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CORREIATED INHERITANCE IN A CROBS OF ¥ 22 X DICKIOW WHEAT
I g
t o tle.carty R, Kenmeba Bischoff

This paper reports & study of the in;tleritance &nd of the correlated
inheritence in certeain observed and measured plent cheracters in & cross
between a hybrid from Dicklow x Sevier, (F22) end e pure line from Dieklow, (D#3),
one of the original parents of F 22, ‘

Literature

lzyes and Garber(3), Clark(l), snd Stewart(6) have recently compiled '
bibliographies of literature relating to the inheritence of chx;racterg in wheat
herein reported. On this account literature citations are limited to those
that refer direetly to the materiel studied.

Description of Perents

F22 is a segregate from the cross, Sevier x Dicklow, end was dévéiape_d
by Stewert at the Utah Experiment Station. The strew is much stmngei' then the ;
Sevier perent but not as strong as the_Dicklow perent, The glumes are light
bronze in color. It is a fully awned wheat. g A

lMeasurements of the parent rows are swmerized as follows:

Length of longest culm to base of spike ==--==-== 108,43 6.06‘ Cltly
Spike density = length of ome rachis internode -= 2,56 & 249 cm,
Number of culms per plent 11.61 * 3.44

Dicklow is a fevorite spring wheat on the irrigated farms of _Utaiz.
This popularity is due to its ability to resist lodging under irrigetion and to ¥
produce a high yield. It has a medium tall, stiff straw. The spikes are
beaked with short awns. The glumes are white in color. The grain alxafbters
from the spike rather easily.

lleasurements of the parent rows follow:
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Ienzth of longest culm to base of spike ~====-- 103,84 & 4,80 om,
Spike density = length of one rachis internocde 5.03 + .502 mm.
Number of culms per plant 9443 + 2,70

These measurements indicate that F 22 has & culm length sveraging
4,59 + 6,06 centimeters longer than Dieklow. The difference is less than the
probaeble error. :I’he range for the longest culm is 92.5 to 123.0 ems for F 22
end from 93.5 to 117.4 for Dieklow., In spike demsity Dicklow, renging from
43.47 cm. bo 64.75 eme is twice as lax as the F 23 parent whose range is from
23.83 to 28.05 cm. This measurement considers ten rachis internodes. The twWo
parents differ but slightly in number of culms produced, F 22 produces an
average of 11.61 * 3,44 culms with a range from 9.3 to 15,7 per plant, The
Dicklow perent has an average of 9.43 * 2.70 renging from 7.7 to 11.4 per plant.

Experimental Procedure

The cross between & pure line of F 22 and Dicklow, D#3, was made iﬁ
1925 et Logen, Utah., The Fl plants were grown in 1926. The year following,
the Ty femilies were grown. One of the most vigorous of the Fs‘famili‘eg was
chosen to continue the study. This femily consisted of ma‘.plan’csv. Bach of
these plants wes classified according to awn class, glume color, end spike
density. The spike density figure was obtained by meaéuring the iéngth of ten
rachis internodes. Grein from each plant seeded an Fg progeny':‘évow in 1928, The
kernels were spaced about three inches apart with 40 to 50 in a row except where
en Fy plent furnished fewer kernels. The rows were one foot apart,

After each tenth progeny row the parentel varieties F Za'and Dicklow
were sown side by side in the seme manner and at the same time as the progeny
rows. In all there were 25 parent rows. Two of the Dicklow perent rows were
destroyed thru accident end are not included in the celculstions reported, This

plenting errangement made it possible to study the progeny characters in relation

to the parental characters.
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When the grain was ripe eech T3 end parent row was carefully harvested
by pulling the plents individually in the rdw. The plents of each row were
bundled, tied and lebeled. The materiasl was worked in the lsboratory during the
winter months.
Culms length was measured by placing the root end of the individual

ainst a foot boerd and extending the culms along & teble board merked in

plant o
centineters. The longest culm was measured to the base of the spike and recorded.
The number of dwarfs were determined by counting. The number of culms were
counted with the precaution of avoiding second growth culms, that sometimes esppeared
at the base of the plent. Each plant was examined for its awn behavior. Those
that approached the F 22 parent were classified as awn class 4, or simply awms 4.
Those that approached fhe Dieklov parent were celled awn 2, Rows that produced
both awn 2 and 4 were said to be segregating. Spike density was determined by
measuring ten rachis internodes in the middle of a typical spike on each plant,
This avoided the extremes of laxity and density found on opposite ends of the
spike. IKach plant was classified for glume color as white or broize which was
determined by inspection.

The deta were so teken and recorded that all datas from each plant
could be readily traced to that plant and to the row from whieh it cames This
permitted the study of correlationss : \

The usuzal number of plents in-each i:rrogeny was 30 to 35, In some
progenies there were fewer then this and in others there 'were more, The perental
rows averaged approximately the same number of plants. Measuremants'ahd classifi-
cations were made on the basis of genetic material in evidence in the plents,

No theory of inheritence was advenced umtil ell data were taken, recorded, and

calculated.



Experimental Results and Their Interpretation

After the data were assembled and recorded, classificetions and
calculations were made. The mean length of the longest culm was calculated
for each progeny. The same; calc;glation was made for number of culms, The
progeny rows were classified into segregating end true-breeding groups for

dwarfs, for awns, end for glume color. The mean spike density of each progeny

was obtained as well as the coefficient of verisbility for each row. When
correlation studies were made the meen values for'the Ty progenies were the
Tigures used. This was regerded as more accurate then the individual figures

for the ¥y plants.

Inheritance of Individual .ﬁhgscura

Inheritence studles were made for the fol;cving 1ndividu&i p;.ant
characters: Culm length, dwarfs, number of culms, awn cl-atsaa,v spike ﬂd:.e’i:isi"oy,
and color of glume. ‘

Culm Length,- Table 1 comparss the disf‘ribu%ion of Fs yrégeniés for
culm length and coefficient of varisbility with .1;hat of the perentel rows,

The renge for I 22 parents is n'om 92,5 to 123 & 8,06 centimeters; that of the
Dicklow perent from 98.5 50 117.4 4,80 cAven’;cximé‘Eera.‘ _Tiae range of the two
parents is almost ideni';ical but the F ’22‘ pare;nt averages scmewhat.tauér thén
the Dicklow. The renge in culm length for the Fy progenies is from 88.0 to 128,0
L 5,77 cm. There were more individuals considered in the’ progenies than there
were in the parentsl rows, The distribution showm fails to indicele segregeating
groups., »

Dwarfs.- The FS progenies segregated for tall and dwerf plants es
follows: 99 were segregeting for either 3 tall to 1 dwerf or 13 tell to 3

dwarf plants; 30 progenies were segregating 1 taell to 3 dwerf plants; 11 were
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homozygous for the dwarf character and 108 were homozygous for the tall characters.
These date seem to indicate a 13 tall to 3 dwarf segregation.

Two factors are involved in this explanation of dwerfness, (1)+ Ii
an inhibitor factor which prevents the expression of dwarfness when the dominant
I is precent either in the heterozysous or in the homozygous condition; and (2)
D4, ¢ dwarf factor which, in the dominemt eondition, produces dwarfs when in the
homozyzous or heterozygous condition.

The recombination of these factors would produce all tall plents in
Ty but cells for bwo phenotypes in Fy , tall, end dwarf, which would behave in
1-‘3 as follows:

Faz IIDD x Dicklow diidd IS
¥y Iibd A1l tall
13 TalL;P}E‘ B DS

IIDD (tell in Ty, tall in ¥z)
IIDd (tall in'Fg, tall in Fg)
IiDD (tell in Fp, aegregate 3 tell : 1 dwerf in ‘.E's)
1iDd (tell in xz, segregate 15 tell : § dwar? im Fj)
IIdd (tall in ¥, tall in F,) i g i

Iidd (tell in Fy, tell in Fz)
iidd (tell in ¥y, tall in 1'5)

3 _Dwerf Plants

1 1iDD (dwarf in Fp, dwerf in Fy) it
2 1iDd (dwarf in F,, segrezate B awart o 1 tell 4n Fg)

00

It was impossible from inspection %o seperate the 13 : & and ‘B:he
3 : 1 segregabing groups, therefore the segregaetion was made by the Dev,/P.E.
nethod end is sumerized in Teble 2. The Dev,/P.E. celculation was mede for
each progeny considered on the basis of a .15: 3 segreig;mfiojn, s;ad also on t‘he
basis of a 3 : 1 segregation. 'The ﬁnal- ﬁegrégati‘on was macie" on the basis of
the smellest Dev./P.E. caleuletion, By this celculetion 46 progenies were found
to be segregating for the 3 : 1 ratio; 53 for the 18 : 3 group; 30 for the 1 1 3
group; 11 were homozygous for the dwarf charecter end 108 were homozygous tall,.

In this inetance X° = 9,903 end P = ,042 which is not & good Tit.
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Table 1. Perental rows and F, progenies arranged according to meens of culm

length end according to the coefficients of variability (CoV,)

classes. (Cross 35 c; grown in 1928 at lLogen, Utah)

(Length of longest culm)

Class

1
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for normal and dwerf plents in Fz progenies from normal
1 into two classes determined by the nature of the segregation
plents (a) 13:3, (b) 3:1

Femily 35 ¢; grown in 1928 at Logen, Utah

Normal & Dwarf : Calculated :Dev.Cal. 3:1 : P.Es :Dev./P.E.
27 5 6 4 § 1.49 4 «67
38 & 1 79 1 3.9 : 1.71 ¥ 2427
31 4 4 6.6 : 246 3 1.56 H 1.68
31 8 2 648 3 1.8 : 1.58 D T <
40 1 8 7.7 - 6.7 t 1.69 § 2491
25 1 g 4.9 S 3.9 3 1,34 i 2.91
32 3 H 647 § 3.7 1 1.56 S a8
34 7 L 7.7 3 5 3 1.69 s 41
23 3 3 449 t 1.9 t 1.34 .41
wh 6 3 846 2 246 3 1.79 H 1.55
34 5 3 7¢3 y 2.3 : 1.64 0 14
37 6 3 8.06 H 2,06 3 1.73 $ a9
a7 ] $ 543 3 4.3 8 1.39 % 3,09
36 6 749 1.9 3 A7k R Y0 Y
31 5 t 6.8 i 1.8 H 1.58 H 1.13
32 2 3 B4 bt 4.4 $ 1,54 i 2,85
24 3 : 501 £ 2.01 i 1.37 {3 l.46
40 6 3 8.6 i 2,86 3 1.79 3 1.45
40 3 8.06 s 5,06 3 1,73 i .R:.92
36 g : 247 3 2,7 1L R
25 3 % 543 H 23 $ 1.39 § 1.65
29 2 : 5.8 : 3.8 PR 0oL t  2.58
37 g 4 843 H 1,3 t 1.75 1 74
27 6 3 6.2 3 2 : 1.51 $ «13
32 5 H 649 $ 1.9 1 1,60 ./ 1.18
38 5 3 841 H 8.1 $ 1.73 2 179
33 8 § 77 3 3 3 1.69 3 g
40 3 H 8.1 5 541 H 1.73 3 R.94
33 4 3 649 3 2.9 H 1,60 3 1.81
34 % : 77 3 o7 H 1,69 t o4l
40 3 2 8.1 [ S.1 § 1.73 % 2,94
a7 3 5 5.6 3 246 $ 1.44 311 180
35 5 S 7.5 3 2.5 1 1.66 - 1,50
25 t 5 ] 546 % o6 3 l.44 § 41l
37 g $ 846 3 ok H 1,79 H 22
37 9 5 846 H ok H 1,79 {i 22
40 14 H 10.1 i 3.9 $ 1.93 3 2,02
28 6 $ 6ed 3 ok 3 1.54 £ 25
40 10 1 9.4 3 o6 3 1.86 H 32
27 7 [ 64 £, «6 : 1.54 F! +38
22 8 : 543 o7 3 1,55 1 +50
35 8 3 8.1 $ 3l 3 1.73 : +57
40 10 § Qed : 6 % 1,86 3 32
29 H 9 : 7.1 { 1.9 § 1,62 3 1,17
34 8 H 79 1l & 1,71 ¢ +58
40 11 3 9.6 2 1.4 $ 1.88 s 74

(Cont,)



Table 2, (Cont.)

Normal 3 Dwarf : Calculated :Dev.Cal. 3:1 : P.,E, :Dev./P.E.
40 3 8 3 9.0 '} 1.0 | 1.82 1 «54
36 2 8 843 3 3 3 1,75 3 «17
25 $ 6 5.8 s 2 § 1447 4 14
40 $ 10 § 9.5 H «6 3 1.86 H 32
&2 : 8 : 7.5 3 5 H 1.66 H «30
40 § 9 3 9.2 $ 2 $ 1.64 H 12
44 H 14 2 13.5 t +5 g 2,15 H 23
33 10 10.8 H 8 ] 1.92 H o4l
34 13 11.8 H 1.2 H 2,00 : +60
34 14 12.0 i 2,0 H 2.02 3 «99
33 15 12.0 ] 340 H 202 i 1.48
27 16 10.8 3 5.2 3 1.92 §.. B0
24 10 8.5 i 4 - H 1,70 : «88
32 10 10.5 H 5 H 1.89 H +26
38 5 12.3 3 1.3 H 2,04 $ «63
28 17 11,3 5,7 H 1.96 i 2790
38 13 2 12.8 H 2 2 2409 t <95
28 16 ? 11.0 : 5.0 : 1.94 H 2457
34 14 % 12,0 | 2,0 i 2,02 § «99
37 11 § 12.0 [} 1,0 3 2402 $ 49
29 1k $ 10,0 ¥ 1.0 4 1.85 § 54
40 3 15 5 13.8 $ 1.2 3 2417 3 +55
31 13 | 11.0 F 2.0 $ 1.94 : . 108
28 13 3 10.3 3 247 3 1.87 o led4
31 9 (} 10,0 3 1.0 ( 1.85 H 54
27 12 8 9.8 s 242 3 l.82 § 1.20
27 10 1 93 3 7 3 1.78 § +39
20 8 | 7.0 1 1.0 % 1,55 e 64
31 16 § 11.8 i 4,2 C; 2,00 3 12400
37 i i | 3 12.0 ] 1.0 ] 2,02 & +49
a7 14 $ 10,3 3 3.7 S 1.87 § 307
19 9 3 7.0 3 2.0 % 1.55 3 1.29
29 10 ) 9.8 2 1 1.82 £ «10
24 13 g 943 4 3.7 H 1.78 3 24,07
%5 10 11.3 : 1.3 8 1,96 % +66
29 13 % 10,5 t 2.5 5 1.89 [ S 1)
24 7 H 7.8 g 8 : 1.63 § «49
23 7 H 7.5 ! 5 3 1.60 3 «31
36 12 : 12,0 $ +0 3 2,02 : +00
26 10 : 9.0 4 1.0 $ 1.7 H «57
38 14 % 13.0 ¢ 1.0 3 2,11 % &7
40 14 [ 1345 3 s 3 2415 H 23
22 8 745 3 «5 3 1,60 $ «31
29 12 : 10.3 3 1.7 H 1.87 I +90
25 ( I 3 9.0 2.0 % 1.75 3 1.15
24 10 ‘ 845 ¢ 1.5 g 1,70 [ 88
37 12 12.3 ¢ 3 F 2,04 % .15
39 14 H 13.25 3 «8 H 2013 H 237
27 13 $ 10.0 3.0 ? . 185 S 1.62
19 7 645 +5 g 1.49 3 +33
29 11 10.0 1.0 3 1.85 - 54
27 15 3 10,8 4¢5 i 1.89 § .. 238
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Since some difficulty wes experienced in segregeting the 3 : 1 and

13 : 3 groups and a very poor fit was obtained, these two groups were considered
as one and compared with a 18 : 3 ratio for goodness of fit, By this grouping
99 progenies were segregating 3 : 1 'end 13 : 3; 80 were segregating 'l tell to
3 dwarf plants; 11 were homozygous for the dwarf chearacter and 108 were homozygous
for tallness. By this calculation X2 = 1.7256 end P = .7395, which is a very
good fit. These comparisons are summarized in Tables 3 and 4.

Table 3. Closeness of fit of five groups on a 13 : 3 segregation
Femily 35 ¢; grown in 1928 at Logen, Utsh !

2 : 1 4 P (0 -¢C)2
Croup : ¢ $ 0 ik IO L i, 55 T ¢
3 & i H : )
Segregating 3 : 1 3 31 § 48 3 15 : 225 1 7.3580
» 18 3 Bz 62 ¢ 53 3 9 $ 81 : 1.3064
" T R 31 3 30 g P $ & : 40322
Homozygous Dwarf X546 1L i 4.5 20.25 : 1.,3064 .
Homozygous Tall & 1108 ! 108 3 0 $ 0 ol !
.Xz = 9.9030
P iz 40402

Table 4. Closeness of fit of four groups‘ on a 13 : 3 segregation.
Combining 3 : 1 and 13 : 3 segregating groups

i f f P SRR Sl ¢ D 0
Group : (¢} : 0 2o Qe 2 (@i €)1 C
3 1 3 H :
Segregating 3:1 13k 93 ] 99 § 6 3 36 5 p L 13880
" 1:3 s s1 1 30 1 1 1 b 8 #150822
Homozygous Dwarf YO8 f 13 S R R 20,25 : 1.3064
Homozygous Tall i 108 $ 108 g Q H (6} 210
3 3 . 3 3
2 é
X =21.,7256
1 S e o

The theory fits the observations so well thet in about 73 cases out of
100 a wider deviation might be expeeted due to chance alone, The evidence seems

to bear out the theory of one dominant factor and an inhibitor faetor operating



S10a
in the inheritance of dwarfs but also indicates the difficulty of sepa;‘ating
similer groups.

lmber of Culms.- Both the F 22 and Dicklow perents ere essentially
alike in number of culms produced. No segregetion of the FB pfo‘genies was
ohserved., Table 5 and Figure 2 summarize the data, The parental typesbvere
both recovered. The mean coefficient of‘variability is almost identical for
both parentsj,z‘)' and for Fz progeny.

Lwm Classes.~- Hayes and Gerber(8) in summerizing verious inheritance
studies found awn inheritence to be very simple in some crosses and in others
very complex. They concluded that there may be two or more genetic factors
involved in awnedness. Howard and Howerd(5) obbteined single-factor results in
some crosses, but in others befaween fully awned and awnless parents théy‘ were
able to separate the Fa progeny into five or six classes, which results.raquired
two factors to explain. i :

In this femily the,¥ 22 perent is homozygous for awms 4 and the Dicklow
parent for awn 2, There were 56 progenies homozygous for awﬁ 2; 131 yc?e hetéfqzy’goﬁs
for awn inheritence and 51 were breeding true for a‘wn-fl.\ When compared for close-
ness of fit on the basis of a 1 : 2 (g segreéa?ién Iz ‘= 2.6;659 anﬂ P = .2709
(Table 6). Thbs fit indicates thal the segregation considered is probably correct
since a worse fit in 27 cases out of every 100 would be expected due to chance
alone., ‘

Spike Density,- The mean spike densities and the coefricientg of
variabllity were calculeted for eaech progenys The F3 progenies were classified
into three groups: (1) Those homozygous for dense spikes, (2) those heterozygous
for spike density, end (3) those homozygous for lax spikes.

Teble 7. compares the spike density classes with the coefficient of

variability (C.V.) classes of both parents and Fs progenies,
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Heterozygosity or homozygosity was indicated by the size of the
coefficient of veriability., The mean coefficient of variaebility for the
homozygous F 22 parent wes 13.68 *+ 1.428 with a renge of 10.24 to 16.25 per
cent. The same celculstion for Dicklow was 10.54 * 1,018 and ranged from
7.7 to 16.19 per cent. The mean coefficient of vaeriability for the homozygous
dense group was 12.00 * ,739 and ranged from 6.45 te 22.30; the lax group
exhibited & mean of 9,04 + ,636 and & range from 4.1 to 16,22 and the
heterozygous group had a mesn of 38,15 *+ 1.8182 per cent with a'reange from
23.35 to 47.42 per cent for the same charactgr. These figures indicate that
the entire range of the parents was recovered in the‘progenies end that the
$rue-breeding }3‘5 rows ere no more varisble then the parental rows.

Teble 8 proves rather definitely t‘m_at there were progenies which were
homozygous for demse spikes, others which were honwzygég‘zg for lex spikes and
that the spikes of intermediate léngfh were heterozygous. The rows of hamozygous
dense progenies tended to be very similar in appearance and density te the F 22 :
perent. The heterozygous group was intermediate between the perents 511&1 ceﬁtained
individuals representetive of both perental groups indicating segregétion; The
homozygous lax group exhibited a tendency towérd greater laxity then fhe Dicklow
parent. In only three progenies wee the mean density of the Dicklow spiké
recovered. The mean length of each rachis internode in the Tz progenies was 5.6
+ 393 mm, as compared with 4,8 * ,502 mm. for Dicklow. These figures indicate
a tendency toward trensgressive segregation in the direction of a more lax spike
then thet which cheracterizes the Dicklow parent. Figure 3 illustrates thi.s

new mean graphically.
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Total

12: 13: 14: 15: 16: 17; Totel :Classes: Number

.
b

to number of
t' of Variability(C.V.)
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genies erranged according

.

. . . . . .
H N : B N <

11

.
:

{Cross 35 ¢; grown in 1928 at logan, Utah)
§ 303

culm classes and according to Coefficien
$ 9
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M

(Mumber of Culm Classes)

8 8 5
- ;
PR = v PP I R e e e Gl S T T
M 0 © Vo Sam
cooald cooold coocoosaol® o wse
o)

545&% 54%6% asmﬁwmww e (~ o
2.........23..:.....-!:.2.,»«:33...: m o onl oude: we s
m m X =] @

: - ;
0 o B~ 0w Q0o 58; = ©
o ~ Q Bo83 ,m g e
= = S = o o
. T A e R o
2 = = oS
= PO
v B
i e o b, v ey SR 6P e i & =
& BR 1] wno
T S s AR e oot R v e AT b s o a -
o Qo Lo ©
g
e T W SR RN e A R e o B 5. e P | ey ELRRTR
— 00 M o B
o T e e B ey e o] R s we e v S o O
.‘y [} sms
0’ ot
.. e o5 oe sol es 4o e s ss seles ws o6 o8 v o5 e e e a.c-.
e gt SR i v o e v
- v SRR 5w e reet e v | b PN oM
- — 0 Q g P> > 0o
= %l baln) [&] 5w5
P ve 4 we e o St g DR A O Im —
o
~ N~ (A B To B A | 4%&31 O oy
. e . . . . . . . s . . ae ww .. - . S( WA v S e
070 0 DO L o
a b =
Rt = SE o M SN s, 4 =W
2 “a
Qe wEHH©0A 8 a m m
= e = 8 sm,
= ! e . 5 283
e o] e 2 © RS
| o2 ) ISV <
wof we { ~ o ® Q
| .M g+ g
1 o o O
- £ it
O
~ 0
q @
>} L2}
) = =
[=}

2,6689
+2709

Pia

ol




e

guency distribution of the rows'of Dieklow end ¥ 22 perents

progenies, arranged into classes according to the meen spike
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Table 7.

the individual rows of parents and of the Fz hybrid progenies.
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(Femily 35 ¢; grown in 1928 at logen, Utah)
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€ 3.

Frequency distribution of the ¥, progenies from & cross of

Dicklow x T 22, arrenged into classes according to the mean spike
density and according to Coefficient of Variability (C.V.) classes.

Three cli

ses, (1) those homozygous for dense spikes, (2) those
terozyzous, end (3) those homozygous for lax spikes are plotted

in one teble to show the well defined mergins of the three classes,

(Family 35 e¢; grown in 1928 et Iogan; Uteh)
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Table 9. The range of mean spike densities end the mean of mesn spike
densities of ¥ 22 end Dicklow perent rows and of three groups of Fgz
progenies, together with the renge of the coefficients of veriability
end the meen of the mean coefficients of variebility for the ‘same :

three groups.

(Pemily 35 c; grown in 1928 at Logan, Uteh)

: Spike Density : Meen of H CeVe % Mean of
Strain § Renge :Spike Density: Reange g CoVe
F 22 parent ¢ 2,4-2.8 g 2.51 5 10-18 (. 13.68
Dicklow parent :  4,0-5.2 3 4,29 3 8-16 H 10.54
Homozymous dense : 2.0-3.2 H 2.52 : 6-22 $ 12.00"
Heterozyzous : Red—4.8 B Be47 3 24-48 § 38,15
Homozygous lax :  4.8-6.4 # 5,65 3 4-16 H 9.04
3 8 2 (.




alen
Table 9 indicates thet the range of spike density end the range eof
coefficients of variability (C.V,) not far different in homozygous groups of
progenies than in either perent. It also proves thet the density of the F 22

t was recovered almost identically, The meen density of the F 28 parent

was 2,51 + 2,49 as compered with & mean of 2,52 + ,155 for the dense progenies.
The hetorozyzous group eould be identified at a glance 'by the differencein

the meen coefficient of veriability, This figure also lends additional evidence
to the observation previously made that the Dicklow spike was not recovered ;
xcept in 3 pr o~en1es/i2:t transgressive segregation occurred towerd a more lax
spike of 4.22 + ,502 with a renge of 4. =5.2 with a mean coefficient of veriability
of 10,54 t 1,018 per cent eand & range of 7.7 to 16,19. The comparison is hetween
this and the homozygous lax group with a hié,her renge, 4.8 =64 end a mean 1.36
+,393 mm. longer than the lax parent. . The r,a.ﬁg'p of the dpérficignt of variab:lii’ty
is also greater, 4 -16 with/'e mean 0£'9.04 + .esa'éliéﬁtiy‘issa then the Dicklow
perent, indicating a stability of behavior toward greater laxness,

Stewart(6) found transgressive‘aegregation in both directions in a cross
of Kanred by Sevier wheats Parent rows were placed th uvefy ten-row interval in
the nursery and the measurements indicate the definite tendency 'bqwaxd gz'eatér A
laxness., The F 22 parent type wes recovered completely and almost manucally,

It is evident from the materiel presanted so fer thet there are three
definite groups of progenies when clessified according to npike density. Vhen
compared with a 1:2:1 ratio indications are that other factoré_not Sccoﬁnte’d
for must be present end operating in preducing tﬁe‘resnlt‘s indicated. Table 10
corppares the closeness of fit on & 1:23l1 segregation basis, xz = 5.269 and Pa
0733, In 7 ceases out of every 100 & wbrse fit would be aacp'eetéd from pure‘
chance alone. It is concluded, therefore, that there is a major dominent factor

operative in the inheritence of spike density in this family.



Teble 10. Closeness of fit of three groups of Fy progenies on & 1:2:l
segregetion for:spike density : )

(Pemily 35 ‘c; grown in 1928 at Iogsn; Ubah)

R : : : 3 IR oA L
Group $ c : 0 1o Bie 0 i (002 0)0 3 [¢]
Homozygous dense 59 F ﬁ60 ) & ¢ 1 1 40169
v

vy s : P
Heterozygous 3 10 2 129 3 (@l‘ T 44 : 4.0833
Homozygous lax i 59 $ 49 3 10 . 100 ¢ 1.1690

¢ $ 1 3 £

x? = 5.2692

Pz 40735

Glume Color.- The F 22 parent has & bronze glume of intermediate
intensity. The Dicklow parent has a white glums.' It has been noted by other
workers that bronze exhibits a dominent influence to whites, In this family
58 of the progenies were homozygous for bronze, 110 were he‘beroé.ygous and 69
were homozygous for white., Table 11 indicetes the nuxnbgr calculated and
observed end records X° as 1,7295 and P = +4324, No color variations outside

the range of the parental variations were observed and both parental types

-]

were recoversd. «The fit indicates that in 43 cases out of 100 cases, a worse‘

£it could be expected due to chence alone. . This fit is rather significant in

indicating that the inheritence is due to a single major raétor, differencs.

Table 11, Closeness of fit on a 1:2:1 segregation

(Femily 35 c¢; grown in 1928 et Logen, Utah)

3 : 1 WYERY C - 0)=
e i ¢ : 0 oG oV e BT g O

: : feng : i H ‘
Homozygous Bronze 3 59 3 58 i b H T 4 g $0166

- 3 3 H 1
Heberozygous 3 118 s 110 - 8 ‘] 64 s .5424

3 ¢ H () H
Homozygous White @ 59 : 69 3 10 ¥ 100 :1.1692

X2 = 1,7295

P o= L4324
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Correlation Studies

Correlation studies were made of the mesn values of eseh character
studied on the FS progenies., ' Measurements or éounts were made for each vof
the plant characters for every Fy plant and for the mean of the row calculated .
for each progeny.

411 possible correlations were mede between the four‘ characters for
which counts or measurements were taken., The cambinetions were as follows:
(1) Number of culms x culm length, (2) number'of culms x awn rleng’dh,'(s)

number of culms x ten rachis internodes ,' (4) ewn length x ten internodes,

. (5) evn length x culm length, (6) awn lemgth x ten internodes, (7) culm Iength

Fy x Pz, (8) ten rachis internodes Fg x F3. Table 12 gives & sumery of the
correlation results, : ‘
The correlastion coefficient (z) end the probable error (?cE‘ ) were
calculated for each of the contrasted charéeters.n‘ The correlation ratio‘(n)
and Blakemen!s Test for linearity were ealculatéd ror the ‘_‘s‘ame charao%&!é to
determine if the regressions were sensibly lineer, § : 7 e
When number of culms x culm length are cex’relate& no signifieant :
results are obteined. r is only .1795 & .029 end is six times na préhable
error indicating thet thers probablj is no correlation existing h.ere. ’(n)
is 235 + .013 and Blekemen's Test is only 1,76, 1nd1cating thah the very slight‘
correlation, if eny, is lineer. i
In the correlation between the number of culms x awn length r is : ,172
L ,069 end n is .352 ©i049, which fa.7 times $4a piobubid Brrom. Blakema'n';
test is 1,88, It should be observed at this point that measurements for ewn
lenzth were taken only on the 47 progenies that were homozyzous 1‘91! awn 4, ’.EI_ii_l _
limited the number of individuals considered‘in the correlation to 47 end

Blakemen's Test indicates no correlation not measured by r.
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The correlation coefficlent r ,167 * ,032 obtained when number of
culms x spike density are correlated is not significent. n approaches significence
with a fipgure of .425 ¢ ,028, This figure and Blekemen's Test of 5.5 indicates
thet the correlation is not linear end thet r does mot measure all correletion
present.

The groups were separated in en effort to determine the cause of the
difference found between r and n, .Three groups were made of the spike density
clesses and each group correlated with the number of culme as follows: (1)
Homozygous dense spikes x number of culms; (2) heterozygous spikes x number
of culms; and (3) homozygous lex spikes x number of culms, The Tirst of these,
homozygous dense spikes x nwiber of culms, geve's slight 'néé_aﬁive correlation
of -.0796 * ,033, which is barely nore then twice its probable eiror indicating
thaet it is almost insignificant. The only other correlation in this separation
that gave eny result epproaching significance wes the last mentioned, where il
homozygous lax was correleted with number of culms, The result here was an
r of 269 = ,028 which is 9 times its probéble error‘and bogins to approach
a dependable figure., It might be observed that the alighf negativ'q correletion
considered with this positive correlation might account for the non-linear
correlation suggested by Blakeman's Tes% and n, :

In comparing the correlation of awn length x'spike density ne'ithe;r p o
nor n were significant. The seme is true of the correlguop awn length x -
culm length. It is concluded therefore that for these two pairs ;):r‘ factors
that no measurable correlation existed.

The only correlation that geve a positive indication of value was that
which messured awn length x spike demsity. In this case r equals ’.4'06 ‘- +094
and is 4% times its probable errer. n elso is large, .6379 * .078. Blal:eman's
Test for linearity is only 3,088 and indicetes fhat the regression is ’sensibly
linear, It is conmcluded, therefore, that there is a definite cs‘rrelatidn

between the length of the awn and as the spike becomes less dense the awn becomes



-
longer.

Culm length in 1927 wes correlated with culm length in 1928+ It wes
found that no correlation existed as neither r nor n were lerge enough to be
even slightly importent. The correlstion study indicates that no eégregation
occurred that could be detected by either r or n.

Taeble 12. Correlation coefficients (r), correlation ratios (n), their
respective probable errors (P.B.); and Blekeman's test of linearity

for various peirs of plant characters.

(Femily 35 ¢; growm in 1928 et Logan, Utah)

2 ‘Blakoman'a
Cha_racters Correlated T = PeH, 3 2 Wt 0 AL gqgt
" H } 3

Number of culms x culm length 21795 '+ ,029 : 235 & ,015 : 1,76
Number of culms x awn length 172 2069 : 358 049 : 1.886
Number of culms x ten internodes: ,167 .0316: .425 .028 : 65,5
Awn length x ten internodes 142 <035 : 271 < ,028 t 1.93
Awn length x culm length -.055 +095 : 347  ,019 : 6,05
Awn length x ten internodes «406 <094 : ,6379 .078 : 35.088

L118  .043 : 164 .0098: 1,306
.3785  ,0376: .809 = .048 : 10,74 |

Cu]r length 1927 x same 1928
Ten rachis interncdes Fp x ¥z
Ten internode(homozygous
dense and lax) Fp x ¥y
Ten internode(hemozyzous denae)

:
:

x number of culms =.0796  ,033 ‘
Ten internode(heterozygous)

x number of culms .023 y
Teh internode(homozygzous lex) ‘:

X number of culms +269 .028

o3 5% 2% Ws M6 #e 8% ea9F se ¥ Bs we s 46 wa-_se s foe ae

es we e e se s e we se ee

.

£
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e e

Soil Heterogeneity,- The Harris® method; (4), of measuring soil

heterogeneity uses the coefficient of correlation, r, as an index to mil

hetevogeneity.The wevre fat;sn betoeen e dntiqoows plate suste
m .
groupez, is me \lumed by this statistical constant, Wﬂen thz variatibn 113‘ T e

4‘.
vield is due to reandom sampling, no correlat;on is noted. On the ot}xer hand A
when the field is "spotted™ certain of thé configuoue units will tend to yield

high while others will yield low., [This condition results in a high correlation.
When rendom sempling is the only influence entering the varia'biblity of cerfain !

groups is counterbalanced by the corresponding variability of other groups of

contiguous rows, and when a large enough group is used, the law of average
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operates in egualizing the effect, It is ebvious that for this factor to be
significant plots must have the seme cultural treatment.

One row of each parent variety was grown side by side at intervals of
every ten of the Fy progeny rows, thus insuring systematic distributions All
the contiguous parental snd progeny rows received identical treatment within
the range of reasonable error.

Correlation studies were made between culm length meesurements of the
I 22 x bicklow perents and the spike density of the two parents., The results

of these correlations follow in Table 13.

|

Table 13. Correlation studies of parent pianf cheracters in eross
35 ¢ to determine the presence of soil heterogeneity

(Femily 35 e; grown in 1928 at logen, Utah)

Correlation Cosiricient

Character Studied ¥ end Probab.
i 4l )
Culm length Dicklow x F 22 : L ,461 * 111
Spike Density, Dicklow x F 228 ' * ,626 + ,085

In the light of the theory advenced by Harris' that #ai‘iabi.ltiﬁy
producing a positive, significent correlation, is due té soil heuroéqnqity
Table 13 proves that heterogeneity of the soil was measurably noticeable in
this field. The culms length correlation gave a positive '-i of ;461 £,111
and that of spike density a positive r of .6R6 &.085. Both of théh; ‘f;gures
are significant in indicating the existance of cénsider&ble _aail :hetgreghneity.

Competition,~ The ability of one ‘strain to thrive at the expense of
the nesr-by strein is lmown as competition, 'When a tell strain depresses the
growth of a short strain or a vigorous strain inhibits the devéiqpm‘eﬂ'éf
contiguous neighbor, the experimental deta are seriously afﬂected._ ﬂen
competition is operative, as one strain becomes more vigbrous #he nse‘r-by’ strain

would be expected to be retarded. This opposing effect would produce a negative
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correlation provided competition wes the factor operating. One of the obvious
plent charzcters that would be influenced by campetition is number of culms,
therefore, a correlation was mede between the number of culms produced by each
parent when grovn side by side between each ten rows of Fs progenies, These
data gave a negative correlation (r) of =-.557 & .097. This is a significant
correlation and is 5.5 timesg its probable error, indicating that the more
vigorous ¥ 22 parent wes growing at the expense of the Dicklow paren_t. It
will aelso be remembered thet the F 22 parent averaged slightly longer in culm

length than the Dicklow, These factors indicate that the experimental results

were influenced by competition.

Sgmmary

2 4 ’

: i3 LAl g :
The cross between 2 pure line of F 22 and Dicklow, D #3, was mede in

1925 at Iogan, Utah.

The deta were so taken and recorded that the parent and progeny
characters could be compared snd in such & manner that correlation studies
could be mede, ‘ ‘

The range of the two parents for culm length wau»recéverod in the
progeny and no segregeting groups were revealed. .

The Fz progenies segregated on a 13 tall %o 3 dwarf bapis rof tall and
dwarf plents. This was pleinly indicated when compered with a 13 : 3 ratio
for goodness of fit.

The Dev,/P.E. method wes used to seperate the % tall to 1 dwerf end
13 : 3 classes. Tais calculation was not succeésful ‘as 1ndica€ed by the
unsatisfactory £it compared with the good fit when the two groups were considered
s one., The evidence bears out the theory that one deminent dwerf factor and
en inhibitor factor were opersting in the inheritence of dwarfs,

The F 22 ané Diecklow parents were essentially alike in nunmber of

culms per plant and no segregation was observed,
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There was a single factor difference in awn class inheritence,  The
awn types of both parents were recovered, There was &lso a segregaiting awn
class.
The mean spike density end coefficient of variabﬂi"sy were calculated

for each progeny. One major factor difference was found operating in spike
density inheritance, j Three groups were recovered, (1) a homozygous dense group,
like the I 22 parent; (2) a heterozygous group segregating for spike density
and (3) a homozygous lex group which tended to be more lax than the Dicklow
parent, The meen difference was 5,6 * ,393 mm, for the Fz plantay end 4.8 * ..502
mm. for the Dicklow perent. :

A major and one or more minor factor differences iare probably operating
in «the recovery of the F 22 parent spike end the greater laxity of the Diéklow
type. The coefficient of variability determined for the lex class indicates
stability of behavior. ‘ :

Correlation studies were made of the meﬁn values of each éiwregotar
studied on the Fy progenies. i

The correlation between awn length and spike density gave a positive
correlation of .406 * ,094 indicating & correlation between these two '
cheracters. Another slgnificant correlation was that whieh compared &pike ‘
density of the Fg progenies with Fz indicating stability of behevior or‘ the Fy
plants for this character. . ! :

Soil heterogeneity was studied by using the coefficient of correlation
on nerent row characters. These parental rows‘wex'e spaced systematically
throughout the plot. The correletions were siggifioanﬁly positive and indicated
the presence of soil heterogeneity as being measurably noticeable in this fﬁpld.

Competition between varieties was studied by corrgla’aing the number of
culms produced on the two parental rows grovﬂ.ng side by side, This gave a

negetive correletion, indicating thet competition existed between the contiguous

rows.
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