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IHTRODUCTIOH

In 1924, three baek ercases were made Involving Kan-

red In an effort to combine additional factors for winter-

hardiness from Kanred with those for stiff straw, high

yield, and excellent quality of Kaomarq, Tenaarq, and Kaa-

red X Marquis, Kansas Ho. 445. Harlan and Pope (l)^ , and

Brlggs (S), have suggested that there .is an iBq;>ort8it

place for back crosses in small grain breeding, especially

Aen it is desirable to emieentrate in one strain factors

for a single character.

Aeeordlnfs to -.oiisenberry and Clark (24), low tMipera-

tures cause nearly as heavy losses to the ilieat crop as

all wheat diseases combined. During the 28-year period,

froB 1901 to 1928, an average of nearly 11 per cent of th«

total winter wbsat acreage of the United States was aban-

doned annually, largely because of winterkilling. The

average percentage of abandonment has increased slightly

in recent years. Tenmarq has a stiffer straw and produces

high yields when it sur-flves the winter than Kanred, bat

it is decidedly inferior to Knred in wlntertiardlnesa*

\/ Reference is made by number to Literature Cited, pages
84-87.



Tbs production of a variety with tba yielding ability of

Tenmarq and hardlnasa of Kanrad sight have an eeoncmle

valxw to the central aeetlons of the hard red viator wheat

belt.

Kanrad not only haa a weaker straw than Tannarq, bat

it is Eiora subject to lodging; than aoat standard varieties

of hard rad winter wheats. With the eomlno of the cojabina,

the ability of a idieat to stand well both before and after

ripening baeooMs of increasinc lB^>ortanee and largely ae«>

counts for the decreased acreace of Kanred dviring the past

few years in i^gioas where combines are used. Considered

froB the standpoint of stiffness of 8tx«w, Temtarq is suit-

able for coBblnlng. Baaed \ipoa esq^eted results in sul-

tiple factor lnheritanca« from a large number of Tatanarq

X Kaarad segreeates, one should bo able to select sons

hybrid strains equal to Tenaarq in stiffness of straw,

yield and qfuality and having at leaat soaw of the factors

for cold resistance fr<m Kanred.

Teanarq is earlier maturing than Eaini>ed and produeaa

a flour having glataa of greater "strength". In resistance

to leaf rust, Tenmarq is superior to Kanred, but it has a

sonewhat greater s isceptibility to Uessian fly than Kanred.

Kanmarq and Kanred x llarquis, Kansaa Ho. 445, are very

slailar to Tanaarq aside fr«a having slightly lowor yields



and the fact that Kasmarq la amleas.

nta author atudled in the aturaer; only tha F. and F_

g«nerations groan during tha yaara 1930 and 10S1. in

ordar to naka tha atudy mora ooaplata from the tiaa tha

erossea were made up to the j^eaant, data on the genera-

tions previous to Fg are included in thia tfaaaia. Tha

erossea were laada and i'%^ to F5 ganarations ««ra groan and

atudiad by Dr. John H. Parker and! his aaslatanta at tha

Kansaa Agrioultural Sxperimant Statioa, at Hanbattan*

Soae eulturas in theae earlier ganarationa were also grown

at tha Colby Inraneh atation.

Tbla thaais includaa studies of the inheritance of

cold raa Istanea and othar charaetars of three wheat basic

9VO»a»», In the preeeaa of aeleetion, only the planta and

aalections that appeared daslx«ble were aaved and there-

fore it is iiQ>oasible to atteiqpt to determine any genetic

ratios or determine the nonbar of factors concerned in

the inheritance of the asronomio charaetera which are cer-

tainly coii^>lex and {^oTamad by laultiple factors. It ia

rather a atudy of soae of the pa^aetleal po-oblems a plant

breeder encounters in atteoptiag to produee a new atrain

of wheat superior to a very good variety such aa Tenaarq.

The thaaia will also aerra aa a siaaaary of tha work on the

tbr— baefc eroasaa iqi to tha preaent tlee and should be



VKluabl* as a reference In future wheat tvreedlnQ vorlc at

tba Kansas station.

SAXBRIAL8 AK) IQETBOSS

The three spoups of baek crosses are the result of

ez^sslnc; ranred x Sarquls to produee Kanmarq, and KanraC

X Mar^ls, Kansas Ho. 44S{ F-1066 x Sfaupqtils to form Tes-

arq, and crossIne these threa winter x spring hTtirids baak

to Kanred. In anlanl breeding terns, the baek crosses are,

therefco'e, three-qviartors Kanred and one-quarter Uarquis,

with the exception of the Ttfoaarq eross in which P-1066,

a strain sinilar to Kanred, «aa used. For the salce of

brevity, the vmianBd cross, Kanred x Uartyiis, Kaasaa Ho.

44S, «ill be desii:nated aa Kanaas Ho* MS thranghoat tba

renainder of this thesis.

Clark, liartin aitd Ball (6), have described Eenred and

P-1066 as follows

J

"Description: Plant winter habit, midsaason,
idtall} stem white, weak; spike awned, fusiform,
middense; glioaes clabrous, white, miaionc, nidwide;
ahoulders narrow, oblique to elevated; beaks 5 to 25
ani. long; awns 5 to 10 cm. long; l^ei^els dark red,
midlons, hard, ovate to elliptical; ^ern saall;
creaaa narrow to laidwlde, niddeep; cheeks rounded;
bruah small, L'.idlonG.

Kanred is very similar to Turkey, out is slight-
ly mare winttfrtiardy and sli^^tly earlier and can be
distinguished from that variety by its longer baaka
on the outer glumes and by its resistance to soaa



fozwa of botli leaT anS stea rust. This reslstane* to
ruot l3 an Important factor In tho ability of tha
variety to outyleld Turkey wbeat In many aeetlons.
It Is also about equal to Turkey In itllllnc and bread-
making Talue.

nistory: Kanred Is the product of a single he«d
selected in 1906 fro:n the Crlaiean variety (C, I. Ho.
1455), wiilcii liod been latroduoed into ttie United
States from Russia by vhe United ?>tates Depcrtanent of
Agriculture. The. selection i'roa vhlcli It descended
was one of the 554 head eel actions made In 1906 by
Dr. n. 1'. Roberts, at' tiw hotany Departasient of the
KsBses Asrlcultural Bxperlaent Station.

Rynoajmst P-7fiB, P-1066 end P-1060. P-762, as
8ho«tt above, vas '-itm designation uoder M.:iloh iCanred
wheat was known frca the date of Its selection. In
1906, until the tloe when It was named. P-10e6 and
P-1068 are two oth r pure-line selections developed
at the Kansas Agricultural i^xperioent Station in mwh
the sarie way as was Kanred. Both these strains have
the ruat resistance of Xanred and are Identical In
all norpholocical characters, but neither has been
didtrlbated for cotflmercial growing.*

Clark, Martin and Ball (5), have described Uarquis

•a follows

t

"Description: Plant sivlng habit, early, short
to nli)tftl.l} stem white, strong; spike MBless, fusi-
form, dense, erect; ^luBes (glabrous, white to yellow-
ish, s?]ort, wide; shoulders mldwlde to wide, usually
square; beaka wide, acute, 0.5 xazi. Ions; apical awns
;'ew, 1 to 10 mm. lone; ko:?nel3 red, auort, liard,

ovate, with truncate tip; gens midslsed; crease vide,
deep; cheeks an>^ular; brush ailJ:>ised., addlong.

This Is a hl^h-yleldlng aprlntj wiieat, «id It Is
one of the best varieties for ailling and bread mak-
ing. Its hl^ yield and popularity are due principal-
ly to its early maturity, Viileh has stnaetlmes enabled
It to escape stera znxst and drought.



BlBtW7i SKr<iula is of ijyarid orieia, baviiig
be«a orlgizwtvd by the carealists of th» Dwnlnlon
Department of Acplcoltare at the Central Exp©rin»nt*l
Fam, Ottasa, Canada. The eroacjln^ wlilch r«s«ltad
In the origin of Ka^^ule waa done under the direction
of Dr, WllXlam .Sajndara, fonaer Dominion cereallat.
To the jreaent Dominion careallat. Dr. C. E. Saimders,
the credit for ori.jlnatlng (selecting, naiainG, test-
ln<^, and dlstrlbutint:) the vmriety la due,"

Tenaarq, regiatratlon Eo. 264, Is deacribed In Journal

of the ABBFlcaa Coclety of AgMnoHy, 21:1175-1174, as fol-

lows:

"Tenaar^ (Eanaaa Ro. 4S9, C.I. Ro. 6956} was
prodne«A from a hjrtarld betveen MurQals and P-1066.
The latter Is a selection simllw to Eaai'ed» ijoth
from Crlaean, C. I. Mo. 1435. The cross was made la
1917 froa tins crop of 1916-1917 at Manhattan, Kansas,
and Tenaarq Is the res ilt of a selection iaad« In 1921.
It «as developed by tli© Acronoay DepertsMnt of the
Eanaaa Agplciatnral Kxperlnteat Station In cooperative
ajqwrlaents with the Office of Cereal Crops a«l Dis-
eaaes, Bxjreau of Plant Industry, United States Depart-
enfc of /.£rlc\ilfcure,

Tennarq Is bearded and has white glabrotia
Slnaea, lon<- beaks, an^ short, liard, red kentels. Xt
la a true winter wheat, but the ^rain is saoMtiincc
graded as hard red spring or aized. Its superior
characters ai-e bitjh yield, excellent Quality, early
Maturity, and stiff straw. Its cljilef defects are
that It is susceptible to Hessian fly attack and has
only allghtly greater wlntorhardlness than Blackhull.
Teiaaarq ««s selected, ana has been tested In nia-sery
eaperlxoents since 1922, by John H^ Parker who applied
for Its registration."

Salaton and La^jde (2G}, i>eport on cog^aratlve tests of

7mBmmr<i with Kanred, Turttey, and Blackhull grown for seven

years at Manhattan, five years at Haya, thafee years each

•t Colby, Oarden City, and Tribune, and 106 cooperative



szperimcnts vlth vax*Biers covering £ojjc years. Froia thcs*

tests, the; obtalntd tbe foUovlng results:

"Tenwrq {n-odueed bibber yields tbsn BlackhiUl
In all cases except at Rsys, where the yields are
s^isstantlally the same. It also produced a higher
avorace yield than Turkey at tianhattaii. Hays, Colby,
Cardsn City, and rTrlbunei a higher aver«se yield thsa
Kanred at Manhattan, Colby, and Garden City, slightly
more at Uays, &ni approxlcuitcl,,- the same at Tribune*
In cooperative experiments sith farmers It yielded
substantially mere tl-ian Blockiaill, Kcrj-efl, or Turkey,
Its high yield record say be due In part to Its
slightly early Maf.u'lty,

The excellent yield record of thia variety. Its
superior quality, relatively stiff straw, anr' re-
slstanea to ]e aX rust should £uike it of ^reat interest
to winter wheat Investljatcrs In the Crest Plains.
However, its aarked susceptibility to Uesatan fly and
susceptibility to scab should be considered. The
pronounced effect of season^ variation la otlier
eases, tte clearly demonstrated lower degree of tdnter-
hardlness, as coopered with Kaared and Turkey, to-
gether with the fact that reeent winters have been
Billder than laay naroally be expected, oould suo^est
caution in predicting relative yields of Tennuurq for
the future."

KaxBsar^ (Kansas Bo. 440) Is an asnless seci>e^ate of

a Kanred x i'.arquls cross. It was ^own as row Ho. 638 in

the 19S3 nursery at Uanbattan. Kenanrq is slnllar to Teo-

SMUPq In quality, but Is awnless, and does not rleld as

neb as Temaarq. It has stlffer strur than Tennarq.

Kansas Bo. 449 Is a Kanred x iiarquls cross ver^

slallar to Tennarq. It was grown In row Ro. 296 In the

1925 nursery at ilasiuitt&n. Because of the f&et thut Kan-

and Kansas Ho. 443 have produced slightly lower yields



than Imwer^ th9S« strains have no been tcatsA as ex-

tensively In "lots at iienhattan or at eooparatln,'; stations.

In addition to the above dcseriptlons, a largo aiount

of data on yield and oth. r eharacters have been aeeuimxlated

at the eianhattan and cooperating^ stations. For the ten-

year period, 1922 to 1951, Tenaarq had an averafie yield of

39.6 bushels In rod rot? tests in tha Agronomy Horsery, a*

eowpwfd to 32.5 bushels I'or Kmxee^i, In plats at tha

Agronomy Fara, 1984 to 1931, Tanaarq averaged 40.6 bushels

per acre and Kanred 35 .B bushels. The ccMT^aratlre yields

of Teuaarq and Eanred at branch stations la Kansas, eo-

opex«tiv« tests In Kansas, and at cooperating stations In

mesafty statea, are eivon in Tables I., II,, and III.

O'able I. Tie Ids of TatmarQ and Kasrad at braneh
stations la Kaziaas.

: Av^rc. c vl.-. Ids In bualiels per acre

Variety
t Eays z Colby : Tribune
s 1S26-31 1 1929-30 : 1929-51

: Garden City
; 19i.?-S0

Tenaarq
Kanred

27,6 35.6 26.4
26..-= 28.9 25.3

41.8
40.2

i«*»tt»«s«t»M««««*mv»aHBaaai
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Table XX, Tielda at Tennarq and Sanred in eo-
operative experlaents on farms in
Kansas

.

t_

t

Entire state
ataa

:

a*««
routii-centr

Ho. ot :

tests :

al Kanaaa

Variety
No. of :

tests :

Boshels
per aore

Bushels
per acre

Tenmarq
KWUMd

163
163

25.1
22.4

82
82

25.9
22.2

SrSSSS3SSSSSSSSS33SSSX3SSSSS33S9S«SSSSSSSSSSSaSSZS3=SX3SSS

Table III. Sinnary of average yields of Tenmarq
and Eanred, grown at cooperating sta-
tions in nearby states, 1931.

XS3S3SSSS3SS3SSSSSS=SS3SSSS=S==SS=S==S3:S3=S==3S3=SSSSSXS
t Bushels per acre

Cooperating station : Tenmarq Kanred

Taxaat
AWUPillO
Panhandle cooperative
Denton

tests
16.4
17.5
48.4

IS.S
15.9
34.7

•traskat
Lincoln
Wortii Platte

49.2
51.7

46.7
51.4

Oklahooa:
Koodward 48.8 47.8

Illinois:
Urbana 45.5 37.0

Kansas:
Hays
Agroaany Farm, Uanhattan

22.6
47.4

21.7
47.1

9-station average .. .. 37.9 36.1
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Results of yields from the uniform wlnterhairdlnesa

oorserles (24) are STallable X'or the year* 1926 to 1929 end

•re listed in Table IV. Kanred yielded higher than Ten-

Burq and Kanouirq at sone of the northern stations where

non-hardy varieties winterkilled, which aeeoonts for the

higher average yield of Kanred.

Table IV. Average yields of Kanred, Tenaarq,
and Eanmarq, In the ualfom winter-
hardiness nurseries, harvested one
or loore of the four years froa 1926
to 1929.

SSSSSSSSSBSSSSSSSSSSSSSSS=3SZ333SSSSSSSSSS3SSSSS3SarSSSSSa
: Bushels per acre
t Kanred t Tenmaxni t Kanmapq

Average (weighted) 33.0 31.0 29,0
Kbarkof aaate years 31.1 31.1 36.8
No. of station years 57 57 14
Percentage of Kharkof 106.1 99.7 78.8

S3S3SBSaS33SSSSZsaaSS8a3SSS3axB3SS3=Z33SSa3S3SSSS3SB3UaaW

TWHBrq consistently outyields Kanred over a large

area for a period of years as shown by Tables I. to III.

Coaptfi to other winter wheats, Tsnaai ij ranks at the top

or very near the top la yield wfaan winterkilling is not a

linitlng factor.

Tennarq is among the varieties in the tender croup,

but aiparently is not so tender as Blackhull (24), a wheat

grown extensively in Kansas. The average survival of Kan-

rad, Kamurq and Tenaarq grown at twenty atatlona la tta*
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uniform wlnt«x4i«rdiness nar*«ries during; th« period 1920

to 1929 l3 siren In Table V. Subjected to artiricial

freezing (14), in which the plants were hardened lor various

periods of time previous to freealng. In about fifty trials,

TenoMrq had an average aurvlval of 73 per cent, as eo^pwred

to 100 per cent for Kanred. ..hen unhturdened plants were

frozen In the greenhouse, la soventeen trials, Tenmarq

survived 46 per cent and Kanred 100 p«r eent.

Table V. Average pereentagea of survival of Kan-
red, Kanmsrq, and Tenaarq, grown in the
unlfonit wlnterhardlnass noraerlea dur-
ing one or more of the jmmr* froa 1920
to 1929, inclusive.

84,4 48.9 45.8
52.8 54.0 52.9
150 49 109
103.0 90.6 86.6

Kanred t Kanasrq t Tenaarq

Average (weighted)
Eharkof same years
No. of station years
Percentage of Kharkof

The date of full heading, lod^^lng percentage, test

weight, ana percentage of leaf rust Infeetlcm of TeiBwrq

and Kanred In the advanced nursery teat are given In Table

VI. Tenmarq avei>aged four days earlier In beading, lodged

less, had a higher test weight, and lower leaf rust Infee-

tlon than Kanred. At the Agronomy Farm, Manhattan, 1924

to 19S1, Tenmarq lodged on an average of 8,5 per cent and

Kanred 24.9 per cent.



IS

23 27
53.3 70,0
54.6 53.2
31.0 52.0

Table VZ. AgronoBie dat* for Tenmarq and Ean-
rad grom In the advajicad nursery,
Manhattan, Kansas , 1927 to 1931.

I TeM»arq t Kanred

Date full hsad. May
Lodging, per cant
Test weight, pounds
Leaf rust infaotion, per cant

Temaarq Is Tory susceptible to Hasaian fly attack.

The average percentage of plants Infested over an eight-

year period is given in Table VII. Counts of stinking

sanit were made at the North Platte, Hebraska, station for

the three-year period, 1929 to 1931. Kansarq had an avei*-

aga of 25.1 per cent bunted heads, Tenmarq 31.6, and Kan-

red 17.4. Tennarq is also very susceptible to wheat scab,

resemblins Itarquis in this respect.

Table VII. Infestation of wheat by Eesaian
fly, 1922 to 1929. (22)

: Kaaiaarq ; Tenmarq

Average per cent of plants Infested 53.7 58.4
Kanred in same tests 58.1 49.0

Kanred and Tenaarq are both good bread wheats, tut

Tenaarq seems to have inherited s cme of the excellent

quality characteristios of iiarquis, giving it a stronger

gluten than Kanred. In a coiaparlson of the milling and



14

12.7 13.7
70,7 69.2

.402 .423
35 67

2aS7 2007
96 97

baking qaallt;^ teste of »lM«ta aad* by the B«perta«>Bt of

Milling iBdustry, X. .0., Table VIII., Temwrq la ahama to

have a higher loaf voliaie anfl a slightly better loaf tex-

ture than Kanred.

Table TXII. Milling,; and baking qualities of
Tenmarq and Kanred, avenge 1925
to 1925.

t Tenaarq ; Kanred

Protein, nor cant
Floor yloid, per cent
Ash, per cent
Vater absorption, per cent
Loaf voluae, c.c.
Loaf texture eeore, per oent

>S3SS3393SSS3S33S3SSSZ3SSSSS3S3SS3SSSSSSSSSasS»3SS33S=3B«

SwUlng up the eoc^erlson between Tenaarq and Kanred,

it is evident that tlio ajperlorlty of Teocoarq is due to

stiffer straw, earlier maturity, high yields, and better

quality. Kanred la decidedly superior to Tenmarq in

winterhardlneaa and someehat leas susceptible to Hessian

fly. °^'hlle Kamaarq and Kansas Ho. 443 are not identical

with TeoBarq, they are similar to it and «bat baa been

said itoout TeiSMrq in general applies to these two strains,

except aa noted above.

Tbe three back orosses were nade in the nursery at

Manhattan in 1923-1924. The V^ Pl>Bts were grown In the

greenhouse In 1924-1325 and notes were taken on date of
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heading, date ripe, nnnbor of culjis oer plant, noabar of

Ixeads per plant, heii';ht, awn type, and pluo^moss of grain.

Vten the project leader returned to Manhattan from CaBt-

brldge In October, 1926, seed for the Fg gieneratlon was

sent to V. H. Plorell, at r>avl3, California, who grew large

Pz populations under alld conditions with little or no

elimination b; winterkilling*

The Pj, F4 and Fg generations were grown In eight-foot,

•paoe-planted rows In the Agroncmy Sursery at Haahattnn.

Seoas of the F4 and P5 lines were also grown at Colby, Kan-»

saa, uadvr aere severe winter conditions than at Lianhattan.

Pall and spring survival, helglit of plants, lodging, dates

first and fully headed, date ripe, leaf rust iafeetlon,

grain notes and other notes were taken during those Gener-

ations. All cultures tbroogh Fg were from Individual

plants. The ¥q generation lines were the flrdt ones to be

tested in rod rows. The less prcoisin^ strains were dls^

carded eaeb year and only the better strains continued in

tho succeeding generations. The seleetlons were laade on

the basis of previous records, field notes, general ap-

pearance in the field, and notes on kei^el characters,

i.e., quality of grain, especially plua^mess of kernels.

Many of the rows were discarded in the field and not bar-

vested. Natural selection played a part in eliainatli^
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th« 1«SB d«slrable plants sine* the tender end ver;

plants clld not survive the winter. Kerly plants were

tagged In the field which aided In selection at hanrest-

tlae and in the 8e«d-houa«*

At harveat-tine, the plants trtm the promlslnc strains

wore pulled. The progeny froai each plant was tied In a

bundle anO stored In tno seed-house. During July and

August eae}i year a careful ojuuslnatlon was aeds of larga

aaaijbwps of iodlvldnal plants. Usually five to ten plants

were saved froa each atraln. the heada were clipped froa

each plant, counred and Tut In envelopes. How mmbvr,

plant number, nuober of heads, and special notes on In-

dividual plants were recorded on the envelopes.

The heads of the Individual, selected plsnts were

threshed In the saall "Cornell" plant thresher and the

grain put In coin envelopes. Xhe notes from the large

envelopes which contained the heads were transferred to

the small envelopes and the grain fr<» each plant weighed.

Tb» seleetlon numbers were listed in an individual plant

note-book, and the plant notes, notes on grain texture,

kernel plumpness and yellow berry, and other special notes

were recorded In this note-book. After the indlx^ldu&l

plants had been sole cted, the remaining plants In each

bundle were threshed la balk and grain notes taken oa theae

ssEiples.
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It will b« seen from tho above discussion t:ia.t tb» Fg

to x'g generation plant^j ««i>« examined very critically*

Sot only woro field noi;e3 and j-raln notes of each strain

recorded, but alae plant and grain notea on Uie Individual

plants selected froia each strain. All of tiieae notes «ep«

studied and used as a basts for seleetlnc plants to be

gro«n In each suooeedlns generation.

The back crosses were srown In rod rows for the first

tl.-:« In the l^g generation In 1S51. Slnee single stiort ro*s

are of queetlonable value In determining yielding ability,

the Fe S«n«r*tlon offered the first opportoalty for nakiiig

decisive yield testa. Notes ware taken on stand, helrM*

lodt;lng, date fully headed, date ripe, percentage of leaf

rust, yield, texture, plixnpness, and yellow beri^ of craln.

Special notes on plant or kernel characters and on field

appearance were also recoiled on aany lines.

Due to a shortage of nursery ground. It was not pos-

sible to plant all of the Fg strains In the triplicated

rod row series at Hadiattan, as had been planned, and ae-

cordlnsly IVO strains were planted in the triplicated rod

row Borsery and 190 strains in ain£;ls rod rows. Two hun-

dred anrT thirteen strains were grown in triplicated rod

rows at Colby, Kansas, In 1931. Field notes wei^ taken

by tir. L. :i, Sloan, at Colby, and the harvested crop
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hlpiMd to MaatMttan for tluresbiag, grain notes and farther

selection.

One ixuadred and I'our strains of tUe back crosses were

grown In dttpllcate eight-foot rows. In 1931, at Moccaain,

Montana} Hedfleld, £Soutn Dakota; University I'ans, St. Paul,

lUnnesota; and Colby, Kansas, In a four-station wljiter-

liardlness test. Jprlu^ sixrvlval notes only were taken at

Moccasin, iiedfield, and St. Paul. The lines £;rown at Colby

were harvested and studied In about the saiM manner as the

strains grown In rod rows. A sequential treatment of the

back-cross selections grown durlUiS the period 1926 to 1932

la ^iyaa In Tables IX., X., end XI.

Greenhouse studies on Inherltaaoa of cold resistance

••re iar.de on tho ^g and F'4 generations of Kanred x Kan-

arq by L. L. Davis (8). During the winter of 1930-1931,

BarlKBd Stevens sade a stiidy of cold resistance In 7enmarq

X Kanred. These studies will be referred to In eoaparlson

with studies reported In other sections of this thesis. It

Is neither necessary nor advisable to Include all of fb»

data accumulated la the V^ to l'^ generations In this thesis.

Only averaces, suooarles, or statistical constants are

presented. i>etalled data are on file In the Crop la^rove-

ment office at Manhattan, Kansas.

J
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TabX* IX. Cultures of Eured x Kaxuaarq,
1926 to 1932.

s=:ss==sss3sssssr=ss:SSS3S:X3SSSSSSSSSS:S=SS3SS3SSSS3X3SSS

•

1 Oenar- s

ation :

: No. of
Kind of t««t : strain*

1924-1925 ^1 Individual plants IS

1926-1927 ^'2 " Cavls, Calif.

1927-1928 ^5 Plant rom», NaaiMittan 810
Qraenhousa, 2OT0 pots

1928-1929 '4 Plant rova, Uanhattaa ISO
• " Colby m

&r««nhous«, 850 pots

1929-1930 H Plant ro«s, Maohattui 166
Colby 90

1930-1931 *^6 Slnclo rod rows, iianbattan 79
Triplicated rod rows, Manhattan SI

4-station wlnterhardlnass test 21

1931-1932 ^7 Duplicato 3-row, 8-ft. plots
Manhattan 26

Duplicato 3-rov, 8-ft. plots
Colby SS

4-statlon wlnterbarCliiess tost 2&

ssssssssszsssssssrss3S3S==SSSS3SSS=3SS=SS33S3=SS3:=SS3SS3S
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Table X. Cultures of Tenaarq x Kanped.
1926 to 1932.

«««»«
: Cener- t : No. of

Year : ction : Kind of test : strains

1924-1925 ^1 Individual plants 5

1926-1927 ^Z
" Davis, Calif.

1927-1928 ^5 Plant FO*8, Maiduittan tt

1928-1929 U Plant rows, Uanbattan
" " Colby

Greenhouse, 360 pots

140
68

1929-1950 ^5 Plant rows, Uahhattas 216
" Colby 156

Oreenbouse, 234 pots

1930-1931 ^6 Head rows, Uanbattan 42
Single rod rows, Uanbattan 62
Triplicated rod rowa, laanhattan 70

" Colby 80
4-atation wlnterbardlness test 47

1931-1958 'j Duplicate 3-rowj 8-ft. plOi^s
Maaiiattan 57

Duplicate 3-row, 8-ft. plots
Colby 49

4-statloin winterhardlneas t«3t 49

s:s=s=sss='ssss=ss==s:====s==s===s=s=sss=2=ssss=.sxs:ssssssss
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fftble XI. Gtilt)u>«s of Kanred x BLaasaa Ho. 443,
1926 to 1938.

£ssss=s:::ss:5===r=s::====scssr=S3SB»«sass=s==:=s3S3=s=::=s=ssa
5 C-enor-

CLtlon : Kind of test
No. of
atralna

1924>1925 Pi Individual plants 14

1926-1927 ^8 " " Davla1, Calif.

19S7-1928 '» Plant rows, HantMittaB 308

1928-1929 ^4 Plant romMf Uteabmttm
" " Colby

230
90

1929-1930 '6
Colby

St?
179

1930-1931 ^6 Clngle rod rovs, Hanbattan
Trlpllcat«d rod rovs, Hanbattax

" " " Colby
4-statlon wlntariaardlnoss teat

49
1 69

82
35

1931-1932 Dupllcata 3-row, 8-ft, plots
itonbattan 49

I>upllcate 3-ro«, 8-ft. plota
Colby 49

4-st8tlon vlpt«rbardln«as teat 49
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Statistical calculations *er« nade on boom of th« data

to show the relationship of characters and th« reliability

and slgnlfleonco of results. Unless otherwise stated,

Speansan's fonmila for the coefficient of correlation fpo»

ranks (18) was uaedt

p 1 - 61.d2

S(h2-1)

The probable error of "p" was determined by the for-

P,E. . .706S l-p8

Pearson (18) has ahown that If scores In the two

traits which are In truth normal In foam are aasl^ned rank*

and "p" ealciaated. It will differ slightly frwa the "r"

obtained directly front the acores. To allow for this dls-

erepaaey, p's were turned Into r's by the fonnolai

r 2 sin -r p
6

BXPraZKEXTAL RESUI^TS

Cold Resistance

Winterkilling causes a serious annual loss to the

winter wheat crop of the Onlted States. Winter Injury Mty

be reduced (24) by the use of hardy varieties and by
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eultural prac':lo«S4 xacli aa aoning in grain stubbl* op

comatalka, th« pireparatlon of a firm so«db«d by the ua«

of "dttclifoot" x'allow, sowing with furrow drills at pr<q)er

ratas and dates, and oulchiaf; the vhoat with straw. Ths

use of cultural praetlcea in reduclnc losses due to winter*

klXllng Is a temporary solution while the uae of inueij

varietlea Is a pennaaent solution, Tino plant breeding

problem of produelng strains of wlnteriiardy wheats Is con-

aldered la this. thesis.

As a general rule, strains of wheat which are hardiest

are also late In maturity. In Kansas early-matnrlng wheats

ordinarily avera^;e higher In yield than late-^naturlng

strains In seasons when wluterkllll-g or spring freeses

are not serious limiting factors. The farmer, in ohooslnc

a variety of irtieat, may be justified is sacrificing sane-

thing In yield for an assui^ence that a crop will survlTe

the winter. What the farmer really wants la au early or

medlua>early, wintex^iardy wheat, which produces high yields

•f good quality grain. Since no variety at present avail-

able excels in all these respects, it i:i the task of the

plant breeder to try to produce one.

The Fi generation of the back crosses were grown in

tlM greenhouse which was kept above freezing at all times

Bd, therefore, no plants were killec'- due to low temper-
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tur«a* ^Ete Fg growa at liavls, Celiforaia, a region la

walcfa spring whaats normally live through the winter,

not subjeotad to freezing tempejratjirea and there were no

losaea frae winterkilline.

The Fg to Fg generationa were apaee-planted at Man-

hattan and the plants counted in the fall and spring*

Dlvldlnc the spring count by the fall eoxint gives the per-

eeatag* of sixrvlval. Ho counts were made on the F4 gener-*

atloD at Colby, and only estimates of survival were made

<m the Fg generation at Colby. The survival of the Fg to

Fg generations grown at Maaluittan Is given In Xable XII.

Xn the Kanred x Eannarq eross, the Kenred cheeks

ranked first In survival, the Koiiaarq checks last, and the

F3 strains about midway between, as talcht be expected. Tbe

Tannarq z Kanred strains were below both parents in sur-

vival, but <mly one cheek of oaoh parent Is Included. The

Eaared x Kaaaaa He. 443 sti-ains averaged 4.4 p4»r eent be-

low the Kanred cheeks in <«iv:>vlval and slightly below tbe

Kansas Ho. 443 checks.

Tbe survival of the P^ generation at Manhattan is

given in Table XII. The average survival was high and

winterkilling probably was caused by factors other than low

tenperatures as shown by the fact that Kanred checks aver-

aged lower than Tenmarq and Kansas No. 443 cheeks, two
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strains knovn to ^© Inferior to ".anr«d In Ivirdlnesa.

V»ry little winterkilling occurred in 1930 as sbowa

toy TbM* XII. nth nearly 100 per cent •arvival, auch.

sn&ll differences laean very little.

Wlntorkllllne was isore severe st Colhy than at Uan-

battcn durlns the winter of 1929-19SC. I'stloates of s«r»

vlval isada oa Karoh 16 by C. C. Sainton and on April 17 by

John H. Parker and H. t.^. BeaelMll are given in Table XIII.

Tabla XIII. Binter survival of Fg Imek crosaea
and cheeks, Colby, Eansaa, 1950.

asssssssssssssssasssssssassssssssaassasssssssssssssssssssa
I t Hatimatad t Estloatad
t t average : averase
: i survival t survival
t Ho, ot t % i %

Variety : rows : Mar. IS : Apr. 17

Kanred x Kaoaarq
Eanred cheeks
Kenmarq cl:ieeks

Tanaarq x tjuorad
Kaia«d ehaeka
Tannarq cheeks

Kanred x Kansas Ho. 443
Kanred ehecka
Kansas No. 44S ciiecks

aasss3S3sssa=sms»sssss3ss3sss3ss3a:sZ3sssssssss33isss3ss3a

The hybrid strains in each cross averacad below the

Kanred checks in sinrvlval and above the winter x spring

{larenta. The Kanred x Kanaarq strains mora nearly ap-

100 6S 72
6 69 78
B «6 M

158 65 Tft

9 68 8B
9 62 70

177 55 71
10 65 79
10 47 59
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prottched tl.o EanreA parent la percantage of eurvlTnl tbMi

the other two crosses. This miy be explained by the fiiet

that the UttspeA x Ksnaarq strains bad been sela eted for

colfi resistance la the ig snd i^ ^-eneratlons on the basis

of greeotiouBC' freeslng trials.

The winter of 19S0-19S1 was unusually mlM with tb*

wlnlimm temperature reported In the state of -4** F. Tte

wheat planted In rod rows at Hanhatten und Colby, Eansas,

lived throneh the winter practically 100 per cent. It Is

difficult to get good field Infannatlon on liardlnesa et

fianhattan dia>lng a series of years siteh as 192S to 1931

when winterkilling is very slight, fiased on field results

alone at Hanhattan, cme laiGht select a hlch-yleldln^ strain

of wheat havlzii^ other desirable egronoalc characters but

lacking sufficient wlnteitiardlness to be safe over a longer

period of years.

To 3i)^ple!ii<Mit the data on hardiness scoTired in the

winter wheat nursery at Manhattan, 105 strains of the back

eiwsses were planted In a four-station wtnterhardlness nur-

ssfpy. Wils nursery consisted of duplicate eight-foot rows

at Colby, Kansas I Redfleld, South Dsi:ota{ Moccasin, Mon-

tana, and ^t. Paul, Minnesota. The survival at Colby was

practically 100 per cent for all strains and no notes were

recorded on survival. Because of severe soil blowing
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lajtiry at Redfleld, South Dakota, the data were conaldex^d

uiorellabla. Winterlcllllng at itoccasln, tiontana, and St.

Paul, Uinneaota, was very laMrkad as shorn b; Table XIV.

Tabla XIV, Winter anrvival of Pg back crosses
snc ci^acks, iuoccauln, wonttaia, tuid

St. Paul, Minnesota, 1931.

3SSSS=X3XS3=SSSS=rsSSSSS===S3==3S=3SSS3S3SSSS3S=S3«SSr:S=a3
t {Average per cent survival
:IIo. of :''occaaln:rt. Pa'ilsS-stE.

Variety t strains: tiont. : Lilnn. : average

Kenred x Kansas Ho. 443 35
Kanred cheeks S
Tenmarq x Kanred 47
Kansas No. 445 eliecks 2
Kanred x Ktumerq 21
Tvnnarq eheeka 6
ICannerq dtotk 1

The range of survival oT Individual Tcma was 8 to 53

per cent at Uoccaain, and to 100 per cent at Lt. Paul.

The tivee ^aupa of back orosses ranked in the ordar of

Kanred x Eensaa Ho. 445, Tennarq x Kanred, and Kanred x

Kannani In average survival at both stations. Twenty-three

Kanred x Kansas Ho. 445 strains, 25 Tenaarq x Kanred strains

and two strains of Kanred x Kamarq had higher survival

percentages that the average of the Kanred ehaoks. Indicat-

ing that transgress ive s«gre(;ation for hardineas may have

occurred in the back crosses and tihat sooM progreaa has

in the production of vlnterhardy strains.

32 33 57
26 75 58
29 72 51
38 45 42
m 54 36
17 41 29
23 12

ssasrs::s===33s=333=333:
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It Is Important to know whether the killing at Moe«a-

sln and St> Paul was due ehlel'ly to low t«aq>eraturea or

to other faetora such aa soil blowing, molsttire content of

soil, SHOW cover, etc. The role of 30ll heterocenelty as

affeetlng survival pereenta^As of hybrids and cheeks should

also be considered* strains high In survival at Uoccasln

also having a high survival at St. Paul, are probably

actually superior In resistance to low temperaturea. The

survival of Individual strains at the two stations Is shown

graphically In Figures 1, 2, and 3. Tbo survival at St.

Paul was consistently higher than at Moccasin, and strains

having a high survival at St. Paul In most cases had a

eoaparatlvely hlch survival at Moccasin. The survival per-

emtages at the two stations had a correlation value of

r 3 .4926 1 .0474, coaputed by the product-moment method,

using ungrouped data for IIS variants. This atatlstloally

slgnlfloaat correlation Is fairly high aad Justifies one

In placing considerable confidence in this test as a means

of selecting cold resistant strains for future testing.

Aside from winter survival, no field notes wei>e taken at

ikMscaaln and St. Paul. Henee the relationship between

hardiness and other oharaoters is b*aed on studies at

Colby and Mcihhattan.
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la a erosa between Kuiped and Ulnturkl, Qulsenbeivy

and CloF'if (23) found tiiat 3a beness and winterhardlnMM

usually are associated. In a larc* nomber of crosses

between very hardy, late varieties such as Ulnliardi,

Odessa and Baffvn Ho. 17, and blgb^ylelding, eood quality

wheats auch as Tiirkey and Kanred, nearly all of the hybrids

tested were too late for Kansas conditions, iuartlle aver-

ages of date of full heading in the four-station winter-

hardiness nursery at Colby and the two-station (Hoccasin

and St. Paul) survival, 19S1, are given in Table X7,

Table XV. Relation between the two-sta\;lon
(Hoccasin and St. Paul) survival,
and dates fully headed of the Fg
b*ck crosses grown at Colby,
Kansas, 1931.

: Kanred : Tenaarq t Kanred
: X : X : X
; KaiBBBr^ ; Kanred ; Kansas So. 448

Hardiness ;2-3ta. iDate :2-sta. :Uate s2-sta. jBate
quartllB : survival: fully : survival: fully : survival: fully

: % :headed: % ;headed: % :headed

I. 52 6/1 66 5/31 71 6/l
II. 42 6/1 58 6/1 63 6/1

III. 35 5/30 47 %/\ 53 6/1
IV. 21 6/1 32 5/31 43 5/31

3xssss«ssss3szssszsms>ssssa3ssss«amsa3ssss3ss3xsa>aax«a»a

There is aoiae evidence of a slight tendency for the

upper hardiness quartilea to be about one day later than
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tb» lover quartllea, but th* difference I3 too aaall aaA

the relationship too Inconsistent to be significant. Som*

of the strains grown in the foiir-atatlon «l nterhardlaess

norssry were also crown 'n triplicate rod rows at (lan-

hattan. A eonparlson of the two-station survival and

earllness at Manhattan la shown In Table XVI.

Table XTZ. Relation between the two-station
(Moccasin and St. Paul) survival,
and dates fully headed of the P-
baek crosses grown at Ma^dtattaa,
Kansas, 1931.

s Kanred : Tenmarq : Eanred
t X : X : z

'^ifillflr'a ; Kanred t.!^<W?aa ^°t JAS
Hardiness tS-sta. iDate :2-sta. :Date t2-sta. :Date

qoartlle : survival: fully j3tirvlval:i'ully : survival: fully
<^ .uax4a^. a; •v>Asf4*i4» % slieaded

I. 50 5/26 68 5/23 70 5/26
II, 42 5/24 56 5/24 65 5/84

III. 86 5/20 4S 5/24 58 5/28
IV. 21 5/34 SI 5/23 43 5/28

Except for the Teuaarq x Kanred cross, t:<ere Is a

tendency for the wheats In the nore hardy quartltes to be

later than the less hardy lines. These data, however,

•ocgest the possibility of obtaining early, wlntertiardy

strains. For exaiaple, the hardiest one-fourth of the Ten-

aarq x Kanred strains were as early as the lowest quartile

group.
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A wlnterbardy strain of wheat Is of llttla Yailiie un»

leaa aocoapaaied bjr hi,-h-yl«ldins ability. Qiuurtlle aver-

ages of the two-station winter aiipvival and yield la the

foiir-statlon wintarhardlnoss mrsery at Colby are ^Ivsn In

Table XVII.

Table XVII. Relation between the two-station
(Meccaaln and St. Paul) survival,
and yield of the Pg baot^ crosses
grown at Colby, Kansas, 1931.

SS:S=SSS3SZS3S3SXSSSS=S3SSSS3SS=SS=SSS=SSSS3SS:SSS3=rsSSSS
Kanred : Tenmarq ; Kanred

X : X : X
anoarq ; ^anrod » Saasaa Mo. 445

55 35.7 67 36.1 72 37.5
48 S3.0 59 38.1 67 38.7
42 54.9 56 36.3 61 35.9
24 57.2 44 59.4 53 31.4

Hardlneea t2-ata. 3 Bu. :2-3ta. : Bu. :2-ata. : Bu.
quartile {survival: per taurvlval: per isui^vlval: per

: % ! acre : % s acre s % : acre

I.
II.

Ill,
IV.

S3SaS«SS3S3SS33S»S3SSSSSSSSSSSX3SSS3S«SSSaS3SS33SSSUeSSSS

In tbe flrat two crosses, the yield at Colby Increased

with a deerease in bardiness as tested at St. Paul and

Moecaaln, but the reverse is found In the laat cross.

Correlations between two-station survival and yield at

Colby of -.3533 ± .2362 for the Eanred x Kanmarq cross,

-.1255 ± .1212 for Tenmarq x Kanred, and #.4261 ± .1206 for

Kanred z Kansas Ho. 443 shows this saoe relationship.

Tbeee eorrelatlons were determined on relatively simU
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Kanred : Tenmarq
X : X

Kaanarq : Kanred

ntmbers and for thla reason shonld be eonslderod •« 0BI7

opproxlmatlcma to the true relatlonsiilps. vjiajr*tlle ayer-

•ges of t«o-statlmi survival and yield of the same strains

In triplicated rod rovs at Manhattan, Kansas, 1931, are

given in Table XVXII*

Tabl« XVIII. Relation between the two-station
(Uoccasln and St. Paul) survival,
and ;rleld of tlie Tg back crosses
grown at ^^anhattan, Kansas, 1931.

Kanred
X

RaMBB Ko. Ma
Hardiness t2-sta. : bu. :2-8ta. : iSu. t2-sta. : Bu.
qoartlle tsurvival: per :3urvlval: per : survival: per

: % : acre z ',J t acre : 'i : acre

I.
11.

III.
IV.

Two-station survival and yield at itanbattan gave a

correlation coefficient of -.3366 ± .1635 for Kanred x

Kaanarq eroases, • .1170 ± .1453 for Temaarq x Kanred, and

-.5500 1: .1141 for Kcmred x Kansas Mo. 443. There Is aone

Indication that hardiness at the two northern stations was

associated with low yield at iiaabattan except for the small

positive correlation of the TeniMrq x Kanred cross. There

are wide varlationa in yields of a strain at Colby and

49 43.2 64 46.9 71 44.9
42 51.2 60 47.1 64 46.0
52 48.7 53 44.4 56 47.0
16 47.7 39 46.4 43 49.5
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Kanbattan, Ecmaaa. This vould be aKpeetad du« to tho great

dlfferenees in rslnTall Hid other cllaiatlc aitd ao 11 condi-

tions at the two atatlona. Slnoe lateness Is oaually

asaociated with hardiness, aad lilgh yield aasoclated with

earllness, the aegatlve correlation between yield and hardi>

neaa is probably parti; due, indirectly^ to the tlam of

heedins-hardlness relationship. Even a partial understand-

ing of chai«8ter relatlonahlpa Is a great aid to the plant

ferveder.

Oreenhouae freezing trials of hybrid strains are used

to aairpleaoat field tests. This method is partieolarly

valuable at stations in the central aeetion of the winter

wheat belt, including Kaiiaas, wlxere severe winterkilling

oeeurs only occasionally. Greenhouse growing conditions

are very different fron field conditions and It is iapwrt-

ant to know the correlation between greenhoxiae and field

freezing bofove using the greenhotwe freezing trials aa a

gHHHM of seleetlns cold resistant plants.

Sarland Stevens (Z9) made extenaive greenhouse frees-

Inc tests on the P5 Tenaarq x Eanred crosses in 19S0.

These strains were grown at Colby, Kansas, the aane year

«td survival notes taken in the spring. Tno following is

a coaparlson of the greenhouse freeslnc Injury and sur-

vival in the nursery at Colbyi
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(hraviflioua* Avermg* |»r cent Per oant w1d»
Injury fp«eslng Injury ter survlTal
quartil« In refrigeration Colby, Kansas

cliamber

47.6I. 79
II. 70.8 72

III. 75.6 69
IT. 84.2 76

Injury In the field ranked In the same order as In the

greenhouse except toe, the high suTTlval of 76 per eent In

the field io greenhouse quartlie IV., which oay be due to

the faet that the greenhouse testa were made on unbardened

plants.

All of the Tenmarq x Kanred strains grown in the four-

station wlnterhardlness nursery were tested In Pg in tlM

greenhouae freezing trials. A quartlle comparison of

freezin^i Injury in the greenhouse with the two-station sur-

Tival of the strains in the field is as follows:

Greenhouse Average per eent 2-8tatlon
injury freezing injury (Moccasin and
quartlle in refrigeration St. Paul) win-

chamber ter survlTal

I. 44.9 59.2
II. 58.2 57.1
III. 69.0 44.7
IV. 83.4 40.4

The freesing at iSoceaaln and St. Paul was greater

and is a better Measure of cold resistance than the pr»-

Tioos yvara' field results at Colby. It will be notieed
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that the t«o>atatioi] survival decreased uniformly as the

ia^opy In tho ^eenhouse Increased. The aurvlTal In tlte

greenhouae and the two-station atirrlTal of the a trains

(•ve a correlation coefficient of e.esea ± .0395. This

high correlation is •ignifleant and indicates that the

SiVMiioase Bight wall be used in testing hjiarida for hardl>

n«sa, especially in the earlier generations, e.g., Fg to Pg.

The strains of Tenioarq x Sanrad showing a high two-station

survival and low greanbouae fraesing injury are being

tested in 1958 at four northern ezperlaant stations.

Late spring freaaas at Colby seriously daawigad sont

of the strains of the back crosses In the spring of 1931.

The datas of freezing and the temperatures recorded la

Nay, 1951, at three atatioas in Kansas, taken from -llimi-

tologio&l data, aura as follows:

Data
May

T«zq>ar>
ature

alMttaa 20 52°P.

Bays 12
20
22

52° P.
29® P.
29* P.

Colby 18
80

51° P.
89** P.

88 89° P.

These dates of last killing frosts in tho spring are aueh

later than nonsal, the average dates of last killlnc frosts
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being April 26 for ;.fani:i«tt&n. May 2 for Hays, and April 29

for Colby, for the twenty-year period ending with 1917,

The value of reslstanee to late freesing or the daa-

gar of loss from such injury to early, tender itieata la

dependent upon the frequency of oecux>renee of killing

frost* late In Hay. The following are late dates of last

killing frosts at three stations In Kansas from the estab-

lishment of veatlier bureau stations In 1917, Inelusivet

Date of last killing
Station Period frost in the spring

Ibmhattan 1858-1917 1874 Kay 22
1894 20
1907 Tl 27
1911 It 22

1894 Kay 19
1901 26
1915 n 21

1896 iiiay 19
1901 26
1907 n 27

Colby 1393-1917

Hays 1395-1917
(ezelading 1899]
(and 1900 )

Judging frcia past veatUor records, one might expect killing

frosts from May 19 to May 27 cmee in about every ten years.

There have been few reports of damage to wheat by late

killing frosts in the past, but a greater fliwiBfln nay be

expected in the future as farmers change from growing late

to early varieties.
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Th« wb««ts at Colby ^^parwntly ««re Injured by th»

t«o lav teiaper*tur«3 of Hay IS and tlw parlod Hay 20 to 22,

and It Is lgq>oaatble to dlsttagoish batwaaa Injuries

eauaad during two parloda of lov t«ap«]^turas. The first

freeze eauaed all of tbe «}»at to He flat on the ground,

tat all of tlM strains wholly or partly recovered trcen^

this oondltlcm* The second freese oeo;u>x>ed etaen the wheat

«aa In the boot stage. Barly Blackball was fully headed

at that tlaa and was very seveirely damaged. Later In the

•eason the Injured strains aasoasd a boahy, sprangly.

Hatted type of growth, probably due to plant injury and

yrodttoad nuay white spikelets and heads, ^obably due to

tarillty eaaaed by freezing of the wheat flowers.

The reaiatanoe to late spring freezing Injury is

probably dependent largely on the ability of the plant to

withstiuid low tenperatores end the stage of oakturity of

plant* at tha time of freezing. The relation betwaan

hardlneas and late freezing at Colby is shown in Table XIX.

The atralns injured by freezing had a lower two-station

(Itooeasin and St. Paul) sunrlyal percentage than the vaU"

injured strains, but a difference of only four pe r cent

probably Is not large enough to be significant.



Table XIX. Ctwtparlaon of two-«tatlon (Mocca-
sin and St. Paul) survival with
aprlnn freazinc injtiry, Colby,
Kansaa, 19S1.

ss=ssssss«rzss3SS3S=ss3»s=ssss=sssss=s=ssssssssssassss:a
::;ti»ain3 iiowini; :Ctraina allowing
tno spring freaz-ssprInG fraaslng
iia^ InJvu'J ; lnJ\B?

sNo. of tS-sta. ;Ko. of :2-sta«
Ovoaa tatralnstsurvival: strains xsurvlval

J s ^ J t %

Kaarad x Eaaoarq 17 96 4 St
Taoaarq x Kaorad 40 SI 7 47

No. 44S 27 69 8 61

Avaraga of all atralna 84 51 19 47

Ss=sssz=:s3ssssa3333sa«saassssas>ssssss3sas:s3Sss=3xssat8S8

Baaulta obtalnad In other taata Indloate that Injury

»aa graatly Influanaad by the ataga of maturity of plaata

at tha tliM tha tr»9%9 occurrad. At Horth ?latta, Habraska,

wbara the aaaaon Is later than at Colby, tlw rye orop waa

practically ralnad while the wheat waa uninjured. Hye la

ora eold reals tant than wheat but Is also earlier and waa

beaded at the tine tha fraasa oaourrad. In nine coopei>a-

tlva tests located In seven counties, soathaaat of Colby,

Karly Blackhull, a very early variety of wheat, had aa

average of S9.S per cent sterile florets, aa eoaparad t«

0.61 per cant for Kanred which waa not in bead at that

tins. The failure of the florets to fill was apparently a
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result of InjTiry to tho wheat flower In those splkelets

vhlcik were In bloon at th« time of the freejw. South and

MMt of this area, the temperature was apparently not lev

enough to cause aterllity, while north and west tha early

varieties had not yet headed and were not Injured*

The relation between tine of heading at Colby and iJan-

battan and spring freeae Injury Is ahown la Table XXn

HKbXe XX. Relation of spring freezing' Injury
to dates of heading at Colby and
ifanbattan, Kanaaa^ 1931.

sssssBsssasssss:

Cross

t strains showing t Strains showing
jno apo-lne frees-tsprinj freezing
; lna Injury ; Injury
3 Ho. of : Bate iNo. of (Date
J 3trains:fully istrains:fully
: :headed : thoaded

Colby

Eanred x Kaaaarq
Tenwrq x Eanred
Eaared x Kansas No. 443

Average all strains

17 6A 4 5/30
40 5/31 7 5/30
27 6/1 8 S/31

84 6A 19 5/30

Manhattan
Eanred x Kaxuaarq
Tenmarq x Kanred
Kanred x Kansas Ho. 443

17 S/24 4 5/23
31 5/24 6 5/22
27 5/28 8 5/22

Average all strains 75 5/24 18 5/22



TbA strains Injured by tbe spring fr««z« averaged two

teye earlier than the uninjured strains at both stations.

As the Injury at Colby affected the whole plant and not

Just the spike, the early strains with the heary growth

would be apt to reeeive Um greatest injury. It is pos-

sible that an early strain of wheat may evade spring freez-

ing Injury one season and in another season with a dlffer-

•Bt tine of maturity-date of freezing relationship, a late

strain will evade freezinQ injury. As the season progresses

the likelihood of a killing frost diminishes and a late

strain of Aeat stands a better chance of evading spring

freezing injury then an early strain.

Early varieties liave a practical value in lengthening

the harvest season and, therefore, cutting down the hazard*

of ripe and over-ripe wheat. Since aae ot the characters

Iwlng selected for In these crosses Is earllness, one anst

decide whether to discard the early strain* Injured by the

spring freeze, or keep them on the basis that they will

be superior to the later strains In years wben spring freez-

ing does not oeour. The Colby nursery la not a fair test

of Inhsrent yielding ability as the strains injured by

freezing wore greatly handicapped. Data on the saiae strains

groMa at HMOwttan, Table XXI., give a fair comparison of

yielding ability where spring freezing did not occur. The
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strains not Injured hy freeslng at Colby yielded preotieel-

I7 th« seoM ftt Manbattaa mm these Injured by the spring

freeze at Colby, which probably would Justify discarding

awet of the strains inJxuHid by spring freezing.

Table XXX* CoavarisoQ of spring freealng In-
Jorj at Colby with yields of thm
sane strains at !4aifiiattan, Kansas,
1931.

::-itrains shoving s retrains shoeing
:no spring frees- ; spring freezing
: ln£; injui-y ; injury

IS 48.4 3 44.9
19 46.0 4 46.6
84 46.

&

7 47.4

»Ko. of : Bushels :No, of jBushols
Cross t strains :per acre i strains iper aere

: tiianbattan: :Mai£iatteii

Kuired X Kanaar^
TeBflMUPQ % KaBQpefl

Kaared x Kansas Ho. 44i3

Average all strains 56 46.8 14 46.6

asssasBassat«a«ss««s«sass3ss3ssssa3S3>sssss3zsssx»is«aasKxs

Field Studies of Otiier Agronomic Characters

High yield of grain is perhaps the moat valuable

characteristic of a eereal erop. It is the end result and

sua total of ttM activities of the plant. Two laaln forees

determine the amount of seed produced (30). These are

envlrenaeat and heredity. In a cross between two durum

wheats, Clark and Soith (7) fo<md yield of Fj plants
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lnt«nwdlat« betveen the p«3F«nts with certain F^ strftlns

eamaadlag the yield of tl» best parent cheeks.

The fields of the i^'5 strains groira at Colby, 1930, are

pVAsmited In Table XXXI* The Eanred x EaiaMirq strains

ware intenaedlate in yield between tlie two psrents} the

TwiMsri X Kaared atralna averat;ed above, and the Kanred z

Kansas Ho. 443 strains averaged below both parents. Kanred

yielded more than the winter x spring parents. Conditions

at Colby seem favorable for Kanred and It often outylelds

fWHMrq at that station.

Table XXII. Yields of F5 l>aek crosses and
checks, ci*own In dupllcata Q-ft,
rows, Colby, Kansas, 1930.

SSSSSSX3SSSSSX3SSSSS3SSSSSSXZ3SSS3S=3«aZSSSSSSSSS3S3SSS3S3
; Ho. Of : Average yield

Cross : strains : Bu. per aere

Eanred x Kaiaarq
Kaared ehedcs
Kanmarq checks

s
9

40.3
41.0
25.1

Twnarq x Kanred
Kanred checks
Tennarq checks

ISS
10
8

42.0
41,4
37.6

Kanred x Kansas Ko. 443
Kanred checks
Kansas No. 443 checks

1S6
10
8

37.3
39.5
37.7

Average of F5 stralna 327 39 .8
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ftM Fg generation was apaos-planted ia eight-foot rowa

•t Hnliattan. A frequency dlatrlbutlon of yields of the

three back eroaaes la ahown In Table XXIII. The yield*

eoverad a vide range as la usually the caae «lth apace-

planted ro«a«

Table XXZII,. Frequency dlatrlbutlon of the
ylelda of the three baoli croaaes.

mw«ti«•«•««««>

Manhattan , Kanaas, 1930.

: Eanred
^^^^^^••!

: lonnsarq : Kanred
Wei£ht of grain : X : X t X
grama per row : Kanoarq : Kanred : Kansas Ho. 443

! j>ll II ^n
"f" *

50-59 1 1 X60-69
70 - 79 1 X80-89 1 I 1
90 - 99 I 3
100 - 109 7 1 6
110 - 119 9 9 8
120-129 6 A C
130 - 139 7 U u
140 - 149 11 t 14
150 - 159 10 12 16
160 - 169 8 18 8
170 - 179 10 4 14
180 - 189 12 11 14
190 - 199 6 10 16
200 - 209 4 10 6
210 - 219 5 8 4
220 - 829 1 8 S
2S0 - 2JS9 4 S 2
240 - 249 1 1 4
250 - 259 1 S
260 - 869 1 s
270 - 279 s
290 - 289 I 1
290 - 299
300 - 309
310 - 319 1
•««•«»««»«««««««ia*«»««««a«««i»m«.««>!««•«»«••saasaasssa
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The yields of the Fg baelc crosses grown i.n triplicated

rod rtmn, at Hanhattan, In 1931, ars ^I'^n In Table XXIT,

The crosses In each cane were Intermediate In yield

between the two parents. Teaaarq averaged IB, 9 bushels

more per acre than Kanred . The yields were slnllar to

those obtained for the strains grown In single rod rows.

Table XXV.

Table XXtT. TleMls oi" 1-6 back crosses and
ilfti. triplicated rod rova>•
Manhattan, !C«asas, 1931.

aiaa»a«Jic«B«s«asat«««s»«M««»«««« liiittaaiwKittti« aai«BtK«««»«w«

: Ho. of : Average yield
Cross : strains : Bu.. oev acre

Kanred x KauBMrq 80 47.7
Zanvad checks 9 34.5
tmemupq olieoks S S4.1

TMoaarq z Kanrad 45 43.4
Kanred obaeks 2 37.7
Tenoarq eheclcs 8 52.3

S5 45.9
Kaia>ed ehaoks S 41£
Taaaarq tbmtika 2 50.8

AT«r«g« all F. atralsa
* Kanred ehaeks

120
7

46.8
57.3

" Tenaarq eUecks 7 52.6
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Tabl« XXV. Yields of Pg back cro8s«s and
otMOks, single rod rows, Man-
hattan, Koiaas, 1S31.

: Ho, of s Average yield
Cross : strains i 3u. per acre

Kanred x Kanmarq 58 44.2
Kanrad cbacks 2 43.0
Tanmarq ebaeks 2 50 .S

7aniaarq x Kanrad 28 46.9
Kanrad caeeks 2 47.9
Tanmarq ohaeks 3 53.1

Earned x Kanaas TIo. 443 24 51.6
Kanrad cbacks 5 47.7
Tanoarq ebaoks 2 51.1

Avaraga all Fg strains 90 47.0
" Kanrad chaeka 7 46.4
* Tanmarq clieeks 7 52.4

Zn triplicated rod row tests at Colby, Kansas, tba

F5 crosses ware Intenasdlata In field batwaen the two

peu^nta, as shown in Table XXVI. Eenrad checks outyieldad

tha T^utarq ehacks as In the previous year whereas the ra-

verse was trua at Manhattan. The low yield of Tenmarq at

Colby may be accounted for, in psart, by freezing Injury.

The yields of the strains groan In duplicate eight-foot

rowa are given In Table XXVII. Coapared with the parents,

those strains ranlred In the aaoe order as those grown In

triplicated rod rows.
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Table XXVX. Yields
cheeks,
Colby,

of ?Q 'aao,': crosses and
triplicated rod rova,

Koaaas, 1931.

=s=ss==a=s==s=s=s:S==S==33===S=a===S3=3= 3Sm =====s=s===ssss«

Cross
: Ho. of
: strains

:

:

Average yield
Jju. jt- !• aero

~*~—"""-""-—"—-—"-—

~

—
Kanred x Esaoarq
Kanred clisoks
ttamtam check

48
2
1

56.0
39.9
29.6

Tanawrq x Eanred
Kanred oiiecka

61
Z
3

57.0
41.1
33.3

XaBr«« X Kansas Ho. 445
Kanred cliecJio

Kansas Ho. 443 cheeks

66
2
2

37.9
40.4
S1.8

Average of all Fg strains 168 37.1

sss«sssssaasaase««ssHas«*a«s«««assas3ssssst:3szas33xssa««a

Table XXMtl, yields
checks

of Fg ba«k erossas and
, duplicate elsht-foot

rows. Colbr» Kansas, 19S1.

33sa3sass«3s=«38s8aaasssssaastscsssssass aas aaaaaaaaaaasasaa

Cross
: So. of
: strains

•

5

Avaraeo yield
Bu. per aera

Kanrad x Eanaarq
Taamarq x iCeni'ed

Kanred x Kansas No. 443

8
35
SS

54.4
37.3
36.5

Kaarad oheeks
Tenoarq checks
Kanoarq chock

S
6
1

39.0
32.0
20.3

1

333SSSSSSSSaSSSS33aa333333SSS33333ar3Sa3aSS33S33S3S3SSIiSX)l
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Variations In ranklne of yields of checl: varieties

bet»een Manhattan and Colby vould lead one to expect that

tlie bytorld strains naght also reftct differently to the

environaental eondltlons at the two stations. To determine

this, a oorrelntlon of yield «as laade on strains grown at

the two stations. Yields of strains grown In coiaparable

triplicated rod row nurseries at the two stations gave a

correlation value of r -.1292 ± .1297. This Is not a

algnlflcaat negative correlation, bat It plainly shows

that the aaae strains did not produce high yields at both

stations. A high positive correlation xd-ght indicate wide

adaptation. This correlation and the yields of the checks

«oald indicate that Tonmarq should not be reeomoended as a

ooBMrolal wheat foa* northwestern Kansas and that selec-

tions of the back crosses made latder the le ss severe con-

ditions at Manhattan nay not be well adapted at Colby.

Keporta on correlation between yield and earllnoss

have varied greatly, depending upon location of the experl-

enta. In a study of 2lxty-one hard red spring wheat

strains grown at the iiorrls Branch Station, Minnesota,

Bridgford and Hayes (2) obtained a positive correlation

between yield and date of iieadlng. Definite evidence was

obtained of negative correlation between yield, sad days

fPOiB seeding to beading, by Soulden and Elders (10) froai
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d«t« coUeeted dtuplne the season of 1925 on 146 wheat

varletlo* g'omi at Trinnlpejj, iilanitobn. Flnnall (9) taaxA

no consistent relntlont b«t«Mta tloe of smturlty and yield

In reriety teats at the Pmabmaia.l» Ejtp^ijaent ?s%tl«», Good-

««11, OklnJifliaa, dorlnij the period, 1924 to 1950, Follovias

Is a qosptlle comparison of yield and oarlinoss of 120 P.
o

strains of the three back crosses grown in triplicated rod

rows at Manhattw), 1931

1

TieId Average yield Average date
quartlie Bu. por acre fmiy headed

I. 52.1 5/23
II. 47.8 5/22

III. 45.4 5/24
IV. 41,8 5/24

The upper two yield quartilea averaged 6.3 bushels

bl^er in yield than the lower two quartiles, and were ona

to two days earl-»r. This relationahlp did not exist at

Colby, as shown by the following quartile average of 155 P-

strains 0fova in triplicated rod rows at Colby, Kansas,

1931J

ric26 Average yield Avere^'je ciate
qiiartile liu. per aere fully headed

I. 41.5 5/30
II. 38.6 J/50

III. 56.2 6/SO
IV. S1.9 sAO

SJjtty-rive strains or the back crosses grown in dupli-

cate eight-foot rows at Colby in 1951 gave the following
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RV9X«n««t

Tleld Avep«s« yield Av«'m£« tet«
^UKTtlly Ba. per ecre fully hwa«d

I. 42.3 e/32
II. 39.0 6/X
in. 35.2 6/1
IV. 29.6 6/1

thv strelns In qiiaptlle I. headed on« day earllar

than til* strains in the other three quartlles. Differences

In earllaeas at Colby were so sll^t that little confi-

dence can be placed In these eonpariaons . The late spring

freeM at Colby lnjure<? the early strains. The high yield

of Kanred and the lotr yield of "Penaarq at Colby suggest

tJiat coM roslstnnee is of i-T-eat liRoertRnco there. Earll-

nes« Is probably desirable but needs to be eonblaed with

hardiness.

In seme wheat erosses earllneas is domlnsnt to late-

ness. Thus in e b«clc owss of a late sprlnr: hytn-ld seXee*

tien from Marqnls x Eanred, to Marquis (1), the sesrega-

tlon Tov early and late heading ««gg«ote« at least a two-

factor differei»o with eorllneaa dnmlnent to lateness. In

various eroaaea between six varieties of aprlnc wheats,

including Harqals (28), the oean of ^he ?j ^oinlatioo was

Interaedlate bat nearer to the early than to the later

parent, the means of the Fg generation were Intermediate

or tended toward the early parent. The Fp was store Tariable
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than «ith«r pAirent and extended over a range appx>oxl!9atlng

the combined range of both parents. The Fjj families shoved

alaioat all degz^es of earllness within the limits of the

parent Tarieties and in some crosses the extreaea of botb

parents were exceeded.

The dates of heading of the f^ hybrids and parents at

aobattan, 1929, are shown in Table XXVIII. The Kanred x

Xaanarq ei^sses were earlier than either parent; the Ten>

arq x Kanred crossea were eqaal to the Tenmarq eheek in

earllness, and the Kaored x Kansas lo. 443 crosses were two

days later than the Kansas So. 443 check. The tendency

toward earliness in the hybrid strains is probably due to

the selection of early atralne in previous generations.

Table XXVIII. Dates fully headed of F4 baek
crosses and checks gi>own in
ei(^t-foot, spaeo-planted rows,
Oanfaattan, Kansas, 1929.

ssssssssszsssssssassrssssssssssrsrsssrsassssssssssssssssss
: No. of : Averaj;;e date

Cross : strains : fully headed

Kanred x Xanaarq

Xanaarq checks

139
8
t

6/2
6/4
6/3

Tonwrq x Kanred
Kanred eheeka
Tenmarq checks

150
T
7

6/1
6/3
6A

Kanred z Kansas Ho. 443
Kanred cheeks
Kansas No. 443 checks

tu
12
12

6^
6/4
5/31



In the Pg G«n«ratlon, Tabl« XXix., the flr«t t««

eroMMS were aa early as the early parent and the KaareA

X laaMM Ko. 443 hybrids were three days later tJian th«

Kansas Ho. 445 parent. In each eross the hybrids aTeragvd

two days earlier than the Kaored parent.

Table XXU. Dates fiUly beaded or F5 baek
er««ses aad cheeks, grown ia
•iC3&t-foQt, spaee-planted rows,
Itahbattan, Kansas, 1930.

sszssssssssssssssssssssssasssssxssssssssszssssssssssssssss
: No, of s Avera.je date

Cross • strains t fully headed

142
10
9

S/Sl

5/31

188
11
11

5/50
6/1
5/50

264
18
18

6/4
5/29

Xaarsd x HTsnisarq
Kaored cheeks
KwuMrq ^i*eks

Teamarq x Eanred
Eanred cheeks
Tennarq checks

lanred x Kansaa Ho. 445
Kanred cheeks
Kansas Ho. 443 checks

SS33SSS33SSSXX33SSXSSS3SSSX3Ssataa3M»SSSSS3KasaS8SSXSSSe

In the Pg, Table XXX., as in the other generations, the

hybrid strains averaged nearer the early parent in date of

heading than Kanred. Many of the strains headed earlier

than the early parent while very few were later than the

late parent. It should be possible to seleet froa the back

eroasee desirable hybrid strains equal to Tenmarq in earli-

ness.
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iaMM XXX. Datas fall; hesded of Fq tMwk
crosses and ebseks, grown In
triplicated rod rovs, Manhattan,
Kansas, 1931.

::ssss3ssssssssssasssss3sss3sssxs:sa3:sssss=ss3S=s3Sssss

Crose
: Ho. of
J strains

: .ivorago date
i fully headed

I«w«d X KaaiMrq
Kaarcd eheek
ITwiMi II eheek

» 5/25
5/27
5A4

Taaaarq x Eaared
Eanved cbe^a
Twi u cbeoks

67 S/24
5/26
5/2S

Xaared x Kansas Ho.
Xanred cbeoks
Ts—iir% aHaeks

443 M 5/24
5/26
5/88

SS3SSSSSSSS9SSSSS33S3S3ZSXSSSSSS33SSSSSSSSXSXSS=SS33SSaS3a

IiOdglng Is greatly influenced by the environment, es-

pecially fertility of the soil, but many strains of wheat

have be«B produced wbleb have the Inherent ability to staad

well. Aaeevdizig to the Howards of India (15), standing

power spears to be due to at least two factors; first, to

str(»£ straw, which is generally associated with very

erect heads, and seooad, to what laay be oalled power to

foana a •tvoag root systea. Lodtin^ in Kansas appears to

be due ehiefly to weak straw. SaiMoa (36) found a high

positive eoi-relatlon between strength of straw, as tested

with a straw-breaklng machine In the laboratory and re-
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slatanee to lodging In tbm fl«14*

The p«re«ntCL,-^es of lodging of the Fg baeic eroaMts aaA

eheeka are glTen In Table XXXI. The strains of e^eh of

the three baeli: crosses were Intermediate la lodging re*

slstsnce betveen Eenred, the ma]c>stra»ed parent, and the

stiff-straved winter x spring abeat parents.

Table XXXI. Lodslng of Fg back crosses and
eheeka, grown in eight-foot,
spaee-planted rows, Manhattan,
Kansas, IGSO.

S=SZ=SZ:3ZS3S=SSS=SS3S3SSSSS=SS33SSSr5S5S3SSSZS=SSSSSSSSSS

: So, of i Aver«s« P*'
Croaa : strains : cent lodging

Kenred x Kannarq
Kanred eheeka
Kanwwrq oheeks

Twaaarq x Kenred
EmBormA eheeka
TaMMorq eheeka

Kanred x Kanaaa Ho. 44S
Kanred checks
Kansas No. 443 cheeks

167
10
9

11.2
25.5
4^

217
11
11

9U
19.5
2.3

SM
18
18

19.3
24.2
13.1

In 1931, the wheats In the nursery were bsdly lodged.

The percentaces of lod^lns of 180 hylirlda and ohe^»

Srevs In triplicated rod rows are shoim In Table XXXII.

The first two eroaeee were Intermediate In lodging between

and Kanred, bat the third ei>oss was more resistant



to lodt^lng than tlta T«aaar% Ohecka. The atpalns showlag

• high dagre* of lodging mra dlsoardad In the rield.

Table XXXII. Lodging of Pg bftck crosses and
ebaelM, com ^ tripllcatod rod
FO«B, antettan, Kansas, 1031.

Croas

Kaarad x Kaanarq

ohMk

z Eaarod
K«nr«d ehaaka
Tamaarq ohaeka

Kanrad x Kansas No. 44S
Ka-nrad choeJca
Taoaarq ehaeka

Vo. of
strains

1 Avaraga p«a>

t cant lodging
*~~""""—"*-—'*-

32
1
1

67.6
70.0
68.0

2

61.7
76.0
56^

••
•
t

49.2
70J)
51.0

lodging aiay he eauaod In part toy a haavy yield of

grain. It Is iiqposslble to dlstlaj^sb batman lodging

Aoe to waak atraar and that due to axeesslve weight of baada.

Rtaat aay i^paar to have atlff straw irtian in reality the

haada ara too lle:ht to break the straw. This faot makes

it more difficult to produce hlgfa-ylaldlng atrains whieh

ara resistant to lodging.

In a test of 146 wheat arletles, Gouldan and Sid era

(10) obtained a negative correlation between yield and

strength of straw. Following Is a qoartlle average of
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yield and lodging of 122 strains of tb« thp«« back cpossss

grown in trlplie&ted rod rows, ttaithattsn, 1!?31:

Yield Avarage yield Averace per
qoartilg Ba. par a.ere cent lodf;lng

I. 62.1 53.4
II. 47.8 53.1

III. 45.4 57.9
IV. 41.8 56.1

Bleh-Tieldlng strains baive been developed which sra

resistant to lodginc than the lower-yielding strains.

High-yielding plants resistemt to lodging have been

selected in each generation and dlatlnot progress has been

aada.

Laaf rust occurs In Kansas every year and In sons

years severe epidemics cause serious losses, tbntns (19)

estimated the average reduetlcm In wheat yield in Kansas

•minted to 14 per cent or 16,413,000 bushels for the nine

years from 1919 to 1927. Johnston (16) and others (20),

(2), and (10), showed that heavy Infections of leaf rast

greatly reduced the yield of wheat. The loss in yield was

due jrinclpally to a reduction in the nxiraber of iromels

produced, end in the sise of the individual kernels. Leaf

rust infection increases the water requirement of plants

(21) and, therefore, ia an important factor in regions

where the axpply of moisture is limited. Quartile aver-

ages of yield and percentage of leaf rust infection of the



60

Kg back crosses cpown In trlpllcatefl rod rows, Heidisttan,

1S31, are as follmrst

Tleld Average ^leld Average per cent
q"«rtl3.e tia. per acre leaf rust infection

I* 52.1 4.7
II. 47.8 7,S
XIX. 45.4 6.S
IV« 41.8 6.S

Iba upper yield qaartlle had the la«ost leaf mat Infeo-

tlon and quartlle II. the hlgliaat, the average Infection

being a little lover than far th« two lowest yield quar-

tlles. Nearly all faybrlda Included In these copiparlsona

ar« ruat raalatant.

Tha averaga per cent of leaf ruat infection of the

Fg to Pg back crosses la presented In T.ble XXXIII, In

••ry eaee except one, the eroasea averaged between the

two parents in per cent Infection. It will be noticed

that the hybrids avera;:ed nearer the rust resistant winter

X apriag parents, than Kanred. The baelc-erossed strains

apparently retained aome of the leaf rust resistance of

ttie leaet suaeeptlble parent, and progress has been Made

in the selection of ruat resistant strains.

Bridgford and Hayes (2), in a study of 61 atieata,

found a positive correlation between heli;ht and yield,

Belsbt was also correlated positively with heads por spike
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and kernels puT splkelwt Wiixcii nity larcely accoant for th*

iaer«MUM» In yield. FoUcNrlng Is a quartlle conparlaon of

yl^lt' Mid height of the Fg two); cpoesea gptjwn at ^:«nh*kttai

la 1951

i

Tleld Avmr*z« yield Avemg* hel^t
quMPtlle Ba. per acre Incliea

I. 5S.1 40.4
II, 47.8 89,6

III. 45.4 39.7
!, 41,8 39.6

Th« stralna in yield quartlle I. averftcAA aboat ta

Inch taller than the other three qoartllas which were

practleally equal la height. At Colby ttera vaa a r^reatar

aifferanoe in heleht as shcm by the following quartlle

a»era/^ of the I'g back erosaas groim at Colby In 1531:

Tleld ATeraco yield Avarace height
quartlie &i. per acre Inches

X. 41.& 51.6
II. 38.6 31.0

III. 36.S 30.S
rV, 31.9 30.5

The plants la yield quartlla X. averared 1.1 inches,

and qvuuptlle II. O.S inch taller than the plants In quar-

tllea III. and IV. In a dry seaaon the short strains prob*

ably would nore nearly eqoal the tall strains in yield.

By selecting short strains suitable for the combine har>

eater, one is apt tc discard a larce nusAwr of the hicber

yielding strains.
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Qiuaity Studi«M

It 1« g«nerall7 recognised that milling and baking

qualltlas are dependent upon genetic factors, bat envlron-

ental conditions profoundly Influence the expression of

tbese faetors. Various wiieat breeders (13), Including

Blffen and Kngledow In England, Saunders In Canada, and

the Howards In India, agree that milling quality Is an

heritable eiiaraeter. It was observed beth In Fngland

au& India that Tarleties which differed In baking qualities

tended to retain their sbim order of floor strength at

different stations. There is every reason to eoncltide that

good milling qaality can be combined with other desirable

tiMNMters by cx^ossing end subsequent selection.

Votes on grain texture, pluiq>nes3, and yellow berry

were taken on all strains of the back orosses and teat

weights were obtained whenever a sufficient supply of grain

was available. Protein determinations were made on a

large mmber of asmples and baking tests made on a few of

the strains in the Kg generation. In classifying Mieats as

to texture, four divisions are used} corneous, aeini-

comeous, seml-st&rehy, ud starchy. All of the baek>

crossed strains and parental checks are described as seml-

coraeous.



Th« r«Iationsblp bet««wi plunimosa and yield of tba Pg

gcnaratlon of the back eroasas is sko«n in Table XXXIV.

The strains m«F« divided on tb» baste of plumpness into

t«o groopa, the lover and npper balvea. Hl^ ^iold was

associated vith pimp kernels eauept for tbs Temaarq x Kan-

rsd cross grown at Itenbatton in which the average yield was

0.2 bushel in favor of the less plin^ groap. In the other

tiy* eases, the yields were from 0.8 to 5,4 bushels higher

for the plua9 kernel group. This agrees with the findings

of Hayes^ Aamodt, and Stevenson (12), who obtained a posi-

tive correlatl«n of .6228 between plua^nesa and yield In

winter lAeat. Brldgford and Hayes (2) also fouztd yield aad

plmvaesa to be positively correlated in tpring wheats.

Table XXXIT* Relaticm between kernel plu^^
aess and yield of Fg back-crossed
strains sromn in 1931.

S3SSSZ:SSS3S3SSSSSSXSSSS3XS==S=39SSSSS=333S3SSSSS3a==S:SSS
; MaitfMtttan ; Colby
: Av. % I Av. : Av. % t Av.
t pluHp^ t yield ! plump- : yield

Cross t ness j Bu. : nes3 ; Bu.
: I per A.: : per A.

Kanred x Sanmarq
Upper pluamneas half
Lower »

84 50.4 83 .3 36.4
80 4S.0 90.7 36.6

Teniaarq x Sanred
Upper plUBpneaa'half
lower ^ •

82 46.5 88.8 39.2
79 46.7 79.2 34.9

Kanred x Kansas lo. 443
Upper pluamess half
Lower * "

S:=33S=SSSS=SZ=SS:3SS=S=31

85 47.1 82.0 38.3
82 46.1 79.4 37.5

:3s:==:z
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Aeeordlng to Hayas, Aamodtj and Stevenson (12), a

3lag)le note recardlnc C^^i^ pluB^)noa3 is apparently of maah

isQ>OFtanea in an estliaate of the probable Talue of a n««

election or hybrid variety. Selection on the baaia of

grain plun^xnesa ip pears veil worth while during the segre-

gatini^ genei^tiona of hybrids when accTurate yield data ar«

not available. The averas* plvanpness of P3 to Pg eoner-

ationa and parents of balked grain from space-planted rows

is glvwi in Table XXXV, Tha hybrid strains avera~sd highar

in pluntpneas than the low parent exeapt for the Fg Tannarq

z Kanred erosaea in which only one check of each, parent

was available, which is not a reliable comparison. The

hybrid strains aveiraged nearer the high pcvant in poreaat'*

age of pluDpness than the low parents and in thraa la**

stances avcraced higher than either parent.

Test weight probably Is a battar naanre of plumpness

than is a general note taken by observation of a aaall

ssmple. By balking the grain from tha three rod rows la

the triplicated series, it was possible to detarmlne the

teat weight for tha F^ ganeratlon. Table XXXVI. There waa

a close association betwaen test weight and yield, similar

to tha plunqiness-yleld relationship for HaiAiattan . At

aiiMittan a difference of one pound in test weight aeeo

paniad an average diffaranaa of approximately one mxA



66

MOO t"*t- •HtO (O
^ _ - • • •

«<o g e- m to
tt CO CO QD 00 09

fOGtO Oi rH rH O CO CO
6 rt rt rt r^ * r*r4
•-I rt 1-1

iac-<-< uai"© '^rtca
• •• ••• •••
0>IOCD tOlOip P>HIO
> e- 1- t- 1-

F

ff c3 c-

oc-o
03 S^^

CO <o« !0OO
<o cc «>
cam OD

C- OO 0»O t-
c5 o o> a) o>co

O

M
n
H
II

H
M

o



67
H (1

H • i
II

H < 1
II

U II

R
II i 1 lOt-Ort oioiioo r-ltO loa

tt
II

tt C C 1
• • • • ft • • • • • • • tt

S 1 (Ot-t-io oe>cc lO
'*nigrt

aasoDt- 11

H • • 1 Mion A ion 10 to II

n
n IX S5 1

<l

J
II « !
II H 1
II o i
II o 4> • 1

•

H ^ «9 1 ^co>*e> Oioon *«0^«B t

If « ^b,-; 1
• • • • • • « • • • • tt

• II «4 f-l 1 QOtOCU« lOlOlO
O O 01 CO CjO COE- 11

(C H O • 1 o la laio Id lOlO to II

It -H » It

%4 II II

o II V •• » •• 1 It

s
II

n •
< 1

if

s n
It f< 1 «0>O«H *=1W"» *««•* 14

1

p. H dE !

• • • • « • • • • • •

S5 OtDC-10 > CO lO <* 6-25: "o

<o -< t ^^^'C
s

M 4> O • 1

n 49 Hi
1

M M m 1

«3
1 4
< A
H c
' j9

1

1

8 .

H a « 1 m^Ofl
» • • •

lOt-«C- KXOMn It

tl P tO,C; • • • • • • • • II

n t4 H 1 1-IOO05 OOCBC9 i-IQOC
O O U lO

tl

«• f«i II C O 1 ocDioia O t9 lOlO It

• n n i^ » II

e a> II It

4J i-i n ...... ..

II

II

a c " 5 1S *J 11 o
H rl

* • • • » • • •
H W W> • • « •

W M H> 1

i 1 N • • 3

WWWH H MMW •W M HW
II
1

1

§ .
N &« » a> tl

tl

<H « n >• m ,. .. tl

P ^4 II It

II

«
It %

It
*
•

K S •1

n
•

•
o

t

1

I

• n BS •

i

M
II

It

u 1 1 3
t
•

c

II

u
II »<i 1

1

t
>« It K H
f> N K M 1

m n o" 1

5 n
N
H o
n O 1 1 1

t

t

1

n U
M O &> \i



68

MM-lwlf bushels In yield. At Colby the Rssoeiatlon iras

!• OArked, hovover. In eaeh eross, quartl2e X, h&d a

hlcber yield than quartlle IV.

Clark (4) concluded that there is •grsgation for

crude protein content in wheat hylarida similar to that Tor

other quantitative characters* including yield. His data

indicate that the inheritance of crude protein content is

as cooplex as that of yield and thet environment is fully

as In^ortant in determining the result in one case as in

the other. In crosses between Hodsk and Kahla wlisats in

Forth Dakota (7), crude protein content for Fj strains «^
Intanaediate in comparison with the pax>ents, vith an In-

dieaticD of trana^;3?easive inheritance beyond that of the

parentu for both hi^i end lost pix>tein content,

Tlie avesrage protein content of tlio Pg hyta-id strains

and cheeks thrown In ti^plicated rod rows at l^anl^iattan in

1931, is given in Table XXXTII. The Kninarq and Tensuurq;

crosses were intenaediate in protein content bet««en ttta

Tensairq and Kanred cheeks and the Kansas No. 445 cross

averaced lower than the Tanawrq oheek. Six of the hybrid

strains had a higher pj^otein cuntent, end thirtewi had a

lower protein content than either jarent, ahoEring sane

evidence of transgress ive segregation.
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Table xcrvil, AveratiO profceiu content of l^g

hybrlda and checks Groam In
triplicated rod rowa, >;ar)-

hattan* Kanaas, 1931

•

SX33SSS3S3SSSS3S=sa
: So. ox' : Avaraga per

Crosa : strains : cant protaln

Saorad X KaiBMUPq 8 14.5S
TflOBarc z Kanrad 14 14.54
KMUrad z Kansas iiio* 44S 19 15.49

t ahaeka S 13.64
ImufA ebatfra

•«««««

« 14.84

the aTai«£e protaln contaot of tha hybrids and etaaeka

groan at Colby, Kanaaa, in 1931, la el^en la fabla XXXTIII.

imbim XXXVIII. Avara^^a protein content of P^
hybrids end checks gronri In
triplicated rod rows, Colby,
Senaaa, 1P?1,

SSatSS=SS3=S3S3S3S33Z9S=3S=SSS3S9SSsas==S3=SSa3Z3rSS33SSSS«
: No. of t Average par

Cross : strains i cent -i^rotela

Kanred x KMMarq
Kamanrq clxeck
Kanred ebaolca

Tawarq x Kanred
Tannarq ehaalca
Eanrad ehatit:

Eaored z Kansas Ho. 443
KansRS ^o. 443 cliecles

Kanred cbacks

6 12 .18
1 12 .90
a 12 .20

u 12 ,59
t 12 .D3
X 12 .25

19 12 .52
8 14 .05
2 13 .25
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Ppoteln detomlncktlona ««*« nede on only one or tmo

cbeclca of o«eli parent which do«s not make a Talr coa9«rls«B

with the lwe3c crosses.

At: itenhattsn, Kejired had a hl^Jier protein content mat

lower yield than Tenmarm, while at Colby, Kanred had a

lower protean content end higher yield than Tenatepq, In-

dieatlng Inverae corrclotloti betweon protein and yield*

In a cross hetween ^.larquis and Eota grown la Haatastmf

(6 J yield end cmde protein content were naeatlvely cor-

related In both the Fg and the Fj ijaneratlons, t>ut la

neither oaae was the correlation coe:fficiest sofficlently

laree to be considered ipiportant fron a plant breedlac

atandpoint. Clark (4) atatea that the two characters aT«

fMqaently but not always ne^^atlvely associated. The

quartile averates of protein content and yield of the Fg

generation grown In trip).icated rod rows are shown in

Table XXXIX. Contrasted with results from, other stations,

there was soiie tendency for high protein content and high

yield to be positively associated. This la probably due

in part at least to the selection In earlier £;enerations of

hich-yleldlnt; strains havlae a bigh protein content.



fabl* XXXIX. Relation betvoen pi>otel]i content
and yield of I'"6 hybrids grown in
triplicated rod rowa, 19S1,

! Av©ra;;e : Average
Protein : per cent : yield
qiMTtilas : protein t oa, per A,

Mai hattan : Colbr
: Average t Average
: per cent : yield
: protein : Qu. per A,

I. 14.92
II. 14.17
III. IS.72
IV. 13.10

52.4
50.9
51.8
50.6

13.36
12.60
12.28
11.90

41.6
42.1
41.4
37.8

For vtbeate weighing more than 54 pooads, Shollenberger

(87) found a tendency for protein to decrease as the weight

per boahel increased. The wheats used in thla study dL 1

bad test weights above 54 pounds to the bushel. At Man-

hattan, Table XL., there was a gradual increase in per cent

pluapmess as the protein content decreased.

Table XL. Relation between plim^nesa and pro-
tein content of Vq hybrids grown in
triplicated rod rows, 1931.

S5SS33aS3SSSS33SSSSSS5SSSSSSSSSS3SS3BS3S3B=S3ZX£S3SSX333S«

: Manhattan i Colby
s Averaco > Average t Average : Average

Protein : por cent : por cent : per cent : per cent
quartiles : protein : pl-ompness : protein : plumpness

I.
II.

III.
IV.

14.92
14.17
13.72
13.10

82.1
82.7
82.9
84.4

13.36
12.60
12.28
11.90

81.0
80.6
31.3
82.1
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•heats grows *t Colby gave similar results to those

at Maafaattan except I'or a rerorse order In quurtlles I.

•ad II.

Aeeordine to Jonos and Mitchell (17), yellow berry la

the raanlfeatatlon of nutritional disturbances, reeultl^

from insufficiency of nitrogen and other alMMnts of plant

food for adequately meatlno the requirement of a nomally

developing crop. Based cm their statement, one vould ex-

pect the strains of wheat high In yellow berry to hjive a

low protaln content. This Is the case as shown In Table

XLI, There was an Inci'ease of e.4 per cent In yellow berry

from the hlch to low protein content quartlle of the strains

grown at Haahattan and an Increase of 9.3 per cent for the

strains girown at Colby,

Table XLI. Relation between protein content
end yellow berry of Kg hybrids
grown in triplicated rod rows, 1951.

=««s»«a=a=ssaBS«sss==E=s==ajt=sssa==sassssrssasss«sasasasa«
Manhattan t

: Average : Averago j Averace : Average
Protein : per cent : per cent : per cent ; pop cent
qoartlles : protein : yellow s protein : yellow

! : berry t : berry

I. 14.92 9.0 13.36 5.4
II. 14.17 7.1 12.60 10.0

III. 13.10 9.7 12.28 7.8
IV. 13.98 15.4 11.90 14.7

ssszsassBasaaazaxasascssasasasasSKasaasasssaaasaasaxsssa
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U5£h yellow b«rry and high yield are •••oeiated aa

ahoin In Table Xhll. Althoueh the dlxferene* In yield

b«tW0«n Um hlgti and low yello* barry strains are not

great, la all of the oooiparlsoDS at the two stations ex^

capt ona, hl^h yallow barry la accoiipanled by high yield*

Tataarq often has a high pare«nta£;e of yellow berry kernels.

At Manbattan, vhare Tenaarq ylaldad much higher than Kanred,

it also had a aaaeh higfaar paapcwttaga of yellow berry, while

at Colby lAiere it yielded less than Kanred, It also aver>

aftaA higher in peroantaga of yellow berry than Kanred, vhieh

would indicate that the high yellow barry contwit of Ten-

arq la at least in part due to its high yielt^in;; ability.

Eight of the back-eroaeed strains and one Tenmarq

chaek graan in the Moihattan nursery in 1951 were allied and

baked by the Department of Hillins Induatryp Kansas Stata

College, see Table XLIII. The hybrids made fair to good

loavaa and all the strains tested wav« sriitable for bread*

V T I It purposes, "^-o three K&nred z Kasnarq orossos had

higher loaf Tolnses than the 1'eniiiBj'q eUeck, but the fiYW

strains froa the other two crosses had slightly lower loaf

voluaea than the Tenoerq cheek. Kanred x Kanaarq, mill

aarial No. 17005, had a loaf toIom of 1710 c.c, ehlch

is 130 c.e. larger than the Tenmarq cheek.



75

ImbU XLII. Relation batseen yellow berry
and yield of Fe hybrids groro
In triplicated rod rows, 1931,

:

Cross :

1

: Average : Average
No, of : per cent : yield
strains : yellow i Bu, per A.

: borry t

Hhabattan

Kanred x Kanaarq 10
10

14.4
1.8

48.7
46.7

Tattaarq x Kanrad 22
22

12.7
4,4

47.9
45.0

27
28

21,6
4,5

46.3
45.2

Tenaarq oheclts
E«nr«d "

S
s

17,3
4,7

56,0
38.0

Colby

Ksnrod x KansHarq

Kanred "

ai
1
2

10.5
2.2
5.0
9.0

S6.6
35 J5

39.1
39,9

T«amrq x Kanr«d

Twawrq cheeks
Ksnred "

86
86
8
1

12.8
3.3
14.0
7.0

37,7
36 J5

S5.3
41.5

Knr«d x Sansaa No. 44S

Kansas No. 443 checks
E«nr«d cheeks

32
33
2
2

10.7
3.3
1.5
8.0

38.3
37.5
31.8
40.4

ssssssssaassssssssssssss;ssssssssss==3=3SS:SSSSSs:ss=ss=3ss
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Teaaapq was equal to Qxo boat hybrid strain in color

wad textxire aeorea, whilo one ot tho Tennarq x Kanrod

oti^ins was down to 00 in taxturo. All of the hybrid

strains we?* higher la water absorption than Tenaarq. In

Plate X*, sanple Ko» S renresents the best, oad saaple

Ho. 4 the poorest loaX froa the Kenred x Kamaarq cross.

SanQ>l« Bo. 7 l3 a Tsomarq check. P.cnple Ho. 14 represents

the poorest and sanple Ho. 15 the best loaf frost the Te»-

TTjarq x Kanred oroas. The pictnre shows distinct differ-

•noes In baking value of the hybrids, said It should be

possible to select baclc-erossed sti>alns having; excellent

ttdclBg qualities.

saiOIABT ARD COHCIASIOHS

1. In 192S, three bae)c crosses were taade Involving

Kenred, in an effort to combine additional factors for

winterhardlneas frorti Xanred with those lo:? earllness,

stiff strsrw, hijjh yield, and excellent quality of ICajiEMipq,

Tenmarq and Kansas Ho. 443.

2. Tenoarq has consistently oatyie7ded Kanred over a

period of years in nursery and plot teste at Hmhattan,

branch stations in Kansas, cooperative experiments with

farmers in Kansas, and at cooperating stations in nearby

states.
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Fiat* Z. Irf>av«s o£ br«ad bAksd £roa flour of Kanred

X ZaaaMTQ and Temuipq x Kanrad crosses, and a Tanmarq

ehaok*

B<Ma 5 and 4, Kaured x ilaaaarq orossea.

Ho* 7, XgTlwrq oliack.

Hos. 14 and 15, Xenmarq x iianred erosses.





K>

S. Th« superiority of fonaarq over Kftnrttd Is &am to

e«rller laaturlty, stlffar straw, higher yields, and better

quality. Kanred la superior to TentMrq In wlnterhardlneaa

ana la aoawiltat la as suse«ptlbls to Hesalan ^ly«

4. The ¥2 e«n«ratlon of the b*ek eroaaea mis growi at

Davis, California. The Fx «•• gro«n In tha greanbouse and

Fg to P5 ganaratlona ware sfom In apaea-planted, eight-foot

roars at Maidiatt&n. Some atralns of the F4 and Fg genera^

tlons vara also gr««n at Colby, Kansas. "Fha back erossaa

were handled as Individual plants through th« t'^ generation.

5. Tbe Fg generation was grown In i>«d r«ws at Man-

hattan and Colby, Kansas. One hundred and four strains of

the hybrids were also grown In duplloate alght-foot rows

in fotir-statlon wlnterhardlneas nurseries at St. Paul,

illnnesota; Moeeasln, Uontanat Redfleld, South Ddcota| and

Colby, Kaoaaa.

6. Vary little winterlcllllng occurred In the Fg to Fg

ganeratlons grown at Manhattan. The averace two-station

surrlTal at St. Paul, Illnnesota, and Moeoaaln, ilontana,

ranged froai 12 per oent for the Kaaauurq checks to 5G par

cant for the Kanred x Eanaas Xo. 445 strains. Many of tha

hybrid strains had a higher survival than either parent,

giving evidence of tranagresslve aegregation for wlnter-

faardinoas. 7b» survival of the atralns at Uoccasln and
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St. Paul G»ve a oorrelafclon of r - .4926 ± .0474.

7. There was •oaie Indication that the hardiest

strains were latest In maturity and thnt hsrdlioss deter-

Btlned at the northajfn stations was associated with low

yield as determined on the saae strains srowi In Kansas.

8. Pree«lng survival In the grewahouse and the fSoooa-

•In and St. Paul survival of the hytorld strains gave a

correlation coefficient of .6382 ± ,0593, suggesting that

the greenhouse ml^t profItahly be used In testing hardi-

ness of new wheats In Kansas, where severe wlnterldlllnB

In the field seldoni occurs.

9. lAte killing frosts occurred at Colhy, Kansas,

on Kay 20 and 2S, 1931, causing sterility In some wheat

flowers nnu abnoraal plant developii«it of some of the

hybrid strains, greatly reducln-; their yield,

10. Tne hybrid strains Injured by the late spring

freeze averaged two days earlier In maturity end had a

slightly lower two-station survival than the xmlnjurod

strains. liarly maturity probably Is the most liQ>ortant

plant characteristic affeetin;j the susoeptiblllty to sprlag

freezing Injury, "hon grown at Manhattan where no late

freezing occurred, the strains which were injured at Colby

produced yields equal to uninjured strains.
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11. The Pg hybrid sfepalns Qay« evera,c;e 7leld9 Intsi^

aedlat* betwaen tlw two parents at Col^y fn-^ "^^^sfetan,

12, Sarllnass was aasoeiateil with high yield, the

aasoelatloB being ^eatsr at Manhattan thaa at Colby, Th«

hybrid attains aT«paG«<l nearar the early parent In date of

heading tbas Kanred. Kany of 'Jh» atralns headed earlier

than the early parent, while very few were later than the

late •narent.

15. The bae«t eroasee were Intermediate In lodj^lng

between Kanred and the other -larents. The hlgh-yleldlng

strains were more resistant to lodalng than the lower-

yleldlns stralr.a.

14. Tho back-crossed atralns tpparently ivtalned

sane of the leaf mist resistance of tho loss sttaceptlble

pturent. There was aone association between high yield aad

low leaf mat infection.

16. In 1931, tho hlsh-ylcldlng hjteld strains r^ro-

duced tailor plants then the low-yleldlag at]:>ains.

16. Yield was positively associated with test wei<^t

and pereentaco of plump komels and the hjt>rid atralns

averaged nearer the better parent In kernel plus^mess.

17. Tenmarq and Kanred c>iscka showed negative cor-
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relfttlon betwssn protein and yiel'3 mji^ a positive cor-

relation botweon yellow bsrry aad yield,

18, ^Ici-yieldlris hybrid strains were developart

*ilch bad « blaber pj^otein cont«»t than tha low-yl«ldlsg

strains,

19, Protein was negatively associated with percentage

pluapi—8 of grain «»' yellow berry.

80, Yellow berry a»1 yield were positively associated,

21. fll of the hybrid strains tested were sriltable

for braad-nnklsg pnrposes. Some of the strains were equal

to Tennarq In baJclng qaalltles.

22. 'The eanresaion of characteristics and assocla>

tlon of cheraeters In the back eroasea probably Is the

Joint ron-ult of Intorltane*, artificial selection In Pg to

Tq, and of natiiral selection.

The author wishes to express his sincere appreoletloa

to Dr. John H. Parker and Prof, H. H. Laud* Tor direction,

aid and criticism of this work. Thanks are also due

Doctors C. 0. Swanson and Korl B, ^orkln^; for data supplied

on alllin>j and bcJtlnc testa.
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