j~~irckn:::::::::::::::::::::::::::::::::::::::::::: -~~~~- :::: -"7" __~_1--3- ~ 1'--5- --2-\ I ~ --i- :::: ::::::::]1::::1:::: :::: :::: :::: :::: ::::=::: 2~ l~:~ t::1 

:Minturki X Turkoy (c. 1. Xo. (il52) ________________ • _______________ 41 18 8 5 8 6 8 2 5 3 6 3 :____ 2 3 1 1 ____________ ,____ 120 ]6.41 ~ 
~~;~~~~-(O:"I.-No~oi52)"X~filics;u~~::::::::::::::::::::::::: -~~~- J.' ~ ~ ~ --g- ~ rii- --5-1 i I ~ 1--2-::::\--i- ::::j-T --ri:::: ::::c:: :::: :::: ~~, It ~ o 

I:;j

If~~~~3-x-i3iiifu~11-x(;:i7::::::::=:::::::::::::::::::::::::::: -~~'=~- r i ~ --[,- --!l 1 ~ :::t:::)--i- :::: ::::--=- --:- :::: ::::1:::: ::::':::: ::::::::: ~ g:~ p.. 
fi~i{e~--Tii--7---I~-;:e-:---------------------------------_- ___ 16152 4 4 ~ 2 ---- ---- 11____ '.. ---- ---- ----1'---- ---- 1 ---- ---- ---- .. ---- ----,---- J.1: 11.8tIll N .1 X "II kn _____________________________________ I______ 1 1 " 11 1 2 ____________ ---- _____ --- ---- ---- ---- ________ ----,---- -------- Sin. 6 
Kanred X lIinhaT<li..______________________________________________ !O8 2S 16 6 8 5 8 3 2 ,____ 5 r ____ 3 __ ._ 1 1________ ' _______ -'____ 194, 7.5 ~ 
~~,~!{xO,~'~;;kei?(l r~g~i~~12i:-~:::~~:~::::::::::::::::::i:::::: 1~ i ~ --ii- --j- __: ___: ___=_ ::::1:::: :::: :::: :::: __ :_ :::: ::::t=::: ::::::::: ::::::::: i~ i ~: ~ 	

Q 

Millhardi X Beloglilla-UlIJflllll (C.l. No. 5515) _______ • ________1______ 9 2 1 1 2 ---- ---- ----:---- ---- ---- ---- ---- ___ +___ 1________ ._. ______ '____ 15 5.3 

\1,~g,1~_~~~_~·_:'o:_a_I_51)_~_~t\(1~~--:::::::-:-.::-:::::::::::::: -iii 53- 2~ ~ __: ___=__ ~_ :::: ::::::::: ::::i:::: :::: :::: :::: :::: ::::1:::: :::: ::::c:: :::::::: 3~' i:~ 
£clessa (0. 1. Nn. nr1l X 'l'urkl'Y (C. 1. No. (152) ____________ ______ 12 2 _________ • __________,___________________________________+ ____ ____.14 •.J( 	 ______ .1____ I 

.... 

'1'~1~~~~-:-~~~:~'.~-:~-~::-~·-~~~:~:::::::::::::::::::::::::::::,-j558- i~ i :::: :::: :::: :::: :::: :::r::':::: :::: :::: :::: ::::I:::X:::j:::: :::=1:::: :::: :::: g :~ 
:i\!inlmr<ii X '\tint-nrh.i. ______________________________________.l______ 10 ---- ---- ---- ---- ____ 1____ ---- ----,---- ---- ----1---- ---- ----1----'---- ----,---- ---- ---- 10 0 
Bfleskt\_===:::~::_=::::::..:.:~=:~:-~_~=::---.--------------I 0156 1 ---- ---- ---- ---- ---- ____ 1____1____ ---- ---- ---- ---- ---- ---- ----J---- ---+--- ---- ---- 1 0 

..--::., 



BREEDING WHEATS FOR HARDINESS AND ruGH YIELD 13 

THE F, GENERATION 

Selections made at Dickinson in the F5 generation were grown 
in pifmt rows at Fargo and Dickinson, N. Da.k., and at Moccasin, 
Mont., in 1923-24. There was no killing at Moccasin. Killing at 
li'argo was \Tery severe in all strains grown with the exception ofDakoldt 
rye. The Fargo data are presented in Table 9. Buffum No. 17 was: 
the hardiest wheat vnriety, with a survival of 37.5 per cent, and the 
Knmed X Bufl'ull1 No. 17 cross was the hnrdiest of the hybrids. Many 
of the less-hnl'dy pnl'ents and hybrid strains were completely 
~interkilled or nearly so. Selections made from the surviving: 
hybrid ll11ttel'inl and reseeded nt Fnrgo in the fnl1 of 1924 were com
pletely killed, so that this lIlnterinl was lost. 

The dlttn obtltinecl from Dickinson, N. Dnk., in 1923-24 are pre
sented in Table 10. Killing wds not so severe as at Fargo, as in no 
cnsc wns nn:v strain or row completely killed. Bufrum No. 17 was the 
hardiest vltriot)', with a survival of 67.5 pel' cent-slightly better than 
Dnkold rye, whieh had a sllrviYal of 62.5 per cent. Kanred >< Odessa 
progeny were the hnrdicst of the hybrids. Several hybrid com
binations eontnining Buffum No. 17, :Nlinhal'cli, or Odessa as the 
hardy parent showed very good sUl'vivlti. Inconsistencies are pres
ent in these data, however, as Kanred nnd Eureka had nearly 
identiel11 percentages of survival, whereas it is known that Kanred is 
much hardier than Eureka. Of the hybrids, the Buffum No. 17 X 
Eureka hybrid material showed the poorest survival. 



TABLE 9.-Summary of winter survival of F5 winter-wheat hybrid strains and parents grown in planl rows at Fargo, N. Dak., 1928-24 I-' 
Wi' 

Number of rows with survival percentage of- : 1 Aver-
C. 1.1 ___.~__ 	 ____ ...~_. /j.'otnl age sur-

Name of cross or purcnt 	 ~ No. 	 I' f i I ! ; : I I· rows vivol 
o 	2.5 17.5 12.5 17.'; 22. 5 27.5 32. ,,137• 5142. 5;47. :y2. 5 57. 5,62. 5 67. 5,72. &:77. 5,8:!. 5'S7. 5l\\2. 5

i
1l7. 5 I(jltlr cent) g

1 i 

- • -.--_........ ··r·-I----'-e·-·-------·I--\-I-!-;-·--I-I~1--1-·.- ZI 	 -
Dakold (r~e) ___________________________ ----________________ j_____________1__________________________________ e. ____________ , ____ , 3 I G7.5 .... 

____'---_.:----'----\'---  3 o 
~i:::;~ ~°:B~ilaiti-NO:i7::::::::::::::::::::::===::====:==::_~~~_ -T ::::\1-'2' --2- :::: :::: :::: :::: __ ~_ --i- --il''i-j--i-;::::;:::: :::::::: --1- ::::,:::t=:=: 1~ ~U j:4

l'adui X llelogUna·JlulfuIIl (C. I. No. M45> __________________' ______j 4 ____ 2 1 1 ____ 1 ____ 1 1 I 1 1____ 1 '____ l ________________________ .___ 13 19.8 
t:::j 
d~U~~*:":~:~I;;;~~~;====:::::::=::::::::::::::==:::::::::::;-mrl::~: __~_I ~ ~ __:-_,~_ : ~~~~ ::~: --~-II'::::l::~:i::::,:=::'::=:I.::::,:::: :::I::,:::: ::::; 1~ H:~ 

Odessa (C. 1. No. 61(1) X Belogiinll·DulfulD (C. 1. No. 55-17) ___ '____ ._ 9 4. 3 2 41 2 __ " 2 3 1 ----1----',,---·.---- ______ ._j _______ .1____________: 30 )3.)
Kanred X l\linhnrdL ________________________________________ l______ 45 4. 6 I 2 4. 1 1 3 4 3 2 1 ____1 1 i 1 , ____ I 1 , ____I 1 ___ -j-___________: 78 10.7 ~ 
Beioglina·Dlllfulll____________________________________________ : 5545 ,____ 1 .----1---- 1 ----,-- __ ---- ---- ----1'---'1':--',---+---1----'----1---- -- __ ----:.--- ____ 2 10.0 t2 
K.anrCd X DelogUnn·BufTum (C. 1. No. 5r;45}----------------I!------li 8 4.: 2 1____ ____ 2 1 2 ---- ---- ----,.---.'----'----1----,----:---. ___ +__ +___ :____ 19, 8.6 zOdessn_______________________________________________________ 3687 5 1· 2 I 1 ____ 1 ____ ____ ____ 1 ____ ,________ ,___ -, ________1____ ----\----1----'---- lJ' 8,3 ....
BC.IOglina-DUfTulll (C. 1. No. a5H) X Odessa (C. 1. No. 3687)--l------ 22 12 2 L,,_ --_. 3 3 ---- ---- ---+---1 1; 1 i___ J ____ ----, I ---- ----I' ----:---- 45: 8.5Turkoy X Mlncss8 _________________________________________________ 27 8, 6 I!! 2 3 2 2 1 ____I 1 ____ '____ 1____ 1.____ ,____ 1________ ..______ 1____ 54 I 7.4 w 
l\1inturki X Bcloglina-llufTum (0.1. No. 5546} _____________________122 4. 1 0 I 2 3 3 ____ 1 1 ____ -- __ ,____ ~--- .'________ ----f---- ____ L_

y 
__ .1____ 45 i 6.5 -'" Uinturki X Odessa {C. I. No. 3687) _________________________ -. ______ , 10 5: 7' 5 1 ---- ---- 1 ---- ___ : ____1____1..__ 1____ --.- ----!---- ____ L__ ,,____!____ 2G I 6.1 

1	 ~ ~~~~~ ~ ~i\~~~;~:=::::::::::::=:::::::::::::::::::::::::::!::::::1 3~ ~ ;--5- l -'2' __ =_ -'2' --2- --j' :::: ::::::::::::::i::::~::,::::l:::: ::::1::::;::::1:::: 5~ Uodess~_------_-,.--------;---------·----,--------------------16151 )1 3 ,---- ---- 1---- ---- ---- .--- ---- ----1.---1----;----\----:---+--- ----1'----1----1---- 5.0 
Ul 

q5
Be.loghn~-BufTum (C. J. N~. 5548) X Odessa (C.!. No. 3687) ________ 1~ ____ I 1 4 1 __; ___.- ____ , 1 _______-!- ___ I____ .____ ---:____ ,____ ---- ---T---!----.4 4.7 I:l 
J\1~nturkl X Odcssa(C. 1. No. 6151) ___________________________1______ ' 16 1 i 1 2 ---- a ---- ---- ---- ----,---- ----'----,----'----:----'---- ----j----'---- ---- 231 4.5 ~ 

RB:;!~~d~E~~~C;~·,~:::::::::::::::::::::::::::::::::::::::::::::1 1~ --i-!__ ~_ i ~ :::: :::: :::::::: i :::: ::::i::::!__ ~_ ::::i__~_I:::: :::: ::::1::::1:::: ~~ !: ~ ~ Deloglin1!·ButIum____________________________________________ M~6 1 -- __ I' 1 ____L_ ---- ---- ----;----.---- ----j----,----l----I----'----1.... ---- ---- --+--- 2! 3.8 

b;1 

t>t~~ff~~i~I~~~~~~~~~~~~~!~5~1}~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~!- Ii IIJ- t ~~~~ ~~~~i~~~~ ~~~~ ~j~d~~~~ ~~~~;I~~}~~~I~~~~ ~~~l~l~~ ~~~~l~~~~ ~~~~jl:~~~~:1 H 
o 

§DeJoghnll,DuiYum (0. 1. No. 55~5) X Odessa (C. I. No. 3687)___ ______ 7 2, 2 •_______1____________ '-___,____________1 ___ 1________ ,--"- ____ ____ ____ ____ ____ 11 1. 8 

§l1{~1~Jt~ii~1~~)i~~~11~~~[~[~i~~):~~~)~11;~: Ii ~;i:I;~~ ~~'lr~~:l~i~~ ~~:j ~[[:li~i)I::~:I~:)~:~:~~'~i:i)::: jj~:I::~ )~: i)~:):i ~:~:::~: 8 

11 : I 
~ 

~ 

1 Included for comparison. 

~ t, 	 .::IIr.:::.... ~ >:liP:. ,.=-."..,,;ijj.. .. 



-..... -;1' ,. :- ..... 

TABLE lO.-Su11!marl/ of winter survi"aZ of Fs winter-wheat hybrid etrai11s and parent~ grown in plant rows at Dickinson, N. Dak., 19£5-!Jlr 

-..,..~ ..- ~um~:~f~~';:~'\\~~1 surv!yu;perCt'ntage of- .. \ 1~~ycr~
CT ~~~~ 

Nnmeofcrossorparent No: ~ ~-. -'--I r'- 'I .. _. - ',',' - r - rowsl vival 
.b;j 


! 2.5 7.5 h2. 5l7. 5 22. 5 27. 5 32. 5 37. 542. 5 47. 5 52. 5'S7. 5,62. 5'67. 572. 5 77. 5 b2. 5\87. 5j 92. 5,97. 5 JJ~e:i ~ 
j 1 1
1- -I" 
1


_~__.___________l 1-- ,- --1- ,- - '-- -.- - - - .... -j-' - t;; .....
Buffum No. 17. --•.---.-.--.-.------.---.----.----------.-.------.-1 3330 ________________1_______ .1.._.1____1. ___,__ ._'____ ...-' ---- 1 ---.' ----1---- ---- ---- ---- 1 67.51 Z 

1 1 o~;~~!~\ ~y8~l~sii(CTNo~-6j"51i::::::::::::::::::::::::::::::::::·:::::~C: ::::.:::: --it::: ::::;:::T:i-l ~ "T ~ --:/--5-'''3- --j';-iT 2-I--j' ~ ---- 3~ ~~:g
Mmhurdl._. ____ • __ ~-----.~.---------••• -••• --••-.- •• --••• -•.•-----151491---- ____1_. __ '____ ---- 1 I 2 1---- 3 ~---- 2 I: 3. 1 I 1 .r-.-- ... -- ---- --.. 3 17 59.0
KaureL! X Bulfum No. 17 b. ___________ ._. __ ••••_.•.••__ •••____• __,••• __ ......______+.__ '. __ ..__ . __ ._ ._._ 1 1, 7 3: 1 ___ • _. __ ' 1-__. --.-

1
---- 1 15 57.8 

1\liuhardi X Eurcka....._..___• ____ . ___ •____• __•••_•• _________ • ___ .'_. ___+._____ ._. ____..'______..1 1 I 9 7 10 Ii 13 11:.' 7 .,. 5: I 1 '--' 2 77 56.6 ;

MillturkiX1'urkcY (c.l.NO.6152) •. ---•. ------••-------- __ -----.1.-..'_j' ___ 1\.__ ••___ ' 4 61316152517 16,\6 116: 7, 5! 3 2 _.__ 2 144 54.3
1 

Bc.loglinn.llnlfnm (C. 1. 'No. 554i) X Odessa (C.l. No. 06S7) • ______ •__ ..• 1 •• __ I' 2 'I 2 2 4 j' 31 5 11 I' 6 7 1 1 I 1. 3 : ....: 2 4 ..__ 6 61 54.0 

1\\mturkl X Od,''!S" (C. 1. No. 36Si) ____..__ ....____________ ......__ j_••__...____.. __ .1_______ ••_._ 2 1 2 9 3 51 21 ,1. I !--.-'---- ...........-- 2Il 52.7 t'3 

]{anred X llcloghnu.llulTulll (C. 1. No. 5515} .....__________....__ .....__ -'.__• ----1--' ·----1 1 4 I' 2 6 5 2 5 2 2' I: 4 ____ ..-. 1 1--" 36 51.7 
 rtl 
13cloglinu·lluITulII. _________.,_--.--..---.------...----.....---.---- 5547 '..-- .--.,.--:'.....'..-- ____ 1' ..--:____ 3 .--.' ..... __ .1____ . I :----' ---••--- ---·1---- 5 50.5 
1',!rkcy(O.1. No. 6152) X MmcssB..______....________.. ______ ..____ • ____________...: 1 ____ 5 6 8 IS 16 T 9 13 IS! S 3 i 2 ·----·--1--.· 2 99 SO. 5 
 ~ 

~~~ll~~~,j:ijujTiini:::::=::::::=:::::::::::=:=::=::::=::::::::::::::: g~~~ :::: ::::1::::::::= :::: ..~...:.1..:. "iTj'! ~ i I__ :.L~...:.1:::: :=:: =:::'::::c:: 1~ ~:~ 

Kanred X 1\llnhanli ••• __..._____.......... __............_............__ • I ---.1....1 3 3 12 ]51 2i 22 .29,. 15 20 110 0 I.' III 4 5 1 1.. --1 4 105 '10.6 

Odl'SSIl (C. r. No. 6151) X ]lcloglina·lI11tIllm (C. 1. No. 554i) .........__ ...__ ••". I 1 ___• 2 1 I 5 3 2 I 2 3! 3 2 : .. __] 2 ..-- ----:.-.., 1 28 40.3
1 ~ 
i~~~;~txi\II~itlirkC:::::::::::::::::::::::::::::::::::::::::::::: .~~~:. :==: ::::I::::!--j' ..~. :=:: _.:.1 ~ ~ I ~ j'T ~ j:::: ~ .::::C: ..:. ::::;:=::1:::: g !~: ~ 
lk.loglin~.lIl1lTlIlII ......................__......_______...____...__• 5M8 ____ ....1......__ .. __'........,' I .........' 3 ' __ .. __ ....__ ..._[1.. ........--' __. .1 ..._ 4 48.8 
 Z 

t;j6~l~~t=:::::::::::::::::::::::::::::::::::::::::::::::::::::::::: m~ :::: ::::I::~+:i: ::i: 1::~: i ==~}~.: ~ 1!! --~.::::: ..~. ::~: ::::1::::/:::: ~ iU 
~ 

rtl 
Kame,1 X 1l1~lflllll No. Ii ..........._........________ •__ •__________ •••___ ..-- .--. __.:1·__· --.. 1 ... .1 2 I 1.--. 2 1 1--·- ----' I ---- .... ----'..--1·--- 8 .J7.5 rtl 


~::~~Ef~;:~~I;;;;~=::::=::::::=::::::::::::::::=:=::::: :::::::::::: 'mr :::: :::: ::::1;:::: ..~. ~ ii ~ --~. g11 ~ --~. ::~JT::]:::: :::: :::::::=: :::: ~g iU
1
}\\inh,lf(li X l\\intllrki........__._._...__._. __ ..._...____....._________________... __ .. __ ._ . __ .' I 31 5 7 4 5 1---- I 1 I 1'---- ---- ____1__.. __ ....... 27 44.2 § 

nt.lo~Ii1l!I.llulflllll (C. J. No. 5518) X Odessa (C. 1. No. 0687). ____.. _.________ ....I 1 4 3, 4 9 8 10 S I 7· 8 1 I 2 1 1 2 "--1 1 j--.. 70 44.1 

l!I'IOglinll.lI. ulTulII. , •.••.•_...__ .....____.......... ______• __________• 5546 I--..j----I--..'--......: 1 • 1 1 1 ••••1.... I , __ ..:...-' __....______ ----[.--- 4 43. S !:1
]{nnn,.1 X :!Illnturkl ••____ ........ ___• __•••________ . __• ____ • __ ...... ____.. __________ • .1__ .. 31 5 11 15 7 10 I 0' 3 3 j 21 3 1 ....I....L-- ---- 69 43,5 

Knurl,1 X l\litH'ssn ...._..........._.......__...._..__ ........__..______._ ____ 1 2 I 6 3 3 13: 21 11 10 8 I 7 41 2 1 ____ .... j __ ••1 1 4 07 4:1.3 !<.l 

llcl{)~ hm.BulTullI (('.1. Nn. 5515) X Odessu (C. 1. No. 3687)._ ........... __ ...... ____ , I 2 2 2 1 1 I .... '.... ........ 1 ~ ........ '---- .... 12 42.5 ~ 


{:::::::i .~.~~.!~'~~~.::.:.~.. ::~:~!~~~!:::::::.:~:::::::::::::=::::::::::=: 'iii53' ::::[=::: :==: :::: __ ~. __=...:. i 1__ ~. __ ~.):::: ::::;:::: ::::':::: ::::1::::1:::: ..~. I~ 4.1~ g

]'lIdni X Bclnglinn·BuITut:l (c. I. No. 1-.<>15) ...____...__ ........________.. ____ .... __ ._ 2 :; ___ • I' 2 5 3 I I........!...---....... I I· ..-·j'··...... 17 39.0 g

l\linturki X llclnglillll·nulTulll (C'. i.~': 55·IIl)... _....__....__ ...... __..__ ..__ .... 2 2 7 4 1·1, 12 12 5 2]3 __.. 2 __...___• ________ ---- 3 68 39.5 

};urekll X 1'urkey (C. I. Nil. 615~L _... __ ......____................ __..______________ .... 2 3 414 I 4 3 1 .... '__ .. __.. :____ .... --...---- ---. 22 3S. D g 

J\linturki X (><Ies.~a (C. I. No. 615Il ..._._._. ___ •______...__.... _________ • ____ ____ 2 2 5 5 5 2 12 5 2 4 11'---· ....'..-- .. --1---.1· ..·.... 45 37.6 

lIulfulll No. 17 X Eurck'I....______.... ______.....__...._....... __• """I--"jl........ __ .. 1 4 __ •• ~ 1 2 I • __......__• ____ ,____ --.. --.. ',......-- 12 30.3 

'1.urk~y_...._.............__ ................_____..__...__....____ ••1155S __ ....... I ......____.. 1 2 1 .........,.. __ .. __ \.... _......-- ..-- ..-- ..-- ..-- 5 32.5 
------, --..--.----------- ~ 

, Included for <:oUljlBrisol1. 

""<r , ..... ~...~ r""~.,k~,,,, .::"~,'''''M'~_ ",.. ~,,( ''f>".~""><,."..,...,..,.,c",-=',, ,'-.'" ,..0<,,~~.,#·~~-,.t..,.~·>'!"••'"'4~~ ,.""""" 
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16 TECHNICAL BULLETIN 136, U. S. DEPT. OF AGRJrULTURE 

SUMMARY OF WINTER SURVIVAL OF HYBRID SELECTIONS AND l'ARENTS 

DQtailed data on willterkilling of hybrid selections and parents are 
availabh from Manhattan, Knns., in 1921, and from Dickinson, N. 
Dale, from Hl22 to 1924, also from Fnrgo, N. Dnk., in 1924. At 
these stntions partial killing was recorded in the spring of the yenrs 
mentioned, and the material for growing the following yenr was 
solect~d from thn surviving plants. Table 11 presents It summary 
of these data. In no case were parents grown at ~Innhattan in 
1921; only those hyhrids Ilrc included whirh had beon grown through 
thCl entire series of yoars. Thp pan'llts and hybrids are ranked ttCcord
ing to the avorage winter bUlTivll1 from 1922 to 1!)~4. Ii'or' sake of 
comparison the 1921-1924 iLVel'age is also included for the hybrids.. 

TAIIL.E 11.-Smll1l/ary of wiTtler sllTvlval of hyb-id ~1T(dn8 and 1)arenls grown in 
plant 'rows at llIanlwllau, Kans., and at Dickinson and Fargo, N. Dale., in 
slaled yeaTs 

.\.vcrago perc~ntago of survival 

; C. 1., ~Iull' Dickinson ; AvenlgoNnma oC cross or pnrenL F. No. iUlt. 'ar· 

~'~~:I .~22--=-: ~~~i 102"2 I 1923 1924 I ,- : 192·1 . 1024 
~~~-~-- --.--

BulIum No. 17....................................... 3330 , •••••• 311.6 20.0 67••5 :17.5 ......) 40.4 

Ode...'sn............................................... 0151 , •••••• 13..';.9 !U.S ' 48.3 .5.0 35.4
.. ---- .. 1
M.inhardL .......................................... 5149 ,..... . 46.·1 21.0, 5U.0 11.7 .. _- .. _ .. ! 35.3 

l\lInhurdl X li:ureka ......................................1 8u.2 ~4. " 4:1.8, 56.13 4. ~ 45.0 I 34.8 

Mintllrki X Odossn (0. I. No. 368i) ••• _..................... 70.6 44.4 34.4 i 52.7 6.1 41.6 j :14.4 

Odessa (C. I. NQ. 6151) X DelogJlnn·DUfTulll (C. I. No. i I 

5r}-I7)"' ..... ~~_~~~ .... " .. _,..~ ... __ ... _... _.... ~_ .... _..... ~ .. _...... ~ .......... __ .. _..... ..,' is. '2 20.9 40.5 49.3 13.1 32.5 

Belogllna·Butrum..................................... 5.';48 j •••.• 25.8 52.5 : ~S.8 0 .~~~~J 31.8 

Knoreci X lluIfum No. 17 ................................. 67.5 33.2 ' 12.5 47.5 32.3 3S.13 . 31.4 

Ode.'\311 (C. 1. No, 3087) X Beloglinn·BulIum (C. 1. ' 

No. 5547) ..........................................:..•, •• &1.5 30.0 : 27.2 54.0 g:~ I 40.8 29.9 

Knnred X Mlnossu.................................. j •••••• SO.8 18.8.5).3 43.3 3U.0 29.7 

Mirlessll ............................................. l 6154 •••.•• 24.3 ' 20.0 50.4 15.4 27.5 

Mlnturki X Odessa (C. I. No. 6151) ..................).••••• 73.1 24.4 42.5 37.0 4.5 ':ii;~:j' 27.3 

Beloglinu·Bul!,uu..................................... 554t1 •••••• 0.5 47.5 43.S 3.S 20.2 


Do..... ............. .... ........................ 5547 ...... ~).O ~'Il.4 50.5 1.9 25.7 

Kunred X Odessa (C. 1. No. 6151) ......................... 85.1 10.5 30.0 59.5 2.. 2 ':i7:S' 25.6 

IJeloglinn·Rul!uIU.................................... : 5545 •••••. \.1.0 26. i ~:~ I 10.0 25.4 

Millturki............................................: 6155 ..... . 8.5 40.2 3.1 25.1 

'rurkey X .\lillessa. ............ .••••. ................. ••••. 9·1.9 27.2 . 14.3 50.5 7.4 ':is~g' 24.Y 


'~lInlurki X IJelogliulI·Bu/TulIl (C. I. No.5540) .............. 92.·1 24.1 29.1 39.5 ! 6.5 38.3 24.S 

l'adui X Ilelogli:.a·Butlum (C. I. No. 5515) ................ 9'3. U H.O! 25.0 i 30.9 . 19.8 3R.5 24. i 

K'utred X Beloglln·I·I3ulrum (C. r. No. 5515) ........ .' ...... 05.0 5.0 2S 1 : 51 - I 8.6 35.U 23.4 

Odessll ............................................... : :lIlSi •.•••• 19.3 22.!i
l{~ l !gj : 0.0 

Zl.2 .il 21. 2'f~~;~KX'~iiritil~kj:::::: :::::: ::::::::::::::::::::::L~~~:..7i:r ·1.2 24.5 : 49.0 5~ ; ';iiTI 20. Q 
Mlnhurdt X MinturkL.............................. :•••••• 87.1 17.5 0 . 44.2 W.7 .13.. i 20.4 

Mjne.~sn X I-:urokn ..................................1...... 87.S 11.6 If" 7 ·15.0 : 4.·1 3:1.3 10.7 

IJelogllnn·llulIum (C. r. No. 5.'>16) X Ouess" (C. 1. 

;:';0. ~687) ................ :........................;•••••• ;'1.9 . U.'1 1S.8 4·1.1 4. 'i 30.3 ; 19.2 

Odessa (C. [. No. :11Jl)7) X llelogllnn·Butfum (C. I. i 

..o.5.;.15J ......... "...... .. ~~~_~~~, ..... _~._* __ ~ .. ~ .................... ,,1 ... _..... _ ,132.1 11.9 10.7 42.5 I.S 31.r,· 19.0
~ _< 

Eureka X Turke)'..... .......... ...... ...... .. ........... • h2.2 H.ti 22.1 :l8.0 () :U.fl ; 18.9 

KlIllred ............................................. ' 31111 ...... 1:l.0 1:1.9 44.9 1.0 :---_ .... IS.2 


;Jo;urek'l. ..................................... " ...... 51iO •.••.• S.7 IS.3 ·1-1.1 .4 18.0

'"-i') ~ .;":K/Illrefl X.\linhnrIlL ............................... ,..... U2.8 0 7.5 49.6 10.0 : 17.0 


I'mlui X OdeSS(1 (C. I. No. 36S7) ........................... bJ.1 11.4 7.·1 42 •• 1 : .·1 ~0:ii i 15.4 

PllduL .............................................., Illi>3 •••••• 12.2 1.3 40.0 0 13.4 


...--.--..-.----- .. 
I The [.', hybrid dutu in 1022 ure nyernges oC p, lines grown in rod rows. 

The hardiest pllr-ent.:; tU'O Bufl\ull Xo. 17, Odessa. (C. 1. No. 
6.151), IUld ~linhnl'di, followed by th(' s{'Yornl Br.loglinll-Bufl'um 
strnill~, ~[jlH'SSil Imel ~[jntLLrki, tho letlst hllrdy pllrents being Plldui, 
Eurokil, ilnd .Knnrrd. Thi~ genoml ()nlc'r ngrees fnirly well with the 
results obtainod fJ"{)Ill the uniforJll winter-hllnlinoss Il\ll"s(\ries, except 
thllt, Eurekll IIS11lllly is JlHl('h loss hllnh' thlln Knnred or Padui. 

Of the hybrids, '1\linhal'di X Eun11m showed the best SUlTi,Tt1l. 
In most ellso;:; the hybrid;.; ;.;bowod I\' sur'Y'i\'nl intermediate to that of 
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tho parents. Thero are, however, exceptions; in some instaaces the 

hybrids ranked highor than either pUl'ent, as, for example, tho combina

tions Minturki X Odessa (C.!' No. 3687) and Kanred X Minossa. In 

some cases tho hybrids were less hal'dy than either parent. Kanred X 

Mhhardi, Minhardi X Minturki, and Odessa (0. T. No. 3687) X Belog

lina-Buffum (C.!' No. 5545) showed this condition. The Minhardi 

X Eureka cross showed an avel'llgc slIl'viYal of 34.8 pOl' cent, while the 
Kllnred )< Minhardi cms:; averaged 17 pOI' cent. This clearly in
dieates that certain combinations gin' more hardinegs than others. 

BULK-ROW RESULTS 

In addition to the material growu in plant rows from yoar to year, 
sevoml 01' the hybrid combinations wcro carried in bulk rows. The 
seed wns obtltiiird from tho F2 generation of tho various crosses 
grown at Manhattnn, Knns., and Chil!o, Calif., ill 1920-21, ilnd was 
continued ILtMoccnsin, ~lont., from 1\)22 to 192.5. 'Winter sunivals 
were l'C'corcied for onch row in ench year. These data arC' presented 
in 'l'nblo 12. In this table the hybrids arc I'Ilnkcd in the order of 
theil' average slll'vival. In all cllses the data from reciprocal crosses 
have bC'on eombincd. In 1922 and 1924 no killing occurred in any of 
the rOWB. rl'here is Ii We dill'orence in the avernge survival of the 
difl'crcnt combinlltions. or the 36 combinlltions grown, 26 had an 
avel'llge survival of 90 pel' cent or more. Only two combinations, 
Bacska X Odessa (C.!' No. (151) and BacslmX Odessa (0.1 No. 3687), 
hllcl survivals of less thltn 80 per cent. 

TAIlLE 12.-Sttmmary of winter sUTlJival of winter-wheat. hybrid strains grown in 

8-rod bulk rows at Moccasin, Mont., 1922-1925 


Percentage ot survival 
1-famo oC eross 

Deloglilln·fllItruUl (c. 1. ~o. Mi45) X Odessa (C. I. No. 3C>87) ._.......... . 
 100 98 ' 100 ' 100 1.)9.5
n-loglillll·Bulllllll (C. r. No. 55IS) X Od,'S5 .. 10. L No. 36,')7)._ .. _._ ••• , 100 
 98 100 100 9<J.5
Knnred X lleloglflln·BlIt!lIlU (C'. r. NO.5iHi) ••••••••• _••••••••••_••••••• 1 100 100
100 95 : 9S.8
Pndul X Bclog11nn·BuIYulll (C. 1. No. 35·15) •••••••_••••••••••••••••••••••1 ll)O 9.1 100 100 98.8
Kanrocl X .\liuhnrdi. ....... ' ................. - .. _.....................1 100 95 100 , 100 ; 98.8
Dcloglinll-lllllTulU (C'. LNo. 55,15) X Odessa (C. I. :-:0. :~087) .............: 100 9.'; , 
 100 100 98.8
Mlnturkl X Odessa (C'. I. ~o. 3r>87) __ .- ................................ . J()O gg i 100 
 100 ' 98.8Kanrctl X lIulTuUl ~o. 17_.............. __ .............................1 
 100 100 100, 9S.8
~[intllrki X Beloglinn·BtllTlIlII (C. I. ~(I. 55-10) _........................ . 
 100 100 95 98.3
Knnreli X I'udul .............. , ... , ..........._....................... _ 
 100 ~~ f 100 95 98.3
Kunred X .\1 inesslI ..........................._•••••••••••••••••••••••••' 100 II)()
08 95 98.3Odessa (C. I. No. fJl5l) X ['mlui .................. , ...................... 100 9,1 i 98
100 98.0PmJlli X OUu''lSn (C. 1. ~o. :1087) ••• _................... , ................. ' 
 100 90 100 100 97.5

Mlnhnrdl X I'urekn ..... " .. , , .' .................................... ' .IOO S9 100 100 97.3
Kurrnollt X Otlu,'l,qll CC'. r. No.3Ilil') .. _ .......... "_ " ............. . II)() 
 Uti 100 00 97.0Kunretl X UelogllJ1;t.III1ITulJI (I" L No. 0['15)._ ........................ , 100 9S' 1(10 
 90 97.0.\tinturki X'l'urke} 1<'. I. No. 0152) .......... """'__ .................. 100 0-' , ' 100 UO 96.S
Kllnred X ;\linturKi _........ .. ................................. 1(]0 Vi 1 100 00 90.8
Klloretl X ()uesslI IC. [, ~o. 6151\ ........... _.......................... ' !()() 
 95 i 100 90 90.:!
Mlncssu X Turkey (('. r. No.11I5~) .. '. ....... ..........:..... . 100 
 88' 100 95 95.8
hunred X'l'urkeY (C. I. ~o. 6152). ................................. .- 100 l'i~ ! 100 95 
 95.8Odcssll (C. L No. IlI,;lJ X KnrJl1olJL, .. _......... _................. _. ! g,]
100 80 100 9:!.8
Otless!, (C. r. No. fi151) X 'l'urke~' (C'. r. :-:O.I\l~2)." .......... _ .. , 100 7Ii : 1\10 9.'; 02.5
~:urekI\X~lilJturki ............._. _ ............ _......... , ' ... . ItX) 711 , 11)0 
 8S m.Bl\-UneSSll;(. f-::urek.t\.,.~ ... _.,., 7""''' _~. ~~ ~ .. ~ .• ~ ..... ~, ...... ~ • _.~ J()() l;()80' 100 90.0Euroka X U!1~ssn (C. l. "0,6151) ................ __ •• _.... ' .•••• 100 77 I(X) 8:1 
 90.0Mincssn X Bur,,,;k.... '" ... "......." _'",..... ..... .. ... 
 100 i.'i 100 , SO ~8.08urekn X Turkuy «'. r. No. 11152) .•. __ .. 100 IjTl I()(I, flO 1<8.0Ihuflllll X r:llrek~ ........................ .. 100 ,')!oi 11)0 ' 
 II" 8~.:\Kunrctl X 1·:ureklI. , , . . ,. , . . IIKI 7{' 100 ' 80 1>8.8Odessa (C'. L No. H151) X Bcl0glillll·JlUtrlllll W. l. Nu. 5;.,liL. 1m 50 100 lUll h,.!)

iJn('ska X :.tlnilllrdi, ....... ".......... .. H~I I,)
711 100 SI).:)
.Knnred X KlltlllOllt Wll Uil IO(J [til Sfi.;~Mluturki X UIlC'skn •. ,,' "' ... IUO 71} 11111 .1.; );1.:1Tlncskn X Odessa If'. L :-;0, :11;)17) ... 1I)(J n.t, It~) ;..) j.,\. HJlnrskn X Odtlssa «' 1. ~o. 11151) IIMl H /lKl lill i..,. \) 
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The bulk hybrids were grown at Moccasin in rows approximately 
132 feet long. Each year the entire row was cut and threshed, and 
from this seed a random sample was obtained for seeding the next 
crop. Yields were determined on each row and are showp in Table 13. 
In this table the hybrids are arranged in the order of their average 
yield. Kanred XBeloglina-Bufrum (0. L NQ. 5547), which produced 
the hjghest average yield, also was one of the highest for winter 
SUl'Vlval. The second highest yielding hybrid eombination was 
Kanred X Buffum. The lowest yielding hybrid, Bacska X Odessa 
(0. I. No. 6151), also was the poorest for winter survival. 

TABLE l3.-Summary of yields of the winter-wheat hybrid slrai7i8 grown in B-rod 
bulk rows at Moccasin, MOllt., 1922-1925 

Yield per acre 

Name. o[ cross 
i i Aver
. [922 1923 11924 1925 age 

.-~.~.. -_ ..-.-...-.--.---~~~ ---1-- --!-- -.---
I I 
.BU$h. BU$h.iBUlh. Bush. Bu&h. 

c1 

..~ 

.). 

Kanred X BelC)glina-DulTuw (C. 1. ~o. 50<\7)_______________________ .. ____ 30.0
Kanred X JJutTulll _______________________________________________________ 2i.0 

Minturki X 'I'urkcy (C. r, No. 6152) ____- ________ ..______________________ !!'J.5 

Kl1nred X Minhard!. ____________________________________ •___________ •___.28.5 
Karmont X Odessa (C. r. No. 3687) _____•_____________ •__________________ : 29.5 
Kanred x'rurkey (C.L No. 6152). ___ •___ •• _. _____________________ •_____ 2'J.5 
Minturkl X Beioglinll·Butrum (C. L No. 5546)___________________ ._. ___127.0 
Knnred X M!uessll __ •__•__ •_______ •___ ._._._______ •• _. _____•____________ . :14.0 
Padni X neioglina-DulTulD (C. I. :-<0. 50·10) • __....._. ___ •• _•• _. ___ •__ •___1 29.5 
Beioglinn·UutTu!ll, (C'. 1. No. 5548) X Odessa (C. 1. No. 3687) __________ ._, 27.5
Minessa X 'l'urkey (C. I. No. 6152) ______•_______________________________: 28.3 
Kunred X Karmon!______ •______________•_________ •____________________J 28.0 
Odessa (C. 1. No. 0151) X Kllrmont__ •______________ •____• _______________ I27.5 
Kanred X PacluL.__ .._______ •___•___ ..__ •• __________••_______ •__ ._-____, 28.0 
Kame(! X "rinturki.._ •_____ •___ .. _________ •__ ••• __ •___ ..___________ •• __ 29.0 
Kllnred X JJelOgli!lll'UUtT.U1!l( C. 1. No. 5545) ----------.----------------.-12tl. 5Odessa (0. r. ~o. 6151) X PaduL____________________• ___ •_______________ 26.0 
Kaured X Odessa (C. I. No. 0101) ________ ••• ____ • ___________•___________ 31.5 
Beiogiiua·BufluDl (C. 1. No. 554.~) X Odessa (C. 1. No. 3IiS7)_____________! 25.0 
Belogiina-ButTum (C. 1. No. 55·17) X Odessa (C. I. No. 3687).__ •________ • 23.0
Mluhardl X Eureka ___________ •______ •_____•____________________________ 27.8 
Padlli X Odessa (C. 1. No. 3687) _______ • __________•__________•__. ________ 25.0 
Kanr.d X l';urekn ______ •_______•______________• _____ •___________________ 33.0 
Odessa (C. r. No. 01511 X 'I'Llrkey (C. 1. No. 6152).____•_________ •_______ 30.0 
Eureka X Odessa (C. . No. 6101) ••______ •______________•______ • ___• _____ 28.2 
Eureka X Miuturki. ____________•__ •__•____ . ___ •______________ • __ • ____ ••128.0 
Millturk! X Odessa (C. I. No. 36117)-.----------.--------------.------.--\24.5Bunulll X gureka•• ______ •____________ •____•___ •___________________ •____ 27.0! 13.0: 32.5 19.0 22.9 

37.01 37.5 18.0 30.6
29.0 f :14.5 23.0 28.4 
30.0 I 33.3 20.5 28.3 
24.0 i 35.0 24.0 28.0 
21.0 I 43.0 18.0 28.0 
2'2.0; 39.5 19.0 27.5 
21l.0 I 38.0 18.0 27.5 
24.0 34.5 17. 0 ~r;. 4 
22.0' 39.0 18.0 27.1 
20.5 I 39.0 20.5 26.9
24.3, 28.0 25.5 26.5 
22.0 i 42.5 13.0 26.4 
!U.5, 39.0 19.0 26.3 
22. 0 ' 30.0 19.5 26.2 
23.0 34.8 17.5 26.1 
2'2.0; 37.5 15.5 26.130.5; 23.0 24.0 26.0 
2'2.0; 30.5 15.0 26.0 
20.0 39.0 17.5 20.5 
27.0, 32.0 19.0 25.3
20.0' 30.8 21. 0 25.0 
2'2.5; 32.0 20. 0 ~4. 9 
10.5 35.5 U.O 24.5 
19.5. 27.5 20.5 24. 4 
15.0! 31.2 19.3 23.4 
16.0,32.8 16.5 23.~ 

23.0' 2<J.0 17.0 23.~ 

Bacska X O<1essa {C. 1. No. 3687).___ •____ •• _____ •••_______•__ ._.___ ••___ 
Millessa X Ullcska ____• ______•___ • __________ ••___________ •_______________ 
Millturkl X Dacsk!l ___ ••_.____ •__________ ••••_______ •___________ •________ 
Eureka X Turkey (C. r. No.0152) _____ • __ ••________ •• ___________________ 
Odessa (C. !. No. 6151) X Beioglinu·Dutrulll (C. 1. No. S547) ____ • ________
Bacskll X Minhllr<1i._ •• ___ •__ • __ •____ ••• __________ • _____________________• 
BncskaXOdessa (0.1. No. 6151)._. ___ •• _____________• __ •______________• 

29.0 I 13.0 ' 33.0 t 10.5 22.9 
2'J.O . 21.0 25.0,14.5 22.0 
27.8 i 10.8' 2'J.5112.5 22.~ 

26.0 I 13.3 , 31. 0 j 18. 5 22.:l 
20.5 ' 15.:; I 35.5 i 17.0 22.1 
2'J.O; 12.0.28.0, 10.5 21.4 
24.7 i 14.5; 27.8114.0 20.3 

At harV'est time in 1925 head selections were made from the more 
out5tallding crosses for sUl'vival and yield. These selections were 
grown in head rows at several stations in the winter-wheat belt. At 
this time these selections have not been grown long eRough to deter
mine their value. 

After hurve:rl. in 1925 the least promising combinations were dis
carded, and those remaining were seeded at Dickinson, N. Dak., for 
growing under conditions of morc severe winterkilling. 

NURSERY EXPERIMENTS 

As promising homozygous material became available froUl plturt 
rows at the sevend stations it was advanced to nursery experiments. 
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'rESTS IN NOR'rH iI.';;~O'Jl'A AND MON'UNA 

At harvest in 1\")24 !tt Dickinson,~' Dak., the seeel from the most 
hardy and promising plnut rows \vhith seemed to be homozygous 
was bulked nnd then seeded in rod roy,s at Dickinson, N. Dale, and 
Nloccnsin, Nlont. .The fh'st yuill' the material was grown in single 
rod rows replicltted three times.s As rapidly as possihle, the more 
outstanding l:-;trains were advanced to 3-row plots replicated three 
times. At Dickinson the material wns seeded in stubble, whereas 
at ~[occasin the seeding was done on fallow. In general, the same 
strll,ins were grown Itt both pll)('os, nlthough this practice was not 
followed entirely. After ench harvest the strains were studied for 
quality of gmin. The earlier studies were mp.de on kernel appear
ance nnd textur-c n,nd the lllter on crude-protein content. These 
data, together with dn,ta regarcUng winter hardiness and yield, 
furnished the basis for discarding the less promising strains. In 
all, 17 hybrid strnins and 10 pnrent varieties have been grown at 
both the NIC/ccasin ltBd Dickinson sto,tions for the 4-year period 
1925-1928. Mll,ny other hybrid strains have been grown, but only 
those grown in all yellrs are included in the tables. 

TESTS AT DICKINSON. N. DAK. 

Table 14 presents the winter survival and yield data obtained from 
34 hybrid strains and 13 parent varieties grown in replicated rod rows 
at Dickinson, N. Dllk., from 1925 to 1928, inclusive. A study of the 
data shows that during each of four winters killing was rather severe. 
The winter of 1926-27 was the most severe, the highest survival 
recorded being 10 per cent. The strain having the highest average 
survival for the 4-year period was Kanred XMinhardi (0.1. No. 8031), 
which had an average survival of 48 per cent. Minhardi and another 
strain of KanredXMinhardi (nursery No. 130) were second, each 
with an average sUl'vival of 44.3. Other hybrid strains showed 
survivals nearly equal to Minhardi, while some were less hardy than 
Kanred and Turk,ey. 

'rhe varieties and strains are listed in the order of their average 
yield. The average yields are all low, ranging from 6 to 13.7 bushels 
per acre. In geneml, the hybrid strains giving the highest yields had 
as Qne parent such varieties as Minturki, Minhardi, or Buffum No. 17. 
Several strains gave higher average yields than either Minhardi or 
Buffum No. 17, and only four hybrid strains ranked below Min
turki and Kanred. 

The correlation between average 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. 

ITripliCllte rows. 
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TABLE H.-Average percentage of winter survival and acre yield of hybrid selections 
and pareflll'arieties grown in replicateci1'Od rou's at Dickinson, N. Dak., 1925-1928 

l Percentage oCsurvlval ;n.ulk! Yield In busbels per n~re 
[or

N,une o[ ~rn$S or parent aver ··-··-1- ·'1---.-~T-
nge ,
$ur- ' I!l2.'i 1920 192, 1928! e~~~ 

ViVI11 
I I-- __J__ 

Mlnturkl X Belogliull·Bu/rum !,(c. L 55.(6) .• _.• _.......... b033 162 36 27 27 30.5 1,.0 13.i
" ' 0·1 I :!2.S ~:~ ; 3.9 
~Iinhnr!!i X .\[iutnrkL.... .••• 171 34 as 4 i 41 i 2U. a 3i 2~.5 , 2.2 t 21.2 ; 12.1 

0". __ ................... ~03·1 167 54 511 2 I ·j5 : 3\1.3 13 :lO. S 3.0 1.1 12.4 11.8 
lIUnturki X B~loHllno·llulTulll 

(C. r. 55·111) .... __ •.•.. ____... . 3t 2 I {)5 ! 2h.O 41 
i ., . 3.S 21.9lGO I·' 1'.a •• I 1I.i 

Allnred X Hullulll XO. 1 •••__ ._ 8030- U5· 3t 50 2 t '1ii f .12.0 I 2... 1- :J.:I : 1.0 15.2 i 11.5 
'L'urkey X .\llIlcssn ............ b02~ H ,12. III 3 i 28 22.S -If> 21. 7 2.U a. ti li'.U 1l.5 
Ileloglinn·Bu/YulII (c. r. 55·17) 

X Odessa (C. I. amm..._.. __ ...... liS· 2·1 33 1-1 IS, 2 3.0 s'3 iii. I I 11.4 
Kanre!! X MinhnrtlL ......... 8031, 120 ·11· M 1 24.0 3.V S.I ll.:! 11.3 
ButTunl ~(). 17 ......... _.... 3330 1.. .... 2D ·15 17 10.·( 5. {} 2.3 ~O.O 11.2 
)Unhanli X ~flllturkL••••.•. ~O.J7 I lOll 50 40 11 25.5 3 '1 1.0 1·1.0 10.9 
~Iintllrkl X Beloglinn·BlIJf\\1lI 

(C. [.55·16).....................1 1111 33 10 3 511 27.0· 42 18.8 2.5 2.2 1~. 7 10.S 

Allured X .\Ilnhnrtli........... HOIO I 123 3·1 iiO .5 73 40.5 S IG.O 3.3 -1 .. ·1 I~.I 10.5 

.\HllhllrdL...................... 5J.1U 1... ___ 32 /I 0[ 70 H.:l; 2 I.~.[, 5.0 2.5 t.; 0 10.3 

l'ndul X Ode~Sll (C'. L 31k17)... . 175 30 16 8 71 31.3· 31 HI.:! 2.X 3.5 n 5 10.3 

'L'urkuy X .\lillcssn._ .......... ;035', 45 30 22 3 23 IU.5 I ·Ii IS.U ·1.1 2.7 I[).O 10.2 

Kunre!!X;.linessn ........... ~0·15· 131l 27 51 :{ 60 35.3 IS 17.23.11 1.7 Iii. I V. 'i 

~lil\h!'nll X .\!intl!rkL~ •.~..._ "''''1 11~,~.l 3l;. 38 ~I ~3·1 ~.)3u~·.05' 211; 2'2.0 2.7 2.:! ll." V.7" 
TIIdlll X Odessa It . t.3b8<J "" 2M 21 v 4:1 ! 17.2 2 7 1.·1 17. I tl.t' 
;\I111ll11r<l1 X .\Illlturki.... ____....... i IGO 3S 47 3 31l 31.0: 32' 20.-1 3.U 2.3 11.:1 9.5 
Kllnre!! X ;\lillhardJ.... ............. 128 2.1; 43 -I 2·1' 23. s; ·15 i 17. Ii. 2.:1 2.0 !(l.1 9.5 
Pa.lul X ()d~ssn (C. l. 3IlS7).. __ ....: 172 28·34 t 90: 38.3; 15 I 15.4 ·3.U 0 1~.3 9.~ 
Odessa......... ___...___ ...._. 3687 i- ..... ' 31 :.\6 2 60 Ia·l.ill 20' 16.3 2.2· .7 18.2' 9.4 
Dclllgllnn·llulfulIl __ ........... 5.,.15 1____" IS : 72 :l :1171 3-1~I'.·.,5l! ~.UI '. 1°5'.82 .;',~, '.•. 01.5 ~I'~',~,: 9.3 

~llnessn .• __ ...... _......._..... 6154 ...... 211 '11-1 I 1 "V 9.3 
hllrekn X :'.Ullhardi.. ___ ...... ' SO:l!! I iii ~'2: i~ :1 59 40.5 i 8 i 17.3 I 3.3 ; 2.8 12.4 j 9.0 
her" 1i1l1l·IlIl!TUI11 (C. l. 55-17) ,'I i 

X\)des.'l.~(('.r.30ll7J ... _.... "'" 177 It,37 10 (i9 33.S· 22115.03.5.6.011.3 0.0 
Allurod X nelll~linll' IlIlITUIlI i I 

(C. L 51)015) .... __ ....... ____ ......I 111-1 27.31 2 57 20.3 38!i 1R.4 3..!· 2.2 11.2 8.8 

BeIO~llnll.Il.. ulfUIll-- ............ 55-17 ....__ 261 H :1 5S 32.0 28 IS.5· 3.2 ! 1.0 10.0 8.6 


K~(~~~i~~4~)e!~::~~'~:.~~~~~~~I~_ ... .J 16r.,21 75 :I 7343.0 4! 9.0.3.512.7 1 17.9 S.5 
Uelo~IiIlIl·llulrum......_... __ • 554S 1------\:10 79 2 t:O 42.8 o~ . I~.~ ~.I I !.O: 10.0 8.5 
Knrlr~'IX.\linhllr(\i.." .. """" __ 'IIlU 22 57 .[ 50 33.3 .v.I." •. n,v.o 12.6 8.3 

l)o ____ .~''' .. ., ..... ~ .. ~.H .... _ .... _ ........ _~ .. 130 2iji7, 370 44. a 21J5.712.012.2-12.1 8.2 
F;urekn X •.~li/lhllnll.-...__ ........;~. 78 !7j;)H , S (;71-10.0 10 i I~.? i;;·! ·!.z 11.3 8.1 
KllnreLi X lIf1nhllrlh ........... Soa, I 120 I 3·1 40 I • 5.~ , 33. .1 23 113.2 , •. 0 D. I II. 0 8.1 
Kllnre!! X .\lintllrkL................. 142 I 271411 'I ·18 31.5 30 ,HI.:1 5.1 3.0 7.S 8.1 
Belogllua·Bulfulll ............. 5.;·U; 1,--••• 1 2'2 20 2 Ii 30.3 35! 13.5 3.a 0 I-I.S 7.D 
Kaure!! X :,linhnnli.H .....__ ••.. ___ I 133! 23 65 3D 33.5 I 2:1 1.1.1 2.7 2.8 0.3 7.5 
I'llduL.. __ .............. 0153 ,...... ' 29 27 2 lJ3 3.1.3 I IS 13.7 2.'( .8· 12.-1 7.3 
Knnred X ~11II11I\r(n........... :;. 125 1?4 !Iil, n GO ~?5 II la.o 3.7 ".5 0.5 7.1 
~[fllturki ......... , .. _.... 610,) ..... i 211 .H I I 11-1 32.0 28 J3.4 i 2.3 0 12.0 0.9 
Kalil ~r1 X Odes>ln «'. L :lflS7)... . 148 I 28 157 i 3 20 2S.5' 40 12.7· -t. 9 2.8 0 ~ 6.7 
'l'lIrJ;,'y __ • " ...... 1553 ! 21 !'I~ 'I' I 79 I 37.0 I 16 9.7 2.7 0 J3.0 0.·1______ I 

KlIllred.... ... .••. _ 1iI41J ... _.. 21 Il~ j 'I' ao 30.5 i 33 II. I i 3. , • 3 IIOO'.:.~ O..l 
'rurkeyselect!oll ........ ___ ... 11152 ....... 1910 179 21l.51 :J7j 8.1:1.20 6.4 
Kanfer) ~ Uelogllllll • BUIYU/ll I.., I I.. i . I 1 « .1. 5~/5) ............. _... 101 2·) .,1 f ·1 43 30.n, .•3: 11.4 2.8 I 3.2 7.3 0.2 


'1'DIl..................__ ..• __ 15-1 191071 il 10,24.8: -1-1112.91.712.5,7.2 0.1 
Knmell X :'lInhanli... , ~O·II , 12·1 30 1·1~.i~ ..._3_.I..!I_3_0_.3...:.j_3_5..;1_1_3_.2, 1.8 ,1.5.__4_.5~_O._01

TEs'rs AT .MOCC"\SIN, MONT. 

Tn 0.11, 39 hybrid HtrniuH nnd 12 plUTnt YaJ'iotifs 'w(,l'e grown fit 
1:foccusill, NIont., in n'plicut('(l mel rows tln'olighout the 4-yCfil' 
p0.l'iod fl'om H125 to 1928. 'I'll(' wintel' survival und yield clutu of 
thes(' strnins IlI'(' pr(lHontl'd in Tabll' 15. Exccpt ill 19:2~) the wintl'r
killing Itt ~lo('('nHin wns I'Ilthl'l' light nncl ullllost no killing occllrl'ed 
in 1927. '('hl'Pl' stmins of' KHnrNI X 11inhnrdi hnd nn'mge '~lll'vi\'n(s 
highpI(thnll ~lil\hnl·dj. Kmu'(\d X ~linhllrdi (C. 1. No. 8(31) rnnkeu 
Hrst. for f\\'OJ'HP;l' ",illt(\[' slIn'intl Itt l'.lt)('cnsin itS well I\S at Dickinson. 
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TABLE 15.-itverage percentage of winter survival and acre yield,~ of hybrid selections 
and parent varieties grown in replicated rod rows at i'rloccasin, l1Iimi., 1925-1928 

~-,---, -p'-e-r-ce-n'l-a-g-e~o'-cs-u-r-v'i-v-al-R~an-k""'"--Y-i-el-u-in-b-us-h-e-ls-p-e-r -ae-r-e-

INur. . Cor 

Xamc or cross or par~n~ C.!., sery , I :! aver· : I I 


No. 	IN' i ' \. age . I •
1 o. ,192511926 1027 :lfi28" ver· Sur. 1925 t 1926 11927 11928 •."ver· 

.~_!_-_;_'_J_ j : al;: vivul _j____L_ age
-------------1 . 	 . 
Turkoy X ~[lnessn...............-·i 4&; 93 03 100 58' SIt 0 22 37.3' 47.. 3 41. 8 7.4 33.5 
~[[nar!l .... " ......... ___..... 6600 j._••• 53 90 100,62 '176.3 45 32.6 i,' 39.1 40.1 5.9 29.4 
Padnl X BelogUna· DurrulIl i t 

IC. 1.55451 ..........__..... _.,••• 517 95 88 100 47: 82.5 ' 30 33.6 43.1 32.7 6.5 29.0 

Eureka X '['urkm;..................: -101 35 00 100 29 (l.1.5 50 19.7 41.0 40.0 15.2 29.0 

Knnrlld X ~[lnll!inlL ........ '1 80-10, 12:1 !IOO il00 100 72 9:1.0 6 37.1 29.·l 30.0 0.2 28.2 


00............................. 13:1 02100, Ion 60' 00.3 , 10 26.8 3·1.2 . 36.'1 12.7 27.5 
'rurk~y x ~lin"SSll ..........[...... 5.1, 05100 1 100 60' SS.S . 1-1 25.5 32.7 45.1 5•. 7 27.3 
Kanrcd X ~!lnhllnli ••.•••••••1 8O-H 1:\2 02 00 j 100 62' SS.:I 15 25.6, 30,9 44.9 7.9 27.3 
'I'nrkey X ~1I11essa ...........,...... 54 88 lOO; 100 49' 1;-1.3 i 27 !H.5: 36.7 42.0 0.1 27.3 
lleloglinn·llttfflIUl ............\5,',15 ..... 75 , 08 i I~O ,5.1 81.5 3o! 23.6 i 35.5 37.0 p1.4 27.0 
'l'urkey x.odessa (C. Ll"!187)••••••• 51$ 73 92 '.' 100 '47 78.0 43 23.0 41. 2 30.0 ! 6.9 27.0 
~[fnturki X lIelQglina' Bu(· i I I 

Cum (C. L ,;;H6) ............,...... ' 160 82197 i I(Xl 50' 82.3 	 26.9
40.2\8.3
'rurkc~' X Odessa (C. L :lOS7) i ...... 107 85 100: 100 :12 I 79.3 ~~ ~&: ~ I ~5:5 37.2 6.9 26.11 

l\lil1e~sa XEurekR...........I...... -192 8.1 1100 IIj(j 33 7!l.0 40 24.3 31.8 4-1.3 0.7 26.8 

Kanrrri X :\unhardL ........!..... 125 !l7 100 100 81 01.5 3 2·1.2 35.S 39.5 6.4 26.5 

~[ll1hnrdi . i.: ........... 5140 ..... ~~ II()(~ ; 1t1() 79, 03.8 -I 213.0 30.9 26.5 

l}anrfd 6: ~ !l1h:1rIIL.........,...; •• 4~5 "~,90' 100 118 79.5 31) 23.4 37.5 ~~:i I~J 26.5 

F.urekll A :lltnlUrrll.......... j 8036 ,n O. 100 100 ?'·OH. S~~.'~l' 4 27.4 28.4 -1-1.1 5. i 20.4 


Do.... . ...........\...... 78 98 f 90 1100 U . "v 12 29.5 26.·1 '12.3 6.6 26.2 
Kanr~d X Bcl')g;lina' Butrllm I ' 

.... "' .......
(C. L55·I.i). __ "'~_ ..... A~ __ ~~~ 15t 8219n 100 75 SS.:I i 15 32.1 27.5 38.2 7.1 26.2 
Eureka X .\linhl1rtlL. .......1...... , 77 os i lJ.' ,I()(I 6C, 00.;; S W.5 27.7 40.7 6.3 26.1 
'l'urkc}' }.: 0,1"$.$11 (C. l. 30S7) .1...... 1.90 ?~ I os • 100 21 70.3 3S 27.5 28.0 41. 7 7.3 26.1 
~(lllJUlr<11 X ~llllturki"''''''I'''''' 510 ,\.1 i Oil ,100 -17 69.0 47 21l.1 36.5 35.7 !0.1 20.1 
Kamer] ~ ~linhnnlL""""'1 H(H~ 127 9,II 1100 100 87 U5.0 2 27,.[ 32.0 38.1 6.3 20.0 
~(lllhnr<h X MlIllurkl ........, HOIS lOS 00 pm 100 57 ~tl.S 20 2l.9! 37.0 
 37.·l j 0.9j 20.0 
Dclogllnfi·lIl1lfuJII ............. ,' 55-IS "... 93 1100 ' 100 1·10 85.5 2·1 23.0:31.9 41.3 7.4 25.9 

;\[il)turki X l3elQglirlll·13u(· I 

fum (l'. 1. "MO) ............. 80;1:\ ltJ2 S3107 100 l 51 82.S j 29 27.0! 3.1,1 32. fJ 110.7 25.9 
:\Iluturkl X Turkey ........ \ 0029 6S 8S: 97 100: ~ 7S.3 I -12 27. G ; 29.4 40.71 5. 9 2;;.9 
:l-flnturkl X Beloglina·Buf· : I 

36.31 6.(.UD! cr. 1. ;;(>-111) ............... , ". ,;15 6Q' 72 , 100 ':l~ 66.0! 40 21. 2 i 39.1 5 25.S 

~l!nh~rcll X Eurekll............. ;.. 75 80! 100 I l()(l : .! '. S:i.12! 28 21. 7 : 32.:i 3/j.l 12.5 25.7 

~[lI1essa .....................1 01.,1 ..... Oil OS 100: (,0 90. ,J ' 8 25,1: 29.0 2;;.6
i 

KIIl1red X ~Iiuhanli..........;.... 12.ol 8.11100 100, 56.85.3 26 22.0 34.0 l~:~ I U 25.6 

Do.......................1 SO 1:1' . 131 87' 98 ltX)' 58 &'i.8 i

i 

23 2:1.9 3:1. S 35.7 8.2 25.4 

3.01Do......................1...... ' 130 , SS jl00 100 I iH : 85.5 i 2·1 26.71 30.3 40.7 25.2 

~lIrkey X Odessa ((;. 1. 3IlS7) .......! 185 ' 9: 1'012 100: 20 ! 8!.5 I 34: 21.8 1 32.8 38..1 4.6 25.2 
Knnred X Odessa «.. L 0151). __.... ' 1-18 0,) I O. 100 01 8r.8· 181' 25.7 " 31.6 38.4 4.2 i 25.0 
Kau,rcd ~ Beloglllll\' BufluD! , ;, I ,. : 

(lk' 1. ",·15) ....................... 153 65 ,OS 100 I ,," Z,03.'~ 3111.2'2"1' 11I.n 37.S,8.2 25.0 

'I'ur 'uy scle~tlon ............... 0152 ... 77 !IS, 70! ,iO 411 I 22.5 32. 9 38.51 3. 0 24.5
0 

KI\nred X ~·[inhllnlL........:..... 120 SS:tOO: 100 ,f,~ SO.5 21 12l. 5 ' 31.7 40.4 3.S 24.4 

Kllnrccl X (Hlessn(C. r.0151) ....... 1·17 '100: 07 100, 1i2 SO.S 11 25.:1 27.3 40.S i 3.0 24.1 

Knurerl X .\lInhanlL........: 80:n ' 126 , 95 I 9S , 100 . 8S 95.3 1 1 28.:1 ' 20.11 5 23.7
34.21 5.Kanterl X .\[il1CSSII. .......... SlH5 1116 iI(J(J ,100 100! 57 ! bO.3 12l 31l.\) . 28.S 27.U· 3.3 23.5 
J,[lnhnrclt X ..\UnturkL...... i 80:11 , 107 . SO on ' 100 : 51 . 82.5 30 125.2 ; 21>.7 32.3 6.-1 23.2I 

'rllrkoy X .\[fnesslI ........... ' SO:!8 i 4·1 03 II()() . 100 : 72 01. 3 7 2l. 0 25.3 22.7
37.0 \6.8Kanretl X UlUfum No. 17..... soao 115 92 97: 100 ! 11-\ &.3 15,21.0 25.0 33.·1 9.6 i 22.6 
]}lItrum~o.17............... 3330 ;..... SS '100, lllO' (10 87.0 :I~ll. ~.~·.:I\ 30.. r:. 33.9 4.4' 22. 6 
Od('ssll....................... 61,;1 ,.....' 73 9s 100: aG 76,8 i .. 2S ~ . 33.3 3.21 21.8 


DQ....................... :1687 ..... 95,100 100' ;\5 02.5) 30120.3,32.7 i 21.7 

Mlnturkl..................... 61M "'" 811 . !ll! 100 :17, 79.0, ·10 21.6, 27.6 l1J:J I ~:t I 21.3 

Knl1rod....................... · 5[.j1l ,..... 53 . 92: 05: 14 63.5, 50 15.7 1 ~.:) • 3.J..I\2.0 I 26.1 

'.r\lrk(·y....................... 1558 ..... ·13 02: 100 ; 32 i 06.S I 48 i 10.5 : 30.~ 25.S Uj 17.6 


The Yflriot,i(ls and stmins art' rtlltk('cl according to uycmge ~Ticlcl 
prr flCI'(~ III bushels. '1'1ll'kO~T X 11inesstl. (nursery Ko. 485) mnked 
first, io\low('(l by Minard (C. L No. 6(90). Minard is a production of 
the Minnesota l\gl'ieHltuml Expel'imrnt Station. A total of 13 
hybl'id :,tmins mnked highor In ftyorngc yield than Minharcli. All of 
tho hybdd strains grown show aYrl'Clge yields higher than Turkey 
(C. I. No. 1558), Kanred, Minturki, Odessa, and Buf\\nn No. 17 PIll'!:mts. 
'rho consistent high yield of MinhrU'Cli is hard to ('xpiain, since some 
years Pl'O\-iOllS this variety was grown in plot tests nt 1-[orcnsin and 
disClnl'ded bocallse of low yield. Since it has been iucluded in the 
nursory h'::;LR .it has yiolded wolL 

! 
\ 

\ 
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A comparison of the data in Tables 14 and 15 brings out the fact 
that winter conditions at Dickinson, N. Dale, are much more severe 
than at Moccasin, .Mont. For this roason strains such as Minturki 
X Beloglina-Buftum (0. 1. No. 5546) (0. I. No. 8033), Minhardi X 
Miuturki (0. I. No. 8034), Kanred X Buffum No. 17 (0.1. No. 8030), 
and Turkey X .Millcssa (C. 1. No. 8028), which are known to possess 
flonsidernble winter hardiness, ranked well for yield at Dickinson, but 
at Moccasin they were surpassed by strains haying less hardiness but 
greater yielding ability. It would seem, however, that hybrid strains 
arc available which haye greater winter hardiness and )rielding ability 
than commert..ii.I varietios now grown. 

TESTS IN KANSAS AND NEBRASKA 

In the fall of 1H25, 17 of the hybrid strains that apPcllred promising 
in the nurseries at Dickinson, N. Dale, and :Moccasin, ·Mont., were 
selected for testing in Kansas and N obraskl1. These strains were 
grown at Manhattan and Hays, Kans., and at North Platte, Nebr., 
during the season of 1925-26. The material was grown in single rows 
replicated three times. 

Table 16 presents a brief sllmmnry of the data obtained with these 
strains and with Kanred at the three stations. In no case was there 
any winterkilling. At Manhattan a late frost in March, after the 
wheat had made !jome spring growth, caused slight injury in a few 
of the strains. 11'1 no cuse was any strain injured more than Kanred, 
and in most cases less. 

TABLE 1ft-Summary oj da/a obtained with 17 winter-wheat hybrid strains grOlL..., 
at ManhatlcL1! and Hays, Kans., and at North Platte, Nebr., 1925-26 

At Manhattolt Yield in busbels per acre i Remarks on strains at-

I KansasName 01 variety or C. 1. F Nc- icross No. rost < i
Dato ---;~-, brns·Aver.·Injurr' of lirst Hays Manhattan 

; March heads hllt- iIIays N ort ~ , 
: in Man.1 i ka, I age· 

tan· Platte 
___.__ ,_.".1 I_C. c_ i,-- --~"~-'-: 

; lPercellt 27.2 !
I 
______________iKanrcd (checksJ ___.' 5146\ 10 Mo)' 21 30.0 I 23.7 27.0 ,Kourell X Mill.: ' I 

hordL ____ •_____ ..; S038! 0 ~rny 22 : 37.6 ; 13.0 25. I 25.5 i Promising ••• ' Good, ver~' hartl. 
'1'urkoy X Odcssn __1 8050 l 10 :\lay:H: 30,6· 16.5 
Turkey X Mlncsso.lso29 , 5 ___do___ • 31.6 112.6 ~U . ~l:ri i';foo'liitc~~~::: g~~a.VigOr. 
Minhartll X .,flu· ! 

turk!. ________ •• _.1 SOl7 , 5 l\fo~' 23 . 27.5 ' 15.8 ' 2S.·1 ; 23. a ! Promising___. Late. 
Eureka X :\fin·' iii

hordl-._.____•• ___ S036 I 0 __ .do____-' 27.6 15.5 27.6 23.6 :... __ ._ ...._.. Dark, hard. ,Konred X ~lin·' . ossn ___ ,......._ b015; 10 .___ do••.•• 25.·1 11.5 27.3 Zl." : '1'00 lnte•.__ .' 
KnnrNI X :\lIn· : 

hardL___________ SOH r 10 May 19 2S. I I 17.·1 :23~I .• n- , 2.3.2 i--.----------· Good, very hard. 
Do _____________ SO·13 I 10 :\Iny 20 : 27.6 ' 18.3 o 23.1. PromIsing...' Do. 

:Do.... ___ ..____ 8037 0 May 21 i 27.1 ' 10.6 21.0 22. 9 I TIurt som() __ Good. 

Do _____...__•__ S040 0 :\Ioy 21 J 25.3 H.9 !!!;l.S. 22.0 ,. __ .._.. _._..; 

l'Ilinhanll X :\[In· , .,: 
turki. ____........ SO·18 I Mo;· 23 I 26.3 16.2 25.8' 22.8 I Hurt somo••, 

Knrmtl, X Mln
hord!....... __ •___ SO·12· 0 ___do •• __., 29.0 13.5 25.2122.6, Uurt... __.•_-' 

KanrN! X Min· I " 
turkl.._. ____• __ ._ SO·16' 10 :\[oy 22 ! 25.3 10.3 ZI.3 I 22.6 : Promising __.' 

Kanrl'll X Min· i ! I, ,
hard!... _______ ••_ S03a . 0 ___ tlo_....: 25.5 16.1' 23.0 i 21. 8 : .•_•• t1o._..... TIard. 

Do_._••__...... ~Oll ' o· May 23 '20.2 12.0 20.1 i 21.4 i \\'orthl~ss.__ 
'rurkry X Mfnrssll. 8035 , 5 , MIll' 26 , 10.6 I. 7.0 2:J.l, 16.8 . '1'00 late .... 
H~IOglflll\ - Buffum I I I 

X Oll,'ssl\ •••• __ ••_ SO·!O I 5 __ .tlo.___; 17.1 i S.7· 21.3! 16.7 1.... •t10 .-.-.-.; 

-.~ ..-.....--,-.~.--.-------.!...-"':-'----'---'------'------
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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 
highest 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 strains is any better than Kanred for 
yield under the conditions in Kansas and Nebraska. 

DATE 0.' lIIATURI;l'Y 

Table 1(j presents dates of hop-cling for each of the 17 hybrid strains 
grown at Manhattan in comparison with Kanred. Only 3 of the 
hybrids headed as early as or earlier than Kanred, whereas some 
strains headed as much as five days later. At Hays, Kans., 1111 of the 
struins were so late that they were all discarded Ilfter the first-year 
test. At North Platte the differences in date of headiag were not so 
mat·ked. 

}i'or successful growing in Kltnsas a variety must not be later in 
InlltUlity than KtHll'ed, and it would be dcsirable to hiLve varieties a 
few days em·lier than Ktl.mecl. lYnder the conditions in Montllnllllncl 
North Dllkota, eltriiness is not so importllnt, and little Itttcmpt was 
made to obtain earliness. By growing the materilll under severe 
winter conditions the less hardy strn.illS were eliminated, and by grow
ing the hardier lines in the southern part of the hard red winter-wheat 
nren it appears thnt most of the endy strains hnd been eliminated. 
From the results obtllined and from general observations it appears 
that the strains which arc hnrcliest arc also lnte .in maturing. It would 
seem thnt for the mllterial herein reviewed lateness and winter hardi
neas usually are associated. 

•UNIFORM WINTER.HARDINESS NURSERIES 

Eight of the more pwmising hyblids were selected to be included in 
the uniform winter-hardiness nurseries, which are grown Itt experi
ment stations in the northern pn.rt of the United States and in CI1Dada. 

WINTElt HARDINESS 

Table 17 presents the winter-survival data obtained for these hybrids 
in comparison with severnl stn,ndnrd varieties. The average sU1'vival 
recorded in eflch yefLr for n vnnety is based on reports from stations 
where partial killing oc:curred. Datn, from stntiol1s reporting either 
no survivnI or no killing were not used. In 11)26, 18 stlltions 
reported parti:tl killing; in 1927, 21 stlLtions; and in 1928,20 stations. 
The table. shows the weighted aVCl'Ilge for the yelns grown and the 
percentage of survi \'ILI in cornpl1ris0l1 with Kharkof. The varieties 
and strains arc presented in the order of their percentage sUTvival in 
terms of KharkoL It is seen from these data that none of the new 
hybrid stmins has ItS mllch hardinesa as Buffum No. 17 andlVIinhardi. 
All of the hybrid strains ILre distinctly hardier than Kanred and 
Khfll'koi. ':l'he hardiest hybrid stmiu':i Itre Kanred X Buffum No. 17 
(C. I. No. 8030), Turkey X Millessll (C. I. No. 8028), and Minturki X 
Beloglinn-Bllfrum (C. 1. No. 8033). Kamed X 1'1inhardi (C. 1. 

, 
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No. 8031), which showed so wellllt Moccasin and Dickinson, ranked 
a little lower. 

TABLE l7.-Percentage of winter survival of winter-wheat hybrids and 80me standard 
varieties grown irt the uniform winter-hardiness nurseries, .1926-1928 

Surv~val 
Survl

! J t · val in' 
Name of cross or variety C. r., . Aver- I Khar- Stat IOn terms ot 

. No. 1~tli~6'lr~lgr' r~tl~28,. a~c i kor, years Khar-
I stations· stations stations· (weight-, same kof 
I, I ed) i years 

~-----~-----\-. --:.,~~~--.'-.-'~-- -. --.
i 'per cent '~~~I- Per ctntPer cellliPtr cellt Per cent;Ptr cellt1 

1Dl!lTum No. 17-----.-------------------1 3330 69.7 i n.li M.5· 68.6 52.8 50 12<J.. 9MlDhardl ______________________________i 5140 70.4; 71.5 59.5 67.1! 52.8 59 127.1 
Kanrcd X Duffum No. 17______________ : 8030 70.4' 60.4 60.2 66.6 52.S 59 126.1 
'rurkoy X l\-lln~ssa____c..______________: 8028 70.5; 6,;$ 58.2 65.21 52.8 li9 123.5 
Mfnturkl X -!3clogllna-DulTum _________ j SO~3 67.8 P,oJ.S 57.8 65.1, 52.8 50 123.3
Eureka X l\llDhardL __________________ . 8036 ________ 67.0 57.2 62.2' 51.1 41 121.7 
Mlnturki..____________________________i 0155 OO.I! 67.1 58.8' IH.O 52.S 59 121.2 
Kanrcd X :i\Hnhardl _______, ________•__ : 8031 68.7 I M.7 55.8' 62:9 52.8 59 119.1 
Minhnrdl X !lIlnturkL __ ...___________: 8034 67.6 65.3 52.8: 61.8 52.8 59 117.0 
Deloglina___ , __________________________, 1543 IH.9! 65.8 51.4 ~. 6 52.8 59 114.8 
Mlnbanli X ~!lnturkL ________________ 8047 ________. 67.0 ________ 6,.0 59.1 21 113.4 
Knnrcd X :i\!luhardL __________________ i 8MO ________ 66.6 ________ , 66.6 59.1 21 112.7 
Knnrcd _________•______________________ : 5146 52.4. 61.2 45.8: 53.3 52.8 59 100.9 

KharkoL.. ___________________________11442 __~~9~~~ .12.8: 52.8_1~:~8.__59.L_~00.0 

YIELD 

Severnl of the cooperators who gro.w the lmifo.rm winter-hardiness 
nmseries have been harvesting the varieties and strains and deter
mining yields. In these nmseries the strains are grown in single rows 
replicated three times. This does not make possible the elimination 
of border effect or competition between varieties. This is of con
sidel'l1ble importance in winter wheat where strains are winterkilled 
in varying percentages. Too strnins in the nurseries are so arranged, 
howevet·, 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-hr.rdiness nurseries in 1926, 
192.7, Ilnd 1928. Yields were reported from 14 stations in 1926, 
from 18 stations in 1927, and [rom 12 stations in 19::8. '£he varieties 
are armnged in the table in the order of their percentage of yield as 
compared with Kharkof. The strain producing the highest yield 
was Minhal:di X Minturki (C. 1. No. 8034), 'followed by Minturki X 
Beloglina-Bufrum (0, 1. No. 8033) .. Minturki showed the highest 
yield of the standard vllrieties. Minhardi produced the lowest yield 
of 1111 the vt1l'ieties and strains shown. 

From the data presented in Tables 1.7 and 18 it would seem that 
some of the new hybrid st,mins lULVe winter hardiness approximating 
that of Minhardi and Buffum No. 17, and in addition have the ability 
to. yield very much more. The new hybrid strains also have at, 
least equal quality with the lellding hllrd red winter varieties. During 
the testing, 1111 straiIls with grain which WIlS soft or appeared to be 
inferio.r to. that o.f the hard parents have been discarded, and the 
appeamnce of the grnin from the new strllins hilS been very good 
when grown where they are fairly well adapted. This would indicate 
that the desired eombination of winter hardiness, yield, and quality 
appal'ently has been obtllined. 
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TABLE IS.-Yield of winter-wheat hybrids and some standard varieties. grown in the 
uniform winter-hardiness nurseries, 1926-1928 

, 


Yield per acre I I 
--....,..·---;---.-----;----1 Yield 

ln 
Name 01 cross or variety 0.1. In In!1 In er ! ~.tn. I te sI' 

No. 	 1.1)26, 1927, I 1!J'28, '''a~e' Kbarkol,t ;~~~s I ~T 
at 1-1 at IS nt 12 '(weight. snrne KhnrkoC
stll' stn·. stn-. I years
tions tions j tions I e{) 

-----------1--·· .. ,.-~ - -I····!·_- ."- _.·.i··--·I-
Bl).ahds \. BlL.htls :BlL~hels lBlLShels Bushels ;.Nlt11lbtl''per cenl 

Minharlli X Jl.[lnturkL .....__...._._ sm·1 4O',° 3:1..2fi I, 3' ~.' ~3' I 33~·. ~ 33~_).· ~ I,. 4-1'1 l 111101..~Mlnturkl X Bologlinn·DuffllIn _______ 8m3 ao5 33 3 u " ., 4 uu u 

l\Iintllrki•••_....._...._______• ___.__ 0155 40.1 31.:! I 35.:! 35.1 32.5 I .1-\ I 108.0 
Mlnhnrtli X ¥inturki. ____.......... SO.-17 ......._1 32.21.____·.. 32.2 30.0; 18 10·1.2 
KEaurell·--.·-·· ·---------...--- •• · ... e~;llf6l 33.S 34.21 32.5 33.0 32.5, -1-11 103.4 

ureka X ~lInhanli. -"-'--"""'" "'" .... ''', 30.7 f 32.7 31.5 30.5 • 30 I 103.3
KharkoL ........ ____ ••_. __• __ ....... HI2 30.S I 30.01 30.0 32.5 32.5: 4·1 100.0 
Hllloglioa..._........................ 15-]3 35.2 i :11.9, 28.S 32.1 32.5, .\01 08.8 
'l'UrkO}·XMlnrcssn.•; ................ ~3280' 38.1 30 fl i 27.5 32.1 32.5· +I 08.8 
Knoreti X BII/1I111 No. 17............ cv 35.1 I :10.-1, 30.7 32.0 32.5, -1-11 08.5 
Kanred X l\Iinlumli ................. S040 ........, 28. 7~ ........ j 28.7 30.0 i IS! 92.9 
BuffulO No.1........................ 3330 29.5, 25.S' 31.3 I 28.5 :12.5 i +I 87.7 
Kanred X l\Ii/llmrd!. ................/!IO:1l 33.5: 25.0 ') 25.21 28.0 32.5· +I 86.2 

~~nhnrdi~ ••••• ~••.~-~•.=.-~:~~.-.-.~~~~=_5~~~_~~1 24.-1, 20. (j 27.5, 32.5; 4-1 84.6 

t 
PLOT EXPERIMENTS 

In the fall of 1927 several of the more outstanding strains we-ce 
increased to plot experiments at Dickinson, N. Dak., and Havre and 
:Moccasin, 'Niont. At Dickinson four hybrid strains were grown in 
single Y.!o·acre plots. At Havre three strains were grown in duplicate 
}~o-acl'e plots, and at 'Nioccasin the foul' strains were grown in dup
licate y'!o-acl'e plots. Although none of these tests have run long 

~ enough or on a scale extensive enough, they give some indication of the 
behavior of the new strains in comparison with standard varieties. 

The winter-survival and yield results from Dickinson, N. Dak., 
are presented in Table 19. At this station the new hybrids prcduced 
yields better than Minhardi, but were outyielded by Turkey, Min
turki, and Beloglina. The survivll.l figures show the hybrids to be 
hardier than Minhard:.. 

TABLE 19.-Yield andpercfJn/age of winter survival of some hybrid strains and parent 
varieties grown i1L single 1J/ots at Dickinson, N. Dak., 1928 

--..~-·~'----·----·- ..-·.-----;L---------;--~--;---
Sur· Yield I: 	 C. 1. Snr· YieldName oC cross or variety ~o~' viml per acre:: Name 01 l,\,OSS or variety No. vival per acre 

--- ---~f---------·I------
Per cent BlLSheL, :; Per cel,1 BlLShe18 

Turker..............__.... 11;71 76 S3.8 :' 'l'lIrkey X Minessn_..._•••• S028 78 22.3 
MloturkL....._.•_........ 015.1 77 31. 51! Kanre{L ••••• _............. 5140 SO 22.1 
Deloglioa.................) 1543 75 28.0 ,TIlltfum No. 17.•••_........ 33.30 83 22.1 
Knnred X Buffum No. 17"18030 81 26. /I I, Minhardi X Mioturki._••• 8034 87 21. 7 
KharkoC •••_.... _.......... 1583 7S 25.0 ii lIlinbardL._••_............ 5149 76 21.3 
M!nturkiXBeloglina- " 
_ llUlTUm•••••: ..........:. S033 82 24.S!:.. . 

In the Havre, Mont., experiment, shown in Table 20, the hybrid 
strains were outyielded by Montana No. 36 and Newturk, while 
TurkeYXMinessa (0. I. 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 80me hybrid strains and standard varieties grown in 
plot tests at Havre, .il-Iont., 1927-28 1 

---~""-----"-"-~--:---..------"-~----....-,,---
AverC I 

i Nb'l yield No. yield 

--------\-1--11---------1--

Name of cross or variety" C. I.!Average I Name oC cross or variety .. age 

, iBU8hd. • BU8hel8Montana No. 36___________________ 1 55-10 I 42.9\ KBrmont___________________________ 6700 37.8 
Newturk____._______________________1 6005 41. 2 Kanretl X Dl!tTum ~o. 11-__________ 8030 34.4 
Turkey X Mmessa_________________ 1 8028 38.4 Kanred X Mmhardl________________ 8031 33.7 

t I 

1 Data Crom M. A. Dell. 

At Moccasin, Mont., the new hybrids weTe ratheT outstanding in 
winter survival and yield, as shown in Table 21. Three of the hybrids 
~reatly outyielded the standard varieties and made fair yields, wherenf; 
III most cases the standard varieties were nearly a failure. The 
survivals of the hybrid strains were very encouraging and indicate 
that progress has been made. Minturki X Beloglina-Buffum (C. 1. 
No. 8033), which gave the highest yield, has also been found to be 
very l'esistant 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) have been 
made on the samples, and the data on protein content,fiour 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, Karmont, and N ewturk, the principal commercial 
varieties of winter wheat grown in the Judith Basin section of 
lVlontana. 

TABLE 21.-Average yield per acre, percentage of winter survival, and quality 
data 1 of some hybrid strains and standard varieties of wheat grown in plot tests at 
.IY/occasin, .IlIont., 1928 

I Quality 

Name oC cross or variety , C. 1. Sur- Yield' "\ 
I No. vival \ Protein Flour LoafI !content\ yield volume 

. -" -~---'-,-- Per ce7ltl Bll3helJper ce7lt-;::;::: ~ 
~I1nturkr X Deloglina-BufIum (C.!. No. 55-16)---------\' 8033 I 75 18.6 I 15.0 \ 72.1 2,210Kanred X MlnhnrdL ___________________________ ._______ 8(}W. 88 13.3' 15.4 60.6 2,290 
Eureka X MinhardL ___________________________________ 8036 i 88 1 11.9 i 15.3 71.3 2,080 
Xnnred X MlnessB__________________ ___________________ 8(}'51 55 ! 7.1: 16.5 67.7 2,230
Nuwtnrk________________________________________________, 6935 10 I 3.6 I 16. 9 60.5 2,200 
KharkoL_______________________________________________ -I· 1583 0 " 1.8: 17.4 65.7 2,120 

~r.~~:t-~~~~=-~=~=~:.==~=_--------------------------- 6700 10 1.61 17.7,1 66.5 2,3601 

1 Tho crudo-protein nnd milling and baking results were ohtained In cooperation with the research and 
mlliing and baking lahoratories, grnin division, Bureau oC Agricultural Economics. 

SUMMARY 

The hard red winter wheats) which now occupy about 41 per cent 
of the total wheat acreage of the United States, are limited in their 
northward expansion chiefly by winterkilling. Winter wheat 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.-jus area. The use of various cultural practices, such as mulching 
with!straw or seeding in furrows or in stubble, offers a partial 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
hardi, Buffum NQ. 17, and Odessa) and high-qnality hard wheats, 
such as Turkey, Kanred, and Kharkof. 

Because of the difficulty of studying winter hardiness in .the £eld, 
the plan used was to grow the hybrid material at several northern 
stations over a period of years. The material was grown at 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. 
It was shown that hardiness is inherited, but the character proved 
to be very complex and probably is controlled by many genetic factors 
which may be overshadowed by environmental factors. 

J.Jaboratory.methods are being developed for studying inheritance 
and testing the cold resistance of parents and hybrids under con
trolled conditions. 

The Jj"\ plants of about 45 crosses were grown at r.,1anhattan, 
Kans., and Ohico, Oalif., in 1919-20. The F2 generation was grown 
at Manhattan in 1"120-21 and was only slightly killed. The Fa gen
eration material grown at Dickinson, N. Dale, was seeded both on 
fallow and on stubble gronnd. :Much more of the material on fallow 
than of that on stubble ground was killed. 

Selections from the s1ll'viving Fa rows at Dickinson were continued 
into the F.\ at Dickinson, in 1922-23, where partial killing again 
occurred, the combinations from the hardiest parents in general 
showing the best sUL'vivals. 

Selections made in the F4 generation were continued in theF5 at 
Fargo, N. Dale, where killing was severe, and at Dickinson, N. Dale, 
where there was only about 50 per cent killing. 

In addition to the material grown and selected each year, all 
crosses were grown in bulk at :Moccasin, Nlont., from 1922 to 1925, 
inclusive. Yields and winter sUL'vivals were recorded on this material. 
Head selections were' then made in the most promising of these 
crosses. 

The most promising F5 head rows at Dickinson, N. Dale, in 1924, 
which appeared homozygous for botanical characters, were placed 
in nursery experiments at Dickinson, N. Dale, and r.,lloccasin, Nlont. 
In these experiments many hyb)'id selections were discarded on the 
basis of lack of winter hardiness, yield, and quality. 

In the fall of 1925 sevet'al hybrid strains which appeared promising 
were included in the uniform winter-hardiness nurseries, which are 
seeded at 28 stations in the northern United States and in Oanada. 

From the results obtained in the nmsery experiments at Dickinson, 
N. Dale, and :Moccasin, Nlont., covering fOllr years and from the 
experiments in the uniform wmtel'-harcliness nurseries covering three 
years, it is concluded thfLt. strains have been developed which are 
apPl'oximately us hllrdy us the hardy soft red winter wheats, Nlinhardi, 

t 	 Buffum No. 17, and Odessa, in addition to possessing the ability to 
outyield these varieties [mdl1lso the hard red winter wheats, TUTkey, 
Kanred, and Minturki, in Montana and North Dakota, 
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'The best of these hybrid strains when tested in Kansas and 
Nebraslta were found to be too late in maturity and therefore of 
little value for the central and southern sections of the Great Plains 
area. This seems to indicate that the characters of winter hardiness 
and late maturity are associated. 	 . 

The most promising strains have been increased to plot experiments 
at Dickinson, N. Dak., and at Havre and Moccasin, Mont. From 
one year's results they appear to have promise for winter hardiness, 
high yi~ld, an,d good milling and baking qualities. 
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