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INTRODUCT IOU 

Exp1.nation and. Purpose 
1. 

This thesis constitutes a report of work done by the 

writer in the study of the inheritance of head characters 
in a cross of Cornwheat X Marquis (Triticuiii polonicum X T. 

vu1gre). It had its inception in the sunier of 1922 when 

the writer was first exp1oyed in making wheat hybrids at 
the Vlashington Experiment Station. This work involved the 

making of a number of species crosses. The value of such 

hybrids in studying the re1.tion of species to species was 

first suggested by reading The Origin and Relationships 
of the Races of Wheat, in Percival's book, The V/heat 

Plant". Further interest inì species hybrids as a possible 
source of new and improved forms was aroused by conversa- 

tions with Dr. E. F. Gaines, wi by reading reportsof cyto- 

logical investigations in species crosses by Kihara (14) 

and by Sax (17). Iter on work was undertJen in three 
crosses between Triticu vulgare nd Aei1ops cylindrica, 
and. in one cross betweei T. vu1are nd T. polonicun (Blue- 

stern X Cornwheat). In 194 the present study was begun by 

corapiling data on parent material and on tue P]. and P2 

generation of the Cornwheat X Lrquis cross. The following 
year the P3 generation was grown and the data conipiled. 

This cross is especially valuable for the study of 

inheritance in wheat for the following reasons; first, the 

parents havi many contrasting characters; second, the 
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species differ lii chromosome number; third, the Pl plants 

produce a sufficient number of viable seeds to insure a 

fair sized F2 population. 

There were three principal reasons for taking up this 

study. These were; first, to study the inheritance of the 

characters involved; second, to determine if possible if 

any of these characters viere carried by the "vulare set" 

of chromosomes; and third, to investigate all evidence 

which would throw any light on the origin of Triticum 

polonicum. 
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COIDJITIO1TS APCTI1TG TI VIUC. 

The study oÍ the Cornwheat X Marquis cross was be- 
gun by the writer during the suiiner of 1924. The P2 gen- 

eration, together with P]. plants from which data herein 
used were procured, was grown at the Tashington Experiment 
Station in 12O, The parent material described was also 
crown there that year. At the tirac this work was uridertak- 
en, many of the heads of both the parent u'id hybrid mater- 
ial were more or less badly shattered, so could not be used 
for compiling data. Ten heads of Cornwheat and ten of the 
Pl hybrid 'were used to obtain fair average samples. Only 
five heads of rquis were of such condition that they 
cou be used. Data were from the P2 heads that 
were in a sufficiently good condition to be used. These 
numbered 147 heads. Detailed data vere secured from the 
parent and F]. heads on seven characters. Data on twelve 
c1racters viere taken from the P2 plants. 

All seeds from each head were saved and placed ir. a 
sealed envelope. In the sprirì of 1925, head rows were 
planted from all F2 heads that had produced ten or more 
seeds. The P3 generation was harvested during íugust 1925 
and data t&en froì the seme characters as in the F2 gen- 
eration. 

The work of arranging the data and the study of the 
inheritance of the various characters was done principally 
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at the Oregon Agricultural College during the winter of 

1925-26. 



6. 
sIP'rio:í OF PEI1S. 

Cornwhec.t ni Marquis hwe many contrasting char- 

acters. Some of the oututanding differences are; length, 
texture 2.nd shape of glumes, awred condition, color of 

awns, and length, shape and color of seed. Cornwheat 

also has a pithy stem, while Marquis has the hollow stem 

characteristic of vu1are wheats. Cornwheat be1onLs to 

the species Triticum polonicum which has fourteen chromo- 

somes in the haplold number. Marquis is a T. vulgare 

variety and has twenty-one haploici chromosomes. The 

United States Department of riculture Bulletin 1074 cives 
the following description of the two varieties: 

White Polish (Jornwheat) 

'PlDnt spring habit, early, tall; stein white, weak; spike 
awned, linear-o'olor, lax, nodding; glumes glabrous, white, 
paperish, very long, narrow; shoulders usually wanti, 
beaks narrow, acute, 0.5 to i m. long; awns black, usu1ly 
deciduous, 4 to 10 cm. long; kernels white (ber) very 

long, hard, elliptical, acute; germ midsized, crease narrow, 

shallow to middeep; cheeks usually rounded; brush lare, 
midlorig." 

Marquis. 

Plant spring habit, early, short to r:iidtall; stem white, 
strong; spike awnlees, fusiforn, dense, erect; glumes 

1abrous to yellowish, short, wide; shoulders midwide to 
wide, usually square; beaks wide, acute 0.5 mn. long; 
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apical awns few, i to 10 ì. long; kernels red, short, 
hard, o7ate, with truncate tip; germ midsized; creLue 

vide, deep; cheeks gular; brush micisizeci, midlong.' 
T. po1onicui is not inportant coi.nercial1y, but 

has many characters of interese to the plant breeder. 
Its origin is not definitely knovrn. The earliest refer- 
ence to it appears in the literature of the seventeenth 
century. It is thought to be of Europe origin. Perci- 
vai (16) states that T. polcnicum is probably a 

mutation of T. durum, or that it iay be a race resulting 
from a cross of T. Dururi with s-ome other species. In 
this country it was grown in Lryland as early as 1845. 
Since then it has, from time to time, been exploited ìy 
unscruu1ous seedemen Who have distributed it under the 
names of Giat Rye, German Rye .iheat, Goose Wheat, Wild 

Goose Wheat, and. others. It has in this way, been in- 
trocluced into iany communities, but has never been vm 

for more than a year or two in ey one piace, excepting 
as a novelty. Yields are poor and there is no market 
for the grain, exceptin for feed. 

Mrquia ie the most important variety of hard red 
spring wheat grown in 1'Tortli America. It is of hybrid 
origin, the result of a cross beti:jeen an early ripening 
Indian wheat known as Hard Red Calcutta and Red Pife, a 
common American variety of hard red spring wheat. The 

original cross was made by Dr. William Saunders of the 
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Dominion Departìient of ricu1ture, Ottawa, Canada. ¶3e1- 

ections from the hybrid stock were made d tested by 

Dr. C. E. Saunders. rquis was first crown in the pure 

state in 1904, but was not distributed until the comple- 

tion of test3, 1astin until 1907. Since then its cul- 
ture has expanded rapidly until now the variety constitu- 
tes about sixty percent of the cprin wheat crown in 
North America. 



9. 
Table i ives tile average values for seven char- 

acters in the Cornwheat parent. Table 2 shows the range 
and average fDr the corresponding characters in the 
Marquis parent. 

Table 1. 

Cornwheat parent. 

Rachis:Awn :Gluine :Lernma :No.of:ITo.of :Seed 
LeL1th:Lenth:Length:Length:seedo :Internoes :Lenth 

116 : 105 : 27 : 22 : 18 : 19.3 : 10 

Table 2. 

Mar:juis Parent. 

Rachis:jjin :Glume :Lea :No.of:iTo. of 
nth:Lenth:Length:Length:seeds :Interiiocìes :Lenjbh. 

s : z : : 
103 t 2.5 : 8.0:: 9.5 : 37 t 21 : 5.5 
99 : 2.]. : 8.0 : 9.1 : 31 : 19 : 5.6 
.O6 : 3.2 : 7.7 : 9.0 : 37 : 2.1 : 5.5 

110 ¡ 2.5 ¡ 8.0 ; 9.4 : 40 ; 20 : 5.6 
99 z 3.5 : 7.4 t 9.0 : 35 : 20 : 5.1 ver age: 

103 : 2.8 : 7.8 s 9.2, : 36 s 20.5 ; 5.5 
Due to the poor condition of the Lrquis heads only 

five could be used in making an onalysis of parent char- 
acters. Ten heads of Cornwheat viere used iut thru an 
oversight the details for each plant were not preserved 
and only the average values for the different &rnwheat 
characters can be given. 
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DESCRIPTIOI OP P2. MATIAL 

The heads of Corriwheat'L Marquis are slender, 

somewhat taperiig, and from 101 to 132 mia lon. They have 

a 1are amount of black in the glumes occuring as fine 

lines and splashes. Many of the glunies are nearly black. 

A smoky blue over color or bloom is noticeable in all of 

the heads. It is difficult to tell the aource of this 

color. The very fine short pubescence over the bLck 

glumes may partly cause this appearance, but it persists 

to some extent when the pubescc'ice has been rubbed. off. 

The glumes are longer than those of tìie Marquis par- 

ont but are not longer than the glumes of some other bread 

wheats. In shape, they resemble the bluraes of Emraer, es- 

peoially in the sharp keels. They entirely lack the papery 

appearance of the gluraes of Cornsheat and are harier ;nd 

thicker than the glumes of Marquis. 

The exposed parts of the lemma are, as a rule, about 
the color of the glumes, though some lack the black color. 
Their beaks are long and. sharp, and near the tip of the 

head, take on the appearance of short awns. 5ome are of 

nornal straw color and some are black. 

The Pl kernels are Iard and vitreous and of red, 

anber color. They are intermediate in length. In shape 

they resemble Cornwheat more than Marquis. 
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Table 3. 

Detailed Description of Fi Population. 

Rachis: Awn :Glume :LeLiaa : No.of:To,of ¡Seed 
Length: Length:LenthLeseeds:int ernodes :length 
132 : 3.8 : Ì2.3 

. 

: 

s 

L2 : 

e 

Il : 23 1 
e 

110 : 4.0 : 11.5 : L2.0 : 13 : 22 : 57 

131 g 4.0 : 12.0 : 12.4 : 13 : 23 : 6.7 

121 t 3,8 : 12,0 
e 

: 

: 12,7 
t 

t 

e 

18 
t 

t 

e 

22 
¡ 

¡ 7.2 

104 t 3.5 t 12.1 ; 11.9 13 Ii 20 3.7 
* t t t : 

123 t 4.1 t 13.0 : 13.6 t 16 20 ¡ 7.1 
t t t : ¡ 

123 ; 4.7 12,6 g 12.8 : 20 : 21 ¡ 7.1 
t t g t t r 

127 t 4.]. t 11.6 12.7 t 14 : 22 t 6.9 

132 t 5.3 ; 12,2 t 13.0 ; 11 t 22 t 7.2 

101 t 4.1 ; 11,0 t 11.3 t il t 21 6.1 

11 measurements are in millimeter. 
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GEI1ERJtL APW.TC OP P2 HDS. 
Before a detailed, description of the P2 heads was 

made, they were separatecl into five groups, according to 

their general appearonce. These groups were further sep- 

arated into awniess and awned classes. The flowirig table 
shows these groups an.ì classes after the reliminary separa- 

t io n: 

Table 4. F2 Types. 

Dur um 
Polonicum:Intermediate :Vu,jare :Durum: Club:Total 

. 

wrileus 22 56 : 15 : 11 ¡ 5 : 111 
: : 

Awnmd 6 23 : 5 ¡ 4 : O : 36 

Total 28 : 79 20 : 15 : 5 : 147 

i1either true arent type was recovered, although those 
which are classed as o1onicum, as a rule, more nearly re 
semble the polonicurn parent th do those which are classed 
as vulgare resemble the vulgare parent. All the heads are 
to a greater or less extent intermediate. All the above 

classes contained both short and long heads with tue e:- 
ception o± the dururn anc), durwu club classes. The groups 
classed as durum anc' durum club Willie resembling durum 

were not distinct duruma types but bore a closer resembi- 
ance to durumn than to either of the parents. The vulgare 
class contained two heads Wi±Ch verj closely resembled 

Trquis in shape of head and density, but both showed some 

pubesence. One showed some black in the gluines, though 
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not particularly noticeable. The class as a whole 

had sharper keeled lumes than true vulgare. All class- 
es, with the exception of the polonic, contained pub- 

escent heads and heads showing more or less co1oriig on 

the glumes, or the awns, or on both. Many of the awned 

hybrids were iìuch more strongly awned than Cornwheat. 
Table 5, 

DETILD DEScnIPTIo: OP P2 POPULTIO:T 

Group:Plarit:Pub.:Keel:Awn :Glume:wn sGluine :Seed :Seed 
:length:Color:Oolor:Length:Lengh:Co1cr :1ro. 

: 
:TYPe 

mt : i : T : S : 6.8 : B : B : 14.1 : 6.3 : R 
s : : : : : : : 

* 
z 2 : 

. 

G : S : 3.6 : R : W : 15.2 : 7,3 : 1 

t -e 

s :11.4 

. . 

Bl. B 

e 

: 10.8 

0 

: 6.7 : T 

: 

t, 
: 

. 

4 : 

. 

T : 

s 

S : 

s 

5,3 : R : 

e 

VI : 

s 

l.5 : 65 : R 

'e 

s s 

: G 

s 

: S 

s 

: 2.8 
S 

: VI 

s 

: W 
s 

: 12.3 

s 
. 

: 6.1 

s 
s 

: R 

t, 

; 

: 6 
: 

: T 
: 

z S 
: 

:12.6 
: 

¡ B 
: 

: W 
: 

: 14.0 
: 

: 6.0 : R 

It 

. 

. 
rl 
i 

s 

s 
s 

rT 

L 

s 

Q 
IJ 

s 

s 
b 

A 
'_J S X 

s 

s 
.1 

. 

5 L) 

s 

s 
1/ Z 
. .) 

s 

S 
r ( 
I \J S 

¡ ; ¡ : ¡ ¡ s : z 
" 

t 8 : T : S : 4.6 : Bi : Y : 12.5 : 5.2 : R 

a 
: 9 : P : S : 1.0 : B : 'V : 14,1 : 7,0 : R 
z : : : : : : :: 

n 
: 10 : G : S : - : B : J i 13.6 z 5.8 : R 
z s z 

t, 
z 11 : G t S : 1.8 z Bi 12.4 ; 5.0 : - 

'I 

: 

:l 
: 

: G:3 
: : 

:2.0 
: 

: '7 

: 

: 'i 

: 

:14.0: 
: 

- 

t, :.3 
. 

: T:S 
s 

:2.6 : J 
s 

: W 
. 

:16.4:9.0 
s. e 

:R 

'I .4 : T S 3.0 Bi : W ; 13.2 t,.G g W 

: 15 : 

. 

P : 

s 

S 3.0 : Br : Br : 10.8 : (.2 :1 R 

ft i j s 
D 

s 

Q 
.j 

s s 

s 

. 
e 

s 
s 

T 

. 
s 

s 

e 
e 

s 
. L) 

S 
s 

s 

: 

17 : G : S : 1.8 : Bi : 71 

: 

: 10.2 : - - 

0 
: lb : T : S L 1.7 

: 

: W : VI 

: 

; 14,7 : b.c ::R 
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Group:Plant:PubKeel:Awn :flume:Awn :Gluxne :Seed. :Seed. 

:No. : :Type:Length:Co1or:Co].or:Length:Iength:Co1or 

mt : 19 : G : 3 : - : W : 1 : 15.1: 7.6 : 

'T 20 P S ; 2.0 Br : Br : 13.1: '7.0 B 

t, 
; ; ; ; ; Br W : 13.9: 7.7 : R 

T? 
: 22 T S 2.6 B W 13.5: 78 R 

t? 23 . T . S : 4.0 . W . W 15.7. 6.3 : R 

T? 

: 
24 T 

: 
S 

: 

2.4 
: 

B 
: 

129: 5.6 : R 
T, 25 

: 

: 

ZIO W 
: 

.: 
14.4! .z ! w 

'T 

: 
26 : G S 6.2 B 

! 
14.2. - B 

'T 57 P S 1.2 B B 18.6 - - 

'T 26 
: s 5.1 Br Br : 1Z.2 '7.0 B 

'T 

: 
29 

: 

T 
: 

S 
: 
5.3 

: 

B 
: 

B 
: 

152: 6.9 
: 

R 

't 30 P S 5.3 VT W 12.3 6.3 W 

TI 31 
: 

T S 2.7 
: 

Bi B 12.3 - - 

'T 32 Q33.2W W 17.3 - - 

TI 33 G. S 2.4 1?1 W 16.9 7.7 R 

t? 34 P S 3.2 
: : 

1O.4 7.0 
: 

R 

T, 35 T S 
: 

1.3 B W 9.6 7.0 R 

36 : G S 3.8 : W : W : 13.9: 6.8 : R 

f 
37 : G : S : 5.6 : W : W : - : - : R 

38 
: 

G S 2.5 
: 

W 12.4; 7.2 R 

" : 39 f P 
f 

S 3.0 W W 
f 13.0 - R 

" :40 T 5 - B W f i1.7 6.6; R 
?T 

: 42. : P : 3 : w : 'Ti 

: 

6.6 R 
. . . . 

42 . P . S . 4.7 . Bi : W : 14.5. 7.5 : - 

43 : P : S : - : B : W ; 15.9; 7.0 ; R 

" :44 :G: S:1.4 : VI :'II :17.6; 6.4;- 
45 . G . S . 1.0 . B . J . 17.9. 8.0 . R 
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Group:Plant:PUb.KeelAWfl :Glume:Awn :G1urne:Seed.eed 

: : : 

mt.: 46 : P : S : - : B : B : 12.4: '7.7: R 

t, 
: 4'? : G : S : 6.4:: W : J : 15.9: '7.3. R 

t 46 P S 0.9 7 B 17 7.3 R 
t? 49 P S 1.3 'II N 11.8 - - 

Vt 5OTs- B1fB ]3.3:6.9:- 
T, 

: 
s 1.3 Br W 17.4 7.0 .7 

n 
: 52 T S 2.6 B W 16.6 8.1 : R 

t? 
: 

: 53 
: 

: G S 

: : 

:5.6 B 

:: 

:: B 14.o:7.o: 1.? 

:' . 

: 
54 T S 2.8 W 11.2 t R T, 

: 55 : : : : 
: 

n : 
: 

G S 0.9 : '.T : B 
: 
26.0 : 7.9 : R 

'T :56G3_ :Yi W 
'T 

5 G i S '78.9 : 

: : 

W : B 11.6 6.7 R 
: 

n 
: 58 

: 

: T S 6.O r 

' 

: 
B 

: 

]5.1 6.O R 
TI 

G 
: 

89.5 B B : 15.0 8.0 w 

60 G S 34.6 B B 11.7 6.2 R 

61 : G S 4].4 W W 11.56.O 
62 : G S 59.6 W B 14.1 7.0 - 

63 G : S :66.9 : R : w 14.3 : 7,0 : R 
64 

: 56.0: 
: 

: W 
: 

14.5 :8.5 R 
65: P S 4.6 W B 1O.O6.5: R 

66 : G S 9.O B B 16.4 5,7 R 
67 T: S :68.6R :W 10.0:6.0R 

u 68 G S 76.9 R B :13.7 6.8 R 

69 
: 57.3 Br W 11.9 : - R 

" 7o:G:s:41.3.7 W 
T? 

: 71 : T S 26.3 B B 14.7 
: - 



Group:Plant:Pub.:Keel:Awn :Gluine:Awn :Glume:Seed. :3ee 
:Tve:Length:Co1or:Co1or:Ieng. :]leng, :Color 

lut.: 
o 

72 : G : 

. . 

S : 52.6 : 

. s 

.7 : 

. 

V : 

e 

14.3: '7.1 : W 
. 

IT '73: T;3 - ; Br: W : - : - : - 

't ; 74; T;S :46.6; Br: W : 9,5: - : - 

I, 75 G S ; 46.5 ; B B 20.0: 8.6 : R 

t? 
i '76 i T : S : 50.9 : Bi B : 11.3: 7.7 : R 

't 
i 77 i G. : S : 66,2 - : W 14.0: 6.2 : R 

'T 
: 78 : T : S : 71.4 : B : B : 16.6: 6.7 : R 

t? . 79 G : 3 : 83.5 : - : - : 14.8: '7,6 : R 

Thi.: 80 : G : S : 80.8 : W : B : 17.4: 7.7 : R 

'V 81 . G . S . 49.2 : W . W . 17.8. 7.5 . R 

t? 
: 

. 

82 i G : 

e s 

S i 53.6 : 

. 

W : 

. 

i : 

. 

19.5: 
. 

6.3 : 

s 

R 

t, 
If 83: a:3 : - : B : B : -:6.7: R 

'T 84 : G ; S : 4'7.5 : VI ; Vi 19.2: 6.8 : R 

'T 65 i G S : 34.3 ; Vi : W 15.2: - : - 

't 
i 86 : G : S : 35.5 : W : W 17.0: 5.0 : R 

U 87 : G : S : - : Bi : VI : 18.9: 8.]. : R 

":88: G:3 :4.7: W: W :20.9: - : W 

" : 89 : T : $ : 1.]. : Bi : W : 22.2: 6.0 : R 

' 
: 90 : G : S : 1.2 : Bi : W ; 21.6: - : : 

: 

91 
: : 

: T : S : 1.0 : 

: 

Br : 

: 

Br : 16.3: 6.6 : VI 

" 
: 92; G:S : - : W : '1 :22.7:8.3: R 

" 
; 93 G : S : 1.0 : W : .i 21.0; 8.0 : R 

T' 94 G S 1.3 Br J 21.3. 7.8 R 

" 
: 95 : T : 

. 

3 : 2.6 : 

. 

Br : 

s 

Br : 16.1: 
s 

6.4 ; R 

: 96 : T : ; : 1.5 : Br : Br : 21.1: 5.9 : R 

97 : T : S : 1.4 ; Bi : W : 21.4; - ; R 
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Group:PlantPub:Keel:Awn :Glume:Awxi :Glume:Seed. :Seed. 

:TÌe:Length:Co1or:Uo1or:Len. :Leng. :Color 

Pol.;98 
. . . 

; - 
. 

;Br ;Br - ;6.6; R 

y, 
: 99 : G : S : 3.0 

: 

: Br : Br 
: : 

: 25.3: 6.6 : R 

t? G ; ; . ; R J ; 18.9: 7.0 : R 

TT G : S ; 5.0 ; W ; ; 21.4: 6.9 : R 

'V :102 G ; ; : W W : 17.8: 6.]. : R 

n G : S : 2.5 : Br : Y : 19.6: 6,7 : R 

T, :104 : G : S : 1.3 : W : 's'i : 17.4: 7.6 : W 

T? :105 i G S i 2.3 i W : W : 27.3: 6.1 : R 

I, :106 : G : S : 1.9 : Br : Br : 22.6: 7.6 : R 

'T ib? i G i S i 1.0 i N ; 15.Bi - i - 

Vul.].08 : G : S : 4.]. : Br : Br : 9.8: 6.4 ; R 

T, :109 i G : 3 : 1.3 : Br : Br : 9.8: 6.1 ; R 

T, :110 : G : : 2.7 : R W : 11.3: '7.0 : R 

" .111 P . D . 2.4 Br . Br . 10.1. 6.5 . R 

" .112 . G . S 0.8 . W . W 10.7. 6.5 . R 

' :113 : P : S : 1.8 : Br : Br : 9.9: 6.1 : R 

" :114 : G : S : 2.7 
. 

: - : - 
. 

: 10,7: 
e s 

6,9 ; R 
e 

" :115 :P : S : 7.3 : Br : Br : 10,3: '7.3 : R 

" :116 : G : S : 5.4 : W : '.1 : 10,0: 7,]. : R 

T? :117 : P : 3 : 2.0 : R : R : 12.0: 6.7 : R 

" :118 : G : D : 7.0 : W ; W : 10.5: 6.2 : R 

" :119 1 P : S : 0,2 : '11 : '7 : 8.9: - : - 

:120 : G : S : 1.4 : R ; R : 9,1: 7.1 : - 

" :121 :0; Si 0,9:W 
. 

W 
e 

:10,2: - : - 

" :122 : G : S : 11.2 : - : - 

. s 

: 8.9: 6.0 : R 
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Group:P1ant:Pub:.ee1:Awn :Glume:Awn :Glume:Seed:Seeò. 

: : 

:Length:Color:Color:Leng. :Leng:Color 

Pol.: 123 G ; : 1.3 : 'V : W : 10.8: - : - 

?1 124 G S 0.8 : - : - : '7.7: - : - 

T? 125 P ; ; : R : '.1 : 9.7: 5.3; - 

'T 126 P ; ; 69.2 : B B 9.3: 6.1: R 

T 127 P S 62.6 Br : Br : 11.4: 6.5: R 

DurU.m : 128 : G : S : 1.5 : I : N : 9.5: 6.1: - 
T! . . . e . . e 

e, 
: 129 : P : S .: 3.4 : R : 'il : 10.6: '7.0: R 

n 130:: T S ; 1.6 : Bi : '11 : 12.8: 6.0; R 

't 
: 131 : P : S : 1.3 : R : W : 11.2: - : - 

n 

. 

132 i P 
. 

i S 
e 

: 5.6 Br : 

. . 

Br : 9.3 
e e 

6.'7 
e 

R 

n 
: 133 : P : S : 1.3 . B . B : 11.5: 5,8: R 

T, 
: 134 : T : S : 4.0 : W : Y! : 11.9: 6.3: R 

T, 135 : T : S : 2.7 : - ; 
; 9.1: 5.7: R 

'T 
: 136 : P i D : '71.3 : W : B : 10.3: 6.4: W 

" : 137 i P : D : 2.5 
e 

W ; 

e e 

B : 9.3: 
. . 

- : R 

t? 
: 138 : P : S : 2.6 : R : B : 9.4: 4.6: li 

G 2.4 R 13.9 j 7.0: R 

" ; 140 : G : S : 79.4 R ; B : 9.9: 5.8: W 

" ; 141 : G ; ; 78.2 - - : 6.6: 5.0: j 

: 142 ; G 
e 

; S 
e 

: 70.7 
e 

; R ; 

. e 

B : 8.5: 
e e 

5.6: R 

Clubs : 143 : G : 3 : 5.4 : Br : W : 9.7: 6.6: R 

" : 144 : P : S : 1.2 : R : W : 8.5: - : - 

" :145:P: 5: 2.7: B : D : 9.3:6.5: R 

" : 146 : P : S : 1,2 : B : B 8.5; 5.3: W 

:147:P: D; 1.6: Br: Br: 8.3: -: - 
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Legend- 

P-Indicates pubescent 

G- glabrous 

T- trace of pubescerces 

sharp keel 

dull or vulgare type keel 

black color 

Bi- " blue-black 

Br- brown 

.2 tT red 

W- white 
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DESaRIPTIO:T O? 3 POPtJLTIO1. 

The F3 population reseib1ed the F2 excepting that 
no club type heads appeared. In the tv.o head rows grown 

froni clubbed heads, only long heads were produced. Some 

of the heads resemb1i durum were rore or loss inter- 
mediate ir. appearance between true durum and. spelt, and 

duruni and emmer types. This was more noticealilc in tue 
r3 than in the P2 generation. Plate i illustrates char- 
acteristic types of F3 segregations. In the top row is 
showii heads of the two parents, Marquis on the left d 

Cornwheat on the riht, with an Pl bead between. The 

middle row is of durum segregates and intermedite types 
ì;et;,eeri duruni and emmer, Lnd betvieen ciurm anc1 spelt. It 
will be noticed that the head. on the extreme right resem- 

bies erimer somewhat, while the third head from the ri:ht 
has the long internocles of the rachis characteristic of 

spelt. On the left of the Lottom row are two heads of 
vulgare type, the two on the right closely resemble polon- 

icum, while the middle two are intermediate to the two 

parent types. Only a few polonicum type plants have gluxnes 

as long as true polonicum. The papery condition of the 
glurnes of true polonicum seems to be entirely recovered 
iii a small number of P3 heads. The P3 population as a 

whole is characterised by a great multiplicity of forms 

which range from those closely resembling polonicum thru 
every gradation of intermediate to heads which to all 
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appearances are true vu1are. Aithouch a comparatively 

few heads closely approach the true polonicurn type a 

very great proportion di8tincly show polonicum charac- 

ters. A coiparatively small number of heads are dis- 

tinc1y vuire. The durum sererates make up a fairly 

1are croup. 
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CHACTS STUDLD. 

Detailed. data for the following seven head. charac- 
ters tiere taken from the parent and Fi materialS Rachis 

length, awn length, glume lenth, lera length, nwnber 

of seeds, nuin1er of internodes, and seed length. Detail- 
ed data viere taken from the P2 and P3 generations for the 
following twelve characters: pubescence, keel type, racilis 
length, awn length, gluine color, awn color, glurne length, 
lerzmia length, nunfuer of seeds, nunther of internocles, seed 
length, and seed color. 

The study of the inheritance of eight of these char- 
actera is presented in this thesis. They are pubescence, 
Iced type, wns, glunie color, awn color, glume length, 
seed length, and seed color. 

Detailed data covering the aiiove eight characters 
are included under "Description of Material". On account 
of its bulk, the corresponding data for the P3 generation 
has been omitted. However, liberal use of the P3 data has 
been made in the preparation of tables and in making inter- 
pretations. These data. may be found in the files of the 
Farm Crops Department, State College of .Vashington. 
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HOW TI DATA WR1 TAKEL 

All ir.easuremnents appearing in the data connected 

with this study are given in mull-meters. In deterinin- 
Ing awn length and. gluine length, five measurements were 

taken ranging from the base to the tip of the head. The 

length for glumes and avm as appearing in the data is the 

average of these five measurements. In the case of seed 
length all seeds in the head viere measured if the number 

was less than ten, otherwise ten representative seeds viere 

measured and the average determined. Heads with badly 
shriveled seeds were not used in determining seed length. 

In determining pubescence all plants with glumes ap- 
pearir.g velvety to the naked eye viere classed az pubescent. 
All others were examined with a hand lens. Those showing 

pubescence in this way were classed as having a trace of 
pubescence, nd those remaining, as glabrous. 
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REITIEVI OF LILIULTURE. 

ori pul.liehecl. accounts, it is evident tit 

Triticum polonicum seldom ho.s been used to cross with 

óther wheats. This is not surprisin considering its 

slight economic iiporto.nce. There is no record, to iy 

iowledge, of any crosses between varieties of T. polonicum. 

Percival (16) , in his mnnograph on the Theat 

Plant, gives a classification of T. polonidum containing 

twenty-three varieties. These varieties differ consider 

ably in a number of characters. Five glume colors occur; 

white, pale red, black, pale violet, nd blue-black. Both 

glabrous snd pubescent forms exist in both white and color- 

ed glumed varieties. The varieties also differ in length 

of 3WflS and color of awno. The avm colors listed are 

WThiite, black and le red. Other differing characters are 

head length, shape of head, compactness and seed color. 

In further discussing polonicum characters, Percival 

says t "anching of the ear is uncoion in T. polonicum, 

but occurs occasionally." He then sights the variety 

described in Seringe as one showing this 

charc ter. 

Investigators generally have attributed the inherit- 

ance of pubescence on the glume to a single factor. Biffen 

(2) found that pubescence is inherited as a dominant 

character in T. valgare d that it segregates in a 3:1 

ratio n tue P2 generation. In crosses between T.turgidum 
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and T. vulgare, he found that the dominance is irreLu1ar. 

None of the P]. plants were as pubescent s the turidum 

parent, while many appeared glabrous to the naked eye, 

and. showed pubescence only when a lens vzs used. None 

were perfectly labrous, however. In the P2 generation 

the plants segregated for approximately 3 pubescent to 

i glabrous. The Howarcis (li) have reported that there 

are tvio independently inherited factors for pubescence in 

Indian wheats. One causes a long pubescence, the other 

a short pubescence. When both factors are jì'esent a 

densely pubescent plant results. 

The glumes of vulgare varieties of wheat are char- 

acterized by a dull keel which often failo to extend en- 

tirely to their base. The glurnes of other cultivated 

wheats have sharp keels extending along the entire length 

of the glume. In a cross sighted by Biff en (2) the sharp 

keeled condition is dinant over that of the vulgare type 

¿ndthe F2 segregates in a 3:1 ratio. Sax and Gaines (18) 

report a cross in which the vulare type keel is dominant 

over sharp keel 

Some confusion has been casued by literature on the 

inheritance of awns owing to what might be termed tip- 

awned plants, generally being referred to as awniess. 

The majority of our so called. awniess wheats are of this 

class. Wheats occur which are completely awniess. 
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In the 7as1i±rton bulletin on "Inheritance in Vheat, 

Barley and Ot Hybrids", Gaines (o) makes the following 

distinction between "bearded" and '"oearcUess wheats: 

"In some wheats the upper end of the floral glume termin- 

ates in a needle-like awn hich varies in length from one 

to four inches. In othc2 wheats known as leardless, the 

floral glurne ends in a curved beak less than half an inch 

in length. In sorne beardless varieties, the beaks may as- 

subie awn-like appearances on the floral glumes near the 

apex of the spike and may reach a length of an inch or more." 

There is a marked fifference between truly awniess wheats 

and the "beardless" wheats described above. 

In wheat crosses made by Biffen (2), he obtained three 

awniess to one awned plant in the F2 generation. In recip- 

rocal crosses betweex a bearded vul-are and a beardless club 

Gaines (8) obtained Pl generations that had short avms d 

F2 generations segregating for awna to a 1:2:1 ration. 

The Howards, working with Indian whets, were the 
first investigators to ubl1sh a complete explanation of 

the inheritance of awns in wheat. This is set forth in two 

articles (n) and. (12) On the Inheritance of Soue Charac- 

ters in Wheat. These were published in 1912 and in 1915 

respectively. The first reported that the existance of 

two factors for bearding had been observed. In crosses be- 

tween fully awned and tip-awned varieties, the Pi was in- 

termediate, having short awns. The P2 generation produced 
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fully awned, intermediate, nd tip-awned in a 1:2:1 

ratio. Fu11' awned crossed with awnless (without tip awns 

or beaks) gave an Pl generation with tipawns and an F2 

consisting of' awniess, short tipped, long tipped, half 
aviiied, nearly full avrned and fully awned. Considering the 

tipped plants as awned, the ration was 15:1. 

In their second paper the Howards go into considerable 
detail on the inheritance of awn. In effect, their ei:- 

planation is that there are two independentl:i inherited 
factors either of which nay cause tip awne. One causes 
long tips, the other short tips. 7hen these factors occur 

together, they produce the fully awned condition. 'In the 

long tip plant the beards are only found near the tip of 

the ear, where one is often much longer than the rest. In 

the short tip plants, the beards are Llore or less the some 

length and are enera11y uniformly distributed over the 
upper two-thirds of the ear.". The short factor serves to 
distribute foundat.ons o bordina over the whole head and. 

t:ie long factor 3erves aS an intensified. These investiga- 
tions were carefully worked out in detail and were carried 
thru the P4 generation. 

1rriLgton (9) has reported work on the inheritance 
of awns in two wheat crosses that confirms the work of 
the Hoards, 

The inheritance of gluine color has been reported on 

by several workers. Biffen (2) found that in crosses 
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between red chaff and white chaff vulgare wheats, that 

red was inherited a simple dominant, there bing 3 

red to i white in the P2 generation. In rosses between 

grey chaff ed turgidum wheats and white chaffed vulgare 

varieties, grey was dominant, 'out the ¿iount of grey in 

the P]. varied with the cross. In crosses between T. 

polonicum and red chaffed wheats reported in a later 1aPer 

(3) the Pl plants had red glumes and the P2 I)rouced red 

and white glumed plants in the ratio of 3:1. 

In all crosses of red X white glumed wheats observed 

by the Howards (ii) the inheritance of glume color was due 

to a single factor. In the case of awn color, they report 

ratios approaching three black to one white. The develop- 

ment of awn color is probably affected by environment i1ore 

than that of glume color. Th many Indian wheats if pre- 

mature ripening takes place avm color is not developed0. 

The inheritance of gluiie length has very naturally 

attracted the attention of all those who have worked with 

crosse3 involving Titicum polcnicum. As yet no entirely 

satisfactory explanation of its mode of inheritance has 

been given. In a cross of Polish X Rivet (turgiduni) made 

by Elf f en (2) the Pi was intermediate for glume length 

and the P2 ranged fron short to long in such a manner that 

they v:ere difficult to classify off hand. Arranged in a 

curve, a 1:2:1 ratio was apparent. Caporn (4) has reported 
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work ou cross of T. polonicum X T. eloboni in which 

the Pl glurne length, while intermediate, rned frorxi 

glumes slightly 1oner thri eloboni to others a littiC 

shorter than the minimum polonicum glumeW. In the F2 

generation, while certain heads ,'ere clearly 1on or 

short glurned, there was a very large proportion which ver- 
ged on these extrexaes, as v;ell as those which were obvious- 
ly intermediate. When plotted the gluLle lengths produced 
a three peak ciurire inc1icatin homozygou shorts, homozyg- 

ous longs and heterozygous short-longs. There were 170 

F3 rows with a sufficient nuither of plants por rovi to per- 
mit accurate clssification These segregated to a 1:2:1 
ratio. 

In crosses of T. polonicum X T. durum and turgicium, 

Bakchouse (i) reports results for the i:Theritance of 
glume length that closely agree with those obtained by 

Biffen in his crosses of Polish X. Rivet. 
Engledow (7) obtained similar results in the cross 

Polish X Kubanka (durum). The F2 generation segregated 
for long, intermediate, and short in the ratio of 1:2:1. 
The longs and 0shorts" of the F2 aitho recognizably of 
the same form as the parente, different froLq them in 
mean glume-length. The average of the longs was reduced 
by 24.8 percent of the FO value. In the case of the F2 

shorts there was n increase over the parent shorts but 
it was smaller. This change or ttshiftt in the longs was 
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quite definite and cannot be explained by errors of ealup- 

lin, seasonal variation or any suoL cause. Tìe flshiftedW 

form of the longs bred true in the P3 generation. F3 seg- 

regates of parental type grown from the seed of F2 heterozy- 
gotes showed no evidence of any added t1shift. Likewise, 
there was no tendency toward. the restoration of the FO v.1- 
ues of mean glume length. 

Percival (16) states that in a natural cross, between 
T. polonicum and T. dicoccum he observed that the long and 
si.ort giLuned homozygotes were readily distiiiuishable from 
the intermediete h.eterozygotes,and. i: ccinnenting further, 
says, Wbut where the second parent is a durum or turgidum 
it is practically impossible to classify the P2 generation 
into three groups by eye inspection alone, since the ears 
obviously short-glumed and long-glumed are oìways connect- 
ed by a closely raduate1 series of internediates." 

A cross of T. polonicux.i X T. vulgare was obtained 
by Tschermak (20) in which the Fi plants had intermediate 
glume length. In the F2 generation polonicum, intermedi- 
ate and vulgare forms wefe obtained. The vulgare form 
had glumes omnewhat longer than those of the vulgare par- 

ent. In addition to the above forms, a small nwrfoer of 
new durwa forms appeared. Neither of the polonicum nor 
the vulgare forms in this or uubsequent generations were 
exactly like te parents of t.e cross. n'ora results ob- 
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tamed Tscherrnak explained the inheritance of long 

1umes in this cross on a basis of two main factors. His 

explanation was that po1onicu has two dominant factors 
for long glume and that durum carries a single one of these 
factors, while the recessive alle1oorphs of both these 
factors are carried 'by vulgare. This hypothesis, to :y 
knowledge, has not 'been proved or disproved. 

Percival (16) is of the opinion that Triticum Dolo- 

nicuiu represents a mutation of T. durum. He sits uany 

similarities between these species supporting his conclu- 
sion, and further says "I have seen occasional specimens 

of Indian durums with elongated gluaes suggestive of in- 
cipient polonicum, and Kornicke states that Schweinfurth 

sent him from Upper Egypt a transitior form between durum 

and po1onicum. He somewhat modifies the above conolusion 

by observing that, "the lax ear, long spikelet, ¿lumes 

and grain of 1'orasan wheat suggest a variation towards 

the production of a po1orum froni the pubescent-leaved 
dicoccoides or Indo-4thyssinian Jicoccum." 

In grain length, (Biffen (2) found no indication of the 
dominance of either the short or the long grain character 
in repiprocal crosses of Polish and Rivet wheats. The Fi 

grains corresponded in shape and color to those of the 

female parent. The F2 grain (Pi plants) proìuced 'by the 

reciprocal crosse: :ere identical. They were intermediate 
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between those of the parents. The F3 grins (F2 plants) 

seregtted. into short, interedicte, and. 1on in the ratio 

1.9.! 
J. .._ . J. 

Engleclow (7) has found that the inheritance of seed 

length in his Polish X Kubanka cross, to which reference has 

already been made, closely parallels that of glume length. 

In the F2 plants there was segregatiou of seed length for 

short, intermediate, and long in the ratio of 1:2:1. The 

shorts and the longs showed a "shift" simiL.r to that de- 

scribed for g1u1e length. That is, seed of the short seed- 

ed segregates were 1oner than those of vulgare, while those 

segregating for long seed had. shorter seed than polonicum. 

The study of the inheritance of red color in the 

seeds of wheat has presented comparatively few difficulties. 

Bjffei (a) in 1905 found that in vulgare crosses with which 

he was working that red seed. color was due to a single dom- 

inant factor. In studies 1nadê by Harrington ( 9 ) he found 

that "the ratio of red-seeded to white-seeded plants in the 

F2 approached 3:1 in some cases and 15:1 in others." 

Hayes and Robertso:i (io) found two factors for red seed 

color in Marquis and three factors in some other varieties. 

The Howards, (ii) found that red color of gain in Indian 

wheats is due to one, t.io or three independent factors. 

Each produces red coloration but the shade varies. The 

effect of these factors is cumulative. Gaines (8) has 

obtained similar results in crosses of American varieties. 
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The existailce of factors whicii may modify, or in 

some iìmtances entirely inhibit the expressïon of certain 
c.haracters has been (Iemonstratec3. in a coI1sidera1e number 

oÍ cases. On the whole they forni a croup of which little 
is kxown. Gaines (8) describes a parti.l suppreion of 

awning in a cross between a bearded vulgare wheat and a 

beardless club. In the bearded club segregates, the awns 

were about half as long as in the bearded vule Segre- 
gates. The classification of nericun wheat varieties 
issued by the United States Department of .!riculture (5) 

lists but one fully bearded club wheat. In this variety 
Mayview club, the awns are short like those in the bearded 
club segregates, described by Gaines. 

In reciprocal crosses of T. polonicum and T. turidum, 
Biffen (3) found ubcscent chaff only arong the segregates 
having short or intermediate glumes. The long glued sea- 
regates were practically glabrous. In these crosses all 
pinLs in the F2 and later generations had glurnes of a 

color indentical with that of the Polish parent. There 
was no segregation for the grey color o tue turgidum par- 
ent. Other colored wheats crossed with T. polonicwn gave 

different results. In these, segregatiou for color occureci 
in the generation, but color was confined to plants with 
short ai' interiediate glumes. Bhf en sights as other ex- 
amples of the suppression of characters an instance where 

two beardless wheats were crossed and produced in the F2, 

one bearded to three beardless plants, and another instance 
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in which white seed. appeared in the P2 ol' a croso of 

two red seeded wheats.. 
In crosses of T. polonicurn with T. cururn and. tu.rgiduxa, 

Bacithouse (i) found tbata'ìon the sho't 1wued segreates 
the ratio öl' juescent plants to L1abrous was 3:1. L'i the 

plants with interniediate glume-lengtii he obtained 85 felt- 
ed to 31 smooth. Among 56 long-glumed plants, the theoret- 
ical expectation of horaozygous longs, and. beginning at the 
extreme long end. of the curve, no "fe1ted glumes were 

found, the with a lens a short velvety pubescence could be 

seen on most. Selections of long-glumed segregates as 
glabrous as ibanka were made by the use of a hand len 
anl grown in the P3 to determine the pure longs. The 

latter were crossed with Ku'banka and other d.urums to see 
wqy if pubescence was in any/effected by the segregation of 

glume length. In the P2 generation some were all smooth 

while others gave 3 pubescent to i smooth nong the short 
glumed segregates, proving to the satisfaction of Backhouse 
that the long glume of polonicum inhibits pubescence. 

Engledow (7) reports observing that in a cross el' 

Polish X Kubanka a development of hairs far ore marked 
than that exhibited by either parent variety was found in 
certain of the F2 plLnts. These iñants were all of short 
glume type. Length of glunie appears in some manner to in- 
hibit the full delelopment of hairs. 

Pubescent segregates have occured in the progeny of 
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crosses ol' Kubanka X. B1uesteì. (vu1re) obtained at the 

Washington Experiment Station (21) 

The occurence of' abnornialities in the proeny of 

species crosses of wheat has been reported from time to 

time by various .orkers. Biffen (3) has reported that the 

F2 generation of crosses of Polish and Rivet wheat is 

'characterised 'oy the occurence of a bewilderinG, tho ev- 

idently definite, series of unexpected forms euch for in- 

stance as plants with briGht Grass creen instead of glac- 

ous foliage, with ears of the spelta ty)e, with branchinG 

ears, dwarfs, etc. 

Percival dexcribes the occurence of tno pikelets to 

a sInGle joint in the rachis. He mentions two ways in which 

they occur; first, the adventitious spikelet; beside and at 

riGht angles to the normal spikelet; and second, protruding 

froa the same joint of the rachis just beneath the normal 

spikelet. Coffman (6) mentions a like condition in what 

he terras lzupernumerary spikelets in Mindum wheat".Kajanus 

(13) describes the second type of extra spikelet mentioned 

by Parcival as occuring in a cross of T. lrulgare X T 

spelta. He reports it as behaving as a recessive. iTilseon- 

Leissner (15) has found both types of additional spikelets 

in the progeny of two crosses ol' T. Spelta and T. vulgare. 

The occurence of the additional spikelet at the side of the 

normal spikelet was rare; while the other type, in which the 

additional spikelet protrudes from the rachis beneath the 

normal spikelet. was found often in the two crosses. 
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He says "Increase of ear density ..nd improvement of nu- 

trition conditions result in an increasiu percentage of 

plants with additional spikelets as well as an increasing 

numier of these anomalies per ear. The character is re- 

cessive and probably due to several genes." 

Nileson-Leissner in the paper just referred to, de- 

scribes three other abnormalities occuring in his crosses. 

Instances occur where one or two flowers in one or several 

spikelets are replaced by whole spikelets. other type 

of abnormality is the "bifurcated rachis". In a third 

type, some of the spikelets are replaced by whole branches 

having up to seven spikelets. He finds that the appearance 

of this type is to a great extent due to the modifying in- 

fluce of environment. He concludes that it is probably 

recessive v.nrl dependent on several multiplo facors. 
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T I13-R ITT OP PU]SNE OIT GLU1S. 

Both cornv,heat nd Marquis have smooth chaff. om 

this we rnght reasonably expect the offspring of a cross 

between them to breed true for this character. However, 

plants of the Pl eneration bear heads having a very short 

fine pubescence and the F2 segregate for pubescent and 

glabrous glumes. 

Backhouse (i) and Biffen (3) each report crosses be- 

tween Triticum polonicum and T. turgidum in which this 

phenomenon occurs and where segregation for pubescent and 

glabrous chaff takes place in the P2 generation. Their 

explation is that T. polonicum carries a factor for 

pubescence, the expression of which is inhibited by the 

factor for 1on glumee as only short glumed segregates 

v;ere distinctly )ubescent. Polonicum likewise carries a 

factor for glume color which is similarly inhibited. 

In the Cnwheat X Marquis cross, the F2 generation 

segregated for pubescent, glabrous, and an intermediate type 

similar to the Pl. All apparently glabrous heads were ex- 

amined with a hand lens. i].y those which retained their 

glabrous appearance under the glass were classed glab- 

rous. Those heads which were plainly pubescent to the nak- 

ed eye were recorded as pubescent, while those in which the 

pubescence was determined by the aid of a lens viere recorded 

as having a trace of pubescence. All the latter would norm- 

ally be classed glabrous in the usual manner of ming 
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separations. According to the above separations, there 

were 78 glabrous heads, 35 pubescent heads, and 34 heads 

showing a trace of pubescence. If both the pubescent 

heads and those showing a trace of pubescence are classed 

as pubescent, we have 78 glabrous to 69 pubescent, or re- 

duced to its lowest terms, the ratio of 1.13:1. 

The following table shows the occurence of pubescence 

in the different groups segregating in the F2 generation: 

Table 6. 

Group Pubescent Trace Glabrous ITo. of plants. 

Polonicum O 5 23 28 

Intermediate 16 26 37 79 

1Tulgare 8 0 12 20 

Duruni 7 3 5 15 

D. Club 4 0 1 5 

Total 35 34 78 147 

This table illustrates the action of the inhibitor 

referred to above. Only five of the 28 polonicum Segre- 

gates showed iy truce of pubescence. At a casual glance 

these five heads all appeared to be glabrous but an ex- 
ination with a lens showed therd to have a truce of pubes- 

cence. Lvi none was the pubescence as noticeable as it was 

in the Pl. 

The vulgare and. club segregates, from all appeances, 
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were either distinctly pubescent or perfectly smooth. 

The dururn and intermediate groups segregated for all 

three classes, having heads that were distinctly pubesc- 

ent, other with only a trace of pubescence, and still 

others that \'zere complctely glabrous. The proportion in 

which these segregations occured was distinctly different 

in the two groups showing a decidedly greater tendency to- 

ward suppression of pubescence in the intermediate group 

than in the clurum group. 

The P3 plants were examined for pubescence in the same 

manner in which the P2 data for this character were taken. 

0f 623 plants of the F3 generation, llavín: pubescent glumes, 

3g? were distinctly pubescent 226 showed only a trace 

of pubescence, while 428 were glabrous. Grouping thd two 

types of pubescence, together gives 623 plants with pub 

escent glunies to 428 with glabrous glwí2es, or reduced to 

it9 lowest terms, the ratio becomes 1.45 pubescent to 1 

glabrous. The P3 plants were grovm in head rows, each row 

being the progeny of one head from an P2 plant. The heads 

for planting were selected entirely on the basis of fertil- 

ity as indicated by the number of gains they contained, 

With one or two exceptions, only seed froi:i heads having ten 

or more grains were p1nted. Beyond this there was no sel- 

ection, except Ior the inclusion of one or two highly ster- 

ile heads selected for a special purpose. 
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The following ta1e shows the distri'cution of the 

head. rows rL relation to the group segregations in the F2 

generations 
Table 7. 

t 
P2 Plants : F3 Kead Rows. 

s 

Group Pt.:Truce:31ab.; Total; io.Breed true :rek 
Pub.Trace.G1al: up. 

Polonicwn : O : 3 : . : 14 : O : O : i : 13 
s s s s s s s S s e s 

Intermed- ; : : : : : late, ; 8 : 15 : 10 : 33 : 2 : O : 5 : 26 

Vulgare ; 5 5 3 7 
: : : : 

Durui :2 o. ¿. 4.1:0 :0 3 
: 

Du:umClub;2 : O : C; 2 : 1:0 :0 : 1 

# One row ¿rowrl froi a pubescent P2., matured but a sinle pubescent plant. 
iUl F3 rowi producing more than a single plant cnd dea- 

cending from plants showing but a trace of pubescence, 
with a single exception, produced both pubescent and glab- 
roua. plants. One row, (No. 1744) produced fifteen plants, 
eight being distinctly pubescent and seven showing but a 

trace of pubescence. Not a single P2 plant showing but a 

trace of pubescence bred true to this character in the P3 

generation. 
At the tirîe I was working on the F2 data, it was suggest- 

ed that I was probably dealilig with two genetically distinct 
types of pubescence, such as have been peported by the iloviards 

(ii). The P3 data proves that in the Cornwheat X Marquis, 
cross both kinds of pubescence found ¿e due to an identical 
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factor or factors, and that ìeir difference is thE re- 

suit of the action of an inhibitor or inhibitors carried 

by pOlofllcUil. 

Laying ide the possibility that the heterozygous 

glabrous plants in the vuigare and duruin oups were wrongly 

described when the F2 data were t.ken, it seems likely that 

their appearance was clue to an inhibitor inherited from 

polonicum. ts none of these heads had long glumes, nor pro- 

duced long glumed progeny, it seems reasonable to conclude 

that the inhibitor for pubesceice is not the se as the fac- 
tor for long gluries, although closely linked. 
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IrnITAcE OP 1EL TY 

Oornwheat has narrow 1umes wii sharp keels reaching 
to thc base of the glunies. Marquis has broLder glurnes and 

dull keels. These often terminate above the base of the 

glume. In the Pl generation all lnts had narrow lwnes 

with sharp keels reaching to the se of the gluue. In the 
P2 generation there were 142 plants having sharp keels and 
5 with vulgare type keels, a ratio of 28.4 z 1. P3 head 
rows were ilnted from three of these five plants with vul- 
gare-like keels. In exíning the F3 mat?rial, it vías not- 
iced that the majority had sharp keels reaching to the 'oase 

of the glumas like thooe of Cornwheat. In sonie plants the 
upper part of the glune s narrow and sharp keeled but the 
lower part of the glurne was rounùed like that of vulgre. 
These were designated as intermediute when the F3 data were 
taken. In addition to the aiove classes a cc.nsiderLble nurn- 

Ijer of F3 plants had distinctly vulgare-like keels. The 

nuraber of plants segregating according to the above classes 
was 917 sharp, 67 intermediate, rni 65 vulgare-like. O the 
63 rows of P3 plants, 60 were crovm from F2 plants 'v.ith shp 
keels. Of these, 34 produced only sharp-keeled plants, while 
the others broke up in varying proportions as shown in Table 
8. Of the three rows grown from plants with dull keels, one 
bred true and tvo broke up. 

In the following table indicates sharp keels and 
AD" dull keels. 
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Ta1e 8. 

P3 Plants 
Row ITo P2 Keel Type S I D 

1705 S 8 0 0 
1706 S 13 1 0 

1707 S 5 3 1 
1708 s 26 0 1 
1709 S 19 1 1 
1710 3 7 2 0 
1711 3 10 0 0 
1712 3 7 1 1 
1713 S 16 1 2 
1714 S 2 7 
1715 S 20 3 2 
1716 S 31 0 0 
1717 S 11 0 0 
1718 S 26 2 1 
1719 s 25 0 0 
1720 S 38 0 0 
1721 S i o o 
1722. s 16 0 0 
1723 S 22 0 C 
1724 S 1 4 2 
1725 s 13 0 0 
172.6 S 20 1 2 
1727 S 12 0 0 
1728 S 17 0 0 
1729 s 3a O O 
1730 s 11 1 0 
1731 S 1 0 0 
1732 3 9 0 0 
1741 s 13 0 0 
1742 s 18 0 0 
1743 s 17 0 0 
1744 s 15 0 0 
1745 s 26 0 0 
1746 s 20 0 0 
1747 S 13 0 0 
1748 s 28 0 0 
1740 S lo o Q 
1750 S 31 1 0 
1751 3 31 0 0 
1752 S 20 0 0 
1753 5 7 0 0 
1754 S 22 0 0 
1735 S 19 0 0 
1756 3 14 0 0 
1757 3 5 0 0 



Thble 8 cont'd 

P3 11nts 
Roi ITo. P2 Keel Type S I D 
1758 S 3 3 0 -- 
1759 S 3 1 0 
1760 S 3 6 
1761 S Û 4 12 
1732 D 17 1 2 
1763 S 15 2 1 
1765 3 12 1 0 
1766 3 3 1 1 
1767 D 0 0 17 
1768 S 13 2 0 
1769 S 5 7 5 
1770 S 7 0 0 
1771 S 17 1 0 
1766 D 26 6 0 
1717 S 22 9 1 
1779 3 16 0 0 
1780 S 8 0 0 
1781 S 12 1 C 

45. 



46. IIUILflI ITAGE OP AVIKS. 

The averare length of £WflB in the Cornwheat parent 
in this cross was 105 man. The heads viere fully awned 

froii 'oase to tjJ of heaa. While Marquis is corinnonly class- 
ed as an oinless wheat it lias chart apical awne and sharp 
beaks on the sides of the head. Acia1 awus 10 mm. in 
length are not uncoiion. The average length of all beaks 
and apical awns in the Ltrquis parent was 2.8 mm. The Pl 
plants had noticably longer apical awns nd beaks thn the 
Marquis rent but exhibited a strong dominance of the 
awniess character. The extremes in averae avn lenth 
among the different Pl heads were 3.5 and 5.3 mm. The ay- 
ere for the whole Pl population was 4.1 mm. 

Table 3 shows entire range awn length for the 
Pl generation. 

The P2 generation (table s) produced 10G plants with 
heads having short beaks ¿uîd short apical awne similar to 
those of rquis, while -bree :1ants vere coìewhat inter- 
mediate with average avm lengths of 11.2, 11.4, and 12.6 
respectively. T'ne ratio is as nearly 3 awniess to i awned 
as could be expected in a population of' 147 lant3. How- 
ever, many of the awned F2 plants had awris decidedly short- 
er, ticker nc1 stiffer than the awns of the Cornwheat par- 
ent. The extreme awn length in the P2 generation vías 8.5]mn 
as againot an average of 105 in the Cornwheat parent. 

In the P3 generation all head rows grown from the fully 
awned plants bred true for thi character. 



¡ 

TI I1HITdT OP LtTh COLOR. 

Cornvtheat has very 1iLht strLw colored glu.es which 

are usuLily referred to as white. When crossed with white 

Llurned vulare wheat, the Pl have cclored luines and the 

P2 sereLte for colored (usually iiack) and white ¿lumes, 

(is) This indicates that the factor inhibiting pubescence 

or a similar factor, also inhibits the expression of' glume 

color. However, it is not s potent in it effect on the 

suppression ol' color as on the suppression o puoecence, 
for while the Fi of crosses between polonirnum and other 
glabrous wheats is only faintly pubescent, the Pl of oi;her 

crosses between polonicum and other white glumed wheats may 

be nearly black in color. It is evident than that the in- 
hi'oitor of glume color is effective only when in the homo- 

zyous condition, while the inhibitor of pubescence has a 

very ironounced effect when in the leroaygou condition. 
While Lrquis has glumes only slihtly darker then those 

of Cornwheat, the Pl plants have nearly black gluxnes with a 

ieculir snioky-blue cast. This bluish color h.s not been 

mentioned by other investigators as occuri:g in polonicum 

crosses. Percival (16) lists a sin1e polonicum variety 
of tììis colore The cause of this bluish color is very 
puazlin. As sug,ested earlier, it possibly is due to a 

very fine pubescence over a black glume, but this seems 

unlikely. This strane color persists to the third gener- 
ation. 
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In the F2 generation five different colors for giumes 

occur: black, brown, red, zhite and the above mentioned 

color. The following table shows the nuuber of plants of 
each occurin in the different ¿roups of sereates: 

Table 9. 

Group ¿LI.: Bluish: Br.: Red: Vhite: Not Class?f?d:Total 
PolonicuLl:l : 4 : : i t .4 z O : 2 
Internied. :22 t l. t 8 : 5 z 31 z 2 : 79 
1Julgare : i : O : 6 : 4 : 6 : 3 : 20 
Durum :1: 1:1:6: 4: a :15 Dur.Club2: O :2:005 

27 16 25 lZ 55 7 147 

Number colored - 80 
Number White - 55 

Iny heads were extremely difficult to classify for 
color. For instance, some gluries had a body color of brown 

or red with distinct black tripes or pplashed thru it. All 
heads with such lumes c1assec. as black. Then too, there 
viere all gradations of the bluish color from heads where the 
color was unmistakable to others where there was only a sug- 
estion ol' color. This fact zhculd be kept in mind when ex- 

aining the F3 data. 
In the F2. generation, the occurance of plants v.ith 

bluish glumes is, with one exceptiLn, confined to the in- 
termediate and polonicuni roups. As these groupings were 

made only on eueral appearances, and as all plants of the 
F2 eneration were to a greater or less extent intermed- 
iates when compared with the parent;, it seeis probable 
that these bluish plants are genetically black. They night 
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be either lieterozygotes for the black color factor, or 

heterozyotes in reference to the inhibitor for color, or 

may contain a siiile close of each factor. The fact that 

all Pl plants show tiis bluish color would indicate that 

the last is probably the true e::planation. This theory 

ia,_ supported by an examination of tue P3 data. Wiile there 

was a faint hint ol' this bluish color in a number of plits 

scattered thru the P3 population, in only one row did def- 

initely bluish heads occur. This row produced twenty-two 

plants, four of which had heads of a b1uis color which 

closely resembled Pl heads exceptin that one had distinc- 

tly longer luies than bere f oua in heads of Fi plants. 

The plant froLl which tii row was grown was from the inter- 

mediate croup and hd black glumes. None of the bluish 

glumed F2 plants produced F3 plants with bluish 1umes, 

the F3 progeny being identical with that of black clumed 

plants. 

The data show cley the correlation between the in- 

hibitor of color and the factor for long glumes in the pre- 

ponderance of white tlumed plants in rows grown from the 

P2 plants of the intermediate and polonicwn groups as com- 

pared with rows grown from plants of other groups. Of a 

total of 775 plants descended from the intermediate and 

polonicuni oups of the F2 generation, 535 have white giumes 

and only 240 have colored glumes. Reduced to its lowest 
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terms, the ratio for the offspring of the long-gluined P2 

is 2.23 with white glumes to i with colored glumes. nong 

the plants descended from groups distinguished by short 
gluines, there are 121 plants with white gli to 130 with 
colored glumes, a ratio of i : 1.07. There proìably is 
iinkae between the determiner for long glumes and the 

inhibitor of glu.me color but consideraLle crossing-over 
takes 

None of the F2 plants with colored giurnes bred true for 
glume color in the P3 eneratioH. Prom the way the date for 
the P 2 generation were taken, we could reasonably expect a 

considerable number of plants classed as bl.ck glumed to 
throw plants with brown or red glumes. This actually hap- 
pened. 

The manner of the classification of the F2 for glunïe 

color fails to exp1a: why plants with brovin or red glumes 

should produce offspring with black glumes. This also oc- 
cured. If the brown and red colors found are due to sep- 
arLte color fctor3, they are certainly recessive to black 
as there was nothiflg to indicate the presence of either of 

these colors in the Pl populatio. On the supposition that 
they are due to separate col.r factors, we could expect 
these colors to segregate for white but not for black. When 

we consider tMs irregular behavior of the glume colors in 
the generation, it seems likely tiìLt all glume color in this 
cross is due tc a single color factor d that the browns 
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and reds appearirg are due either to environnient1 condi- 
tions or other modifying factors. 
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I1URITA OF I COLOR. 

In cornwheat, both black and white av:ns occur. T1e 

apical awns of rquis are a'oout the color of the 1umes. 

The Fi licads have short avine near tue tips soinevthat 

1oner than the apical awns of Lrquis. About the same 

irreuiarity in color is found in theii as occurs in the 
awns of cornviheat. ?ie P2 generation shows . aeregation 
for awn color in the proportion of 1.25 colored to 1 white 
in plants with awns more than 10 rmi. long. The colors black, 
bro'rn, red nd white, occur. The range of color is the same 

as that in the glumes e'.cepting tìt there is no hint of the 
bluish color that is so noticeable on the glurrles. 

n color behaves in the F3 generation very similarly 
to giurie color except that there is a larger proportion 
of the whites that breed true. 
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TIlE I1IT OF GLtTh LENGTH. 

The average glume length of the Cornwheat parent was 

27 mm. an'i of the Marquis parent 7.8 mm. The L1uLe length 
of the Pl plants ranged from 11 to 13 mm., the average be- 
ing 12.03 mm. This is 5.37 mm. less than a true inter- 
mediate and 4.23 mm, greater than the mean of the short 
parent. 

In crosses of Triticurn polonicum X T. duruni. and. tur- 

gidum, Bckhouse (i) o'otained Pl gnnerations .:ith a glurne 
every closely approaching a true intermediate. The Pl 
data in the Cornwheat X rquis cross indicates th;.t the 
factors controlling glume length in vulgare behave dif- 

ferently from those co:ritrolling glume length in durum and 
turgi dwn. 

Glume length in the P2 generation ranged from an 
average of 7.7.mm. for the head. having the shortest glumes 
to an average of 27.3 mm. for the longest alumed head. 
The plant with a glume length of 7.7. xn. was the only 
plant having glumes as short a the average glume length 
of the Lrqui parent. Similarly, only one plant had 
glumes averaging as long as the average of the Oornwheat 
parent. 

While there was F2 segregation for short, intermedi- 
ate, and. long glumes, the heads from their appearance 
could not be arranged into these three classes due to a 
large number of intermediates bordering on the short or 
he long. 



F1ure 1 

F2 31'irne Length 

7 9 II l 15 17 19 21 25 7 
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The curve shown in Figure (i) represents the seg- 

reation of glume length in the P2 population. It sug- 
ests a short, an intermediate, and a long class. How- 

ever, the short and the long classes do not coincide with 
the glume length of the Marquis and Oornwheat parents. 
Each class shows a shift toward the intermediate. 

This curve is interesting when compared with the Pl 
glume length of 12 nun. It iill be noticed that the high- 
est peak in the curve does not occur as might be expected 
at the class corresponding to the average Pl glu.iae length 
but t the next lower class. This is probably due to an 

overlpp1ng of classes 'vhich causes a piling up effect at 
this prt of the curve. The curve also suggests a part- 
ial dominance of the short gluine factor or factors. How- 

ever, in considering dominance as indicated in tills fig- 
ure, or in considering any other data pertaining to this 
cross, due allowance must be made for the difference in 
fertility between the parents, and the h1ii degree of 
teri1ity in intermediate hybris, The calculated fer- 

tility of Cornwheat ws only 46.6 per cent while tht of 
Marquis was 87.8 per cent. 

The range of glume length in the F3 generation was 

even greater than that occuring in the P2. The extremes 
in the average glume length per head were 6.6 and 33.4 ai. 
Arranged in classes according to the parent group in the 
P2, the F3 generation shows the following variations: 
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P2 group tIo.of s F3 Extremes: Vbrtion 
:rows : mm. : mm. 

s 
. 

Intermec1ite : 33 
s 

t7.0 to 
s 

28.8 : 21.8 

Polonicu.in s 14 :8,6 to 
: 

33.4 : 24.8 

Vulgre : 10 :6.6 to 14.2 : 7.6 
Duruin : 4 :7.8 to 11.8 : 4.0 
Duruiri Club s 2 

: 

¡8.2 to 11.2 : 3.0 

It will 1e noted. that the extremes oí t1e plants in 
rows descended from the polonicum searegtes are more 

widely separated than those descended from any other 
croup. However, an exninat ion of the F3 data shows that 
on the whole, these ro;s are far more regular for :1ume 

length than those descended from intermediate plants. 
While the intermediate group is the most variable, all 
groups show a decided tendency to break up for glume 

length. 

Table 11 is bade up froia selected groups of F3 head 
rows arr.nged for studying the inheritance of glunie length 
in respect to that of the F2 parent. The first group is 
composed of rows descended from short glumed F2 plants. 
The next group is descended from plants having an inter- 
mediate glurne length. The last group is composed of the 

offspring of long glumed P2 plants. In selecting these 
groups, allowance has been made for the shift in the short 
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and. long classes a. indicated by the curve shown in Fig- 

ure 1. In 1nakin{ up the intermediate group, plants on 

the border line of the s1ort or the long groups viere el- 

iminated. 

Table 11. 

Row. No. t iTo of :F2 :P3 extremes z Variation 
z pl.nts:Glume : T2it : mm. 

Length: : 

172Z 
: 

22 
. 

: 0.6 
z 

: 8.2-10,2 : 11.0 
z : 

¡ 

1760 s 13 ¡ 9.3 : 7.0-9.4 ¡ 

z 
: 1761 ¡ 16 : 9.8 : 7.6-14.3 67 

1763 
¡ 

¡ 18 
. 

g g9 
. 

7.8-lO,.8 
z 

z 3.0 

1768 
: 

: 15 
. . 

; F3,9 
e 

z 8.2-10r2 : 2.0 

176g 
. 

: 17 
: 

¡ 9.3 
; 

: 8.2-10.6 
: 

z 2.4 

1777 : 32 
¡: 

: 9.9 : 6.2-11.2 
z 

: 3.0 

1779 
z 

: 15 t 8.5 
: 

; 8.0-10,6 
s 
s 

: 2.6 

1780 
s 
s 

¡ 8 
¡ 

: 9.3 
z 

8.4-10-8 : 2.4 

1781 
z 

13 

. 

: 8.5 z 8.2-11.2 

s 
e 

: 3.0 

1705 
z 

¡ 3 
s 

14.1 
. 

; 14.4-25.8 
z 

: 11.4 

1707 ¡ 
. 12,5 

¡ 

; S.O-l3v4 
¡ 

¡ 

1708 ¡ 12.3 z 7.4-18.6 ¡ 11.2 
¡ 

1709 : 21 : 14,9 : 10.0-22.6 z 12,6 

1710 9 12.5 
: 

¡ 9.2-15.8 ¡ C.0 

1711 10 14.1 : 10,0-18,8 
: 

: 8.8 

1712. 9 ¡. 13.6 
e 

: 9.2-23,6 z 14.4 

1713 t 19 
z 

: 13,2 8.4-25.2 : 16.8 
¡ ¡ s 

1714 : 13 : 12.7 : 10.2-21.8 ¡ 11.6 
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Row No.iTo oÍï : F3 Extremes i Variation 
tplants:lunie t mm : mm 
. :Lenths _____________ ______ 

1716 
. 

31 : 13.1 

. 

8.6-21.8 : 13.2 
. 

: : 

1717 
: 13.9 * 0.2-20.0 10.8 

1718 
4 

29 

e 

. 

13.5 
s 

z 8.0-21.8 
. 

: 

t 13.8 

1719 25 
. 

: 2.O 
s 

: 9,8-25.4 
s 

t 15.6 
g : : 

s 

1724 8 : 13.9 : 9.4-21.8 : 12.4 
. . 

. 
. 
. 

-s 

1725 18 : 12,4 :11.5-21,8 
.5 

: 10.3 
: g t. 

1727 12 : 14.5 t 9.0-25.6 : 16.6 
z : t 

1729 33 12.4 : 7.0-14.6 : 7.6 
: Z : 

1743 : 17 .: 14.0 z 8.8-20.6 : 11.8 
. g . 

g 

1745 : 

s 

26 : 

s 

14.8 ::8.4-24.4 g 

1715 
s 

¡ 25 
s 

: 15,1 
g 

: 8.4-22,2 
e 

: 13.8 

1720 
g 

3d 
¡ 

: 15.2 
: 

: 8.2-20,0 

. 
s 

: 11.8 
& g g 

1728 i 17 : 17.9 : 7.8-25,4 g 

i t z 
s 

1730 12 ¡ 13.7 ¡11.6-3C, : 19.OE 
z z 

1732 9 : 16,6 : 9.0-21.6 z 12.6 
z : z 0 

1744 g 15 : 16.8 :10.6-24.2 z 13.6 
s 

¡ z z 

1745 : 20 z 17,8 :13.0-22.8 z 

1748 
¡ 

28 
z 

z 18,9 

0 

z 9.2-25.0 : 15.8 
s L 

1750 32 : 16.3 z 9.2-33.4 : 24.2 
. e 

1753 7 : 16.1 :10.8-20,4 : 9.6 

1755 10 
s 

g 18.9 ¡ 8.6-22.8 

s 
. 

: 14.2 
z 

1757 5 17,8 :18,6-28,6 : 10.0 

1758 6 
: 

¡ 17.4 
g 

:11.0-17.6 
: 

z 6.6 
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Ta'ole 11 cont'd 

ow ll.: No.of :F2 : F3 3xtremes ; Variation 
::plants:Glu1ue ¡ : min 
: :Lenth: : 

¡ : : 

1749 : 10 : 22,2 : 15.6-29. 13.2 
1751 : 31 

¡ 

: 22.7 
: 

: 

I 

11,8-25.8 ¡ 

I 

14.0 
1752 g 20 : 21.0 

I 

. 

¡ 9.8-22.0 
s 

: 12.2 
1754 23 25.3 18.0-28,0 10.0 
1756 z 14 

t 
21.4 

: 

z 19,2-25,2 
z 

6.0 t z t 

1759 s 4 27,3 z 19,4-22.2 z 2.8 

Table 11 may be iiterpreted similarly to Table 10. 
Here again, all classes have a well determined irreu1ar- 
ity in the inheritance of glume length. Certai rows in 
the short and in the long groups are possibly hoanozygous, 
but the amount of variation is sufficient to nice tuis 
doubtful. It can be definitely determined only by the 
growin of an F4 generation. 

There is a decided difference in the way the F3 
groups break up. The short group segreLtes for short 
and intermediate glume length, while the long glumed 
group segregates for intermediate ¿md long glumes. In 
the case of rovi 1752 there is evidence of a segregation 
for short, intermediate and 1on. Hotever, if we com- 

pare it with row 1723, we find that the plant having 
the shortest glumes has longer g1u.ies than the plant 
from nichIDw 1723 was grown. This 1uter plant was 
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plainly heterozyous for 1wne lenath. All rows belons- 

Ing to the intermediate group were clearly heterozygous. 

Three kicis of seregations occur in the intermediate 

croup; first, short, intermediate, and long; second, short, 

and intermediate; and third, intermediate and. long. 

This manner of segregation in the intermediate group, 

and considering tue ±'act that no clearly defined homo- 

zygous short or long vîas obtained in the F2pulation of 

147 plants, clearly points toward a multiple factor inheri- 

tance of glume length. 



ImR ITT OF ED LTGTH 60. 

TiLe o1onicum species lias longer seeds than any other 

species of wheat. The average seed length of the Corn- 

wheat parent in this cross wo.s 10 nim. The detailed data 

for Corn'sheat parent viere lost, so the extemes of seed 

1enth in this parent are not known. ?.rcuio s a medi- 

um small, short seed. The minimum average seed length 

for the Irquis parent was 5.1 , the maximum 5.6 min., 

and the ierae was 5,5.min. Due to the condition of ie 

material, only five p1nts of the Lrquis parent could 

be analyzed. HELC'L a greater number been available, a 

somewhat reater ranGe in seed length mirht have been 

found. However, the head material of each parent was 

typical of the variety to which it belongs. 

The Pl plants viere intermediate for seed 1enth, 
but there was evidence of a :rtial dominance o' the 

short seed. cLaracter as the Pl seed length fluctuated 
around a mean of 6,7 mm. or 1.05 mm. less than a true 
intermediate. The average seed length of the Pl plants 
ranged from 6.1mm to 7.2mm. The shape of the seed was 

somewhat intermediate but was a closer approach to that 
of Ccrnwiieat than to that of rquis. 

The seed of the P2 plants segregated for short, in- 

termediate, and long. They were of every gradation in 

length so that they gould not be grouped from their ap- 

pearance into these three classes. Consequently, a 
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curve was prepared to show the number of P2 heads occur- 

Ing In each of nine arbitrary classed having a range of 

5 nmi. in each class. Figure (2) shows this curve to- 
gether with indications for tue seed lengt. of the par- 

ents, airl the mean of the Fi. Tìis figure shows that 
there aere no plants in the F2 generation with an average 

seed length as great as that of the Cornwheat parent, 
while four plants had an average seed length below the 

minimum average seed length of the LTarquis parent. The 

data show a shift for the whole F2 population tov:arci a 

seed length less than that to be logically expected. The 

lengths of the extremes and the mean are approximately 

i mm. less than the expected. Engledow (7) describes 
a similar shifting for both seed length and glane length 
in a Potish X. Kubanka cross. 

The time at my disposal has not permitted of a de- 

tailed exinatior of he P3 data In regard to the in- 

heritance of seed i i: . However , the examination made 

shows thd.t the rows cescended from plants included in the 
F2 groups classed as vulgare, duran, and durum club, ex- 

hfuit a greater uniformity in seed length than those rows 

descended from the intermediate and lolonicun groups. Pew 

rows from any group exhibited uniformity oi' seed length 
closely approaahing that of the L.rquis parent. 

In considering the behavior of P3 rows in connection 
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with the F2 groups fro which they were descended, it 

might Le v;ell to call attentioïi to the fact that the F2 

plants were classified according to general appearance. 

Of course, the seed lengths had not been determined then. 

The following table shows in a general way the be- 

havior of the F3 generation in regard to seed lengthz 

Table 12. 

F2 Group : No. of : xtreme Lengths :Variation - 
: rows. : 

Internieaiate : 33 : 5.-9.O : 3.8 
Polonicuii : 14 : 5.4-6.8 : 3.4 
Vulgare : 10 : 4.8-7.4 : 2.6 
Durum 4 : 5.6-7.6 : 2.0 
Duruia Club g 2 : 5.4-7.6 : 2.2 

The extremes in length the F3 generation ere the 

same as those for the F2 generation. There was no indic- 

atlon of any tendency toward the recuvery of the seed 

length of the Cornwheat parent. 
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IITRITANCE OP SEED COLOR 

Cornwheat has seeds of a hard, horny texture and of 

a light amber color. But for their horny texture the seed 

would appear white. It is reasonably safe to conclude that 

they are genetically white as all hard white wheats appear 

somewhat darker in color than the soft white wheats. Larquis 

has hard seeds of a decided red color. The seeds of the Pl 

generation of plants (P2 seed generation) were all of a red 

amber color. 1ro segregation of color accured in this genera- 

tion. 

In the P2 plant generation the seeds segregared into 

red and white. flue to sterility, only 120 o± the 147 12 

plants could be classified for seed color. Of these, 104 

produced red and 16 produced white seed. Reduced to it 

lowest terms we have the ratio 6.5: 1 WIth two exceptions 

the plants classed as white seeded in the P2 bred true for 

this character in the P3 generation. These two plants had 

seed with horny, transulucent enciorsperm which is often dif- 

ficult to accurately classify for color. Allowing for these 

two mistakes in assifying gives us an F2 ratio of '7.57 red 

: 1 white, Many previous crosses of Marquis with white wheat 

have consistently produced P2 genorations that segregated in 

the ratio of 15 red to 1 white. Twenty-seven plants classed 

as red in the F2 bred. true in the P3 generation. Allowing 

for the two mistakes in classification noted above, nly 26 

F2 heads produced P3 rows showing segregation of rea. seeded 
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and white seeded plants. Hayes ana obertson (10) credit 

Marquis with two 1ndepenent factors ±'or seed color. A 

cross between Bluestem, a white wheat, and Cornwheat made 

at the ',7ashington .xperiment Station (19) failed to show 

aiiy factor for red seed color in ornwheat. The segregation 

taken by themselves in neither the F2 nor the F3 generations 

explain the inheritance of seed color on either a one or a 

two factor basis. In view of the fact that the seed. belons 

to a different generation from the plant which bears it, it 

might be well to call attention to the fact that seed color 

and seed length segregate according to the generation which 

bears the seed. 
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Lfl1XA TWEI GLU1. COLOR 

AIW AV1T COLOR 

Indications of linkae between 1uine color and ¿vn 

color were first iobiced at the time the P2 data viere 

taken. The f ollowin table showo the combinations found 

in the P2 generation nd the frequency with which they 

occur. 

Table 13. 

G1ue Color &idÁvm Color in the F2 Genero.tion 
¡ z z Gluaes 

G1u.iie & : GluLies cclorecig Glumes Vlhiteg and awns 
colored ; Awns White ¡ Av;ns colored: white 

45 39 9 46 

On the basis of single independent factors for 
lume color nd awn color, the theoretical ratio for the 

above four clase is 0:3:3:1. In consic1erin the results 
shown in Table 13, allowance must be :ìade for inhibitors 
nd the effect of environment. It is probb1e that some 

of the plants with colored lurnes and white awns carried 
factors for coloroJ awns which failed to find expression. 

It is also probable that the effect of inhibitors is 
greatest in P3 ravis descended from intermediate br polo- 
nicun: type plants. Por this reasor: rows 'roiín fro. the 
shorter lumed plants viere used in making an analysis of 

linkage in the P3 generation. In a further atteiipt to 

avoid, as far as possible, the effect of the inhibitor of 

¿1uie cclor, only rows grown fron plants having colored 
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glumes and co1orc awns have been used. TLble ir s'nows 

the behavior of these P3 rows: 

Table 14. 

G1wie Color and. Awn Color in the P3 generation. 
- 

: s : :Plants with 
Row lTo:Plants viith:Plants witii :Plants with :white glumee :co1.1wnes :col.glurnes :vihito 1uìes: and 

¡& Col.awns :& white awns : col.avrns :hite awne 
: 

: s 
126C : 8 s O : O ¡ 3 

1763. 
s 

2 0 

: 

: 2 
: 

: O : 12 
s : : ¡ 

1762 s 10 : O : O : 
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; B 
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: O : 7 
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9 

3 
0 

O : Q s 2 

1769 
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12 
» 

i . i s 1 

1770 : i 
s 

; 1 
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: O 
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: 4 

iT?? 
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: 8 
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O 
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: 12 : 12 
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1779 li i : O . 4 
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: i 
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: O ; O 
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g 

3 
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t 

; 2 
. 

: 

. 

i 
s 

s 

. 

3 

s 

75 

_, 

11 
I 

14 56 

it is likely that a number of the plants havij 
white :1umes nd white awne carry a factor for 1ume col- 
or and L.iso the inhibitor. obab1y too, sorne carrr a 
factor for vn color that hs failed to find. expression. 
The P2. and P3 data furnish deciú.ed indication of linkae 
Letwee iw color and awn color 1ut the effect of the 
inhibitor of lume color arid of environment on awn color 
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rect1y increaces the difficulty of sdyin the rela- 
tionship. oci over occurs, but the er cent ol' 

cases in which. it takes place is difficult to determine. 
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GE1ERA1 DISCTJ3S ION 

The Ef±ects of' Difference Chromosome 

1umber in the Parents. 

AccordJng to Liliara (14), the genus riticum, to 

which all cultivated wheats belong, may e 9ivided into 

three groups according to chromosome number: (1) The i1n- 

korn group with seven haploid chromosomes; (2) the .rraner 

group with 14; and. (3) the 3pe1t group with 21. Under this 

classification (Jornwheat falls in the second. group and Mar- 

(luis Ifl the thir3. Crosses between species within a group 

have generally proved comparatively fertile, while crosses 

between species of' different groups produce hl plants that 

are partially or, in some cases, completly sterile. 

in the (Jornwheat Marquis cross under discussion, the 

calculated sterility of' the l plants was 67.6 percent. In 

the ?2 generation all degrees of' sterility, from plants 

that were as fertile as either parent to others that v;ere 

completely sterile, occured. 

Uytological investigations have to some extent ex- 

plained why hybrids of species of Triticum differing in 

their chromosome numbers are more sterile than those of sim- 

llar species in which the chromosome numbers are eaual. In 

the case of crosses betv?en wheats of the mmer and the 

Spelt groups, the one contributes 14 and the other 21 chrom- 

osomes. The resulting hybrid plant therefore has 35 chrom- 

osornes in somatic number. 1ihara (14) has shown that in the 
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rethiction division of such a hybrid. there are 14 bival- 
ents. The bivalents segregate normally but the 7 univa- 

lents lag behind traveling later to the equatorial plate 
of the heterotypic spindle where they split longitudinally 
and the halves travel to the poles. In the homotypic div- 

isicn the univalents separate at ranCom to opposite poles. 
One or more may fail to reach a pole and be left outside 

the daughter nucleus. 

The result of this sort of reduction is that the egg 

cells and pollen cells contain varying numbers of chromo- 

sornes from 14 to 21. Sax (17) states that probably only 

those male gametes with multiples of 7 survive. Thether 

or not this is the correct explanation, it is well hnov,n 

that plants with intermediate chromosome numbers are rapid- 
ly eliminated. Cytological work in connection with this 
study has shown that in the P3 generation of the Cornwheat 

X Larquis cross most of the segregates for intermediate 
chromosome number had been eliminated.. The great majority 
of P3 plants had 14 haploiö. chromosomes, while a very few 

had 21. 

The effect of a conition of this kind upon Lelian 
ratios is not tI1ff1ult to see. If a factor for a character 
introduced by the Marquis parent happened to be located in 
one of the chromosomes pairing viith those of Coniwbeat, 

other things being equal, no interference with normal ratios 
would occur. On the other hand, if the factor viere located 
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in one of the group of seven which tenas to e eliminated, 

the expected Mendelian ratior would not appear. This cori- 

Ution actually occurs in the cross Cornwheat X Marquis. 

. 
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T} INIRITA1TCE OP CIIA.RACTERS 

In the work on inheritance of characters in this 

cross, the posible effect that differing chromosome num- 

bers in the parents might have on normal Sende1ian Segre- 

gation must be taken into account. This explains why a 

greater use hs not been made of Mendelian ratios in the 

data and interpretations appearing in this thesis. Ac- 

count must also be taken of the action of inhibitors on 

two of the characters, and of the effect of environment 

on certain other characters. 

PUBESCENCE--Biffen (2) has shown that the inheritance of 

pubescence in certain vulgare wheats is due to a single 

factor. The &wards (11) have found two independent fac- 

tors to be involved in some of their crosses. Biffen 

(3) and Backhouse (1) have shown that certain polonicum 

varieties carry a factor for pubescence, the expression 

of which is irthibited. 

Evidence has been found in the Cornwheat X Marquis, to 

indicate that Cornwehat probably carries multiple factors 

for pubescence as well as a factor inhibiting pubescence. 

'1orking upon the assuntion of a single factor for pubes- 

cence and a single inhibitor, the expected ration of glab- 

rous to pubescent in the .k?2 generation i 1: 1.4. This is 

practically the reverse of the ratio actually obtained which 

is 1.13 :1. The following hypothesis, while not entirely 
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satisfactory, seems to 1e a tar better explanation than 

the one advanced above: Cornwheat carries two dominant 

factors for pubescence PP and. P'P'. To ìe effective, 

both of these factors must be preient, either in the homo- 

zygous or the heterozygous condition. Cornwheat also car- 

ries the inhibitor, II. This factor vihen in the homozyg 

ous condition, entirely prevents the expression of the 

factors for pubescence. In the heterozygous con3ition it 

acts as a modifier lessening the amount of pubescence. 

!arquis carries rece:isive allellomorphs for all three fac- 

tors. Accordim to this hypotyi, the genetic formula of 

Cornwheat is PP, P'P', II. That of Marquis, pp,p'p',ii. 

Using this hypothesis, the theoretical ration of glabrous 

to pubescent in the F2 generation is l.Z'7:l. 

The difference between the theoretical ration and the 

actual F2 ratio is wider than we would expect if the above 

theory offers a correct explanation of the inheritance of 

pubescence in Cornwheat. owever, considering the condi- 

tions of the experiment, it offers a plausible explana- 

tion. 

IELED GLUS---In this cross the sharp keels of Cornwheat 

are dominant over the rounded keels of Marquis. The inher- 

itance of this character is apparently due to multiple fac- 

tors. It is probably complicated by the action of modifiei 

as tlìe 2 ratio of 26.4 sharp to i dull is far from being 
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either a typical two factor, or a three factor ratio1 io 

hrpothesis was workeì out that would account for this manner 

of segre'ation. he location of the factor for vulgare 

keel in one of the "vulgare group" of chromosomes could 

account for this type of segregation. 

AWIS---The F2 generation ofthis cross segregared for heard- 

less and 'oearded pints in the ratio of 3:1. The beardless 

plants were typical of the class described as "tip-awned" 

by the Howars (12). It i evjjent that Marquis carries a 

single factor for awns and that Cornwheat carries two. The 

awneö. segregates in the P2 generation had noticeably short- 

er, thicker ani stiffer awns than the Cornwheat parent. In 

general, the long glumed plants had weaker avms that the 

short glunied plants. This was particularly notleable in 
P3 material. 

GLUM COLOR---Cornwheat and Marquis both have the light 
straw colored. glumes characteristic of white glumed wheats 

in The 1 plants have peculiar blue-black glumes. 

Color is undoubtedly introduced by Uornwheat, as the hy- 

brids of Marquis with other white-glurned wheats have not 

shown this character. further evience of the source of 

the color is foun9 in a .Bluestem T Cornwheat cross ¿escri- 
bed by the writer (19) which shows this phenomenon. Bif- 

fen (3) ana t$ackhouse (1) have also shown that Polish 

Nheat carries a factor for black glumes and an inhibitor 
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of' glume color. i'2 plants show a puzzling array of col- 
or; black, blue-black, brown, an red. as well as the nor- 
mal white characteristics o both parents. There is a de- 

cied ten6ency for the blue-black color to disappear in 
the Z generation, and the browns and reds do not segre- 

gate according to Mendelian expectation. This behavior 

suggests that there is present an inherited factor or 

factors for but one color. According: to this hypothesis, 

all the coloid plants are genetically black. The Howards 

(11) and Caporn 14) have shown that the development of 

color, in some cases, depends partially upon environmental 

factors. In tJls case, it seems likely that the browns and 

reds are plants in which color is but partially developed. 

'orking upon the hypothesis of a single factor for 
glume-color and a single inhibitor gives us an expected 

.2 ratio of i white to 1.4 colored. The actual .&2 segrega- 

tion in this cross was 55 plants with w}ite and 85 with 
colored giumes. neducted to its lowest terms the ratio is 
1:1.5. The evidence against the correctness of the hypoth- 

esis is the fact that Pl plants grown the same year under 

the same conditions all had blue-black glumes. 

COLOR---Cornwheat is classified as black awned variety 
aitho in the parent n.teria1 used in this cross the expre- 

ssion of this character was irreaular. 3orne haads had. 

black avrns while others had white. In. other heads there 
was a partial cIeve1opxent of a:n color. Observation of 
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Cornwheat in the field shows that this irregularity occurs 

between heads on the same plant as well as 1)etween plants. 

The fact that fully black avine are the rule shows that 

there is no inherited inhibitor for awn color and there is 

for glume color. The apical awns of Earquis vrheat are 

sufficiently lon. to make color evident if a factor for 

lt were carried by the variety. These awns are about the 

same color as that of the glumes. 

The Howards (11) found that the inlìeritance of awn 

color in Indian wheats was due to a sin-le factor but that 

its expression vias controlled to some extent by environ- 

mental conditions. Considering the effect of environment, 

the F2 ratio of 1.25 colored to i white obtained in this 

cross seems to indicate that the inheritance of glume color 

in Cornwheat may be on a similar basis. 

GLTJM LENGTH--The F2 and F3 data indicate that the inherit- 

ance of the long glumes of Cornwheat depende upon multiple 

factors. rom work with cxsses of riticum valgare with 

T. polonicum ani durum, Backhouse (1) decided that polon- 

icurn probably carries two factors for long glume, while 

durum carries a single factor. he 1:2:1 ratios for glume 

length in crosses of T. polonicum with '. tugidum and durum 

obtained by Biffen (2) and ngledow (7) support this theory 

in that they indicate a single factor difference for glume 

length. Comparison of heads of .i,riticum dicoccum with those 

of T. vulgare shows them to have distinctly lonrer glumes. 
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The bei-avior of the natural cross between T. polonicurn and 

T. Dieoccum described b Percival (16) in which the long 

and the short glumed homozygotes could be readily dis- 

tinguished from the intermediate heterozygotes, indica- 

tes that T. dicoccum has a factor for rlume length differ- 

ing from that carried by T. durum. In crosses of the 

latter with T. polonicum there is an over-lapping of the 

intermediate heterozygotes with the homozygous shorts and 

longs. 

Taking the above facts an observations into consider- 

ation it seems probable that the inheritance of long glumes 

in T. polonicum is due to io independent factors. One of 

these is probably indentical with that carried by T. durum 

and the other indentical with the one carried by T. dicoc- 

cum. If this is a correct explanation, the inheritance of 

polonicum glumes is analogus to the inheritance of the ful- 

ly awed condition as described by the Hov.ards (12). Accor- 

ding to this theory, hybrids of T. dicoccum and T. durum 

should segregate for polonicum type glumes. I have been 

unable to find any literature describing hybirds of this 

kind. Percival (16) states that he has no records of this 

cross. Again, he says, '1Iolish wheat is the most modern 

of all the races or sub-races of wheat, there being no cvi- 

dence of its existance before the first half of the seven- 

teenth century". This lack of any old records concerning 

it has caused much speculation regarding its possible 
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origin. Due to Its similarity to T. durum, lt has been 

variously suggested that Polish wheat originated as a 

durum sport, aw3 again, that it is probably the res-alt of 

a cross between dururn and some other wheat. As already 

suggested, lt seems probable that Triticum polonicum 

originated as a cross between T. durum and T. Disoccum or 

the wild form . Dicoccoides. The writer is planning 

crosses to test out this theory. 

SEED LENGTH---The seed length of lolish wheat and vulgare 

wheat hear a sorne;hat similar relation to each other as do 

the corresponding glume lengths. here is some indication 

in the i']. of the partial dominance of a short seed charac- 

ter. The xnaan seed length of the 2 was very close to that 

of the 1l generation. 'he longest average seed length in 

the 2 gencration was ten per cent less than the average 

seed length of Cornwheat. io explanation was developed 

that would account for the inheritance of seed length. It 

is pro'oably due to multiple factors. 

SEED COLOR---he inheritance of seed color will be discus- 

sed unTer the heading "The Relation of Characters to 0er- 

tain Chromosome Groups." 
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This cross again e.xhibit3 what has corae to be a 

classical exc.mple of the complete suppression of dorn- 

inarit characters. This refers to the factors for color- 
ed gluies and liubescence carried by Cornwheat. Buufen (3) 

Engledow (7) and Backhouse (i) have done consideraUe work 

on phenornenon in Polish wheat. They have advc.rìced 

theories to tue effect that polonicum lurne inhibits the 

developrnent of culor aid pubescence. This has been dis- 
proved the classification of Polish iieats published 
by Percival (16). This classification lists varieties 
viih both colored lurnes nd pubescence. Sorne evidence 

has also been found in the Cornwheat X Marquis cross to 
the effect that the inhibitors of color and pubescence 

are closely linked 'ith a factor for 1on 1urne aitho not 

icienticalto it. 
Often characters are dependent upon environmental 

factors for expression. The lack of favorb1e environ- 
ment then may inhibit the expression ol' such a character. 
Thi8 condition makes much more difficult the viork of un- 

derstanding the hereditary factors respoisle for the 

expression of these characters. This has effected. the 

study of vn color in the Cornwheat X Lrquis cross. 
Sorne confusion has been caused in connection with 

the study of inhibitors. This is due to assuming that 



79, 

the sudden appearance of a character among the progeny of 

a cross between two parents, which themselves lacked the 

character, necessarily indicates an inhibitor in one of 

the parents. On the other hand, the appearance of seg- 

recates lacking a certain dominant character thich was 

present in both parents, does not necessarily mean that 
the character has been suppressed or that the segregate 

lacking it is a sport. 
In commenting on the suppression of characters, 

Biffen (3) sights an instance of two beardless wheats 

being crossed and producing in the 2 generation on 

bearded to three beardless. In light of work done by 

the Howards (12), the aboire does not necessarily consti- 
tute the suppression of a character in either of the 

parents, but merel; the lk in each parent of one of 

a set of complimentary factors necessar for tue expres- 
sion of the fully bearded condition. If one parent 
carries one of these factors and the other parent has 

the other, it neäessarily follows that bearded seg- 
regates nul pear in the P2 generation. His refer- 
ences to the appearance of white seàded plants in the 
P2 of' a cross of tvzo red seeded wheats can be similarly 
explained. It has been shown repeatedly that the red 
color of seed in wheat may be due to one, two, or three 
factors, anr of which is capable of' producing color. The 
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crossiní of two red wheats, each of which carries one fac- 

tor for color but differs in the factor carried, wuuld re- 

suit in sereation for red seeded and white seeded plants 

in the 2 generation. These cases do not in any way indi- 

cate the suppression of characters but merely the lack of 

e:pression for the wait of a necessary factoi. 

In the case of iume color and pubescence iii Polish 

wheat crosses, it is evident from the way segregation oc- 

curs that polonicumcarries factors for both of these 

characters, but that their expression is inhibited by a 

factor or factors also carried by polonicum. This con- 

stitutes a true suppression of c1aracters. it is pos- 

sible, too, that a variety might carry an inhibitor for 

a given factor but unlike Cornwheat, lack the factor. 

The inhibitor in this case only could be demonstrated by 

ôrosses with varieties which exhibited the character in 

question. 
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LI1KA.E 

In the P2 and. F3 generations of the Cornwheat X 

Marquis cross, close correlations exist bet'7een certain 

characters that sugrest linkage. In one case linkage 

has been demonstrated. 

Cornwheat has lcng glumes, and. long, comparatively 

veak av:ns. Marquis has short, strong beaks. On the 

whole, the short glurned, awned. segregates had noticeably 

stronger, thicker awns than the long glumed awned seg- 

regates. The few exceptions in which weak awn occured 

in short glumed plants suggests that they may represent 

croes-oyere in a linkage between long glumes and weak 

awns. No data were taken covering tiis point but the 

condition was noticeable, especially in the F3 gener- 

at ion. 

There is evidence of linkage between a factor de- 

terniining glurie length in Cornwheat and the inhibitor for 

pubescence. Biffen (3) and. Engledow (7) have held. that 

the long glume of itself inhibited pubescence. The oc- 

curance of short gluned P2 segregates in this cross which 

carried this inhibitor points to a linkage between these 

fadtors as the more probable explanation. 

Linkage between fcctors for glume color and awn 

color was suspected. at the time the P2 data were taken, 

although the condition was masked to a considerable 
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degree by the effects of the ihfbitor for gluie color 

and of environmental factors influencing the expression 

of awn color. Data taken from P3 material establish 

the fact that linkage exists between these factors. 

Considerable crossing-over occurs. The exct extent 

has not, as yet, been determined because of the inhibi- 

tor and environmental factors referred to above. 



C3. 
TI PdL?TIOìT OP 

CHRCTS TO CIOMOSO1 GROUPS 

osses of Lrquis with white wheats show Fe set.- 
regations of 15 red to i white. In the Cornwheat X 

Marciuis cross the ratio is 7.57 red to i white. A 

ratio of tni sort could be explained ujJo: the assw.- 
tion that Cornwheat carries an inhibitor for seed color 
which is effective against one of the color factors 
carried by Trquis but not against the other. This 
sort of condition gives a theoreticl ratio of 8.14 red 
to i white. The above ratio is not close enough to the 
actuz1 ratio of 7.57:1 to feel confident that it offers 
the correct explanation for th inheritance of seed color. 
This can be tested out by crossing Cornwheat with vari- 
etics known to carry but a single factor for red seed 
color. A .ore probably exp1anatio; is that one color 
factor in Marquis is carried by one of a group of chro- 
xnosorc.es which pair with. those of Cornwheat, while the 
Other is located in one of the group which distinguishes 
vulare wheat. ts was explained under The Effects of 
Different OEtìroinosome Uumbers in the Parents," there is 
a tendency in the F2 toward the elimination of this 
croup. Upon the tove basis for distribution of color 
factoro, the totl elimination of what might be termed 
"The vulgare group" of chror:osomes would result in the 
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ratio of 3 red to i white. Of course this aoes not occur 

but a sufficient number of F2 intermediates Lre elimina- 

ted to account for reìuction froni a 15:1 ratio to a 7.Y7:l 

ratio. It is probable that this theory offers a correct 

explanation for the inheritance of seed color in the 

Cornwheat X rquis cross. 

i examination of the data on the inherItance of 

keel type suggests that the factor for rounded. keel iay 

also be in one of the chromosomes of the*vulgare group". 



V. 

Plate 2 

Abnormalities 

4 

f 
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ABNORMALITIES 

kbnorma1ities frequently occur in species crosses 

of wheat, especially in crosses in which the arents have 

diffe2ent chromosome numbers. In the 2 generation of 

the Cornwheat X ¡aruis cross there were a fevï plants with 

well developed awns on both the outer glumes and the lemmas. 

This condition had been previously noted in a Bluestem X 

Cornwheat cross (19). In the f olloviing generation, plants 

grown from the seed of these abnormal heads had awns on the 

outer glu.ies and many showed well developed flower parts 

under the outer glues. In the case of some of the plants 

in the Uornwheat X arquis cross, seeds were developed by 

these abnormal flowers. 

Other abnormalities are shown in fia te 2. ' doubling 

of spLcelets is shown in the two outside heads. In the head 

on the loft the double spikelets stand side by side; in the 

one on the right the spikelets are superimposed one upon the 

other. Both of these tynes .ave been described by Percival 

(16) and by Niisson-Leisoner (15) as occuring in crosses of 

Triticurn vulgare and T. spe1tì. The second head from the 

left shows the double keel with two beaks on part of the 

glumes. The third head from the left shows the elongation 

of the rachillas making the characteristic head of the soul- 

ard type. In this head there are also double, and on two 

joints, triple spikelets. All four heads shown in Plate2are 
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f'rom an F2 head having double spike- 

between the heads show an interest- 

sore cl' them being b anchod part of 

are separate and distinct entirely 
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This study covers work done to date on the inheri- 
tance of eiaht head chracters in the cross of Cornwheat 

X Miìrqais. Jornwheat be1ons to the species Triticuni 

polonicum of which the reproductive cells have 14 chro- 

osoine. 1rqui is common variet; of the species T. 

vu1are. The hploid chromosome number for tiij species 

is 21. The first generation of this cross was highly 

sterile. The second generation showed all degrees of 

sterility vthile in the third generation there was a de- 

odied tendency toward higher fertility. Cytological 
t'ork on F3 material showed that most o1 the segregates 
with intermediate chromosome numbers had been eliminated. 

Both parents in this cross bave white glabrous glurdes. 

The Pl ants are characterized by glumes that show a pecu- 

liar bluish-black color and. have a very fine, short pub- 

escence. The F2 generation segregates for colored and 

white glumes, nd pubescent and ¿labrous glumes. Five 

glwne colors occur in the F2 plants; black, blue-black, 
red, brown and the normal white of the two parent. In 

the F3 generation there was only one row having plants 
which distinctly showed the blue-black color. The plants 
having red or brov.n glumes did not breed true for these 

colors. 

The P]. plants have glurnes a little longer than those 



of Lrarquis. Short, iutermediate and. long glumed plants 
occur in the P2 generation. The P2 segregation for glume 

length and P3 data indicate that long glume in Corrrwheat 

is due to multiple factors. 
There is apparently a strong dominance of the sharp 

keel character in this cross but its inheritance is ir- 
regular. It is probable that the factor for vulare-tpe 
keel may be carried by one of the "vulare grouj of 
chromos oies. 

To hypothesis was worked out to explain the mode of 
inheritance of the long seed character of Cornwheat. 
Certain similarities between segregation for seed length 
and segregation for glume length point b the probabi- 
lity of its being due to multiple factors. 

Numerous crosses have shown that rquis carries 
two independent factors for red seed. color. Therefore, 
the expected P2 ratio when crossed with Cornwheat, a 
w1ite seeded cariety, is lu red to i white. The ratio 
obtained was 7.57 ro(ì tü i white. This may be explained 
upon the basis of an inhibitor for seed color carried by 
Cornwheat, tiis inhibitor being effective on but one of 
the factors for seed color carried by Lrquis. A second 
explanation is that one of the color factors in 1rquis 
is located in one of the chromosomes of the "vulgare 
group" which tends t be eliminated in crosses with 14 
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chroniosoiie wheats. The second. explanation is favored as 

the ore likely. 

Several abnormalities in head structure occur in 

the P2 and P3 eneration. These are: (i) wns on both 

the outer lumes anö. the leiìas with the occurance of 

flower parts, and in some cases, seeds under the outer 

lumes in the P3 generation; (2) double and triple spike- 

lets; (3) double awns; (4) double keel; (5) brachin 

rachis. These abnormalities, with the exception of the 

double awns, have been shovrn to be hereditary. Double 

awns iave only occured in the P3 ¿eneration. It remains 

to be seen if they will appear in the P4 generation. 
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CO1rCIJUS bITS 

Certdn conclusions may be drawn from the a1ove 

study. The more iL1ortanta'e as follows: 

( :i) The inheritance of pubescence in this cross 
differs basically from any other form heretofore les- 
cribed. It cìepends upon a set of complimentary f actorr. 
The presence of very fine, almost microscopic,pubescence 
on certain heads in contrast to a distinct fully pubescent 
condition o others is attriluted to the forrer carrying a 

single dose of the inhibitor of pubescence. Its Ïrtial 
effect in the heterozygous condition is proved by the 
presence of very fine faintly visible pubescence in the Pl. 

(2) The factor for round keel type and a single factor 
for seed color in 1rquis are apparently located in Chro- 

mosoxaes belonin to the roup of ven that differenciates 
the Spelt roup of wheats froxa the Eiier croup. 

(3) Glume length and blume color are due to different 
factors, but these factors are linked. Considerable cross- 
inc-over occurs but the exact amount is difficult to de- 
termine, due to the action of certain modifying factors. 

(4) Tue inheritance of the extremely long glume in 
Polish wheat is due to two independent factors for luiae 

length. Either of these factors causes a slight elongation 
of the glumes. The rather meager data obtainable indicate 
that Triticum durum carries one of these factors and that 
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T. dicoccui carries the other, while 'ooth are present in 

T. poloxiicum. The cobiried action of these two factors 
in T. polonicum is closely analogous to the ctioui of 

the two factors for tip awns, described by the Howards 

(12) as producing the fully ned condition. 
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