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Abstract:

This investigation Is primarily an Inheritance study of awnedneee, kernel color, and glume pubescence'
In spring wheat. In a cross of Reliance- Reward x Comet-(Hussar-Hard federation) the inheritence of
awnednees, kernel color, and glume pubescence was studied on 100 F3 hybrid progeny as well as their
reaction to two races, T-8 and L-7, of tillletia. Only awnedness one Inveetlgated In 100 F3 lines of a
second cross, Comet-(Hussar-Hard federation) x Ceres-(Hope-florence).

Two major factors were found to govern the awn development between the awnless and awned
varieties, since these were the two types represented In each cross, intermediate dominance prevailed
with the factors for the awnless condition being move potent than the awned, four true-breeding types
were obtained In the f3,. namely two intermediates, weekly awn-letted and strongly a waist ted, and the
other two like the parents, awnless and awned, A few epically owned and half owned true-breeding
linen ware observed la the F4 of the first cross, a 1:2:2:4:1:1:2:2:1 gene-typic ratio whs observed In
both crosses, however, different phenotypic ratios were obtained, A 1:8:1:3:2:1 ratio of awnless,
apically awnletted, weakly awnletted, strongly awnletted, half awned, and awned, respectively, was
obtained in the Comet-(Hussarr-Hard federation) x Ceres-(Hope-Florence) cross sad a 1:4:5:3:2:1
phenotypic ratio mao found In the other cross, A single factor difference wee obtained for kernel color
and glume pubescence In the cross Reliance-Reward (dnrte-red seeded with pubescent gimmes) x
Cos*t-(Hussar-Hard federation) (Hatred seeded with glabrous glumes). The glabrous condition wan
found to be recessive to the pubescent.

The seed ef the F3 hybrids and parents In the first cross studied were Inoculated with n oosposlte of
races M and L-7 of Tilletia. The parents differed In their reaction to the Individual races, each being
resistant to one race and susceptible to the other. Nine lines mere obtained which mere move resistant
than the resistant parent, demonstrating it Is possible to combine the resistance ef each parent Into a
single variety ef wheat.

All characters studied were found independently assorted except seed color and per cent bunt Infection.
A weak linkage apparently exists between dark-red-seeded plants and susceptibility to bunt and
light-red-seeded plants and resistance to bunt.
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Inheritance of Aroedneee, Kernel Color, Glwme Pubescence, and

Keactltm to two Physiologic Rneee of Tlllotle in Spring Wheat

ABSIRACT

Thie investigation le primarily an inheritance study of aroedneee,
kernel color, and glume nb" coace in et>ring whe t. In a cross of Reliance-
Reenrd z Cotaet- (iluss-r-’Lard Kedor tlon) the Inheritance of eiraednees, ker-
nel color, and glume pubescence roe studied on 100 F, hybrid progeny as
well as their ru ction to two races, T-R and L-7, OfjTlllotin. Cnly aroed-
ness Be Inveotlgatod in 100 F, lines of e mecond cross. Comet-( its r-
dnrd Federation) % Uerea-(KmocHormce),

Two major factors were found to govern the awn development between
the aroleee and aimed varieties, since these wore the two types represent-
ed in each cross, intermediate dominance prevailed with the factors for
tie -umleoB condition being ore otent than the rained, tour tmo-brred-
Ing types were obtained in the F,, namely* tvo Intermediates, weakly awn-
letted and strongly awaistted, and the other two like the parents, awn-
less and owned. A few apically owned and half owned true-breeding lines
w re observed In the F4 of the first cross. A It3t2t4*1*1* 2*Pt1 geno-
typic ratio was observed In both crosses, however, different phonoty lo
ratios were obt Ined. a ItRt1*3*2*] r tlo of sroless, apleally awnletted,
weakly aroletted, strongly awnlettod, half armed, and owned, respectively,
was obtained in the Comst-(Ifassaxfc»Bard Federation) % Cereo-(Keim-Florenee)
cross and a li *5*3*2*1 ;Aenotyplc r tlo was found In the other cross,

A single factor difference was obtained for kernel color and glume
tubeocenee In the cross Reliance-Reward (dark-red seeded with pubescent
glumes) x Comet-(Bsssar-Kard federation) (llfdbt-red seeded with glabrous
glumes). The glabrous condition was found to be recessive to the pubes-
cent.

The seed of the Fj hybrids and parents in the first cross studied
were inoculated with a cowooito of races T-K and L-7 of Tllletla. The
parents differed in their re ction to the individual races, each being
resistant to one race sad enecontlble to the other. Mine lines were ob-
tained which were more resistant than the resistant parent, demonstrating
it is possible to combine the resistance of each parrot Into a single
variety of wheat.

All characters studied were found independently asserted except
seed color and per cent bunt infection. A weak linkage apparently exists
between dark-red-seeded plants and susceptibility to bunt and light-red-
seeded plants and resistance to bunt.



Inharit nce of Awnednces, | ruel Color, Olume Pttbeeconee, and

eaotian to Tim Phyeiolo™ie Rooee of Tllletia in Spring wheat

Seroel G. Litzenberror

twmmmtm

the role played 6g genetlee in estrbllahlng toe underlylap
principle# of laheritroee eannot be over *tphnei#ed. Bwrot inform#tiro
on the node of Inheritance of various character# ha# aided in rotting
up mere efficient breeding progmraa, Hrsgr ef tow charnotor# of the
whmt plant have hero studied and much has been accomplished, but little
i« known about the mode of inheritones of many character# which should
be cnnbined into the perfect variety ae conceived tgr t)» plant breeder.
Sony problems remain to be solved: genetic# can rod will play an Imertont
role in their solution.

Oregor andal furnished ua with the plan for inheritance, deal-
ing with unit character#, dominance, segregation rod recombination. It
wee not until 1900 when Be fries, Gorrena, and von Techesmk independent-
ly and sinult neously rediscovered Uendel*s classic findings jmbllshed
in 1-66 that wide interest developed In the science of genetics. While
unit character# have not proved to Ue as simple la whe»t as was first
thought, and dominance is incomplete In most cases, the single character
Is still the foundation for studying wheat Inherltnnce, rod doniaroce
tow parimry basis for genetic interpret felons.

The presence and imr'ort nce of disease reelstance in wheat is well
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knovn. In recent ye”ore marked progress has been mda in breeding wheat
for resistance to disease. Many Amgus diseases contain nuraercms phyeio-
logic races. JSmt or stinking erstt of wheat, censed by Tilletia trlticl
(l.ierte.) Int. and Tt Levis (Kuehn), Is one of the most destructive of
thie typo. Avariety may be resistant to some physiologic races but may
Os very susceptible to others. The genetic foundation for resistance to
bunt has been proved beyond a doubt, and its mode of Inharit nce has been
shown in some oases. Blnce these conditions prevail, it is the ho e of
the plant breeder through recombinations to combine In a single v rlety
the near-immune reaction to all r ees of boat as well as to other diseases.

The importance Cf genetics in a crop Improvement program has teen
clearly defined by Salmon and Laude (197?) who state that "the random
crossing of varieties to induce variation or In the hope of securing
favorable chance combinations is too uncart*in a method an which to base
a crop-Improvement rogr-»*. Time, in order to proceed most efficiently
in s breeding program, it le Iwmrfemt to know the mode of Inheritance
for most of the important Char- Cters of the parental material.

The Investigations reported in this pa #r consist of Inheritance
studies in two spring what crosses. In one cross, )aliance-Reward *
Cotnet-(Hua«ar-H"rd Federation), studies were made «m awnedness, kernel
color, glume mbeseence, and resistance to bunt; in the other cross.
Comet-(Huswar-R'-rd Federation) * Ceres-(Hope-Flerfince), only the In-

heritance ofsrmedneaa wee studied.
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ATOedaess

Whest varieties generally have been separated Into two major
groups on the basis of awnednesa character, namely* aimed and nTOless.
It Is now recognised that all wheats cannot be clRsalfied Into these two
simple groups end that v rlous Intermediate tyres e 1st. The failure to
recognize these Intermediate types probably accounts for much of the die-
agreement bet”en the results of the early workers who sta«lled the la-
herlt nce of this character.

The first genetic study on asmedness In w#ra% hybrids was report-
ed in 1905 ty Blffen, who concluded that the beardless condition la a
(loadnant, the bearded, a recevlve character. He made mny crosses be-
tween bearded and so-called beardless wheats. The F« w s always "b*-rd-
lese*, “nd the Tg segregated Into 3*1 of "Swnlesew to a-mad. He obtained
very close fits to a *l monohybrid ratio. Plants occurred with short
termini awns to half eta Inch in length; these were put into the sunless
class, ‘'dome of these ere Iso found In the rents. Ithout exception
the owned types bred true, while the "beardless* types either bred true or
segregated into bearded and "beardless* ty ee.

Cther early workers obtained similar results in the first generation
and in the second generation also, Wem the "ownless” and awned plants 00-
curred la a simple Hendellan ratio of 3*1» Sawders (1907) first queatloned
the idea that the first generation between an awnless and an owned wheat al-

ways is sunless nnd aointolned that the awns la the varies with the wheats



used. Perctvnl (1921) Inter reported that Fg eepreraticm la nunerews
crosses ap inched a 1:2*1 ratio when intermediatea occurred, anfl when
the sent-be rded forms of Trttlcnn vul~re wore crossed with typically
bearded form, the F1 plants have heads easily distinguished from those of
the beardless parent. Bie Fg generation from these *eefid-beardod* F1 hybrids
consisted of “beardleas*, sesd-bearded and bearded plants In the ratio of
1*2*1. Many workers here verified thee* results. Hrsyee and Aauaedt (1923)
found s one-factor difference In n cross between awned and seml-iwned
varieties. The ws strongly awnletted and segregated as a nwaoSybrid.
VItii a reciprocal cross Clark and Quleenberry (1929) verified these re-
sults. Gaines and Singleton (1926), StseaFt and Hoodwnrd (1931), Stsvnrt
BH* Dnllsy (1932), “ulsenberry and Clark (1933). Ausema (193%). md
TIngey and Tolaan (193*0 ell reported single-f etor differences when armed
and eeml-rvmed parents were crossed.

In SKNit eases monohybrid ratios have been obtained when these Mmi-
mmed whm ts h ve been crossed with the true awslese tan>es.  orkors who
found single-factor differences when awnless wheats were crossed with awn-
letted tT ¥* are* Stewart and Tingey (1928). Stewart (1932), fpieenbsnry
and Clark (1933) and Ausesns (193*0.

Several r-orkers have reported minor factors playing a part In the
tgr 0 of aim produced. Clark md Hooker (1926) In making a Rnrd federation
* Mmrouie cross found an wmeunl imeber of plants with extremely short beaks
which vers not exactly like the awnlees parent, and vers not like the Mixt
higher class. Then these were put In the nwnless else they obtained a

5*1 ratio, but when mt with the awletted class a 15 to | ratio of awnletted
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te cortfletely Ivmlmn were obtained. The results of fche reciprocal cross
were the sans. They concluded that two factors (I mejer and I minor)
governed the awn development in this cross.

Two minor factors were needed to explain the results obtained toy
Clark, TTorell, and Hooker (1928) when Bobs rnd Hard federation were cross-
ed. Both parents are classed *# ownless who tn. The Bobs variety possesses
no beaks whatsoever, whereas JHhrd Fedor tlon Has short beaks of | to seveml
na. In lengtii at the tips. An approximate 13*3 ratio in the F" was obtain-
ed.

P varently the awnless whets referred to In most of the early
genetic studies were weakly or strongly awnletted. Howard nd Howard
(1912, 1915) in India were the first to report results of crosses between
true awnless wheats and owned varieties and they reported a two-factor
difference. They grouped the mmed and tip-swned classes together a#
mated and commred them to the awnless types which gave a 15*1 r tlo.

They thus concluded that the double mceasives were mless. The F* was
nearly awnless.

Various workers have obtained a two-major factor difference for
wnednees wi«m awnless and mwued type# vmre crossed. In a Kata r H-rd
Federation cross Clark (192”) found a two-major factor difference, but
since no co”Tetely awnlfs *or aimed types were obtained which bred true
he assumed that minor modifying factors were present. Clark, Florell, and
Hooker (1926) reported a two-factor difference la one cross of 0 bearded

with a beardless wheat but e three-factor <2 major and I minor) difference

in another. Vba only effect of the minor feetor in the presence of one of



th* «*Uor factors le to reduce the saount of nenedneee as ftom toe atron”
er to the weaker Ilmlte of a class. From this study they have concluded
that as miyr as four factors may be Involved In awsedaess litoerltence la
eome wheat croeses. Cther workers who found two-factor differences w)iea
aimless wheats were crossed with owned typos ore* Stewart and Reyward
(1929), Etewert and Judd (1QJl)e Clark, laanberry, and Powers (1933),
*ueems (1934), and TIngay and Tolma (1934). AU found toe Fl spicily
e mletted and the -roz-enlee were classified Into nine genotypic gretr s.

Kvldentiy there are two genetically different tyres of sesd-aro-
Ims wheats, since Love and Cmlg (1926) found when Senom (semi—~wnleas)
was crossed with certain other aesd-awnlees types, the F1 was nearly nwn-
leee while the Fg end Inter gmiemtlons -wned and partly awned “rpes Ojipenm
ed. The results showed a 15*1 ratio whi<to indicated this variety although
seml-awnlees carried a factor for the aimed condlti n. Sten rt (1932)
crossed two true breeding awnletted types whlto he obtained os segregates
from e Sevier * Federettcm cross and obtained all types spate. Kour true
breeding type* were recovered* one completely awnlee , one awned, and two
Intermediates. MIlsenberry and Clark (1933) Obtained alrdlar results from
n cross between two awnletted vhe t*, Konom x Mallty. A co%)lete range
of segregation from aimed to awnlees was obtained In toe Fg with four types
breeding true. It we assumed that Samore contains the genetic factors
seSB end Quality contains factors AAbb, whereas the awnless segremtoa were
AIBB and the smed ones were abb.

?hiltlple allelomorphs for half-owned nnd fullyavmed plmnto arising

by com,lex mtation from the awnloas plants has been used m a basis tor



later- rating the awedaewa In whesta Iy Mlleaoar- Me (1920). He reported
that he obtained by natation true breeding feme of SWBIlee*, half-amed,
aad ened cheat*. Awnloes form ear# portly dominant to half-owned mad to
mmed, nd K7If--lwned ferns to nimsd.

The basis for Inhorit-nce of sanedneas Me been found to be simple
In some crosses mad very complex la Othere. Adifference of only a single-
factor pair eae found In some crosses bat me may as four factors (2 major
sad 2 minor) have been found accessary to explain results obt Ined In com.
biartion of crosses larolrlag Hard federation, Kota, and Bob*. Incomplete
dominance for awaleeeaeee hie been demonstried, the F1 more a arly approach-
lag tiie awalees parent than the owned type. Aimless, awnod, and too Inter-
medInte lyres which may be recognised are the four true breeding types met
often found, although true breeding epleolly owlet,tod or half-awed tyres

hare been obtained in some crosses.

Kernel Color

Kernel color we enrly recognised am an important Winrncter In
rfcaet wrletles and consequently we among the first used for a study of
Wendellan Inherit nce In wheat. Most rnrletlee of stie&t were observed to
hare either red or white kernels, although some Alyssinlsua durum shwte
and emers are purple.

In the early work ly Blffea (1905), red was found dominant to shite
In the F1 and segregated in a simple 3*1 ratio in the Fg. MIllsaon-mis
(19U) ws the first to report croeaes shlcdi In the F* #mve 3*1, 15*1, and

*3*1 ratios of red-kemeled and whlte-kerrwled plants, Indleotlng the presence



©f I, 2 and 3 genetie factore. Sewxzd and He”rd (1912), Ckxlsea (1917),
Love and Craig (1918), Clark (19A). Etewart (Ig g), Stew rt and Tlagfly
(1928), Stmmrt mad Soedw rd (1931)» Stewart and Bailey (1932), Clark,
onlsenberry, and Poeere (1933). TIngay and Tolnsn (193%). and Schlehttber
(1935) have obtained elidlrr ratio# depending ©n the v rietlea need when
studying the progeny la red x white seeded wheats. Thus, from F3 studies,
the presence of I, 2, ©r 3 Independent genetic factor# for kernel color
has been proved la different varieties. mesoa-Dile*# theory w-s that,
taken together, the three rad color factor# beh w minulnlively, following
the law of a trlhybrid, and Increaee the intensity of the seed color.

Some varieties ef wheat have been reported to possess strains haw
tag different numbers ©f frotors for grain color, flbrrlagton (1362) re-
ported lltehener contains two independently Inhorlted factors for red color,
and that some of the str Ins ef Red Bobs and Rnrd Red Crlaatta contain two
independently Inherited factors for gr in color while others contain only -«
e single f ctor. Clark nd looker (I 26) found that in nrpule x Rard
teder tlon crosses two factors were most frequently present, bat that in
sons crosses only a single-factor difference wa» obt Ined. the fact that
two different ratios were obt laed indicates either that Ktrgui* does not
always haws two dominant factors for kernel color or that tits white Hard
Foder tlon parent# differed in their genotype.

The usual result of crossing two white-grained wheats Is the pro-
duction of white-grained drscendnts In the and all subsequent generation#,
however, Percival (1921) has retorted that Vllrorln obtained some rod-trained

plants In the F2 two white tdioats, Crltlwm r-olonlcnra -md JIg tnrgidam.
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were orosned. Perolvtl farther etatea that Pltetii recorded the appe rraice
of a few yellow or reddlah-"rsined plant# In the alxth generation from a
Squarehead x Challenge cream. Both vnrletlee are white seeded. Qalnea
(1917) reported that In two eases when white-grained tndlrldaale were
crossed some rod-komeled plants occurred. Se far ae knownthese Jresnlta
have never boon repeated ty other workers, nor have similar results been
obtained by crossing two whlte-kerneled v rletles within the anno »i»eciea.
The recnlts, if authentic, would indicate dominant genetic factors for white
kernels and rocesslve complimentary factors forred.

Perrtval (1921) suggested that when red-grained varieties are
crossed the progeny le gener Ily red in all generations. However, he cites
Tsehenmk am having obtained In some Insfcnces white-grained Individoals
"mong the descendints of lyrtaride between different red-grained varieties.
Percival also reports Mllsaon-Shle as having recorded the occurrence of
white-grained lants In Tp of the hybrid "More" wheat x "Kxtra Squarehead",
both red-grained parents.

Ikgree and Robertson (1924) noted the frequency of the occurrence
of the whito-Vermled plants In the ?g studies of Minturki x Mrqule and
Kanred x Marquis crosses where the parents were both re*-lemeled. From
the data obt ined. they concluded that the red color in Marquis is the
result ef two independently inherited factors, either one of which leads
to the production of seed color and that Minteurld and Knred have a single
factor for red different from either of these in Mnrqde. The crosses ap-
proximated the ratio of 65 red-kerneled plants to | whlte-ksmeled plant.

Kanred Md Minteortri have the following genetic constitution rrr*r* 8"R*
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while IPr-Pgnls tee *SR*1* r*r" for Its congtlfcutlon.

Cune "tbegconce

IUhesewit end ~Labrous glumes usually constitute an allelomorphic
palp of characters. Blffsei (1905) we first to report felted or velvety
chaff dominant over glabrous chaff In * QInyJe 3*1 ratio. In ell the
hybrids studied the progeny segregated Into a 3*1 ratio. Incomplete
dominance we ahown In a few amnsee since the wee Intermediate In imbee-
cence, but the Fg segregation we norml as complete dominance of 3*1
pubescent and glabrous glumes. Perclwl (1921) rleo reported these same
conditions and results. According to this author Ruemkrr obtained both
glabrous and velvet-chaffed plants In the W8 generation in the ratio
3 velvet* | glabrous, In the hybrid between a ubeacent and beardless
fritlcua vulgire nnd n pubescent and bearded T. port “otu (l18U1l). Perclvnl
reported similar results from a hybrid between tee pubescent-chaffed wheats,
T. dicocciun *J4 snhaerococcnm. one other than a 3 tibesoentt | glabrous

ratio tee been found In crosses between varieties of co wm whe ts.

Bunt BBectioa
Boat or stinking: smut of whert. TIlletl - tritlcl (FJerk) Int. or
Tllletlo lovls (Knehn), Hoe been end continues to be e destructive disease
of steiat In the IlInlted Stttea and In other countries where wheat Is pro-
duced. In these wheat producing areas the pre ence of Hetsgr physiologic
races of bunt or Vw appearance of new races increases tits difficulty for
the wheat brooder of obt ining Soamerelel varieties resist nt to bunt.

Reed (1924), Rodenhleer and StslJcaaa (1927), Oainee (19285, Breesran (1931),



Holton Bad Heald (1936). HodenMaer and Holton (1937), %nd others ivtre
studied and reviewed the hyslologlc specialisation work with bunt. The
eode of Iriiorltance of reelstsnce to physiologic r oes of bunt ha* bean
explained on one, two, three, and multiple factor differences. Sriileim”r
(1938) has reviewed the literature on the nature ef segregation rather
exhaustively and hue grouped the authors according to the number of factors
involved In the cross with which they worked.

the planner work In breeding wheat for resletrnce to bnnt was done
in Auetrslla by Ihrrer nd In the United Sk tee by Cnlnes of Washington.
Irirrer in 1901 reported hie first attempts to luring about bant resistance
in wheat by hybridlz tien. Having observed that 10 Australian varieties
Cflirried infections varying from 12 to 95.5 per cent, he thought a similar
degree of variation might occur in the hybrid generation of hie crosses.
His plan was to subject and TOpnintiona to a hessvjr att ck and select
the bunt-free plants. Hs # As no attempts to observe the segregation Into
resistant and suicajtlble strrins in order to establish Uarileltan ratios.
Ths varieties, Florence and Rmnoa, which nre highly resistant, were pro-
duced. Caines (1920) begsn hie Inveetigotlrms, including the genetics of
resistance in 1915, and In 1923 he described hie extensive results. He
grouped varieties Into four cl- Sflea—sueco”tible, intermediate, resistant,
and Imsme, Whvm resistant v rietiee were crossed with smscentible ones,
eueceptiblllity woe dominant, with only about 2 per cent of the progeny
se resistant as the resistant parent. When susceptible varieties were
crossed with immune ones (Martin aril Hussar) there seemed to be e pre-

ponderance of resistant plants. More than half of the hybrids In the
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third generation mduced leee than 5 per cent of bunted bends, vittereas
about 20 per cent were bunt-free. Altogether he studied more than 25
separate crosses and explained the results obtained in each on a netlilple-
factor boats, "he Influence of any single factor was not well defined,
Whwi all factors are present, as In immune varieties, resistance is
apparently dominant, but a lessor number gives the recessive effect. Rrlgrs
(1926), however, found that the Mrtin variety had one dominant factor for
near Inwunity and that Hueear hod two. Zn mm excellent series of papers,
Trlgge (1930. 1930». 1931. 193?. 1932a. 1933. 193%. and 1936) has shown the
Inheritance of boat reaction in different crosses to be quite staple, due
to one or two factor differences. He worked principally with single physio-
logic races of bunt, He (193*0 hos determined the genetic constitution of

10 bunt resistant varieties of wheat r-nd lists them as follows:

Y nristy Gsnetlc Constitution
itertls Fhhtt
White Odessa MWKt
Banner Berkeley MiM itt
Odessa MMMItt
Sherman KIM | tt
Museaf MVKHit
Itesenff-Sft, Fed. * Little Club Bel. IHIS XWIFKitt
Hussauh-nd. Fad. x M ttle Clnb Sal, 13 PfffPHt

Turkey C.I. 1558
Tturfeay C.I1. 3055 WdihTT
Crc SIMITT



These varieties contain the Martin (MO, Htisesr (BH), or Tmrtmy (TT)
factors for resistance. The first five listed depend on the Martin f etor
for resist ncG. Besear coat ins Wth the Mmrtim rn& ftusssr factor*, Briggs
(193>b) concluded Tailcey C.I. 257~ CtBitalnod the Turkey f ctor for resistance,
Ttiressman (1933) foaad Albit cent ,Ino one min factor forresistance to cer-
tain i"yslelegie races of bunt and he suggested that this factor is the sees
ae that csrried by its male parent White Odessa.

The near-immune reaction to some races of bunt possessed by Hueear
faac been transferred to hard red spring sheet in t Komr x Bnsssr cross
by Smith (1932). According to Clark (1936) Florell mnd “nylee have develop-
ed ,another nearly Irmune hard red spring sheat (S.So. I10ISt C.I. 11,!2)
from a cress of Hneear, a hard red winter i*mi ?nd HrA Fedetwtion, a white
e?>rlag wheat. Both of these strains have b en crossed with susceptible
varieties, and the F plants were found by Clark (1936) to be bunt-free,
roving dominance of near immunity. According to Clark (1936) in the Fg
studies made by Clark and Eodauhiser these cresses showed a single-factor
difference. This is sharply in contret to the inheritance from such
varieties as Hope, Knrquie, RIdit, fro, Turkey and Florence crossed u on
stiseepUble varieties in which the F1 plants are auscoptlble.

The Btitmg resistance of Hope wheat to bunt was studied by Clark,
nisenberry, and Powers (1933) la crosses involving the weaker reelstance
of Karquie end different degrees ef susceptibility in Cseres and BrrA
Federation. The resistance ef these three crosses was studied following
i SQCttlition with a collection of bunt CTllletla levis) fro* Koaksna. The

results indicated that several factors were Involved but that the atrenger



the resist ace in the ; rents the lee* complicated is the inheritance.

mrzR1J&S AMD MSMCDS

the parents of the cross In ~hich genetic aWiles on "wnedness,
kernel color, glome pubescence, and roaction to two physiologic rees
Cf Tilleti* were Mursery Mtosbcr 1.>88, » nelection from Reliance x Rewntl
end Wureery Number 1315» a selection from Comet x Fhtasnr-Herd Federation,
fhe Reliance x Reward parent is completely mmed (awn type 5), h&* dark
red kernels, pubescent glmea, is highly resistrmt to race tug of g. tritic
Matt is Stwcentiiae to rnee L-J of Xt levi*. The other parent, Uoset X
Fhtcsnr-Hard Federation, is awnleas (asm type 1), has light red kernels,
glabrous glumes, resist nt to L-? but la susceptible to mce T-S.

In Mditlon to the studies made on the cross described slews, m
Fj progeny of another cross, Comt-(Rusanr-H- rd FMerrttlon) x Ceree-Oiepe-
mlorence), wi-s classified for atm type only, Cne p rant, Gewet x fiussur-
Ssurd “edemticms W. M 1383, is ssmlesa (awn type 1), Howewer, a few beaks,
one to several miUimoters in length, appear on a few of the plants. The
Ceres x (Hope-Irenes) . Selection %nber 60.4,19, 1« on award variety
(awn type 5),

The parent wheat varieties (Reliance x Reward and Genet x Hnesar-
Hard Fedemtion) and Fj hybrid progenies were grown at the Monten Agri-
cultural tPcverinent station, Soeewn, ltont na in 1937. The original cross
w * made by J, a Clark, !vision of Cemal Crops and Diseases, Washington,
S G, and advanced to the Fj Igr him as port of the wheat Iw rovamnt pro-

gram in the selection of a bunt resist nt variety with desirable agronomic



-15-
dvimotere for Witama condition#. The Fg “ps grown by Mm xmd r banV-
free condition# In 1936,

Fomr hundred and twenty seeds of e ch of the parents and JO seeds
* ch of 10 'pleats taken at random from the spaced Fg population were In-
oimlated with a cost oeito of mcoe L-7 aM T-8, flllotla lerla and T1
trtticl respectively, hy shaking an excess quantity of sjoros and the
seed wheat in a email paper envelope. The F* hybrid and parent plants
were grown on summer fallow land, spaced 3 inches apmrt in rod rows 12
inches apart* Mine rows of progeny were followed by one row of parent,
the rents occurring mltern tely.

Shortly before ripe (atiff-dough etnge) the Indivldma plants in
each row wore pulled and classified In the field into the five groups;

0, 25, 50, 75» 100 per cent bunt, based on the per cent of Infected
heads on e ch plant.

The percentage of stmt in a row was calculated according to the
following Illustration: Row 80 of Reliance x Reward had 25 cmV*free
plants, twelve 25 per cent smutted plants, six 50 per cent smutted plants,
three 75 per cent smutted plants, and one 100 per cent smutted plant,

( 5x0) & (12*25) ¢ (6*50) ¢ 6x75) » (Ixip) - 177 r”~r cant bunt
47 (total number of plants)
This method not only gives the per cent of bunt In the whole family but
mainVIna the Indivlihrgl plant as a unit.
The main spike from each plant in an F* fend.ly wns Wrwemted,

placed in envelopes, and brought to the laboratory for stmednee# class!-



flCatlem. The hybrid plants of this cross were classified Into six classes
Cl ss I, aimless, included those types with no development of awnlets as
well as those types like Hard Federation and Comet % Roeonr-Rnrd Federation
H, Ho. 1383, which eometlmee nay have ownlete up to 2 m. lonr at the tip
of the eplke. Class 2, aj)leally awnletted, has awnlete from 2 to 15 mMm
long at the nrex of toe spike, but rarely occurring in the central or basal
portion of the spike. Claes >, weakly ptmletted, has awnlete from 3 to
about 20 mb. long, the shorter occurring at the base of the eplke and the
length Increasing toward the apex. Class >, strongly awnletted, has awn-
lets from 3 to IO no. long, the shorter occurring at the base of toe spike
sad toe length increasing toward toe epee where they eeeesd toe length of
the awnlete on Hnrqule (a typical >) by 10 to 20 mm In addltlon, toe
lower mnlete in close > are chameteriatleally incurved. ULsse U, half
owned, has short none varying througlwut the spike from 18 to 50 mm long,
but only about half toe lengtin of normal awns and frequently Incurred or
recurred, much more than the strongly swmletted close. In class 5, awned,
toe s ue vary from 30 to MX) ms. in length, questionable trm ty ee wre
grown in individual head rows in 193%, one-half the seed of entii hood was
planted at Moccasin and the other half at Bozeman. Both plantings were
need to correct the F~ classification.

The same spikes need for the airaedrosee study were classified
for chameter of glusee.

The individual heads were then threshed and the grain placed in
separate envelopes. The three classes for color used In growing the seed

vmrut (I) dark red. like the Reliance x Reward parent, (2) medium red.
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«ad (3) light red. like the Uoiaet x Hnseay-Hafd federation .rent.
for a nor# detailed etndy of the Inheritance of awnedneae In the

Reliance-Regard x Comet-(Hnssar-K'rd federation) cross rarlems crosses
Inrolrlng the parents or progeny were mde in the gresWwwao at Boeenao,
Uoatasa during the winter of | *37. Th* and fg of these crosses wore
grown at Boaenroi la the greenhouse during 1938 and early 1939. Awnwlinees
notes were taken on both the It and Fg plants. The following crosses
were made;

f rent (I awntfl>e) x| rmit<d awn type)

Progeny CI awntype) X Progeny(5 owntype)

Progeny (3- awntype) x Parent(5 awn type)

Progeny (> awntype) x Parent(5 son type)

Progray (> awn type) x Progeny (> awn type)

Cne hundred F* plant rows from the Conet- (Ruas”r-Hard Federotlon)

X Geres-(Hopo-Florence) cross were grown at Bosemmn, Moatmna In 1938
under the same conditions me the 100 strains from the other cross. Wem
ripe the plants In each Fj family were pulled and tied In a bundle. These
were taken to the latxirotory and classified Into the 6 awn elaeeee, an
mweroge being token of all he ds on a plant to determine toe class Into

which it roe pat. The awn classes need were the earns as in the other cross.

IBOTmHEtIA FSSUMS

Segre- - tlon of Uhnroctors

The characters studied in the Bellanns Bewwrd x ComeV-(HuasrroHfird

Federotlon) cross were a mmdnoes, kernel color, rui glume nbesconce. The
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tipeedtn”™ behavior of all Ihren chargeterg for the lloee studied are record-
ed la Table I. A pedlfprme dl “raa of this croes le riven In Nrure I. In
the Comeb-(Ham9 r-R#r& Federation) x Uereo-(Hope-Plorenee) only oenedneee
has been studied nd the breeding behavior In ree; eot to title cl»umcter of
the 10 Vy lime# le given In Table IX. The results of the studies In the

ly generation follow In the order listed above.

Asnedneee

The Fj end the larger number of Fg plants of Seltnnee-Ro”~rd x
Comet - (Hueenr-Kard Federation) were weekly srwnletted (Claes >¢) which
aprro®idi more closely the awnleee than the owned parent.

A total of 100 Fg plant# was selected at random for growing in
the Fj generation. The damnification of then# plants is shorn in Table III.
The material proved to be rather variable, as there were 36 apparently
separate segregating grouse, however, several of these from'* may not
differ inherently from the ether*. The modal d&eeee ere Indicated by
UBilerlined number* and the various types are arranged In the order of length
of awns, and totols are drawn between groui>a not regarded as inherently dif-
ferent. Varlntloa within the groups my be due either to minor genetic
factors, to environment, or to the single head elnesiflc tlon method used.
Ngttre SC shows photographs of the 6 asm classes which were obtained in
this cross and used for elaesiflc- tlon.

Aimmg the F* lines there was a wide range ef overlapring of owned?-
ness claesee. *lowing for a wide range of overlapping of cVs”ee, the

material wne separated Into nine groups (Tables IlI, 1V, and V) as



Table | The ainsslftentiro of plant# for ewnHaese, per cent bunt, tmmel color,
and glume “ubeecenoe In Fi lines and parent roes In the cross Rellanoe-
iaiswpd (S.S, 1388) * Comet-(Nueenr-! rd Federation) ( . . 1315) green
at Bozeman, Mont m la 1937

o, of plants Ho, plants
having kernel having

1937 *o* of plants Mo. of plants color glnaos
row ..having nm Y e h-ving rsr cent bunt Dark Med, !pht Glab- Pnbee-
Mi rerent or cross | 2 > 3t 59 Tt ;00 Awve. red red red
IS¢ 13ns (Parent) 23 12 E’J 3 1 23
2 Cross 3513L62 A1 12 12 5 3 I , 8 16 5 29
I do -3.27 6 29 4 2 | > 19 13 10 23
4 do -7 1 =8 5 3 b 7 7.6 11 8 3 18
5 do -9 2 9 2 8 14 8 9.1 10 8 5 16
0 do -U 713 5 3 19 8 2 103 16 10 * 7 21
7 do -12 9 7 5 9 2 8 | 81 8 15 6 30
8 do -13 2 3 10 11 |1 116 6 10 7 5 21
9 do -15 3 710 7 U | 6 I 6.1 727 | 34
10 MN. 1315 (Parent) 27 24 3 .8 27
11 Croee 3511&2 a1-17 14 13 19 o9 8,0 7 13 7 9 18
12 do -18 13 18 31 | 0.8 12 16 | 25
13 do -29 4 8 5 | 8 6 7 2 2 V.7 U S S 8 16
14 do -21 2 6 81623 6 3 9.4 5 27 6 26
15 do -2210 8 4 o 23 7 8 4 WU 12 8 23
Ib do -23 21310 @& 3 225 9 2 9.0 | 35 36
17 do -24 6 11 7 23 11 2 104 6 14 g 2 27
18 do -2516 7 6 7 3 3 2 357 14 8 23
19 do -26 213 | 2 100 7 2 . 3 12 3 16
20 !*». 1388 (Parent) 332 8 2 | U.4 33
21 Cross 351162 A-1-27 4 11 13 3 2 21 8 4 | 1 164 20 11 33
22 do -28 1 214 8 6 4 7 2 20.7 4 20 7 16



Table I (continued)

»0. of plants Se. riant#

hawing Inrnel hawing

1937 So. of plants Mo. of pleats oolet----—-- sluTnee
row Dark Med. Light Qlab- Pubee-
So. Parent or osotl I 2 3- > 25 50 75 100 we. rsd red red roue cent
Pitirm 351162 >7|-2«35 10 14 23 13 2 112 6 20 12 39
24 do "305 7 9 17 48 4 10 7 13 8
25 do -2-1 0 514 7 26 7 53 22 10 11 21
26 do -2 31110 I 7 20 11 | 10.2 9 22 8 ?4
27 do -3 3022 S 6.7 6 16 8 30

28 do -4 513 7 6 25 6 48 7 14 10 10 21
29 do -5 1 U113 4 3 521 6 2 86 6 16 6 6 24
10 '.s. 1115 (I rent) 19 17 2 2.6 19 I
31 tiroes 351162A*-6 19 5 9 2 626 6 4.7 26 6 9 23
32 do -7 3 712 8 4 219 19 | 135 22 11 I 25
33 do -8 2112 7 2 119 11 9 21
34 do 11 27 18 8 | 9.3 16 12 8 19
35 do -12 24 15 9 1 | 135 U 13 717
30 do -13 15 725 5 42 18 9 27

37 do 1- 3-1 7 9 | 1 125 6 15 707 21
3« do -2 7 12 1012 12 2 154 18 7 29 |
39 do -3 2610 I 1 118 4 45 5 10 6 21

40 K.H. 1388(Parent) 27 12 18 2 17.2 27
Ul tiros*351162 A->4 4 161021 8 2 97 6 21 30

42 do -5 1514 2 Il | 29 4 | 5.1 21 10 10 23
4i do -6 2 49 7 3115 11 2 134 5§ 18 3 4 22
44 do -2 211 11 626 4 3.3 1 19 1 19
45 do -8 2 616 6 4 1W 15 5 179 16 22 22 13
46 do -9 14 7 8 11 13 | 2 2 250 4 15 8 10 19
47 do -11 3 317 4 2 126 4 33 4 15 11 13 17



TsMe | (continued)

Se. of plantsSe. plants

harin# kerne | having

1937 So. of pisate Nt. ef plant# color Munee
row ,.m ,.spa h Dark Med. Light Clab- Pubeo-
Ho, P-treat 0T cross | 2 > ' o5 % 75 100 ATSf ted red red roue cent
Us Creee 351162 *->12 9 21 72b 9 3 ).9 5 30 37
U8 do -14 34 15 10 7 1 3 27.1 4 18 8 34
S0 S.S. 1315 {Parent) Wc 32 8 5*0 40
51 Croat 3511* i 28 6 2 69 8 20 7 35
52 do *aoUi ,"i j: 6 4 324 g 10 16.9 7 20 10 17 23
53 do -17 4 5 32 20 16 2 | I 16.9 7 23 10 Ul
54 do -1IS1 410 10 5U 23 17 2 125 14 26 12 29
55 do -19 4 20 is27 g9 6 125 13 22 6 15 o7
56 do -20 2 10 22 1137 G 1 I 6.7 17 28 45
57 do -21H 914 1 7 32 11 2 83 8 923 10 10 32
58 do -22 1 90 24 15 10 3 a.2 30 20 8 43
59 do -23 27 26 | 0.9 7 20 9 18
bO MW 13 S [Parent) 5230 16 4 135 W 9 52
61 Croee 3511*52 A->241318 9 | w | 1 1.8 2b 15 41
62 do -25 24 15 238 4 2.4 20 21 9 32

do -26 7 8 39 15 7 15 38 12 m
u do -27 | 2 8 40 17 29 8 51
65 do 26 2 41t 10 7 625 15 1 104 2b 15 42
66 do -29 719 b 4 33 4 2.7 8 29 4 37
67 do -3011 24 16 27 19 6 149 10 22 16 17 34
66 do -31 47 42 2 1.1 8 23 9 11 34
69 do A-U-1 61? IS 23 15 2 1 13*4 5 23 13 Ui
70 s.s. 1315 {Parent) *4 3B 9 S 14 30 44
TI Crete 35H*2 *-4-2 I 6 13 1329 6 3 88 5 13 9 33
72 do -3 2615 4 6 329 8 2 7*7 b 21 12 26



Tnble I (continued)
1937 Xe* ef plants
r—%v kfiving aim t/rx
Xm r.
I onefx%gh&/ 4""4 Fhoa T o
6 1% %8 11 25
75 1
» do 73 og7 4 U % §%
77 do -9 1019 9 2 9 3f
76 do -10 Il 3336
79 do 313 8 5630
O 1386 (Paren
61 Cross 351102 A- h 9 13 ,13
62 do ﬁ 20 526
| do -14 6 19 22 42
84 o 151 512 10 8133
do -lb1715 6
% do 47 ¥
gg do -16 Ul1221 2 S 126
do -19 Uis 19 13
89 do -2031 S 27
90 #.*. 1315 (Parent)IS 2
01 OKS 3H1162 A-Mi 2 1117 1 ¢ | Fg
92 do -22 4
93 o -23 6 39 28
A 38 -24 45 13 20 25
% @ 23h977 568
97 do -27 3 212623

—~+
—ww B rproxo 2O o

0. of plants
top
275
4
3
3
|
6 3 |
2
P
|
1?24
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o)
2 |
4 |
5 |1
7 5

=
o
= 00U

Qoo i

w -
W PRUIO© WNC

¢ 3#\ O WN oo

weE

N U1 B

-
N D o

e. of plants ,
haring kernel haring
color X IH
Dftftc Ned™ Light Olob* Iktbeeaf‘
XSi- c
A6 1 \/
2 I
15 45 D
29 22 3B
8 9 17 X
10 20 10 2 .
9 16 10 1 <
* 2 <
10 16 7 A
17 13 30
37 U 15
il 3 B S S
32 7N
13 %% 47
14 13 39
25 1 16 3
021 s 10 29
1 27 H
10 20 *0
o5 33
25
18 14 5 %
72 12 49
16 8
s 13 9 O



Table | (continued)

So. of plant# No. plants

having kernel feav Ing
1937 No. of plants No. of plants
row hevine awn. tv e havtme oer cent bunt Dark Ned. Light SUb- HhetH
Ms.  Emrentor <roee Il 2 > > 4 5 0 5 50 75 100 .Itd red___red rone cent
98 Croee 351162 a-5-1 5 91120 2 I 54 9 16 25
99 Ho -2 7 201537 3 I 43 18 24 16 26
100S.W. 1388 (Parent) C k)33 10 5 | 12.2 S
101 Crese 351162 *-5- 9 8 b 5 4 2 3 3 3 2 19.7 11 19 32
102 do 21 921 17 | 12.2 8 19 12 39
101 do -10 6 9 18 27 4 10 23 33
104 do -13 7 20 10 29 10 6.4 5 19 13 37
105 do -14 10 16 724 8 | | 9.6 9 16 I 13 20
10b do -15 I 23422 12 | 10.0 9 a 8 11 26
107 do -17 U1 5 3 3 25 8 | 7.4 17 16 33
108 do -18 7 13 17 15 17 | 2 179 22 15 |
109 do -19 46 29 15 I | 9.2 28 18 12 34
110*.;. 1315 (Parent) 39 32 7 4.5 39
IlICroee 351162 A-961 IS 26 g 10 57 9 B 7 4
112 do -22 11 1S 15 3B 6 34 8 23 13 8 36
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Tatts IX

1938
row Mo.

114

S

ut
118
U9
120
121
122

127
128
129
130
1J1
132
133
134
135
136
137
138

139
1*10

1H7
148
li>9
150
151

Cross

Coast
Cross

Ceres
Cross

Coast
Cross

Ceres
Cross

25-

The elinalflc-tlon of plants for oanedneeo in X%
lines and parent rows in the cross Cornst-(Htise-r-
Rari Federation) x Ceree-(“lope-Floronce) ~rmm at
BoaeeiBne Montano in 1938

I’O.

Prrent or cross \ 2 3- "HT
361239 A-I-U 5 23 8 11 1
do ) 15 28
do -6 52
do -10 3 24 U 19
flo —11 17 27 13 |
do -1U 50 5
do —16 |
X Rnssar-Hrrd ~deration ¥ 22
361239 A-I-17
do -21 IU 26
o ~ I 26 U 10 5
o X~ 61
do —28 17 34
to -29 15 30 15
do -32
do -33 I 22 8 14 7
do -34 Uu 34 18
X Rone-Flarenco
361239 a—1-35 12 28 16
do -36 IU 22
do -39 H 8
do —42 U 29 U 8 9
do -7 18 30
do —9 16 32
do -38 2 22 10 12 5
do —12 6 26 28
do -37 it 19 31
X Ruoenr-U rd Federation U 22
361239 A-1-13 2 21 6 13 6
do 421 u 32 13
do -3 16 23
do —4 58 I
do -5 2
do -6 16 30 U
do -8 *0 7
do -10 13 35
do —11 5 28 2 13 10
x Uope-Florenee
361239 A-2-12 16 31 15

67
58

16

63

64

17

- =
~N o Con

11

14
62



Taible 11

193*
row M.

152
153
15*
155
15b
157
iS
I
161
162

S

167
16s
169
170
171
172
173
17>
175
176
177
17*
179
180
181
1*2
1*3
184
185
186
1*7
188
1*9
190

191
192

193

Croee

Cchmt
Croee

Ceroe
Croea

Const
Cross

Ceree
Cross

(coatimed)

361239 >-9-17

do
do
do
do
do
do
do

—9
-21
-23
-2*1
-26
-27
—28

x HuflsoiMfcrd
361239 *-3-29

—26"%

federation

do -31
do - 3*
do -38
do -39
do -MO
do _kx*
do -13
do -30
X Hope-Florenoe
361239 A-2-Ul
do *-3-3
do -5
do -6
do -9
do -13
do -14
do -15
do -17

X Muaepr-Hnrd Feder tion
361239 A-3-15

do
do
do
do
do
do
do
do

-a
-23
-27
-30
-32
-33
-3

x Hope-Floranoe
361239 a->35

do
do

-36
-37

0. of v
a 22
U 26

2 24

18 29
2 22

4 26

50 7
13 29
10 34
52 8
I 28

4 31

9 32

7 31

20

a 25
16 24
17 24
50 7
I 29

2 20

3 28

2 26

18 33
11 30

15
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29
57
13

15

15
11

20

14
12

14
14

22
12

31
30
50
fi

14
15
11
12
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U
14

55
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Tnble XZ (oontlnuod)

1938
VWHI MO

S SS S S S

SSBBSgSgS B Sgm giisssam

Gross

Const
Cross

Ceres
Cress

Const
cress

Ceres x Hope-Florence

Parent or crooa

361239 A-3-3S
do

do 3

do -Ul
do -42
do -46

x Ifussnn-H-rd
361239 A-3-48

do -52
do -54
do -56
do -58
do

do

do -61
do -62

%Hope-Florenoe

361239 *->20

do -16
do -28
do -Jig
do A4-2
do -5
do -9
do -1
do -10

27-

no. Of plants hnvinic sen fame

4 25
1 31

Federation 50 12

X Hussnn-Hard Federation 41 15

361239 a 4-13
do -8
do -3

3 22
52

2 26
6 22
3 I
4 26
2 32
15 29
3 24
10 5
53 2
9 29

53

99
18

12

53

[op RN =NYoo)

13
8

31
28

15

13
12
15

28
12

31
10

57
13

10

18
16

=

= O
— NN
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Teble 111

Fj weeding
™ JZAm

|
1
11
IT
T
Tl
TII
Till

Total

AieWr of Fj plants la eadh —mednesa claas In the
nino r* breeding “roi*e of Rellaaoe-Rewnrd * Comet-
(RaeenT-Rnrd Tederstloa)

- T ™ Winber of ft plants la mewdaoeo else* Iteu

%
O«
1*19

«3
6H

3N

g
86

aj
117
183

10

612

wPR*

N

298
89

332
108

ISh

97h

3

hg
1 6

167
4hg

899

R

3

119

13

199

33«

b

97

2hg
202
231

782

Tot?
MU
629
380

996
108

180
890

23h

3.999



Figure 2 Awn types found in progeny of Reliance-Reward x Comet-(Hussar-Hard Federation)
and Comet-(Hussar-Hard Federation) x Ceres-(Hope-Florence):

A and B, variations
in awnedness from each of two plants classed as 3* awn types from the two crosses
respectively;

Cand D, representative spikes from the two crosses, respectively,
I, awnless; 2, apically awnletted; >, weakly awnletted; 3*, strongly awnletted;
4, half awned; and 5» awned.



Table IT Breeding behavior in the T-. feaer”tlea for the elx awnednese elaeeee Im
the oroee Rellanoe-Heward $ Comot-(tfaecenr-Hnrd iedenstlem) grown at
Besenen, Montinn la 1937

J' line-
Fg elaeeee and their Ter cent Humber of Fi plants on
breeding behavior In the of “ar g“nednees olnesee Cbmerw- 9-faotor
F] generation ¢ Number  total > 3b ~ 5 Total ed baste
I, awnleee
.'nn br»gdinr. for |
JL ?ind 2 3 3 P» 21 95
| anda 2 2 PH 65 69
Total
mmlett -
eegremtlng for I, 2, and >
I. 2 and 3- 3 3 Hs 32 26 106
I. 2. >t H, and 5 I I 15 IH 2 I 1 33
I* 2, sad 3. 2 2 22 Hs 31 2)
1.2. >. N~ > I 1 13 16 9 |
I, 2, and > 6 6 33 69 110 212
I. 2.>, H, and 5 I I 7 s 39 1 1
I. 2,>, «rd 5 2 2 13 32 39 2
Subtotal 16 16 Ikg215258 1 2 U G0 16 12.50

-0&-



Table XV (oontinned)

F? line#

Fg elaaeee and their

Fj generation * Number

eefreRT-tin*? for I, ?, and >
I, 2, >, and >
. 2, >, >, and 4
2* 3-» Mid >
>. nnd 4
, >, >. and 4
>, and 4
, >, >, and 4

N=—N—w=—N

Subtotal 12
Totnl 28

>» weakly ftmletted
aefye™nting for I, 2, >, >¢, 4 AS
1. & >. >. 4, and 5
>, >, nnd 4
>, >, 4, and 5 1
nnd 3»
> . and 4

> .

, >, end 4
>. 4, rnd 5

. >. 4, nnd 5
>
5.

4, and 5
> 4, .ad5

Subtotal 28

N=—————Cw N

NN
DV Vv VViobdoh

Per eent

total

NN=—DN—w—DN

12
28

28

Number of Fj plants

I 2 > > == 15 Total

19 15 9 18
9 8 6 5 H

15 33 12 18
13 7 0 6

5

14 23 14 3 17
6 5 14 0 7
15 20 27 4 9

83 117 89 48 43

3 22 15 15 5
14 49 S 1
41 89 214 73 73

2 14 8
I U 8 5 3
2 13 | 2
3 13 8 5
3 10 5
4 2
9

9 13
2 22 20 13 24

64 185 332 16l 119 97

2

6l

32
78
31
TI
32
75

3«0

68
102
534

25
21
18

35
29

90
956

rercentaof

AN riant#
N~ lenlp t pfl
on
ed basis
12 12.50
28
7S N0O0



Table Iv (continued)

Percentages of

AL Fo olante
_ F~ lines Calculated
Fg elaeees and their Per cent Sumber of f? plants on
breeding behavior In the of bar avnednees classes Chbeerr- 2-factor
F1 feneration e Nuifier  total I 3- > ** o9 Total ed basis
True breeding >
> 3 3 108 106
Subtotal 3 3 108 108 3 6.29
Total 31 31 31 31.79
>, stronfly awnletted
Tue breeding for > !
4
193
5.4 | | B 13 27
Subtotal 9 9 167 13 180 9 6.25
segremting for >, >, «nd 5
>» J*. end 5 9 9 65 178 94 337
2, >* Jf, %nd 5 3 3 5 27 46 30 log
Subtotal 12 12 5 92 224 1?4 495 12 12.50

Total 1? 17 17 16.75



Table IV (eontimed)

Pereeateﬁ_of
N IRt=
_ Ts Itnee Calculated
>2 classes -nd their Per %ent Pxmber of Ft plants on
breeding behavior In the 0 bﬁ a“medness”claeaes Cbserv- 2-factor
Tj generation * Number total | > > 4 5 Total ed basis
4, half awned
segregati%for }, 4, «nd 5 4
3*. 4. @5 4 3 134
and 5 [ | ﬁ ﬁé é 41
>, 4 and _ 3 33 73 115
2.>. 4 ands II | 13 3 =
>, >, 4. and 2 6 8 16
4 and N 2 2 26 38 ﬁEJ
Total 12 12 | 2 7410202 4k 1?7 120

5, Ailljr owned
True lareeding for 5

g, 1’1, ond N ? |5 I Z:Igf?l ]%

Total 6 6 | 2 231 2% 6 6.29
Grand total gbserved 394 612 97*» S99 33« 782 3,999 100 100
Krpeeted It TQ plants V\BI'E) Ratio 91?7 1315 6 9

bulked and selfad ) Jbmber calculated 562# $12,9 375.0 1,000

750.0 9375 562.5

e« Underlined numbers Indicate modal clan*



T&Me ? Calculation Ot Gocdneea of Mt to n I«2|317illll2i2t]l ratio (A) and a
[iM i 3»2il rati* (B) on a two*fadtor difference for awnedneoo from a
Reliance-Eeword x Comet-(Husear-Hard federation) spring wheat eroee
grown at Woaemnn, Montana in 1937

#2 else### based on breeding
behavior of the fj and some Ratio
of the questionable F**e A B

I, breeding true

2, segregating for 1,2, end >;
ratio 1*2*1

2, eegregating for 1,2, and > |
ratio 1*2*1
Total

> | segregating for 1,2,>,>,U
ratio It b*5*312il
> | breeding true

total

>, Dbreeding true

> . segregating for > ,>, and 5t

ratio 1*2*1
Total

segregating for >,4, end 5|

ratio 1*2*1
5, breeding true
Orand total

Pf 5 *? of .6853
Of 1 x2 ot 3.6500

2
2

4

, end 5|

4
I

3)
I
2

3
2 2
I I
16 16

P between 0.90 -
P

16

12
28

28
3

31

5

12
17

12

7
100

.G

e between 0.90 and 0.80

12.50

12.50
25.00

25.00
6.55

31.29
6. 5

12.50
18.75

12.50

6.-5
10 . 0

(e-c)
1,25

3.90

0.90
3.00

3.00
3.25

0.25

1.25

0.50
1.75

0.50
0.75

(n-0)*

1.5625

12.7c00

.500
M0000

-0Or-00
10.5625
.0625

1.5625

.500
3.0625

.500

9625

(0—)<

/500

.0800

.0200
.3600

. '600
1.6900

.0020
2500

.0200
1633

.0200
.0900



fellowst
| strains of awn class | or 2 that haws a eetie of class |
or class 2 plants and breed true or within the Units of
class | and 2,

Il strains of class 2 that here a mode of class I, class 2,
or class > pleats and eegrsgrte for classes I, 2, nnd >$

m strains of else 2 Uet hare a mode of class |, class 2,
and class > lants and sourer to for classes I, 2. >. >
and 4# or at least Uof them;

If ntrains of class 3- that segregate for clss ee I. 2, >, >,
Hand 5» or at least five of Utea;

V strains of class >« that breed true;

VI strains of class 3* or have a mode of class > and do not
breed beyond the limits of class 3» and 4%

VIl strains of class 3* that segregate for classes 3», 3» and
5, or have a mode of class 3* plants with only a few elfas
2 plants;

VIl strains of class 4 that segregate for classes >, 4 and 5
and have a mode of class 3*. class 4, or class 5 plants
with only a few class 2 and class > plants; and

IX strains of class 5 that breed true or within the limits
of classes 4 and 5.

Table 111 shows the number of plants in each awnedneee class in each
of the 9 groups.

In group | there were S6 plants In 154 Uiat were classified as
of class In gros®) IV, which should segregate as In the \2 generation,
there were more class > than class 2 plants. In ell the other groups
there was considerable overlap Ing but the range In tiwse groups was
mere or less definite. Probably the greatest variation within a group
was in Ill; however, the segregation usually w$ nover beyond class 4,

The plants which were placed in class 4 closely resembled the > types.
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fh» results of these studies Indicate the presence of two mjor
factors for ewn development. It Is asexmed thnt the aimed Reliance *
Reward parent le aabb, and the aimless Coast * fhiesnr-Hnrd federation
parent le A’RB. Ca this basis the phenotypic class, gmeral breeding

beh vilor. and genelyplc grosze may be Indicated as follows*

Fhenotyyic class, breeding behavior, and genotypic groups Groups

Glass |, nwalese
| MB® - Breeding true |

Class 2, apically ovaletted
2 AABb - Segregating for class I, 2, and >» |
£ MIS - Ssgregpting for class I, 2, and > 11

Glass 3“» weekly armlettod
4 AaBb - Segrernting as In f_ for classes I, 2» >, >,

4 and 5 IT
2, AAbb - Breeding true \V;
5
Class 30, strongly awnletted
I aaSB - Bnwding true Tl
£ Anbb - Segregating for >, 3» and 5 T

Class 4, half awned
2 aaBb - Segregating for >, 4, and 5 711%

Claes 5, fully owned
| sabb - Breeding true zZ

On this genetic Interpretation the gecmdnes® of fit for both the
6 phenotypic classes and 9 genotypic grewps, which Is based on the cal-
culated mwibere for tvjo major fonotic f ctors, Is shown In T ble 7.
The expected 1*4*5*3*2*1 phenotypic ratio for the six ownednese classes

was eery closely cp reached in the observed data, the F Trlae for goodness



Jh

of fit betaoea the observed and calculated data le between Q95 rmd 0. 90.
She F value between 0.90 and 0 .# for the 1*2*2;%;1*1;2x2:1 "eaaetypSc
ratio Indlcatee that e worse fit, due to chance alone nlpht be expected
80 to 90 times la a hundred trials. It would e en, therefore, that two
major genetic factors satisfactorily explains the Inheritance of awned-
ness la tills cross. Although It is recognized that some of thn variability
observed my be cau ed ty minor factors, it has been Imasaible to prove
the Interaction of an additional run tic factor or factors because of the
effect of uncontrolled variation caused by environment.

Tronendees variations In tyr* »f awn* on different head* were
found within plants of various genotypes Arom this cross. In Figure 2A
is shown the variation la types observed la plants which indicates a
range of awn expression from about > to 5. Similar variations were
found In lose nwned types. Frequently heads from * single plant were
found having awns of more than me class. The presence of those variations
may account for some of the segremtlng type# which were not inherently
different from e ch other.

Te further the Imvestlgstiim of atmodnees In the Reliance-Reward
x Comet-(Husrnr-Rard federation) cross various crosses were made. These
were made to determine whether the awa-groap classification ns made was
correct. The following crosses, giving the phenotypic awn expression
md the Fg breeding behavior for those combinations with the modal classes

underlined, were made as follows*



_ *2 treading behavior
Pj pheno- for aeneAnaoce el "ees

Croa* type I 2 > j» Uus
Fawat | «wb tyrie z Ferent 5 ww type > ¢ o+ o * 0
Fregeay | aen type %Progeny 5 man type > ¢ o jt e ¢ *
Progeny > asa “nie %Parent 5 smn type > ¢ S .
Progeny je aan type %Parent 5 awn type > - 4 ¢ + .
Progeny > awn type z Progeny > sen type > ¢ ¢

Photographs of the various F~'e obtained in these crosses are given In
Figures 5*» & C, 0, and R. Figure JA shows a flavor ef heads which are
representative ef the F1** obtained in the parent | esn type %parent 5 awn
type; JB, the FL of the progeny | awn type %progeny 2 awn type; JC, the
Fx of tiae progeny > awn type z progeny Je awn type; JD, the Fl1 ef the
progeny > own type z parent 5 awn type; and, Utl the F1 of the progeny
> awn type x parent 5 awn tyre. The four types listed, namely* awn types,
I, J-, 3», and 5, were the only types need in crossing since these were the
true-breeding types observed In tits Iy A few true-breeding aplcally awn-
letted (awn type 2) and half owned (aim type 4) were observed in the but
no woeMes -ere mod# using these a# parents.

Althowh comparatively email pepnlatione were grown in ootih case,
an indication ef the segregation of each gron$) ums obtained. These segregations

were ef prime laartanee, since this would indicate hew the variou pheso-

typee would segregate in later generations.
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otftifiMt
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Figure 3 F, awn types in Reliance-Reward x Comet-
(Sussar-Hard Federation): A, parent | awn
type x parent 5 awn type; B, progeny | awn
type x progeny 5 awn type; C, progeny 3-
awn type x progeny 3* awn type; Df progeny
3- x parent 5 awn type; and E, progeny 3*
X parent 5 awn type



Yo the Comt»(Hussfir-ifard Federation) * Ceres-(Hor>e-Moronoe)
cross only the Inhorlt nos of awnednees was studied* The experimental
deelfia and plan of study was the mum es that for the previous cross*

In this cress one of the parents was tally awrv$4e and the other parent
had e few Indlvldaale present which oseessed splfeil beaks of about 2 am.
In length. The data obtained on the v riooe F- lines are presented in
Table Il. a photograph of e representative specimen of each of toe six
mwned classes from this cross Is glvan in Flgnre 2D.

Thle notorial proved to be quite variable, but not me much %o toe
Rellance-Rewmrd x Oomt - (Htesemr-Hard Federation) which shewed JS different
types of segrsmtlon. This cross showed only 21 different segregating
ATTHIS with 9 ontotending major breeding gro% s predominating, which are
listed In table# VI end VII. The modal clnseyma In anch case are indic ted
by underlined numbers In table VII. They are arranged in the order ef
length of owns, and totals are drawn after groups not regarded as inherent-
ly different. Severn! of these types nnmwntly do not differ Inherently
from toe others. Variation within the groups may be due either to the
effect of a minor genetic factor or to environment. It seems reasonable
to nesuMB that a minor factor may cause some of this v ri.ability since
some of the awaless parent plants had awaists at the tip ef the spikes and
one of the awnless segregates had no awn types beyond the limits of awn
type |I.

Allowing for overlapping of the classes, the material was separated

Into nine groups (Tables VI and VII) a# follows*



Table VI Haaber of *3 plants In each amednees elnao In the
nine Vi breeding groups of the 100 lines of Conet-
(Nussnr-Rrrd federation) x Ceres-(Hope-iflersnee)

WV breedlas I >,Aa.’\?yianaa3,<?’\%q Total
| 301 27 2 330

I 133 201 162 58*

Il 1B 2838 150 3 58b

v 101 o 182 372 189 10 1705

vV 1A5 I S

Vi b33 10 2 Ung

Vil % 196 b 179 761
VIl 130 276 153 561
IX I 351 352

Total 67»  1.3*7 %5 1270 l«3 7*9 5.772



TabU TI* BreedUfi behavior In the I*, penerntlon for the el* awnedaeee cUeeee in
the arose Oenet-(Hneeer-Hsfd Federation)* C~ree-(Hore-Tlorence) at
Bosemml Montana in 1936

Tg oleseee and their
breedtofi behavior in the
Tm fioaermtion e

I. awnleee
Tmo breedInfi for |

|
| and 2
I, 2. and >

Total

2. apically awaletted
eegrefiatUfi for I, g, and >
l, end >
I.1, >, and 4

Subtotal

segregating for I, £, and >
I, g, and 3*
I. £. > and 4

Subtotal

HueAer

10

w

10

Fer cent

of

total

10

w

10

52

197
92

301

124

133

102
4i

143

FereenUfiee of

Number of T, plants on
bar Armedneos ;classes Cbserr- 2-factor
2 > > 4 5 total ed basis

52
19 216
8 2 62
27 2 330 6.00 6.25
259 143 526
32 19 2 62
291 162 2 588 10.00 12.50
202 103 boy
G 47 3 177
288 190 3 584 10.00 12.50



Table fIX (continued)

Pereeatfiigee of

2 11 —fgrlonte
: : ? llnee Colcnlotod
?2 closeoi and their Ter cent Number of I* plants on
breeding behavior In the of -y -e-n"dno'r"c.l---*00 Cbeerv- 3-factor
I3 generation * Humber tedml | 2 > > h 5 1fob'll ed basis
segregating for I, 1, 3». >, HAS
I, £. >. >, and 5 27 27 97 705 147 325 175 96 1.545
I, >, > and 5 I I 3 24 4 19 5 55
l. >, >, end 4 I | |l 2« 5 14 5 53
I, >, >. U, and 5 | I 20 b 14 9 3 52
Subtotal 30 30 101 777 162 372 159 104 1,705 30.00 25.00
Total 50.00  50.00
_n ""('ly awnlotted
Jr 7 7 3«7 387
Jr. and 4 1 1 58 I 59
Total 8 8 44% I U6  g.QQ 6.25

>, strongly aanletted
True breeding for >

> 167 167
Je. end 4 2 l 213 9 222
>. 4, and 5 I I 53 1 2 56

Subtotal 8 8 433 10 2 445  8.00

-Ctre



Table TH (continued)

Percentages of

™ lina* . Fjitlante
) calculated
Is olaete* "md their Per cent Sumber of F- plants on
breeding behavior in the of by stmednees”elseaee Cheerv-
F1 generation * Stuober total I 2 3- 3b 4 5 Totsl ed basis
eegrefrttng for > s >, and 5
>. j*» and 5 12 12 t 175 353 172 700
2. >, >, end 5 I I 4 19 31 7 61
Subtotal 13 13 4 194 384 179 761 11.00 13.*%0
Total
Us half earned
eegresatlng for >, 4, and 5
>» 4, and 5 10 10 130 27* 153
Total 10 10 1)0 2/ 153
5, fully aimed
True breeding for 5
5 5 5 284 384
> and.5 | | | 67 g
Total 6 6 | j55l 152 6.00
Grand total observed 100 loo 678 965 483 5772 iw .60
) _ 1.387 1,470 7*9
Expected if Fg plants were) Ratio 9 lo 9 15 6 9
bulked and. selfed ) Sunber calculated 611.9g 811.8 941.3 5772.6

e QOaderliaed numbers indicate modal elate



X otrains of olaes I, 2, or > that hr«ve a node of class |
pirate and bread true or within the limits of classes | and
2 with only a few class > plants;

IX strains of class 2 that have a mode of class 2 and se”rsmt#
for classes I, 2, and J-;

XXX strains of class 2 awn type that have » mode of class 2 and
eeffpefiate for classes I, 2, and >;

XV strrine of class 2 am typo that have a mode of class 2 and
IWTesnte for classes I, 2, J-, >, U, and 5, orat least
five of them;

strains of class J- that breed true;

<

X strains of class Je that breed true, or have a mode of class
Je plants with only a few of class 4 and class 5 plants;

VIX strains of class Je that sSfTSfrto for classes J-, Je, and 5
with a mode of class Je plants;

VXX strains of Clas 4 that have a mode of class k plants and
segregate for classes >, 4, and 5; and

IX strains of class 5 that breed true.
The number of plants in oroh awnedness class la each of the nine breeding
groups is shown in Table VI.

In Group | 2? plants in JJO were classified into class 2 end two
into class J-. Cne line of 52 plants wrs observed which showed no over-
lap Ing into the class 2 type. In no other /group with a possible ex-
ception of Group VI (true breeding » was there very much overlapping of
classes. There seems to be an overlapping of Uie Je type into type 4.
This might be expected since some plants had heads with types varying
from Je to 5# This is clearly shorn in Figure 2B.

In Table VIX is given the breeding behavior by groups based upon

the six owned classes of the 100 F* lines. The Fg genotypes were determined



Igr the breedIn#; behavior of the Ty

The resnlte of these studies Indlcote that two major factors are
$resent which Infloence the development of asms. It Is assumed that the
awnlees Comet x 'Wsar-Rard Feder tlon parent le MM, and the armed
Ceres x Huale-Florence parent la eabb. On this basis the mnoml breeding
behavior and flonolgrplc croups nmegr be asmmed to bo the same ns In the pre-
vious cross studied.

The goodness of fit, breed on the calculated numbers for two
genetic factors on both 9 genotypic and 6 phenotypic classes, is shown In
frbls fill. Thsgrraament le good throughout. The P value for the er ected
genotypic ratio 1*2*2*%;li1*2:2*1 cornered with the observed wn> between
0.70 and 0.80. The P value for the calculated phenotypic retie It8*1*3*2*|
compared: to the observed drto w-s mch higher, being between 0.80 nnd 0.90.
In either ease the P value is hi# and a worse fit, due to elwioe alone,
might be earacted to occur on *a -ver ge of 80 times la I O trials. It
would seen, therefore, that two genetic factors satisfactorily explain the
Inherit nee of asnedness in this cross. In this cross as la the former
minor factors any have played a role In awn development, but because of the
effects of uncontrolled variation ceased by environment It was impossible
to prove the presence of such factors,

In a few lines there were plants which were widely different In
pvm type from what might have been expected in that Inh ritmce group. These
few widely divergent tri es may have been due to cross fertilisation In the
previous generation a# it la known that some cross fertilisation does occur

In whes,*. F3 plants resulting from cross-fertilise tton could and would be



CalculaUcm of Oeedneoe of Fit to e 1*2; *4;1:1*2;2*1 ratio (a) and a
IsSili)i2il ratio (S) on # two-footer difference for awnedneos from a

Cemet- (Hubasr-Hnrd Federation) a Ceree-(lkipe-Florenee) spring wheat

table fill
crone erotm at Bosmmaa, Montana la 1938
Fg classes based on brooding Ratio
behavior of the F~ generation A B Cbeerved
I, breeding true I I 6
2, segregating for I,2,amd >*
ratio 1*2*1 2 10
2. eegremting for 1,2,and >t
ratio 1*2*1 2 10
2, segregating for | : 4, and 5*
ratio I1t611*3*211 4 30
Total 6 50
>, Dbreeding true | | 6
3», breeding true 1 % 6
>, eegremtlng for >,>, and %
ratio 1*2*1 2 13
Total 3 21
4, segregating for >,4, and 5*
ratio 1*2*1 2 2 10
5» breeding true I I 5
Ctund total 16 16 100

Calcul- ted
on
2-faetor
difference

6.25

12.50

12.50

25.00
g0.00

6.25
6.25

12.50
M.75

12.50

6.25
100.00

0-0
2%

2.50
2.50

5.00
0.00

1.75
1.75

.50
2.25

2.50
1.25

(0-e)2
.0625

6.2500
6.2500

25.0000
0.0000

3.0625

3.0625

.2500
5.0625

6.2500
1.5625

Oof 7 ~ for Ratio A- 3.76 F s very high for ratio doalpnatod
Ot 5 a2 for Ratio %a 1.52 Pa wry high for ratio deel/matod

la=SlI
e
0.01

.50
.50

1.00
0.00

.02
27

.50
.25



neet cone icttmia la Orotme I. XXI, Tl, TH, snd Xx sad It Se la theee
groups that the derlatloM are aeen. A few deviations my he due to
fixtures, hat aone dewlatlona (Groups X and TIl) occur toe frequently to

be cloesed %# adxtures or the result of croee-fertllle tlon. Ihie ron”e

ie probibly caused by a minor modifying factor sad Its action cm be noticed

only la those gronpe.

Kernel Color

Since the parent* In the TfellanetWtmmrd x Oorot-(lhiesa)Vfferl
Feder-itlon) cross differed la Intensity of redness of seed color, the
seed of the Individual heeds from the plants in the 100 Fg lines were
classified for seed color into the classes* dark, intermediate, rod Il ht
red. The seed of the Reliance z Reward parent was much darker red than the
other parent. In the Fg lines three breeding types appeared among the
progeny, namely* (1) lines In which only light and intermediate red-seed-
ed plants were found, and (3) lines in which there were found dark, inter-
mediate, and light red-seeded plant#. Since the light red-oeoded parent
hod both Il#1t and intermediate types and the dafk red parent had some
Intermediate tyres, it was thought Jastlflshle to close an Fg Ilro so
breeding like the Il#it :«rent. If it osseeeed only light- rnd medium-
red losroeled plants, and like the dark red parrot. If only dark and Inter-
mediate type# were found.

The original data on das !fic tion for kernel color le given In
T ble I. The lareedtng behavior of twonty-elght Fg lines wam like the light

red parent fer kernel color; twenty-six bred like the dark red parent.
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vhil# tho remiIndor, or =6 linos, mepomteA for all throe types. Totnl-
lia® the plants for the wgremtlne Meea there nore obtained 357 dsrfe
rod* 526 Intermediate radi UI5 li#ht red a* coapared to an expected of
05,5 dark red* 809 intermediate red* WUS5 light rad.

GalcnlaMng Chi-squiure for goednees of fit for kernel color cm a
single-fantor difference, 1*2*1 ratio, on the 100 Fj lines showa the ob-
merved number to be very close to the e”iected vhloh is given In fnble IX.

P value for goodness of fit between the observed and calculated data
is between omio sad CU50.
Table IX CalSBilation of Goodness ef Mt on a ona-fnotor
difference for kernel color In tho IU generation

of Belianos- Havard x Comet-(Thiss -r-mrd Federati<m)
groan at Bozeaan, Montana in 1937

Calculated
on 1*2*1 Co-c)2
Class Cbhaerred ratio OoC (c-c)2 c
Sag. for liSil of
dark* Int* light b 50 -U 16 32
True breeding for
llgjht color 28 25 *3 9 .36
Tme breeding for
dark color 26 25 ¢l I .OU
Total 100 100

Df 2 X of 0.72 P s between Q70 and O.JO
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Clune Poboaomee

Slaee the parente differed la “lone pobeecmce, the 100 lines
of Rellaaeee-Seeaid * Gome#-(Heasar-Hard FederziUon) provided oxcollont
material for a study of the Inheritance of this character, the data on
the breeding behmrlor of each Ilae cure #lvam la Table I. Three bmedlag
grsaps eppeened la Ae progeny, nanolyi (l) true breeding for glabrous
gtoaoe. (2) true breeding pubescent tamee, and (3) those eegregrting for
glabrous and pubescent gluaes.

la a few of the F, lines abnormal ratios r eared. For Instance,
In sons families | or 2 plants were pubescent sad the reminder gl-brema.
Karwle”s (1932) Tables of Probabilities were used as a basis for classi-
fying these lines late either the secret?ting or true-breeding group.

The data obtrlned Aow a close fit to a 1:2:1 ratio which mjr be
explained by e single genetic factor difference with the pubescent con-
dition dominant to glabrous. Twenty-four Fj lines bred true for mbesewit
glumes; twenty-one bred true for glabrous glume; A lls fifty-five seg-
regated for ubeecent and gla rmis glume* la a 3:1 r tlo, In the fifty-
five eegragatlag llaee there were obt laed 1319 pubescent and UJg .glab-
rous plants as compared to the extteeted number of 1320.75 pubescent and
UUo.?5 glabrous types.

It was thought advisable to test As observed number of breeding
ty as with the calculated number. The calculated F value for goodness
of fit is shown In Table X. The P value was determined to be botwoon

*50 and .70 Aleh Is a close fit to a 1:2:1 ratio. The discrepancies

between the observed and calculated ratios coa be assasmd to be due to
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chance and no% to bcbki other gonetic cans®.

fable X Calcnlation of OooAness of Fit Ibr inheritance of
rlitiiio ~rabescence on a si*le-fractor difference in
100 Fj lines of Roliance-BeiFard x Coneb-(Hnosnr-
Rard FeAmrrtioa) groan at Bosersan, MmWm in 19J7

Breeding behavior (0-0)2

C

Segregation for pubeacmt nod

glabrous glumes; ratio 3*1 55 50 5 25 30

True breeding for pubescent

glumes 21 25 | | (A

True breeding for glabrous

glumes 21 25 u 16 64

Ibtal 100 100

Df 2 X2 of I.IR F = between 0.7<5 end O50

Msyetion

tithongh this experlimmt ms deal”rtrd to bo an inherit' nc© study,
the restate obt Ined ecn not be Inter retod in that light. Instead of
determining the re otlon of the 100 F, linos to e ch of the two physio-
logic r-ces of bunt, as is naosenary in %genetie study, a composite of
the inoculum w-e used. Various worlrere hrve concluded thmt it is essential
to work wlto single physlolorlc rscee rather th-.n with s Oeepeelte of
several to study the Inhorltrnce of resistance to bunt. The re otton of
several r-oot; composited is different fchrn when r-tees are noting m

the host individually. This rob bly accounts for the ¢ n laxity of the
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laIMVIitMMM of reaetSoB to boat In earl/ InooatMattoino. Hmi reoeet work
has shown the Inhaxltaneo of roeletanee to troat to be lees complex than on#
Indicated by aome of the early tore#tlgRtlone.

Fercenta™ee of infection by boat for the parents and 100 lines of
the Rollanee-Reward % Cone!-(Tluoerr-Rard Feder ti n) cross are lven In
Table 1. The range of the Reliance x Reward parent for bunt Infection wee
from 12. ? per cent to 23.9 per cent with an average of 16.2 per cent. The
ottior parent Comet x Bueear-Fbrd FoAor tlon shewed more resistance and e
much narrower r age of snece?Zlbillty, the range being from 2.6 to 5*1 per
cent Infection with an average of 4.0 per cent. lhe range of the F3 regeiy
extended beyond the limits of either the resist at or susceptible parent.
Six of the FHJ lines averaged lower Infection than the lower Halt of the
resistant rent. The meet resistant F* 'roPeiW line averaged 0.8 for
cent bunt, while the most susceptible line showed 35.7 per cent bunt. Five
lines were more susceptible to the comoeite than the snsce tlble parent.
Forty-two lines averaged bunt Infection between the lower limit of the more
snseeotible parent and upper limit of the more resistant parent.

Ttto standard deviation for percentage of bant for OOdh of the
parents wee calculated by the formula yI £H 8IL . Fren lttle the
probable error woe obtained by multiplying the etondnrd deviation by
0.6745. Sr the use of this method the .*. of Reliance x Reward was
calculated to be * 3.4 giving n cl®as r?mge of 12.8 per cent to 19.6 per
cent. The P.K. of Comet x «uesax"»fsrd Federation was calculated to be
* 0.7, giving a class range of 3*3 P»r cent to 4.7 per cent. From these

calculations the classes wore determined, |.e,, those Fj linos which would
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faU wrlthla the amt FMfIMatAgM of 12.8 per cent and 11.6 j-er cent ml/Att
be ejected to breed the sane ae the Rellaae % Heward pmrent, and those
falllee withiii the range of 3«3 per cent and 4.7 per cent niffit be RTpect-
ed to react like the note resistant parent. Consequently, the lines giving
percentage* of boot below 3.3 per cent were classed as being mere resistant
Vtan the resist nt permit. [Bhoae lines falling between the n per I[iMt
( .7 per cent) of the group brooding like the resistant parent and below
the lower IIMt (12.8 per cent) of those breeding like the susceptible parent
are classed a* intermediates and comprise the Mass 4.8 per emit to 12.7
IMr ent bant Infection. Since 19.6 per emit is the u-p™er limit of the
class for those breeding like the susceptible parent all the lines which
are showing Ixmt percentages of 19.7 and above are classed as being rore

susceptible thnn the susceptible parent. Thus the 5 bunt classes were as

follows*
O - 3.2 per emit Cl ® Midpoint at 1.6 per cent
3*3 - 4.7 p«r cent GlInss Mdpelat at 4.0 per sent
4.8 - 12.7 per cent uloee Midpoint at £.75 per cent
| .8 - 19.6 par cent Clnss Midpoint at 16.2 per emit
19*7 - 35*7 par cent Glass Midpoint nt 27.7 per cent

Using these bunt classes, the parent reaction In percentage of bunt-
ed plants, the number of rows of each parent, mid the eegreg tion in the
XMlsno#mReward * Gmet-(HnsoaMfcrd Pederntlon) cross as shown tgr the
average of the Pj hybrid strains, are shown In fable XI, and grsphieally

In figure 4.
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reliance X REWARD
COMET _ PE 16.2i 34

HUSSAR-
HARD FEDER-
ATION

PE. 4.0+ 0.7

PERCENTAGE OF BUNT

Figure 4 Frequency distribution of the average
percentage of bunted plants when in-
oculated with a composite of races of
T-8 and L-7 of Tllletia in parents and
progeny of Reliance-Reward x Comet-
(HusBar-Hard Federation)
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fnble Xl JDrcentc™es of banted 'rheai pi‘iats In rows of
Helisaoe % Reward sad Coaet x Ruaaer-ikrd lederetloa
arente and hybrid strains of the cross ~rrewn si
Hosefem, Moatmio la 1937

Comet % Kuaear-

Claeew la
ner cent bunt Munber tor cent Per cent Btimbcr Per csj
0-3.2 9 9 2 33.3
3.y-*.7 12 12 2 33.3
b.ft-12.7 SH * 3 50.0 2 33.3
12.8-19.6 15 15 | 16.6
197-35.7 10 10 2 33.3

Total 100 100 6 99.9 6 99.9

The hybrids ee&remted beyond the Unite of the parents. Twelve

of the IDO etrains had a boat m otion similar to that of the Comet x Fhiaear-
Bhrd Fedemtloa parent. At the other end of the curve there ere 15 strains
within the limits of the Rellanee x Reward parent. Considering the five
classes for bunt which were formed on the basis of the breeding behavior
of the parents toward the composite Inoeulnn of the two mow the number of
families in e oh claw would be as follows!

9 more resistant than the resistant parent

12 like the reuletent parent

5& Intermediate between the two parents

15 like the susceptible parent

10 more susceptible than susceptible arsnt



Lintenfra Stqdlca

Linkage elndies have beat mmde in certain phases ef genetics, and
many linteige grrmm have been determined in mxmroua crop plants, Cmt"
peratively fee cases of linkage have been rejjorted In Jhe-l croasee, Afee
ImreFitlgatore studying linkage have been cited by Rayes oM Orrber CI93H),
Some ef them mentioned are iffen, XbgLedov, Cninoa and Careteas. It le
always of value and ef interest to the plant breeder to know whether a
eharacter le linked with another, in that good ngrononic uslities may be
linked with other good or poor characters, Conso.piently, cert in good
agronomic qualities may be transferred with e-\se or difficulty depending
on the strength of the linkage of the other factors.

In this study the data on the three characters, ownedneas, kernel
color and glume pubescence, are compared with the data on sent resist no©
in order to determine whether or not there is linkage between the factors
controlling these various characters, Centingency tables were prepared
to coHTiare the various characters to determine whether or not toe foetors
determining the characters are linked. Chi-Gpmre snd P values obtained

In each co”aarleo* of characters are as follows:

Ghi- Degrees
square  of P
GMBsma_

Aimedaees vs. glum# pubescence  13#% Ib  0.50-0.900 InAet. Asslld
Aamedneee vs. kernel color 10.976 16 0.80-0.90 do
Mmedness vs. per cent boat 37.090 32 0.3*6 do
Slums pubescence vs. kernel color 1.272 0.80-0.90 do
Slumc pubescence vs. per cent boat 5*829 8 0.50-0.70 do

Kernel color vs. per cent bunt 16.S17 8 0.05-0,02 ees. linkage
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Colculatlon of ladepeeidence Igr Jriaherfa (1936) method eae employ-
ed to obtain the Chl-equ-“re value when eoa”arlng tite obs rved with the
C--losilatod number. The I' value was obtained after the Chl-equare value
nd degnioe of freedom ore d tcrnlned. In Fisher’s (193b) x2 fable,

"a" has not been calculated beyond 30. Since the decrees of freedom
between awnedneee ni per cent boat was >2, Fisher's method of ebt Ining
a"mod '. roxImtlon of * ondoyod. He assumed th».t (2 \2-S V it-J)

le normally distributed about zero with unit deviation. If the resulting
quantity obtained Is greater than two, the wine of X Is net In aocofdanee
with the expected. In this oos%mrl#ou x2 equals 3U,09| substituting In the
formula (2 ViTx2 -Vrn-1) «# h=tve ( - -V (ML) or M, ;Ua for the
value of F which Is within the expectation for Indep«id«ace.

Very little. If any, relationship exlete between amaedness nd
gluna ibesconce, wnedneee and !cornel color, a«maednees and bunt per cant,
glume pubescence and bunt, and glume pubescence and kernel color, since the
obtained results ¢®me within Wgaotatlon for lzv!e$Sindent assortment. How
ever, acme relationship exists between per cent bunt and kernel color,
since the progenies are mere or lees confined to cert-in bunt elaeeee
dei ending on tho color of the kernel.

Aeorap rieon of smut resistance and seed color In the 100 Fj
progenies Is shown In Table XII. In this table It may be observed that
the greater number of resistant plants tend to have light red seed and the
more susceptible ones to have darker kernels. The nature of thle distri-

bution Indicates a possible limkngs between #mn$ resistance end seed color.
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reelet-mee to amt ?etnr ItakaA with light color ;snd ensceptiblltty with
dark «I»re 1lhe P ralua wa caleulateA to W between CeOg aad 0,02 which
le WfnrAeA as net being InAexandent assortment, Mt ladle tee at leaet a
weak linkage, In Interpreting result* it le eafe to sBenm thst if the
value of P fbr any distribution le higher than 0.0$ there le no evidence
of slgnlflcrnt correlation between the char ct-rs being considered,

Ibible XII A cow. <isen of amt re etion to CFtsonite of

&8 and L-7 amt roeem with weed color in 100

lInea of Rellanoe-Rewrrd a Come!-(Wunmr-
mrA federation)

Tme SeereFnting dark, True
breeding intermediate, aad breeding
dark red [Isht rod Total
0 - 3.2 per cent I 2 6 9
3.3 - U7 per cent 2 6 4 12
4.8 - 12.7 par cent 12 26 16 5%
12.8 - 19.7 or cent 6 9 0 15
19.7 - 35.7 per cent 5 3 2 10
Total 26 46 28 100

“lwCV.,.I. M AVMD Ct"CLUBK H5
Two crosses Reliance-Reward % Const-(Hnesrr-Rrrd FeAerntlon) rnd
Uomt-ClIMeastir-K rd Federation) x Ceree-(Kepe-Florenee) were studied for
the inherit nee of asmadneas. 3datinct breeding groups were obtained in
the 100 Fj lines studied, In the Relisnce-Reward x Uoaet-(ftas8'>s"Hsr4

Fedrr tion) cross rather wide deviations from the exj sotod “ore obtained.
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A muAer of lines were observed with plants differing froei the majority
ef plants In that line. Comparatively fe* lines ef this ts- e were ob-
served In the second cross studied.

Ihe method ef using a single head from a plant to establish the
asm type for that plant mj account for maeh of the variation which we
observed in the Reliance-Pew rd x Comet-(Hnss--r-Pard FOder tlon) erase,
wide variations were found to api®enr within a single plant. Variation#
on single plants were found to range Arom strongly awnletted tyue to
eemnletely owned spikes. Cn plants possessing fewer awns the r nge was
from completely awmloss to weakly araletted types. Thus, considerable
deviations may appear depending neon the single head selected for
classification. Field ebserr tlons Indicate the later culms to have long-
- awns. The first spikes which appee® ordinarily have much shorter asms
tlian do the later heads. Why these later culms assess Spikes with
longer sens then the earlier spikes has not been determined. Further
research on this phase needs to be conducted.

Miner modifying factors may have played en ImrcrteRt part in
c using these variation# within some lines. At arently the only effect
of the Hlivtr factors In the preeance of the major factors Is to reduce
the amount of awnednees, a# free the strong to tee weaker limits of a
class. It has been In oaslble to demonstrate the Inter ctian of an
additional gonetie factor bee use of the effect ef uncontrolled vri tirm
caused by environment. The jetenoe of the minor factor In the Belieace-
Reward % Comet-(itueear-Rard Federation) was ep-erent, while In the Comet-

{Bnssnr-H rd Federation) x Ceres-(Mope-Florsnos) tee effect of minor factors
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w«* less pronmmeed. “rldnnee points toward a Pdmr factor Wing present
la the latter areas, since a true br eding completely iwnless line v.m
obtained in the Wy even though the Coast x Haeaar-Rard Federation was not
of this tyro. Parent plants were occasionally found -rhlch possessed awn-
leto np to several millinetors la length and consequently vers placed in
the arically mmletted class.

Cross fertilisation Is known to occur In »he t. Xt has been shown
by the work of Lelgbtf RBd Taylor (1926) that as hi# as 3 per cent nay
hi ccacted la cert In Herts and environmnts. A few of tineas widely
divergent types my have been due to cross fertilisation In the previous
generation. In certain grotCHi natural emeelng can not W observed but
In certain breeding types it Is ebvlons.

Evidently four true Weeding awn types can be Isolated. These
types are apparently due to two major genetic factors (AA and SB) which
contribute differently toward the expression of the awns. The final
awn expression is dependent upon which factor is or factors are prorent.
It 1%s been shown that there is an in erfmot dominance of awnleesness.

The awnod type is the phenotypic expression of the double recessive of
these two factors while the double dominant Is the avmleee expression.
Factor M when in combination with a double recessive of the other factor
for awnedneer produces a true breeding weakly awnletted type while the
oi'poelte condition, a strain of wheat having the factor with the double
recessive of the other factor, will produce a strongly anletted spike.
True breeding apic Ily awnletted and half-owned strains of wheat have been

known to occur. Sons of those true reeding ty as were observed in the



fit In the Reliance-Reward % Gonet- (Husear-Hard feder tion) cross which
a™aln Indicates the presence of a minor factor In IMs cross.

Since the original cross has been mde and the FL produced. It
can be seen In Figure 3* Uiat In the Relianoe-Roeard x Gomb-(Jftiaear-
Hard Federation) cross the w s weakly aenletted mther than -Iplc-lly
aenletted as me apparently found In the other cross studied. MI other
workers when studying awnless x nwned crosses have found the to be
apical ly awnletted. Since the Fji was splcally aenletted a different
phenotypic ratio of It4s513*211 of awnlese, apic Ily aenletted, weakly
aenletted, strongly aenletted, half aimed to aimed, was obtained, Horn
ever. In the second cross a phenoty- lo retie of I*SiliJiail was obtained
for the six classes, respectively,

the results cm the various crosses involving the parents and progeny
of ttie RelianeWWward x Comb-(Husear-Hard Federation) cross confirm the
awn-group classlflcr tlon with the excej*tlon of Uie crosses involving tha
true-breeding segregate belonging to Uio asm group >. Since the > and >
topee were thoa##it to represent different intermediate types, each genetically
one-factor removed from either parent, the Reliance x Reward lacking both
dominant factors and Coast x Rhseai*-Rard Fedemtion peseeselag both dominant
factors, it wus thought by crossing these two intermediate types the factors
would be re-assembled and restore the original parents. In Uiis cress Ute
grand parental types wilde act restored, but only intermediate progenies were
obtained. Alee when the Js true-breeding segrepnte was bnokcrossod with the
Reliance x Rmvrrd parent (as* type 5), Uie F1 was neither s > nor a 4 asm

type but ap reached mere nearly the Je earn type; n 4 mm type was expected.



f*o» these ZTititilts It appears that the > progeny plant used la ereeslag
did net possess the factorial composition aaRB as sms expected If the
3- eegreentee WQr he indicated tgr the factorial forsela AAhh. since
tide > awn type x 5 awn typ* eroee set-related very Oiailar to the 3»
nsa type x 5 ana typo, an* the grand parental types wre net restored from
the 3" * > awn types plants, it Is believed that the difference la mm
expression between these Intermediates used la this cross is due to a
single ninor factor or factors. Although the model classes were of the
3» typo la both of the backcroeees involving the 3» nd 30 to the 5 ean
type parent, there was a greater ember of plants of the 5 awn type in
the > cress then is normally expected in a 1:2*1 mtlo.

Since the parents In the Reliance-Reward x (Rneacr-CarA Federation)
differed in Intensity of redness of seed color. It woe possible to study
the Inheritance of this character In the 100 lines. The seed of the
Reliance x Reward parent was meh darker than those of the other parent.
Three breeding groups aproarsd among the progeny, namely: (1) llnse
breeding Illm the dark red parent, (2) Ujws breeding like the light red
parent, and (3) lines segregating for li#»t, Intormodlate, end dtork-reA-
kemoled plant# In a 1:2:1 mtlo. Of the one hundred lines, twenty-six
bred like the dastc parent, twenty-eight bred true for light-reA-kemeled
plants, and the remaining, or forty-six, lines segregated for kernel color.
Cf the segregating linee there were 357 dark red: SU6 Intermediate red*
415 lipht-rwd-I'om,tiled plants obtained ae comafed to the expected of

tkie dark red: 609 Intemodiate red* WU5 H~it-red-kemeXod plants.
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The data obt Inod on the Ilaee ladlcate a one-factor difference
for latenelty of red color boteeen Rellaaee z Re* rd ead Comet z JSaaaa**
Jtatd Federation* From these data along with the verifiertlea of seed color
of the Hi pleat it has been concluded that there le ire®orfeet dominance of
redness* Both parents possess factors for red kernel color, the light
colored parent possessing at least one factor and the drurte-red-ketneled
nrent oeseseing at le st Wo. Frtw the resulW obtained In this study it
can be concluded that factorial differences la Intensity of color con be
observed. This work furnishes; further proof or evidence for the explanation
of kesiMd color Igr Sileeon-JShletS theory.

The results on glume pubescence substantiate the facts Jmawn w”ard-
Ing the Inheritance of abeeceat and, “Labrous glumes. Titege Wo char cters
constitute an allelonorphtc pair of characters, the pubescent condition be-
ing dominant over the plabroua ,fdtuae and in the Fg OOgretate into a 3*1
ratio. This Fg breeding behavior wan established by the F studies. The
Wj data reveal the preeenee of about equal true breeding and segrerating
etrains. Qa the basis of a single-factor difference for glume -axbesconce,
25 are eapocted to Weed true for glume pubescence, 50 to segregate 3*1,
nd 5 to brr-ed true for glabrous glumes. Ca this calculated basis the P
value WHS determined to be beWesn 9.90 sal 0,fd which Indicates s good fit
to the one-factor 1*2*1 ratio.

Bute are presented for 100 Fj progenies of Rellsmee-Remrd % Comet—
(Jbeurser-Kord Federation) that have demonstrated various degrees of sus-
ceptibility to bunt when Inoculated with & composite of physiologic races

T-8 and L-?.
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Sinoe this e perlmnt was net eet up ae an Inherit'nee study, the
results ett Ined Can not be Interpreted In that IWit. A oowioalte of the
two races Wite used laste d of determining the reaction of each race In-
dlrldually to the progeny. It has been shown that the use of oonmsltes
of a number of rtcee of Tllletla tritlcl and Jin levla l« not a reliable
Riethod of determining the absolute bunt resistance of varieties. Tarlcms
factors enter which probably accounts for the eoetilerlty of the inheritance
of bunt by early Investigators. Here recent wo** has shown the Inheritance
of burnt to be quite simple, probably due to the use of single races for the
inoculum rather thn a com osIt®©.

The range of bunt infection to the con oslte of the two r coo for
the Reliance x Reward parent wee from | .2 per cent to 23.9 per cent with
sn average of 16.2 per cent, although it we highly resist nt to T-g and
susceptible to race W uhea tested Individually. The other parent show
od mere resistance to the composite and a much narrower range of sus-
ceptibility, the range being fro* 2.6 to 5.1 per coat infection with an
average of UO per cent. Thie parent. Comet x fleeear-Rard Federation, is
resistant to -7 but susceptible to T-8, The range of the Fj progeny e*-
tonded beyond the llsdts of either the reeiet”nt or eumce tlble rents.
Fine of the progeny aweraged lower Infection than the lower limit of the
resistant parent, the most resistant hybrid line averaging 0.8 per cent
bunt. There were ten lines more susceptible than the susceptible parent.
Fifty-four of the hybrid strains produced an Intermediate reaction to the

composite bunt, while 12 bred Ilk* the resistant parent and 15 bred lib*

the susceptible parent.



Xt hne been denonatrated ty various workers that resist nee or
snscat tlbllltgr to sent of wheats eon be transferred to other varieties.
Good agronomic qualities and smut reslsttuuso can be combined Into a
single variety tgr means of hybrid!action. In this cross both Jirrente
reacted differently to the too races of smut, each variety being resistant
to different races. Since lines wore obtained In the Fj which segregated
beyond the limits of the resistant parent, it was concluded these strains
possessed the factors for resist ace to the two races of smut. Klas of
these lines averaged lees bunt infection than the resistant parent. A
number of head selections were node from those resistant lines and grown
In the FAa to determine whether the resistant lines were true breeding or
whether they were escapes, these lines demonstrated their Immunity by
being bunt-free, thus the near-immune re ctlon of each parent to the two
races Individually hss been transferred and combined Into n single line
which wne the primary object of making the cross.

In order to determine whether a relationship exists between the
various morphological characters and resistance to stinking smut, s series
of contingency tables was prepared shewing a comparison of the rection to
smut infection and morphological characters. A measure of the relationship
between the distribution of the various characters and bunt reaction taken
two at » time woe obtained by calculating x2 and determining the value of
F from Fisher's (19)6) tables. Table XIlI gives the robmbilltie# obtained
In each case. In Inter rating the results it was considered safe to assume
that If the value of F for any “lven distribution is higher than .05, there

is no evtdmce of significant correlation between the characters being con-



eldered; hamsver. If the Talno obtained is below tola point, relationship
between the characters compared la exhibited.

<W one P TBine in Table XII is below 0,05. Rds is between ker-
nel color and sent susceptibility. The remaining comparisons showed no
el@alfleant correlations, sIMe the lowest P value was above 0.3. Results
obtained between asnedneee and bunt coffljsare favorably with Ausemss (193U)
who found awnednesa and bunt independently assorted. Kamel color and
awnednees were Indepetoleatly ae-sorted both in these esperiaiMte and those
conducted by Clarh and Hooker (1926).

A OtNamrleen of data by Schlehaber (1935) indicated a possible
weak linkage between smut realst-nce and eeed color in am Albit x MInhordi
cross. Albitl white seeded, is the resistant parent and yet, of the 20
pure red~seoded progenies, 10 were found to be smut free. Xe snac”tible
pure white progenies were discovered, and only four pure whites were obtain-
ed. Be concluded this number made It impassible to draw any satisfactory
conclusions concerning this particular group. The nature of the distri-
bution of the four breeding groups for color in relation to the three smut
groups indicated a possible linkage between smut resistance and seed color.
The results of i:chlehuber are of internet in vie of the fact that the re-
sults obtained in this study verify Me supposition that the dark colored
lines or varieties are mors susceptible to stinking smut than are the
Hrht colored varieties. Apparently a relationship exists betw*M# these
two ehemctere from the standpoint of inheritance rather thm a matter

of cHvmn,



sotwtior

1. Seaetlc stealre ©a the laherttaaoe ef avnedawie, kernel color,
»ad gimme mbeeeenee, aad reaction to two physiologic rscee of TIlIntir
are reverted on the 100 Fj liars of Rellance-Reeard * Comt» (itassai*-Hard
Federation).

2. /Aenedneee see studied mad W jitFtei on 100 Fj hybrid lines of
n second spring whent cross. Const-(Russrr-Hnn$ Federation) x Cores-{Rope-
Floremoe).

3« In both crosses the inheritance of neaedneee wae stedled ty
grossing the material Into ttm six following elms no* (I) aimless,
() apically awaletted, (3) weekly awnletted. (%) etroa”y awaletted,
(5) half owned, and (6) amsed.

H. TJm expression of amedneea was shown to be r-ther variable
in the WIInnoo-Reeard * Cnmst - (Htteesr-Rard Federation) caress, but by
grwti®lng different segregating types a good fit was shown for six pheno-
typic classes aad for nine genotypic gwmps. Two major factors are clear-
ly shown, with a It HStji®*l phenotypic ratio of aimless, anlcally awnletted,
weakly awnletted, strongly awnletted, half owned, respectively, and a gma»-
tyiic totlo of I: :2A*1:1i ; :l baaed u on the segregating grow #. The
*3 I' nedness classification was baaed toon a single head from 0 eh plant.

5. Tartoos crosses were made Involrtng the parents and progeny
of the cross Reliance-Reward x Const-(Hnsnor-Rard Federation). The I1 and
*2 Ferolts from these crosses indicated the awn-grown classification so made
OTa correct.

6. In the second spring wheat cross the eV reoslnn of mmodness



w'e baaed u on an entire plant and ms found not os variable as the first
craea. %r eroapin<g the nine aegrer”tin#; Igrjes a /mod fit ms shorn for
the six phenetsr io classes and for the nine genoty Ic rrmns. fee majer
factors are clearly shown, with a 11Stlt3*3*1 phenotypic ratio for the
six Stmedneas classes sod a penoty ic ratio of Il2t?th,1t1t2t2tl for the
segregating grm”e.

7« Variation occurs within heads on the sane plant relative to
amednass ezirsasion, It is considered advisable to use the whole plant
for classification rather than a single head to determine the expression
of sens upon a plant.

S. Assingle major factor difference for kernel color me obtain-
ed between the Relianee-Semrd x Com6- (ltusr,-r-H-rd federation) cross.

Both are red wheats, the Reliaaee-Remrd being somewhat darker than the
ether v-orent. The progenies segregated into 26 pure light-red seeded, 26
dark-red seeded, and W segregating ItPtl dark, intermediate to light red.

9% Rnbescwit Md glabrous characters are expressions of an

Ilelonor hie pair of factors. Pubemeent glumes ore dominant to glabrous,
Md in the generation the deviations in numbers were net significantly
different from the simle 1* *1 ratio in any of the IO families sttwlied.
fwenty-foer lines bred true for pubescent glumes; twenty-one bred true for
glabrous glumes; Md fifty-five segregated for glam tubosconce in a 3*1
ratio for rubescent to glabrous.

10. The Fj genetic studies of awns, kernel color and glume pubescence

indicate tee genetic constitution of the parent material to be as fellows*



P rent# Airata K#m#l color QIlmm r%beoc#nc#
Reliance-Reward, %!*. 1388 nabb -R R RR* PbPh
Comet x HwmtiMtoxd Fedemtlont t,f». 1315AB -R Rr’r’ rbpb
Comet x Stermeax-iilaxd Pedomtlon, I.H. 1)83 AAHB
Ceree x Ho e-Plnrenoe bel. 60.4.1$ aabh

11. The probable error for per cent of bunt for each of the
:arente was calculated, end from these calculations the five different
bunt close a were determined, namely* 0-3.2 per cent, 3»> 7 per cent,
4.8-1 .7 pnr cent, 12.8-19*6 per cent, and 19.7-35*7 per cent. The
3 * 7 P«rcent class was determined to be like the Comet x Rnsear-
Hord Pedemtion parent and the 12.8-19.6 per cent class was liks the
Relisnoe x Reward oarent.

12. Since this experiment was not designed as a penetle study,
it was impossible to determine the muraber of factors responsible for
resist- nee to bunt In tills cross.

13* The segregation of the hybrids was beyond the limits of
either the resistance or susceptibility of the parents, showing that the
resistance to both races T-S and b»7 Ims boon combined Into a single strain
of wheat.

14. There was no ovi onoe in the studies erde of azyr relation be-
tween swnednesa and glume "mbeocince, awnednees and kernel color, awned-
neea and boat per cent, glume pubescence and bunt, and glume pubescence

and kernel color, since the results obtained ease within expectation for



70-
i Bdeperulent assortment.
15» * ooi™xtrlson ef date on bunt ro- etton and seed color ladle tee
e possible weak Haters between reaction to toe coapoelte of r cea of -8
nnd L-7 and seed color. %e P vsina for Intlo; endence wae calculated to
be betwnen 0.05 %ad 0.02 which Is rep rtled as not being Irtle ondent

assortment.
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