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Inheritance of
Morphologic Characters
in AVENA

By FraykLy A, CoreMaN, prinecipal qyroncmist, Crops Research Divigion,
Agriendtural Researel Service

Knowledge of the inheritance of the morphologic charscters in
oats is necessary for conducting an intelligent oat improvement pro-
gram, When a certain plant chavacter has been shown by inher-
itance studies to be unstable genetically, a breeder is forewarned;
whereas, if the character is known to be stable or to be inherited in
a definite percentage ratio, a breeder can proceed with considerable
assurance as to the expected results.

This bulletin presents data on the inheritance of the morphologic
characters of the oat plant ebtained from more than 40 oat crosses.
in addition, the genetic resuits from studies of the inheritance of
most of the aberrant types found in oats are presented. Observa-
tions on nearly 150,000 plants were made, and as many as five notes
were recorded for tens of thousands of these plants. All the crosses
on which data appear in this publication were made by the writer,
and the technique employed throughout was that deseribed by
him ().}

A complete review of previous literature on inheritance of mor-
phologic characters in oafs is not presented here. Seven sum-
maties of the literatnre are available—those by Coffman and Mae
iKey (3), Hayes and Immer (£3), Jensen (/9), Martin and Leon-
ard (20), Nishiyama (22). Poehlman (25}, and Stanton (87},

In the work reported here, oats of the wild species Awvena sterilis
and Avena fatua and 27 different cultivated varieties of the species
Avena satira or Avene byzanting were used as parents. Morpho-
logic descriptions of these varieties and species are given by Stanton
{26, 27). In addition, fatuoid forms from the varieties Burt,
Fulglium, and Ruakura, and an unusnal steriloid-fatuoid form from
Sixty-Day were used as parvents. These were described by Stanton,
Cofiman, and Wiebe (28). The multiflorous form from Burt was
deseribed by Coffman and Quisenberry (6) and the striped variant
from Burt by Coffman, Parker, and Quisenberry (5). Descriptions
and pictures of most of the oats nnmed appear in these publications.
Some of these oats had never before been used in genetic studies.

! ltaliv numbers in Erentheses reter fo Literaturve (e, p, 100,
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The cultivated varvieties nsed as parents in this study were:

Albion Golden Ttain Nortex

Appler Chresty Russinn North Finntsh
Aunrors Lugzoly Ruainhow

Birek Mesdag [KHerson Heid Rusturaot
RBiack Rival Kherson {Btheridze} Tichland

Caleutin Liberty Mulless [Sparrowbill

Cole Muarkton Swedish Select
Cornellan Motsteeh White Bonanza
Guvion Greay Navareo Wisconsin Wondey

LEMMA COLOR

The mogt obvions character in oats, and thus the one most fre-
quently studied genetically, is lemma color {fig. 1). Consequently,
many reports on the inheritance of lemma color appear as incidental
io studies of inheritance of other characters. such as resistance to
some diseage crganisin,

Although the literamre includes numerons reports on the inher-
itance of varions kernel colors, no single, systematic study of the
inheritance of all the colors lus been presented to date. This bul-
fetin presents dula on the inberitunce of lemma color in over 40
different crosses. In some cases, the datn confirm the results pre-
sented by others in earlier papers, Data from other crosses, how-
ever, offer gsome uew or unusual results that have not been reported
previocusly.

In this series of crosses. onts of each color were crossed with oats
of the same color, ns well as with cats of every other color. Many
crosses were sfudied in both the Fa and Iy generations. Some were
studied in only the Fo or the Fi The combinations studied
ineluded :

RBlek wx Bluck (iray X Gray Red x Yellow
Black w Red Gray % Red Red x White
Black w Gray Gray x Yellow Yellow x Yellow
Rlack w Yellow Gray x White Yellow x White
Black x White Red x Red White » White

('rosses from each combination will be discussed separately,

In the study of inheritance of lemma color, the varieties chosen
as parents were, m general, useful, economic oats. Some data re-
sulted from the study of species crosses and other data from the
use as parents of aberrant types in cats. Most of the oats studied,
and all crosses in which the inheritance of lemma color was studied,
were grown at the Aberdeen Branch Experiment Station, Aberdeen,
Idaho. At Aberdeen, weather rarely interferes with the normal
development of lemama color, since the season is dry and water is
supplied by irrigation. Hence, the true lemma color develops un-
der conditions seldom obtained elsewhere. This may explain why
some of the results reported here differ from those reported by
other wrifers,




J

Fioure 1. Lemma color in Arvena: Black—A, B, C; gray—D; grayish red—E, G;
red-—F, H; yellow—1, J; white—K, L.
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Brack
Black ¢ Black Crosses

Three bluck X black crosses were studiod: Monnreh X Black
Rival; Black Mesdag X Monareh; and Novth Finnish X Black
Mesdag,

Black Mesdap crossed with Monarch or North Finnish showed
no segregnbion for color. Bluek Rival crossed with Monareh guve
only blek in Fyz the o was not shadied. Henee, all four varieties
appuear to have in common a particular gene for black kernel eolor.
Otherwise, segregntion Tor other colors wonld have Leen evident.

Monarch erossed with Black Rival pave only black segregates in
B30 Ky lines, although hybridity was evident sinee sepregution for
panicie shape oveurred.  Black TWival is a side oat, whereas Mon-
arch has the open or spremding type of punicle.

Biaek Mesdng crvassed with Monneeh gave all black plants in fhe
Iy el Ky generations, although the progenies segregated for the
awned condition. Black Mesdag s ahmost always awned, whereas
Monuaveh iy seldom awned.

North Frmish crossed with Black Mesdag gave only blaek plants
i the Fuoand Fa, but segresation For the awned comdition resulted.
Blaclk Mesdag s awned, whereas North Finnish s awnless,

Black ¢ Red Crosses

[iomany crosses studid, red appeared to be recessive to both
Llnek and gray.  Tn other crostes, red appesred dominant over
grav.  Thiz maght indicate the existence of different factors for
cither gray or red. Blaek X red erosses studied included the
following:

Tnek Mesidng 3¢ el Rustpaonl
It fatuoid % Biock Mesdoy

Bure fatuobd ¢ Bk Meadng

Burt tatneid x Moenareh

Rundowen Grtueid ¢ Binek Mescag
pruleboie dwaed fiunid M Dbk Mescig

Iihieritance of eolor was not classificd ervitieatly in the Ky genera-
ton of the first two crosses. Segregation in each case ndieatled a
A blacl: i nonblaek single-factor ratio.  Some gray segregules ap-
peared in both crosses. Black was dominant to ved. In the Blaek
Mesdag X Red Rustproof cross, the segregation was a good ap-
pr oach (0 the expected ratio of 19 black:3 gray: | red, '

It the three crosses Bart l:tuunl X ]%Luh \Ipaclur, Hurt faluoid
X Mouarch, sud Rualowra faruoid X Black Mesdag, o1 studied only
i Fao segregution mndicated o two-Taetor raiio,

Adiiferent result was indicuted iy the cross beiween a red dwarf-
type uighum fatuoid and Blacl Mesdag. The !' segregation sug-
gested n three-factor mtio of 18 black: 15 gray: ved.  This cross
was not studied i the I9 generation, bt Ky I‘(‘:-'»llff,‘-'- were definle,

Black was dominant ta red in all crosses. Monarel and Black
Mesdne have an additiona! factor for geay ithat is nol present in
the red oats with which they were crossed. Possibiy the Fulghum
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fatuoid also hud w gray factor differing from the gray factor in
Blaek Mesdag, and thus a three-factor segregation resulted, It is
not unusual to observe grayish-red seeds i Fulghum outs. This
Fulghum fatuoid was appaventiy of this type.

Brack Mrspac . Rrp Rusteroor

Cluss sl progeny

’ Olizerved

[T
Black . .. e
Noohlwek . o L.

I'.;; .

Al blneko . oL
Bloek widd gray. ... o ...
Rlack and red .
Bliuck, gray, snd red. ©
All gray e

Gray and red. .
Allees, . .0 .0

837
288

90
22

8
14

5

T
H

3

Itatio Caleulnied Q-
1 843.7H —.73
1 281,25 4675
12 .25 1275
} 3 14.81 —0.81
1 +.H —1.0H4

PO Lobserved D O oealeulited, These abbrevigfions are used throughout this

hullerin,

The 14 black, gray, and red iines in the Fy segregated ag follows:

Closs and progeny Ohservend Riitie Calenlated Q-C
Iy
Ittnek 314 12 31420 —0.25
firuy ™ i 78.50 4044
Red . 28 1 20819 018
Foisiest rarvom (ken) X Bracs Mespaa
Cliss o progeny Hserved Rutio Calealuted 0-C
I"Q .
Rlack 148 3 1785 —-35
Nonbinck Gl 1 I +4.5
Burrr rarvom (neend 3 Brack Mesnag
Class and progeny Ohserved Ralin Culenlated 0-C
e
Black. .. ... . ... g 1z 28200 —11.00
Red. ... . e -] 3 70,50 3 7.50
Gray . - 2T 1 23480 + 3.50




INHERITANCE OF MORPHOLOGIC CHARACTERS 1IN AVENA

Burr ratcome (1ED) X Moxarcn

Cluss iind progeny Cibzervet Ratio Culeninted

256 53.13
150 163.7H
44 =812

RrarTra patvomn (ReD) X Brack MEesvac

Class nnd progeny Observed Ratio Ciateuhfed

201 303
113 101

or
RBlack_ . ___ . .. .. N 291 i 303.00
Red_ ... . ... .._ .. . St: : T5.79

T . % ] 25.25

Frrouors rarrom {ren-dwarr) X Brack Mespaa

Cings and progeny Obrerved Ratio Crleniated

Fa:
Black. ... . .. .. .. . 231 345 200 (1)
Givay. . ... . e [3}] in {1138

Red oo o oo o o o 4 1 4638

Black 3¢ Gray Crosses

Two black X gray crosses of Cornellian X Black Mesdag and u
third, Black Mesdag X Sixty-Day stertlotd-fatuoid aberrant, were
studied in both the Fs and the F, generations. All crosses indi-
cated a single-factor ratio of 3 b].lck ‘1 cray. Inthe F generstion
of one of the Cornellian crosses, 1 12 Black: 3 gray: 'yellnw ratio
was indicated; but the Fy and Iy generafions proved that the sup-
posed vellow segregates were ‘Icltmll\ oniy dilnte or blenched gray.
Thus. the two gray varieties nsed appear Lo have the same faector
for wellow that is present in Black Mesdag: otherwise, segregation
for yellows would have heen observed.

Three Fa populations from the same cross were studied in each
of 3 different years. As expected, segregntion was the same in all,
and the data were summarized.
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Connenniaxy % Buacs Mespaa

Y AURTCULTURE

Clinss and progeny

D

as

Bk e
FHeterosygous . _
Ity o m i e e m mm—— -

Ohsoryl

135
42

Rittie

Calendnted O-(}
31,3305
$45.5
48 + 30
18 - 3.0

The 24 heterozygous Fy populntions segregat

ed #s follows:

Cluss amdd progeny Ohgerved Rittio Calenlntel O-C
i";; H
DK, v - 183 3 JHLTH =126
Gray. ... mm———————— 178 1 163,25 NS AT
Bracic Mespa 3 Sixry-Day sTERILOI=-PATLTOID
Cluss ] progeny Obhserved Rarin Cuicudnled O-C
.H‘g:
Bhaek.. . ... 1,540 3 anddad -5
[ e 1 o4 1 AR J2é
By
I’l.lth e - T . - =
{leter nf\ HOUK hise I. umi mray . fi 3 1085 +1.5
Gray. C mmm—————— 2 1 h%: =1.h

The 6 heterosygous Fy populations segregaled as follows:
Ol and progeny Ohixervind Itatio Calealigted -
Iy
Black. - . . - .o L. i) . H i —La
Giray P, 3H 1 3s5 415

Black ¢ Yellow Crosses

The binck X vellow crosses studied woere:

dag {2 crosses)
I:md: and Riclland » Blae

Black Mesdug was crossed

Zitve two tvpes of segregaii

Ik Rival.

O,

Aurora X Blacke Mes-

with two differeat
Crossed with \mm':, a yellow se-

vellow

Markion X Black Mesdag; Black Rival X Rich-

pats and

lection presumnbly from Red Rust proofl, the segregation 1n Fa indi-
cated that Awrern bax an mtensifving factor for red in addition to
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the veliow., The segregation in Fa appeared to be 48 black: 12
sray:3 yellow: 1 white. ‘The while segregate on further tesiing
proved to be a dilute gray. Nearly half of the pray Iy segregales
clearly showed an intensificalion or a ~bronze” evloring in lines
segrvegaling for gray and vellow,

The presence of the ttensifying factor was indiented in 22 of
44 Iy lines segregnting for black and gray, in 3 ol 9 lhies classed
as all grav. in S of 1T Hnos elassed sy heterozyvgous gray-yellow,
anil in L of 2 lines classed as all vellow. The segregation in this
CTOES ‘l]}|)l“llt‘(| to be 12 blacle: 3 gray 1 red.

v he cross Markton X Black \It-stla;:, a 12 black:3 gray:1
vellow segregation was observed in Fo and Fro A similar segrega-
fion was observed in two crosses in o and Ty of Black Rival ¢
Richland.

The results of (he crosses might indicate that Anrora has the yel-
Iow factor plus an infensifving factor that, when present i the
ahsence of I)LwI\, may plodmv a reddish ('oim

In the bhlack segregales, the bronze was masked by the darler
color,

Arnona >( Brack \Il SDAG

Class ol progeny UHiser iz TRatio Citleaiadoed
Iy
IHETEH . A 140 48 120074
Girny . Lo o 12 LR B
Yollow . el . 3 H 811
While ', . . . 1 1 290

One individuea] elissal as a questionahle white in Fa proved to be soditube geay
when fested in My aned 19,

Avnons ¥ Bracx Mesnas

Cluss il progeny [RITEEENTY Rutin Cadendantend

»
Al Dlack .. qa : 300
Heterozrwous Mack . - t 34
Al gray Lo e ! ; - 4=
Heterzy sous geay. - ’ e 'I'"'_'
Al yeliow .. A . 2 —4.25

Sewreration of helerozygons 19 lines that produced blacks, grays,
and vellows was as follows:

(M el progeny CHhsarve] Ritio Cadeulinted

Bl - _
Pk e e a2 6620
Gray.... - [ ] i 141.506
Yoelow. oo e .. 4 47149

Ui were hironze; --li n!’ hese wore aidded o gray,
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Segregation of 18 ¥y lines that produced only grays and yellows
was as follows:

Class and progeny Observed Ratio Caleulnted g-C
Fs H
Gray__ _— 496 3 453 +43.0
Yellow. 108 1 151 —43.0

In this segregation, 165 were bronze and were not added to
either group. Tad they heen added to gray, the following segre-
eution wotld have resulted:

Cluss and progeny Observed Ratio Culeuniated 0-G
P A
Gray e 661 13 824.81 +4-36.19
Yelow . o . 108 3 14410 —36.19

Henee, it is evident thut the presence of bronze tends to intensify
the yeilow color and results in genetic yellows being elassed as
grays.

A summuary of the ¥y data of {his cross indicates the following:

Containing
Ciass and progeny Normal hronze
segregntes
F;; N

Black oo e o} 22
L o . 15 11
Yellow_ e m 1 1
oS I - 66 ) 34

Segregation of normal and bronze individuals in segregating
birck lines was normal 859; bronze 140. In segregating gray lines,
it was normal 226; bronze 261,

In the cross Markton X Black Mesdag, n comparatively good fit
to the 12 black:3 gray:1 yellow segregation wus evident.
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Margron X Bracik Mespac
Class und progeuy Observed Ratio Calculated 0-C
| 4
Bluck _ 156 12 147.00 +-9.00
Gray - L1 3 36.75 5,95
Yeilow —_—- ] 1 12.25 —-3.25
Byt
Al BMeK e e 11 =
Heterozygous bineko oo . 21 } 12 40.50 —8.50
All geay 3 .
Hetorozygous gray oo 16 )i 3 10.13 +1.87
All yellow 4 1 3.8 +0.62

There appeuved to be no difference befween
dervived trom three unrelated F, plants of the Black Rival and
Richland eombination, Duata from the ftirst two crosses were com-
bined in ., and no attempt was mude to separate gray from other
nonblack segregates. A 3 black:1 noublack segregation was ob-

served,

Braok Rivan X Ricnnaxo

the F» populations

Class and progeny Cbzerved Rtatio Caleulzted 0-C
F-_j M
Bilaelk s 695 3 T08.75 —13.76
Nt eKe oo 250 1 236,25 ~+18.75

In the third cross, a closer inspection of the progenies was made,
and an indieation of a 12 black: 3 gray: 1 yellow ratio was found in

Ty and Ty,

Riciinaxy X Brack Rivan

Class nud progeny

Observed Hutio Culeulnted 0-C

1“21

ekl e i mmeaoan 158 12 162.0 -390

GFUNe oo oo e im s 42 3 40.5 +15

Yellow . oo .o 15 1 135 -+1.5
5301 black 11 )

K AR e ———— e .=

Hetervaygous Dlack. ... 23 1§ 12 37.90 —3.50

A ErayY e e e 3N

Heteroty Zous EIRY v cmmee e 8¢ 3 238 +1.62

Al vellow_ oo 5 1 313 4187
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Segregalion of 11 Fy black-gray-vellow populations was as fol-

lows:

Cliss und progony ' Ubsorved T lmtio . Caleulaied 1 0-0

|1

Yok - - . 188 ! ., 18750 3050

ey .- L , N g NS —2 88

Yollow o o oo oo o o 18 1 15,43 4147
. . 1 i

Negregation ol 8 1%y giny-yellow populations was ay follows:

Class nnd progeny o Ubsepryod CoRatin  Cabeulaied P 0-0
Iy d
nray o . . e e et 46
Yellow o . e e 43

Bluck ¢ White Crosses

Blacl Mesdag was erossed with Swedish Seleei and o white se-
teetion from Kherson,  Both erosses showed Fuoand Fy segregatlions
of 1 black: 12 gray:3 yvellow: I white. Henee, it is asswned that
favtors for blae I\, LY, and vellow were contributed by Black Mes-
dig and factors for wlhite by the white parents of (hese crosses,

DBraci Mespac )( SWERSI SELECT

Uthass sl peodioenty Olrseryinl Ritio [_?Ii(‘ll]:lf'{‘(l

17
Black . oL e e e 184 . 18226
Liray . . .. 1 11 2 B
Yollow . e e 10 b 11.39
White . . . e 3 380

17y 2
A Bbek oo 14 :
Hetorozyeous I)i "W %o o 81.00

M ogray .

T eroay cous sriay.

AL vellow . 08

I IRTHRIVAY L:ull'-; \ol!n\\ o o

Al white T, - 1 1.4

2025
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Segregation of 7 Fy black-gray-yellow-white populations was as
follows:

Class and progeny Obsuerved Tiatio Culeulated -

1'1;;:

Rlack 262 45 95601 4549
a8 1z G413 -3, 18
B T VI 15 3 16.08 —1.03
Whike T 1 .84 +1.60

segreguiion of 4 Fy gray-vellow-white populations was as follows:

Clasg andd progeny Obzerved Latio Caleulatoed -

Iy
Cleaix. - e . e 148 : 15075
Yelluw_ o .o B 24 A7.69
White., . . .. L o . R 8] 1 1254

Seeregation of 1 Fy vellow-white populiition was as follows:

Class and progeny Cizerved Liatio Culeubated O-C

.

Yollow e - - . 33 i 3.7 —{.7F
Whiteo 12 1 112 . -}-0‘ i

Knrrsoy X DBracg Muspac

Clhiiss and progeny Olserved [tatin Caleulnted 0-C
Iy :
Tiavk . e T4 48 73426 + 694
Gy R 1458 | . 12 184,40 —u5,06
Yellow e e 1313 3 +1.89 42011
White .. . . e el e iE] 1 15,30 — 1.30

| GV
Black. . SR 418 48 0502 41298
LIPSy ol et o e e 87 1 JeML26 1426
Yollw_ .. o e e 24 3 2331 - 040
White Lo e . } 1 8.4 -+ Gt
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Populations of this cross were studied in Fu in two different years.
The summary data for these 2 vears were as follows:

Cluss and progeny Observed Rutio sleulated 0-G
F el
Black- . . __. 1,159 48 113823 -H19.97
Gy - 245 12 284.81 ~30.81
Yellow . . a2 3 T1.20 —+-20.80
White. . __ - 23 1 23,73 — 0,78

The number of yellows appenrs too high, but, as noted in other
crosses, dilute grays clussed us yellows proved on further testing to
be grays.

GRAY
Gray % Gray Crosses

Five crosses in which a gray oat was crossed with gray werp
studied in ¥, One of these was also studied in Fa. A pray 4.
Jatue crossed with the Sixty-Day aberrant (also gray) cave a ratio
of 63 gray: 1 yellow in Fa.  Two other sl fatua X Sixty-Thy aber-
rant crosses gave a 15 gray:l yellow segregation in F.. Hence,
A. fatue lines differ in their genctic color fuctors, as well as in their
physiologic factors. Black and gray A. fatwas are numerous. The
vellow A, fafua is rare.

A different type of color inheritunce was neot expecled in the
Cornellian X Carton Gray crosses, however. In two crosses, a 63
gray:1 yellow segregution was found; and ¥, results scemed to
verify the Fy interpretation. This would indicate a three-factor
difference. If Cornellian has a gray factor and a yellow factor,
then Garton Gray must have a second factor for gray or a three-
factor segregation conld not have resulted. Garton Gray appar-
ently lacks the vellow fuctor of Cornellian. Thus, we apparently
have grays of three different types: (1) Those with the factors
GGEYY as in Cornellian: (2) those with the possible factor G,G,YY
as in Garton Gray, which do not produce yellows when crossed with
white; and (3) those with two factors for gray ((hG.), like the
A fatwa used.

AL fatua 3 Sixry-Tay aperrant

Class and progeny Ohserved Ratin | Caleninted 0-C
F2 :
[ 1 313 63 369.12 4-3.88
Yellow—... . .. 2 1 3.86 —3.86
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2. fatue K SIXTY-DAY ABERRANT

Cliss and progeny Observed Ratio Ciuleulated

I“‘_}:
(£ 5 AP 338 5 330,94
Yelluw_ o ool e e 15 22.06

Sixrv-Day aseeraxt X oL fatua

Clitss and progeny (Mzerved Ratio Culculated

Y e e e 241 13 244,60
Yellow . oo .. - . 20 1 16.31

CorxeLLiax X Gawrox Guray { 1st cross)

L liss and progeny Ubserved Ratio | Culeunlated
|
Gray.. .. .. .. [ 1310 1,323.95
Yellow. .. o e 30 ; 21.02

Fu:

All Bray. . . e em e 34 -
Heterozygous gray. ... . . 25 50.05
Al rellow . . 2 0.95

CorsenLiax X Gawrox Gray (2d cross)

Cluss st progeny Obsgerved Ratio Caleulated

I
Gray.... .. 25 o3
Yellow. ... ....... 1
l.‘l
o 63

e
Al grny. .o .
LHelterosygous gruy .
All vellow. - i 1

Gray % Red Crosses

Two gray X red crosses were studied in Fa and Fz. In the
Garton (iray X Nortex cross, ihe blending or gradation of the
eolors in Iy made classification into groups almost impossible, but
there appeared to be an approach to a 15 gray:1 red segregation,
Carried io the Fy, the segregation approached a 13 gray: 3 red, with
no yellows. Garton Giray is believed either to huve no yellow factor
or to have a factor inhibiting yellow.
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The second cross of red X gray, A, sterilis (red) X Sixty-Ihay
aberrant, gave a 3 red: 1 gray segregaiton in Iu; but the IF gen-
erntion was diflicult to study because of the dormaney in sb. sterilis
and some of its derivatives when =own 1n the field.” Observations
indicated that the lemma color in the .l sferilis used may ditfer
genetically Tram that of Red Rustproof (Nowtex). Also. oL sleritis
niust carry the sume yellow factor as the Nixty-Day aberrant, since
no vellow segregates appeared,

(tanrox (uay 3 Nonrex

Cliss aid proseny (haerved Latio ] Culeulated (-G
f"g:
way tds 1a 141043 —3.54
Red - 13 1 0.4 JR.56
1“31
A meay . 23 h . P .
Hererozysoms geay 310 13 O30 .37
Lied 12 3 11238 —{135

The 31 heterozygous gray Iy populations segregaicd as follows:

s i proseny Chrserved 1tatcia Lradendred Q-0
[Py
Urny aH i 487.5
Led 0 b THLS
Losberilis SR ry-Day anerpax
Elaes ntud promepy Ohiseryves) ario Carlendated (=i
N 8 +1.0
Bl S5 3 Sk 1.
{rray U3 1 28 —1.0
By
Al ved 2 3 18,53 —1.75
Hefnroayaous red 84
M rray S 1 §.20 4175
The s heteronyvgous Fy populaiions seeregated
Chi=s gand progeny Uy Hatio Lhtlenistend (-
l":;: -
HET - By 3 a9t.5 -5
trray A5 1 M5 445
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Gray X Yellow Crosses

Three gray X yellow crosses were studied in the F

» but only iwo

in the Fy. Cornellian wus the gray parent of the crosses. Cornel-

lian gave a simple 3
Aurora, and indications of

Fu when crossed with either
analysis of the Markton cross,

low segregation.

gray: 1 vellow segregation when crossed with

a 13 gray:3 yellow ratio in the ¥y and

in Fy when crossed with Cornellian.
Aurors might have been expected to contri
tactor to produce reds, but this was not true.

eighth of the grays were darker than Cornellian.

was not studied in Fy,

Markton or Nparrowbith
however, indicated 5 3 gray:1 yel-
Sparrowbilly u pale yellow out, g

Further

ave & 13:3 ratie

The ¥y was nof studied.

CorvELLIAN X AURORA

bute an intensifying
Approximately one-
The condition

Class nisd progeny Ohserved Katin | OCalendated 0-C
Ir.:
AU e o cmemmm e s 718 3 T20,75 —275
YRHOW- oo+ e o e ae 243 1 230,25 42,75
F:;:
AN L4235 VU —— 13 |1 g om -
Hel@roaygots Sty oo ceoeu- 23 1{ 360 —0.14
AN yullow em e e 13 1 12.25 4075
CorNeLLiaX X MancroN
s nnd progeny Observed Ritio Culeuluted 0o-C
o
E3 P Y - e mm m i m e 708 13 T21.5 —13.5
YOlOW. . o e 1840 3 166.5 4335
1‘1: .
Al Sy - e e e 21 P = 15
FLOLerosy @ols SNy oo - 23 } 13 5.5 15
A FeloW o em e - iz 3 105 + 1.

An entirely differeni vesult was obtained when segregntion among

the 23 heforovyeons Ky sray-ye
Lo b o e

Markton was studied. Segregation was as follows:

ilow lines of rhe cross Clovnetlian X

Chss el progeny i ¥hmerved Ratin Catenlittod a-C
Py _
LEPRY it memamem o e 303 3 380.25 4-3.75
Yeilaw e emem e 136 1 12975 —-3.35
Thus, both crosees (Cornetlinn X Aurora and Cornellian X

Markton) may be considered as having given a & gray:

i,

1 vellow
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Cluss il progeny Ohserved Ratio Caleniated 0-C
P
Y e e L. 41t 13 436,63 —1+.03
Iy ary o e o 14 3 99.38 LR At
["-» H or
GEOY e 416 3 897.5 4185
bvory ... 114 1 1325 ~185

Gray X White Crosses

Lemma color was studied in two crosses befween ar

vats,  Cornellinn ) Swedish Select gave a 12 o

white ratio in the F. gener

The Swedish Select X Garton Gray ¢
and the segregation wus 3 gray: 1 white.

it ion.

ay and white
ay: 3 yellow:1

ross produced no yellows,
This would indicate that

(iarton Gray either does not carry the yellow factor found in Cor-
nellinn or carries an inhibitor for yellow color. Such inhibitors for
yellow color have been found in oats (Jensen, 19).

CorNELLIAN X SWEBISH SELECT

Ulass and progeny Observed Ratio Culenlated o-C
1“2 H
Y e e e e 1,049 12 1,605.50 —80.50
Yellow. e 497 3 424.88 +7212
Whhdte .. 130 1 14163 =11.63
[“3 : 3 1
At gy .. 1 9 o -
Heterozygous geay o ___. 23 18 12 §7.50 + 830
A yellow L. ___. 2 . _
Heteroeygous yellow. _________ 4 } 3 238 3.38
Al white o 3 1 3.1z — 0.13
Segregation of 11 Ity gra y-yellow-white populations was as follows:
Class and progeny Observed Rutio Culenlated 0-C
i.“:; :
LY e e 157 12 164,25 —7.25
Yellowo oo 47 3 41,06 +5.54
Whive o 15 1 13.69 4131
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Swepist SELEcr X Garrox Gray

El
Class and progeny Observed Ratio Culeulated

Fo:
Gray 128 135
White a2 45

F; M
All gray 13 a3
Heterozygous gray 20 *

All white.. 11 11

The heterosygous Fy lines segregated as follows:

Class nndd progeny Observel LRatin Caleulnted

HO 3 (38.25

m 1 21275

RED
Red < Red Crosses

Red Rustproof, Nortex, Calcuita, and Fulghum are all red outs.
Red Rustproof crossed with Calentta produced almost exclusively
red progenies. Red Rustproof crossed with Fulghum fatnoid (red)
produced only red progenies in the Fa and Fy generations. This
would indicafe that these three oats have the same factors for red.

Ren Rustreroor X CAaLerrra

Class and progeny Observed Ratio Caleulated 0-C

9t 250 08012 +1.88
2 1 388 —1.88

Tn the F; generation 50 lines were grown, 49 of which were homo-
zygously red. No stand was obfained in the other line, and it was
discarded. Tdence, the two individuals classed as gray in . were
probably somewhat weathered ot red stained.

In the F; generation of a Fulghum fatuoid X Red Rustproof cross,
all 25 F, lines grown were homozygously red. The Fe was not
studied.
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Red ¢ Yellow Crosses

Three crosses involving red and yellow parents were studied:
Aurora X Nortex; Red Rustproot X Navarro; and Togold X Red
Rustproof. The frst cross was studied in Fu and K., the second in
Fa only, and the third in Fs and in a few Fy generation lines. In
the Aurora X Nortex cross, a segregation of 12 red:3 reddish
gray: 1 yellow was indicated; and the Fy supported the F. resulls.
The grays were somewhat reddish tinged, possibly becnnse of the
intensifying factor in Murora; but t! - segregation was not aftected,

The cross Red Rustproot X Navarvo indieated that in Fu Navarro
muy also have this intensifying factor, since the sepregntion fol-
lowed the 12 red:3 reddish gray: 1 vellow pattern. DBoth Auror
and Navarro seemt to have Red Rustproots yellow factor, which
would be logical because both arve appavent derivatives of Red Rust-
proof,
~ The Iogold X Red Rustproot cross gave w15 red: 1 yellow segre-
gation withont any grayish reds in Fa. This indieated n 1 wo-factor
difference.  Apparently lTogold, sometimes called *ivory,” ITacks the
intensifying factor found m Aurora and Navarro; and no reddish-
gray progenies appenred. The Ty wng noi studied.

Avwons X Nonrex

Clirss sund progony Obzervel atie | Calcutated 0-G
I":‘I: .
Redh L0 oo s 122 12 11475
LN L e s 3 28,64
YW e e emams ] 1 HAEH
By
AW vedan o +H N 5 . -
Hletersnyeous veth. .o __.. |y 12 48 +70
Al sy 2 " 4 -
Fleteroeymons ariy B } © 12 4.0
AN yelow. L -] 1 4 —1.0

Six of the heterozygous red Fy lines segregated info red,

yvellow, as follows:

gray, and

lass and progeny {Hrorvand Rittio Citleniatoed 0-C
By
RBede oo . 163 12 inz -27.0
Y i 133 ; 45 +13.0
Yellow., .. o mmee. 30 1 14 =140
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An ¥y generation of the lighter colored ¥y segregutes was grown.
These segregates appeared to be almoest white in Fy but were dilute
gray in Fy.

Rep Rustrroor X Navarro

Ohzerved itatio Caleulated

Class undd progeny

Pac:

I (T
Heddish gray ... . PO
Yellow. o e e e

800
220

65

S13.5
S04
7.81

Iosony X Rep Rusreroor

Hatic Cuiculaied

Cluss and progeny Ohserved

18094

13 12.06

Red ¢ White Crosses

Four crosses between red and white varietles were studied: Cole
{ White Khersou} X Red Rustproof; Appler X Swedish Select;
Caleutta X Kherson {Iitheridge}, a white Kherson; and Swedish
Select X Fulghum fatuold. A segregntion of 48 red:12 gray:3
yellow: L white was indicated in all three crosses. Ilence, the ge-
netic factors determining color in Red Rustproof apparently are
RRGGYY. Another cross between Swedish é)elect and & Fulghum
Intuoid (red)} gave no grays in the F. generation. Apparently, bwo
factors for red und one for yellow were carried by the fatueid. The
segregntion, therefore, was a close approach to 60 red:3 yellow:1
white in 45 F. plants. The F; was not studied. The indieation of
a second factor for red in this fatueid is of interest.

In the Fu Cole X Red Rustproof cress, excessive weathering of
the plants occurred. This made an accurate identification of many
red and vellow segregates impossible. If the yellow und ved are
grouped in one class, “dark,” a reasonably close fit to & 15:1 ratio
restilts.

Core X Rep Rrsreroor

Ratio | Caleulated

(Chass angd progeny Obsirved

[“2:
Hed. ...
Yellow. . . .
White ... ...

A80.50
IEIRE
48.38

485

249
30
or

TORES
i838

Dherele. 0ol o L L
White ..

T34
3
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__'The inheritance of floret color in this cross wus so complicated that
Fa progenies were studied in each of three different years. Fy sum-
mary dafa for the 3 years were as follows:

U'lass and progoeny Observed Ratio Caleulatedd 0-C
[T
AN vedl . 49 R e
Helerozyrous red . L -. 113 ,] 45 153.74 +8.26
AMlgray, oL . m " aa ;
Heteraygous gsray. .. . 21 |§ 12 544 —h
Al yellow. .. .00 an . 0 P
Hlelvroaygous yollew. . 2 ! "61 ~3.G1
Al whiteo e L L 3 1 3.0 —0.20
Avrruer X Swemsic Sereer
Class and progeny Observed Ratio Caleulnted O-C
l“»_} 1
10 S 137 44 17541 1
Giray. - 3T 12 44857 —{i.87
Yoelluw. . . 16 3 0.7 A8
White . ... 4 1 A6 4034
| S
OO e o 11 ) - " oo
Hitevomyrous rimd. 281 48 2 =2
Gray-.. .. e oo L. 03 £ " P
Heterozy sous gray. oo T % 12 T1.06 +1H
Yelow oo . o L. 31 \ o g i
Hcteroeygous yellow. 1|f 8 2 ! 1.2
While. oo 1 1 0,02 4-0.08

LIS of ailt the planis observod weore g

conld not be identified,

Carcrrra X Kuemsox {Erirrma)

Cass anid progeny

Fuo:
). . L L
vy .
Whije
I‘.:;:
Red -

Heterosycous mul
Gray L .. .
Helerozymons Ly
Yellow.

Heterozyrous vellow

While ... . ..

ciuse of wenrthering.
pessible many  times,

sslike, and lemma color in

T ol these

- —— e o

The genetic study of the crosses of red X white wus diflicull he-

Obzeryed Ratio Cateuluted 0-0
RRH] {in 348,12 —4.12
i B 17, —+1.85
8 1 5T RRIT]
2 ==
]!_) l; 8 2520 =0
i ! 2 6.56 2
3 . . o
3 E 3 1.64 | 405
0 1 0.50 043

This made necurate classifiention almost im-

Cole

[

white selection

from

Kherson.
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Kherson (Fthevidge) is also white. Apparently from the cross of
redd X red, both Red Rustproof und Caleutta have the same genetic
complex for color. Consequently, the genetic constitution of the
parents of the fwo crosses would snpposedly be equal. The accu-
racy of this supposition is indicated when the data from the three
crosses are summarized in one table, ns follows:

Uliegs nngd progeny Observed Rafio | Calenlated Q-C
Fs:

Ted e e i3] N : . +
Heterosygous ved. _. . .. . 160 48 22426 —0.26
Y e e - 22 14 56.06 —0.00
Heterozygous gray___ ... - 34 - AL -

X e W e e e e 10 . ;
Hereroxzygous yellow. ... o } 3 02 +0.98
White . L 4 1 4437 —0.67

The fourth cross was studied only in the Fo. Segregation was as
follows:

Swensir Seneer X Frsnrar varton
Class aud progeny Oiservod Kaiio Calewinted -G
I;‘g:
Bed oo e e 427 Gn 417,18 -+0.82
Yelow. . . oL o enioa 13 3 20.86 —7.8G
White. .. el e Lo o 5 1 6.03 —1.05

The results in Fy of this cross do not corvespond with these for the
irevious three crosses.
i

YELLOW
Yellow X Yeliow Crosses

Oune cross in which both parents were vellow, Navarro X Mark-
ton, was studied in both the ¥y and Py generafions. Al progenies
were yellow, but n few were lighter vellow than the others. The
Markion yellow differed from the yellow factor in Cornellian he-
cange a 13:3 ratio way observed rather than a 3:1. Since the yel-
low factor in Nuvarro appears to be (he sume ag that in Red Rust-
proof, Markton must enrry a second factor for yellow,  Nuvarro
crossed with Red Rustproof gave evidence of an intensilyving factor
in Ty, Thus, it wonld seem that in Navavro the genetic factors for
color are veilow, plus an intensifying fuctor: and those in Markton
are n difterent vellow, plus possibly w second Iintensifying factor, or
one that apparerdly differs from fhat in Navarre, ITn the Navarro X
Murkton cross, the presence of either intensifying yellow gives a
reddish east to the lemma.  The genetices of this cross is coniplicated,
as indicated by the numerons aberrant types, which will be discussed
lafer.

Among the 966 progenies of this cross thal headed, 283 were de-
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scribed as bronze, or more nearly red than yellow. The closest
approach to an analysis of the interaction of factors responsible for
this would be & 27:9:9:9:3:3:3:1 ratio in which 19 segregates
show the bronze color and 45 segregates do not. The total nembers
expected would be about 679:287; whereas actual numbers were
681:285. The slight deviations seem to justify this interpretation.
Extremely intensified bronze ouats are easily classed as reds, as shown
by the results obtained.

Navarwo X Margrox

Obszeryverd ! Ratio Caleulated 0-C

Class and progeny

l"g:
Reddis=h. . ... ... ool . 254 a3 950 00 -F3.10
Yellow. ... . . . . 12 1 1300 —3.09

1 Nine grasslike never headerd.

In If5, 53 lines were grown (primarily to study dwurfism).
Progenies in all rews were almost exclusively reddish to red in
color,

Lemma color has been observed in numerous other yellow X
yellow combinations. In the cross Aurora X Markton, studied in
connection with the inheritance of smut resistance in oats {Coffman
and others, 2), and in the eross Markton X Rainbow from which
Marion resulted (Colfman and others, 4), studied in connection
with both rust and smut resistance in oats, segregutes indicating
that Markton has an intensifying factor appeared. In the Aurora
X Marlton cross, some of rhe progenies might easily have been
classed as red in lemma color. In the Markton X Rainbow cross,
a small number of somewhat lighter colored, reddish-yellow segre-
gates were observed. (‘onsequently, it is evident that Navarro,
Aurora, und Markton all have, in addition to the factor condition-
ing yellow lemmas, a modifying factor or factors that intensify the
color. ‘This factor is responsihle for progenies that elosely ap-
proach red in color.

Indications of such an intensifving factor were not found in a
Richland X Green Russian eroes (Coffman and others, ). All
progenies appeared vellow, like the parents. Thus, it is evident
that not all eais classed as yellow have the same genetic factors for
lemma calor.

Yellow X White Crosses

T'wo crosses involving vellow and white oats were studied: Kher-
son (yvellow) > Kherson (white) ; and Aurora X Wisconsin Won-
der. In the first cross, more than 2,100 F. plants segregated in 2
ratio of 3 vellow:1 white, as expected, Part of the plants were
observed before a prolonged rain, and the rest were observed after
the rain. The lenunas of many of the oats examined after the rain
had become stained.  Because of this, many that would normally
have been classed ns vellowish white were erroneously classed as
vellow. Duata for ench of the observations are us follows:
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L
)

Kuersox {vEurow) X Ksiersox {waiTe)

{luss and progeny Observed Ratio Calenlited o-C

F. (before rain}:

Yetlow 202 - =

Yellow white_ o oveue e oo 354 §( 8 548.25 +1.15

White . 175 1 182,75 —195
By (after rain}) :

Y e oW e e 558 -

Yeliow whiteo o oo 443 } 3 1‘184‘“} +3625

White . e 362 1 38825 —36.25

In the Aurorn X Wisconsin Wonder cross, the intensifying fac-
tor of Anrora was evident. The ratio of dark to light or white
individuals in this cross was a good fit to a 3:1 rafio.

ATrora X Wisconsixy WonDeR

{lass and progeny Ohserved Ratia Cateulinted 0-C
F2:
| 7Y S 133 3 136.5 -35
Light e e 49 1 45,0 3.5
WHITE

White ) White Crosses

Only one cross between white X white oats was studied: Albion
% Wisconsin Wonder. Of the 326 F. plants in this eross, all were
white except 4, which showed a slight grayish tinge. Of 208 addi-
tional F. plants studied, 5 had a grayish tinge. This approached
a ratio of 63 white:1 gray tinged. The calculated ratio was
525.67 : 8.34, compared with the observed 525: 9.

The few gray-tinged individuals were thought to be the resnit of
natural crossing. Hence, an Fy population of 31 white and 3 gray-
tinged I plants was grown. The 31 white F: plants all bred true
for white in the Fa, and the 8 gray-tinged F. plants segregated as
follows:

Avntovy X Wisconsiy WoNDER

{"inss and progeny Obeerved Ratio | Caleulated 0-C
F3 M
Gray-tinged___._ e e 7 3 81 —4.0
White. e | 31 1 27 4.0

These data indicated that the gray-tinged individuals were the
resuit of field hybrids and that, in the absence of contaminating
nollen. the white parents to the cross Albion X Wisconsin Wonder
produced only true-breeding white progenies, as expected,
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SUMMARY

Lemma color, the most obvious character in the oat kernel, was
stuciied extensively, Tive colors ave vecognized—Dblack, gray, red,
\ellm\, and white. In these crosses, bluck X black gave no segre-

gation; black X red gave five dlﬂetent types of serrlen'.\tlon—(l)
12 black: 3 red: 1 gray; (2) 12 black:3 gray: 1 red; (3) 3 black:1
nonblack; (4) 48 black : 15 geny:1 red; and (3) 9 black: 6 red; 1
gray. In all five types of segregation, Black Mesdag wus the black
parent used; thus, a genetic difference in the other parents to the
crosses was indicated. Monarch, the Dblack parent to one of the
crosses, guve a segregation ratio of 9 black:6 red:1 gray.

Two black 3 gray crosses gave similar vesulis—3 black: 1 gray.
Only one type of segregation appavently resulted from crossing
black with yellow onts—12 black: 3 gray: 1 vellow. When black
was crossed with white, a segregation of 48 black:12 gray: 3 yel-
low: | white was found. DBlack Mesdag was the black oat used in
both crosses stadied.

In crosses of geny X gray, two types of segregation were ob-
served: 63 gray: 1 vellow; and 15 pray:1 yellow, 'This indicates
that all gray oats o not have the same genetic constitution. When
gray oats were crossed with red oats, a 13 gray: 3 red segregation
waus observed in one cross and o % grayv:] Ted in the otlier cross.
Two segregation ratios were observed in progenies of crosses of
gray X yellow, These were 18 gray:3 yellow; and 8 gray:1 yel-
low. Ifowever, after studving the segregation in Fy of the Cornel-
linn X Muavkton cross, the 3: 1 ratio .lppe‘ued to be the most prob-
able.  When gy wus crossed with white, a ratio of 12 gray:3
yellow: 1 white was observed in one cross and 3 gray:1 white in
the other cross.

Red crossed with red gave anly red plD"’ElﬁE‘S' whereas red
crossed with yellow gave a segregation of 12 red: 3 gray:1 yellow
in fwo crosses. In a third cross, & ratio of 15 red: 1 yellow (ivory)
was idlicated. Red erossed with white situdied in fonr crosses gave
ratios of 18 red: 12 gray: 3 vellow:1 white in three crosses and a
ratio of 60 rerl:3 yellow:1 white in the fourth cross.

Yellow erossed with vellow usually gives only yellow segregates
in Fo and later genernfions. This was observed earlier by the
writer {Colfiman and others, 4) in two yellow X yellow crosses—
Muarkton 3 Rainbow, and Richland 3 Green Russinn, TFlowever,
the Nuvarro X Markton eross vesulted in a segregation of 63 red: 1
vellow. Dotlr parents are considered by this writer as yellowish
derivatives of rod onts. In crossing, the red color is accentuated.
Probably because each parent incluces an intensifying color factor
they complemented each other when they were crossed. 'Fhus, a
\\ld(‘ rradation of color in the progenies resulted, ranging from
those almost as distinetly red as Red ]umtploof to dilute reds.
Only a few true yellow individuals were ohserved. Many plant
aberrants, such as grass tufts, were also observed in progenies of -
this cross.




INHERITANCE OF MORDFIOLOGIC CHARACTERS TN AVHNA 24

Yellow crossed with white gave a segregation of 3 yellow:1
white in two crosses. This is the usual segregation reported.

Only one white X white cross was studied: Albion X Wisconsin
Wonder. At fivst, an apparent ratio of 63 white: 1 gray appeared.
On careful examination m ¥y, however, it was observed that some
apparent natural crossing had occurred that resulted in a slightly
gray tinge in some individuals. These grays segregated into grays
and whifes, and those classed as white in Iy bred true in Fg.

AVWNS

Next to lemma color, the most obvious kernel character in oats
is probably the awn on the dorsal surface of the lemma. Awns
may be of three general types: (1) Twisted genicnlate; (2) sub-
genicnlate; and (3) straight. Some oat florets are awnless.

Wild oats of the A. fetua and 4. sterilis macrocarpe species and
the fatuoid and steriloid aberraunts of cultivated species are char-
acterized by the twisted geniculate awn on all flovets. Such awns
are sometimes found on the florets of cultivated ozts, but usually
on the lower flovets only. The twisting of light and dark awn
tissue ocenrs at the base or from the point of attachment to the
Jemnma to a point about one-third the length of the awn, where a
knee or bend often occurs almost at o right aungle. Beyond this
knee the awn is tapering, nontwisted, and colorless.

The subgeniculate awn is frequently found on the lower floret
of sume of the cultivated varieties classed either as A, safive or
A, byzantina. Tt sometimes serves to identify heterozygotes in wild
% cuwltivated crosses. It may have one or several twists of darker
and lighter tissue at the base, and it may be somewhat dark colored
for a short distance above the twists, The awn bends slightly with-
out a distinct knee, and the upper part of the awn is usually straight
and light colored.

The straight awn is ravely dark, although some individuals may
have darker tissue than others along their sides. The straight awn
(dloes not twist at the base or bend to form a knee. Xt may be pres-
ent on all or nearly all flocets in the panicle, as in some Red Rust-
proof type oats, or ou only a few florets. It Is sometimes only a
coarse, hairlike appendage on a few kernels in the panicle.

There are so-called awnless oat varieties, but a genetically awn-
less oat is rare or almost nonexistent. The fully awned, twisted
weniculate condition is almost constant in breeding hehavior. Next
to it in constancy of breeding is the straight awn. The twisted
awn oh the lower floret, found in some cultivated oats, is less con-
stant; and the subgeniculate awn is the most variable awn type.
"The subgeniculate awn is a fair index to heferozygosity and usually
produces progenies having diffevent awn types in tollowing genera-
tions.

‘The theory that the presence of twisted awns on all flovets is the
basis for a genetic study of the inheritance of awns in oats is a
new approach. Certainly the fully awned condition X awnlessness
produces all the other awn conditions found in oats. Most earlier




. W
FIcuse 2—Awn types in Avena: A, Twisted geniculate; B, subgeniculate; ¢,
straight long: D, straight short; E, awns absent,




INHERITANCE OF MORPHOLOULC CLUARACTERS IN AVENA o7

studies on the inheritance of awns in oats have been the results of
crossing the different cultivated oat types. Different investigators
using phenotypically similar outs as parents have obtained different
results. This 1s not unusual if the theory is accepted that genes for
all awn types found in cultivated ocats are present in their wild
progenitors and that, although two cultivated oats may appear
similar phenotypicully. they may differ genetically. If this con-
cept 15 accepted, the diversity of results reported to date can he
understood.

In these studies, an oat of each awn type was crossed with one
of the same type and with one of each of the other awn types.
The results obtained were often difficult to explain. Factors such
as moisture, Light, soil fertility, and temperaiure appear to influence
the presence and 1ype of awns in oats, and these factors cannot be
controlled in large-scale field studies.

This writer agrees fully with Fruser (/3) that awn development,
is inclined to be unstable and is affected by climatic conditions.
Hence, it is diflicult to study genetically, and interpretations of re-
sults usually denl in generalities,

In the study of the inheritance of awns, the following combina-
tions were included :

Twisted (all florets) x Twisted (all florets)
Twisted (all florets) x Twisted (lower floret)
Twisted {all florets) x Straight

Twisted (ul! floreis) X Absent

Twisted (lower floret) x Twisted (lower floret)
Twisted {lower floret) x Struight

Twisted (lower floret) x Absent

Straight w Struight

Stridght »¢ Absent

Absent X Abseat

Twisted (all florets) X Twisted (all florets)

Three crosses were studied: OQue of A, faiue with the Sixty-Day
aberrant; one of -l sterilis with this aberrant; and one with a
fatuotd from Fulghum with this aberrant. All progenies in all the
crosses either bore awns on all florets, or had no apparent segrega-
tion for swns. The condition of twisted awns on all florets seems
to be the most constant condition genetically.

Twisted (all florets) 3¢ Twisted (lower floret)

Two crosses in which one parent had twisted awns on the lower
floret only, and the other pareat had twisted awng on all florets
were studied in F. only. .
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Bl ACK MEspag X Sixey-Tay anenaxt

s d progeny {=eprvedd flaiio Caleulaied -
Fu:
Trwispind menicndnie
o all Horets a0
Pwistand genleobinte . .
o lower Horet only 1,140 63 2012.08 +1H
Subgeniculate dos
Rieizhl Hi
Admong 30 i 31.04 —1.94
SwEDIST SELECT )( FULaH UM FATTMD
s el progeny (Hmerved Hatio Crleslatygl (-C}
I'.-_- H
Tawisted weniculae 365
Subeenientine 44 {1 430.03 4007
RBirnixht . 32
Ahsent [H 1 407 ~0.097

In th{n—v two crosses, progenies having each of the nwn types and
progenies hiaving no awns were found. In bath crosses, the ratio

of all awns present fo awns absent approached a 63 1 raiin. A
summary of the two crosses revesls a segregation of 63 - all florets
awned: LI3F twisted genienlate or -.uinremvnltte awns on lower

36 awns absent,
awned condition

floret only: 78 stw 1itrhi' awns on lower ftoret ouly:
This was the expect tedd segregation. since the fully
is considered the progeniior {vpe.

Twisted {all florets) % Straight

Only one cress befween an oat having twisted awns on all flovets
and an oar having straight awss was studied.  Segregafion was
studied only o Pa The resilts were as follows:

Ren Rusreroor 3 IFULaiiran rarrem

lnss aid progeny Obzorved Tatio Caienlated -G
.".;: .
Twistend meniealate . i
on ali forels e 13 1 1.5 415
Al ofher Tvpes. .. ... 33 3 345 ~1.5

Twisted (all florets} % Absent

Oniy one cross in which an awnless oat was crossed with oats
ha\'mrr twisted geniculite awns on hoih or atl florets was studied.
Only the ¥, was stodied, but x three-factor difference was indi-
cated.
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Brer rarrom X Moxarce

Class and progeny Ohserved Ratio | Calculated

)
Twisted reniculate
on all florets . 315.00
Subgeniculaie (lower). ... . .
Stradght (ower) ... ... : ..
ADSONL. ... i o e 6,06

Twisted (lower floret) X Twisted (lower floret)
Only one cross between oais having twisted awns on the lower
flovets was made: Black Mesdag X Swedish Select. 'This was

studied only in Fa, and all 244 progenies had twisted awns on the
Jower flovet.

Twisted (lower florer) X Straight
In the cross Black Mesdag X Red Rustproof, awns were studied

only in [Fa, The twisted type appeared to be recessive, and a single-
factor difference between the two types existed.

Bracik Mesnac % Reo Rogreroor

Class and progeny Obsorved Ratio Calenlated

Fa:
Twigted genjculate_._ ... .. 204 1 281.245
Subgeniculme. o . _.___.. 103 , 843,75
SEERiEht i s i s 5 : i

Twisted (lower floret) 3 Absent

Six crosses were sfudied in whiclh one parent was apparently
awnless, and the other had a twisted geniculate awn on the lower
floret.  Monarch. Cornellian, North Finnish, and Albion have been
clussed s awnless. Bwedish Seleet, Black Mesdag, and White
Bonanza have a twisted geniculate awn on the lower floret. One
Kherson strain that was used was awnless, and the ofther Kherson
strain had Dwisted genieulute awns. The segregation among the
progenies of the crosses studied wuas as follows:
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CORNELLIAN X SWEDISH SELECT

Clags and progeny

Observed

Ratio

Culculated

F«_» :
Awns prisent
Awns absent

1‘\3 .

1,063
1,208

Buack Mespac X Moxarcit

Class and progeuy

Hiserved

Rutio

Crileulated

F:::
Awnspresent_ . ...
Awnsabsento .. .o ____.. ..

[’-‘3:
Allawned_ . _____. .. -
Heterozypous for nwns

Awns ghsent

5
224

14
20
7

T4.75
224.25

46.88
312

CoRrMELLI

AN X Burack Mzespac

(lass and progeny

Obszerved

Rutio

Caleuluted

Fg .
Pragent

1“3 M
Al awned
Heteronygous fur nwus
Awns ghsent

122

1689

17
43
4

12731
163.60

60
4

—531
4531

+0.0
=00

In the cross North Finnish X Bilack Mesdag, a condition some-
what the roverse of that found in Fu of Cornelhian X Dlack Mesdag
was observed. Tlowever, in Fi, 45 of the 48 lines had more awned

than awnless progenies.

A few awns were present in the Neorth

IPinnish parent, which shows that it is not really an awnless oat.
When the three primarily awnless lines are grouped together and
the 45 that are fully or predominantly awned are grouped together,
we have in Fy a close approach to a 15:1 ratio of mostly awned to
mostly awnless in this cross, also.
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Norril Fixxasir 3¢ Brack Mespac

Cluss and progeny Ubgerved Ratio | Caleulated 0-C

Fo:
“Present 9 812.25 40,25
Absent 1 T 631.70 -H10.25

l“a H
Thvisted geniculate - =
Heterozygous for awns ’ 40 +0.0
Mostly nwnless 1 3 +0.0

Segregation in the Black Mesdag X ]\herson cross cannot be
fitted to any known segregation p.ltteln However, individuals

with awns absent appeaued most nutmerous. Awns were not studied
in Fy of this cross.

Brack Mespac X Kuerson

Cluss and progeny QObserved Ratie | Caleulated

Twisted genlculute. ... ... 146
Subgenienlateo o __ oge G64.56 ~118.56
Straighl o o e 148
Abgent . . e e 073 854,44 +118.56

The cross White Bonanza } Albion, studied only in the I, gen-
eration, gave different results than were obtained from any of the
other crosses, It uppeared that a three-factor difference existed,
since the twisted awn character was dominant over all other con-
ditions and a single plant out of 326 F. plants was classed as
awnless.

Wintre Boxvaxza X ALBION

Class il progeny Ohserved Ltatio Culeulated

[
Twisted geniculate. ... ... 267
Subgeniewlate .. .. ... ah : 320
Stradghte . oo 0 .. L. 3
AbsSentoo .o 1

In the four crosses of Black Mesdag {twisted on lower floret) X
awnless oats, segregation in all indicated a two-factor ditference,
nlthourrh segregation ratios differed.

E‘ornei]mn {absent) X Swedish Select {'hw.-,ful on lower
f!oret) 7 present: 9 absent ratio was indicated in Foo In Fs, a
ratio of 13 present: 3 awnless was indicated. In the Fo of the cross
White Bonanza {awned) X Albion (.mnle‘ﬁ) a 63 wwned: L awn-
less segregalion was indicated. Albion at times has a few awns.
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Straighr 3 Straight

Only one cross was studied in which both parents bore straight
awns. No awnless individuals were found in Fa, but 15 plants had
twisted or subgeniculate awns, as follows:

Reop Rusrrroor X Cancorra

Class and progeny Observesd Ratio | Calenlnted 0-C
B
o A A T O978 i 97748 --0.52
Rubgenieonlute. .. . ... L L. 1 1 1562 —050
Twisted geniculate. o 14 ’ e

ln L]us cross, a rafio of (5‘5 S mrht I with awns of other types
resulted. This apparvently indicated that not aH straight-nwaed
oats are genelically the same.

Straighe 3 Absent

Four crosses were studied for this character: Red Rustproof X
Navarre: Calentta X Khersou: Red Rustproof X Cole; and Kher-
son X Kherson.  Nuvareo. Kherson, sad Cole were previously
considered to be awnless.

ten Resreroor 3 Navaneo

(tass and progeny Ohsorvedd Nutin Calewlated -0
[
Absent. ..o Ll - 37 3 .86 —13.86
Btvadght. o o L L . e a7 6,132 4- D68
Subreonbeulnte . oL L Bt i .86 + 314
Twisted geniculawe . L ey 1 1G.95 + 8.05
Caverrra X Knersos { Krnerinee)
Cluzs und progeny Hi=erved trtio | Calendated -0
]“2 H Il
Twisted menirntiate i y
Snbzenivuliiv L 20 i 258N 1702
Spraieht . My
Awnless | 143 T Le 1 —17.13
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The segregation in two F. aud one F; populations of Red Rust-
proof X Cole was as follows:

Ren [‘l EUUHITHE ‘( ( OLE

Class and progeny ﬂllsm'w\zl atio Citlenlated

Fu:
Twisted genfenlate. .. ...
Subgenienlate__... . .. . : 1 i ~H 19056
Stroight o oo o .
Absgent y ; 210,56 ~ 14 54

q:

Straight. oo .. . 15 . -1y .
TleteroeySons_ o . ... . 3 ’ 4.1 + 006
Asont______ ... ... . 4 RR{Y — 0.06

In Ilw EIOSS l\ht-tann (wtl.uwht .1\\'11&) \\uh l\lwwnl (nwnless},
284 I planis were observed.  An apparent three-fuctor dilference
was indicated.  Segregation was as follows:

Kiknsox X l\nl SN

Cinss and prozeny d_lhsm'\'vd Ratio Caleulited

[T
Mwisted senientade. oo 707
Ylelerosyious _ o _ o . L 1,150 - 208381 —6.31
Steaighreo._ L L ... 385
Awnless. _ ... 42 . 35.69 +46.31

In these foutr crosses, all types of awns except the twisted genicu-
late on all florets were observed among the vesulting progenies. In
one cross, the ratio in Fs was 3 awnloess: 61 awns present. In an-
other cross. the ratio in Fa wis 1 awnless: 63 nwns present. In
the twa other crosses, a two-factor difference was indicated, In the
o of all the crosses, more awned than awnless oats appenced. In
all crosses. tnddividunls with twisted awns on the lower flovet ap-
peared.  Only one cross was grown in the Py, and 1n that cross a
ratio of approximately 15 awned:1 awnless was indicated.

Absent 3 Absent

Three onts, Cornetlinn, Aurora. wnd Sparrowbill, previously con-
sidered fo e awnless, were used in erossing in this study of absent
¥ abseni awns.

Inlbervitnnee in the eross Carnellinn X _Auororw was studied in hoth
Fa and Fy generations. No T line bred true for the awned c¢on-
ditien. Tlala obtained were as follows:
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CORNELLIAN X AUKORA

Class and progeny Ohserved Hutio Calculuted

71 . $0.06
Awnsabsent___ ... .. QU 1z .00
Fa :
Heoterozygous . 4}
Awns absent k.

The cross Cornellian X Sparrowbhill was studied in F. only and
data obinined were as follows:

CORNELLIAN X SPARROWAILL

Clnss and progeny (Mgerved Hiitin Caleulated u-C

-;iwns PUCSCT . oy e e e 1G4 15 i —1.0
AWNS (DEeNE - oo e o 12 1 11 +1.0

Hence, although Cornellian, Aurora. and Sparrowbill are sup-
posedly awnless oats, crosses between them give indications that
all have factors for uwns that produce more awned than awnless
individuals in the crosses.

One cross between two supposedly awnless oats, grown in the Ty,
segregated in a ratio of 1 oat with awns present: 15 with awns
absent, In the ¥y, however, the reverse was found, or 15 with some
awns present: 1l with swns absent. In a second cross between two
supposedly awnless oats, the ratio wus 13 with awns present: 1 with
awns ubsent.

These data indicate that awnless oats are rare and that some sup-
posedly awnless onls possibly earry genes for awns in the hetero-
zygous condition.

SHAPE OF BASE

Onat species and varieties differ as to shape of the base of the
primary floret. The wild oaf species . sferiliy sepurates from its
pecduncle, leaving a very prominent, long sear and envity in the
base of the lower floret. Tlie angle of this sepuration in A, sterilis
differs somewhat from that in A, fefue in that it is more oblique
and the scar and cavity are longer. Both species have very large
avities surrounded by an expanded periphery ring with more or
less long. bristlelike hairs. The length of the hairs in A, fetua is
more variable than it is in A, sferifis.  In fatueids {false wild
outs), the ecavity is usually similar in size and shape to that in
A, fatue. Fatuoids also differ in length of hasal hairs.

The Sixty-Day steriloid-fatuoid has a basal sear similar to that
in . fefue, except that it is often somewhat longer.
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Frivae S.=%bape of base in Avewa: A0 Prominent basad sear—left to right,

: B, Lagal sear obscure
urt: € sl seiane
ur, Victory,

A futud, 4 byzanting var. Red Rusiproot, and . sterild
s leelt, AL sebfea var. Bheeson, gl vight, (L Gyaating .
ahsent—1eft, A, bprefting vie. Buet, and right, oL sefivd v

The shape of rhe base differs amang cultivated vurieties. Ied
Rustproof has n prononnced cavity: Black Mesdag has a_small or
pbscure cavity: and some varieties such ns Kherson and Cole have
no cavity at all. although oceasional kernels do have an abscure
type of cavity. In Inbtul progenies, the shapes of bases grade
into one »nother and make exact classification difficult and some-
times iv;possible.

The inheritance af shape of base was studied in the following
comhinations:

Prominent x Prominent P'romwinent x Absent
Pruminent »x Ohscure Uhgeure % Absent

Prominent 3 Prominent

Two crosses of outs having prominent basal sears were studied for
this character. Red lur-lptoui . Calevita way studied m Fe and
I, Lesults in the Fa generation were as follows:




306G TECHNICAL BULLETIN 1308, LS, DEEPT. OF AGRICULTURE

Rer Rosreroor 32 Cancurra

Class and progeny Obszerved Ratio | Culenlated 0-C
1‘12 H
Prowminent.______. ___. _ . . 087 43 D748 .52
Obscure_.._ - 6 1 19.52 —40.52

In the Fu segregation, individuals with obscure type basal scars
appeaved. I Fu, all 44 Tines grown bred true for prominent basal
senrs. Not all AL byzantine onis with prominent basal senrs are
genetically alike even though they appear to be alike phenotyp-
ienlly. A few segregates wilh less prominent or more obscure type
busal gsears sometines appear in crossed progenies. This is of in-
terest in conneetion with the origin or appearance of cultivated or
stiva-like individuals in A, byzanting oars.

In the Fulgham fatuoid 3¢ Sisty-Day aberrant cross, both par-
ents huve prominent basal scars, nlthough the scars differ in shape.
Segregation in I of ithis cross was as follows:

Frensueso parvom X S1srmv-Davy ABERRANT

Clags and progeny Observed atio Caleulnted O
(3T
Prominent_ .. ... . 8a 63 8269 —0.64
Obgewre. . o .. 2 1 %11 --0.40

Individuals with the obscure type of scar also uppeared in Ehis
cross, This faet might be indicative of the mode of derivation of
culfivated types frondifferent wild types.

Prominent ¢ Obscure

Four crosses belween onts with prominent and oats with obscure
hasal 1ypes were studied.  In this group. the prominent basal cav-
ity type in the steriloid-fatuoid aberrant from Sixty-Iay was
crossed with Rlaclk Mesdag, which has the obseure type of scar.
Segregation in this cross was as follows:

SExry-Day anseast X Brack Mespas

Class and progeny ihseryved Ratie | Caleulatil U}

1902

Irisvminent . .. il 1 G114 4195

Intermedinte. . e 1,152 1) . = e

ObDSCUrea o .. RIn N 3 Lo —Ha
E‘:i: .

Prominent. ... . e 2 1 a0 — 1A

Tintermediate ind obseare 1z 3 1L 4 1.0
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Segregation in 8 Fy lines of this cross was as follows:

Class and progeny | hserved Rutic | Caleulated

Fs.‘
Prowinent 43 . 13.25 —0.25
Intermedinte and obseure L 1207 4025

In F. there were too few progenies with obscure and intermediate
scars and too many with the prominent type of basal scar for =
good fit to n 1:2:1 rutio, but the deviation from the expected 3:1
ratio in a popu]atlon in excess of 2,000 individuals is not large. In
the small Fy grown, a segregation "of 3: 1 resulted.

In the Burt fatuoid ps “Black Mesdag cross, as in the Sixty-Day
aberrant X Bluck Mesdag cross, a s:mrle factor difference seemed
the most logical explnntlon of the resulls obtained.

Buwr rarvomn X Boack Mesvac

Class ol progeny Ohserved Hutio Catdeuladed 0O-0

[“2:
Prominent .. . ..., . 94 ; H ! + 0.0
(hsenre. L. e U8k a8 +0.0

It the data from the two crosses Sixty-Day aberrant X Black
Mesdag and Burt fatuoid X Black Mesdag are added together, the
vesults wre as Tollows:

Ol ol progeny Oerved [tutic Chrlealated O-C

18 :
TEreminent .. e o e §253 1 H03.5
Obsenre L. o 1,700 1,8HLD

The prominent buse type Red Rustproof wag erossed with the
obgeure hage fyvpe Black Mesdag, This cross was the most diffienlt
to anxlyze, since there was a mmpletc gradation of types from one
parent to the other. The Fe ‘it‘"‘l.(‘('!tlon of this cross was as follows:

Ren Rusreroor X Bracxk Mespae

Uhiesg and progeny Ohserved Hativ Caleulated

Prominent o 394 1 g1 95

Intovmediate - . 6498 . a ==
a0 Lo L. 33 3 844,73
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In this cross, it was practically impossible to differentiate obscure
type inclividuals from some intermediate types; hence it would
seem logical to consider the progenies as comprising two groups.
For a single-factor difference, there are far too many prominent
type individuals. For a two-factor analysis, the reverse is true,
as follows:

Class and progeny Observed Ratio Calenlated o-G
F-_; N
rowinent.. 304 . G 421,88 27,88
Intermediate.. . ______ 608 % 9 632.81 +65.19
Obscure____ 33 -1 70.31 —-37.31
_________ . FT O

In the F» of the cross Red Rustproof X Navarro, segregation
was ns follows:

Rep Rustrroor X Navanro

(lass and progeny Observed Rutio Caleulated 0-C
F: :
Prominent. . 334 1 271.25 +62.75
ObsSCOre s o e . Tl 3 813,75 —82.79

Usually the obscure type basal scar is dominant over the promi-
nent sear in a 3 obscure and intermediate:1 prominent, but the
data obtained do not indicate this to be true in this cross.

In three of these four crosses, a poor fit to any usual genetic
interpretation was obtained. Too many prominent scars and too
few sears of other types were found for a monogenic interpretation,

The summary data on the Red Rustproof X Black Mesdag and
the Red Rustproof  Navarro crosses are as follows:

Observed |  Ratio ‘Cnlcumted E 0-C
o |

Class and progeny

S
i
!

I ;
EProwinent. .. ____ .. .. ... 728 5 690.62 +37.38
Intermedinte and obsellre. ] 1,482 ¢ 11 1,510.38 ’ —37.38

j '. ]
1f prominent base type is recessive and obscure base type may
be plienotypically alike but genotypically different, we can assume
two factors for inheritance of base type in crosses of prominent X
obscure, Consequently, in some crosses a segregation into a 3:1
ratio will result; whereas in others, segregation into different ratios
will resuit. In a two-factor interpretation, 5 genotypes could pro-
duce the recessive {prominent) type bases; and 11 could produce the
flominant (obscure and absent) type bases. In such a case, a ratio
of & phenotypically recessive type {prominent):11 dominant type
(obscure and absent) would be found.
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Prominent % Absent

39

Three crosses between oat varieties having prominent basal scars

and those having no basal scars were studied. Calcutta

X Kherson (Etheridge)

obtained approached the expected monegenic ratio.

Carcorra X Kuersox (Erserine)

(prominent)
(absent) was studied in F., and results

Class and progeny
W, ;
Promlnent.
Obscure

Gbserved

Ratio

Calculated

Absent,

12
169
&

0915
183.0
015

In the cross Cole X Red Rustproof, a close fit to 2 3:1 ratio was

observed.

CoLr X Rep Rusreroor

Results in Fa and Fi were as follows:

Cluss and progeny

F;_}I
Eromwinent. oo . __
Ohseure
Absent

["13 H
Frominent
Heternzygous
Absent

Observed

255
486
308

13

31 [y

o

Ratin

Caleulated

0-C

1
( 3

284.75
854.25

12.25
36.75

—29.75
+29.75

4 0.75
—~0.75

The Burt fatuoid X Monarch was studied in F., and results
obtained are similar to those frequently reported wherein the inter-
mediate and obscuve types are added.

Bunr Fatuoip X Mowarcu

Class and progeuy

o

Cserved

Ttatio

Calenlaied

0-C

113

241 {)

66

+8.0
—8.0

If the data from the F.,

populatio
added together, the summary 1s as follows:

ns of these three crosses are

Class and progeny

F'.E :

Prowminent..... . ... ...
Ohseure and intermediate
Absonto__ . .. L ..

Mserved

Ratio

Calculated

0-C

480
96
40
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Thus it would appear that, in crosses of oats having prominent
scars with eats having no scars, the prominent scar is conditioned
by a single-factor difference. The same result was indicated when
oats having the prominent type scar were crossed with oats having
the obscure fype scar.

OCbscure 3¢ Absent

Two crosses of oats with obscure type scars and eats with scars
absent could not he analyzed by any ordinary segregation ratio,
aithough in beth crosses, Cornellian X Black Mesdag aund Black
Mesdag X Kherson, a two-factor interpretation was the closest to
any indicated. 1n the cross Corneliian {absent) X Black Mesdag
(obscure), segregafion in K. was as tollows:

Couneinrax X Brack Mespao

Clags and progeny Observerl Batio | Culeuinfed n-¢
['-‘:::
OBSCUNG v e e T4 13 §14.94 —15.M
Absent___ .10 4 3 188.06 | 1504

In the cross Black Mesdng (obscure) X Ilherson (absent), segre-
gation alse indicated that twe factors were involved. However, the
vesnlf diflered from the cross in which Black Mesdang was crossed
witly Cornellian,

Bracik Mispae X Kroersos

Class anfl progony Observed Ratio Caleulated o-C
Fg:
OhSOenre. e pEg B 7 253G.25 —2425
ADSCIE. C e 828 0 303.75 42425

Apparenlly, the obscure type of basal scar was dominant in the
Cornellian crosy; wherveas in the Kherson cross the reverss was
beae. As o vesult, data on the ioheritance of the basal senr in
ohseure X nbsent erosses cannob be considered conclusive.

The Tact that different fvpes of segregntions were observed in
these two crosses might Turther indicate the difference in the genetic
constituiion of phenotypically simtlar fypes of bases found in
Cornellian ¢ Kherson.

SUMMARY

Tn oats, hasal sear or shape of base may be ¢lassed as prominent,
obscure, or absent. Some nvestigntors have referred to the latter as
“pointed.™

In two crosses between lwe oats having a prominent basal scar,
a vatio of 3 prominent:1 ohscure sear was indicated, Tn four
crosses of oats having a prominent basal sear with oats having an

o

obscuve scar, fhe ratio was 1 prominent: 8 obscure in bwo crosses.
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In the other two crosses, the fit Lo either a 3:1 or 15:1 was verf'
poor. However, if the progenies of these two crosses are combined,
the fit to & 5 prominent: 11 obscure is indicated. The F3 was not
examined for this character.

In three crosses of oats having a prominent scar with oats having
no scar, the ratio in all approached 1 prominent:3 obscure or
absent; and if the segregates of the three crosses ave added together,
an extremely close it to a 3 promiuent an:l infermediate: 1 absent
is obtained.

Two crosses were studied in which outs having the obscure type
of basal scar were crossed with outs having ne scur.  In botih crosses,
a two-factor but different segregation was mdicated; but, since the
Ky was not grown, the results were ineconelusive.

MODE OF FLORET SEPARATION

Out breeders formerly assumed that florer separation in A, sative
took place by abscission, just as in .1, fufiww. Coffman (2} pointed
out that this assumption was incorrect and that {loret separation
in ok sutive actually occurred by fracture.  Furthermore, except
for floret separation in . fafuw and the jafue-like fatuoid aber-
rants in which gseparation results by abscission {with one exception),
floret separation 1n all hexaploid oats is wetually Ly fracture, Musil
(27} supported this observarion by Coffman.

The exception noted above is the Sixty-Day aberrant. This oat
does not separate entirely by abscission: there is often some at-
tached tissue between the secondary floret and its supporting rachilla
segment, which, in separation, frequently breaks away a portion of
the periphery or wuil avourd the basal cavity of the secondary
floret. Also, in some c¢ases the entire rachilla segment may remain
attached to the upper or secondary floret,

The arex in which the fracture of the supporting rachilla seg-
ment fakes place differs decidedly. In i, sterilis and among cul-
tivated varieties of .« byzentina. fracture is almost exclusively in
the basal portion of the supporting rachilin segment; whereas in
A, safival it 35 at the top or the distal portion of the segment.

In the present study, modes of floret sepuration obeerved were
as follows:

Fraceare (husal} ¥ Fracture {distal}
Fracture (busal} X Seminbscission
Evacture (basal) X Abseission
Peacture {distaly X Seminbscission
Fracture (distal} w Abscizsion
Abscission X Remiabseission

One other mode of foret separation was stwlied: 1. fafue
{abseission) X ol wuda. In 4. wudu. Horet separation is nmch lesy
clearly seen than it is in covered oats because the groats separate
readily from theiv glumes in threshing. instead ol the fovets sep-
arating from one another.

Only one oat in which spikelet separarion was by semiabscission
was included.  This was the unusual Sixty-Day seriloid-fatueid
aberrant. which may separate in any one of three different ways:
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IMevie - -Florel sopetration i enbrivaied vavieties of dreene s Left, A, sudiru
(Fracture distad) ) vight, (U byrentine {usanlly feneture basal},

(1) By abscisston, (2} by fracture (distal), and (3) by fracture
{hasal}, Al three ways of foret separation have heen fonmd inou
single panicie of this aberrant ont. This unusual oat was discovered
by the writer in Akron, Colo, in U2 In 1961, the writer cis-
covered a second ont of this (vpe at Aberdeen, Tdaho (see p. 73).
Fracture (basal) X Fracture (distal)

As indicated previousty, fracture {(basal) is represented in cul-

tivated onts by b byzanting varieties: whereas fracture (distal)

s found in ol safire varvivties,  This comlination was sfudied in
four crosses.

Brace Mespae X Rep Rusrenoor

{"lass and progeny { e rve] Iintin {etheniaged £y {"
[;‘:3:
Fracture {basaty. . Ti4 1} = =1 b3 O
Trterinedinte - 216 i 13 LAALES 246

Fracture (distal) . 05 i A -F324.649
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Carctrra X Kuknrsox

Class anmd progeny Observed Ratio Caleulated

F.:
Fruvture {(basal} and
intermediate. .. . ... . 233 ; 2712
Fracture {distal) .. oo . __ 133 —27.13

CoLe X Ren Rusrtrroor

Cluss and progeny ! Observed Ratlo - Culeulated i

Iy 0 ? : : !
Fracture (hisal) and ' !

intermeslinte.. .o L. o {47 - 3. 728.06

Fracture (disraly. oo _. . 138G 3 144 04

Fy:
Fraciure (hasaty onlyo . ..
Fracture (basial) and
heterozygous__ .. ..
Heterogygous only - .. _
Intermedinte only_ ...
Fraciure (distal) only.

]“:‘ H
Fravinre (hasaly, . L. .
Meterozygous, ... ...
Fraeture (diztal) ane
intermedinte . - _.

Carcvrra X Kuaersox (Erverince)

' J . i
Ul sl peogeny Ohserved T Ratio Caleulited |

T
i
1
i

1%
“Fracture (hasal) o e 10
Fraciure (iistaldy o 133 [

: 288,75 ¢
:_ 137,25

/18

Fraeture Thasay . 243 31 211.540

Feaetiare tllsrni ) 133 27 15441

The 10:6 ratio indicated cannot be explained by any usual
segregation, and no usual ratio appurently applies in this case.
However, the results indicate that more than one factor is involved.

In all four crosses studied. the approach to a two-factor differ-
ence was indicated., althongh the approach to the expected was less
close in some than in others.
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Fracture {basal) X Semiabscission

Only one cross of this combination was studied. Resulfs were as
follows

2l sterilis ¥ Slx'r\'-_l').\ ¥ ARELREANT

Uliass angd progeny Ohsvrved Ltario Calenlated

I
TFraerate (hasnl)y Lol T8 3 B4 —6.0
Semiahscission . vame oo oan o 34 1 28 +-6.4

The mumber of plants observed was small, but an appavent 3:1
ruiio was Ldieated.
Fracture (basal) > Abscission
Only one cross, Fulghum fanoid X Red Rustproof, was siudied.
tesulis were ns follows:

Iencnuar rareomn 3 Rep Roesrewoor

(s Al proEeny OHlseryed 1Latio Coleuliged

“Abseigsion
Intormetlinge el fraceture
Ilwe=aly o

\ht.( Tssinn
Inicredinte il fraetiire
{basaly . .. - .- ... ¥ : 3.5

‘\ very (lnw ht to lhe 11~||.1| mim 01‘ ' nmd (nbscission) type:’
A byzantine Fractiee thasal)  and infermediate types resulted.
This was vrne in both the Faoand the Iy generations.

Fracture (distal} X Semiabscission

In the eross Sixiyv-Day aberrant 3 Black Mesdag, the nppresch
1o o two-factor difference in o was very close,

sSrerr-Dar aneerast ¥ Brack Mesbas

Clags iund progony Ohsoryed Ratio tuleutated

‘]'.1. .
Fracture {basaly . . 3 T 805138
Intevmediare aml ¢ nil ivared 1153 H 1.150.88
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Florel separation in Black Mesdag is by fracture (distal) ; where-
as, in the Sixty-Day aberrant, floret separation is by semiabseission.
A very large Fo and a very small Iy population of this cross were
studied. In an IF. population of 2,046 plants, segregation indi-
cated an almost perfect fit to o 7 Sixty-Day aberrunt (semiab-
scission) : 9 intermediate and cultivated {fracture distal).

Fracture (distal) 3¢ Abscission

Five crosses of this combination were studied in Fa. In four, a
rensonably close fit to a 3 fracture (distal) : 1 abscission was found.
In the fifth cross, a closer approach to u two-factor segregation was
indicated.

Burr rarcon X Brack Mespag

Class and progeny Observed Latic Caleulntedl

|

Abstssion_.. . L e HE 1
Intermedinte _________ 67 1} g0
Fracture (distil) . . . 115 | =

Frnauoy rarcow X Bracie Mespae

1 lnss ool progeny Ohierved Hario Culebiml

]"‘-_: H
Absels=ion __ .. . ..
Intermediate. . .
Fracture {distali. ..

U rasar FATUOID 3 Swinsn Skeneer
Class and progeny CHserrvod Halin aleulnied
I"g:
AbsClrsion. oo . oo 12 ’ 111.5
Intermginte and fraclure
(6 11 €1 10 kR E) B340

Bowr rarveom X Moxanen

Clags and proginy {hserved Tadin hrleu b

1o
Abseizsion e 105.0
Intermentinte =
Fracetere Dlistuly . . 4150
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Although many reports have indicated that oats having the
fatuold (abscission) type of floret separation differ in floret separa-
tion from cultivated oats by a single factor, more than a singie-
factor difference was indicuted in the following cross:

Ruaruvna rareom W Biack Mespag

Class and progeny . Ol=orved © Hatio Caleulated [
P, i i :
Abseigsion oo 0t 1) 1034 —~31.4
Cantercmedinte.. ... . _ 155 ) y | -~ .
Fractuee (distal). - . o . 17Y " 33,0 +319
‘ .;: |
. o) E i
ADSCIRSIO0 0ol L L 70l 3 75.75 — oA
Intermediate. . oo 155 . . Qi@ H= .
Fracrure {distal) .o 179 } 8 8282 1 A aTn
i i |

The fir for the usual 3:1 ratio was so poor that another ratio

wug suggested.

Abscission 3¢ Semiabscission

Four crosses between the Sixty-Day abervant (semiabscission)
and either . fafue or a fatuoid (abscission) were studied, Segre-
gation among the progenies of these crosses indicated that, in this
vombination, floret separation may differ decidedly as to mode of
inheritance.

Segregation in Fs was as Fellows:

2L fatue X S1xry-Day aserraxt

Cliags i progeny Ohserved [atio Calewlated 0-C
Py )
Rewminbseiszlon .. . - 256 3 264,75 -3.79
Abscission . . L .. 1y 1 88.25 875

The approach to a 3 semiabscission: 1 abscission was indicated in
the. above cross.  IHowever, the number separating by abscission
was relatively high.

‘T'wo additional crosses between .. jafwe and the Sixty-Day
aberrant were studied. Because segregation in these two crosses
was sunilar, the data were combined 1 caleulating segregation ratios
as tollows:

Al fadue S Rxry-Thay anerrayr

Clirss anl progeny Observed atio Culentited 0-C
Fy:
semiabsvission ., 0 L L L HHN) 48 7150 —14.5Q
Abseission S e 142 14 178.50 134
Eracture (basaly . 14 1 11.91 2 300
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Results trom these two crosses differed greatly from those of the
first ol fatue X Sixty-Day aberrant cross discussed. Among the
progenies of these two crosses, a small number of apparently syn-
thetic <L, sterilis (fracture basal} types resulted, and the segregation
indicated was 48 intermediate or semiabscission: 15 that separated
like true .. fatue (abscission):1 in which the upper and lower
kernels separated only as in A, sterilis. The segregation in these
crosses indicated the presence of three factors.

In a cross between a fatuoid from Fulghum (abscission) and
the Sixty-Day aberrant (semiabscission), only a small F. popula-
tion was avallable for study. In this cross, the fatuold type was
dominant., Segregation was as follows:

Fricuva varvoir X Sixny-Day aserraxt

Cluss nud progeny (hgerved Ratio | Calaudated 0-0

e
Abscission 15 H =70
1 3. +0.75

This presumed cross gave unusual results. The female parent
was red for lemma color, and no segregation for that character
was observed among the supposed F. individuals. Consequently,
one may suspect that those individuals not separating by nbscission
were the result of natural crosses in the supposed I, plant and
that the closeness of the suggested ratio in the assumed F. popu-
lation wus coincidental.

A. fatua (abscission) X A. nuda Type of Floret Separation

Few crosses have been made using the . aude variety Liberty
Iulless. In A. nueda. flovet separation is obscured by the elon-
gated rachilln segments. In the one cross studied, only 2 plants
among the T+ were of the 4. fatue type. This indicated the possi-
bility of a three-factor difference, although the nunbers invelved
for analysis of a three-fuctor segregation were small. The approach
to the expected was reusonably ciose.

The T, population was smull, but segregation wus us follows:

AL fabue X L nuda var, Liseery Heness

Class und progeny ! {(¥hserved Ratio | Caleuiated

| B 1

Abseissio oo 2 ; 1.16

Fracture {baynl or distnl} o i 141

Alonwde and 4, nuda .
infermedinte o L. ... BE (32,44
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SUMMARY

In hexaploid oats, floret separation may be (1) by abscission,
(2) by semiabscission, (3) by fracture (distal}, or {£) by feacture
(busal). Representatives of these four types are (13 A, fatwa and
the fatuwoids, (2) the Sixty-Day aberrant, (3) 4. sofive varieties,
and (4) . sterilis and :A. byzentina varieties, respectively.

Still another type of floret separation is found in . nwde, but
it is complicated by the elongated connecting rachilla segments,
especially of the upper florets.

A iwo-factor ratio appears most logical for explaining floret
separation in erosses of fracture (bnsal) X feacture (distal);
although, in the cross Caleuttn X ICherson, the segregution did not
upprouch uny usunl two-factor ratio.  In the (L. sterdifis X Sixty-Day
alrerrani ¢ross, a ratio of 3 fracluve (basul): 1 seniabscission was
incdicated. In the cross Fulghun fatuoid (abscission) X Red Rust-
prool {fracture basal), a ratio of 3 fracture: 1 abscission was indi-
cated,  In four combinations of oA, satira (fracture distal) by L.
falue or Tuluoids (abscission), a ratio of 3:1 was mdieated. In a
fifth cross involving this combination, a rather close hit to a 13
fracture (distal) : 3 abscission was indicated.

T'he abscigsion X semiabscission cotnbination was studied in Tour
crosses.  In one, u segregation ratio of 3 seminbscission: 1 abscission
was indiented.  In two crosses in which segregation resulis were
combined, a segregaiion of 48 seiabscission: 15 abscission: 1 frae-
ture {(basal) resulted. Thiy segregation indicated the presence of
multiple factors. "The last gronp appeared to be synthetic .. sferilis
oats, Lheir appearance supports the theery of the erigin of species
armong hexaploid slrena. In the fourth eross, the alscission {ype of
Novet separation appeared dominant in o Ii: 1 eafio. The popula-
tion was soadl, and ithe Fy was not grown,

One cross of an L. fetue oat (abscission) X Liberty Ilulless
(nuede type) was studied.  Floret separation in crosses of o, nuda X
covered oats is difficult to study genetically. The rather complicated
vatio of 54 (awde) 19 intermediate {(fracture basal ov distal) : 1 ab-
seigdion was observed in Fa. The Fy was not studied.

BASAL HAIRS (PUBESCENCE)

The mode of inhevitanee of basal hairs in oals is difficult to deier-
mine, especinlly in crosses in which the parents differ n length of
hairs.  In these studies, about K} kernels per plant were exiunined
by use of un X1 pocket lens,

The following four combinations of Dasal hairs were studied:

Niumerous Long 3 Nuerous Laong
Nunerous Long X Short
Numerous Long % Abzent
Numerous Short % Absenl

T addition fo the above, study was ilso made of the inheritanee
nf numercus long hairs on bazse and sides X unmerous long hairs
o base only.
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Fiorse 5 —Basul halrs (pubescence) in Acena: A, Numerous long: B, few long;
", numerous short (midiength) ; . few short (raidiongrhy ; M, absent,

Numerous Long X Numerous Lung

Three crosses were studied in which both parents had numerous
long basal hairs,  These were .1, séerifis X Sixty-Day aberrant
{steriloid-fatueid), Sixty-Day aberrant X 1. futua, and Caleutta X
Red Rustpreof.

In the F» of the firsi two crosses, all serregntes had numerous
long huirs on the base,

[n the third cross, althongh both parenfs were similar and had
numerosus longr hairs, segregation resulted in Fui and all types were
observed.  An approach to a ratio of 1 long: 3 other {ypes, includ-
ing individunds lacking basal hairs, was observed.

Carevrras X Ree Buesreroor

Class mnd prozeny 1 hxervil [Latin Chutfeinted

It
“Numerous oy 456
Fow lonx . - 124
Nunernis ghort 214
Mo shorp. . L 05
Absont L. o oL . L u36

These data indicate that the parents differ as to the genes fur
basal hairs they carry and also thai oats having long hairs can
produce progenies of every other type.
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Numerous Long X Short

Both parents in the cross Black Mesdag X Red Rustproof have
basal hairs; but Red Rustproot has both more and longer hairs.
Black Mesdag has short hairs. Segregation was us follows:

Brack Mespac X Rep Rusrrroor
(Mass and progeny (Observed Ratio Caleutlited

["3 H
Numerous long 333 }

[Few Tone 508 $43.35
Nuniorons shovio . _eeaol L o 41
Fow SHOIT. e ceem e ma e 118
AbSoni. e ———————] 124

261.25

When all segregates having long basal hairs arve added together,
a very close approacl to the ratio 3 long hairs: 1 of all other types,
including the absence of hais, is found,

Study of the F» of the cross Black Mesdag X Sixty-Day aberrant
gave a different vesult.

Brack Mesnag 2 Sxry-Day ABERRANT

Chass and progeny Oserved LRatio

i

Calculuted |

G
Nuwerous long . 384 ) : arxm
Few fong. o 33 1 i SR
Numerous shovt. . 1080 - ' ; .
Pew short - 205 3 1 4345
Absent ... ... .. S 334 ; I

|
i

—94.5

or ;

Numereus leng L . 3584 8 263,63 4 0ar
All orher 1ypes. . 1,662 13 166238 | — 088

In this cross, all types of hairs were ohserved, and an extremely
close approach to a ratio of 3 numerous long: 13 of all other types
was ohserved. 'This apparently indicates the presence of a two-
fnctor dilterence. This cross was not studied in Fy.

Numerous Long X Absent

Tour crosses were studied in which oats with numerous long basal
. : i . . L
haire were crossed with ontg in which hairs were absent. The Fy
was studied in only one of these crosses.
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CoLe X Rep Rustrroor

Clags a progeny Oliserved Ttatio Calvndaicd 0-C

]‘12 H
Nunerous long . . o v e e e o0 g -
P od } 1 1985 -5
Numerous Shorto oo 148
Fewshort. v oo N 182 3 180.5 4-0.5
Absento ... et ——— ——— 260

F:;:
Nunercus long. .. e 13 1 12,25 +0.73
Heterosygous. ceoo . 31
Bew o e 2 3 36.75 —0.75
ADSONt L. 0

Calcutta, like Red Rustproof, has numerous long hairs; whereas
in Kherson (Etheridge) hairs appear to be absent. In the F, of
this cross, the Tong-hair type appeared recessive and a 1 long: 3 of
all other types was indicated. This character was not studied in
F; in this cross.

Carcurra X Kuewsox (Erneringe)

Class nod progeny hserved Ratio Caleutated 0-C
B
Numerpus long.. .. .. _.___. 6 a1 = =
Few Iong.. o vinm wo e a0 } 1 R +145
Nomergus shoret. . oL oL Tl
Few shorto.._. ..., . .ocaao 113 3 2745 —14.5
AbSent. oL e 76

Tn a third cross studied, Burt fatuoid X Monarch, a ratio of 3
absent or few hairs: 1 numerous long was observed in Fy as follows:

Brrr Farvomn X MoxarcH

Class and progeny Ohserved Ruarin Clenlated O-C
F»_l H
Numerous longo . Ll L. 124 1 N3 410
Few long. ... .. . B, S . wys -
Absent... ... e | 42 | 3 215 1

I all three of the above crosses, numerous long hairs appeared to
be recessive in a ratio of 1 numercus long: 3 of all other types.

In the cross Red Rustpreof (numerouns long hairs) X Navarro
{tew or no Dbasal hairs), the F. segregution indicated a somewhat
difterent ratio of 9 numerous and few: 7T absent.

BRasal hairg were not studiedd i Fy of this cross. In Ta, however,
segregation was as follows:
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[ 4
=

Rep Rosteroor X Navario

Cluss aud progeny Obgerved Ratio | Calealated O-C
Fy:
Numerous fong. ... 348 P .
Few long. oo 287 } " fi10.31 +2a69
Absent. o e 450 T +74.60 —24.6%

When the Fe dala of all four crosses are swomarized into two
classes, numerous long: nll sither types, the result is as follows:

Clags nad progeny Ohgerved ‘Ratio Crilenlnted (-C
Fy:
Nuterons bong. oo 648 1 631,25 -23.25
Allother types. oo L. 2007 : TAORETS 2815

The departure from un 1:3 ratio is not gread, considering that
the deviation from the expected was ouly 23 planis out of 2,643,

Numerous Short % Absent

In the cross Black Mesdag 3 Cornellian, serreoniion in Fa owas
. b » i»] =
as Tollows:

Bracie Mesnae X ConxnnLiay

Class nnd proseny Ohserryed Rautie Coleuladid Q-C
Fa:
Numerong lomg. ... . ... 88
Fewlowg __ ... . . . .. +4 . + rys
Nuwnerous short, . ... L. 374 3 S04 +6.00
IFewshorb ... . .. _. _ 310
Absont. o oo 182 3 188.06 -3.00

In this eross, as in crogses involving one parent having long basal
hairs, all types were obgerved.

Numerous Long on Base and Sides ) Numerous Long on Base Only

Two crosses were studied in which both parents had long hairs
on the base of all kernels. In both crosses, one parent also had
long huirs on the sides. One parent to hoth crosses was the Sixty-
Day aberruut. In the first cross, the other purent was the ex-
tremely hmiry . sterilis; and in the second cross it was a less
hairy :L. fatup. All segregates of both crosses produced F. pro-
genies having long hairs on the hase of all florets. Segregation
for hairs on the back in the A. sterilis cross was as follows:
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2L sterilis X SixTy-DAY ABERRANT

Class and progeny Observed Ratio Caleulated

Fa:
Extremaety hniry 3d 2895 BT
Absent or few hairs 9 84.790 T

Although A. sterilis ad profuse hairs on the back of all florets, a
ratio of L (exfremely hairy):3 few or no hairs was obtained,
In the second cross a different segregation resulted, as follows:

Six1y-Day aperrant X -, fetua

Class sned pirogeny UHhiseryvet Rutio Culoenbited u-C

.
xtrewely hadey oo oL 1 411 —1.11
Absent or few hativsaoo L L __ 260 63 258,80 411

Only 3 of 268 progenies in this cross had nwnerous hairs on the
stdes of the lemm. This fack would indicate that the charucter
for producing hairs on the back and side in the A. futwe used
differed decidedly from that in the 4. sterilis used.

SUMMARY

It s difficult to generalize about the inheritance pattern of
pubescence in oats. In some cuses, it appears that fack of hair is
dominant over presence of hair. In other cases, the reverse appears
to be true.

A definite observation was that the wild 4. séerilis, which has
numerous long hairs on the base and back of the lemuna, may trans-
mit that character to its progeny more often than does 4. fatua.
Also, cultivated oats having long hairs on the base may or may not
be identical genetically, since all types of basal hairs, including the
absence of lairs, resulted from the Caleutts {numerous long) X
Red Rustproof (numerous long) ecross.

When parents with numerous long hairs were crossed with par-
ents with short hairs, progenies having all the types of hair
resulted.  However, decidedly different segregation ratios were found
in difterent c¢rosses. This would seem to be further proof that not
all oais having long hairs are genetically the suwme, since long hairs
appeared to be dominant 1n one cross and recessive in another.

Four crosses were studied in which either Red Rustproof or the
similar varviety Caleutta was used as the parent possessing numer-
ous long basal hairs, One of these, Cole X Red Rustproof, was
studied in the F, and Ty generations. Results from this cross indi-
eated that the type with numerous long basal hairs is more constant
than any other type.  Also, the length of the hairs seemed to be
more constant than the number. The total absence of hairs, like the
absence of wwns, appears Lo be an inconsistent charaefer affected
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by environmental factors. Most varieties of oats have at least one
basal huir on a few kernels. When parvents with many hairs are
crossed with parents in which lairs are supposedly absent, few of
the absent type are recovered among the progentes.

In the cross Cole X Red Rustproof, a comparatively good fit
both in F. and F; to a ratio of 1 individual with long hairs:3
with short hairs or the apparent absence of hairs was observed.
In the F, those with long Eail*s tended to breed true, whereas other
types often proved heterozygous.

In one cross of numerous short X uabsent hairs, all types of hairs
appenred but in a ratio of 13 hairy:3 absent. This indicates the
complicated nature of the inheritance of basal hairs in oats. Oats
that appear phenotypically alike may be genotypically different.

Both 4. sterilis und A. futua were crossed with the Sixty-Day
aberrant. The data on the inheritance of hairs on the back of the
temma showed that . sterilis produced all types in the F. progenies,
whereas the less hairy 4. fafug produced few I, segregates with
hairs on the back. Thus, it is evident that A. sterilis crossed with
other onts produces progenies that contain nearly all the morpho-
logic types found among hexaploid oats. DBut crosses involving
A fetue may result in a more restricted segregation. T his is
further evidence supporting Coffman’s theory on the origin of cul-
tivated oats (2).

RACHILLA HAIRS

The inheritance of rachilla hairs was studied in four crosses.
Black Mesdag, characterized by the presence of numerous short
hairs on the rachilla segment, was one common parent in the four
crosses involving Cornellian, Red Rustproof, Swedish Select, and
Kherson. Progenies of both the F. and F; generations of three
of the crosses were studied. Study of the identification of rachilla
hairs wis made by use of un XI14 lens.

1t would appenr that, genetically, Black Mesdag has two_factors
conditioning hairs on the rachilla; whereas Cornellian, Kherson,
Swedish Select, and Red Rustproof luck both factors.

CorveLLIAN X Brack Mesvac

Clss and progeny Obsorved Ratio (aleulated

b.-_! :
B ST oo e e e e 040 ] 140,31
ADSCOL . v e e e (i3 652,60

| QT
B LT | S 278 h 272 81
ADHONE oo i e e e e 19 X 18.19

¥

5-

All present E F 60
Hetorogygous presento ..o *
A AbSON e e oo e o e e : 1 +4
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Fuivee {3,

Pubeseener of eachilla seginent in oo

o Numersis: B, absent.

Bracik Mesnae X Ree Rusteioor
Clasat i progeny Observegd Lo Erileaiind . -0

i - H
By
I'resent .. . .
Absent_ .. ___

. : |

LU6S 1 1k | 1o
60 - UL 1051

Brack Mespag M Sy

VEDER T SELICT

PN

Cliss and progeny O ved Ratio Cateulated
|

Present. _ . e

Absent. oo L . e
By

225
A opresent | L

I b roey s present .

=3.70
N absene

+48.75

S04

MESH

—0.94
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Brack Mespag X} N uersoN

(Mass winl progeny Ohserved 1tatio Caleulated Q-C
B Bloest yedr: _
Present...... . . . .. AU >4 H 530,64 103,31
Abszent____. . o e 335 N 42841 —1U3.37
Fa Secoud year:
Present. . 485 10 — 1825
Absent. .. . o2 1 + 18,20
SULLLYY or
Present. _ . . . 1,142 k1 LI AL
Absent ..o - . . 3T 1 37T - BT
By
All present . 24y 4= 1 ag . uge
Heterozyzous . a5 [§ b @i1.8s .85
Atl abzent . e T 1 4.3 4 287
SUMMARY

In the crosses Cornellian X Black Mesdag, Black Mesdag X
Red Rustproof, and Black Mesdag X Swedish Select, segregations
in F. indicated that Black Mesdag carcvies two factors conditioning
the presence of hairs on the rachilla segment. At first L was
Lelieved inheritance in the Kherson cross was different and that
& single-factor difference was indicated. Ilowever, the summary of
2 years' study of F. plants and the inleritance in 66 ¥y generation
fines indicate that inheritance of pubescence on the rachilla is
condiiioned by two factors in all four erosses. Summary data on
all four crosses indicate a very good fit to u 13:1 ratio,

PANICLE SHAPE

The inheritance of side and open or spreading panicles n oats
was studied in the progenies of 12 crosses. These were as follows:
Black TUival x Richland {0 crosses)
Monarch » Bhlwk Rival (1 cross)
Cernellian ¢ Garten Gray (3 crosses)
Cornellian X Sparrowbill {2 crosses}

The parents with side panicles were Black Rival, Garton Gray,
and Sparrowbill, Segregation among the progenies of these crosses
indicated that the open or spreading-type panicle was dominant
in ¥, in all cases and that segregation in later generations may
involve one, two, or three fuctors.

In open X side oat crosses, the resulting progenies tend to grade
into one another to such an extent that aceurate classification of the
intermediate types is difficult, if not impossible. In these studies, a
tendency to classify some segregates as intermediate rather than
side oafs prevailed. As a result, there is a consistent shortage of
individuals clussed as side oats in the data presented.
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Frevwe T~-Panicle shape in drvena: A, Sprending or equilaterni; B, side or
anilateral,
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Segregation in the different Fy populatiens of six IFy plants from
crosses between Black Rivul and Richland was studied. Results
from one cross were us follows:

Brace Rivan 3 Ricnnaxn

C'lass and progeny Observed Ratio | Culeulated 0-C
Fu :
UPen . . e 338 3 d44.25 —G.25
BIIC. . o e 121 1 114.75 4625

These data indicate a reasonably cloge fit to & 3:1 ratio in Fu.
The Fy wus not grown.

Segregation of the F. progenies of three of rhe six F, plants
and the summary were ag follows:

Class and progeny Uhserved Itatio Caleelated 0-C
oA
tpen. . . o 120 3 12075
Sile . aeae o L 32 1 40.25
[T P 2z 3 15HLS
Slle. oo . L .o Bt} 1 45.0
Open ... . it H 47.25
Nide...o.. .. 12 1 15,795
Suumary ; or
Upen. . . 302 13 304.85 — 288
Nide. .. . . . O 3 113 4. U487

In exch Fu populaiion from a single F, plant, the number of
individuals with side panicles was low for a 3:1 ratio. Summarized
on Hw basis of a two-factor, 14:8 bagis, the fit was much better.
No Fy populations of the four previous crosses were grown. It is
dilicult to classify the side panicle in Black Rival because it is not
always sufliciently pronounced to distinguish the side from the
intermediate.

The summary of the Fa of the two additional crosses between the
same parents pave similar resulis.  Fa results were different, as
indicated.
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Class and progeny (hserved Hatio Cailegria e

E‘g:
Openp. .. L o 5 ; i o
Sde...o. - L L a3 , ALTR
Open. .. . 0 ; HiLIa
Ride 25 ) b S ort

LITHHTR Ea ur
1¥pen 1 . "
Side H 5

|"':] .

Al upen . i) Lo :

Heterozyeons . 24 4588 ~1.88

Al oside i o 1 218 +1.5%

The sunmary for the cross indieated 2 very goad 1iE in the I,
for a single-factor difference,  Taken alone, the By duta would
indicate a segregation that made a two-factor analvsiz appenr logieal,
[t was not notieed until after seeding, however, that the Fy lines
sown mcluded seed from proportionately fewer [IFy plants described
as having side puanicles than would be expeeted in a random sample,
Data from the 26 segregating Fy lines indicated, however, that the
original single-factor interpretation had been corvect for Fhis cross.
Segregation in 26 17y lines was as follows:

o-¢

Cligs nnd progeny Oh=orved Rutio Cualeuliated
By
Allopen_..___ .. __. .- 467 3 6275 4.20
Sideooo Lo Lol 160 1 15425 —4.25

A osummary of all Ky populations, plus dala from sesregating
- . . =iYs =
Fy Hines, gave rvesulis as follows:

sy ol proguny Ubserved Rutio Cudenioted O-C

ey L L 1,357
side. oL L . 421

Heneeo 1t s assumed that Black Rival
single factor for side und open panicle.

Panicle shape was not studied in the Iy of the cross Monareh X
Black Rival bur was studied in the F,. Segregation in this cross
mdicated that two factors were involved, but a summation of segre-
gation among the heterozyvgous ¥y lines differed somewhat from
the previous cross.
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Moxarcy X Brack Rivaw

Class angd progeny : Ubaerved LRutio Caleulated O-C

L‘-"J:

Al upen . . 1% 4250 —0.50
Hetererysons_ . .., ’ 1 a3 147
ANSIdG . e 1 188

The seven heierozygous Ty lines segregated as follows:

Class and progeny Observed. titio | Cidentafed 0=

JF'
[RIVTOH el 403 ! HYRW-2 1 ~18381
Intermediate. ... .. . 357 G 3488 1602
Bl oh 90 1 81 -4 214

Grouping the open and intermediate together iives a very good
lit to a 15:1 mito. IHenee, a {wo-factor inferprefalion appears
logical, 1t is of interest that 2 of the 30 Fy populations included
some individuals with false nodes. The vatio of false nodes present.:
fulse nodes absent was not determined.

Iiheritance of panicle shape was siudied in three crosses of
Cornellian X Carton Gray.  Progenies of oune cross were studied
only in Fs, and results were as follows:

Conxenniax X Gavros Gaay

lss angd progeny Ohserved Ttutio Caleulated 0-C

Py

Open . . 281 15 UTGH 4681
Ride . B 1 18.31 —G.a1

A comparatively good fit fo a Uwo-Tactor ratio was indieated.
Progenies of o second cross were studied in both the F. and Iy

SeNerAnons,
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Chags and progeny

Fa Plrst yeur:
Upen. __ ...
Side e

Fa Second year:
Upen. ... ..
Side..._..... .

Hiniry ¢
Open
Side .

]:'!‘3:
Al npen
aoterowyrouns .
Al side. .

The 90 heterozygous [y

Clags niv! progony

{Hien
Sde

A third eross was alse gr
Fa were grown in each ol 2

Clags and proseny

Fa Birat venr:

Opetr. .. .
Side ..

I SHeenind your:
Open
Ride

Summary ;
LTIY!
Ride

Ohzerved

262
16

186
[}

or

44
o

33
20
&

(Hserved

Ratie

13
1

fines segregnfed as

Rutio

352
124

ywi in hol
venrs, and

Ohzerved

3
i

h T nnd

Ltatip

ohservali

288

oblained were as follows:

Class and progeny

.-iil open
Heterozsysous .
Al ®ide |

Oimeryviid

63
1

Hatrin

IN AVREYA

alenhiled

256D
7381

LLERH
1231

463
UHas

AT
3.1

follaws:

Urlendated

]?:g . 1 0 P

4131
~1.31

4837
—3.38

—419
EERH

o-0

—ib.0

_i_i'i‘ﬁ

lations of

ong were 15 Tollows:

ilenlated

202346
404

23130
.61

SR2TH

9,25

An ¥y population was grown from each of 140 ¥. planis,

M leadated

137,81
2

0-C

~—t.86
+4.36

40,61
L6

.81
+0.81
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Summation of segregafion in heterozygous Fy rows is as follows:

Class and progeny Observed Iutio Cateulated 0-C
Iy
Open.. .00 L . 1,435 ot 1,838,138 +1.87
Sile.o... .. . S 245 10 METHR.S —L.58

These results indicated that, in this particular cross, Cornellian
differs from Garton Ciray by having three fuctors that condition
p.mwlv hli.l])[‘ betrlt-gdtlml in Fy rows might indicate » 27:9:9:9

130800 ratio, in which 27:9:9:% were open and 3:3:3:1 were
Hl(l(‘ or inclined to lovk Tike side panicles.  In the study of the F,
of this cross, some panicles elassed as side did not all breed true.
A few were netually hetervozygous.

As o result, i wondd seem that different crosses between the same

varieties ean give different results in breeding. Tt would appeat
(hat an oat may have some straing that have ifivee fuciors For pratti-
icle shape and others that have only iwo. This may explain in part
the frequent ohservation of open papicle variations in some side-
Innull- oat varieties. Phenotypically. ihe variely may appear homo-
zygous: whereas, for panicle shape, it ix of “‘l‘ll(‘lt('l”\ diflerent types
and. throngh some natural crossing within (he variet v ilself, sexrve-

vation rosilts.

The progenies ol two Fy, plants from the twa crosses of Cornel-
lan X Sparrowhill were studied in Koo These. when swinmarized,
segrecaled In o theee-Tactor ratio, The eross was not studied in Ty,

CORNELLIAN 3 SPagkownin

Ul ool preageny Dihzerved [lutln Caleulaied O-C

|
K Hrirn HNG 1% (AR 4103
Shle 10 I 1740 —1.03
SUMMARY

A sumumary of the inheritance of paniele shape in the erosses stad-
ied indieates that three factors may be involved in some vages and
(wo or only one in others. Thux, the side-ont varieties Black Rival,
Garvton Gray, and Spareowbill ditfered from ithe vavieties wilh
which they were crossed by one, two, ov three factors, Indieations
are thar Ciarton Gray is of (wo genorvpes as to paniele shupe.
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ABERRANT TYPES

The frequency with which aberrant forms occur in oat crosses is
of unusual interest. This frequency of occurrence would not Le
expected by the apparent chromosomal compatibility of the hexa ploid
onts (Nishiyama, 22). In the populations of more than 40 com-
binations, most of the previously reported aberrants were observed,
plus o few additional aberrants. Aberrants appear most frequently
In crosses between oats of the A. byzantina species {Red Rustproof
type} and those of the so-called 4. sative species. At least one
aberrant usually occurs from such crpsses. alibough it may not
appear in the ¥, generation. In genelic studies of oaty, the follow-
ing stherrancies in spikelet and plant charneters have hoen observed

Spikelet aherrancles:
Futuoids
Usunl types
Unusual types
Occurrence of “Bridging” A. sterilis- b, falua sherrants
Dorsul pubescent aberrants
Black sherrunts
Aberrant awns
Sterility
Multiftorous types
Plant aberrincies:
Dwartism
Crook-neck aberrants
Striped nberrants
Albinism
“Frustented”
Additionn) aberraneies observed in 1961 amd 1082

SPIKELET ABERRANCIES
Fatuoids

The occurrence of fatuoids in cultivated oaig is not nnusual and
has probably been reported more offen than any other aberrancy.
Fatuolds are usually observed much more frequently in the Fy than
i the Fz populations. Tn these studies, no homozygous-fype fatuoids
were observed in Fu: bub ab least one fatuoid, intermedinie form,
was observed among the Fi progenies of eight crosses, as follows:

Futnoids in e Txheid Popuintions

Tatul
{ross papntelion Faluaids
Biack Mesday x Cormellian ___ . ____ . __________ 1,782 1
{aleutta ¢ Kherson _ e h{HH 1
tfole % Red Ruestproof ______ . ____ .. T 1
CUornellian X Awrord ____ 61 [
Corneltien % Sparrowhill _______ asn 1
(Cornellian x Swedish Seleer ___________________ 20455 1
Markeon & Nnvarre oo a0t 2
Richiang x Tack Rival ___ oo R TH 1

TRA1 14
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Ficrre S~ -Fatuoid abervaney in Avrene: A, 4. satire; B, 2L byzenting.

In 7 of the § crosses, the oceurrence of the intermediaie Fatuoid
formy was at a frequeney of 8: 6,890 Iy plants, or about L: 861, No
aberrant of the homozyeous falueid Lype was observed. This is the
expected, since the mutation is usunlly i the helerozygous condi-
tion,  The mulation to the homozygous condition is rave,

Fatuoids appeared muck more Trequently in the Cornellian X
Aurorn eross than in (he oiher T crosses, or 6 fatuowds: 955 hetero-
zygous and cultivated individusls.  The percentage of fatuoids
ocenrring in this cross was 0624 Tn the oiher 7 crosses, only 8 of
65,800 individuals, or 0116 percent, were faluoids.

The percentage of fatnoids in progenies of the Cornellian X
Aurora cross was some 5.8 times higher than that reported by
Coftman and Pavlor (M2, 77} in Fulghum oatls (224 in 119246
individuals, or 0.I8T pereent).  Fatuoids ocegrred only 613 per-
cent as often in (he other 7 crosses as they did in Fulghum. Thix
suggested that the number of Iatuoids resulting from the Cornellian
S Auror eross was anusual.  Later resulis showed this was {rue.

Numerous reports on the inheritance of fatuoid aberrants in oads
have been received.  Usually Tafuoid X cullivated onts produce Fa
populaiions segregating info approximately % cultivaled and het-
erozygons: 1 fatuoikl plant.  This segregation was observed in nu-
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nmerous ¢rosses studied, buc several unusoal segregations were
In this 1epmt results from those crosses giving the usual

observed.
and those the anusual segr
rately.

Fatuoid Crosses Giving Usual §

ulso

egation ratios will be p:csmted sepm-

egregation

Nunerous crnsses \\ulo studied ihat auve the usual, or

vous and cullivated :
observed i both _t,

the nsnal ntueid forms witl
Swedish Seleet,

tfatioid segregarion,
sru’urz and L. &V.?cma‘m(f > Fatnord crosses.
Fatueoid forms X L, srf!wr.:——E:Elrleg.ltmns in ¥,
widiva varieties Black Mesday,
The usual vatio of .l
ay follows

y the _L.

and Monareh were studied.
fatuoid: 3 intormediate and cultivated was found,

Buorr rarvow X Buavie Mespac

Class and progieny

Liternnedisiie wind valiivared

I Two erosses of o

i 1l Jeelom

3 heterozy-
T'hig =;u~rwtmt1ou Wis

of c¢rosses of

Ohserved

4
252

fat uoid

atio

Cilenlnted

with

94
82

I3k lll\

0.4
0.0

\Iu-)dmr and

with Swedish Seleet, and in one eross of 2 Burl Tatuoid with Mon-

areh, <simtlar

ristll: were obiained.

Frsnes rarcom HL\( K Mespaa

Cliss i progny
1y
Wil
Intermindinie
frltivated

Frianuea ra

Class aind progeny

oz
Wild .
Intertieadinte amd ewltiviane]

{)]_Iht‘l‘\‘l'tl

(Hiservedl

Burwer

Clags il progeny
e
"Wild
Intermediate ‘II'Il.I reltive lli‘l]

rarrom X Moxauen

Olseryed

108
a1z

TUOD X SWEDISI SR

Ltatio

Ratio

Latio

Cadeulatol

-0

LECT

Caleadated

TS
X T

Calenloyfed
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Fatnoid forms X -l. byzanting—A cross between the Fulghum
atuoid and the /. byzantina variety Red Rustpreof gave results
in Iy s follows:

Frueney wvreoip X Ren Rusreoor

(luss and progeny Observed Rutio l Cnleuiated Q-C
U
Fuatuokl oo e an o 13 i 115 J-1.5
leteeoiedlinte il cndrivited. o 33 : 345 —1.5

Numbers were small, but a nornal 1 fatuoid: 5 of ofher {ypes was
indicaled. '

In crosses of fatuoids with either . sativa ov o, byrantina varie-
ties, Lhe usunl ratio of 1 fatuoid:? heterozygous and cuitivated was
observed.

Fatuoid X Cultivated Crosses Giving Unnswal Segregation

In three crosses of fatuoids with cultivated oats, the results dif-
fered from the expected 3 heterozygous and cultivated: 1 fatuoid.

The Ruakura fatuoid X Binck Mesdag erogs, studied in Fa, pro-
duced so few fuluoids and so many other types that a two-Tactor
difference was indicated.

Rrakora ratvoin X Brack Mespac

Ciorss nod progeny Observed Liutio Cnlenlated 0-C
Py
Fatuoltl cnocmeee rm o —— 7 1 101 —-31
Tedormedinte e el s 155 . e
IR i e - - 179 } 3 303 +31

This segregation is a very poor fit to u 3:1 inferprefation urnd
siggests w1313 segregation, ns follows:

O-C

Cigaz and progeny | Uhserved Itatio | Caleulated
1‘12:
TS AT\ L 1( 70 3 TATH 0.0
Intermedinte. .- . .. ..o . 156 12 | gomus 5 o5
Caltivafed. oon e 174 } 13 42820 o

In the Cornellian X Aurora cross, both parents are considered
awnless. Of the 961 F. progeny plants studied in this cross, 6 were
of a type having twisted awns on the lower florets. This indicated
that these six might be intermediate fatuoids, althongh they were
noi stadied in the Fa
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In Fy, 49 progenies of this cross were grown, The number of
lines confaining fatuoids was unusually high. Seven of the 49
lines were observed to be in part fatuoids. The segregation of all
normal lines to those containing fatuoids was as follows:

CORNELLIAN X ATRORA

Class gnd progeny Observed Ratlo Caleulated 0-C
Fa H
Cultivated and heteroszyzous___ 42 13 33.81 4219
Part fatwoild o _____ T 3 9.19 -2.1%

The segreguation among the seven fatuoid-producing lines was as
follows:

Class and progeny Observed Ratio Culeulated 0-CG
F3 :
Culsivated and infermedinte_ . _ 119 13 122.69 —3.60
Fatuoid — 32 3 2831 +3.69

Results showed that two factors were involved in the production
of fatuoids in Cornellan X Aurera, as was indicated in the Rua-
kura fatuoid X Black Mesdag cross.

Fatuoids involving sterility.—Literature on fatuoids is extensive
and somewhat controversial, as indicated by Jensen {19). It is not
unusual to observe some sterility in fatuoid-derived populations.
‘This appavently results from chromosomal disturbances attendin
the mutationul processes in which the appearance of the fatuoi
form is only one of the results. Nishiyama (22) and Huskins (I6,
17, 18} have discussed this phenomenon. In the study of the in-
heritance of fatuoids, sterility was involved in three cases.

A dwarf-type fatuoid found in Fulghum crossed with Black
Mesdag resulted in much sterility among the progenies. The fatuoid
parent was late maturing, partly sterile, and dwarfish. Because it
was too abnormal to be grown in the field, the study was conducted
i the greenhouse. The inheritance of fatuoid complex, fertility,
maturity type, awns, and lemma color was studied. Dwarfism was
not studied 1n the greenhouse.

Two I, plants had been grown. Since segregation among the
resulting Fo progenies indicafed that no difference existed between
them, data on the two populations were summarized.

Examination of the Ts progenies revealed much sterility. All of
the 38 homozygous-type fatuold individusls and 4 ot the hetero-
zygous, or 42 of the 206 F. plants, contained numerous sterile
florets. The fatuoid plants were inclined to be sterile and were late
maturing.  Awn type and lemma color did not appear to be asso-
cinted with the factor inducing sterility.

Segregation in 1% for the fatuoid was obviously not monogenic
but was closer to a 13 heterozygous and cultivated: 3 fatuoid types,
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However, there were too few homozygous fatuoids, sterile types, and
late-maturing individanls.

Close examination of the Tatuoids revealed much sterility in both
the male and the female floral parts. Consequently, it was ns-
sumed that the completely recessive individuals n a 13:3 gene
segregation ratio had failed to produce plants; and a ratio of 13
intermediate and cultivated: 2 partly sterile fatuoid forms lhad re-
sutted. The data were ascembled on this basis, ns follows:

Dwany Frresies parvoin X Buack Mespac

Clasg and progeny Obgerved Rutio Caleuytnted 0-C

Wy plant type:

Fatuoid oo oL 38 2 8047 —1.47

Intermedinte. L oo 144 . er = -

Cultivated oo o 114 } 13 29653 +141
e Fertidily

Pertile. o o e 204 13 250,53 —2.5

Partly sterile__ . - 42 2 AT +2.53
Iy heading ditte:

| DFE 3 U, e —— 256 13 251508 —{}.5

B T T 40 2 3047 410538

The inheritance of lemmnnt color and awns, two charscters evi-
dently not associated with sterility, was as follows:

Class pndd progeny Observed TRitio Caleulnted 0-C

ol coloe:

Tehwek el 231 48 22200 500

LT T ——— 61 15 (0.58 —8.88

Bed . e 4 1 4.43 —(L.63
o awnk:

Iy awned .. e i i hE! 3 05.3 1.5

Heterorygons anad awnloss 242 13 24400 +1.5

It appeared that the homozygous fatuoid condition was closely
linked swith sterility, late maturity, and uwns, as follows:
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Characrer Cultivated | Lotermediate Fatuoid

Fercility ;
Fertile
Purcly fertile
Sterile

Maturity :
Lateo oo
Awns:
Fully awned__.__ ..
Lower nwn only. .. ..
Awns absent ..

Total. oo . _.

Only one smuil I7; plant of the cross Fulghum faluoid X Red
KRustproof was obtained. Tt was of special interest, since many of
the lenimas bore straight awns rather than ihe usual twisted genicu-
late or subgeniculate awns, Only 6 F. plants resulted, and they
segregated as follows:

Fuersuuvar rarvowr ¥ Reo Rosrenoor

Clisss and progeny Observed Ritio Culeulated

o
Y TEvS TN 13 1 114 +1.4
Intermesdiate uind cultivated .o 33 3 35 a

This was not an unusual ratio in spite of the unusual awned
condition on many of the F; floreis.
Segregalion as to maturity was as follows:

Class und progeny Obgerved Ratie | Culeuluted

T :
Farly mainring . .. _ . - .. 34 3 345
Late nwturing. . . oL . 12 1 1.5

Iy progenies of 23 lines were grown, and close to the normal
raf1o resulted, ag follows:

Class and progeny Observed Ratio Canleulated 0-C

| T
Fatupid . FE 6.25
Hleteroz v 18.75
Cultivaned -
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In general, the deviation from the expected in Fy was not un-
asunl when so few lines are considered. Ilowever, the fact that
five of nine tines presumed to be homozygous fntuoids in Fa had
not bred true in Ky was certainly unusual. Segregation in the 13
heterozygous lines was ag follows:

Class mdd progeny Ubserved Ratro ] Caleniated 0-C

gt
Patvold ... . ... .. 15 120.06 —14.04
Helervrygous fad cultiveied . 188 165.54 41406

The usual 1:3 ratic was not indicated, and the resulfs obtained
were £ poor fit even Lo & T:9 ratio. Because 5 of the lines result-
ing from individuals classed as homozygous fatuoids in Fa did not
breed true, the rativ was 69 Tatuoids: 6 other types. IF these &
lines are eliminated, & summary of the segregation in the 10 other
heterczyrous lines is as follows:

Class and progeny f Observed . Rate  ; Caleulated O-03

Ity
Patueid-. . . . . o - : ) 1 HE —8.5
Hetrrozygous it enlfivided L 172 3 1637 8.1

[oven ufter the five lines were eliminated. excess faluoids were found.
Bxwuining (he florets of the individual I plunts revealed much
sterility in both the homozygous and the heterozygons fatuoids,
This, together with the fact that several of the nontatuoids in pop-
alations from Lhe supposedly homozygous fatuoid K. were black or
gray, indicated that unusual crossing had tuken place-—u clear in-
dieation of pollen {made) stevility.

[nusual sterile futwoid jrom Golden Kain.—A rather undersized,
intermediate-type fatuoid found in a Golden Rain increase plot at
Tozeman. Mont., aroused specixl intevest because it was so much
shorter than other plants in the plot. This aberrant plant produced
105 vieble seeds. "Chese seeds were sown at Aberdeen, Idaho, and
progenies were grown and studied. The Fy population included
fewer true homozygous fatuoid plants than the usually expected 3
cultivated and intermediate: ! homozygous fatuoid. Segregation
was 101 cultivated and intermediate: 4 fatuoids. Only one of these
fatuoids bred (rue, and it produced only three progenics. The
other 3 Tatuoids produced 11 progenies, of which 3 individuals were
of the heterozygous type and 8 were fatuoids. ‘This homozygous-
type fTatuoid exhibited much sterility, although sterihity was not
obeorved in the heterozygous type.

Rince this was not the nsual segregation type of fatuoid, further
study was made. A high degree of male slerilify was found in the
homozygous-type faluoid segregaies. This sterility was indicated
by underdeveloped anthers or an absence of anthers. Close study
revealed that this meale-sterile eondition had evidently resulted fre-
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quently in natural crossing of the fatuoid with adjacent normal
plants. Hence, an irregular breeding pattern resulted under field
conditions. Sizable populutions of the 105 plants were grown, and
data obtained were as follows:

Segregation in progenies of Gelden Rain fatuoid

Class Qbgerved Rtatio Caleuluted

Cultivatedonly. 30
fnipivated, intermediate, ang
fatuoid ;8
Cultivated nng intermedinte___ . 3
Intermediate only ool 1
[ntermedinte and Latuohd.  ._ ... 2
Fatuold only e 1 1.64

103.36

Cultivated : 19,69 -$10.31
Heterozygous culbivated. .. . . T8.TH — 655
EHeterozygous fatuoid : 4,02 — 202
Fatuoeid 1.64 — 0.64

The relative fertility of the 105 progeny lines of this fatuoid was
as follows:

Progeny lines that set—
Class

0-25 2(3-50 91-75 T6-100 Total
pereent pereent pereent percent lines
ul seel OF sien] ol seel uf seed

Number Nirmher | Nuwther | Number Nuwber

Culbivated ool ] b4 i o0 35
Intermedinte 2 25 34 T 68
Fatuold . : 4 ¢ 0 0 +

Studies were also made of the awned condition in the 11 progeny
lines that segregated into the 3 types: Fully awned, single-awned,
and awnless ndividuals. Summary data on awns in these 11 lines
were as follows:

{'ss Qbserved Itatic Calculated 0-C

Cultivated (aownless) oo 76 2 84.38 —8.38
Entermedinte (1 ewned) o o 115 a6 112.50 +4-6.50
Barueid (& awneadd 5 1 3.13 -+1.87

In summary, the oecurrence of mutant fatuoid aberrants among
the progenies of oat crosses is not unusual. Mutation s usually to
the hetevozyzous form. Mutations to the homozygous form have
heen reported. but they are rarve.
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Fatuoids may occur in either -l. saéiva or oA, byzanfina oats or
in crosses between varieties of either type or Loth types. Usually
such fatuoids indicate in Fa a monogenic 3:1 ratio. Flowever, ex-
ceptions have been found. T'hree crosses were studied in which
ratios of 13 heterozygous and cultivated:3 homozygous fatuotds
occurred.

In addition, three fatuoids were studied in which sterility re-
sulting in appavent naturnl erosging caused unexpected results. In
one cross a 13:3 ratio was indicated; but it appeured that the
courplete recessive failed to produce viable seed, and a 13:2 ratio
appeared plansible. In a second cross, sterility and attending natu-
ral crossing took place, which at first obscured the aclual results.
Study of still another fatuoid aberrant indicated that Three factors
were mvolved: nmuch sterility resubred in natural crossing, which
mumle genetic analysis difticult. '

Qccurrence of “Bridging” A. sterilis-A. fatua aberrants

The oceurrence of aberrant forms of various fypes among cereal
crop plants is somewhat connnon and is often reported in the hit-
erature. These Tormms frequently arouse speculation as to the ori-
gin of our cultivated out species.

For a century it was generally accepted in Ehis country that our
common or white oat 2. satire was derived from the wild oat
A, fetua. Coftman (2) in 1H6 presented a theory suggesting fhat
A, ‘steritis rather than .. fatue was the real progenitor. Since
then, Grifliths and Johnston (74) veported the occurrence of .
fulue segregates dervived from _L. eferilis through use of irradia-
tion,  Their findings substantinte this theory ot origin.

The 1. sterilis-:L. fufue aberrant reported here is further evi-
dence in support of the . sterilcy theory.

In 1922, a panicle at first considered a false wild oat was found
in a bundle of what wus called Sixty-Day oats that was placed
on exhibit by the grower at a county falr in eastern Colorado.
The varietal nume for these oats seemed logicrl to this writer, and
finding a false wild oat in Sixty-Day oats was not considered un-
usual. wlthough it indicated a tack of care on the part of the ex-
hibitor who displayed the oat shenf.

fater, on close examination, it was observed that this aberrant
was not an ordinary false wild or fafuoid. The kernels were light
gray rather thun yelosw, the color of the parent variety. Also, the
mode of aitazchment of the florets differed from that of the ordi-
nary fatuoid or Talse wild oat. The aberrant also differed decid-
ediy in that its seeds had not dropped off Immediately on matur-
ing, which is a characteristic of fatucids in genernl. There was a
tendeney for the spikelets to remain attached to their pedicles and
for the florets to remain together in threshing. The latter charac-
feristic is recognized as especially typical of derivatives of A,
slerilis.

Progenies of 20 plants were produced the following year from
seeds of this original panicle, In all observable churacters the
resulting plants appeared similar to the parent, and no segregation
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Ficure 9.—Bridging 4. sferitiz-A. falue in dreng: Sixty-Day aberrant {4,
steritis type: A, B, ¢, D) A feewa typed £ R G, I Eaton abervant (A
ateritig type: ;4 fatue type: K, L complete spikelet: A},

was evident. The second vear, 100 seeids vepresentative of each of
these 20 planis were sown.  (ferminalion was nol good: however,
all hut 1 of the resulting 78 plants were similar to the original m
panicle characteristies.  In the one plan that differed, the peculiar
charncters of the parent were less pronounced. The progenies of
this one plant were grown to further investigate this apparent
difference. Haowever, they proved it to have been u somatic varia-
tion, since all progenies were typical of the original aberrant pani-
cle.  Consequently, the aberrant found in the Sixty-Day oals ap-
peared to have been true breeding.  In general morphologic char-
aeters, it wis somewhat of an intermediate iype between the trie
AL sferilis and the true S foluva.

In 1961, n second bridging _{. sterilis-:. fatue type individual
was discovered by this wriler. This aberrant was observed a
Aberdeen, Tdaho, 1o n head vow of the Eaton variety. laton re-
sulted from the cross Togold X Bond. Togold is a sclected strain
of Kherson, and Kherson has long been considered synonymons
with Sixty-Day. Tence. the two aberrancies discovered both trace
directly or indirectly to the swme variely Sixfy-Day. Thiviy-nine
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Frerre 10 WA complex In (lrene: Upper, A, sferifis; lower, A, fatna,

vears clapsed between the discoveriex of these two aberrants. So
fur s is known, these are the only aberrancies of this type found
in Noxth America,

To <ate, no crosses have been made using this second abereant
as n pareni. bul spikelet characters other than lemuma and palea
color appear atmost identieal wiih those in the first aberrant, The
Sixty-Day aberrant was gray i ocolor: the Eaton aberrant was
vellow.  Sizable progenies of this second aberrant were grown in
the greenhouse at Beltsville, Md., in (961-62; and a sec ond genera-
tion was grown in the field at Aberdeen, Idaho, in 1962. Two
populations have heen grown, and this =econd A. sferilis-A. folua
type aberrant has alse been constant in breeding behuvior,  The
discovery of these (wo sterifoid-fatuoid aberrants in one A. sative
sourvce 1 further evidence of the close genetic relationship of all
hexaploid oat species and  further auppmta the theory that all
hexaploid eats trace to a single source, o1, sferilis. as previously
stated (('offman, 2).
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The aberrant found in Sixty-Day wax crossed with onts belong-
ing to nearty all the hexaploid species. In crosses with the wild
el. ,ranm amd JL sterdlis, only the Iy population was studied. Wiki
onts are more or less dormant, as 111{[1('4{0(2 Ly Coffman and Stan-
fon (7. 8) and Toeole and Coffmun (29, This character makes &
study of wild X cultivaled diffieunlt. Because of dormanc Y, prompt
germination of the seeds may be exiremely limited; the seeds may
sometimes remain in the soil and germinate and grow several years
later. This fouls soil ftor L'.\petmwnt.tl purposes, and few experi-
ment stations will toterate this condition.  Thus. studies of large
5 popuiations are not often made.

Three crosses were nde between the Sixty-Duay aberrant and
Ao futua, The segregation in Fy populations of these three crosses
wits apparently Hnmlm, and summary  dada iadieated  the usual
segregation ratio, as follows:

Sixrv-Iay ansenase L, fratun

(Mass sud proweny [ PR Hatio Caleularpd O ¢
Fu: i
i, fatnn . ! 244 1 247,35
Al others I 747 3 T43.825
i

TEowever, & smuil ntimhm of the regregares in two of these Ihwe
crosses (¥ out of 635 Fu) appeared to be _L. sterilis in type. None
wis fourdd in the other cross. 1 the data for the two trosses are
summuarized and @ special elass 1w formed for these 1. steritis in-
dividunls, segregation is as follows:

Chuss s progeny ! Uimn(\d | Tattio | Caleninted | -
0, |
AL fatuy : 147 15 P45 -3
Inferimsdlale Lypes : 453 B TN, =L o5
L aterilis ! s 1 A — LYY
!

The 0. sterilis type that resulled Trom phese crosses indicated
that three Tactors were involved and ihat (1. sferitis had been pro-
duced synthetically throngh reeombination of -1 fufua with the
Sixty-Day aberrmit. This i of inferest with regard Lo the origin
of oats.

uosteritis Tedirieiunn was crossed with the hl\t\' [uy nherrant.
The Fu plants indicated o dominance of the i, stepilis over the
aherrant. The segregation in Fo was as follows:

Alsteritis 2O Rixry-Iay angmasr

Clitss giud progeny {Hpservedd | ltatio | Cdenistiog 0O C
. . . ! i
1“3: i
b.oste rilis ™ | LD -4
Sivey-bry athoerenot A [ oAl R

! |
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An attempt wus made 1o study the inheritance of {his cross in
Fi, but the Iy populations proved unsatisfactory because some
progenies of _1. sferilis inherited dormancy.  In genersl, the By
data confirmed {he F. inferpretation.  Segregation oceurred mong
nost of the 1. _L sterilis type progeny lines.

The Sixty-Day aberrant was also crossed with the .. gative
variety Black Mesdag, A very large Fo population and a very
sumtll Fy were grown.  The results indwated o 2 cultivated wnd
ingermediate: L wild type. as Tollows:

Sixry-Day aneneaxne X BLack _\h-sn Al

Ciss nad progeny Ubs.t_-l'\'t‘ti Tintio Culenliuted -4

1“5:

Sixiy-Day aberrant. .. . .. 923 1 L1545 +11.0

Ilermedinge .., .. . L. . 1,081 2 1,023.0 + 84

Cultdvated. .o . o oL B 1 HER —15L5
O

Sixty-Day abeseant . . _____ 2 1 8.0 - 14

Heterozygines . b ° 7.0 + 1y

Cultivated 4 1 3.0 -+ 45

Among 2048 Fo sepregates studied in this cross, 1 osynthetle
U sterilis and b AL fu{im types appeared.  Although a small Fy
population was grown, seeds of these particular a‘ogwg‘tics were
not inciuded.

In summary, ane musual bridging type cL. sterdis-:l. fatue aber-
vant was found in Sixty-Bay.  Progeny populations were grown
for three pencrations, and the nberrant fype bred true. When
crossedd with the wild ol steridis. this aberrant was recessive. The
segregalion ratio indicated was a very close fit to a 3 -l sterilis: 1
Sixty-Day aberrant,  On the other hand, in crosses of this aber-
rant” with . fafua, the aberrant was dominant in all three crosses
studied. 1 one vross, the ratio was 3 aberrant: 1 2. fetue. In the
other two crosses, the mio was 15 . fedwn: 48 uberrant:1 .
stecifis. Thus, this aberrant would appear to be mtermedinte be-
tween these two wild species, Supporting this iden was the oeeur-
rence of a stall nuber of synthetic ol sterdis 1ype svgregaies
among the progenies of these last two . fatun X Sixty-Day aber-
i Crosses, .

In the cross Sixty-Day aberrant X AL swfive variety Black Mes-
dag, woraile of 3 abereant and intermediate: Lol safive was ob-
served, 0 ix significant thai, smong 2046 F. plants produced in
this eross, both svnthetic . fofua and L sferilis segregates ap-
peared.  The oveurremce of these two forms s further evidence
~upporting the theory of the origin of culilvated oais. The ratio
wiis 01 L setiea and heterozygeus: 4 synthetic (. fafuatl syn-
thetic L. wéepitis. In 18961 a second .. sterilis-ol. fufue aberrant
wis fonnd. This oceurrved in Lhe variety Eaton, an indirect progeny
of Sixty-Day. These two .1, sterilis-:t. futua aberrants are the only
ones of this type reported o date in North America.
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Daorsal Pubescent Aberrants

Sometimes among progenies of crosses hetween parents with no
pubescence on the sides and backs of the lemmas, exiremely hairy
aberrant individuals were found. None of the varieties or strains
used as parents in the five crosses studied had dorsal pubescence.
Yet, aberrant pubescent individuals appeared aniong the progenies
of these five crosses. The progenies differed in number of aber-
rints—somet intes there were many and someiimes few,

In the cress Black Mesdag X Red Rustproof. mmny aberrants
were produced. The segregation in Fu was ns follows:

RBrack Mespac 3 Ren Rusrenoor

Chss aml progeny I Observed : Ratin G ACaleninded l 0-{
[y : E
Hales presenl on sides : ) !
aad haek EH 1 TOML AR
N haties present ot sites : ’ i
awd Back . L0 . T840 ia LAGG0 i 20010
or : '
Norvmel . . 1,080 24
Pubeseent 45 10

: !

[n the cross Calentia X Red Rusiproof. 1 of 993 10, plants was
very hairy on the sides and baclk, DPubescence was not studied in
the Fy generation of this cross,

Iin the cross befween _1. futwa and the Sixty-Day aberrant, neither
of which bore hairs on the sides or back, 3 of the 263 I planis
were very hairy,  Segregation was as follows:

A fatud 3 Sixerv-Daxy anerRpaxt

Ol sed proveny hwerved Iatin adeninted -
B
Norniat . . 260 [E& 25880 11
Puheseont - 3 1 4.11 —t.11

In the eross Caleutia X Kherson, only 1 of 366 . planis pro-
duced exceedingly hairy kernels.  In 33 Iy pnpni:ztimm Lrown, no
phints were unusually pubeseent. The very hwry Ky selection was
not grown in Fy.

N exceplionally haivy planis were observed among the 774 T
progeny plants of the cross Cole X Red Rusiproof. However, 3
of the 49 F; lines grown contained individuals with profuse hairs
on the sides wnd back of the lennnn,  Segregation nmong these Ty
lines was ay follows:
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Froure 11.—Dorsal pubescence in Avena = A sterilis.

Conk X Ren Resrwoor

(Mass antd progeny Obseryed Ratio Caleulated
]":l'.
Nopmal. oo . .. -Hi 15 40,04
Ieterozyzously puliesrent 3 1 3.06 —0.00
Negregation for unusunl hairs in the three heterozygous Ity lines
wis s Tollows:

i

Ulass and progeny Olserverl } Ebittio ‘ {
N I‘
|

Iy : ;
Novmal - L . ... W 15
Polwseent . L & 0 L oL l b 1

[n summary, segrvegation for the hairy condition in the Black
Mesdag X Hed Rustproof cross diffeved from that in the other
four erosses. The ratio of nermal to huiry individuals was 1,080 45,
The ratios for the combined Fo ligures for the other four crosses
Were 1]1[]('}] 1()\\'(‘1'.

The appearance of these very hairy individunls suggests lack
of complete genetic compatibility between the parents of the crosses.
Fonr of these crosses involved L1 setira and (L byzenting oats as
jrrents.
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Black Aberrants

It has been recognized for over 30 years thal bluck-kerneled in-
dividuals appear vecasionally in populations of some, if zwl most,
oats of the .1. byzuntine species (Roberts and Freeman, 24; Cofl-
man, Parker, and Quisenberry, 7). These have been termed muta-
Lions, reversions, or recombinaiions,

('1()%05 between varieties of -l dyzanting or varieties of sus-
spectedd ol dyzanting ovigin and nonblack oats were marde, wad
bigek ov (I‘nlx-'mw mdividuals were obrerved as follows:

Total Fa ;?ai‘i-r:rgtu or

Cross plants i plunts
Lted Rustproof 3 {aleutia 091 @
Inuold % Ded LRuasiproot 106 )
Alrorn W Norfex 1653 r
Red Rustproof X Nuvirve 1075 =
Swedish Seleet % Fulghum faisoeid ___. 440 :
Appler x Swedish Seleer . e 2
(aie W Red Rustproofl ____ . . ... it
Cadeutta » Wherson ___ . . . KT -4
Navarrs X Mockton 0636 0
Ao fatua e Sixty-Day aberrant 43¢ 2
A futue ¢ Sixty-Day abervant . ___ _ i 1
A fatue o Sixty-Diay aberrant bl

In Red Rustproof X Cateutta. 1 1y Tine produced. 24 red indi-
viduals and 1 black individual. In tht' Fa. the biack I7a progenies
of Togold X Red Rustproof all proved homozyeously black. In
the I*-; line from one of the Tour black I mdl\idntla in the cross
Caleutta X Kherson, segregation war 10 black:1 red:1 gray.

An ounusually Jurge mumber of black mdnuhmlk were oi}qm\ed
among progenies of the cross Appler Ared) X Swedish Select
fwhite)., MAmong 3 Fy progeny lines, 37 were classed as gray, 2
af which were nored as dark or almost black. Tn the Fy rrenm.ttltm
taken ax o whole, however, the number of Dlacks was most un-
wsual,  Among the Fy p:mron\' lineg from 58 F. plants, 18 con-
tained | or more biacks. Thiz was more than one m four of the
Hines grown, The rafio of fines with and without aberranis was as
follows:

APPLESR K BWEDMS T SELICT

Uase and prozeny {ibaerved Itagin Cruieunlinfed

Fat i
Normal i B3]
Ineluding hlm K abermi s G 148

! ]

One Fy dine inchuded 6 blacks out of 50 plams. The other 17
tines included only 3¢ out of 904 plants.  In addition to these
Blacks, 24 ¥y rows also contained aberrant dwarf, grasslike plants;
antdl 7 rows contained both black and grasslike aberrants.

A Garten Gray » Noertex cross. which wag not studied in I,
spgreguted 1 blaek: 17 gray: G ored noone Fy line. This is an un-
peuad segrogadon ratio.  Usoally. in hererozygous  populafions,
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blacks are more numerous than are lighter colored individuals.

In sammary, in crosses hetween varieties of kuown or suspected
AL byzanting devivation, three of four produced no blucks; whereas
in crosses of .. byzenting. including the Sixty-Day aberrant, by
AL sative ov A fatua outs, the ratio was T black-producing: 1 non-
black-producing.  Appuarently in the o, byzanfine X . byzantina
crosses, greater compatibility is indieated. In . byzanting by
. sativa or A, fatua crosses, less compatibilily exists and hence
niore aberrands appear.

Natural crossing cannot be ruled out entirely as enusing some of
these abervant black outs, but the nppearance of this peculiar type
of aberrant fends to discredit that explanation in many cases, since
occasional Dack-kerneled aberrants are fonnd in populations that
have not heen grown near black oats for many generations.

Aberrant Awns

Both Caleutia and Red Rustproof are typieal straight-nwned,
S hyzeating type outs. Awong 39 Fy populations of the cross
Caleatts X Red Rustproof, all but 5 progeny lines were homo-
eygpons for the straight iype of nwn. If the 49 ¥y populations are
considered as a whole, the segregation of normal tu lines produc-
ing abnormal awns is us follows:

Carerrra X Rep Rusreroor

Cliss ail progeny Ohserryind

Ratio Ctleulntod (k!
1“31
strnight uwns, .o . S 44 15 4454 —124
Floterozycous for nwns o 1 EALH + 114

In four of these five lines, u few twisted geniculate awns ap-
penred; and in one, two subgeniculate awned individuals were ob-
served.  The segregation within these five lines was ns Tollows:

Cass nud progeny ihzerverl Iailin Calienlitaead 0.
|.“:| H
Riraight awns.. . . . - 118 14 115,13 (K
Twizted or subgsniceulaiv nwns 8 1 T.85 -1z

The approach fo a two-factor expeetaney in ihe aberrant-pro-
duving ¥y lines seewms to be more thun caineidental. The Caleutta
X Red Rustproof eross produced several additional aberrant types,
and these pberrants probably resnlied from a difference in the ge-
netic constitution of the fwo oais.
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Sterility

The oecurrence of sterility is not unusual in oat crosses, espe-
ctally when an A, byzantine oal is crossed with an 4. sative ont.
Sterility was observed and studied in several crosses.

In the cross Cole X Red Rustproot, T of the 775 K. plants were
sterile.

Ten of 155 F; lines grown were partly to almost fully sterile,
but none appeared completely sterile. The segregation of normal
or fertile Tines to lines contuining some partly sterile plants was as
toilows:

Cone X Ren Rusreroor

Clnss and progeny Ohserved Ratio | Culeulabed 0-C
F3 H
Normal 45 15 581 -0.31
Partly sterile 10 1 9.69 4-0.31

In the F. of a Red Rustproof X Calcutta cross, 2 more or less
sterile individuats were observed among the 993 progenies. Fifty
lines were grown iu Fy. Seeds of one of the two partly sterile F»
plants, when sown in Fy, produced no plants. The other 49 lines
produced all normal plants,

Although some sterile plants were observed among the Fo popu-
lation of 1,126 mdividuals of the Black Mesdag X Red Rustproof
eross, the number was not recorded. In the Fx generation, how-
ever, 14 of 79 lines grown contained partly sterile plants. The
segregation was us follows:

Brack Mespac X Rep Regreroor

Class antl progeny Obgerved Ratio {aleniated 0-C
Iy
NOPUML e o e e 65 13 4.8 +0.81
Partly stertle_ ool 14 3 14.81 —0.8

Segregation in 7 of the 14 Fy lines was as foliows:

Class and progeny Observed Rativ | Cadculoted O-C
NOPEIAL o e 160 13 95006 4404
Partly sterile. o 17 3 AT —4.54

In both crosses studied, o two-factor segregation of normal to
partly sterile plants was indicated. The ratios were 15 normal:1
partly sterile for the Cole X Red Rustproof cross; and 13 normsl : 3
partly sterile for the Black Mesdag X Red Rustproof cross.
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Muitifiorous Types

Hulless, or at least multiftorous, aberrant individuals in crosses
involving an A. byzanting oat are not unusual. Their appearance
has heen reported by Coffman and Quisenberry (6).

Aberrants of this type occurred in several crosses during these
stuclies, and their frequency of cceurrence was recorded.

ok 12 —3ultiflorous type in decne: A, Panivle of multiflorous oat .. e
A, spikelets of multitlorous gats: Left—spikelet of multiflorous aberrant in
vitriety Burt; righf—spikelet of wulcitlorous onk . nude.

In a population of 774 Fy plants of the cross Red Rustproof X
Cole. 1 plant was of the lulless type. Tn the Ty generation, 49
populations were grown. The hulless plant bred true, and one addi-
tional line segregated for this character. Segregation in the Fy was
s follows:

Reo RHusreroor 3 Conn

Class and progony Observed Itatin Caleututed Q-C
Iy
Noroedo ... .. .0 L 47 It w " o
Heterozygons hulless. ... 1 [ v 3.2 —0.2:
Al holless ... .. 1 i 0.7% 4-0.23

In a population of 366 Fa plants of the cross Caleuttn X Kher-
son, & were of the hulless type, or about 1 plant in 64. Of the 33
Fy lines of this cross studied, none was hulless.
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Carerrrs X Kugrsos

s ] trogen) FRUTVLY Lo HIISUHIES -
Clivsy sl teogeny Ll | Tt Caleubatod -

I
Normal . oo o B 6l a00,08 —+-0.7:
Linlless . .. . e i 1 e

In o ocross of Falghum fatuoid X Black Mesdag, studied only in
Ifu, 1oindividun]l among 251 was hulless,

Among the 201 F. ]m]_m!.tt:imm of @ crozs of Cornellinn X Black
Mesdag, 1 plant having the vnusuadly long enchilla chinreteristie
of cL. nuda. or the hatless condition, was noted,  This condifion was
not studied in ihe Ty of this cross. Thuas, the multiflorons or sus-
pected hulless Eypes appeaved in four erosses. In three eof the four,
an . byavading derivative was one of the parents. Phe appewr-
unce of these aberrants wis presumably the resnlt of the lack of
complete genetic compatability between the parents.  Thus, genelic
recombination vesulted. The Nteratore indieates (hat aht'rlanla fre-
quently are Tound among the progenics of (L satien X .1 byzuntin
CLOSSOS.

PLANT ABERRANCIES

Dwarfism

The observalion of il\\.lli'»; among progenies of tall X tall oat
parents is nol new, but few studies of the Frequency of their oc-
cwirrence have beep pubdished.  Also few reports; as far as s known,
have been e on the ocenrrence of mere grags tofis

The ocenrrence of dwarfisnt was studied in four erosses. o the
eross Black Mesdag 3 Red Rusiproof, 5 of L1253 e plants were
srasslike dwarls. None of these plants produced seeds. ‘The seg-
reaition i Ky was as Tollows:

Brack Mesnae 32 Rep Rustirkons
Ulass and progeny Olysirevind Tttt Unlentlanted 0.

A
Noroal . 1,12 112041 . =i
Inenel . . : ) B LG

Itvom the Ky odatn only, it .||>pon ihai Four Tactars mighi be
involved. A close fit to o 235 norwal: 1 dwarf was found.

Among the 121 Fy dines ol (his eross grown, 91 contained only
normal or fall plants, 7 were howozygously short or dwarled, and
26 segregnted mto all and shov |]|l|ll'-w i apparently  different
ratios. Segregation among Fy lines was as lollows:
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Class and progeny

Observed

Latie | Calenlated 0-C

["3:

Al

Heterowywous tudl and shorg__ .
AN shert . e

128
26

03.00
23.25

1.4

—2.00
4275

290
—.15

12
3
1

Segregation mnong the 26 Fy heter
rated into groups as follows:

ozvgous lines could be sepa-

Class

Obhgervedl

Ratio leulated

Geoup 10t
Short
Liroup 2.2

L 11 T,
Shorto ... ..

fhroup 37
B (] )
short

214 lines.
26 lines.

288
ih

1
35

115
44}

285.0
15.0

173.88
4018

120.7H

40.25

These data indieate that o twe-factor analysis is the best explana-
tion for the occurrence of dwarfs in this cross.

In the Fu of the Appler X Swedish Select cross, 234 plants were
produced. 219 of winch werve of normal height and 15 grasslike.
OF these 15 grasslike plants, only a few produced any seeds. This
precinded further testing of these dwarfs.

Arrienr X SWEDIS{L BELECT

{Class nnd progeny

Ohserved

Ratio Caleulated 0-C

.f.“g M

Netmal. o

(:rnsslilw_u,.‘_-- e

In the Fy generation, 62
foliows:

3
1

219.38
14.63

—0.38
4037

Jines were

-

grown. Segregation was as

Ciass and progeny

Quserved

Ruatio Cuiculitted 0-¢

1“3 M
Normal tall
Heterozygpous
Al gragslike

36
23

1
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Fravke 13-—Abercant plunt helght in Aoene: G, £, Parents; B, geass bufi
o, dwarl; 1), =hort.

Two types of segregating Fa Tines appeared amonyg the 25 helero-
zygous lines as follows:

(lass Observed Rutio Cinlculated 0-C

Group 1:t
L 2 T2 iH T00.69
BHovt. L o e e LH 47.31

tironp 24
LUl o e e e e 205 ATHS0
Shovte ..o L e 111 126500

113 lnes.

212 lines,

Segregation in this cross ditfered somewhat from that in the
Black Mesdagr X Ted Rustprool, but a two-facter condition was
still indicuted.

Among the 794 plants produeed in the Fu population of a Cole X
Red Rustpreoef cross, none was exceptionully shorl or unusually
grasslile.

Two of the 108 populakions grown in Iy contained dwarfed in-
dividuals,  This fitted more nearly 1he ratio of 63:1 than 15:1,
although the fit wus poor for either. OF these 2 lines 1 produced
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only 18 planrs, 10 of which were grasslike and 9 normal, The other
line produced s ormal plants ancl 3 dwarfs,  Actual numbers ave
too few (o be given much eonsideration, bul more than a single-
Factor difference appavently existed.

Segregation of the two I lines was as follows:

Core X Tiep Restriroos

Chrsst sl prrogeny Obseryvoed Bilin Calelnted -

Iy e
Nornl . el 17 3] 16,88 432
Inwaret . o - 13 7 13.43 —{L]3

Awmong 075 Fu progenies of a Navarro X \ldl]\ fon cross, .:h were
short and 9 were rrasslilkke and never headed.  The ratio in By wag
as Follows:

Navanno ¥ Mankrox

Chass singd progeny i Oy Taile Cualeulited 1)

“Normal.

e e mrm— e 010 150 U1-L0G — .06
Shorl. oo o . At H] 45,70 -}-10.80)
Greasslike . o0 o0 00 Bl 1 1524 - G223

Seeds from 34 of the short plants that headed were planted, and
an By reneration was produced.  One of the 56 tested was evidently
i chance variation, since 1t preduced only fall planls in the next
veneration.  One produced only very short planis to mere grass
tufts that never headed, and b produced short hut of herwise taivly
normal plants. Bight loes produced plants ranging from dwarfs
lo grass fnflfs nol over 3 inches in height that never headed. The
seprregaion of tlw ] [u populations was ag follows:

Class il progeny CHazerved Eatin Calenlated (AR
|“-; .
Short. o e 44 il 44,72 0.7
R A Ty 1 11T 5 4 TS +0.45
CiriessliKe L e e 1 1 0.83 +0.17

The datn indieafe that af least three factors ave involved in the
inheritance of these aberrant types and that the prass tutt s o
recessive lethal that fails te get bevond rhe rosette stape

Although the average helghts of Navarro and Marckton were 40
wnel B inches. respectively, “the 4+ short individuals ranged from
23 to 32 inches in height. The taller individuals in the § hetevo-
zygois lines often were still shorter, ranging from 13 to 20 inches
in hetehi down to 3- {o H-ineh gass tufts.

In summary, dwarf or short plints were ohserved among the
progenies of four novmal X normal height crosses,  Study of the
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progeny populatinis vevedls that dwarls may beoof three (ypes:
b1} Short or semidwarf, (2] dwarfs thine head but produce few
seed, i (3 mere grass talts that never head,

Data indieated 1hat dwarlfs are recessive and that dwarf-produoe-
ing hnes seereented into normal and dwarl by approximale ratios
of 631, 60310 5400, 150, 1303, 9, and oL

Crook-Neck Aberrancs

A crook-neck condition shwilar to thar in ceviain sorghmns, in
which the head recneves or “goose necks™ as iv cnerges from the
shearh, wax observed in advanced generntion progeny rows from
ihe evess Lee X Vietovla.  Frequently ar mataeity, the pedunele
of the panicle is benr ahuost imo o Usshape, with the head point-
ing downward,  In the eross Black Mesdag X Red Rustproof, this
eroole-neck vondition was observed in 2 of 20 Ty progeny rows
from a single Ky population.  Segregation of normal and crook-
neek planis in these two progeny lines was ax follows:

Braci Mesnao 3 Ren Resvewoar

e e -
Class aud prrogiony I Obzerved Ltutio Caleulated a-(!

Iy
Normal, . . s 15 NI H 41
Chrusk-esek. L R 2 1 ERE —1.44

The comlition is heritable and may appese comparatively Tate in

smad]l nmmbers e some ivbeld populations. Mpparvenily, it is a
e essIve l'}ll\.l'i]{'t e,

Striped Aberrants

One weanle, undersized, siviped aberrant plant was observed in
progeny line ol o Bmt oat {Wansas 320y, 1 owas one of the
shortest plants wndd was among the fast 8 to head in & population
ol LU plants,

On malurily, In seeds were rvested : and these were sown tn a
groenhouse bed the next season.  Only 1 of the 18 seeds germi-
nated,  Bight of the 13 plants showed the striping of the mother
plant, and all were undersized.  Only two of (he cight plnis
headed, amd only one actually produeed any seeds.  O0 the 114
seeds from this one plant that headed, 111 germinated and pro-
dueed plants. OF the 111 plants, 8% were normally green and 43
were chlorotic, or suspected of having the striping character. 'This
was 1 rough approach to a 9 green: 7 aberrant rvatio. Some plants
with steiped leaves were nearly J0-percent gyeen and H0-pereent:
white or vellowislt white. With a few exeeptions, plants ance noted
as having the striped condition had it on later examination. The
condition did not expand or disappesy but existed proportionately
thronglioul the life of the plant.

AlF the 111 plants matured and produced seeds. The normal-
appearing planis matured fivat and yielled the most seeds. The
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Figene Lh-Crovkeneck aberrant in Avene: o, Crook-awck paniele s £2, normul
panigle,

striped plants walured in proportion to the extent of striping

shown—the more area involved, the Inter the maturity and the

lewer seed set.

The following seasor, progenies of all 111 plants were produced,
hut unfavorable field conditions eansed them to develop se poorly
that a second seeding was made the next year. The germination
of the seed was watehed clesely.  The amount of striping appuar-
ently had no eflect on germination of the resulting progeny.

The data [rom the two seedings were added together for genetic
amalysis, ‘I'he resnlts indicated a compuaratively good {it to a three-
factor hypothesis. or a genetic interpretation of GGG GGy for
the normal and gewyrnoaes for the completely vecessive, The re-
cessive 15 appavently Jethal in the seedling stage.

Baged on the second gencration plant deseriptions, the progenies
bred as follows:

20 neormals produced only nermals,
39 normals produced progenies varying from a few with a (race
of striping to all diflerent types. '

5 noted as probably having a trace of striping produced only
nornl green progenies.

38 noted us having delinite stripes in varying nmounts pro-
duced striped progenies. Three of these produced no nor-
mals at all, and one produced only wlite or near-white
progeny.
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Fiseee 15.—Chtoratie striplng aberrancey in .Lrens.

A two-Tictor analysis was not possible, but u three-faclor analy-
sis seems Justified Negregaiion was as follows:

[WHET

Ohzerviad

Ritio Calentatod =0

YRR

A novmal

Nornsb with Few with trace

Mosrly novmal but inany
striped, inelwling white
Mostly steiped bub fow nornal
Nonemals—varying fypes
nf stripes I

M apparently whife .

At Aberdeen. Idaho, in

a4
18

h 4

U

2
1

Albinism

1097,

il

4075
4314

—3.20
—0.73

“eherkerboard™ space-planted

hyvbrid vigor experiment was conducted (Coflman and Wiebe, 72).
Sevds were =own 1 foob apart in each direction.  Simce the rows
were of equal length, o spuee filler of o pore lol of Richland oats
was phanfed to HIE ont spares 1o rows when iosulficient seeds of a
single eress or parental line weve available,  Affer ripening, all
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Furoree 16, Sewreaiting population, ineloding sibine (white)  aberrmnt« in
Arehd.

phints were havvested, A that time i0 was believed some of these
spaee-filler plants would prove valuable as reselections. sinee Rich-
Lol had not been reselected n 20 vears, A pure lot of Richland
origimaling from single plants would thus hbe available as the
provenies of eacl gpaee filler,

Seeds ul 69 space-liller Richlind  pliins were somn | orod row
per plant the Followine season. Among the IS, 110 plants in 46 of
the 69 rows, 252 were black abereants and II*I were vollow aber-
ranls. The hvlnldu\ of these individuals was later determined by
planting 16 seeds of each in the wreenhonse.

-\llmt't“' these 381 abervant plants. the progenies of 5 proved of
nnusual interest. sinee they not andy were hebeids, ax indiented by
morphologic charmcters, hut also ineluded  one or 1wa ehlovotic
aberranis or albino seedhings. The 5 origimal progenies from which
the albinos eome hod ineladed 67 aberrants oul of 1,631 plants, as
[ollows:

Aherrants

Nhevrand ploand

Huwmher Teolul plunts ftuet Yettane
; 152 o 1
3T au u
Ao 1 18

i 10

36 31
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Frovaee 17 Normml oantd ehloestic aberrnnis in leenn s O Noruwal: 8, 0,
albinws 1, &, light wreon seogdlings,

A~ stated, small nambers of seeds of ench supposgedly nutural
eross were =own, A Tew progeny plais of cach resulted, and seg-
reaation of wreen and albino seediimgs in (hese five albino-produc-
e lines was as follows:

Aherrini s
Vi rraaid gt L
wam by Trafert plisels (et Afhinag

13
12
14
11
14

Totul —— U 1Y |

Boet-e e albing seedlings died. Turther testing was hnpossible.

To save greenhonse spiace, many seeds had been sown ineach pot,
and the resulting green plants were sniall. Seeds of only 48 ol the
57 green plants were available for growing the next generation.
The 5 popmidations segregated as Tollows:




Regregation of pliaots
Aberrant " among Ierozy geus
progeny lines
NI EERINS lines [
number Um“f:! y Herero-
£ ren . .
R ' Zygous Green Albino

I'otul Segrogntion of lines

Nunber Nunpber Number Nuwrher Number
11 T 1606

th 124

6 [ 4 no

0 10

1z : 68

Total T T T

Lavrge fanilies of all available seeds were sown in still another
test, and in the following generation 23206 secdlings were pro-
tdneed.  Sommarizing the datz on the basis of the five original
nlbino-producing lines, results were us [ollows:

Alwerrant plant - )
' HIEOZEN O Let e 3 her pyuar e
e I'uta] Honozy zous green Sogregiting

Numrber Number Number

Tonad

In sunnnary, segregation of green and albino planis in the sev-
eral progeny lines differed widely. Ratios of G3:1, 27:37, 16: 1,
Yov,and B3 owere found. This indicated that the alhine 13 con-
ditioned by three factors.  With ihe exceplion of ane line in a
[aier peneration. practically noe siriped individoals were obgerved
in any population, The planis were cither green or albino, and
(he albine died in the seedling stage. The striped individuals ob-
served in the single progeny line probably resulfed from w cross-
Dver.

The plants matoring in the seeomd greenhouse-grown generation
dilferedd in kernel color, and the eolor was recorded.  DProgenies
froni three of rhe five lines bred frue, producing either all bluck-
or all yvellow-kerneled piants.  In the other two, segregation pe-
sulted, and some grays were also noted.  OF the 4 progeny popu-
Intions tracing to one or the other of these 2 albino-producing lines,
17 were all black, 7 were all yellow, and 20 segregated for lemma
color.  Aamong these 20 segregating populations, 13 produced blacks
and yellows: I produced 47 binck. 10 gray, and 4 yellow; 1 pro-
tuced 4 gray and 10 vellow: and the other 5 produced black and
gray segregates but no yellow. The numbers weve small, but jn-
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dications were that all the albino-producing planis might well have
resulted originally from a single Dlack-yellow combination.

The data ndicated no sssociation beiween kernel color and al-
binism,  Ineach of the 20 segregating lines, some progenics were
albino and some were green.  The 17 homozygons black populations,
ag well as the 7 homozygous yellow, produced albinos.

Negregation for kernel color antony these 44 progeny popnlations
wis as tollows:

(Masgy nunl progeny Ohservel Itatin Calenluted O
-1]'\. It:
A blek L o o 17} - P -
Heterozygous. . . ..o . .. 20 |f 13 85.59 +1.28
Yellow . ... . . L 7 3 824 —1.23
“Frustrated"”

In 1961, at Aberdeen, Fdaho, a peculine bridging-type steriloid-
Fafuoid aberrsnt wus observed in (he Katon wvariefy. A similar
aberrant had been observed 39 years earlier in Sixty-Day. ‘These
aberran(s are deseribed in €his bulletin (pp. 78-74}).

In the row of Eafon in which the above-mentioned aberrant oc-
curred, six plants appeared o be of the intermediate {ype,  Seeds
of (hese woere planted in the greenhiouse in 1961-62, and 32 plants
resulierd.  ITowever, no progenies were of the nberrant lype men-
fipned.  Five of (he 82 were of the usual Tatnoid fype.

In addition to the live fatuoids. four plants were distorted, one
ench in (wo progeny populalions and two in w {hird. The two
seenrring singly in the (wo populations had somewhat distorted,
short, bunehy or compaet sorglium-lype panieles. The panicles of
(he oihier aberrants were unusnsl in that they hent over or “goose-
wocked” affer emerging from the boot.  Goose-necked aberrants
somelimes ocenr inooals, as reported enrlicr (p. 87).

These aberrants. however, were different.  After first bending fo
one side, the panicles later reversed the diveetion of growth and
peentunlly were in an upright position. .\ hairpin hend rewained
in the pedimele aren hroughont later growth and maturity. Such
an inderigive and drregnlar growtl fype had not previously been
ohserved., and {his (ype of abereaney was named “frasteated.”

To lest the hreeding behavior of (hese anis, all seeds of all 39
planis were sown in progeny rows at Aberdeen, Tdaho, in 1962
Some distoried abervants Inal been anticipated, but not w large
number.

Practically all aberrant {ypes previously ohserved in oals oc-
curred among this small progeny population of fewer than 700
plants.  Tn the second generaiion, no individuals of the steriloid-
Fatnond type were observeds bur many fatuoids, hoth normal types
andd vthers similar fo (hose produced in the greenhouse, were oh-
sorved.  Numerous Types of distoried individuals were produced.
Ono aberzint was o very tall plaut resembling <l steridis fudovi-
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IM160ee 18—~—Distorted or “frusteated” aberrants in cleean var, Baton:
Distoried panicles; 2, disturted plants,

Frsvrs M- Aherrant anel normgd panieles and enlws o clvene vare, Baton
doAberrant miniele tnd eulies s £, novmad paniele i edims,

chrna, Individials wid very stonr culns and short, stifl-hranched
panieles were observed. Several dwarf planis, one of whicl failed
lo head, aud individuals with chlorotic striping were observed,
Some plivnis appeared to have a lrigh pereentage ol sierile flovets,
The only known similar distortion in any cerveal crop in the last
A vears was that veported by Scholz and Lelunamn (23) in 1961,
These scientists ieradinted barley and obtained numerous iyvpes of
aberraneies, some of which appeared to be similar to those deseribed
here.

Both normal and distorted types of Fatuoid ansd enliivaied plants
were present ab Aberdeen, and 10 was obvions the fwo aberraneies
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were inherited independently, Segregulion for fatuoid types in the
32 progenies prown was as follows:
Class nod progeny Oliserved tatio tadenlinted (AR

SO
Cultivated . - .0 o o L. it 1 2450 4140
Intermmetlionne .. - . - - 15
Ituold. . o o 0 ] IR —=1.0}

Although, on the hasis of the »Fy™ lines. a close fit to a 13:3
rufio wis indieated, segregation among the heferozyous lines was
fess close.

s Ohseryved fatio slculated 0=

Ll erozyooens lines;
Culrivaded oL - e “ a1ie e .
Infeemediate . . 154 13 JG.06 —10.66

Tafuoid - i 83 3 T 4-10000G

Study was also made of the inheritance ol the frustrated Lype.
Segeregation was as follows:

Clags stuf porngeny Oyl Littio Calentitted
1;1-‘1:;" :
All wormial
Letepnwyirnus
AN frosteebmd,

The 12 heterozygous Hnes segregated as follows:

s Ohiserved Lintia Coudeilaetesd

Tlorerogymons lines:
Normal . . . 2131 3 2474
Frusirigetl R 43 A Bl

Segregation among the Tines Tor the frust rated Lype gave o per-
Foel it 1o a 13:3 rafio.  Segregafion among the 12 heterozygous
Tines was nol so close but still indicated 13 nornml: 3 frustraled.
Withour doubi, the distoriion is heritable,

The observation of so many different aberrants in suel a smadl
progeny population, dervived Trom a single head row of Talon, 1s
most unusual. Just whai potent {oree affected (his series of mal-
formed aberraneies is 1 malter for speculation.
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ADDITIONAL ABERRANCIES OBSERVED IN 1961 AND 1962

A number of additional aberrants have been observed by the
writer. To dale their inheritance has received little stud y. Among
progenies of cross X5TBL. supposedly Black Mesdag X Abd. 101
(derived tetraploid), the following four aberrants have appeared to
date:

L el sedive orientelis-like types (side onts) with long glumes, Several
ol these did not segregute in the seeomd generation fest.  Two of
SiX produced @ few very simnllkerneleg Serrreg s,

24 strigose-like type. One original, wenk, dwartish, undersized piant
was observed o o greenbouse pot, progeny of which did not sep-
regate in the socond generution tesr. Tiwe prants were midtalt,

3. A, xteriliy ludoviciune-like type. It has nrge, pubescent kernels.
Such a high degree of dormaney exists that fow sosds have ner-
minated in 60-day tosts,

4. Aberrunts with dorsal pubescence.  These have nhotl been tested to
ilate,

Additional abereants observed include -

LA wude-type with small unlersized glumes and panicles amd  tully
awned SQorels,  This aberrant did sorregitte in the second gon-
erntion. It wus derived in I (ot o eross in which strain H041—
837 Irem the supposed cross NGTRL (Black Mesdag x Abd, 101}
wits crossed with o strain frow the eross C.F. 7190 w O 7498,
{C.L T8 15 0 strin Nrom NOHTIEL)

= Malesterile aberrant,  In addition to the above . vwde-type onk,
mnerous shork, slender strawod mate-storile fape pants appenred
fn oné progony populidion of the nbove Crugs,

3. AL wierilis ludoriviane-like types This very fall aloernic was  de-
vived frour n progeny line of cross NG00, It has small, very
pubescent kernels. Such g high degree of dormaney exists that
fow serds have germinared in Gi0-liey tewsts,  The qurents of cross
XG019 were “Bingham® (VT $57T1) 1 el wilth stenin HO42 Srom
the supposed cross NATRL (Blick Mesdage *X Abd. 101).

doAn exeeplionally tall fntuold, {Usually Tatuoids are no tiller and
e sonetimes mucl shorter than aermal planr)  Phis unusually
il aberrant was derived Trom cross NIOATE The parents of the
eress are "Ringham” (OO0 TATR) crossed with steain 5041 of the
supposed eross XHTIL (Klack Mesdige > Abd, 101),

AllL these aberrants are of suflicient intevest to warrant study.
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Fiovee M.—d, steritis Indorvivienn-like abervants in Adeena: 3, Fauicle from
XNOTHL cross: [, D, Euton pnuicle and plant; €, panicle from another
NAHTUL cross

Fleree 21 —Aberrant paniele types in Avena: A, Multiflorous A wwde (ype;
Bounilatera! A, sative orientalic type; O, AL slrigusa type.
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Fugree 22——Npikieleis of aberanis in Leeno: witiflovous-rype sahicrant ;
Aounilatera-type aberrant; O, 1, st fape aberrant.
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froore 73—, B, €, Aberrant spikeleis and Horets of 4, steritia ledoriciand
type; D, true 4. storitiz fwdoviclune spikelets and florats: K, iall-strased
{aiueid abereang
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