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" MENDELIAN INHERITANCE IN WHEAT
AND BARLEY CROSSES

With Probable Error Studies on Class Frequencies
By ALVIN KEZER and BREEZE BOYACK

The crosses and their Mendelian behaviour discussed hzrein
were made to furnish material for certain studies in correlation.
The Agronomy Section has been and is studying correlation of
characters in small grains. The question, Do specific characters
follow the same laws or biometric relationships in hybrid progen-
ies that obtain in mixed pure line and straight pure line progen-
les? arose. Accordingly, in 1911, crosses were made between var-
iolts wheat varieties, wheat and emmer, and between several bar-
ley varieties’. In addition to furnishing the Mendelian data,
some of the progenies have given rise to new varieties which give
promise of being superior to existing adapted sorts. It is quite
possible that these secondary lines of study are going to prove of
greater value than the original, primary object.

In presenting these data the following order of treatment has
been decided upon:

(1Y The crosses, where F, behaviour and F, segregations are
described, followed by a description of the F, behaviour of cer-
tain progenies which were continued into the F, generation.

(2) The material has been subjected to a theoretical analysis
showing the error limits of Mendelian class frequencies and the
conformity of the material thereto.

WHEAT HYBRIDS

The crosses or hybrids described were made in the field the
summer of 1911. The methods of handling the heads in making
the crosses were the standard methods usually employed by
cgronomists and plant breeders. The heads to Dbe crossed
were first trimmed down to a small number of spikelets by
cutting out® the undesired spikelets with fine pointed dissec-
tion scissors. The middle florets of the spikelets were then
pulled out by means of fine pointed forceps, leaving only six
or eight spikelets on a head and only the outer or two lateral
florets of each spikelet. Before the pollen was fully ma-
tured, the florets in the spikelets were emasculated by remov-

1The first pollinations were made in 1911 by Professor D. W. Frear, who

3]so made the I, notes. The T, and subsequent generations were under the ob-
servation of Mr. Brecze Boyack.
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mg anthers with fine pointed forceps. After the anthers were
removed, ripe anthers were placed in the flowers and squeezed
so as to liberate the pollen. After each flower had been treated
in this way, the entire head was covered with tissue paper to pre-
vent the ingress of undesired pollen. Each head was tagged with
a properly numbered tag. The tags and tissue paper were allowed
to remain upon the heads until harvest. At that time the heads,
tags and all, were collected and placed in envelopes for laboratory
study. In this first lot forty-six distinct heads were handled. All
of these did not mature seeds so as to give rise to progeny. Only
a part of those crosses which gave rise to progeny are discussed
at this time.

Six Turkey Red-Harvest King crosses were made, two of
which were reciprocal. One cross, Harvest King-Fultz Mediter-
ranean (smooth chaff), and another. Harvest King-Fultz Medi.er-
ranean (velvet chaff), were made. Three crosses were made with
Turkey Red and Fultz Mediterranean and two crosses with Fultz
Mediterranean and Black Winter Emmer. Since this work was
not originally designed to make an exhaustive Mendelian study,
only a few characters were at first observed. More extensive
studies have later been made. Extensive descriptions used will
be largely limited to a description of the specific characters under
observation. Turkey Red is a well-known variety of Russian
origin. It has white chaff, strong beards, a rather short, spindle
shaped head with spikelets set rather closely. The seed is rather
long, hard, corneous, and red or amber in color. Harvest King is
a winter wheat, maturing in a somewhat longer season than Tur-
key. 'The head is much larger, not quite so compactly put to-
gether, beardless, red chaffed, and the grain is proportionately
shorter in its longer axis than Turkey Red, somewhat softer, and
with a pronounced coloration.

The origin of Harvest King is not known. But in the opinion
of the authors it is probably identical with the original Fultz
of Mifflin County, Pennsylvania. The Fultz Mediterranean wheat
used in these experiments is evidently of hybrid origin, probably
tracing back to the well-known Fultz and Mediterranean as par-
ents. That 1t 1s hybrid n origin 1s indicated by the brhaviour of
some of the progenies in the F, generation. In one of these pro-
genies of a Fultz Mediterranean cross, where both parents are
beardless, a bearded form appeared in the F, generation which
split up according to Mendelian ratios. This bearded form com-
hined in character combinations according to Mendelian ratios,
which gives further indication of hybrid origin. Another indi-
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cation is that a portion of the plants in our present Fultz Medi-
terranean stock are smooth chaffed. Some are velvet chaffed. Dif-
ferences in head shape occur which can be accounted for by the
hypothesis that the Fultz Mediterranean is of hybrid origin. Two
types of Fultz Mediterranean were used in these crosses, both the
smooth chaffed and the velvet chaffed.

THE CROSS
Harvest King® 3 Fultz Mediterraneand'
(red chaff) (white chaff)
F, Generation
All beardless; red chaff

In this cross red is dominant over white. In the F, generation
splitting takes place, as shown in Table 1.

TABLE 1
¥, Distribution of cross 15
Harvest King® X Fultz Mediterraneand
(red chaff) (white chaff)

| Red Chaff | White Chaft

F, Distribution From F; Plant 15-1............. | 21 | 5
¥, Distribution From I, Plant 15-2............. [ 27 | 10
F, Distribution From F; Plant 15-3............. | 22 | [§
I, Distribution From F,; Plant 15-4............. [ 2 | 2
F, Distribution From F, Plant 15-5............. | 5 | 0
Shattered F; Grains........coiiiiiiiiineennen.. | 9 |

Actual F, Distribution Croess 15.........¢c000.... | 86 | 23
Exvectation on 3:1 Basis. . ... .ovviiin i | 83 [ 26

It will be seen that the actual distribution follows the theo-
retical expectation quite closely. The theoretical agreement is
discussed later in this paper. It will be given further attention
at that point.

It has already been mentioned that the Fultz Mediterranean
was undoubtedly of hybrid origin, and that both smooth chaffed
and velvet chaffed individuals occur in the progenies. C(rass
Number 16 was made between Harvest King and a velvet chaffed
Fultz Mediterranean parent. The F, behaviour of this cross was
as follows:

Harvest King? X Fultz Mediterraneand
(red and smooth chaff) (white and velvet chaff)
F, Generation
The entire progeny red and velvet chaffed

Redness and the velvet character are both dominant. White-
ness and smoothness are recessive. In this cross we have a dihy-
brid which breaks up in the F, generation according to Table 2.
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TABLE 2
Fy Distribution of Cross 16
Harvest King?® X Ifultz Mediterraneand

({red and smooth chaff) (white and velvet chaff)

| Red and } Red and l White and ‘ White and
| Velvet | Smooth Velvet | Smooth
[ Chaff | Chaff Chaff | Chaff
I, Distribution l I l |
From T, Plant 1r-1. ‘ 16 | 3 | 4 f 1
', Distribution | \ | |
From F; Plant 16-2...‘ 28 | 8 | 7 [ 1
F, Distribution 1 |
From F; Plant 16-3... 29 8 ‘ 4 | 2
Actual F», Distribution \ | | |
Cross 16 .............. | 73 l 19 | 15 | 4
Expectation on | | | |
9:3:2:1 Basis .......... | 62 1 21 | 31 | 7

When we take up crosses with Turkey Red, a new character-
istic appears which is worth some consideration at this point.
Turkey Red is a bearded wheat. In crosses of bearded wheat with
beardless the F, generation always gives a great reduction in
beard length, but some beards remain. This appearance has been
called intermediate. The progeny in this cross does not exhibit
true dominance, but a heterozygous form occurs which may usual-
ly be told by its appearance. In the I, generation this form al-
ways appears. True dominance does not exist. In the I, genera-
tion the progenies break up into one pure beardless, two heter-
ozygous beardless, and one true bearded. The heterozygous
beardless individuals may usually be determined by inspection
because of the short tipbeards. Occasionally, however, a worker
will misjudge the heterozygous and the true beardless. For con-
venience in this discussion beardlessness has been considered
dominant, recognizing the fact that theré is one true beardless
individual and two heterozygous beardless individuals, which
may usually be told upon inspection. The tables have been pre-
pared on the basis of beardless, a dominant character, whereas in
fact, it is not truly dominant. However, the progenies lend them-
selves to this treatment very well.

THE CROSS
Turkey Red9 X Fultz Mediterraneand
(bearded) (beardless)
behaves as follows:
F, Generation

All individuals intermediate or heterozygous with respect to
beardless character

The F, generation breaks up according to Table 3. It must
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be remembered in studying Table 3 that approximately one-third
of the individuals called beardless are true beardless, and approxi-
mately two-thirds are intermediates or heterozygous and may be
determined upon inspection in most cases.
TABLE 3
Fy Distribution of Cross 72

Turkey Red® X Fultz Mediterrancand
(bearded) (beardless)

P, Distribution From F; Plant 22-1...........
F. Distribution From F, Plant 22-2...........
¥, Distribution From TI; Plant 22-3.... ’
szDistribution'From F; Plant 22-4.
F, Distribution Fiom I, Plant 22-5
Fo Distribution From F, Plant 22-6..
¥, Distribution From F; Plant 22- 7'7' .
Fg Distribution From F, Plant 22-8.
T, Distribution From F; Flant 22-9..
F, Distribution From F; Plant 22-11..........
s Distribution From ¥y Plant 22-12
¥, Distribution From F; Plant 22-13
I« Distribution From ] Fl Plant 22- 14
Shattered Fi GIainS......oevesoiosieioeanaonss '
Actual F, Distribution Cross 22............... '
Expectation on 3:1 Basis......................

Table 4 and Table 5 represent progenies of similar crosses.

TABLE 4
Fp Distribution of Cross 23
Turkey Red® X Fultz Mediterraneand

(bearded) (beardless)
| Beardless | Bearded

F, Distribution From F; Plant 23-1........... | 29 ! 11
F, Distribution From F, Plant 23-2 19 ] 4
F, Distribution Irrom F; Plant 23- S I 3
F, Distribution From F; Plant 23-4... I
F, Dlstrlbutlon From F, Plant 23-5. 42 { 15
F, Distribution From I, Plant 23-6 40 | 23
F. Distribution From ¥; Plant 23-7 50 | 24
T, Distribution From T, Plant 23-8..... 38 ] 9
F, Distribution IFrom I, Plant 23-9..... 53 | 20

61 | 29

62 | 25
Shattered Ty Grains. . ...t ireeneneneeeneans 121 ] 41
Actual Ty ] sttrlbutlon Cross ”3 552 [ 212
Expectation on 31 Basis...... . cieeeeeeannn 573 | 191
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TABLE §
F; Distribution of Cross 24
Turkey Red® X IFultz Mediterraneand

(bearded) {beardless)

| Beardless | Bearded
Fu Distribution From ¥, Plant 201, | 00|
F; Distribution From T, Plant 242 [ 49 N 19
Fa Distribution From Fy Plant 2¢-3., O
F; Distribution From F, Plant 24-4, | 110 | 6
F, Distribution I'vom [°, Flant 24-5........... | 62 | 24
F; Distribution From F; Plant 24-6........... [ 55 | 23
F, Distribution From F, Plant 24-7........... | 85 | 23
F, Distribution From F; Plant 24- | 103 | 34
F, Distribution From I, Plant 24-9. I 40 [ 14
¥, Distribution From I, Plant 24-10......... l 27 | 10
F, Distribution From F; Plant 24-11....... I 28 | 7
Iy Distribution From ¥, Plant 24-12. | 60 | 23
B, Distribution From F, Plant 24-13. 31 | 16
Shattered F; Grains................ | 11 1 4
Actual ¥, Distribution Cross 24..... 874 | 305
Expectation on 3:1 Basis..................... 884 ] 295

These distributions have been summarized in Table 6.

TABLE ¢
X Summary of Crosses 22, 2.3, and 24
Turkey Red?® X Fultz Mediterraneand
(bearded) (beardless)
| Beardless | Bearded

Actual F, Distribution Cross 22............... ] 428 I 151
Actual F, Distribution Cross 23............... | 552 | 212
Actual F, Distribution Cross 24............... ] 874 | 305
Actual F, Distribution Summary.............. | 1,854 | 668
Expectationn on a 3:1 Basis...... oo, | 1,892 | 631

When we introduce another pair of characters, a dihybrid is
secured. This is accomplished by making the cross between Har-
vest King, a red chaffed, beardless, wheat, and Turkey Red, a
white chaffed, bearded wheat. Here the red color is partially
dominant over white, so that the F, generation individuals are
always red chaffed. But the red secured in the hybrid differs
from the red of the Harvest King parent, that is, it is heterozy-
gous red which may usually be determined upon inspection. But
if we consider all red chaffed individuals, we can throw them into
a dominant class, one-third of which will be true reds and two-
thirds heterozygous reds. The white, however, behaves as a true
recessive. The heterozygous red breaks up in the F, generation,
giving rise to pure reds, heterozygous reds, and pure white ac-
cording to Mendelian ratios. If we consider these two characters,
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each of which behaves as a partial dominant and not as a true
dominant, we get a dihybrid cross.
THE DIHYBRID CROSS
Harvest King®, x Turkey Redd
(red chaffed: beardless) (white chaffed: bearded)
F, Generation
All beardless and red chaffed
Both the red chaffed color and the beardless are heterozygous
or intermediates. In the F, generation the hybrid breaks up into
red chaffed beardless, white chaffed beardless, red chaffed bearded,
white chaffed bearded in the proportion of 9:3:3:1, as shown by
the data in Tables 7 and 8. When the bearded, white form oc-
curs, it breeds true thereafter. Regular proportions of the 9 and

3 classes continue to split and recombine.
TABLE 7
F, Distribution of Cross 11
Harvest King?Q X Turkey Redd
(red chaffed; beardless) (white chaffed; bearded)

Beardless ] Beardless ] Bearded | Bearded
| Red Chaff IVVhite Chaff| Red Chaft |White Chaft

T, Distribution [

From T; Plant 11-1... 27 7 12 | 3
F. Distribution I | B

From TF; Plant 11-2... 52 25 21 ] 8
Actual ¥, Distribution | | | =

Cross 11 ............. [ 79 32 33 | 11
Expectation on | |

9:3:3:1 Basis .......... 26 29 [ 29 ! 10

TABLE 8
F, Distribution of Cross 13
Harvest King@ X. Turkey Redd
(red chaffed; beardless) (white chaffed; bearded)
| Beardless Beardless Bearded | Bearded

| Red Chaff [White Chaff| Red Chaff |White Chaff

F, Distribution

B From ¥F; Plant 13-1...} 24 I 12 ll 8 } 5
F:; Distribution | | | |
ﬁmErom F, Plant 13-2...] 51 l 27 I 30 | 6
F. Distribution | | I N
ngirom F; Plant 13—3‘.‘| 53 | 21 | 20 | [
F, Distribution , ’ , R
) From T; Plant 13-4... 20 4 5 | 1
F, Distribution | o ’ ' o ) |
ﬁﬂE‘,om I, Plant 13—5...[ 12 1 I 5 ’ 1
Shatfered Fy Grains....... | 9 | 4 ! 4 0
Actual F, Distribution [ - o | T
ﬂss 13 . e ' 169 ‘ 69 ’ 72 ' 19
Bxpectation on ( T T S
9:2:2:1 Basis .......... 18E | 62 I 62 ’ 20
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The data in Tables 9, 10, 11, and 12 represent the same par-
entage as Tables 7 and 8, but in the reciprocal cross. The dis-
tribution of the progenies and their Mendelian behaviour occurs
inn the same manner in the cross and its reciprocal, as is evidenced
in the summaries of the cross and its reciprocal in Table 13. In
Table 14 the cross and the reciprocals are summarized, which
gives an additional amount of data, the sum of the two distribu-
tions.

TABLE 9
F. Distribution of Cross 18
Turkey Red?® X Harvest Kingd
(white chaffed; bearded) (red chaffed; beardless)

Beardless Beardless
| Red Chaft [{White Chaff

Bearded | Bearded
Red Chaff lW’hite Chaft

F, Distribution |

From F, Plant 18-1... 4 4 2 l 0
Actual T, Distribution [ o i |

Cross 18 ............. 4 4 2 | 0
Expectation on | | ’ | |

9:3:3:1 Basis .......... | 6 | 2 | 2 ] 1

TABLE 10
¥, Distribution of Cross 19
Turkey Red® X Harvest Kingd
(white chaffed; bearded) (red chaffed; beardless)
Beardless Beardless Bearded | Bearded

‘White Chaff

| Red Chaff Red Chaff [White Chaff

F; Distribution
30 10

| I
From ¥F; Plant 19-1..‘[ 17 | 6
¥ Distribution | T o
From F; Plant 19-2.. ] 91 15 22 7
F, Distribution ) N T |7W' 7‘" )
From F, Plant 19-3... 56 10 24 | 4
P, Distribution ' _' T D ‘ B o
From F, Plant 19-4. | 13 5 9 [ 2
F, Distribution I R R
From F; Plant 19-5...| 43 l 15 l 17 | 3
F, Distribution P ‘ ) 1 |
From F; Plant 19-6...| 6 6 ' 4 | 3
F, Distribution r | |
From I; Plant 19-7... [ 43 i 11 ! 16 ] 2 i
¥, Distribution l T [ o I
From Fy Plant 19-8... | 33 [ 8 16 | 2
Shattered Fy; Grains....... | st T 9 7 5
Actual T, Distribution T I [
Cross 19 ...... ...t [ 349 ’ 92 ! 134 ! 34 )
Expectation on “"[ o | |
9:3:2:1 Basis ......... | 342 114 | 114 | 38
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TABLE 11
F, Distribution of Cross 20
Turkey Red @ X Harvest Kingd

(white chaffed; bearded) (red chaffed; beardless)

Beardless
White Chaff

Bearded | Bearded

Red Chaff |White Chaft

Beardless
Red Chaff

F, Distribution '

From F; Plant 20-1... 17 ’ 3 ’ 8 | 4
Actual F, Distribution 7 T
Cross 20 .............. 17 ] 3 8 | 4
Expectation on T | T - T
9:3:3:1 Basis ... ..., ] 19 [ 6 ' 2
TABLE 12
T, Distribution of Cross 21
Turkey Red?® X Harvest Kingd
(white chaffed; bearded) (rcd chaffed; beardless)
[ Beardless Beardless Bearded | Bearded
[ Red Chaff [White Chaff| Red Chaff |[White Chaff

¥, Distribution | |
From F; Plant 21-1...! 61 20 22 [ 7
¥, Distribution 7TAA T | T o ' ! o
From ¥, Plant 21—2..‘] 45 | 21 16 ! 6
F, Distribution o | T o 7|’7‘ T
From ¥, Plant 21-3.. | 65 18 23 | 6
F, Distribution ] R N
From TF; Plant 21-4.. ’ 32 8 7 ! 2
F. Distribution | [ - i e N
From T, Plant 21-5.. | 22 | T ' 13 | 6
Shattered F, Grains....... [ 9 s B - B
Actual I, Distribution | - [7 |
Cross 21 .............. ] 234 ] 82 84 | 30
Expectation on I T N
9:3:3:1 Pa=i= ..., ... .. | 242 81 ! 81 ' 27
TABLE 13
Summary of Crosses 11 and 13
N Harvest King@ X Turkey Redd
(red chaffed; beardless) (white chaffed; bearded)
Beardless Beardless Bearded Bearded

[ Red Chaff [KVhite Chaff

Actual F, Distribution

-
=

Cross 11 .............. l 32 ‘ 33 | 11
Actual Ty Distribution [ | - B
Cross 13 .....ooivin.nn i 169 | 69 72 | 19
Actual F, Distribution i B |
SumMmary ........c.... 246 101 105 I 30
Expectation on | |~ |
9:3:3:1Basis .......... 271 90 90 | 30
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TABLE 13 (Continued))

Summary of Crosses 18, 19, 20, and 21
Turkey Red?Q X Harvest Kingd
(white chaffed; bearded) (red chaffed; beardless)

Beardless | Beardless Bearded | Bearded
Red Chaff ]“’hito Chaff| Red Chaff |\Vhite Chatf
Actual ¥, Distribution | |
3 Cross 18 .............. ] 4 4 2 ! 0
Actual F, Distribution ] B .
Cross 19 ..o, | 349 92 134 | 34
Actual F, Distribution r T | B
Cross 20 .............. [ 17 3 8 ] 4
Actual T, Distribution [ I D T
Cross 21 ... .. ......... [ 234 82 84 l 30
Actual F, Distribatfon | | | [
Summary ......ciaenn ] 604 [ 181 228 | 68
Expectation on | I R
9:3:3:1 Ba=is .......... | 608 | 203 | 203 | 68
TABLE 14
Summary of Reciprocal Crosses
(11-13)—(18-19-20-21)
| Beardless | Beardless | RBearded | Bearded

| Red Chaff |White Chaff| Red Chaff |White Chaff
rAc:tuagqu:bisfrihu’tion niiilA T N T
Harvest King X |

! I !
l l |
Turkey Red ...... | 246 | 101 I 105 | 30
Actual F, Distribution | 1 | l
Turkey Red X | | I !
Harvest King ....] 604 ;o181 | 228 | 68
Actual ¥, Distribution | | | Ty
Summary ............. I 850 | 282 | 333 | 98
Bxpectation on oy ] T T T
9:3:3:1 Basis ....... .- 879 | 293 | 293 ! 98

The crosses which have just been enumerated represent bo-
tanicallv closely related varieties. When one parent botanically
more distant in relationship is introduced, as is done in making
the Fultz Mediterranean-Black Winter Emmer cross, a number of
striking new things arise. Fultz Mediterranean, which was used
as a parent in this case, happened to be a type which evidenced
some club attributes in that the tip of the spike was somewhat
compressed, closely resembling club form. The chaff was white,
the spikelets regular and beardless, not keeled, and chaff com-
paratively soft, adhering very loosely to the grain. Black Win-
ter Emmer, on the other hand, has a flat, two-row, compressed
head. The color is black. The chaff is keeled, hard, and tena-
cious, sticking very tightly to the kernel. The beards are long
and prominently barbed. The chaff in Black Winter Emmer is al-
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ways covered with short, stiff hairs. The hairs are too stiff to be
properly called velvet. In addition the exterior of the glumes n
the typical emmer is covered with a substance which gives an ap-
pearance which may best be described by calling it bloom. Thus
it is seen that the two parents are radically different. Further
differences than are brought out here may be presented in a later
publication.
THE CROSS
Fultz Mediterranean? X  Black Winter Emmerd
(semi-club, white chaff, regu- (two-row, black, keeled,
lar spikelets, bearded, chaff " bearded, adherent chaff chaff
shatters, not keeled, chaff not covered ~with  bloom, stiff
covered with bloom, smooth hairy chaff)
chaff) -
behaves as follows:
. Generation
All individuals heterozyoous black, chaff stiff hairy, heterozy-
gous beardless, two-row, flat, keeled, chaff not
bloomed, hard adherent chaff

The black in this case was not a pure black but is what might
be called a mulatto black. The black of the emmer parent is a
deep black, perhaps best described as a purple black. All of the
F, progeny have short beards, but the beards are neither as coarse,
as long, or as heavily barbed as the emmer parent. For that rea-
son they have been termed intermediate or heterozygous beards.
When the F, seeds are planted, giving rise to the F, generation,
from sixty-three to sixty-five distinct forms, no two of them alike,
occur in the progenies of the two crosses studied (crosses 9 and
10). Whether other forms would arise or not cannot be deter-
mined in our experiments owing to an insufficient number of
plants in the F, generation.

At the first glance this material appears to be without any
particular order or reason. A study, however, of the black char-
acter shows that this character follows the Mendelian laws in its
transmission, as do the bearded and beardless characters, the hard
and soft chaff, the flat and regular head. Yet many new shapes
appear among the heads of the progenies which are apparently in
no way related to the head shapes of either parent insofar as our
present analysis goes. The hairy character is always associated
with the black in all the progenies. Evidently these two are cor-
related or linked, as all blacks, no matter of what shape, no mat-
ter what the character of the glume, are hairy, while the whites
and browns, which occur as chaff colors, never have this hairy
appearance. If hairiness and blackness are two separate char-
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acters, they have always been transmitted together. Whether this
constitutes a true case of linkage or whether it constitutes a case
of correlation is not known. The fact remains that the characters
are associated and transmitted together in the same way as a sim-
ple unit character. Further study is being made on new material.
Some of the forms which appear in head shape give rise to long,
loose-jointed rachises. Some are close and compact, some clubbed,
some mtermediate. Some have branching spikelets, giving rise
to the appearance commonly called many-headed. Some have ster-
ile florets. Some resemble spelt, some wheat, some emmer. In
spite of the fact that red is not visible in the chaff color of either
parent, brown and red chaff individuals arise. The deep purple
black of the Black Winter Emmer is absent in practically all of
the blacks, altho it occasionally appears. Certain of these head
forms are always self sterile. These have been designated as mules.
Of course, when a so-called mule type appears, it 1s self limited,
as it does not propagate. Since this material is being subjected
to a somewhat different line of study, further.discussion in this
paper is limited to the discussions in connection with illustrations.

BARLEY CROSSES

Barley as well as wheat is self fertile, so that in both wheat
and barley the F, generation and subsequent generations are selfed
without the necessity of any effort on the part of the plant breeder.
Barley is even more certainly self fertile than wheat, as the anthers
hecome ripe and burst, producing fertilization in most cases before
the head is out of the sheath. In making barley crosses this habit
has to be recognized in order to catch the stigmas and anthers at
the proper state of maturity. Usually it is necessary to cut open
the sheath to get at the head for hand pollination. Otherwise the
head treatment for hand pollination is essentially the same for bar-
leys as has already been described for wheats. Barleys offer a
large number of easily detected unit characters for study. Altho
we have studies under way including five or more character pairs,
studies on three character pairs only will be presented at this
time, which will illustrate the behaviour in the monohybrid, dihy-
brid, and trihybrid distributions. The object in making the bar-
ley crosses was in part the same as that which governed the mak-
ing of wheat crosses. In addition it was hoped that there mighi
be obtained forms adapted to many of Colorado’s special high al-
titude conditions where good yield, good feeding quality, and
early maturity are all characteristics of importance.

California, called by the Bureau of Plant Industry “Coast’,
a six-row, white chaffed, bearded barley, a barley somewhat
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coarse in habits of growth and in matured grain, but one matur-
ing in a medium early season and having the ability to produce
very heavily, was used as one of the parents. A barley which
was known as Beardless and so appears in our accession hooks
was used as another. This so-called Beardless barley is a hulled,
hooded, six-row type.

F, Behaviour of the Cross
California? W Hoodedd
Progenies hooded
TTooded 15 dominant, beards recessive
TABLE 13
F, Distribution of Crosses 30 and 31
California® X Hoodedd
(bearded) (hooded)

I Hooded I Bearded
Actual F, Distribution Cross 30............. | 1,402 | 432
fixpoctation on a 32:1 Basis............ ..... | 1,376 ! 458
Actual F, Distributicn Cross 31............. | 1,271 ] 453

[Cxpretation on a 31 Basis. ... ... ..., l 1,293 | 431

" Summary of Crosses 30 and 31

Actual F, Distribution......... .. . ... ..... | 2,673 | 885

apectation on a 3:1 Basis........ e | 2,669 i 889

A cross was also made between California and a variety called
Black Hulled. Black Hulled is black hulled and two-rowed. The
Black Hulled barley also had the quality of maturing in a very
short season. This short season character, however, will not be
discussed in this connection.

THE CROSS
California@ % Black Hulledd
F. Generation
Al individuals two-rowed, black hulled

The F, generation breaks up as a dihybrid as shown in

Table 16,

TABLE 16
F; Distribution of the Dihybrid Cross 32
California @ X Black Hulledg@

(white hulled) (black hulled)
(six-row; bearded) (two-row; bearded)
| Black Black |  White i White
, Hulled Hulled Hulled | Hulled
! 2-row 6-row 2-row | 6-row
A nal F, Distribution
Cross 32 .............. 1,167 417 378 127
Exnvectation on | | |
9:3:3:1 leeds Lol | 1,175 392 | 392 |
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When we combine Black Hulled with the hooded variety
Beardless, a third character pair is introduced, namely, hooded
and beards. The black hulled, two-row, hooded characters are
dominant, and white hulled, six-row, bearded are recessive. Con-
sequently

THE CROSS
Black Hulled?Q X Hoodedd
(black hulled, two-rowed, (white hulled, six-rowed,
bearded) hooded)

gives rise to an F, generation as follows: All individuals black,
two-rowed, and hooded. The F, generation breaks up according
to Table 17.

TABLE 17

F3 Distribution of the Trihybrid Crosses 36, 37, and 38
Black Hulled? X Hoodedd
(black hulled) (white hulled)
(two-rowed; bearded) (six-rowed; hooded)

Hood- lﬁood- |’H’6@{H£&Il Beard-| Beard-| Beard-| Beard-
ed J ed ed ed ed ed ed ed
Black | Black | White| White| Black | Black | White| White
2-row | 6-row | 2-row | 6-row | 2-row | 6-row | 2-row | 6-row

Actual F,
Distribution
Cross 36 ...... 133 48 42 14 47 19 13 4

Bxpectation on
27:9:9:9:3:3:3:1 , [ f .l
Basis.......... | 135 ] 45 | 45 15 | 45 1 15 | 15 | 3

Actual F,
Distribution
Cross 37....| 133 42 35 15 39 11 9 6

Expectation on
27:9:9:9:3:3:3:1

Actual F,
Distribution
Cross 38....| 327 96 114 28 99 39 36 14

Expectation on )

27:9:9:9:3:3:3:1
318 106 106 35 106

Actual F,
Distribution
Summary ..| 593 186 191 57 185

Expectation on
27:9:9:9:3:3:3:1
Basis......... 575 192 192 64 192 64 64 21
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From this trihybrid cross a two-rowed, hooded barley has
been evolved which is now being grown in the field. The creation
of hooded or beardless types of barley for Colorado conditions
has an exceedingly strong practical as well as theoretical interest
because of the value of such forms for feeding purposes, for the
production of barley pastures, or pastures of barley in combina-
tion with peas, and for the production of barley hays. As a con-
sequence the production of desirable hooded types is being given
considerable study with the idea of their possible practical use.
Sufficient progress has already been made to warrant the belief
that varieties may be created having the desired characteristics
for all these practical purposes and for many others not enumer-
ated here. Barley in much of our agriculture takes the place in our
feeding operations which corn takes in the corn belt, because bar-
ley may be produced profitably at altitudes far higher than any
in which corn can possibly be raised. In addition, barley fur-
nishes a good feed in these altitudes in quantities much in excess
of many other crops, and in some localities where corn may be
sronvn. harley will produce more pounds of digestible food per
acre than will corn. Thus it becomes increasingly important to
produce varieties adapted to the various situations.

The cross between California or Coast, a six-rowed, bearded
harley already described, and Hanna, a two-rowed, bearded bar-
fey, has brought out some points worthy of mention at this time.
In this case a true dominant with respect to beards does not exist.
A heterozygous form appears in the F,| generation which might
be called intermediate, but which perhaps is better described as
simply heterozygous. The F, generation has six rows of kernels
much the same as the Coast parent but only two rows of beards.
The central row of kernels is bearded, the lateral rows not beard-
ed or have very short beards. These lateral grains appear in var-
ous degrees of development. In some cascs only a few lateral
grains are developed on the head. The varjation in development
ranges from these few lateral grains to a complete supply of lat-
eral grains or the fully developed stage. \Wherever these heter-
ozvgous or intermediate forms occur, even tho only one row of
the lateral kernels is developed, the F, progeny splits up into
pure six-rowed, pure two-rowed, and heterozygous six-rowed.
Wierever the two-row occurs, it breeds true. Wherever the six-
ry oceurs, it breeds true. This development seems to be peculiar
to certain barley crosses and is not common to all. The same
choracteristic does not appear in the cases of crosses hetween Coast
me the two-rowed Black Hulled. Some workers have called this
mtermediate form Hordewm intermedium, implying that Hordeum
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intermedium has been fixed from some of the progenies of a simi-
lar cross to that of Coast by Hanna. Harry V. Harlan, in Bulletin
No. 622, Bureau of Plant Industry, page 13, says:

“In the six-rowed barleys all awnless forms are thrown into inter-
medium. The awnless character is most probably of hyvbrid origin, and in
all six-rowed awnlesg varieties now Xknown there is a iendency in some
strains to produce short awns on the central spikelets when grown under
especially favorable conditions, indicating a direct relationship with inter-
medium. It may be found necessary to include awnless soris uader
Hordeum vulgare as well, but at present it seems better to list these forms
with the intermedium.

“0Of the varieties and subvarieties which follow, a large number are ot
hybrid origin. The specieg intermedium probhably consists eutirely of
hybrid varieties. In the beginning it was atteripted to separate the
known hybrid varieties from those occurring naturally. ¥However, there
seems no good reason for such a distinction, for many of the varieties
which are not known to be hybrid probably have arisen from accidental
crossing.”

This does not appear to be the case in the instance of the cross
just described. The intermediate form is heterozygous. The inter-
mediate form does not occur in certain of them. Wherever it does
occur in our work, the intermediate form has been heterozygous
without a single exception.

It is quite possible, as Harlan indicates, that Hordewm inter-
medium is of hybrid origin. It so happens, however, that in the
material with which we have worked it has been impossible to fix
this intermediate form altho it occurs in certain crosses, always
occurring in the Coast by Hanna cross or its reciprocal. But in
its occurrence it is always heterozygous. Consequently we have
never been able to fix this form. The material which we have
handled has not been sufficient to warrant any general statements
with respect to fixing the intermediate form. In view of the gen-
erally prevailing opinion that this form is of hybrid origin, it is
interesting to note that in our set of materials the intermedinm oc-
curs but is always heterozygous and consequently cannot be fixed.

BEHAVIOUR IN F, GENERATION

A great many of the crosses reported herein were carried
from the F, to the F, and subsequent generations. It was impos-
sible to carry all progenies because of the number involved. In
any work of this kind the numbers in the F, and subsequent gen-
erations soon get so large that it becomes physically impossible tu
handle all of the populations.” Accordingly random samples were
taken from each class of the F, generation to carry into the F,
generation for behaviour tests. One idea behind this work was
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to test possible desirable strains. A second idea was to test the
possibility of increasing homozygousness. It is recognized that
the ability to increase homozygousness increases the possibility
of fixing and continuing desirable strains. According to the ac-
cepted theory a monohybrid breaks up in the F, generation into
two possible classes, one of which is represented by three indi-
viduals which we may call the Three Class, and the other is rep-
resented by one individual which we may call the One Class.
Theoretically, when these are taken to the ¥, generation, one in-
dividual of the Three Class is homozygous and breeds true. The
other two individuals are heterozygous and split according to
Mendelian ratios in the F, generation. In a like manner a dihy-
brid represents four possibilities, the first of which is represented
by nine individuals in one class called the Nine Class, three in-
dividuals in two other classes called the Three Classes, and one in-
dividual in the last class called the One Class. At least in a dihy-
brid the smallest number which will fully represent the classes
requires sixteen individuals, apportioned as just enumerated.
Theoretically, eight of the Nine Class are heterozygous and one
hcmozygous for all characters. Fach of the Three Classes is again
represented by one homozygous and two heterozygous forms, the
One Class breeding true, as it is pure homozygous or recessive.
Where the trihybrid is represented, the least number of classes
which will satisfy the possibilities is eight, and the least number of
individuals which will satisfy the conditions is sixty-four, divided
in classes as follows, 27:9:9:9:3:3:3:1. Theoretically, the Twenty-
seven Class would break up as follows: Twenty-six individuals
heterozygous with respect to some of the characters and one
homozygous with respect to all. The Nine Classes would
break up as in the dihybrid, giving one homozygous and
eight heterozygous forms with respect to some characters.
The Three Classes, as in the dihybrid, break up into one
homozygous and two heterozygous individuals, the One
(lass breeding true, as it is pure homozygous or recessive.
In other words, in a population having individuals enough to
represent completely every class if a trihybrid, the chances of
getting a complete homozygous individual would be 1 to 26 in
the Twenty-seven Class; 1 to 8 in the Nine Classes; 1 to 2 in the
Three Classes; 1 to 1, or absolute, or certainty, in the One Class.
We recognize that the tests of F, progenies which were carried to
the I, generation were not complete enough to be absolutely con-
clusive. But the behaviour is significant. The probable error is
discussed in the latter part of this publication, which will indi-
tite the probability of correctness of the work. Accordingly the
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following summaries of selections from the F, generation for F,
generation plants are presented:

The wheat crosses, 13, 16, 19, and 24, were subjected to field
study and laboratory analysis.

Cross 13
Harvest King® x  Turkey Redd
(red chaffed: beardless) (white chaffed: bearded)
This cross is presented as a representative of dihybrid be-
haviour. Accordingly there are four F, groups or class combina-
tions as follows:

(1) Beardless and Red Chaff.
53 selections were made,
of which 8§ came true. Expectancy 1 in 9
Obtained 1 in 6.6
(2) Beardless and White Chaff,
21 selections were made,
of which § came true. Expectancy 1 in 3
: Obtained 1 in 2.6
(3) Bearded and Red Chaff.
20 selections were made,
of which 7 came true. Expectancy 1 in 3.
Obtained 1in 2.9.
(4) This class was supposedly pure and was
represented by beards and white chaff, both
recessive characters. 6 selections were made,

of which 6 came true.

Cross 16
Harvest King? X Fultz Mediterraneand
(red and smooth chaff) (white and velvet chaff)
This dihybrid cross gave rise to four F, classes or groups as
follows:
(1) Red and Velvet Chaff.
25 selections were made at random,
of which 2 came true. Expectancy 1 in 9
Obtained 1in 12,5

(2) Red and Smooth Chaff.
8 selections were made,

of which 1 came true. Expectancy 1 in 3
Obtained 1 in 8
(3) White and Velvet Chaff.
7 randow selections were made,
of which 2 came true, Expectancy 1 in 3
Obtained 1 in 3.5

(4) White and Smooth Chaiff.
This class was supposed to be homozygous.
Only 1 selection was made, which, of course,
was not enough to test the conditions. But
it came true, being a perfect, true homo-
zZygous progeny.
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Cross 19
Turkey Red?  x  Harvest Kingd
(hearded : white chaff) (beardless:red chaff)
This dihybrid was represented by four F, classes or groups as

follows: (1) Beardless and Red Chaff.

86 selections were made at random,

of which 13 came true. Expectancy 1 in 9
Obtained 1 in 6.6

(2) Beardless and White Chaff.

20 selections were made,

of which 10 came true. Bxpectancy 1 in
Obtained 1 in

LA

(3) Bearded and Red Chaff.
19 selections were made,
of which 9 came frue. Expectancy 1 in 3
Obtained 1 in 2.1
(4) Bearded and White Chaff.
10 selections were made,
of which 10 came true. Expectancy [ in 1
Obtained 1in 1

Cross 24
Turkev Red? ¥ Fultz Mediterraneand'
(bearded) (beardless)

This monohybrid is represented by two groups or classes:
(1) Beardless.
165 random selections were made,
of which 61 came frue. Expectancy 1 in
Obtained 1 in

Ja- V]

(2) Bearded.
41 random selections were made,
of which 41 came true. Expectancy 1 in 1
Obtained 1in 1

The barley crosses, 30, 31, 32, and 36, were chosen to represent
monohybrid, dihybrid, and trihybrid distributions.
Cross 30
California@ % Beardlessd
(bearded) (hooded)
This monohvybrid is represented by two classes:

(1) Hooded.
76 random selections were made,
of which 24 came true. Expectancy 1 in 3

Obtained 1 in 3.2
(2) Bearded.
5 selections were made,
of which 5 came true. Expectancy 1 in
Obtained 1 in
Cross 31

California® X Beardlessd
(bearded) (hooded)

Two F, classes or groups are represented:
(1) Hooded.
78 random selections were made,
of which 27 came true. Expectancy 1 in 3
Obtained 1 in 2.9

e
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(2) Bearded.
5 random selections were made,

of which § came true. Expectancy 1 In 1
Obtained 1in 1
Cross 32
California® X Blacikk Hulledd
(white : six-rowed) (black: two-rowed)

This dihybrid is represented by four classes as follows:

(1) Black Hulled and Two-rowed.
52 random selections were made,
of which 5 came true. Expectancy 1 in 9
Obtained 1 in 10.4
(2) Black Hulled and Six-rowed.
21 selections were made,
of which 8 came true. Expectancy 1 in 3
Obtained 1 in 2.4
(3) White Hulled and Two-rowed.
21 selections were made,
of which 6 came true. Expectancy 1 in 3
. Obtained 1 in 3.5
(4) White Hulled and Six-rowed.
6 random selections were made,
of which 6 came true. Expectancy 1 in 1
Obtained 1in 1

Cross 36
Black Hulled? X  Beardlessd
(black hulled) (white hulled)

(two-rowed : bearded) (six-rowed: hooded)
This trihybrid cross is represented by eight classes or groups

as follows:
(1) Hooded, Black Hulled, and Two-rowed.
128 random selections were made,
of which 6 came true. Expectancy 1 in 27
Obtained 1 in 21.3
(2) Hooded. Black Hulled, and Six-rowed.
52 random selections were made,
of which 9 came true. Expectancy 1 in 9
Obtained 1 in 5.8
(3) Hooded, White Hulled, and Two-rowed.
40 selections were made at random,
of which 7 came true. Expectancy 1 in 9
Obtained 1 in 5.7
(4) Bearded. Black Hulled, and Two-rowed.
46 random selections were made,
of which 6 came true. Expectancy 1 in 9
Obtained 1 in 7.7
(5) Hooded. White Hulled, Six-rowed.
15 selections were made,
of which 6 came true. Expectancy 1 in 3
Obtained 1 in 2.5
(6) Bearded, Black Hulled, Six-rowed.
20 random selections were made,
of which 6 came true. Expectancy 1 in 3
Obtained 1 in 3.3
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(7) Bearded, White Hulled, Two-rowed.
13 random selections were made,
of which 5 came true. Expectancy 1 in
Obtained 1 in
(8) Bearded, White Hulled, Six-rowed.
4 random selections were made,
of which 4 came true. Expectancy 1 in 1
Ohtained 1 in 1

[NCRV]
(=21

Tt will be seen from these brief studies that it is easily possi-
ble to fix the homozygous quality in the F, generation, provided
numbers enough are carried for the purpose. Insofar as any
monohvhrid. dihybrid, or trihvbrid is concerned, it is never neces-
sarv (if sufficient numbers are carried) to go bevond the F. gen-
eration to fix homozygousness in any of the possible classes.
Theoretically, the same would be true of tetrahvbrids. pentahv-
brids, and so on. But practically the number of classes and the
number of individuals becomes so large where four or more char-
acter pairs are represented that it will usuallv require the use of
more generations in order to obtain a sufficient number of individ-
nals to satisfv all of the possibilities. and all of the possibilities
must be satisfied if homozygousness is to be of a certaintv fixed
or established. When homozygousness is established for all
characters with which the breeder is operating, a pure type which
will breed true thereafter is obtained. The appearance of anoma-
lous and unexplainable forms in hvbhrids is due to the fact that
homozygousness has not been established for some characters.

It is recognized in this work that many characters exist which
are not visible. For instance, in the cross previously mentioned,
Black Winter Emmer and Fultz Mediterranean, red chaffed in-
dividuals occur in the F, progeny. Yet red is not visible in either
parent. Of course, in a cross of this kind, the highly pigmented
winter emmer may have one or more colors hidden by the density
of the pigmentation, which produces some particular color. In
other words, it is impossible to tell what is under the black of the
Black Winter Emmer. Similar possibilities exist for numerous
other characters. Sometimes an apparent linkage occurs as in the
case of chaff hairs, and black cotor (if black may be called a color)
which are evidently linked.

MATERIATL HANDLED.

All material and data reported in this paper refer to self-
fertile groups of plants. Thus all of the progenies of crosses are
selfed thru the natural process of fertilization. With the wheats
the Turkey Red parent is the well known Turkey Red or Crim-
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ean. The Harvest King is a red chaffed, beardless, red berried
winter wheat. The grain is only semi-hard to soft. The origin
of our material is not definitely known as to variety. The original
seed was obtained in 1907 from W. M. Jardine. OQur Fultz Medi-
terrancan was obtained at the same time from the same source.
From a comparison of samples and descriptions we are of the
opinion that the Harvest King is identical with or very similar to
the Old Fultz. Our Fultz Mediterranean material was evidently
of hybrid origin. This opinion is strengthened by the fact that dif-
ferent forms are constantly appearing in the progenies and that
when Harvest King and Fultz are crossed, bearded forms appear
in the F, generation altho both parents are beardless. This would
indicate a bearded parent in the ancestry. Consequently it is
thought that this material was hybrid. With the Fultz Mediter-
ranean material there frequently occurred velvet chaffed individ-
uals, and there occasionally occurred individuals having heads
tending towards the club appearance but which were still not true
clubs. The specific tvpe of variation used is indicated in each in-
stance in the work reported herein. The Black Winter Emmer
descended directly from a shipment received from M. A. Carlton
of the Bureau of Plant Industry.

For the purposes of this paper four crosses representing mono-
hybrids were taken: Harvest King @ (red chaffed) by Fultz Medi-
terraneand (white chaffed) with 109 individuals in the F. gener-
ation; three crosses of Turkey Red?( bearded) by Fultz Medi-
terraneand (beardless) represented bv the crosses 22, 23, and 24,
having 2,522 individuals in the F, generation or a total of 2,631
individuals representing two type crosses and four actual crosses.
To renresent the dihvbrid, seven crosses are used: Cross, 16, Har-
vest KingQ (red chaffed: smooth) by Fultz Mediterraneand (white
chaffed: velvet); crosses 11 and 13, Harvest King® (red chaffed:
beardless) by Turkev Redd (white chaffed: bearded); crosses 18,
19, 20. and 21, Turkey Red? (white chaffed: bearded) by Harvest
King4 (red chaffed: beardless). Cross 16 was represented by 115
individuals in the F, generation. Crosses 11 and 13 are reciprocal
crosses of 18 19, 20, and 21. These six crosses are represented by
1,563 individuals or a total of 1,678 in the F, population.

As the result of the Turkey Red-Fultz Mediterranean cross a
number of exceedingly promising sorts have been originated.
These have heen carried enough generations to know that the types
are fixed, but they have not yet heen sufficiently tested to warrant
their distribution. Thev give very great promise however, of not
onlv being high yielders but also of possessing extremely high
qualltv The Turkey Red-Harvest King cross has given rise to a
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number of very high yielding strains, but the quality of the pro-
genies which have been returned was not as high as the Turkey
RedQ by Fultz Mediterraneand progenies. It is interesting to
note that the progenies which have given very great promise of
high farm value all have the Turkey Red shape of berry, altho
some of these progenies are quite different from Turkey Red in
many respects. Some of them are beardless. 'T'he straw characters
are different. The head characters are different. Still the type
of berry which persists bears a very close resemblance to the Tur-
key Red shape. Grain factors are being subjected to a different
line of study.

Nine crosses are represented in the barley hybrids: two
(crosses 30 and 31) CaliforniaQ (bearded) by Beardlessd (hood-
ed) exemplifying the monohybrid condition. These two crosses
were represented by 3,558 individuals in the F, generation. The
dihybrid cross is represented by cross 32, California® (white
hulled: six-rowed) by Black Hulledd" (black hulled: two-rowed).
This cross was represented by 2,099 individuals in the F, gener-
ation. Three crosses (36, 37, and 38), Black Hulled9 (black hull-
ed: two-rowed : bearded) by Beardlessd (white hulled: six-rowed:
hooded) gave rise to 1,363 individuals in the F, generation.

The California parent is identical with the so-called Califor-
nia Feed, more properly called Coast. Our stock was originally
obtained in 1906 from the Greeley district from a Mr. Neff, a re-
liable farmer of that section. Our Beardless material came to us
under that name, being obtained from a Mr. G. Green. This Beard-
less is thought to be identical with Success, as it is a hulled, hdoded
variety of considerable merit. In the tabulations this variety has
been referred to as Hooded. This designation was deliberately
used to call attention'to the hooded appearance. The Black Hull-
ed is of unknown origin. The seed was obtained in 1906. No rec-
ord persists as to the source of the seed.

It is interesting to note that from the Black Hulled by Beard-
less cross a two-rowed, hooded form has been established. This
form has bred true for several seasons. It gives very great prom-
ise of being of value. The California@-Hannad cross reported
herein was represented by three crosses, 34, 35, and 40. It has
been described in this paper because of the appearance of the
intermedium form and the behaviour of this particular character-
istic. No record exists as to the source of the Hanna seed. The
original strain is still maintained in our nurseries directly des-
cended from the original stock which was obtained by the Experi-
ment Station in 1905. However, this is typical Hanna, commonly
grown at many points in the West, being a nodding, two-rowed,
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bearded type, probably identical with the Hanna described by
Carlton.1

THE MENDELIAN LAW OF INHERITANCE

Mendel’s law has been explained so often and illustrated by
such a large number of devices that only a brief summary of the
elementary theory is necessary at this place. The explanation as-
sumes the factorial hypothesis, probably the best and simplest yet
proposed.

Certain morphological and physiological features of organic
individuals have been observed to be transmitted from parent to
offspring in certain definite ways that correspond to the occurrence
of certain events in some simple games of chance. These individ-
ual morphological and physiological features are commonly call-
ed characters. Accordingly, it has come to be accepted that if
there are such things as hereditary bases or units of characters
controlling the development of parts or organs, they probably per-
form in certain definite ways in the hereditary process. To satis-
factorily account for the facts of inheritance, it is customary to
consider that the factorial basis for each character is double in
nature, one-half or one part of the basis being contributed by the
male parent or element and the other half or part by the female
parent or element. The unit or part contributed by each parent
15 called a factor. The two members of each factor pair are asso-
ciated thruout the development of the organism. But apparently
they do not combine in any such way as to lose their identity. The
dual factorial basis of characters is illustrated in Fig. 1, it being
supposed for purposes of illustration that R stands for the factor
that produces the character red chaff in wheat.

The cells of each parent plant carry the double factor RR.
Somewhere during the formation of the pollen grains and ovules
the two factors divide or separate in such a way as to leave only
one factor in each germ cell. Then, by the union of the gametes
in the fertilizing process, the double condition of the factors is
restored. ILong before Mendel’s law was rediscovered, Weismann
reasoned that somewhere in the hereditary process, there must
be a halving of the hereditary material in order to prevent an nn-
due accumulation of it. The somewhat unusual way in which the
factorial hypothesis satisfied the Weismann speculation has served
to attract an extraordinary amount of attention to the circum-
stance.

When parents with dissimilar corresponding characters mate,

the case is not so simple, and various interesting phenomena occur.
The Small Grains, p. 175,
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It was by restricting his attention to differing homologous char-
acters that Mendel discovered the law that bears his name. If a
red chaff wheat is crossed with one having white chaff, the scheme
of representation will appear as in Fig. 2. The hybrid wheat in
such a cross will have red chaff, but according to the factorial
hypothesis the double factorial basis of the character red chaff
will not consist of two R factors but of a red factor, R, and a white
factor, W. In such a case the R factor is said to be the dominant
factor or character. The influence of the factors of any pair is
not equal. The factor for red causes the production of red chaff in
spite of or regardless of the factor for white. As a result, the
hybrid resembles only one of the parents; the characters of the
other parent are covered over or suppressed. - However, they are
not obliterated. Neither are they changed in any way as we shall
see later. Again in other factor pairs the influence or power of the
two factors is more nearly equal and as a result there appears in
the hybrid a character that is unlike that of either parent. Very
often this hybrid character is intermediate in nature between the
two differing characters of the parents.

The pairs of factors are called allelomorphs. For example,
the factors for red chaff and white chaff are allelomorphs and
constitute an allelomorphic pair in a cross between red and white
chaff wheats. A single character, when spoken of in some con-
nection with the other character of a pair, is often called an alle-
lomorph, as, red chaff is the allelomorph of white chaff. The two
characters produced by an allelomorphic pair of factors are some-
times called the allelomorphs.

It 1s supposed that when the gametes develop in the hybrid
R W wheats, the splitting apart of the factors of a pair takes place
as usual and two sorts of pollen grains and two sorts of ovules
are the result. The process is represented diagrammatically in
Fig. 2. One-half of the pollen grains carry an R factor and the
other half a W {factor. Similarly one-half of the ovules carry an
R factor and the other half a W factor. Then if hybrid individ-
uals are mated, or if self fertilization occurs, as it does in wheat,
there are four equally possible combinations of factors that may
take place: An R factor carried by a pollen grain may combine
with an R factor carried by an ovule; an R factor carried by a
pollen grain may combine with a W factor carried by an ovule;
a W factor of a pollen grain may combine with an R factor
of an ovule; and finally, a W factor of a pollen grain may
unite with a W factor of an ovule. As any one of the four
possible combinations is equally likely to occur, the probability
of each occurrence is expressed as 74 or 0.25, therefore the prob-
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ability of either an RR or WW combination is 0.25. But
the probability of an RW combination is 0.50 because it
occurs in two of the four equally possible combinations. The
zygotes with the RR combination will give rise to plants
that are pure homozygous with respect to red chaff. Such
plants, if mated with their kind or self fertilized, will
produce mnothing but red chaff progeny. Plants dev eloping
from WW zygotes likewise produce nothing but white chaff prog-
eny when mated with their kind or self fertilized. Under like
conditions of mating or fertilization, the R W plants do not pro-
duce similar progeny but give rise to three sorts of plants in ex-
actly the same way as did the F, hybrid plants. Such plants as
the RW sort are called heterozygous. They result from the union
of gametes that brings together in the zygote the two factors of an

allelomorphic pair.

As explained above the RW plants are red chaffed and can-
not be clearly distinguished from the RR plants. The total prob-
ability of occurrence, therefore, of a red plant is 0.75. Since the
probability of occurrence of a WW plant is 0.25, the ratios of the
probabilities of occurrence of the red to the white plants is as
0.75 is to 025 or as 3 is to 1. The ratio is usually expressed in the
latter way. Where only one allelomorphic pair of factors is
under consideration in a cross, it is customary to designate the
cross as monchybrid. If two pairs of factors are involved, the
cross is a dihybrid, and when three pairs of factors are concerned,
the cross is a trihybrid. In the above hypothetical cross where the
probability of occurrence of the two sorts of plants in the F, gen-
eration is as 3 is to 1, the F, ratio can be spoken of as the monohy-
brid 3:1 ratio. If it were possible to distinguish the RW plants
from the RR plants, there would be three sorts of plants in the F,
generation, RR, RW, and WW, with probabilities of occurrence
of 0.25, 0.50, and 0.25, respectively. This gives rise to the mono-

hybrid 1:2:1 ratio.

If two pairs of factors are observed and they segregate and
recombine independently of each other, the recombinations with
their various manifestations in the F, generation can be easily
calculated by working out all the equally possible combinations
as was done for one pair of factors. If a beardless red wheat were
crossed with a bearded white, the factors being Bl for beardless,
Bd for bearded, R for red and W for white, then the gametic com-
position of the hybrid would be Bl Bd RW. The hybrid plants
would produce four sorts of pollen grains and four sorts of ovules,
i. e, BIR, BIW, BdR, and BdW, and the probability of occur-
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rence of each would be the same. Then in self fertilization or in
the mating of hybrids, there would be sixteen different but equally
possible combinations of gametes. If beardless is considered as
dominant over beards and red over white, there will be four vis-
ibly different classes of plants in the F, generation. Nine of the
sixteen equally possible combinations will produce beardless red
plants, three of the combinations will produce beardless white
plants, three will produce bearded red, and only one will produce
bearded white. Thus there is obtained the dihybrid F, 9:3:3:1
ratio. If three character pairs are considered, the F, or hybrid
plants will give rise to eight sorts of pollen grains and eight
sorts of ovules, the probability of occurrence of each sort being
equal. Then, with the mating of hybrids or with self fertilization,
there will occur 64 equally possible but different combinations of
gametes according to the factors they contain. There will be
eight visibly different classes and the probabilities of occurrences
in each class give rise to the trihybrid F, ratio, 27:9:9:9:3:3:3:1.
Many other different sorts of ratios are possible and do occur
in breeding practice. But as no other ratios than the above are
considered in this study, the reader is left to other sources of in-
formation regarding them. Also, if the reader is unable to follow
the derivation of the ratios by the method of probabilities that is
used, there are numerous simpler diagrammatic methods easily
accessible. But if one is somewhat familiar with the theory of
probabilities, he will appreciate much more the studies on the
frequency distributions attempted in the following pages.

ON THE PROBABLE ERROR OF MENDELIAN CLASS
FREQUENCIES

Tt is very apparent that complete agreement of the observed
class frequencies with the theoretical class frequenciesoccurs rather
infrequently. Small deviations from the theoretical frequencies
occur often. Targe deviations occur rarely. With the large
amount of data in this experiment, the relative frequency of oc-
currence of small and large deviations stands out rather clearly.
Everyone recognizes, of course, that where pure chance is sup-
posed to control the recombinations of factors by the union of the
gametes in fertilization, it is to be expected that the actual ob-
served frequencies will often be different from the theoretical.
However, if the segregated factors in the gametes do recombine
strictly according to chance, the observed frequencies in any one
class will deviate from the theoretical frequencies by a well known
law and will, if a large number of samples are taken, form a fre-
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quency distribution known as the binomial distribution. This dis-
tribution is the one found by the expansion of the binomial
N (p & ) where p is the relative probability of the class under
consideration and q is I — p, the sum of p 4~ q == . The letter n
stands for the number of individuals in the sample or the size of
*he population and N is the number of samples. If we took 1000
F, populations of crosses between bearded and beardless wheats
and each population had just twelve individuals, the formula for
the frequency distribution of the dominant or 3 class would be
1000(0.75 + 0.25)'2.  If each population were divided into heard-
less and bearded plants according to the probabilities of occur-
rence in each class, there would be nine beardless and three beard-
ed plants in each sample of twelve. But frequently there will be
samples with eight or ten beardless plants. Less frequently there
will be samples with seven or six beardless plants or even eleven
or twelve. By expanding the formula 1000(0.75 4~ 0.25)'2, we can
calculate the probable frequency of occurrence of samples with
six, seven, cight, nine, ten, or eleven beardless plants in a thousand
populations of twelve plants each. In an actual case of a thousand
such samples the agreement of the actual distribution with the
probable distribution will not be complete, but it will be very
close if the segregation and recombination of the Mendelian fac-
tors takes place according to the laws of chance as it is supposed
to do. To make this clearer the expansion of the above formula
is given in Table 18 This shows the probability of occurrence of
the different frequencies in a thousand samples of twelve each.
Also, there are given the results of a game so constructed as to
correspond exactly with the supposed composition and combina-
tions of the gametes produced by the F, plants from a cross of a
bearded with a beardless wheat.

By referring to the table it is seen that the probability of oc-
currence of nine beardless plants out of the twelve is 258 times in
a thousand, or only about cne in four. That is, it would be un-
reasonable in such a cross and with the small F, samples of twelve
plants to expect a complete agreement of the observed with the
theoretical occurrence more frequently than in one-fourth of the
samples. F, populations of as small a number as twelve occur
rarely in wheat crosses. The common size is much larger. It is
interesting in this connection to note the decrease in probability
of agreement between the observed and theoretical when the size
of the sample is increased. With samples of 24 instead of twelve
the 3:1 distribution of 18 beardless to 6 bearded will occur only
about 185 times in a thousand or in less than one-fifth of the sam-
ples. For populations of 100 the probable occurrence of samples
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with 75 beardless and 25 bearded is only 92 out of a thousand
samples or in less than one-tenth of the cases. Therefore, it is
unreasonable to attempt any argument against the Mendelian
theory on the grounds of the infrequent occurrence of samples
divided exactly according to the probability ratios. A little ac-
quaintance with the binomial distribution, the probability of oc-
currence of the theoretical ratios and the distribution of the fre-
quencies differing from the theoretical will often clear up mat-
ters of doubt on statistical grounds regarding the validity of the
Mendelian theory.

TABLE 18
Frequency Distribution of Occurrences in the 1% 3 and 1 JMondelian
Classes for Populations or Samples of 12 Individuals. Total Number of Sam-
ples is 1,000. Probabilities are Given to the Nearest Unit.

Probability Observed

of Occurrence Distribution

Beardless Bearded in 1,000 in the Corn

(3 Class) (1 Class) Samples Problem

12 0 32 27
11 1 127 108
10 2 232 225
9 3 258 273
8 4 194 213
7 5 103 91
[ 3 41 47
5 7 11 13
4 8 2 2
3 9 .o 1
2 10 .o .e
1 11 .o .o
0 12 .e .o
1,000 1,000

The results of the game given in Table 18 were obtained in
the following way: 500 yellow kernels of corn were mixed with
500 white kernels. If the yellow kernels represented the factor
for beardless wheat and the white kernels the factor for beards,
the combinations of two drawn from the mixture would parallel
the supposed combination of the factors in self fertilization of
I, wheat plants from a cross between beardless and bearded
wheats. When drawing two at a time from the mixture, it is eas-
ily seen that a yellow kernel may be drawn with a yellow kernel.
This would correspond to the union of factors producing a homeo-
zygous beardless I, plant. Also, a yellow kernel may be drawn
with a white or a white may be drawn with a yellow, correspond-
ing to the production of heterozygous beardless plants. Finally,
a white kernel may be drawn with a white and thus correspond to
the production of a homozygous bearded F, plant. The
probability of a vellow pair is 0.25, the probability of a yellow
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white pair is 0.50, and the probability of a white pair is
0.25. Thus. there occurs a complete agreement with tie
probability »f combinations of factors in the F, population
of a monohybrid cross. The total probability of a wvellow
pair or a yellow white pair is 0.75 and the probability of a white
pair is 0.25. The ratio of the probabilities is as 3 is to 1. By
drawing a thousand sets of twelve pairs each from such a mixture
and recording the yellow and yellow white pairs together to rep-
resent the beardless plants in the 3:1 ratio, we should get a dis-
tribution of the frequencies of occurrence in samples of twelve that
corresponds very closely to that obtained by expanding the bino-
mial 1000(0.75 -~ 0.25)'2. The results of the game and expand-
ed binomial recorded in the table are easily seen to agree very
closely. Each set of twelve pairs drawn was returned to the mix-
ture before drawing another set.

However, it is not intended to encourage the use of loose or
elastic methods to test the agreement of Mendelian theories with
the ratios obtained in practice. There has been a tendency to alter
theories or to propose new schemes of inheritance without em-
ploying samples sufficient either in number or size. The limita-
tions of numbers in animal breeding in general is a serious diffi-
culty and may often lead to erroneous conclusions unless the pit-
falls of few numbers are well guarded against. In the above sam-
ples where is given the chances of obtaining the various deviations
from the 9:3 frequency in samples of twelve, there is a 0.34
probability of occurrence of the reverse ratio or 3 beardless to 9
bearded plants. This means that such a distribution will occur
three or four times in ten thousand samples, a possibility not en-
tirely remote. In fact, it was obtained once in the above corn
game. A theory built upon such a rare occurrence as this would
be entirely wrong and yet such an event is entirely within the
bounds of possibility. Acquaintance with the binomial law should
make one more cautious in testing the agreement of fact with
theory.

As it is difficult to work out binomial distributions because
of the large amount of mathematical calculation involved, it is
next to impossible to employ this method in a study of a large
number of F, and F; populations. But fortunately it is easy to
compute the mean and the standard deviation of the binomial
series or distribution. The mean of the binomial (p 4+ q) is np
and the standard deviation is \/npq, therefore, 0.6745 times the
standard deviation, gives the probable error of the binomial dis-
tribution. The probable error, of course. gives the limits or
values within which or without which one-half of the frequencies
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will occur. To be reasonably applicable n should be of fair size.
The agreement in the case of the corn problem above shows that
its application to as few a number as twelve is not altogether un-
reasonable. Furthermore p must not he very close to one or to
zero in value. The test which it has been chosen to apply to the
preceding Mendelian frequencies is the probable error of the bino-
mial distribution. There are enough F, and F, populations to
make a fair test of the Mendelian theory by the occurrence of the
class frequencies within or without the probable error limits. 1f
the segregation and recombinations of the factors actually take
place according to pure chance, then in a large number of F,
distributions one-half of the actual frequencies obtained should
occur within the limits set by the probable error values and one-
half should occur without the limits. Accordingly the probable
error has been calculated for the various classes of the F, 3:1,
the F, 9:3:3:1, and the F, 27:9:9:9:3:3:3:1 ratios (excepting for
the 1 class in the last two) for populations varying in size from
the sum of the theoretical ratios up to 500. In the case of the
1 class of the last two ratios the value of p is so small as to make
the applicability of the binomial distribution doubtful, and there-
fore this class has been omitted.

The formula for the probable error of the binomial curve is
0.6745 \/npq. For the F, ratio of 3:1, p = 0.75and ¢ = 0.25. Fora
population of four, say, the probable error (P. E.) == 0.6745 V4 X
0.75 % 0.25. For a population of 50, P. E. = 0.6745v/50 X 0.75
% 0.25, and for a population of 500, P. E. = 0.6745 +/ 500 % 0.75
% 025 Where there are only two classes in a ratio, the
P. E. of both is alike, for an excess in one class is accom-
panied by an equal deficiency in the other. Hence the P. E.
formula for either class of the 3:1 ratio is identical. These values
of the probable errors for the 3 and the 1 classes of the 3:1 ratio
have been calculated for populations from 4 to 500 and are tabu-
lated im Table 90. The form of the table follows that of an
ordinary logarithmic table. The table is entered from the left-
hand column and the top row. The last digit of any number is in
the top row. For example, if it is desired to find the P. E. of the
frequency distribution for the 3 class of the 3:1 ratio in populations
of 127 individuals, find 12 in the lefthand column and 7 at the top.
The value of the P. E. desired will then be found at the inter-
section of the 12 row and the 7 column and is 3.29.

Having before us the following 3:1 F, frequencies, we will
suppose that we wish to find out how many of the 3 classes are
within the P. E. limits and how many are without.
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Difference
Theoretical Between
Observed Frequencies Theoretical In
I, 311 For Same Total and Probable or
Frequencies Sized Sample Population Observed Error Out
1) (2) (3) (4) (5) (6)
(1) 21-5 19.5- 6.5 26 1.6 1.49 out
(2) 27-10 27.8- 9.3 37 0.8 1.78 in
(2) 22-6 21.0- 7.0 28 1.0 1.55 in
(4) 44-16 45.0-15.0 60 1.0 2.26 in
(5) 77-23 75.0-25.0 100 2.0 2.92 in
(8) 170-41 158.3-52.8 211 11.7 4.24 out

The observed frequencies are given in column 1. The theor-
etical frequencies corresponding are given in column 2, and the
sum of the classes or size of the sample or population in column
3. The difference between the theoretical and observed fre-
quencies for the 3 class is given in column 4. This difference is
the same in absolute value for the 1 class but opposite in sign.
The P. E. of the frequency distribution of the 3 class for the
corresponding sized sample or population is given in colnmn
5. Again the value of the P. E. is the same for the 1
class.  In column 6 is indicated by *“in” or “out” whether
the observed class frequency lies within or without the probable
error limits calculated from the binomial distribution. In this case
if the 3 class is “in”, the 1 class is also within. If the 3 class is
“out”, the 1 class is “out”. This does not apply to ratios where
there are more than two classes as in the 9:3:3:1 ratia.

The first observed distribution is 21 beardiess to 5 bearded
plants, the 3 class being 21. The sum of the two classes or total
population is 26. Turning to Table 87 where the theoretical 3:1
frequencies for F., populations from 4 to 500 are tabulated, we
find after 26 nn the left of the table the theoretical frequency of
195 to 6.5. The difference between the theoretical and observed
frequencies is 1.5. The questions that now arise are: How does
this deviation of the observed frequencies from the theoretical
frequencies compare with the probable error of the class frequency
distribution curve? Is the deviation less or greater than the proh-
able error?

By turning to Table 90 where the probable errors of the fre-
quencv distributions for the ¥, 3 and 1 classes are tabulated and
looking up the probable crror corresponding to 26 under 2 at the
left of the table and 6 at the top. we find the value to be 1.49.
For simnlicity the probable errors are listed under the values of
the entire F. population under observation and not under the
theoretical frequency of any one class. The actual observed devia-
tion of 1.5 is only slightly greater than the P. E. 1.49. But as it

is somewhat larger, the observed class is listed as just without
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the P. E. limit and the “out” in column 6 indicates this. Since,
as explained before, the 3 and 1 classes are always both within
or without the P. E. limits, the 1 class, with an observed value of
5 and a theoretical value of 6.5 has also a difference of 1.5, which
is larger than its P. E. value of 1.49. For this reason Table 90
is described as the probable errors of the class frequency dis-
tributions for both the 3 and 1 classes of the monohybrid F, 3:1
ratio.

The theoretical class frequencies for the F, 9:3:3:1 ratio for
populations from 16 to 500 is given in Table 88. As the two 3
classes are alike, the class is listed only once. The P. E.s of the fre-
quency distribution curves of occurrences in the 9 and 3 classes
are given in Tables 91 and 92. Tor reasons already given it was
thought unwise to include the 1 class at this time. By following
exactly the same method as described for the 3 class of the 3:1
ratio it is easy to compare any difference between an observed and
theoretical frequency for the 9 or either of the 3 classes with the
P. E. of the frequency distribution curve of occurrences in any of
those classes. The tables give the P. E.s of the classes for F,
populations varying in size from 16 to 500. It must be remembered
that the perforimance in any one class gives no indication of what
can be expected in the other classes. An occurrence of a 9 class
frequency within the values set by the P. E. limits does not indi-
cate the position of either of the 3 classes as it did in the 3:1
ratio. It is only when the ratio consists of two classes that the
behaviour of one class is accompanied by a like behaviour in the
other class differing only in sign but not in degree.

The theoretical F, 27:9:9:9:3:3:3:1 ratios for populations
from 64 to 500 are given in Table 89. The classes of like size are
not repeated but are given only once. The P. E.’s of the frequency
distribution curves of occurrence for the 27, the 9, and the 3 classes
are given in Tables, 93, 94, and 95 respectively. The use of the
tables is exactly similar to that already described for the simpler
ratios. The 1 class is omitted because of its small probability.

DESCRIPTION OF TABLES

On the following pages there is presented in tabular form the
results of probable error studies carried out according to the
methods under the section, On the Probable Error of Mendelian
Class Frequencies. The material for the studies came from two
sources.  First, there are the F, populations from the original
crosses already described and tabulated. Second, a large num-
her of the F, populatlons were secured in the progeny of numerous
plant selections made from the F, generation of certain crosses. A
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considerable number of sclections were made from each of the vis-
vy different Mendelian classes that occurred in each cross. In the
dihybrid and trihybrid crosses, these selections gave rise to dif-
ferent sorts of I¥, progenies depending upon the gametic com-
position of the selections. A discussion of the different
sorts of progenies has already been given under the section, Be-
havior in the I, Generation. At the head of each table, a complete
description has been given telling for just what characters any se-
lection was homozygous. The studies on the F, populations oc-
cupy the tables from No. 19 to No. 35 inclusive.

Summaries have been introduced frequently to make the re-
sults more clear. The F, generation studies occupy all the tables
from No. 36 to No. 77 inclusive. By introducing rather long gen-
eral and table headings, it is believed that those interested can eas-
ily follow the detailed data. For those who do not care to ol.serve
the results in all the nunrerous progenies, a summary of the results
has been made and occupies the tables from No. 78 to No. 86 in-
clusive.

Largely for our own convenience, the cross history number of
each progeny has been given. The system followed is a simple
one often used. FEach cross when made is given a number. The
F, plants from a cross are numbered from 1 consecutively, as, 15-1,
15-2, etc., in cross No. 15, If selections are made from any of the
F, progenies they are also numbered from 1 consecutively, and
these numbers are then combined with the F, parent plant num-
ber. For example, F, selections from the progeny of the ¥, plant
15-2 are numbered 15-2-1, 15-2-2, etc. The F, barley plants were
not kept separate in these crosses hence the 0 in the c¢ross history

numbers.

A probable error study on any one progeny occupies a single
block in the tables. At the head of the block is given the cross his-
tory number and the number of plants in the progeny. The results
in any class are placed in columns and the class is indicated by the
ratio number placed in parentheses at the head of the column. In
the row entitled, Observed, and printed in bold face type are given
the frequencies actually observed in any progeny. The expected
or theoretical frequencies are given in the next row and are printed
in light face type. The arithmetic difference between the theoret-
ical and observed results then follows in bold face type. The prob-
able error of similarly sized binomial frequency distributions is
given in light face type in the last row of figures. And, finally, is
indicated by in or out, whether the difference in the third row is



MENDELIAN INHERITANCE IN WHEAT AND BARLEY 39

arithmetically less or greater than the probable error given in the
fourth row.

The theoretical ratios and probable errors were all found from
the tables given in the latter part of the bulletin excepting for
summarized populations of over 500, which the tables do not cover.
These tables have been carefully checked and it is believed that
no errors occur in them. It is thought that they will be found very
useful to students of genetics desiring to undertake similar
studies.

DISCUSSION OF RESULTS AND SUMMARY

This bulletin has been prepared mainly for the purpose of
presenting the results of certain studies, carried on at this station,
that have a bearing on certain live problems of Mendelian in-
heritance of characters. Altho a considerable number of data have
been presented, yet they are not considered enough to justify us
in forming any definite conclusipns regarding the problem of the
differences that occur between the observed and theoretical fre-
quencies in Mendelian classes.

The first part of the bulletin is devoted to a description of
the various crosses made and the several parent varieties used.
The F, appearance and the ¥, behavior is given in detail for the
purpose of contributing to the rather large, yet none too large,
body of literature on wheat and barley crosses. The main problem
about which the studies center is then presented and the method
of attack described. The differences that occur between observed
and expected frequencies in Mendelian classcs have been a source
of considerable controversy and have often been cited as
sufficient cause to invalidate the whole theory, altho
the attacks have been directed more especially towards
the factorial hypothesis and certain other hypothesecs. Be-
lieving that Mendelists should welcome and wuse all valid
tests of their theories, this bulletin is the outcomne of an
attempt to apply such a test to a part of the Mendelian work that
has been done at this station. In brief the test has been this: If
the characters of organisms are the developmental results of cer-
tain factors that are inherited according to the Mendelian Law,
then the occurrences of these characters in numerous samples
should be such as to conform to the binomial frequency distribu-
tion. Because of the difficulty of applying this test to a large num-
ber of wvariously sized populations, a simpler application has
been employed, that of the probable error of the binomial distribu-
tion. This is easily calculated and tables of its value for certain
classes for populations up to as large as 500 have been prepared.
It is recognized that if pure chance controls the recombinations of
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factors in the combining gametes, then, in a large number of cases,
the differences between observed and theoretical results should be
divided about equally between values less than and greater than
the probable error of the binomial frequency distribution of those
differences.

Altogether such a test has been applied to the occurrences in
1,865 different cases. Of these 896 were within the probable error
limits and 969 were without. The results in the different crops and
the ditferent Mendelian ratios are given in table No. 86, They
do not differ materially from the grand total of all the results. In
many cases the test has been applied to populations that were pos-
sibly tov small 1in number. Yet the results were quite satisfactory
and altho they are not conclusive regarding the main problem,
they do show that for practical purposes, the Mendelian Law of
Inheritance 1s an exceedingly useful tool in practical plant breed-
ing. It 1s hoped that this effort will lead to better and more con-
clusive tests by other workers. 1t 1s recognized that the final set-
tlement of the main problem awaits the discovery by bio-chemists
of the real mechanism of inheritance and development.

- TABLE 19
Probable mrror Studies on the T, Population of Cross 15
Harvest King@ X Fultz Mediterraneand
I, Monohybrid Ratio. Allelomorphic Pair, Red Chaff and White Chaff

B Red | White Red White Red White
Chaff | Chaff Chaff Chaff Chaff Chaff
- 15-1—26 plants | 15-2—37 plants | 15-3—28 plants
T3y T3y W 3y (D
Observed .......... 21 5 27 10 22 6
Theoretical ........ 9.6 6.5 27.8 9.3 21.0 7.0
Difierence ......... 1.5 13 0.8 0.7 1.0 1.0
Prob. Brror ........ 1.49 1.49 1.78 1.78 1.55 1.55
out out i in ] in in
15-4— 4 plants | 15-5 - 5 plants | Total population
100 plants
T Ty Ty T 3) (1) 3) 53]
Observed ........... 2 2 5 [} 77 23
Theoretical ......... 3.0 1.0 3.8 1.3 75.0 25.0
Difference ......... 1.0 1.0 4 1.3 20 20
Prob. Error ........ 0.58 0.58 0.65 0.65 2.92 2.92

out out | out out in in
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CoLORADO FE.XPERIMENT STATION

PROBABLE BERROR STUDIES ON THE F; GENERATION OI' CROSS 13

HARVEST KING? X TURKEY REDJ

" Beard-| Beard-| Beard-| Beard-|

TABLE 36
Dihybrid F; Frequency Distributions Obtained in the Progency of I, Beardless,
Red Chaff Parents That Were Heterzygous With Respect

to Both Characters

Beard-| Beard-| Beard-| Beard-

less less ed ed less less ed ed
Red | White Red | White Red | White l Red [ White
7 13-3-3—196 plants | 13-3-7—205 plants
(€ N &S N 5 (¢} (9) (3 (3) (1
Observed . 104 37 34 15 112 41 36 16
Theoretical 106.9 35.6 35.6 11.9 115.3 384 38.4 12.8
Difference 2.9 1.4 1.6 3.1 3.3 2.6 2.4 3.2
Prob. Error.... 4.61 3.63 3.63 4.79 3.77 3.77
out in in in in in
) - 13-3-20—118 plants 13-3-23—185 plants
T )T ey @ T Ty NS ) D € D N 3
Observed ...... 74 22 14 8 29 48 28 10
Theoretical 66.4 22.1 22.1 7.4 104.1 34.7 34.7 11.6
Difference 7.6 "0l 8.1 0.6 5.1 13.3 6.7 1.6
Prob. Error.... 3.64 2.86 2.86 4.55 3.58 3.58
out in out out out nut
T 13-3-26—183 plants | " 13-3-29—397 plants
T e @ ey T T T ey Ty My
Observed ...... 108 31 29 15 257 8¢ 38 16
Theoretical 102.9 34.3 34.3 11.4 228.3 74.4 74.4 24.8
Difference 5.1 3.3 5.3 3.6 33.7 11.6 36.4 8.8
Prob. Error.... 4.53 3.56 3.56 6.67 5.25 6.25
out in out out out out
T T 13-3-30—158 plants ! T13-3-32—196 plants
)N ¢ RN ¢3! 1 | W (3) (3) (0
Observed 88 36 18 i6 99 39 41 i7
Theoretical $8.9 29.6 29.6 9.9 110.3 36.8 36.8 12.3
Difference 0.9 6.4 11.6 6.1 11.3 2.2 4.2 4.7
Prob. Error.... 4.21 3.31 3.31 4.68 3.69 3.69
in out out out in out
13-3-34—-223 plants*"ﬁ'l" 13-3-37—1%8 plants
% 3) @ W T (3) (3) 1y
Observed ...... 112 43 a7 21 74 28 16 10
Theoretical 125.4 ©  41.8 41.8 13.9 72.0 24.0 24.0 8.0
Difference 13.4 1.2 5.2 7.1 2.0 4.0 8.0 2,0
Prob. Brror.... 5.00 3.93 3.93 3.79 2.98 2.98
out in out in out out
T 13-3-387420 plants | 13-3-40—178 plants
@) 3 (8) [¢)) (9) (3) 3) M
Observed ...... 217 79 89 35 97 32 37 12
Theoretical 236.3 78.8 78.8 26.3 100.1 33.4 33.4 11.1
Difference 19.3 0.2 10.2 8.7 3.1 1.4 3.6 0.9
Prob. Error. .. 6.86 5.40 5.40 4.46 3.51 3.51
out in out in in out
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TABLE 36 (Con(i'lll_led)

55

Brard- | Beard- | Beard- | Beard- | Beard- | Beard- | Beard- | Beard-
iess less ed | ed less less ed ed
Rted | White | Tted | White Red | White Red | White
13-3-45—371 plants l 13-3-47—168 plants
9) 3) (3) 1) 9) (3) (3) (1)
uvbserved ...... 201 75 74 21 25 37 24 12
Theoretical 208.7 69.6 69.6 23.2 94.5 31.5 31.5 10.5
piffierence 7.9 5.4 1.4 2.2 0.5 5.5 7.5 1.5
I'rob. Error.... 6.45 5.07 5.07 4.34 3.41 3.41
out out in in out out
13-3-50—86 plants l 13-3-52—582 plants
(9) (3) (3) () 9 (3) (3) 1)
Observed ...... 47 18 20 1 323 107 111 41
Theoretical 48.4 16.1 16.1 5.4 327.4 109.1 109.1 36.4
Difference 1.4 1.9 3.9 4.4 4.4 2.1 1.9 4.6
Prob. Error.... 3.10 2.44 2.44 R.67 6.35 6.35
in in out in in in
- ' Total of all progenies |
3788 plants | .
T (%) (3) ) M T
Observed ...... 2107 759 656 266
Theoretical .2130.8 710.3 710.3 236.8
Difference . 238 48,7 54.3 29.2
Prob. Error.... 20.59 16.20 16.20
out out out
TABLE 37

Monohybrid Frequency Distributions Obtained in the Fs; Progenies from ¥
Red Chaff Parents That Were Homozygous Beardless

Beardless,

Observed
Theoretical
Difference
Prob. Error

Ohverved
Theoretical
Dit'erence

Proo,

and Heterozygous Red Chaff
Beard- | Beard- | Beard- | Beard- | Beard- | Beard-
less less - less less less less
Red White { Red White Red ! White
13-3-56— [ 13-3-6— N 13-3-14—
414 plants i 269 plants { 174 piants
3) | @ (1) (3) (&)
308 106 193 74 142 3z
..... 310.5 103.5 ' 201.8 67.3 130.5 43.5
..... 205 25 6.8 6.7 11.5. 11.5
..... 5.94 5.94 ' 4.79 4.79 3.85 3.85
in in I out out | oux out
13-3-156— | 13-3-22— | 13-3-33—
45 plants | 97 plants | 47 plants
(2) (1) ] 3 BESE) (3) (1)
..... 32 i3 74 23 35 12
44444 33.8 11.2 72.8 243 35.3 11.8
..... 1.8 1.7 1.2 1.3 0.3 0.2
..... 1.96 1.96 2.88 2.88 2.00 2.00
in in | in in in in
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TABLE 37 (Comtinued)

Observed ...
Theoretical
Difierence .

Observed ..
Theoretical
Difference

Prob. Error

| Beard- Beard- | Beard- | Beard-
less less { less less

1 Red | White | Red White

i 13-3-46— 13-3-48—

| 166 plants l 23 plants

i (3) (1) ) M-

I 123 43 21 2

i 124.5 41.5 17.3 5.8
1.5 1.5 3.7 3.8
3.76 3.76 1.40 1.40

in in out out

Beard- | Beard-
less t less
Ped I White

13-3-35—
353 plants
(3) (1)

251 102
264.8 88.3
13.8 13.7

5.49 5.49
out out

T 13-3-53—

317 plants

@y T ay”
233 84
237.8 79.3

4.8 4.7
5.20 5.20
in in

Total of all pro- |

18

genies—1905 plants|

3) (1) ;
1414 491
1428.8 476.3

14.8 14.7
12.75 12.75 I
out out |

TADRLE 38
Monohybrid Frequency Distributions Obtained in the F; Progenies from F,

Beardless, Red Chafl Paventz That Were Heterozygous
and Homozygous Red Chaff

Beardless

Beard- Beard- Beard- Beard- Beard- Peard-
less ed less ed less ed
Red | Red Red Red Red Red
o 13-3-2— 13-3-4— 13-3-8—
87 plants 328 plants 137 plants
o 3] ) € ¢ B N € N )
Observed ........... 65 22 251 77 | 78 59
Theoretical ........ 65.3 21.8 246.0 82.0 102.8 34.3
Differenece ......... 0.3 0.2 5.0 5.0 24.8 247
Prob. Error......... 2.72 2.72 6.29 5.29 3.42 3.42
in in I in in out out
T 18-3-9— r 13-3-10— T 13-3-13—
238 plants , 245 plants | 50 plants
(3> 1) (3) (1) (3) (1)
Observed 173 65 176 69 37 13
Theoretical ........ 178.5 59.5 183.8 61.3 37.5 125
Difference ......... 5.5 5.5 7.8 79 0.5 0.5
Prob. Error......... 4.51 4.51 4.57 4.57 2.07 2.07
out out | out out i in n
T T T 133 16— ] 13-3-17— 13-3-19—
118 plants l 47 plants | 41 plants
- %)) 1 ¢ (@) [§8) 53] (1)
Observed ........... 87 31 l ‘36 11 29 12
Theoretical ........ 88.5 29.5 | 35.3 11.8 30.8 10.3‘
Difference ......... 1.5 1.5 0.7 0.8 1.8 N 1.7
Prob. Error......... 3.17 3.17 l 2.00 2.00 1.87 1.87
in in | in in in in
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TABLE 38 (Continued) o
Brard- | Beard- | Beard- | Beard- | Beard- | Beard-
less | ed less ed less | ed
ted I Red Red Red Red Red
) 13-3-25— T 13-3-28— | 13-3-31—
104 plants 180 plants | 128 plants
€5 I 6 DR TN ¢-3 N ¢ 5 ¢S 1)
Observed ........... 77 27 130 50 93 33
Theoretical ........ 78.0 28.0 135.0 45.0 96.0 32.0
Difference .. ....... 1.0 1.0 5.0 5.0 1.0 1.0
Prob. Error......... 2.98 2.98 3.92 3.92 3.30 3.30
in in i out out | in in
- 13-3-36— | 18-3-41— T13-3-42—
57 plants 296 plants | 416 plants
(3) ERES I ) B ¢ (3) (1)
Observed ... ...... 44 13 217 79 318 98
Theoretical ........ 42.8 14.3 222.0 74.0 312.0 104.0
Difference ......... 1.2 1.3 5.0 5.0 6.0 6.0
Prob. Error......... 2.21 2.21 5.03 508 5.96 5.96
in in [ in in out out
o ) 13-3-43— 17 13-3-51— | Total of all pro-
76 plants 263 plants genies-—2811 plants
@& M (3) (§5) @) T
Observed ........... 62 14 190 73 2063 746
Theoretical ........ 57.0 19.0 197.3 65.8 2108.3 702.8
Difference ......... 5.0 5.0 7.3 7.2 43.3 43.2
Prob. Error......... 2.65 2.55 4.74 4.74 | 15.49 15.49
- out out out out | out out
TABLE 39

Monohybrid I'requency Distributions Obtained in the F3 Progenies from F,

Beardless,

White Chaff Parents That Were Heterozvgous Beardless

Beard- | Beard- | Beard- | Beard- | Beard- | Beard-
less ed less ed less ed
White | White White White White White
13-3-57— 13-3-58— 13-3-59—
145 plants [ 131 plants 174 plants
(3) O 7 @ (1) 3 (63
Observed ........... 119 26 95 36 131 43
Theoretical ........ 108.8 36.3 98.3 32.8 130.5 43.5
Difference ......... 10.2 10.3 3.3 2 0.5 0.5
Probh. Error......... 3.52 3.52 3.34 3.34 3.85 3.85
out out i in in in in
- T e1— 1373-62— | 13-3-63—
41 plants 147 plants | 35 plants
(3) §5) 3) 65 e (1)
Observed ........... 2 9 110 37 28 7
Theoretical ........ 30.8 10.3 110.5 36.8 26.3 8.8
Difference ......... 1.2 1.3 0.3 0.2 1.7 1.8
Proh. Error......... 1.87 1.87 3.54 3.54 1.73 1.73
in in | in in out out
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TABLE 39 (Ceontinued)

Beard- | Beard- | Beard- | Beard- | Beard- | Beard-
less ’ ed | less ed less | ed
o ___White | White | White White | White | White
13-3-64— [ & 13-3-65— | 13-3-67—
B 51 plants | 26 plants | 70 plants
€3 1$)) (3 &) 3y §3)
Observed ........... 36 15 i9 7 57 13
Theoretical ........ 38.3 12.8 19.5 6.5 53.5 17.5
Difference ......... 2.3 2.2 0.5 0.5 4.5 4.3
Prob. Error......... 2.09 2.09 1.49 1.49 2.44 2.44
out out ] in in out out
T 713*-3'-'68—’"71'“‘—13'-3?7’0——%' | 13-3-72—
36 plants | 265 plants ‘ 114 plants
(3) [§§) (3) O {7 ey T Tay
Observed ........... 26 10 215 50 80 34
Theoretical ........ 27.0 9.0 198.8 66.3 85.5 28.5
Difference ......... 1.0 1.0 16.2 16.3 5.5 3.5
Prob. Error......... 1.75 1.75 4.75 4.75 3.12 3.12
in in out out ; out out
13-3-73— | Total of all pro-
154 plants ‘genies—1389 plants
3) - (1) 3) (1)
Observed ........... 109 45 1057 332
Theoretical ........ 115.5 38.5 (10418 347.3
Difference ......... 5.5 6.5 15.2 15.3
Prob. Error......... 3.63 3.63 10.89 10.89
out out out out
TABLE 40

Monohybrid Frequency Distributions Obtained in the ¥; Progenies from F;
Bearded, Red Chaff Parents That Were Heterozygous Red Chaff

Beard- Beard- Beard- Beard- Beard- Beard-
ed ed ed ed ed ed
Red White Red White Red White
13-3-76— T 13-3-79—< [ 13-3-81— '
351 plants 271 plants 221 plants
(3) (D) @) (M | &
Observed ........... 263 86 206 65 155 66
Theoretical ........ 263.3 87.8 303.3 67.8 165.8 556.3
Difference ......... 1.7 1.8 2.7 2.8 10.8 10.7
Prob. Error......... 5.47- 5.47 4.81 4.81 4.34 4.34
in in | in in out out
- T 18-3-82— | 13-3-83— | 13-3-85—
92 pilants [ 252 plants [ 134 pilants
o ) 5D @ 5D NEI N ¢ ¥
Observed ........... 64 28 185 67 96 38
Theoretical ........ 69.0 23.0 189.0 63.0 100.5 33.5
Difference ......... 5.0 5.0 4.9 4.0 4.5 4.5

Prob. Error......... 2.80 2.80 4.64 4.64 3.38 3.38
out out] in in | out out
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TABLE 40 (Continued)
- Beard- ] Bcard I Beard- | Beard- | Beard- | Beard-
ed | ed ed ed
R»d VVth ‘ | White | Red | ~ White
18- 3 86— | 13 _3- 85— | 13-3-8y—
81 plants | 69 plantb 1 171 plants
@ @@ ) | @) (1)
Observed ........... (133 16 52 17 l 127 44
Theoretical ........ 60.8 20.3 51.8 17.3 l 128.3 42.8
Diflerence ... ... .. 4.2 4.3 0.2 0.3 l 1.3 1.2
Prob. LError......... 2.63 2.63 2.43 2.43 | 3.82 3.82
out out in in | in in
- 13-3-90— 13391 i 13-3-92—
41 plants [ 172 plants l 64 plants
(3) 1) (3) (1) (3) ()
Observed ........... 30 11 127 i 49 15
Theoretical ........ 30.8 10.3 129.0 4° 0 48.0 16.0
Dilference .......... 0.8 0.7 2.0 ‘ 1.0 1.0
Prob. Brror ........ 1.87 1.87 3.83 3 83 | 2.34 2.34
in in in in | in in
T TT13-3-94— | Totai of all pro-
84 plants lgemes—2003 plantsl
o 3) aQ ) A 1)
observed ........... 59 25 1480 323
Theoretical ........ 63.0 21.0 |1502.3 500.8
Dilterence .......... 4.0 4.0 22.3 22,2
Prob. Itrror......... 2.68 2.68 13.07 13.07
out out i out out

PROBABLE ERROR STUDIES ON THE I's GENERATION OF CROSS 16
HARVEST KING? X FULTZ MEDITERRANEANQG

TABLE 41
Dihybrid Frequency Distributions Obtained in the I3 Progenies From F, Red
and Velvet Chaff Parents That Were Heterozygous With

Respect to Both Characters
‘White | White

Red

Red |

Red Red | White | White
Velvet [Smooth| Velvet |Smooth Velvet ISmooth Velvet{Smooth
Chaff Chaff | Chatf Chaff Chalff | Chaff l Chaff | Chaff
T T 16-2- 3—09 plants | 16-2-4—29 plants
R By [69) (9) 3 33 59)
Observed 35 12 7 5 22 2 3 2
Theoretical 33.2 11.1 111 3.7 16.3 5.4 5.4 1.8
Difference 1.8 0.9 4.1 1.3 5.7 3.4 2.4 02
Prob. Error.... 2.57 2.02 2.02 1.80 1.42 1.42
in in out out out out
) T 16-2-5_58 plants 16-2-10_59 plants
T ey @y W [€)) (3) (3) 1§8)
Observed 35 11 8 4 32 15 10 2
Theoretical 32.6 10.9 10.9 3.6 33.2 11.1 11.1 3.7
Difference .. 2. 0.1 S 29 0.4 1.2 3.9 1.1 1.7
Prob. Error.... 2.55 2.01 2.01 2.57 2.02 2.02
in in out in out in
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TABLE 41 (Ceontinued)

Red | Red | White | White|  Red | Red | White | White
Velvet |[Smooth| Velvet |Smooth Velvet {Smooth|Velvet [Smooth
Chaft | Chaff | Chaff | Chatf | Chaft | Chaff| Chatf | Chaff

16-2-11—169 plants | 'z 12—135 plants
(9) 3y ""“i:;)_“"(TT”""F)) 3 @3 W
Observed ...... 103 27 27 12 5 34 19 7
Theoretical ... 951 3117 31.7 10.6 75.9 25.3 26.3 8.4
Ditference ..... 79 4.7 4.7 14 0.9 8.7 6.3 14
Prob. Error.... 4.35 3.42 3.42 3.89 3.06 3.06
out out out in out out
777 16-z-14—79 plamnts | 16-2- 1679 plants
- BN I €5 R -5 B 8 N B ) @) (3) 1)
Observed ...... 50 14 11 4 37 20 17 5
Theoretical ... 44.4 14.8 14.8 4.9 44.4 14.8 14.8 4.9
Difference . .... 5.6 0.8 3.8 0.9 7.4 5.2 2.2 0.1
Prob. Error.... 2.97 2.34 2.34 2.97 2.34 2.34
out in out out out in
T 16-2- 19—40 p1ants' T 16-2-24—43 plants
S I T ¢: D N ¢ 5 WA & NN Y €5 3y (® (1)
Observed ...... 18 10 9 3 29 6 8 1
Theoretical ... 225 7.5 7.6 2.5 24.2 8.1 8.1 2.7
Difierence ..... 4.5 2.5 1.5 0.5 4.8 2.1 0.1 2,7
Prob. Error.... 2.12 1.67 1.67 2.19 1.73 1.73
out out in out out in
T ) T Total of all progenies—
16-2-26—81 plants 831 plants
Y ) Y ) T 3 Y ¢ O U A ¢ DN ¢ RN ¢ S S DI
Observed ...... 47 15 17 2 483 166 136 46
Theoretical ... 45.6 15.2 15.2 5.1 467.4 155.8 155.8 51.9
Difference ..... 1.4 0.2 1.8 3.1 135.6 10.2 19.8 5.9
Prob. Error.... 3.01 2.37 2.37 9.65 7.59 7.69
in in in out out out
TABLE 42

Monohybrid Freqguency Distributions Obtained in the Fg Progenies Irom I,
Red and Velvet Chaff Parents That Were Heterozygous
Velvet Chaff and Homoayoous Red Chaft
“Red | Red | Red | Red | Red | Red | Red | Red
Velvet SmoothI Velvet ISmooth Velvet | bmooth|Velvet|\mooth

T 16-2-8— | -16— | 16-2-17—
45 plants | 1“’ plants ' 110 plants | 62 plants
D S N O RS S S S I ¢ S B B ) (1
Observed ..... 36 9 11 1 77 33 47 i35
Theoretical ... 33.8 11.3 9.0 3.0 82.5 27.5 46.5 15.5
Difference . ... 2.2 2.3 2.0 2.0 5.5 5.5 0.5 0.5
Prob. Error.... 1.96 1.96 1.01 1.01 3.06 2.06 2.30 2.30

out out out out out out in in




3) (1)
Observed ..... 100 52
Theoretical 114.0 38.0
Difference 14.0 14.0
Proh. Error.... 3.60 3.60

out out
Monohybrid Frequency

TABLE 42 (Continucd)

“Red Rcd
Velvct
16- "0—

152 plants

Red | Red

Velvet 1Smooth

|

"Red | Red
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61

"Red | Red

Velvet | Smooth| Velvet{Smooth

16-2-28— Total of all
| 111 plants l progenies—
| 492 plants
2NN S VI S a
88 2 339 133 {
83.3 27.8 } 369.0 123.0 |
4.7 4.8 ‘ 10.0 10.0
3.08 3.08 | 6.48 6.48
out out [ out out
TABLE 43

Distributions Obtained in the F, Progenies From F:

Red and Velvet Chaff Parents That Were Heterozygous Red
Chaff and Homozygous Velvet Chaff

Red White Red White Red White Red White
Velvet | Velvet | Velvet | Velvet | Velvet | Velvet |[Velvet lVelvet
16-2-2— ig-2-7— | 16-2-13— | 16-2-18—
111 plants 104 plants | 72 plants | 9 plants
(%) W @ W Gy Ty I,,-,W,, 1y’
Chserved ... .. 83 2 75 29 53 19 | 8 1
Theoretical 83.3 27.8 78.0 26.0 54.0 i8.0 6.8 2.3
Difference ..... 0.3 0.2 3.0 3.0 1.0 1.0 1.2 1.3
Prob. Error.... 3.08 3.08 2.98 2.98 2.48 2.48 0.88 0.88
in in out out in in out out
o 16-2-21- T16-2-28~ | Total of all |
67 plants 67 plants progenies— [
430 plants |
T Gy M 3 O @ @
Observed ..... 51 16 51 16 321 109 [
Theoretical 50.3 16.8 | 50.3 16.8 322.5 107.5
Difference ..... 0.7 0.8 1 0.7 0.8 1.5 1.5
Prob. Error.... 2.39 2.39 | 2.39 2.39 6.06 6.06
in in | in in in in
TABLE 44

Monohybrid Frequency Distributions Obtained in the F3; Progenies From I,
Red and Smooth Chaff Parents That Were Heterozygous Red Chaff

Red White Red White Red | White Red White
Smooth|Smooth{Smooth|Smooth| Bmooth SrnoothlSmooth|Smooth
16-2-237— | 16-2-28— 16-2-29— 16-2-30—
72 plants \ 60 plants [ 78 plants 49 plants
(3) [$8) ) W | 3 @@ W
Observed ...... o7 15 38 22 56 22 36 13
Theoretical 54.0 18.0 45.0 15.0 ‘ 58.5 19.5 36.8 12.3
Difference ..... 3.0 3.0 7.0 7 .0 2.5 2.5 0.8 0.7
Prob. Error.... 2.48 2.48 2.26 ! 2.58 2.58 2,04 2.04
out out out out ] in in

i in

in
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TABLE 44 (Continued)

Red | White| Red | White| Red | White | Red | White
o _8mooth|Smooth|Smooth| Smooth| Smooth| Smooth Smooth|Smooth
e i T Total of all

16-2-31— l 16-2-33— 16-2-34— progenies—

116 plants I 243 plants 162 plants ] 780 plants

(3) (1) ] (3) (1) (3) (1) 3) 1)

Observed ...... 91 25 l 184 59 119 43 581 199
Theoretical 87.0 29.0 182.8 60.8 1215 40.5 585.0  195.0
Difference ..... 4.0 4.0 1.7 1.8 25 25 4.0 4.0
Prob. Error.... 3.15 3.15 4.56 4.55 3.72 3.72 8.16 8.16
out out f in in in in l in in

TABLE 45

Monohybrid Frequency Distributions Obtained in the Fy Progenies From F,
White and Velvet Chaff Parents That Were Heterozygous Velvet Chaff

Velvet ]Smooth Velvet iSmooth
White I White I White I White

Velvet Ismooth

White lWhite

Velvet]Smooth
White [White

16-2-35— 16-2-36— 16-2-37— 16-2-39—
44 plants | 130 plants i 16 plants 100 piants
3) (D 3y @ ) ) (3) @D
Observed ...... 37 7 104 26 9 7 71 29
Theoretical .... 33.0 11.0 97.5 32.5 12.0 4.0 75.0 25.0
Difierence ..... 4.0 4.0 6.5 6.5 3.0 3.0 4.0 4.0
Prob. Error.... 1.94 1.94 3.33 3.33 1.17 1.17 2.92 2.92
out out out out out out out out
16-2-41— |Totalof allvro-| o
172 plants genies—462 plts
R C S @& O T
Observed ...... 138 34 359 103
Theoretical 129.0 43.0 346.5 116.5
Differcnce ..... 9.0 9.0 12.5 25
Prob. Error.... 3.83 3.83 6.28 6.28
out out out out

PROBABLE ERROR STUDIES ON THE F; GENERATION OF CROSS 19
TURKEY RED¢® X HARVEST KINGJ

TABLE 46
Dihybrid Frequency Distributions Obtained in the Iy Progenies from F, Beard-
less, Red Chaff Parents That Were Heterczygous With
Respect to Both Characters

Beard-l Beard-| Bea.rd-] Beard-]

Beard- Beard-] Beard-l Beard-
less less ed ed

less less ed ed
Red | White | Red | White Red | White ' Red | White
TTT19-3-1-93 plants | 19-2-4--248 plants
)] 6] 3 M ® (3 (3) (1)
“bhserved ...... 56 i3 17 5 I 135 50 54 9
Theoretical 52.3 17.4 17.4 5.8 139.5 46.5 46.5 15.6
Difference 3.7 24 0.4 0.8 4.5 3.5 7.5 6.5
Prob. Error.... 3.25 2.54 2.54 5.27 4.15 4.15
out in in in in out
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TABLE 46 (Continuecd)
Beard- | Beard- | Beard- | Beard- | Beard- [ Beard- | Beard- | Beard-
less | less ed ed less less ed e¢
Red | White | Red | White |  Red White | Red | White
- 19-2-5—41 plants | 19-2-8—95 plants
- T I O O ) (3) (1)
vbserved ...... 20 11 8 2 a7 22 19 7
‘I'heoretical 23.1 7.7 7.7 2.6 53.4 17.8 17.8 5.9
Dificrence 3.1 3.3 0.3 0.6 6.4 4.2 1.2 11
Prob. Error,... 2.14 1.69 1.69 3.26 2.57 2.57
out out in out out in
: T[T 19-2-24-75 plants ’
T T3 3y (9) (3) (3) 1)
Observed ...... 70 20 23 4 38 19 13 5
Theoretical 65.8 21.9 21.9 7.3 42.2 14.1 14.1 4.7
Difference 4.2 1.9 1.1 3.3 4.2 4.9 1.1 0.3
Prob. Error.... 3.62 2.85 2.85 ] 2.90 2.28 2.28
mit in mn out out in
19-2-25__44 plants - 19-9-36_81 plants
B ey ® 3 (9) (3) (3) [68)
Observed ...... 24 8 8 4 44 14 18 5
Theoretical 24.8 8.3 8.3 2.8 45.6 15.2 15.2 5.1
PDifference ..... 8.8 0.3 0.3 1.2 1.6 1.2 2.8 0.1
Prob. Error.... 2.22 1.75 1.75 3.01 2.37 2.37
in in in in in out
T 1 19-2-37—124 plants | T7TTT719-2240—66 plants
(9) 3) (3) 1) (9 (3) (3) 1)
Observed ...... 73 16 27 8 36 11 14 5
Theoretical 69.8 23.3 23.3 7.8 37.1 12.4 12.4 4.1
Difference 3.2 7.3 3.7 0.2 1.1 14 1.8 0.9
Prob. Error.... 3.73 2.93 2.98 2.72 2.14 2.14
in out out in in in
19-2-41—21 plants 719-2-47—63 vlants
(9) 3) (3) (1) (€] (3) (3) 1)
Observed ...... 11 3 6 1 31 16 11 5
Theoretical 11.8 3.9 3.9 1.3 35.4 11.8 11.8 3.9
Difference 0.8 0.9 2,1 0.3 4.4 4.2 0.8 1.1
Prob. Error.... 1.53 1.21 1.21 2.66 2.09 2.09
in in out out out in
© 7 19-2-51—47 plants | 19-2-54—73 plants
T @ @ a | (3) (2) @ -
Observed ...... 27 10 [ 4 38 13 18 4
Theoretical 26.4 8.8 8.8 2.9 41.1 13.7 13.7 4.6
Difference ..... 0.6 1.2 2.8 1.1 aa 0.7 4.3 0.6
Prob. Error.... 2.29 1.81 1.81 2.86 2.25 2.25
in in out | out in out
"""""" : ©19-2-57—120 plants I
’ TG & @ ® @
Observed 82 17 16 5 86 26 26
Theoretical 67.5 22.5 22.5 7.5 81.6 27.2 27.2
Difference .. 143 5.5 6.5 2.5 T 4.4 1.2 1.2 2.1
Prob, Error.... 3.67 2.88 2.88 4.03 3.17 3.17
out out out out in in




Observed ......
_Theoretical

Ditfference

Prob. Error....

Observed
Theoretical
Difference -
Prob. Error....

Observed ......
Theoretical
Difference
Prob. Error..

Observed
Theoretical
Difference
Prob. Error....

Observed ... ...
Pheoretical
Difference
Prob. Error....

Ohserved
Theoretical
Difference
frob. Error....

Ohserved
Theoretical
Difference

Probh. Irror....

...... 1314

|

(9) (3) () (D
418 444 124 §
..1293.¢ 431.3 431.3 143.8 |
20.2 13.3 12,7 19.8 |
16.05 12.63  12.63 I
ount out l

Co1,0RADO EXPERIMENT STATION

] _ TABLE 48 (Continued) 7 7 .
Beard-] Beard- Beard-l Beard-| Beard- Beard-l Beard-! Beard-

less less ed ed ! less less | ed ed
Red | White | Red | White | Red | White| Red | White
19-2-60—174 plants | 19-2-62—33 plants
C) NG )} 3) (M )G I ¢ SR ¢ S I
107 21 42 4 19 6 5 3
97.9 32.6 32.6 10.9 18.6 6.2 6.2 2.1
9.1 11.6 9.4 6.9 0.4 0.2 1.2 0.9
4.41 3.47 3.47 1.92 1.51 1.51
out out out in in in
19-2-63—22 plants | 19-2-6444 plants
(9) (3) 3 W e @ 3 (L)
12 4 4 2 20 15 7 2
12.4 4.1 4.1 1.4 24.8 8.3 8.3 2.8
0.4 0.1 0.1 0.6 4.8 6.7 1.3 0.8
1.57 1.24 1.24 2.22 1.75 1.75
in in in out out in
19-2-65—98 plants ’ 19-2-67—21 plants
9 3 3y W [C) ) I ¢ ) N ¢ 3
55 14 21 S 16 3 1 1
55.1 18.4 18.4 6.1 11.8 3.9 3.9 1.3
0.1 4.4 2.6 1.9 4.2 0.9 2.9 0.3
3.31 2.61 2.61 153 1.21 1.21
in out in out in out
719726860 plants 10-2-71—95 plants
9 (3 3) M | @3y ® [§3)
2 3 15 [\ 57 21 13 4
33.8 11.3 11.3 3.8 53.4 17.8 17.8 5.9
8.2 8.3 3.7 3.8 3.6 3.2 4.8 1.9
2.59 2.04 2.04 3.26 2.57 2.57
out out out out out out
1927244 plants | 19-2-76—94 plants
9 G W 3y (3) 1)
26 7 8 3 a7 17 19 11
24.8 8.3 8.3 2.8 59.9 17.6 17.6 5.9
2 1.3 0.3 0.2 5.9 0.6 1.4 5.1
2.22 1.75 1.75 3.24 2.55 2.55
in in in out in in
19-2-78—28 plants 7 19-2-86—97 plants
E I ¢ Wy ® (@ 1)
14 7 5 2 56 23 14 4
15.8 5.3 5.3 1.8 54.6 18.2 18.2 6.1
1.8 1.7 0.3 0.2 1.4 4.8 4.2 2.1
1.77 1.3 1.39 3.30 2.59 259
out out in in out out

Total of all progenles nclud-|
ing 4 with less than 16 pop
ulation—2300 plants

!
|

out
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TABLE 47
Monohybrid Frequency Distributions Obtained in the I Progenles From I
Beardless, Red Chaff Parents That Were Heterozygous Red Chaff

and Homozyg

ous Beardless

035

Beard- Beard- [ Beard- | Beard- Beard- Beard-
less less less l less less less
Red White Red | Whltc Red Whlte
T T 19-2-2— | 23— i 19-2-7—
90 plants [ 68 pldnts 53 plants
T (3) ¢5) BT ¢ S8y (1
Observed ........... 58 32 51 17 33 20
Theoretical ........ 67.5 22.5 51.0 17.0 39.8 13.3
Differenece ,......... 9.5 9.5 0.0 0.0 6.8 6.7
Prob. Error......... 2.77 2.97 2.41 2.41 2.13 2.13
out out ! in in out out
— — ) 19-2-9— | 19-2-10— 19°2-11—
101 plants | S2 plants 60 plants
- @y <1> | ® TR 3 W
Upserved ........... 82 65 17 43 17
Theoretical ........ 75.8 ”5 3 I 61.5 20.5 45.0 15.0
Diffierenece .......... G.2 6.3 | 3.5 3.5 2.0 pX
Prob. Error......... 2.94 2.94 f 2.65 2.65 2.26 2.26
out out 1 out out in in
e 19-2-12— 19-2-13— 19-2-15—
66 plants 10 plants 229 plants
- (3) <1> <3) ) 1y ¢} (6H)
Observed ........... 54 3 177 52
Theoretical ........ 49.6 16 5 | 7 5 2.5 171.8 57.3
Difference .......... 4.5 4.0 | 0.5 0.5 5.2 5.3
Prob. Error......... 2.37 ] 0.92 0.92 4.42 4.42
out out | in in out out
T 19-2-25— 9.3 19-2085
72 plants [ ”0 plzmts 70 plants
T B i [CI (1) (3) NI ) (D
Observed ........... 51 3 49 21
Theoretical ........ 54.0 18 0 15 0 5.0 52.5 17.5
Difference .......... 3.0 3.0 2.0 2.0 3.5 3.5
Prob, Errvor......... 2.48 2.48 1.31 1.31 2.44 2.44
out out out out out out
T T 19-2-44— o 19—27-46—7 79:3_55:_ )
55 plants | 137 plants 185 plants
T B¢ R 5 R TR ) B 6 B I E:3 ¢Y)
Observed ........... 37 i8 102 35 141 44
Theoretical ........ 41.3 13.8 102.8 34.3 138.8 46.3
Difference .......... 4.3 2 0.8 0.7 2.2 2.3
rrob. BError......... 2.17 2.17 3.42 3.42 3.97 3.97
out out in in in in
- 19-2:-27— | 9-2-§0— 19-2-83-
104 plants i 75 plants 31 plant;
T 3 & T T
Observed ........... 78 26 59 16 20 11
Theoretical ........ 78.0 26.0 56.3 18.8 238.3 7.8
Difference .......... 0.0 0.0 2.7 2.8 3.3 3.2
Prob, Errot......... 2.98 2.98 | 2.58 2.53 1.63 1.63
in _ in | out out out out
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TABLE 47 (Continued)
Beard- Beard- Beard- | Beard- Beard- Beard-
less less less less less less
Red l White Red White Red White
T T 19-3-83— 19-2.84— |Total of all pro-
16 plants ! 132 plants |genies—1656 plants
T ) (1) (3) (1 (3) 1y
Observed ........... 2 4 100 32 1236 20
Theoretical ........ 12.0 4.0 99.0 33.0 1242.0 414.0
Difference .......... 0.9 0.0 1.0 1.0 6.0 6.0
Prob. Error......... 1.17 1.17 3.36 3.36 11.89 11.89
in in in in in in
TABLE 48

Monohybrid Frequency Distributions Obtained in the ¥ Progenies From Ir.
Beardless, Red Chaff Parents That Were Heterozygous Beardless
and Homozygous Red.

Beard-l Beard-| Beard-| Beard-| Beard- |Beard- |Beard-|Beard-
less ed less ed less ed less ed
Red Red Red Red Red Red Red | Red
T T 91— 19-2-16— | C18-2-19— | 19-2-26—
166 plants | 56 plants ( 71 plants ' 37 plants
- Ty M @ (1) &) NG SRS G O
Ohserved ...... 128 38 38 18 63 8 28 9
Theoretical 124.5 41.5 42.0 14.0 53.3 17.8 27.8 9.3
Differenee 3.5 3.5 4.0 4.9 9.7 9.8 0.2 0.3
Prob. Error.... 3.76 3.76 2.19 2.19 2.46 2.46 1.78 1.78
in in out out out out in in
TT19-2-29— 19-2-31— 19-2-32— | 19223357
31 plants 72 plants 208 plants 202 plants
) &9 3 W By M’
Observed ...... 23 8 60 12 144 64 135 67
Theoretical 23.3 7.8 54.0 18.0 156.0 52.0 151.5 50.5
Difference . 0.3 0.2 6.0 6.0 12.0 12,0 16.5 16.5
Prob. Error.... 1.63 1.63 2.48 2.48 4.21 4.21 4.15 4.15
in in out out out out , out out
19-2-38— | TT19-2-39— 19-2-43— 1 19-2-45—
74 plants ] 45 plants 29 plants I 81 plants
(3) &3 (3) (1) (3) (1) ) (D
Observed ...... 56 18 33 12 25 4 55 26
Theoretical 55.5 18.5 33.8 11.3 21.8 7.3 60.8 20.3
Difference . 0.5 6.5 0.8 0.7 3.2 3.3 5.8 5.7
Prob. Error.... 2.51 2.51 1.96 1.96 1.57 1.57 2.63 2.63
in in in in out out l out out
19-2-48— | 19-2-49— 19-2-59—— 19-2-61—
17 plants | 25 plants 153 plants 28 plants
e §)) (3) (1) (3) @ @ @
Observed ...... 13 4 20 5 120 33 20 8
Theoretical 12.8 4.3 18.8 6.3 114.8 3%.3 21.0 7.0
Difference 0.2 0.3 2 1.3 5.2 5.3 1.0 1.0
Prob. Error.... 1.20 1.20 1.46 1.46 3.61 3.61 1.565 1.55
in in in in out out in in
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TABLE 48 (Continued)

Beard-| Beard- Bea.rd—l Beard-| Beard- |Beard- |Beard-|{Beard-
less ed less ed less ed less ed
Red Red Red Red Red Red Red Red
19-2-66— 19-2-69— S2-73 19-2-74—
57 plants ] 82 plants ! 64 plants | 94 plants
T TTGY WM T ey 1y ] @ (69
Observed ...... 40 17 60 22 42 22 77 17
Theoretical 42.8 14.3 61.5 20.5 48.0 16.0 70.5 23.5
Diffierence 2. 2.7 1.5 1.5 6.0 6.0 6.5 6.5
Prob. Error.... 2.21 2.21 2.65 2.65 2.34 2.34 2.83 2.83
out out in in out out | out out
Y - | Totalofan | S
19-2-85— progenies— [
113 plants [ 1705 plants |
o @& W e W T
Observed ...... 90 23 1270 435
Thecretical 84.8 28.3 1278.8 426.3
Difference 5.2 5.3 8.8 8.7
Prob. Error.... 3.11 3.11 | 12.06 12.06
out out [ in in
TABLE 49

Monohybrid Frequency Distributions Obtained

in the F3; Progenies From I

Beardless, White Chaff Parents That Were Heterozygous Beardless

Observed ......
Theoretical
Difference

Prob. Error....

Observed ......
Theoretical .
Difference

Prob. Error....

Ohserved ......
Theoretical
Difference

Prob. Error.. ..

less ed
White | White
19-2-88— |
32 plants |
KE2 Y
2¢ [
24.0 8.0
2.0 2.0
1.65 1.65
out out
T19-2-94— T
103 plants
Y T )
71 32 l
77.3 25.8 |
6.3 6.2
2.96 2.96
out out
19-2-101—
163 plants
@3y a (1)
107
122.8 408 {
15.3 15.2 1
3.73 3. 73 l

out |

Beard—] Beard-| Beard—] Beard-

Beard- |Beard- |Beard-|Beard—
less ed less ed less ed
White Whlte VVhlte White | White | White
T 19-2-89— T19-2-90— 19-2-92—
144 plants 162 p]ants ‘ 129 plants
(3) (1) (3) 1) (3) (1)

117 27 120 42 93 3¢
108.0 36.0 1215 40.5 ) 96.8 323
9.0 9.0 i5 1.5 | 3.8 3.7
3.51 3.51 3.172 3.72 3.32 3.32
out out in in { out out
19-2-95— | 18-2-99— | 19-2-100—
11 plants 118 plants | 36 plants
&) 1) 3y (D @) a1y
7 4 95 23 22 14
8.3 2.8 88.5 29.5 27.0 9.0
1.3 1.2 6.5 6.5 5.0 5.0
0.97 0.97 | 3.17 3.17 1.75 1.75
out out l out out [ out out
T ] Total of all .
19-2-103— progenies—
50 plants 948 plants
<3) ay 3) [
i2 696 252
37 5 12.5 711.0 237.0
0.5 0.5 15.0 15.0
2.07 2.07 8.99 8.99
in in | out out
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TABLE 50
Monohyhrid Freaqu ney Distributions Obtained in the Fy; Progenies From F,
Bearded, Red Chaff Parvents That Were Heterozygous Red Chaff

Beard-| Beard-| Beard-| Beard-| Beard- |Beard- {Beard-[Beard-
ed | ed | ed | ed ed | ed | ed | ed
- Red [ White | Red | White Red | White l Red | White
-2-108—" | 19-2-109-— | 19-2-110— | 19-2-112—
24 plants | 18 plants | 103 plants [ 11 plants
€3) 1)y | (@ (1) (3) a | (@) (D
Ohserved ...... 19 5 ] 15 3 74 29 l [ 5
Thoeretical .... 180 6.0 | 185 4.5 77.3 258 | 8.3 2.8
Difference ..... 1.0 1.0 i 1.5 1.5 3.3 3.2 ‘ 23 2.2
Prob. Error.... 1.43 1.43 ’ 1.24 1.24 2.96 2.96 [ 0.97 0.97
in in | out out | out out | out out
19- 115— | 19-2-116— ‘ 19-2-117— | 19-2-121—
97 plants ! 96 plants [ 205 plants | 15 plants
(3) @ || M ® (1)
Ohbhserved ...... GS 29 ! 58 38 167 38 11 4
Theoretical .... 72.8 24.3 | 72.0 24.90 153.8 51.3 11.3 3.8
Difference .. .. 4.8 4.7 | 14,0 14.0 13.2 13.3 0.3 0.2
Proh. Error... 2.88 2.88 [ 2.86 2.86 4.18 4.18 1.13 1.1%
out out ] out out out out in in
o ! - Total of all |~ )
9-2-123— [ 19-2-124— progenies—
240 plants | 129 plants 948 plants
Y -3 S 6 B ] (°) (1) (3) 1y T
Obscerved ...... 184 56 [ 10 36 705 243
Theoretical .... 180.0 60.0 [ 10 34.8 711.0 227.0
Difference . .... 4.0 4.0 ’ 1. ‘3 1.2 3.0 6.0
Pronh. Iorror.... 452 4.52 3.44 3.44 8.99 R.99
in in in in | in in [

PROBABLE ERROR STUDIES ON THE T; GENERATION OF CROSS 24
TURKEY RED? X FULTZ MEDITERRANEANG

TABLE 51
Monohybrid Frequency Distributions Ohtained in the I'; Progenies From I,
Beardless Parents That Were Heterozygous Beardless

Beard-] Beard—[ Beard- Beard Beard- |Beard- |Beard-|Beard-
less | ed I less i ‘ less ed less ed
24-1-1— [7 24-1-3— | 24-1-T— | 2418
47 plants §2 plants | 74 plants ] 13 plants
T (3) (1) \ ) @ | @ M @ a
Observed ...... 37 68 14 55 19 o 4
Theoretical .... 35.3 11 8 61.5 20.5 55.5 18.5 9.8 3.2
Difference ..... 1.7 1.8 t 6.5 6.5 0.5 0.5 l 0.8 0.7
Prob. EBrror.... 2.00 2.00 { 2.65 2.65 ' 251 2.5% 1.05 1.05
in in ] out out ] in in ) in in
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TABLI. 51 (Continued)

69

Beard-' Beard-| Beard-| Beard-| Beard- | Beard- [Beard-|Beard-
less ed | less | ed less ed less | ed
- 24-1-9— | 24-1-12— | 24-1-13— T 24-1-14—
22 plants 43 plants | 27 plants | 147 plants
(3) (1) (3) (1) (3) a | 3 (1)
Observed e.. 17 5 33 10 22 5 i14 33
Theoretical 16.5 5.5 32.3 10.8 20.3 6.8 110.3 36.8
Difference 0.5 0.5 0.7 0.8 1.7 1.8 3.7 3.8
Prob. Error.... 1.37 1.37 1.92 1.92 1.52 1.52 | 3.b4 3.54
in in in in out out ] out out
Y T 5 - R 24-1-18— | 24-1-19—
46 plants 17 plants | 20 plants l 36 plants
- (3) @O @ ay’p @ | ® 1)
Observed ...... 41 5 12 5 12 8 27 9
Theoretical 34.5 115 12.8 4.3 15.0 5.0 27.0 9.0
Difference 6.5 6.5 0.8 0.7 3.0 3.0 0.0 0.0
Prob. Error.... 1.98 1.98 1.20 i.20 1.31 1.31 1.76 1.75
out out in in out out in in
T Tod-1-21— T 24-1-22— 24-1-23— l 24-1-25—
34 plants | 132 plants | 98 plants i 244 plants
- (3) (1) (3) (D 3) [)) (3) (1)
Observed ...... 25 9 110 22 81 17 190 54
Theoretical 25.5 8.5 99.0 33.0 73.5 245 183.0 61.0
Difference 0.5 0.5 11.0 11.0 75 73 7.0 7.0
Prob. Error.... 1.70 1.70 3.36 3.36 2.89 2.89 4.56 4.56
in in out out out out I out out
T 24-1-27— 24-1-31— T 24-1-32— 24-1-33—
40 plants | 13 plants | 12 plants 90 plants
) M @ W (3) (1) @ (1)
Observed M- 3 § 9 11 2 8 4 72 18
Theoretical .... 30.0 10.0 9.8 3.3 9.0 3.0 67.5 22.5
Difference .. 1.0 1.0 1.2 1.3 1.0 1.0 4.5 4.5
Prob. Error.... 1.85 1.85 1.05 1.05 1.01 1.01 2.717 2.77
in in out out in in out out
T 24-1-35— | 24-1-36— | 24-1-37— | 24-1-38—
276 plants 41 plants [ 81 plants 133 plants
3) M | ® S SR ¢ NN ¢) 3) (1)
Chserved ...... 213 63 27 14 66 15 95 38
Theoretical 207.0 €9.0 30.8 10.3 60.8 20.3 99.8 33.3
Difference 6.0 6.0 3.8 3.7 5.2 5.3 4.8 4.7
Prob. Error.... 4.85 4.85 1.87 1.87 2.63 2.63 3.37 3.37
out out out out out out out out
24-1-39— | 24-1-40— 24-1-41— | 24-1-43—
33 plants i 72 plants | 15 plants | 170 plants
) (1) 160 I ST Y€ ) B S U I € R ¢ O
Observed ...... 25 8 52 20 12 3 121 49
Theoretical .... 24.8 8.3 54.0 18.0 11.3 3.8 127.5 42.5
Difference .. 0.2 0.3 2.0 2.0 0.7 0.8 6.5 8.5
Prob. Error.... 1.68 1.68 2.48 2.48 1.12 1.13 3.81 3.81
in in | in in in in out out
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TABLE 51 (Continued)
Beard~| Beard-| Beard-| Beard-| Beard- |Beard- Beard—lBeard-
less l ed less ed less ed less ] ed
Ba-T-dd— | 2-1-46— | 24-14T— | 24-1-48— N
11 plants l 56 plants ! 112 plants l 101 plants
3y W] @ Ty 3y (1 | ® (1)
Observed ...... 9 2 $ 42 14 77 35 l 86 15
Theoretical .3 2.8 | 42.0 14.0 84.0 "S 0 75.8 25.3
Difference . 0.7 0.8 ‘ 0.0 0.0 7.0 ‘ 10.2 10.3
Prob. Error.... 0.97 0.97 | 2,19 2.19 3.09 | 2.94 2.94
in in I in in out out | out out
T ekia9— | 24-1-51— 24-1-52 | 24-1-55—
81 plants | 24 plants ] 53 plants I 92 plants
(3) CORN RN RGO A A ¢ B ¢ DI B¢ D NN ¢ 0
Observed ...... 45 16 ] 16 8 42 11 79 13
Theoretical 45.8 15.3 | 18.0 6.0 39.8 13.3 69.0 23.0
Difference 0.8 0.7 | 2.0 2.0 2.2 2.3 10.0 16.0
Prob. Error.... .28 2.28 [ 1.43 1.43 2.1 2.13 I 2.80 2.80
in in ' out out out out l out out
T 2a1-88— | 24-1-5T— 24-1-58— 24-1-60—
97 plants 1 23 plantb | 91 plants \ 69 plants
(3) ay [ ® (1) (3) 1y | @) 1)
Observed ...... 72 25 l 16 6 GG 25 l 51 is
Theoretical 72.8 24.3 I 16.5 5.5 68.3 22.8 51.8 17.3
Difference 0.8 0.7 I 0.5 6.5 2.3 2.2 0.8 0.7
Prob. Error.... 2.88 2.88 | 1.37 1.37 i 2.79 2.79 I 2.43 2.43
in in [ in in | in in [ in in
T 24161 ;""’4 1-62— [ 24-1-64— | 24-1-65—
112 plants | 12 plants | 102 plants ‘ 35 plants
E N SR ¢ D N ¢ DI N ¢: ! SO NS 5] (1
Observed ...... S8 24 10 2 kx4 25 l 26 9
Theoretical 84.0 28.0 9.0 3.0 76.5 25.5 26.3 8.8
Differenee 4.0 4.0 1.0 1.0 0.5 0.5 0.3 0.2
Prob. Error.... 3.09 3.09 1.01 1.01 2.95 2.95 1.73 1,73
out out [ in in | in in ] in in
24-1-66— | 24-1-68— | 24-1-69— | 24-1-74—
54 plants [ 41 plants | 63 plants I $2 plants
D N S R I I ¢ O (3) (1) (3) (n
Observed ...... 36 18 30 11 49 14 60 22
Theoretical 40.5 13.5 30.8 10.3 47.3 i5.8 61.5 2005
Difflerence . 4.5 4.5 0.8 0.7 1.7 1.8 1.5 1.5
Prob. Error.... 2.15 | 1.87 1.87 2.3 2.32 2.65 2,65
out out [ in in U in l in in
T e | To4l1i78 | 24-1-79— ©24-1-80—
12 plants | 163 plants ! 102 plants , 85 plants
&2 I ¢ D RN T T B £ D B B €3] a | ® (1
Observed ...... 11 2 | 120 43 ‘ 73 29 63 22
Theoretical 9.8 3.3 ] 122.3 40.8 [ 76.5 25.5 ’ 63.8 21.2
Difiference 3.2 1.3 | 2.3 2.2 , 3.5 3.5 0.8 0.7
Prob. Error.... 1.05 1.05 } 3.73 3.73 ] 2.95 2.95 ‘ 3.69 2.8
out out | in in ] out ] in in

ouat
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TABLE 51 (Continued)
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I

Beard-| Beard-| Beard- Beard | Beard- [Beard- 'Beard- Beard-
less ed less f less ed | less ed
T T 24-1-81— 24-1-82— | 24-1-83— T24-1-85—
25 plants 28 plants | 24 plants ‘ 145 plants
'''' - (3 1 7w W (3) a | 3 (0
Observed ...... 20 5 23 5 19 5 , 106 39
Theoretical 18.8 6.3 [ 21.0 7.0 18.0 6.0 108.8 36.3
Difference ..... 2 1.3 2, 2.0 1.0 1.0 2.8 297
Proh. Error.... 1.46 1.46 1.55 1.55 1.43 1.43 3.52 3.52
in in out out in in | in in
T T UTTRANIR S T 240189 | 24-1-90— ] ediiei—
45 plants 33 plants 43 plants 25 plants
o @@ G W@ a | @ 1
Observed ...... 32 13 23 10 34 9 19 6
Theoretical 33.8 11.3 24.8 8.3 32.3 10.8 18.8 6.3
Difference . 1.8 1.9 1.8 1.7 1.7 1.8 0.2 0.3
Prob. Error.... 1.96 1.96 1.68 1.68 1.92 1.92 1.46 1.46
in in out out in in | in in
I SN A e P4c1l9T— | pa1t101— | 24-1-102—
27 plants l 13 plants | 52 plants | 216 plants
3) (1) 3) @ 7@ @ [ @ [§3)
Observed ...... 20 7 10 3 42 10 153 63
Theoretical 20.3 6.8 9.8 3.3 39.0 13.0 162.0 54.0
Difference 0.3 0.2 0.2 0.3 3.0 3.0 9.0 9.0
Prob. Error.... 1.52 1.52 1.05 1.05 2.11 2.11 4.29 4.29
in in in in i out out [ out out
24-1-104— 24-1-106— | 24- 19107— | 24-1-108—
95 plants 24 plants | 85 plants 75 plants
) 3) @ [ @ (1) (3) a [ @ 1)
Observed ...... 69 26 ] i8 6 59 26 53 22
Theoretical ..., 71.2 23.8 18.0 6.0 63.8 21.3 56.3 18.8
Difference 2. 2.2 0.0 0.0 4.8 4,7 3.3 3.2
Prob. Error.... 2.85 2.85 1.43 1.43 2.69 2.69 2.53 2.53
in in ] in in out out { out out
24-1-111— | 24-1-113— T 24-1-116— ] 24-10119—
30 plants | 12 plants | 155 plants 35 plants
(3) a | & [ N E) B¢ O N B¢ R SO N
Observed ...... 22 8 | 7 5 114 41 26 9
Theoretical 225 7.5 9.0 3.0 116.3 38.8 26.3 8.8
Difference .. 0.5 0.5 2,0 2.0 2.3 2.2 0.3 0.2
Proh., Error.... 1.60 1.60 1.01 1.01 3.64 3.64 1.73 1.73
in in out out in in in in
N 24-1-120— 2a-1-131— | 24-1-183— | o4-1-126—
11 plants ‘ 197 plants 15 plants \ 26 plants
(3) &) 3) (1) ) EO RN N €5 ay
Ohserved ...... 8 3 148 49 10 5 20 [
Theoretical 8.3 2.8 147.8 49.3 11.3 3.8 19.5 6.5
Bifference 0.3 0.2 0.2 0.3 1.3 1.2 0.5 0.5
Prob. Brror.... 0.97 0.97 4.10 4.10 1.13 1.13 1.49 1.49
in in in in out out in in
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TABLE 51 (Continued)
Beard-| Beard-| Beard-| Beard-| Beard- |Beard- | Beard-|Beard-
less ed less ed less ed l less ed
24-1-127— 24-1-129— 24-1-130— C 24-1-133—
188 plants 24 plants l 60 plants | 137 plants
N G W ey W (3) 1) @) Ay
Observed ...... 134 54 15 9 49 11 97 40
Theoretical 141.0 47.0 18.0 6.0 45.0 15.0 102.8 34.3
Difference ..... 7.0 7.0 ] 3.0 3.0 4,0 4.0 5.8 5.7
Prob. Error.... 4.00 4.00 ] 1.43 1.43 2.26 2.26 3.42 3.42
out out | out out out out out out
T L T | 24-1-135— T 24-1-136— 24-1-137—
100 plants l 135 plants | 17 plants | 123 plants
@ @ Gy (L) 3) W W W
Observed ...... 67 33 94 41 10 7 01 32
Theoretical 75.0 25.0 101.8 33.8 13.8 4.3 92.3 30.8
Difierence 8.0 8.0 7.3 7.2 2.8 2.7 1.3 1.2
Prob. Error.... 2.92 2.92 3.39 3.39 1.20 1.20 3.24 3.24
out out out out out out in in
ST C24-1-138— 24-1-141— 2d-1-1432- | 24-1-144—
87 plants 52 plants ‘ 145 plants I 59 plants
B T3 1) Gy W@ 7 <1) 1 @ (L)
Observed ...... 65 22 33 19 103 47 12
Theoretical 65.3 21.8 39.0 13.0 108.8 36 3 44 3 14.8
Ditierence 0.3 0.2 6.0 6.0 58 2.8
Prob. Error.... 2.72 2.72 2.11 2.11 3.62 Z 2 24 2.24
in in out out out out | out out
- 241146 24-1-150— 84-1- 1a'2;f”|’ 24-1-154—
182 plants 48 plants | 29 plants | 70 plants
o e W e Ty T ETTar oW W)
Observed ...... 140 2 43 5 27 2 53 17
Theoretical 136.5 45.5 36.0 12.0, 21.8 7.3 52.5 17.5
Diflerence 3.5 3.5 7.0 7.0 5.2 5.3 0.5 0.5
Prob. Error.... 3.94 3.94 2.02 2.02 1.57 1.57 2.44 2.44
i i out out | out out in in
‘ 24-1-157— T24T10160— | 84-1-161—
193 plants | 309 plants I 67 plants 24 plants
I @y W e W 3y a @
Observed ...... 150 43 228 S1 53 14 18 6
Theoretical 144.8 48.3 231.8 77.3 50.3 16.8 18.0 6.0
Dilference 5.2 .3 ’ 3.8 3.7 2.7 2,8 0.0 0.0
Prob. Error.... 4.U6 ] 5.13 5.13 2.39 2.89 1.43 1.43
out out ] in in out out | in in
m" - — T T [ Total of all
24-1-162— l 24-1-163— 24-1-164— progenjes —
239 plants | 136 plants 172 plants | 7748 plants
(3 a | <3)' () B W® 3]
Observed ...... 166 73 ‘ 10 34 132 40 5805 1943
Theoretical 179.3 59.8 | 10 34.0 129.0 43.0 5811.0 1937.0
Difierence 13.3 13.2 ] O 0 0.0 3.0 3.0 , 6.0 6.0
Probh. Error.... 452 4.52 | 3.41 3.41 3.83 3.83 l 25,71 25.71
out out f in in in in ' in in
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PROBABLE LEIROR STUDIES ON THE F; GENERATION OIF CROSS 30
CALIFORNIA? X BEARDLESSJ

TABLE 52
Monohybrid Freguency Distributions Obtained in the I’ Progenies From I
Hooded Parents That Were Heterozygous Hooded

Hood- | Beard-| Hood- | Beard- Hood- |Beard- lHood- Beard-
ed ed ed | ed ed | ed ] ed ed
30-0-1— f”'éé?)-s— | 30-0-4— | T3050-5—
396 Plants [ 131 plants [ 305 plants ! 319 plants
T @ @ @) 9 (3) a | @ (1)
Observed ...... 282 114 | 95 36 223 82 ‘ 238 81
Theoretical .... 297.0 99.0 | 98.3 32.8 228.8 76.3 | 239.3 79.8
Difference ..... 150 15.0 | 3.3 3.2 5.8 5.7 I 1.3 1.2
Prob. Error.... 5.81 5.81 | 3.34 3.34 5.10 5.10 ] 5.22 b6.22
out out | in in out out ‘ in in
i ©30-0-8— 80-0-10— | 30-0-11— | 30-0-12—
318 plants 352 plants ] 206 plants | 417 plants
""""" (3) @ (3) (1) (3) W 3y @
Qbgerved ...... 232 86 268 84 153 53 | 309 108
T'heoretical .... 238.5 79.5 264.0 88.0 154.5 51.5 I 312.8 104.3
Difference . .... 6.5 8.5 4.0 4,0 1.5 1.5 l 3.8 3.7
Prob. Error.... 5.21 5.21 5.48 5.48 4.19 4.19 I 5.96 6.96
out out I in in in in I in in
I TB0-0-14— | 30-0-15— | 30-0-18— | 30-0-19—
172 plants 344 plants | 324 plants ‘ 150 plants
3) @O @ L JECO RN ¢ B R S R ¢ V)
Chuerved ...... 126 46 258 86 243 81 ] 115 35
Theoretical .... 129.0 43.0 258.0 86.0 243.0 81.0 | 112.5 37.5
Difference ..... 3.0 3.0 0.0 0.0 0.0 0.0 I 2.5 2.
Prob. Error.... 3.83 3.83 5.42 5.42 5.26 5.26 | 3.58 3.58
in in in in in in ] in in
T ©80-0-20— [ 30-0-22— 30-0-23— | 20-0-24—
229 plants 445 plants | 355 plants | 163 plants
) (1) (3) SO RN I C:) B O N ¢ D R ¢ D
Gbhserved ...... 166 63 319 126 263 90 117 46
Theoretical .... 171.8 57.3 333.8 111.3 266.3 88.8 122, 40.8
Difierence . .... 5.8 5.7 14.8 14.7 1.3 2 5.3 2
Prob. Error.... 6.16 6.16 5.50 5.50 3.73 3.73
out out in in out out
©30-0-27— [ 30- 028" [ 30-0-20—-
152 plants 221 plants | 152 plants | 177 plants
(3) (1) (3) a1y 7@ ]77'(3')’” Ty
Upserved ,..... 117 35 172 49 112 40 ' 135 2
Theoretical .... 114.0 38.0 165.8 55.3 114.0 38.0 ' 132.8 44.3
Difference ..... 3.0 3.0 6.2 6.3 2.0 2.0 | 2.2 2.3
rrob. Error.... 3.60 3.60 4.34 4.34 3.60 3.60 , 3.89 3.89
in in out out in in | in in




TABLE 52 (Continued)

CoLORADO E,XPERIMENT STATION

Hood- ﬁera.rid—ﬁ-ﬂ)?d’j Beard-| Hood- [Beard- | Hood- |Beara-
ed ed ] ed l ed ed | ed l ed l ed
5U-U-30— 30-0-31—~ 30-0-32— | 30-0-83—
15 plants l 214 plants l 211 plants | 152 plants
(3) (@3] (3) 1) (3) (SO RN ) (L
ubserved ...... 109 40 158 56 154 57 I 114 38
Tneoretical .... 116.3 38.8 160.6 53.6 158.3 52.8 l 114 38.0
Difference 7.3 7.2 25 20 4.3 2 | 0 0 0.0
Prob. WKrror.... 3.64 3.64 4.27 4.27 4.24 4.24 | 3.60 3.60
out out in in out out l in in
o 30-0-34— T 30-0-36— T 30-0-37— l 30-0-38—
301 plants l 457 plants | 120 plants | 181 plants
(3) 1) (3) (1) (3) (1) | (1)
Observed ...... 226 75 332 123 84 36 ] 138 43
Theoretical 225.8 75.3 342.8 114.3 90.0 30 0 135 45.3
Oifference . ... 2 0.3 10.8 10.7 6.0 ‘ 2.2 2.3
Prob. Error.... 5.07 5.07 6.24 6.24 3.20 3 "0 | 3.93 3.93
in in out out out out | in in
o 3020-39— | 30-0-40— 30-0-41— 30-0-45—
59 plants | 357 plants | 285 plants \ 302 plants
(3) «1) [ & @ @) | @ 1)
Ubserved ...... 37 ‘-’73 84 210 75 231 71
Theoretical 44.3 14 8 ] 267. 89.3 213.8 71.3 226.5 75.5
Difference 7.3 7.2 2 5.3 3.8 3.7 4.5 4.5
Prob. Error.... 2.24 2.24 5.562 5.52 4.93 4 93 5 08 5.08
out out in in in l in
T 30-0-46— | 30-0-47— 30-0-49— | T30-u-51—
360 plants ‘ 419 plants | 247 plants ] 159 plants
S (3) a1 [ 3 a) 3y W W@ (1)
Observed ...... 234 126 321 98 186 61 113 46
Theoretical 270.0 90.0 314.3 104.8 185.3 61.8 119.3 39.8
Difference . 36.0 36.0 6.7 6.8 0.7 0.8 6.3 6.2
Prob. Error.... 5.64 | 5.98 5.98 4.59 4.59 3.68 3.68
out out | out out in in ‘ out ° out
T 30-0-82—- | 30-0-83— | 80-0-57— |
206 plants | 266 plants 406 plants ] 190 plants
T (3) @ 1) @) @ W (L)
Observed . 150 56 202 64 292 114 138 52
Theoretical 154.5 51.5 199.5 66.5 304.5 101.5 \ 142.5 47.5
Difference N 4.5 4.5 2.5 2.5 12,5 12,5 4.5 4.5
Prob. Error.... 4.19 4.19 4.76 4.76 5.89 5.89 ‘ 4.03 4.03
out out in in out out [ out out
o 30-0-60— | 30-0-61— | 30-0 63— | 30-0 65—
291 plants 110 plants 358 plants [ 231 plants
(3) (1) (3) 1) (3) 1 | & (1)
Observed ...... 213 78 82 28 263 93 | 174 n7
Theoretical 218.3 72.8 82,5 21.6 268.5 89.5 173.3 57.8
Difference 5.3 5.2 0.5 0.5 5.5 5.5 0.7 0.8
Prob. Error.... 4.98 4.98 | 3.06 3.06 5.53 553 | 4. 44 4.44
out out in in in in | in in
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TABLE 52 {(Continued)
Hood- | Beard-| Hood- | Beard-| Hood- |Beard- | Hood- |Beard-
ed ed ed - ed | ed ed ed ed
) T 30-0-67— | 30-0-68— |  T30-0-69— | 30-0-70—
182 plants | 165 plants | 249 plants [ 212 plants
3) a | @ @ | @ @ 3 M
Observed ...... 134 48 123 42 [ 193 56 | 156 56
Theoretical 136.5 45.5 123.8 41 3 | 186.8 62.3 | 159.0 53.0
Difference . 2.5 2.5 0.8 6.2 6.3 [ 3.0 3.0
Prob. Error.... 3.94 3.94 3.75 3 75 4.61 4.61 | 4.25 4.25
in in | 1n in ] out out | in in
30-0-73— 30-0-74— 30-0-75— 30-0-76—
143 plants 402 plants | 176 plants 404 plants
T K O B ) N 6 8 Yy , (3) (1)
Observed ...... 110 33 297 105 136 40 ! 292 112
Theoretical 107.3 35.8 301.5 100.5 132.0 44.0 | 303.0 101.0
Difference 2.7 2.8 4.5 4.5 4.0 4,0 ’ 11.0 11.0
Prob. Error.... 3.49 3.49 5.86 65.86 3.88 3.88 | 5.87 5.87
in in in in out out [ out out
“Total of all - - )
progenies—
13928 plants
T BENC NGV ) -
Obhserved .. 9820 3478
Theoretical .9973.5 33245
Difference . 153.5 153.5
Prob. PBError.... 33.68 33.68
out out |

PROBABLE ERROR STUDIES ON THE F; GENERATION OF CROSS 31
CALIFORNIA? X BEARDLESSCS

Monohybrid Frequency Distributions Obtained

TABLE 53

Hooded Parents That Were Heterozygous Hooded

in the ¥; Progenies From F,

Hood- | Beard-| Hood~ | Beard- | Hood- |Beard- | Hood- |Beard-

ed ed ed ed | ed | ed ed ed

T 31-0-3— |  31-0-4— { T 81-0- ' | T 31-0-6—

202 plants | 333 plants | 383 plants | 437 plants

(3> (1) (3) (1) ‘ (3) 1| | ® (1)

Ohserved ...... 144 58 250 285 98 | 337 100
Theoretical . 1515 50.5 249.8 83 3 ] 287.3 95.8 /[ 327.8 109.3
Difference 75 7.5 0.2 0.3 , 2.3 22 | 9.2 9.3
Prob. Error.... 4.15 4.15 ] 5.33 5.33 | 5.72 5.72 ] 6.11 6.11
out out | in in | in | out out

3

in
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TABLE 53 (Continued)

Hood- | Beard-| Hood- | Beard-| Hood- |Beard- | Hood- |[Beard-
B ed | ed | ed | ed l ed ed ed ed
31-0-8— | 31-0-9— | 31-0-10— 31-0-12—
226 plants ! 206 plants | 232 plants | 260 plants
(3) (1) | S N (i')ﬁﬂ['ﬁ('ésvm (1)
Gbserved ...... 71 55 152 54 180 52 186 74
Theoretical 169.5 56.5 154.5 51.5 174.0 58.0 195.0 65.0
Difterence 1.5 1.5 l 25 2.5 I 6.0 6.0 9.0 9.0
Prob. Error.... 4.39 4.39 | 4.19 4.19 I 4.45 4.45 4.71 4.71
in in ] in in ' out out | out out
31-0-13— I 31-0-14— 31-0-15— 31-0-18—
229 plants | 166 plants | 223 plants 185 plants
() (1) \ Gy W@ O ¢) )
Observed ...... 176 53 126 40 168 53 141 44
Theoretical 171.8 57.3 124.5 415 167.3 55.8 138.8 46.3
Difference 4.2 4.3 i 1.5 1.3 0.7 0.8 2.2 2.3
Prob. Error.... 4.42 4.42 3.76 3.76 4,38 4.36 3.97 3.97
in in in in in in in in
T T81-0-23— T31-0-24— C81-0-21— | 31-0-28—
158 plants ‘ 229 plants 97 plants | 239 plants
T @) O ] @ W RE: DI IR NG ) B ¢ D)
Observed ...... 116 42 174 55 75 22 i79 60
Theoretical 118.5 39.5 171.8 57.3 72.8 24.3 179.3 59.8
Difference 2.5 23 2,2 2.3 2.2 2.3 0.3 0.2
Prob. Error.... 3.67 3.67 4.42 4.42 2.88 2.88 4.52 4,52
in in in in in in in in
T T 31-0-29— T 31-0-31— ! 31-0-32— ] 31-0-33—
137 plants | 246 plants l 158 plants | 467 plants
I S A € T S -5 T ¢ D B €S R ¢ DR B ¢-)) 6]
Observed ...... 102 35 182 64 110 48 343 124
Theoretical 102.8 34.3 184.5 61.5 118.5 39.5 350.3 116.8
Difference 0.8 0.7 2.5 2.5 8.5 8.5 7.3 7.2
Prob. Error.... -3.42 3.42 4.58 4.58 3.67 3.67 6.31 6.31
in in in in out out l out out
T 03— 31-0-35— 31-0-36— | 31-0-38—
251 plants | 222 plants | 182 plants | 238 plants
T 5 @3y T [E) I ¢ S T B € I )
Observed ...... 203 48 163 57 140 42 ] 191 47
Theoretical 188.3 62.8 166.5 55.5 136.5 45.5 | 178.5 59.5
Difference 14,7 14.8 | 1.5 1.5 3.5 3.5 l 12.5 2.5
Prob. Irror.... 4.63 4.63 4.35 4.35 2.94 3.94 | 4.51 4.51
out out ’ in in in in ] out out
31-0-41— ! 31-0-42— 31-0-43— , 31-0-44—
251 vlants | 169 plants | 123 vlants | 189 plants
S A ¢ Y "\”'(.3) (1 (COTNNNG VR A € (>
Observed ...... 70 72 126 43 88 45 | 132 57
Theoretical 188.3 62.8 ' 126.8 42.3 99.8 33.3 141.8 47.3
Difference 9.3 9.2 l 0.8 6.7 11.8 11.7 0.8 8.7
Prob. Error.... 4.63 4.63 l 3.80 3.80 3.37 3.37 , 4,02 4.02
out in out | out

in

out

out
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TABLE 53 (Continued)
Hood- | Beard-| Hood- | Beard-| Hood- [Beard- | Hood- |Beard-
ed ed ed ed ed ed ed ed
0 T 31-0-45— T81-0-48— | 31-0-50— | 81-0-51—
178 plants 154 plants | 199 plants 215 plants
T G W@ W 7Ty @ @y
Observed ...... 133 a5 114 490 149 50 160 55
Theoretical 133.5 44.5 115.5 38.5 149.3 49.8 161.3 53.8
Difference . 0.3 0.5 1.5 1.5 0.3 0.2 1.3 1.2
Prob. Error.... 3.90 3.90 3.63 3.63 4.12 4.12 4.28 4.28
in in in in in in in in
31-0-52— 31-0-53— 31-0-54— 31-0-55—
143 plants | 271 plants 373 plants 224 plants
) TS R €SI T ) B ¢5) @ [§)) ) 1)
Observed ...... 96 a7 208 63 275 28 172 52
Theoretical 107.3 35.8 203.3 67.8 279.8 93.3 168.0 56.0
Difference ... 113 11.2 4.7 4.8 4.8 4.7 4.0 4.0
Prob. Error.... 3.49 3.49 4.81 4.81 5.64 5.64 4.37 4,37
out out in in in in in in
T 731-0-56— | 7‘31-0—5'8— e 31—0:-75:9:77A‘ Tgi-0-60—
172 plants 245 plants | 363 plants 409 plants
T @3y T ® W Tm ey M
Ghserved ... .. 127 45 194 51 274 89 312 97
Theoretical . 129.0 43.0 183.8 61.3 272.3 90.8 306.8 102.3
Diffierence . 2.0 2.0 10.2 10.3 1.7 1.8 5.2 5.3
Prob. Error.... 3.83 3.83 4.57 4.57 5.57 5.57 5.91 5.91
in in out out | in in in in
0 TB1o0-62— [ 81-0°63—— | ai-0-64— | 31-0-66—
147 plants 380 plants { 255 plants 123 plants
T B W & w e o e @
Ohserved ...... 106 41 293 87 195 60 95 28
Theoretical 110.3 36.8 285.0 95.0 191.3 63.8 92,3 30.8
Difference . 4.3 4.2 8.0 8.0 3.7 3.8 2.7 2.8
Prob. Error.... 3.54 3.54 5.69 5.69 4.66 4.686 3.24 3.24
out out out; out in in in in
i T 31-0-67— 31-0-69— 31-0-71— 31-0-72—
327 plants t 242 plants | 107 plants 181 plants
(3) 1) ()] @ 55 @) 63
Ghserved ...... 251 76 193 49 S3 24 122 59
Theoretical 245.3 81.8 181.5 60.5 80.3 26.8 135.8 45.3
Difference . 5.7 5.8 1.5 11.5 2.7 2.8 13.8 13.7
Prob, Error.... 5.28 5.28 4.54 4.54 3.02 3.02 3.93 3.93
out out out; out in in out out
ST T - T R Total of all
31-0-74— 31-0-76— ; 31-0-77— progenies—
~ 243 plants [ 221 plants 82 plants 11702 plants
(3) (1) (3) (1) (3) 1) [ (3) (1)
Observed ...... 193 50 159 62 n7 25 8782 2920
Theoretical 182.3 60.8 165.8 55.3 61.5 20.5 8776.5 29255
Difference L. 107 10.8 | 6.8 i %4 4.5 4.5 5.5 5.
Prob. Error.... 4.66 4.55 4.34 4.34 2.65 2.65 31.59 31.59
out out out out 1 out out in in
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PROBABLE ERROR STUDIES ON THE Fy GENERATION OF CROSS 32
CALIFORNIA? X BLACK HULLEDJ

TABLE 54

Dihybrid Freqency Distributions Obtained in the Fy Progenies From F, Black
Hulled, Two-row Parents That Were Heterozygous With
Respect to Both Characters

Bilack BlackIWhlte ‘White| Black Black'WhitelWhite Black|B1ack White|White
2- 6- 2- 6- 2- 6- 2- 6- 2- 6- 2- 6-
Row |ROW Row |Row | Row| Row| Row [Row |Row lRow Row |[Row
" 732-0-1—167 plants | 32-0-3—93 plants | 32-0-5—127 plants
% @ @ O ® @& @& O ® 3 6y @
Observed 87 33 34 13 47 23 17 ¢ | 72 26 22 7
Theoretical 93.9 31.3 81.83 10.4| 523 17.4 174 58} 714 238 238 179
Difference 69 17 27 26 53 56 04 02 06 22 18 09
Prob. Error 4.32 3.40 3.40 | 323 254 254 3.77 2.97 2.97
out in in [ out out in | in in in
a 32-0-7—174 plants | 32-0-9—89 plants
9 3 @ @] @ H @ D] ® B3 3 @
Observed 36 11 13 6 06 33 31 14 45 18 16 10
Theoretical 38.3 12.8 12.8 4.3] 97.9 32,6 326 10.9] 50.1 16.7 167 5.6
Difference 23 1.8 22 1.7 19 04 16 31 51 1.3 07 44
Prob. Error 2.76 217 2,17 4.41 3.47 3.47 3.16 2.48 2.48
in in out in in in | out in in
o 7 32-0-14—113 plants | 32-0-20—83 plants | 32-0-21—59 plants
- BRI E I ) B G DTN T DR € N € DI € DY R4 D B ¢: D IR € N ¢ )
Observed 64 14 26 9 50 s 11 4 30 9 14 8
Theoretical 63.6 21.2 21.2 7.1 467 156 156 52| 332 111 111 3.7
Difference 04 72 48 19 33 24 46 12| 32 21 29 23
Prob. Error 3.56 2.80 2.80 3.05  2.40 2.40 | 257 202 2.02
in out out in out | out out out
e 32-0-22—81 plants ! 4—108 plants | 32-0-25—135 plants
i T @ @ W @TTE) @ T @ @ ¢y M
Observed 48 8 17 8 59 24 17 8 82 28 21 4
Theoretical 45.6 15.2 152 51| 60.8 203 20.3 68 759 253 253 84
Difference 24 7.2 1.8 29 1.8 37 33 12 61 27 43 44
Probh. Error 3.01 2.37 2.37 , 348 274 274 | 389 3.06 3.06
in out in { in out out | out in out
© 32-0-26—99 plants | 22-0-27—117 plants | 32-0-32—170 plants
******* 9 @@ W e 3 @ W @ @G @) M
Observed 38 13 16 12 | 71 18 24 1 96 33 30 9
Theoretical 55.7 18.6 18.6 62| 658 =219 219 7.3] 956 319 319 10.6
Difference 23 56 26 58 52 39 21 33 04 31 19 16
Prob. Error 3.33 2.62 2.62 3.62 2.85 2.85 [ 436 3.42 3.43
in out in , out out in | in in in
T T 732-0-26-96 plants | 3 § plants | 32-0-43—213 plants
@ @ @ D@ B @ O ® 6 @ W
Observed 58 18 17 3 41 12 21 5 | 132 37 32 12
Theoretical 54.0 18.0 180 6.0] 44.4 148 148 49/ 119.8 39.9 39.9 133
Difference 40 00 1.0 30 34 28 62 01 122 29 79 13
Prob. Error 3.28 2.58 2.58 | 297 234 2.34 488 3.84 3.84
out in i out out out | out in out

in |
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TABLE 54 ( Coutlnued)

BxaclelaclehlteIWhltel Black BIack'thte White I BIack]Black White|White
2- | 6- | 2- | 6- | - 6- | 2- 6- 2- 6- | 2- | 6-
Row |Row |Row |Row | Row] RoW[ Row Row IRow Row |Row |Row
 32-0-45—175 plants | '*776—114 plants |' 32-0-48—146 plants
% 3 3 @) G ) 3 M W ) 3 )
103 28 36 8 G6 21 21 [ 84 22 32 8

Observed
Theoretical
Difference
Prob. Error

98.4 32,8 328 10.9] ¢4.1 21.4 214 7.1| 82.1 274 274 9.1
4.6 4.8 3.2 29 1.9 0.4 0.4 1.1] 1.9 5.4 4.6 1.1
4.43 3.48 3.48 3.67 2.81 2.81 I 4.04 3.18 3.18
out out in in in in | in out out

[‘otal of aIl progemes]

32-0-51—91 plants | 2597 plants |

9 @ & W) @ @& @& @
Ghserved 55 11 19 6 (1480 460 489 168
Theoretical 51.2 17.1 17.1 5.7]1460.8 486.9 486.9 162‘3|
Difference 3.8 6.1 1.9 ¢.3] 19.2 269 21
Prob. Error 3.19 251 251 17,05 13.42 13.42

out out in out out in

TABLE 55

Monohybrid

Frequency Distributions Obtained in the F3; Progenies from F,

Black Hulled, Two-row Parents That Were Heterozygous

Two-row and Homozygous Black Hulled

Gbserved ..
Theoretical
Ditierence

Prob. Error...

Observed ..
‘Theoretical
Difference

Prob. Error...

Chserved ..
Theoretical
Difference

Prob. BError...

...124 50 838 305

Black
2-row

Blaclelack

Black] Black
2= rowlﬁ row

Black| Bla.ckl Black| Black
6- rowl 2-row

Black
6-row 2 rowls row| 2- roW|6 row
3:-0-10— | 32-0-12— 32-0-17— | 82-0-29— | 32-0-30—
133 plants I 131 plants 40 plants ] 45 plants | 118 plants

3 W] G W, G @] 3w 3) (W

... 04 39 87 44 20 11 33 12 93 25
99.8 33.3 98.3 32.8 30.0  10.0 33.8 11.3 88.5 295
5.8 5.7 11.3 11.2 1.0 1.0 0.8 0.7 4.5 4.5
3.37 3.3’7| 3.34 3.34 1.85 1.85 1.96 1.96 3.17 3.17
out out| out out in in | in in ! out out
32-0-33— | 32-0-35— | 82-0-33— 32-0-39— | 32-0-4v—
113 plants | 181 plants 67 plants 66 plants | 95 plants
Gy M G W G @ G W@ )

... 86 27 | 143 38 b2 15 49 17 68 27
§4.8 78 3 135 45.3 50.3 16.8 49.5 16.5 71.3 23.8
1.2 ' 7.3 1.7 1.8 0.5 0.5 3.3 3.2
3 11 3 11 3 93 3.931 .39 ‘3.39| 2.37 2.37 2.85 2.85

in ‘ ut in in | in in | out out

o |T0ta1 of all I
32-0-44— | progenies—

174 plants | 1163 plants
@ TW | ® T m o
.130.6 43.5 872.3 290.8
6.5 6.5 | 143 14.2

3.85 3.85 9.96 9.96
out out out out
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- TABLE 56
Monohybrid Freguency Distributions Obtained in the I’y Progenies From 17
Black Hulled, Two-row IFureuts That Were Hcoterozygous
Black Hulled and Homozygous T'wo-row

Black WhitelBlack[WhiteiBlack|White Blaclehitel Black!Whité
3-TOoWw Z—rowi‘z-rowl‘l-rowi2-1‘ow| 2-TOW 2-rowl‘3—row] 2-row|2—r0w

104 plants

8-0-3— | 32-0-13— 32-u-16— | 82-0-18— | 32-0-19—
113 _Ul'dlltsl 127 plants | 164 plants l 147 plants | 4% plants
RS S AN I RO V) €3) (1) 3) (1) 3y (1)
Observed ..... 87 26 I 83 34 ) B4 42 114 33 32 i4
Theoretical ... S48 283 | 95.3 31.8 | 123.0 41.0 110.3 36.8 345 115
Difderence .... 2.2 2.3 | 2.3 2.2 1.0 1.0 3.7 3.8 2.5 2.5
Prob. ¥rror... 3.11 3.11| 3.29 3.29 3.4 3.74 3.64 3.54 1.98 1.98
in in | in in ] in in out out out out
32-0-23— | 32-0-28— | 32-0-31— | 82-0-34— | 32-0-41—
183 plants| 73 plants l 154 plants 203 plants ! 70 plants
S 3) W] @ W e @ G M 3 W
Observed ... .. 152 31 \ 54 19 120 34 149 >4 38 12
Theoretical ...137.3 45.8 i 54.8 18.3 115.5 38.5 152.3 50.8 §2.5 1756
Difference .... 14,7 148 l 0.8 0.7 4.5 4.5 3.3 3.2 5.5 5.5
Prob. Error... 3.95 3.95 2,50 2.50 3.63 3.63 4,16 4A16‘ 2,44 2.44
out out in in out out | in in | out out
T [ ' ' Total of all
32-0-42— ’ 32-0-47— 32-0-49— 32-0-52— progenies
[

196 plants 100 plants I 133 plants | 1813 plants

@ M@ W @ W ® Wy @) (W

Observed ..... 80 24 ‘ . 144 52 71 29 97 36 1373 440
Theoretical ... 78.0 26.0 | 147.0 49.0 75.0  25.0 99.8 33.3 |1359.75 453.25
Difference .... 2.0 2.0 3.0 3.0 4.0 4.0 28 27| 1325 1325
Prob. Error... 2.98 2.98 4.09 4.09 2.2 2.92 3.37 3.37[ 12,44 12.44
in in | in in out out l in in | out out
s TABLE 57

Monohybrid Freqguency Distributions Obtained in the Fs Progenies From F.
Black Hulled, Six-row Parents That Were Heterozygous Black Hulled

Black]White|Blaclehite Blaclehite ]Black
6-row|6-row|6-row|6—row 6-row| 6-row[6-row
82-0-54— | 32-0-55— | 33-0-57—
169 plants] 131 plants ] 212 plants

White] Black|White
G-row[ 6-row| 6-row

| 32-0-58— | 32-0-59—

242 plants | 233 plants

@ My B W B W B (D] @) (@
Observed . ... .7 23 44 | 94 37 163 49 168 74 i64 [131]
Theoretical ...1%6.8 42.3 | 983 32 1569.0 53.0 ; 1815 60.5 | 174.8 583
DifYerence .... 1.8 1.7 4.3 4.2 4.0 4.0 13.5 13.5 108 10.7
Prob. Error... 3.80 3.80 3.34 3.34! 4.25 4.25 4.54 4.54 4.46 4.46
in in ‘ out outy In in | out out | out out
T 20-60— | 32-0-63— | 32-0-65— | 32-0-66— | 32-0-67—
165 p]ants| 203 plants | 240 plants 166 plants 249 plants
T Ty ) 3y oy D) oM 3 W
Observed ..... 114 51 i 147 56 176 G4 132 34 184 65
Theoretical ...123.8 41.3 | 152.3 50.8 | 1S0.0 600 | 1245 41.5 | 186.8 62.3
Difference .... 9.8 2.7 5.3 5.2 4.0 4.0 7.5 75 2.8 2.7
Prob. Error... 3.75 3.75 4.16 4.16! 4.52 4.52 3.76  3.78 4.61 4.61
out out[ out out| in in | out out in in
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TABLE 57 (Continued)

Black|Whntc|BlackIWh1tp

Black|{White ]Black Whltel Black]W’mte

6 row|6 row[(} 10W|(: -row| §-row| 6- row[(} row!{6- row] 6-row| 6-row
lTOtd.l of all]
32-0-70— , 32-0-71— 32-0-72— [ progenies }
121 plantsl 251 plants 158 plants | 040 plants'
- @O e W@ M| G )
Observed ..... 93 26 196 55 118 49 |1876 664
Theoretical 90.8 30.3 ’ 188.3 62.8 | 1185 39.6 119050 635.0
Difference 4,2 4.3 [ 7.7 7.8 0.5 0.5 [ 29.0 29.0[
Prob. Error... 3.21 321 4.63 4.63 3.67 3.67 14.72 14372]
out out out out in in out out]
TABLE 58

Monohybrid Frequency Distributions Obtained in the Fj Progenies From F.

‘White Hulled,

Two-row Parents That Were Heterozygous Two-row

out out

WhitelWhitelWhite White| White|White WhltelWhlte!Whlte{Whlte
Z-rowls—rowlz‘—row 6-row|2-row| 6-row|2 —I‘OWIG row{ r0W|6 row
3220-74— | 32-0-75— 32-0-76— | 32-0-77— | -0-78—
88 plants | 96 plants 126 plants | 92 plants I 104 plants
3y 1)y ] ) (D (3) (1) | (3) (1) | 3 (D
Observed ..... 50 18 | 70 26 97 29 f 63 29 S0 24
Theoretical 51,0 17.0 72.0 240 94,5 31.5 69.0 23.0 78.0 26.0
Difference 1.0 1.0 ! 2,0 2.0 2.5 2.5 \ 6.0 6.0 2.0 2.0
Prob. Error... 2 41 1{ 2.86 2.86 3.28 3. "8' 2.80 2.80 2.98 298
in in in in out out in in
R T O Y | 32-0- 80— ) TE5I0-83L0 ) T33.0-83— | 82-0-84—
91 plants | 130 plants | 124 plants 68 plants \ 73 plants
EI VN <3) O @ @ 3 @] Gy @
Observed ..... 70 21 ‘ 25 8s 36 l 43 25 56 17
Theoretical 68.3 228 97.5 32.5 83.0 ol 0 l 51.0 17.0 54.8 18.3
Difference 1.7 18 | 7.5 7.5 5.0 I 8.0 8.0 1.2 1.3
Prob. Error... 279 2, 79. 3.33 3. 33, 3.26 3 25| 241 2.41 2.50 2.50
o in in out outf out out | out out in in
32-0-85— | 32-0-87— 2-0-89— 2-0-91— 32-0-94—
74 plants l 69 plants 55 plants I 34 plants | 159 plants
3y (1) [ (3) (1) (3) (1) ] 3y (1) @3 W
Observed ..... 51 23 I 51 18 43 12 28 [ 115 44
Theoretical 56,5 18.5 | 51.8 173 41.3 13.8 25.5 8.5 119.3 39.8
Differenee .... 45 45 0.8 07 1.7 1.8 2.5 25 4.3 4.2
Prob. Error... 251 251 2.43 2.43 2.17 2.17 .70 1.70 3.68 3.68
out out in in in in | out out I out out
Total of all
progenies—
1363 plants
(3) )| . T -
Observed ....1010 353 ‘
Theoretical ..1022.3 340.8 |
Differenee 12.3 122 |
Prob. Error.. 10.78 10.78 1
|
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PROBABLE ERROR STUDIES ON THE Fy GENERATION OF CROSS 36
BLACK HULLED?

With

Black | Black | Black | White

X BEARDLESSJ

TABLE 59
Trihybrid Frequency Distributions Obtained in the Fy Progenies IFrom 1T,
Hooded, Black Hulled, Two-rowed Parents That Were Heterozygous

Respert to A

11 Three Characters

Black | White

Hood- |Beard- | Hood- | Hood- |Beard- IBeard—
ed ed ed ed cd ed
2-row | 2-row [ 6-row | 2-Ttow | G-row | 2-row
36-0-1—78 plants
27) (9) (9) 9) 3) (3)
Observed ........ 32 14 8 16 2 4
Theoretical ...... 32.9 11.0 11,0 11.0 3.7 3.7
Difierence ....... 0.9 3.0 3.0 5.0 1.7 0.3
Prob. Error...... 2.94 2.07 2.07 2.07 1.26 1.2¢6
in out out out out in
36-0-2—70 plants
©n (9) (9) (9) (3) (3)
Observed ........ 31 G 13 15 3 1]
Theoretical ...... 29.5 9.8 9.8 9.8 3.3 3.3
Difference ....... 1.5 3.8 3.2 3.2 0.3 3.3
Prob. Error...... 2.79 1.96 1.96 1.96 1.18 1.19
in out out out in out
36-0-6—102 plants
(27) 9) 9 T® (3
Observed ........ 49 17 12 10 5 4
Theoretical ...... 43.0 14.3 14.3 14.3 4.8 4.8
Difference . ... ... 6.0 2.7 2.3 4.3 0.2 0.8
Prob. Error...... 3.317 2.37 2.3 2.37 1.44 1.44
out out in out out in
T T o 36-0-8—90 plants i
553) (9 e 3 (@
Ghserved ........ 33 9 16 10 4 ]
Theoretical ...... 38.0 127 12.7 4.2 .2
Difference ....... 5.0 3.3 2.7 0.2 3.8
Proh. Error...... 3.16 2.23 2.23 1.35 1.35
out out out in out
T 36-0-10—76 plants
518! (9) M @ 3 ®
Observed ........ 36 o 12 7 4 5
Theoretical ...... 321 10.7 10.7 10.7 3.6 3.8
Difference ....... 3.9 1.7 1.3 3.7 0.4 1.4
Prob. Error...... 2.90 2.04 2.04 2.04 1.24 1.24
out in in out in out
) ~ 7 '36-0-20—73 plants
27y 9 9 @@ (3)
Observed ........ 36 i1 9 G 3 1
Theoretical 30.8 10.3 10.3 10.3 3.4 3.4
Difference ....... -2 T 1.3 4.3 0.4 2.4
Prob. Error...... 2.85 2.00 2.00 2.00 1.22 1.22
out in i out out

White | White
Hood- | Beard-
eq ed

\ 6-row | 6-Tow
(3) (1)
2 0
3.7 1.2
1.7 1.2
1.2¢
out
(3 (1
1 1
3.3 1.1
2.3 0.1
1.19
out
(3) 1)
4 1
4.8 1.6
0.8 0.6
1.44

in
) (1)
9 1
4.2 1.4
4.8 0.4
1.35
out
(3) (1)
2 1
3.6 1.2
1.6 0.2
1.24
out
(3) (6]
5 2
3.4 1.1
1.6 0.9
1.22

out
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TALLE 59 (Continued)
Black | Black 'BT&EE]’WhTteTBlack [ White | White | White
Hood- |Beard— Hood- | Hood- |Beard- |Beard- | Hood- | Beard-
ed ed ed ed ed ed ed ed

2-row | 2-row | 6-Trow | 2-TOW | 6-row | 2-row | 6-row | 6-row

a1

T7736-0-21—116 plants

@ e ® (3) 3) ¢ W
Observed ........ 49 21 17 12 1 8 8 [1]
Theoretical ...... 48.9 16.3 16.3 16.3 5.4 6.4 .5.4 1.8
Difference ....... 0.1 4.7 0.7 4.3 4.4 2.6 2.4 1.8
Prob. BError...... 3.59 2.53 2.53 2.63 1.54 1.54 1,64
in out in out out out out
T T T 86-0-24—176 plants
- I IO IR C) B CO NN ¢ DR € )] @ @
Observed ........ 67 39 22 25 7 6 9 1
Theoretical ...... 74.3 24.8 24.8 24.8 8.3 8.3 8.3 2.8
Difference ....... 7.3 14.2 2.8 0.2 1.3 2.3 0.7 1.8
Prob. Error...... 4.42 3.11 3.11 3.11 1.89 1.89 1.89
out in in in out in
0-40—83 plants ) T
(9 I R R C) N N 63 )
Observed 5 12 10 4 [ e 3
Theoretical ...... 35.0 11.7 11.7 11.7 3.9 3.9 3.9 1.3
Difference ....... 2. 6.7 0.3 1.7 0.1 2.1 2.1 1.7
Prob. Error...... 3.04 2.14 2.14 2.14 1.30 1.30 1.30
in out in in in out out
- - T 36-0-41—67 plants T
B Toen 9 (9 o ® 3 @& @O
Observed ........ 31 8 7 11 2 1 5 2
Theoretical ...... 28.3 9.4 9.4 9.4 3.1 3.1 3.1 1.0
Difference ....... 2.7 1.4 24 1.6 1.1 2.1 1.8 1.0
Prob. Error...... 2.738 1.92 1.92 1.92 1.17 1.17 1.17
in in out in in out out
N . T 36-0-55—176 plants T
S (27) (9) (9 () (3) (3) (3) [$))
Observed ........ 36 13 8 10 1 [ 2 (1]
Theoretical ...... 32.1 10.7 10.7 10.7 3.6 3.6 3.8 1.2
Difierence ....... 3.9 23 27 0.7 2.6 24 1.6 1.2
Prob. Error...... 2.90 2.04 2.04 2,04 1.24 1.24 1.24
out out out in out out out
- 36-0-57--99 plants i —
""" @n (9 (%) 9 ETIRE)) (3) 55
Jbserved ........ 50 15 7 13 7 3 2 2
Theoretical ...... 41.8 13.9 13.9 13.9 4.6 4.6 4.6 1.5
Difference ....... 8.2 1.1 6.9 0.9 2.4 1.6 2.6 0.5
Prob. Error...... 3.32 2.33 2.33 2.33 1.42 1.42 1.42
out in out in out out out
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TABLE 59 (Continucd)

Black | Black l Black I White[ Black | White

Hood- lBeara— | Hood- | Hood- IBeard— lBeard-
ed l ed ed ed ed

2-row ! 2-row | 6-row | 2-row | 6-row

[ White | White

| Hood- | Beard-
ed l ed ed
2-Trow l 6-Tow | 6-row

36-0-60—S84 plants

(27) (9 (9) “ 3 3 (3 (1
Observed ........ 33 11 12 13 4 4 4 3
Theoretical ...... 35.4 11.8 11.8 11.8 3.9 3.9 3.9 1.3
Difference ....... 2.4 0.8 0.2 1.2 0.1 0.1 0.1 1.7
Prob, Error...... 3.05 2.15 213 2.15 1.31 1.31 1.31
in in in in in in in

36-0-66—105 plants

27) (9) () ) (3) 3) 3 M
Observed ........ 46 17 11 1S 3 7 2 1
Theoretical ...... 44.3 14.8 14.8 14.8 4.9 4.9 4.9 1.6
Ditference ....... 1.7 2.2 3.8 3.2 19 21 2.9 0.6
Prob. Error...... 541 2.40 2.40 2.40 1.46 1.46 1.46

in in out out out out out

36-0-70-—65 plants

(€] 9) (9) (3) (3) 3) (1)
Observed . ....... 8 9 15 3 2 2 3
Theoretical ...... 274 9.1 9.1 9.1 3.0 3.0 3.0 1.0
Differenece ....... 4.4 1.1 0.1 5.9 0.0 1.0 1.0 2.0
Prob. Error...... 2.69 1.89 1.89 1.89 1.15 1.15 1.15
out in in out in in in
' ’ 36-0-76-—65 plants
(27) 9) ) (¥) 3) 3) (3) a
Observed ........ 29 4 7 11 [ 4 1 3
Theoretical ...... 27.4 9.1 4.1 9.1 3.0 3.0 3.0 1.0
Ditierence ....... 1.6 5.1 2. 1.9 3.0 1.0 2.0 2.0
Prob. Error...... 2.69 1.89 1.89 1.89 1.15 1.15 1.16
in out out out out in out
oo T T 36-U-78—78 plants )
- (7) ) 9) () 3 & [ES TN Y
Observed ........ 40 9 9 2 2 1 4 1
Theoretical ...... 32.9 11.0 11.0 11.0 3.7 3.7 3.7 1.2
Ditference ....... 7.1 2.0 2.0 1.0 1.7 2.7 0.3 0.2
Prob. Error...... 2.94 2.67 2.07 2.07 1.28 1.26 1.26

out in in in out out in

36-0-87—80 plants

an @ @ w3 @ W
Observed ........ 41 6 ) 10 4 5 3 2
Theoretical ...... 338 1.3 113 113 3.8 3.8 3.8 1.3
Difference ....... 7.2 5.3 2.3 1.3 0.2 1.2 0.8 0.7
Prob. BError...... 2.98 210 210 210 128 1.28  1.28

out out out in in in in
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TABLE 59 (Continued)

Hood- |Beard—

ed |

2-Tow [ 2-row | 6-rOW

ed

ed

Black | Bi'ack'l"Blaek "Wh'i"tel Black | White
Houod-

|
Hood- lBea.rd- IBeard— I
ed ed ed |
2-row | 6-row | 2-row |
36-0-90—138 plants

R ) ) B3 (3
Observed ........ 53 21 21 23 [{] 9
Theoretical ...... 58.2 19.4 19.4 19.4 6.5 6.5
Differenece ....... 5.2 1.6 1.6 3.6 0.5 2.5
Prob. Error...... 3.91 2.76 2.76 2.78 1.68 1.68
out in in out in out
) 36-0-93—116 plants
(27) @ ® W 3 ®
Observed ........ 43 22 i9 21 3 4
Theoretical ...... 48.9 16.3 16.3 16.3 5.4 5.4
Difference ....... 5.9 5.7 27 4.7 2. 1.4
Prob. Error...... 3.59 2.63 2.563 2.53 1.54 1.54
out out out out out in
B T T 36-0-95—99 plants
- TSN ) N D I € N ¢ ) B¢ DI
Observed ........ 42 19 14 9 3 [
Theoretical ...... 41.8 13.9 13.9 13.9 4.6 4.6
Difference ....... 0.2 5.1 0.1 4.9 1.6 14
Prob. Error...... 3.32 2.33 2.33 2.33 1.42 1.42
in out in out out in
T T 7T 86-0-103—66 plants
(27) 9 ) ) 3y 3
Observed ........ 31 9 10 7 4 3
Theoretical ...... 27.8 9.8 9.3 9.3 3.1 3.1
Difference ....... 3.2 0.3 0.7 2.3 0.9 0.1
Prob. Error...... 2.71 1.91 1.91 1.91 1.16 1.16
out in in out in in
- 736-0-104—191 plants
T Ten @ @ @ G ™
Observed ........ 79 29 21 28 10 10
Theoretical ...... 80.6 26.9 26.9 26.9 9.0 9.0
Difference ....... 1.6 2.1 5.9 1 1.0 1.0
Prob. Error...... 4.60 3.24 3.24 3.24 1.97 1.97
in in out in in in
T T 36-0-111—137 plants
N @y (@ )RR N I Y I
Observed ........ 54 15 21 27 4 6
Theoretical ...... 57.8 19.3 19.3 19.3 6.4 6.4
Difference ....... 3.8 4.3 1.7 7.7 24 0.4
Prob. Error...... 3.90 2.75 2.75 2.75 1.67 1.67
in out in out in

out

5

White | White
Hood- [ Beard-
ed ed

6-Trow | 6-row

(3) (1)
5 9
6.5 2.2
1.5 2.2
1.68
in
3) (1)
4 0
5.4 1.8
i4 1.8
1.54
in
@) W
2 4
4.6 1.5
2.6 2.5
1.42
out
3) (1)
2 (1]
3.1 1.0
1.1 1.0
1.16
in
(3) (1)
11 3
9.0 3.0
2.0 0.0
1.97
out
3y @
4 [
6.4 2.1
2.4 3.9
1.67

out
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TABLE 59 (Continued)
Black | Black | Black | White |~ Black | White | White | White
Hood- | Beard- i Hooa- l Hood-[ Beadr- | Beard- | Hood- [Beard-

ed ed ed ed ed ed ed | ed
2-row | 2-row | 6-row 2—-1‘0W[ G»ro“" 2~rowj 6-row | 6-row
o T T ©36-0-118—70 plants o
o [EED BT B T D BT N ¢ DU T SR E'3Y (1)
Observed ........ 36 4 11 i1 2 2 1 3
Theoretical ...... 29.5 9.8 9.8 9.8 3.3 3.3 3.3 1.1
Difference ....... 6.5 5.8 1.2 1.2 1.3 1.3 2.3 1.9
Prob. Error...... 2.79 1.96 1.96 1.96 1.19 1.19 1.19
out out in in out out out
N 36-0-123—106 plants
TTen (%) (9) (9 (3) 3 (3
Observed ........ 48 19 12 11 8 3 3 2
Theoretical ...... 44.7 14.9 14.9 14.9 5.0 5.0 5.0 1.7
Ditference ....... 3.3 4.1 2.9 3.9 3.0 2.0 2.0 0.3
Prob. Error...... 3.43 2.41 2.41 2.41 1.47 1.47 1.47
in out out out out out out
T T T 7 36-0-126—90 plants )
o (27) o T® @ e ® T3 W
Observed ........ 2 9 21 9 7 5 6 1
Theoretical ...... 38.0 12.7 12.7 12.7 4.2 4.2 4.2 1.4
Difference ....... 6.0 3.7 8.3 3.7 2.8 0.8 1.8 04
Prob. Error...... 3.16 2.28 2.23 2.23 1.35 1.35 1.35
out out out out out in out

" Total of all progenies including 18 of less than 64 popu-
lation—3477 plants

27) (9) (9) 9) (3) (3) (3) (1)
ubserved ........ 1498 507 470 474 151 160 156 61
Theoretical ...... 1466.9 489.0 489.0 489.0 163.0 163.0 163.0 54.3
Difference ....... 311 18.0 19.0 135.0 12.0 3.0 7.0 6.7
rrob. Error...... 19.64 13.83 13.83 13.83 8.41 8.41 8.41

out out out out out in in
S R S — e S

TABLE 60

Dihybrid Frequency Distributions Obtained in the Fy Progenies From F,
Hooded, Black Hulled, Two-row Parents That Were Heterozygous
With Respect to Hoods and Two-row and Homozygous

Black Hulled

Black | Black | Black | Black

Black , Black 1 Black | Black
Hood- |Beard— [ Hood- |Beard- Hood- [Beard- | Hood- |Beard-
ed ; ed ed ed ed ed ed ed
2-Tow l 2-row l 6-row l 6-row 2-row | 2-row | 6-row | 6-row
T 36-0-3—33 plants |7 36-0-13—48 plants
T e e 3 O e e W
Observed ..... 17 7 8 1 29 5 9 5
Theoretical 18.6 6.2 6.2 2.1 27.0 9.0 9.0 3.0
Difference 1.6 0.8 1.8 1.1 2.0 4.0 0.0 2.0
Prob. Error.... 1.92 1.51 1.51 2.32 1.82 1.82
in in out in out in
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TABLE 60 (Continuned)

Black | Black | Black | Black

Hood- [Beard- Hood- |Beard-
ed ed ed ed
3-row 2—row[6—row 6-row

36-0-16—42 plants

‘Black | Black | Black | Black
Hood- |Beard- | Hood- |Beard-
ed ed ed ed

2-row | 2-Tow | 6-row | 6-row
36-0-36—21 plants

(9) (3) (3) (1) (9 @ B (1)
Ohserved ..... 19 ] 7 7 14 1 5 1
Theoretical 23.6 7.9 7.9 2.6 11.8 3.9 3.9 1.3
Difference 4.6 1.1 0.9 4.4 2.2 2.9 1.1 0.3
Prob. Trror.... 2.17 1.71 1.71 1.53 1.21 1.21
out in in out out in
' 36-0-47—30 plants T 34-0-59——130 plants
9 (3) (3) (1) ) (3) (3) 1)
Observed ... .. 19 (i1 3 2 75 19 28 8
Theoretical 16.9 5.6 5.6 1.9 73.1 24.4 24.4 8.1
Difference . 2.1 0.4 2.6 0.1 1.9 5.4 3.6 0.1
Prob. Error.... 1.83 1.44 1.44 3.82 3.00 3.00
out in out in out out
S "~ 36-0-68—55 plants ] 36-0-74—67 plants
T ) D U ¢ DY 65 N B ¢ BN €) B ¢ NGV
Ohserved ...... 24 12 12 7 36 11 13 7
Theoretical 30.9 10.3 10.3 3.4 37.7 12.6 12.6 4.2
Difference 6.9 1.7 1.7 3.6 1.7 1.6 0.4 2.8
Prob. Error.... 2.48 1.95 1.95 2.74 2.16 2.16
out in in in in in
T ~ 36-0-89—108 plants | © 736-0-91—20 plants
o RINE:D N D N -3 T S B BT )| (3) (3) (1
Observed ...... 67 13 13 10 12 4 3 1
Theoretical 57.9 19.3 19.3 6.4 11.3 3.8 3.8 1.3
Difference 9.1 6.3 6.3 3.6 0.7 0.2 0.8 0.3
Prob. Error.... 3.40 2.67 2.67 1.50 1.18 1.18
out out out in out in
- T 36-0-97—58 plants 36-0-112—123 plants
T ) @y @ @ (9) (3) [€)) [8)
Observed ...... 40 8 7 3 5 23 20 5
Theoretical 32.6 10.9 10.9 3.6 69.2 23.1 23.1 7.7
Difference 74 2.9 3.9 0.6 5.8 0.1 3.1 2.7
Prob. Error.... 2.55 2.01 2.01 3.71 2.92 2.92
out out out out in out
- 7 36-0-115—39 plants "'[ T TT86-0-119—101 plants
N 9 3 @ W e 33 m
Observed ...... 15 9 1z 3 52 26 19 4
Theoretical 21.9 7.3 7.3 2.4 56.8 18.9 18.9 6.3
Difference 6.9 1.7 4.7 0.6 4.8 7.1 0.1 2.3
Probh. Error.... 2.09 1.64 1.64 3.36 2.65 2.65
out out out out in

out



S8

Observed .....

Theoretical
Difference

Prob. Error....

COLORADO EXPERIMENT STATION

" Black |

Black | Black

TABLE 60 (Coutinued)

Black Black I Black | Black | Black
Hood- | Beard- | Hood- |Beard- Hood- |Boa1‘d— Hood- | Beard-
ed ed ed | ed ed ed | ed ed
2-row | Z-row | 6-row | 6-row 2-row | 2- row| 6- rowl 6-row

Total of all progenies includ-
ing 5 of less than 16 popula-

36 0-127—34 plants

N

3

tion—961 plants

@y - o @ (3 D
.22 4 [ 2 548 170 174 69
19.1 6.4 6.4 2.1 540.6 180.2 180.2 60.1
2.9 2. 0.4 0.1 74 10.2 6.2 R.0
1.95 1.54 1.54 10.37 $.16 8.16
out out in in out in
TABLE 61

Dihybrid Frequency Distributions Obtained in the F, Progenles From F,

Hooded, Black Hulled. Two-row Parents That Were Heterozygous

With Respect to Black Hulled and Two-row and

Homozygous Hooded

Black | Black | White | White | Black | Black | White | White
Hood- | Hood- | Hood- | Hood- Hood- | Hood- | Hood- | Hood-
ed ed ed ed 2d ed ed ed
2-row | 6-row | 2-row ] 6-row 2-row | 6-row l 2-row | 6-row
T T z6-0- 4—384 plants | 36-0-17—53 plants
® @ W REN D) (3) (1)
Observed ...... 51 14 13 [} 34 b 8 2
Theoretical 47.3 15.8 15.8 5.3 29.8 9.9 9.9 3.3
Difference - 3.7 1.8 2.8 0.7 4.2 0.9 1.9 1.3
Prob. Error.... 3.07 2.41 2.41 2.44 1.92 1.92
out in out out in in
“36-0- 4“—41 plants O “a6l0- 45—16 plant’?'”f
T Ty TGy 0 B ® (1)
Obgerved ...... 19 9 10 3 10 2 2 2
Theoretical 23.1 7.7 7.7 2.6 9.0 3.0 3.0 1.0
Difference . 4.1 1.3 2.3 0.4 1.0 1.0 1.0 1.0
Probh. Error.... 2.14 1.69 1.69 1.34 1.05 1.05
out in out in in in
36-0-51-—44 plants | T36-0-62—84 plant B
® (3) D 53] (9) 6D () §8)
Observed ...... 21 12 8 3 48 13 17 [
Theoretical 24.8 8.3 8.3 2.8 47.3 15.8 15.8 5.3
Difference . 3.8 3.7 0.3 0.2 0.7 2.8 1.2 0.7
Prob. Hrror.... 2.22 1.75 1.75 3.07 2.41 2.41
out out in in out in
36-0-63—30 plants | 26 64448 plants
B T 3 Ty (9 (3) (3) [§))
Observed ...... 23 4 3 o 26 k1] 7 4]
Theoretical 16.9 5.6 5.6 1.9 27.0 9.0 9.0 3.0
Difference 8.1 1.6 2.6 1.9 1.0 0.0 2.0 3.0
Prob. Error.... 1.83 1.44 1.44 2.32 1.82 1.82
out out in in out

out




MENDELIAN INHERITANCE IN WHEAT AND BARLEY 89

TABLIC 61 (Continued)
Black | Black | White | White | Black | Black | White | White'

Hood- | Hood- | Hood- | Hood- Hood- | Hood- l Hood- | Hood-
ed ed ' ed ed ed ed ed ed
B 2-row | 6-row ' 3-row | 6-row 2-row | 6-row | 2-row | 6-TOW
o i 26-0-83—58 plants | 36-0-85—40 plants
(9) (3) (3) | (3) (3) 1
Observed ...... 35 10 S 5 27 4 8 1
Theoretical ... 326 10.9 10.9 3.6 22.5 7.6 7.5 2.5
Difference . .... 2.4 0.9 29 1.4 4.5 3.5 0.5 1.5
Prob. Error.... 2.545 2.01 2.01 2.1z 1.67 1.67
in in out out out in
T T 86-0-86—78 plants | 36-0-100—108 plants
(9 (3) &I ¢ NN )} SO
Observed ... ... 41 20 12 5 63 i9 28 8
Theoretical ... 43.9 14.6 14.8 4.9 60.8 20.3 20.3 6.8
Difference ..... 2.9 5.4 2.0 0.1 7.8 1.3 7.7 1.2
Probh. Error.... 2.06 2.33 2.33 3.48 2.74 2.74
in out out out in out
. ) ) [N o i .
Total of all progenies includ-
ing 1 with less than 16 popu-
36-0-101—65 plants lation—762 plants
o 9 @ 3 TMT e 3y (3 1y
Observed ...... a5 18 8 4 429 146 134 53
Theoretical ... 36.6 12.2 i2.2 4.1 4286 142.9 142.9 47.8
Difference ..... 1.6 5.8 4.2 0.1 0.4 3.1 89 5.4
Proh. Error.... 2.70 212 2.12 9.24 7.27 7.27
in out out in in out
TABLE 62

Dihybrid Frequency Distributions Obtained in the Fyg Progenies From F,
Hooded, Black Hulled, Two-row Parents That Were Heterozygous
With Respect to Black Hulled and Hoods and
Homozygous Two-row

Black | Black ] White | White Black | Black White‘ White

Hood- |Beard- | Hood- |Beard- Hood- [Beard- | Hood- Beard-
ed ed ed ed ed ] ed ed ed
2-row | 2-Trow | 2-Tow | 2-TowW- 2-row i 2-row ‘ 2-row | 2-row
© 7 36-0-5—79 plants “7{ © T TT7T36-0-7—101 plants
) NG DN E RN S S I N C) B ¢} B ¢ DR S I
Observed ...... 48 15 11 5 52 30 14 5
Theoretical ... 44.4 14.8 14.8 4.9 66.8 18.9 18.9 6.3
Difference ..... 3.6 0.2 3.8 0.1 4.8 11.1 4.9 1.3
Prob. Error.... 2.97 2.34 2.34 3.38 2.65 2.65

out in out out out out

'36-0-25—23 plants 36.0-37—66 plants

(9) (3) (3) (1) )R € BT 3 (10
Observed ...... 14 5 3 1 32 9 11 4
Theoretical ... 129 4.3 4.3 1.4 31.5 10.6 10.5 3.5
Difference . .... 1.1 0.7 1.8 0.4 0.5 1.5 0.5 0.5
Prob. IError.... 1.61 1.26 1.26 2.50 1.97 1.97

in in out in in in



00 Co1LoRADO EXPERIMENT STATION
TABLE 62 (Continued) .
Black | Black | White |White Black | Black [ White | White
Hood- | Beard- | Hood- |Beard-| Hood- |Beard- | Hood- ]Beard-
ed ed ed ed ed ed ed ed
Z—row] 2-row | 2-row | 2-row -TOW | 2-row | 2- row| 2-row
i © 36-0-50—39% plants | 36-0-53—105 plants
D) 3 (3 (1) (9) (3) (3) (1)
Observed ...... 21 10 ¢ 2 a7 22 9 7
Theoretical 21.9 7.3 7.3 2.4 £9.1 18.7 19.7 6.6
Difference 0.9 2.7 1.3 0.4 7.9 2.3 10,7 0.4
Prob. Error.... 2.09 1.64 1.64 3.43 2.70 2.70
in out in out in out
36-0-79—34¢ plants | 36-0-92—32 plants
7777777777777 NG ¢ RE NG T T (3 (3) (1)
Observed ...... 19 8 4 3 20 5 7 (]
Theoretical 19.1 6.4 6.4 2.1 18.0 6.0 6.0 2.0
Difference . 0.1 1.6 2.4 0.9 2.0 1.0 1.0 2.0
Prob. Error.... 1.95 1.54 1.54 1.89 1.49 1.49
in out out out in in
© o 36- 0 96—-87 “plants | 36-0-120—26 plants
® @3 W (%) [ O )]
Observed 52 14 19 2 16 5 5 0
Theoretical 48.9 16.3 16.3 5.4 14.6 4.9 4.9 1.6
Difference R 3.1 23 27 3.4 14 0.1 0.1 1.6
Prob. Error.... 3.12 2.46 2.46 1.71 1.34 1.34
in in out in in in
o Total of all p progenies 1nclud— o T
ing 3 of less than 16 popula-
tion—614 plants
B ) 33 o o
Observed ...... 357 127 99 31
Theoretical 345.4 115.1 115.1 38.4
Difference 11.6 11.9 16.1 7.4
Prob. Error.... 8.29 6.52 6.52
out out out
TABLE 63

Monohybrid Frequency Distributions Obtained in the F, Progenies From £,
Hooded, Black Hulled, Two-row Parents That Were Heterozygous
Two-row and Homozygous With Respect to Black Hulled

and Hooded
Black [ Black | Black | Black
Hood | Hood- | Hood- | Hood-
ed ed ed ed ]
2row’6row|2row|6rowl
T 36-0-11— | '36-0-22— |
47 plants ] 70 plants [
T (3) M | (1) I
Obaerved ...... 35 12 [ 53
Theoretical 35.3 118 | 525 17 5
Difference ..... 0.3 0.2 | 0.5 05 |
Prob. Error.... 2.00 2.00 | 2.44 2.44 [
in | in in |

in

Black | Black | Black | Black
Hood- | Hood- | Hood- | Hood-
ed [ ed ed ed
-row [ 6-row | 2-row | 6-row
86-0-38— | 86-0-67—
96 plants | 48 plants
(3) (1) €} (1)
79 17 } 36 12
72.0 240 | 36.0 12.0
7.0 7.0 ] 0.0 0.0
2.86 2.86 ] 2.02 2.02

out ’ in

out in
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TABLE 63 (Continued) o B .
Black | Black | Black | Black Black | Black| Black | Black
Hood- | Hood- | Hood- | Hood- Hood- | Hood- | Hood- | Hood~

ed | ed ed ed ed ed | ed ] ed
2-row | 6-row 1 J-row IG—row) 2-row | §-row | 2—1‘0W[ 6-row
T ' " Total of all |
36-0-77— ) 36-0-103— progenies— |
63 plants | 41 plants 365 plants |
(3) ] @ m 3 M
Observed ...... 53 10 33 8 289 76 \
Theoretical .... 47.3 15.8 30.8 10.3 273.8 91.3
Difference ..... 5.7 5.8 2.2 2.3 15.2 15.3 ‘
Proh. Error.... 2.32 2.32 1.87 1.87 5.58 5.58
out out ( out out out out ’
TABLE @4

Monohybrid Freguency Distributions Obtained in the F; Progenies From I,
Hooded, Black Hulled, Two-row Parents That Were Heterozygous
Hooded and Homozygous With Respect to Black
Hulled and Two-row

Black | Black | Black | Black '“EEH{TBIER’[*EEERW Black
Hood- |Beard- | Hood- |Beard- { Hood- ]Beard~ |Hood- Beard-
ed ed ed ed ed l ed | ed ed
2-Trow 1 2-row | 2-row l 2-row l 2-row | 2-row ‘ 2-row l 2-rovw
36-0-16— | 36-0-27— | TTa6-0-44— T | 86-0-73—
89 plants | 35 plants ] 9 plants ] 38 plants
3) (SORN ) W e @ B 1)
Ohserved . ..... 61 28 I 25 10 4 5 27 11
Theoretical .... 66.8 22.3 26.3 8.8 6.8 2.3 285 8.5
Difference ... .. 5.8 5.7 1.3 2 2.8 2.7 1.5 1.5
Prob. Irvror.... 2.76 2.76 1.73 1.73 0.88 0.88 1.80 1.80
out out in in out out in in
- T36-0-75— | 86-0-107— |  36-0-108—— | 36-0-113—
89 plants 13 plants | 83 plants 77 plants
(3) [¢M) (3) @7 e T @
Observed ...... 61 28 11 2 64 19 58 19
Theoretical .... 66.8 28.3 9.8 3.3 62.3 20.8 57.8 19.3
Difference . .... 5.8 5.7 1.2 1.3 1.7 1.8 0.2 0.3
Prob. Error.... 2.76 2.76 1.05 1.05 2.66 2.66 2.56 2.56

out out out out in in in in

“Total of all |

progenies—
433 plants
(3) (1) o i o T
Observed ...... 311 122
Theoretical .... 324.8 108.3
Difference ..... 13.8 13.7
Prob., Error.... 6.08 6.08

out out
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TABLE 65
Monohybrid Frequency Distributions Obtained in the Fg Progenies IFrom F,
Hooded, Black Hulled, Two-row Parents That Were Heterozygous
Black Hulled and Homozygous With Respect to
Hooded and Two-row

" Black | White | Black | White | Black | White | Black | White
Hood- | Hood- | Hood- ! Hood- | Hood- | Hood- | Hood- | Hood-
ed ed ed ed ed ed ed ed
2-row I 2-row | 2-row | 2-row 2-row I 2-row l 2-row [ 2-row
T 36-0-19— 36-0-32— | 36-0-49— 36-0-54—
33 plants 63 plants | 4 plants ﬁ 32 plants
3) (1) (3) w | @ 1) (3) (1)
Observed ...... 26 7 45 18 3 1 22 10
Theoretical .... 24.8 8.3 47.3 15.8 3.0 1.0 24.0 8.0
Difference ..... 1.2 1.3 2.3 2.2 0.0 0.0 2.0 2.0
Prob. Error.... 1.68 1.68 2.32 2.32 0.58 0.58 1.65 1.65
in in in in in in ] out out
36-0-58— l 36-0-69— [ 36-0-72— 36-0-80—
41 plants | 101 plants | 60 plants [ 15 plants
(3) (1) (3) [¢}) W3 (1)
Observed . ..... 32 9 73 28 45 15 11 4
Theoretical .... 308 10.3 75.8 25.3 45.0 15.0 11.3 3.8
Differenee ..... 1.2 1.3 2. 2, 0.0 0.0 0.3 2
Prob. Error.... 1.87 1.87 2.94 2.94 2.2 2.26 1.13 1.13
in in in in in in in in
R ) o Total of all
36-0-82— | 36-0-106— 36-0-122— | progenies—
71 plants ] 35 plants 52 plants | 507 plants
(3) (1) 3 W 3y (3) (1)
Ohserved ...... 53 18 26 9 40 12 376 131
Theoretical .... 53.3 17.8 26.3 8.8 39.0 13.0 380.3 126.8
Difference ..... 0.3 0.2 0.3 0.2 1.0 1.0 4.3 4.2
Prob. Error.... 3.46 2.46 1.73 1.73 2.11 2.11 6.58 6.58
in in in in in in in in
TABLE 66

Dihybrid Frequency Distributions Obtained in the Fy Progenies From F,
Hooded, Black Hulled, Six-row Parents That Were Hetero-
zygous With Respect to Hooded and Black Hulled

Black | Black | White | White| Black | Black | White | White
Hood- |Beard- | Hood- |Beard- Hood- ‘Beard- | Hood- |Beard-
ed ed ed ed ed ed ed ed
6-Trow | 6-TOW | 6-row | 6-row 6-row | 6-row | 6-row [ 6-row
T T 86-0-136—98 plants |  36-0-137—76 plants
(9) (3) €)) (1 %) ¢ )¢ ¢ Dl
Observed ...... 62 19 10 7 46 17 11 2
Theoretical ... 551 18.4 18.4 6.1 42.8 14.3 14.3 4.8
Difference ..... 6.9 0.6 8.4 0.9 3.2 27 3.3 2.8
Prob. Error.... 3.31 2.61 2.61 2.92 2.30- 2.30
out in out out out out
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TABLE 66 (Continued)

Black | Black White] White Black | Black [ ‘White | White
Hood- (Beard- | Hood- |Beard— Hood- [Beard- | Hood- |Beard-
ed ed | ed ed ed ed ed ed
6-row | 6-row ’ 6-row | 6-row 6-row | 6-row | 6-TowW ] 6-row
36-0-139—138 plants | 36-0-144-—23 plants
' (9) (2) (3) (1) 9) (3) (2) (1)
Ohserved ...... 75 27 28 8 12 6 5 [
Theoretical 7.6 25.9 25.9 8.6 12.9 4.3 4.3 1.4
Difference 2. 1.1 21 0.6 0.9 1.7 0.7 1.4
Prob. Error.... 3.93 3.09 3.09 1.61 1.26 1.26
in in in in out in
26-0-145—158 plants | 36-0-146—155 plants
) 9) (2) 3 (1) (9) (3) 3 M
Obxerved ...... 81 34 30 13 83 32 26 12
Theoretical 88.9 29.6 29.6 9.9 87.2 29.1 29.1 9.7
Differcnce 7.9 4.4 0.4 3.1 2.2 2.9 3.1 23
Prob. Error.... 4.21 3.31 3.31 4.17 3.28 3.28
out out in in in in
36-0-148—115 plants [ 36-0-150—216 plants
N ) (3 (3 (1) (9) )y 3 ()
Observed ...... 56 32 22 5 117 49 37 13
Theoretical 64.7 21.6 21.6 7. 121.5 40.5 40.5 13.5
Difference 8.7 10.4 0.4 2.2 4.5 8.5 35 6.5
Prob. Irror.... 3.59 2.82 2.82 .92 3.87 3.87
out out in in out in
N 36-0-152—54 plants | 36-0-157—171 plants
- ) ) (3 (3) Ty NG 2y (3 ()
Observed ... ... 31 8 11 4 100 35 28 2]
Theoretical 30.4 10.1 10.1 3.4 96.2 321 32.1 10.7
Difference 0.6 2.1 0.9 0.6 3.8 2.9 4.1 2.7
Prob. Error.... 2.46 1.93 1.93 4.38 3.44 3.44
in out in in in out
— - 36-0-164-—136 plants | 36-0-165—251 plants
- Ty Ty T Ty T T ey T
Ghserved ...... 83 25 17 9 144 52 37 18
Theoretical T6.5 25.5 256.5 8.5 141.2 47.1 47.1 15.7
DiiTerence K|.3 0.5 8.5 0.5 2, 4.9 10.1 2.3
Prob. Error.... 3.90 3.07 3.07 5.30 4.17 4.17
out in out in out out
T " 36.0-166—76 plants | 36-0-167—-100 plants
o Ty (3 (3) S DI TEE:D R ¢:3 TS RN & D W
Observed ...... 7 11 12 G 53 25 135 4
Theoretical FERS 14.3 14.3 4.8 56.3 18.8 18.8 6.3
Difference 4.2 3.3 2.3 1.2 3.3 6.2 3.8 0.7
Prob. Error.... 2.92 2.30 2.30 3.35 2.63 2.63
out out in in out out
T 36-0-173—61 plants 36-0-17571 plants
P DG D M ¢ DN ¢ S A @y @ M
Observed ...... 35 i4 10 2 46 21 3 1
Theoretical 34.3 11.4 11.4 3.8 39.9 13.3 13.3 4.4
Difference ..... 0.7 2.6 1.4 1.8 6.1 77 103 3.4
Prob. BError.... 2.61 2.06 2.06 2.82 2.22 2.22
in in out out out

out
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TABLE 66 (Continwed)

Black' Biack | White | White
Hood- |Bearad- | Hooad- |Beard—
ed ed ed | ed
6-row | 6-row [ 6-row | 6-row

36-0-176—224 plants

9) (3) (3) (1)
... 113 46 50 5
126.0 420 42.0 14.0
13.0 4.0 8.0 1.0
5.01 3.94 3.94
out out out

TABLE 67

Black | Black | White | White
Hood- |Beard- | Hood- |Beard-
ed ed ed ed
6-row |6-row IG—row 6-row

Total of all progenies includ-
ing 1 of less than 16 popula-
tion—2132 plants

€9) 3) (3) (1)
1194 455 352 131
1199.3 399.8 399.8 133.3

3.3 53.2 47.8 2.3

15.45 12,16 12.1¢

in out out

Monohybrid Frequency Distributions Obtained in the Fyg Progenies From T,
Hooded, Black Hulled, Six-row Parents That Were Hetero-
zygous Hooded and Homozygous Black Hulled

~ Black | Black | Black | Black | Black | Black | Black | Black
Hood- { Beard-| Hood- | Beard-| Hood- 'Beard- Hood-~ [Beard-
ed ed ed | ed ed ed ed ed
6-row | 6-row 6-row! 6-row 6-row | 6-row | 6-row | 6-row
T 36-0-130— 36-0-132— | 36-0-138— | 36-0-138—
236 plants ] 165 plants i 24 plants | 20 plants
(3) (@8] (3) (1) (3) (1) (3) (1)
Observed ...... 169 67 129 36 18 [ ‘ 17 3
Theoretical 177.0 59.0 123.8 41.3 18.0 6.0 ’ 15.0 5.0
Differenece 8.0 S.0 5.2 5.3 0.0 9.0 2.0 2.0
Proh. Error.... 4.49 4.49 3.75 3.75 1.43 1.43 1.31 1.31
out out ' out out in in out out
36-0-140— | 36-0- 149 T36-0-153— 36-
66 plants | 181 plants 133 plants ,
(3) 1 | 3 (1) (3) | @ T
Observed ...... 53 13 ‘ 130 31 105 28 , 43 is5
Theoretical 49.5 16.5 135.8 45.3 99.8 33.3 43.5 14.5
Difference ..... 3.5 3.5 x 5.8 5.7 5.2 5.3 0.5 0.5
Prob. Error.... 2.37 2.37 3.93 3.93 3.37 3.37 2.22 2,22
out out l out out ; out out in
T 36-0-161— | 36-0-168— 36-0-171— | 36-0-174—
149 plants | 45 plants 165 plants ) 34 plants
(%) (@ 8] (3) M @ T
Ohserved ...... 104 453 38 11 22 43 25 9
Theoretical 111.8 37.3 36.8 12.3 123.8 41.3 25.5 8.5
Difference ..... 7.8 77 1.2 1.3 1.8 1.7 0.5 0.5
Probh. Error.... 3.57 3.57 2.04 2.04 3.75 3.15 1.70 1.70
out out in in in in ln in
S T T Total of anl | - T
36-0-179— progenies—
170 plants 1450 plants
— T3y (3) (63}
Observed ...... 127 43 1080 370
Theoretical .... 1275 42,5 [1087.5 362.5
Difference .. ... 0.5 0.5 7.5 7.5
Prob. Error.... 3.81 3.81 11.12 11.12 |
in in | in In |
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sMonohybrid Frequency Distribulions Obtained in the F; Progenies From IT,
Hooded, Black Hulled, Six-row Parents That Were Hetero-

Observed .....

Theoretical

Diflference ....
Prob. Error....

Observed .....

Theoretical

Difference ....
Prob. Error....

zygous Black Hulled and Homozygous Hooded
Wmtei Black Ithte

Black | Whltel Black lWhlte

Hood- | Hood-

;:i’é 6'0,,11

brow]6r0w|6rowl6row
|
s |

Observed .....

Theoretical

Difference ....
Prob. Error....

Black
Hood- l Hood-
ed ed
6-TOW l 6-row
36-0-129—
85 plants
&) (1
71 14
63.8 21.3
7.2 7.3
2.69 2.69
out out
36 0 154—
28 plants
(3) (1)
17 11
21.0 7.0
4.0 4.0
1.55 1.55
out out
36-0- 160—
88 plants
(3) (1)
66 22
66.0 22.0
0.0 0.0
2.74 2.74
in in

ed ed
36-0-147—
45 plants
T3 (D
40 5
33.8 11.3
6.2 6.3
1.96 1.96
ocut out
39 plants
T3y (1)
31 8
29.3 9.8
1.7 1.8
1.82 1.82
in in
T36-0-180—
23 plants
) 650
17 6
17.3 5.8
0.3 (1 %4
1.40 1.40
in in

Observed . ...

Theoretical

Difierence ...
Prob., Brror....

" Total of all

progenies—
1139 plants
3 W
878 261
. 854.3 284.8
23.7 23.8
9.86 9.86

out out
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TABLE 49

Dilhybrid Frequency Distributions Obtained in the F,; Progenies From ,
Hooded. White Hulled, Two-row Parents That Were Hetero-
zygous With Respect to Hooded and Two-row

Observed
Theoretical
Difference

Prob.

Chserved
Theoretical
Difference

Prob.

Ohserved
Theoretical
Differcnce

Prob. Error..

Observed
Theoretical
Difference

Proh. Error..

Error..

Error..

White | White White‘White
Hood- Beard-' Hood- |Beard-
ed I ed ed ed
S-row l 2-row [ 6-row [ §-row

36-0-181—32 plants '
@)

(9)

Observed
Theoretical
Difference

Prob. Error...

Observed
Theoretical
Difference

Prob. Error...

3y T
14 0 7 3
18.6 6.2 6.2 2.1
4.6 2, 0.8 0.9
1.92 1.51 1.51
out out in
| 36-0-1%6—44 plants
€ D UE S S S
20 16 4 4
24.8 8.3 8.3 2.8
4.8 7.7 4.3 1.2
2.22 1.75 1.75
out out out
©36-0-189—24 plants
@@ 3 T
8 7 [ 3
13.5 4.5 4.5 15
5.5 2.5 1.5 1.5
1.64 1.29 1.29
out out out
T 26-0-194-90 plants
ey Ty T Tay Ty
46 23 15 6
50.6 16.9 16.9 5.6
4.6 6.1, 1.9 0.4
3.17 2.50 250
out out in
26-0-199—58 plants i
@ ) 3y Ty [
31 7 14 K
32.6 10.9 10.9 3.6
1.6 3.9 3.1 2.4
2.55 2.01 2,01
in out out
T 36.0-206—35 plants |
T 3 3y (1)
18 10 5 2
19.7 6.6 6.6 2.2
1.7 3.4 1.6 0.2
1.98 1.56 1.66
in out out

White | White | White I White
Hood- |Beard- | Hood- {Beard-
ed ed ed ed

2-row [ 2-row | 6-row | 6-row
| 36-0-184—104 plants

) (3) (3) e
61 18 19 [
58.5 19.5 19.5 6.5
25 1.5 (184 0.5
7.41 2.69 2.69
in in in
36-0.187--63 plants
(9) DRSS N 6 )
a3 12 11 7
35.4 11.8 11.8 3.9
2.4 0.2 0.8 3.1
2.66 2.09 2.09
in in in
| 28-0-192—48 plants
T & R S ¢ D)
22 15 0 2
27.9 9.0 9.0 3.0
5.0 6.0 0.0 1.0
2.32 1.82 1.82
out out
) 26-0-197
Ty 03y E3) 1y
35 1] 13 3
33.8 11.3 11.3 3.8
i2 2.3 1.7 0.8
2.59 2.04 2.04
in out in
7 TT36-0-203—43 plants
E: 3 (3 (v
19 13 5 ¢
24.2 8.1 8.1 2.7
5.2 4.9 3.1 3.3
2.19 1.78 1.73
out out out
" 36-0-210—35 plants
i 9 @3 (3 (1)
18 3 10 4
19.7 6.6 6.6 2.2
1.7 3.6 3.4 1.8
1.98 1.56 1.56
in out out
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TABLE 69 (Continucd)

White | White
Hood- | Beard-
ed | ced
2-row | 2-row ]

36-0-212—56 plants

White | White
HooA- [ Beard-
ed ed
6-row | 6-Trow

White | White [ Wihite 1 White
Hood- |Beard- ] Hood- |Beard-
ed ed ed ed
2-row -Tow i 6-row [ 6-row

36-0-213—95 plants

) (%) ) (1) (9) (3) 3 1
Observed ...... 37 4 13 2 48 19 22 [
Theoretical 31.6 105 10.5 3.5 3.4 17.8 17.8 5.9
Dilference L 5.3 G¢.5 2.5 1.5 5.4 1.2 4.2 0.1
Prob. Error.... 2.50 1.97 1.97 3.26 2.57 2.67

out out out out in out

- "36-0-217—111 plants | N 'xs 0-219—40 plants

(9 (3 (3) 1) Oy G’y
Observed ...... [i34] 18 19 5 29 5 6 1]
Theoretical 62.4 20.8 20.8 6.9 22.5 7.5 7.5 2.5
Difierence s 6.6 - 2.8 1.8 1.9 6.5 2.5 1.5 25
Prob. Error.... 3.53 3.77 2.77 2.12 1.87 1.67

out out in out out in

) Total of all progemes 1nclud-

ing 3 of less than 16 popula-
6-0-220—38 plants t10n——1010 plant:

(9) (3 3 ) G 3 Tay
i:brerved ...... 17 9 10 2 537 209 196 68
‘Theoretical 21.4 7.1 7.1 2.4 6568.1 189.4 189.4 63.1
Difference .. 4.4 1.9 2.9 0.4 31.1 19.6 e.6 4.9
Prob. IError.... 2.06 1.62 1.62 10.63 8.37 8.37

out out out out out in

TABLE 70

Monohybrid Frequency Distributions Obtained in the Fy Progenies From F,
Hooded, White Hulled, Two-row Parents That Were Hetero-
zygous Two-row and Homozygous Hooded

White | White | White | White | ¥ White | White | White | White
Hood- | Hood- | Hood- | Hood- | Hood- | Hood- | Hood- | Hood-
ed ed ed ed ed ed ed ed
2-row l 6-row | 2-row I 6-row 2-row | 6-row | 2-row ] ¢-row
36-0-182— | 36-0-183— | 36-0-185— | 36-0-195—
49 plants f 139 plemts | 12 plants [ 5 plants
TT® (9] ) (1) (3) O e T
Obrerved .. .... 36 13 107 32 1] 3 | 4 1
Theoretical 36.8 12.3 104.3 34.8 9.0 3.0 | 38 1.3
Difference ..... 0.8 0.7 2.7 2.8 0.0 0.0 0.2 0.3
Prolh. Error.... 2.04 2.04 3.44 3.44 1.01 1.01 0.65 0.65
in in | in in | in in | in in
T T T T 36-0-201— 36-0-202— |  86-0-305— N 360214
15 plants | 93 plants | 22 plants | 108 plants
- @ @ e A D 3 Oy
Observed ...... 12 3 | 69 24 16 6 | 85 23
Theoretical 11.3 3.8 | 6938 23.3 16.5 55 | 810 27.0
Difference ... .. 0.7 0.8 0.8 07 0.5 05 | 40 ~4.o
Prob. Trror.... 113 113 | 282  2.82 L3T 137 | 304 3,
in in in in | in in | out o{1t4
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TABLE 70

(Continued)

White | White | White | White | White | White | White | White
Hood- | Hood- | Hood- | Hood~ | Hood- | Hood- | Hood- | Hood-
ed ed | ed ed ed ed ed ed
2-TowW i 6-row | 2-row | 6-row 2-row | 6-row l -row | 6-row
B ) \ Total of all
36-0-216— | progenies—
15 plants ] 458 plants
(3) (1) [ (3) (1)
Observed . ..... 10 o l 348 110
Theoretical 11.2 3.8 343.5 114.5
Difference ..... 1.3 1.2 \ 4.5 4.5
Prob. Error.... 1.13 1.13 625 6.2
out out ! in

Monohybrid IFrequency
Hooded,

Chserved ......
Theoretical

Difierence .....
Prob. Error....

Chserved
Theoretical
Difference

Prob. Error....

TABLE 71

Distributions Obtained in the ¥

Progenies I‘rom F,

White Hulled, Two-row Parents That Were Hetero-
zvgous Hooded and Homozygous Two-row
White | White | White | White | White | White | White | White
Hood- |Beard- | Hood- |Beard- | Hood- |Beard- | Hood- |Beard-
ed ed ed ed ed | ed ed ed
2-row | 2-row | 2-row | 2-row 2-row | 2-row | 2-row ( 2-row
36-0-196— 36-0-198— 36-0-200— | 36-0-208—
41 plants \ 25 plants 30 plants [ 28 plants
T (3) (1) \ t3) (1) (3) 1 ] 3 ch
32 ] 20 4] 235 5 22 G
30.8 10.3 | 195 6.5 225 7.5 21.0 7.0
1.2 1.3 | 0.5 0.5 2.5 2.5 1.0 1.0
1.87 1.87 ’ 1.49 1.49 1.60 1.60 1.55 1.55
in in | in in out out | in in

TTotal of all |

progcenies—
25 plants ]

(3) (1)
99 26

93.8 31.3
5.2 5.3
3.27 3.27
out out
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TABLE 72

99

Monohybrid Frequency Distributions Obtained in the F; Progenies IFrom I,
Hooded, White Hulled, Six-row Parents That Were
Heterozygous Hooded

White | White | White | White | White | White | White | White

Hood- |Beard- | Hood- |Beard- | Hood- |Beard- | Hood- |Beard-
ed ed ed ed ed ed ed ed
6-row | 6-row | 6-row | 6-row 6-row | 6-row { 6-row | 6-row
T T U86-0-221— | 36-0-222— | 36-0-224— | 36-0-225—
116 plants | 108 plants 122 plants | 43 plants
S® M3 W (3) @ @ (1)
Observed ...... 83 33 78 30 94 28 31 12
Theoretical 87.0 29.0 81.0 27.0 915 30.5 32.3 10.8
Difference ..... 4.0 4.0 3.0 3.0 25 2.5 1.3 1.2
Prob. Error.... 3.15 3.15 3.04 3.04 3.23 3.23 1.92 1.92
out out in in in in in in
T T36-0-226— | 36-0-230— 36-0-232— 36-0-284—
127 plants 123 plants 32 plants 62 plants
T (3) (1) 3y M (3) &) (3) (1)
Ohserved ...... 102 25 89 34 22 10 37 25
Theoretical 95.3 31.8 92.3 30.8 24.0 8.0 | 46.5 15.5
Difference ..... 6.7 6.8 3.3 3.2 2.0 2.0 ! 9.5 9.5
Prob. Error.... 3.29 3.29 3.24 3.24 1.65 1.65 | 2.30 2.30
out out out out out out | out out
T N " 7| Total of all { T T
36-0-235— progenies—
9 plants 742 plants
- @ O 3 W T
Observed ...... 4 5 540 202
Theoretical 6.8 2.3 556.5 185.5
Differenee ... .. 2, 29 16.5 16.5
Prob. Error.... 0.88 0.88 | 7.96 7.96
out out | out out )
TABLE 78

Dihybrid Frequency Distributions Obtained in the I3 Progenies From F.
Bearded, Black Hulled, Two-row Parents That Were Hetero-
zvgous With Respect to Black Hulled and Two-row

Black | Black

Beard- |Beard-
ed ed
2-row | 6-row |
T 36-0-236—
(9) (3)
Observed ...... 48 27
Theoretical 60.2 20.1
Difference 12.2 6.9
"'ob. Error.... 3.46 2.72
out out

White | White
Beard- |Beard-
ed ed
2-row I 6-row
107 plants |

3) 1)
2¢ [}
201 6.7
5.9 0.7
2.72

out

Black | Blaclf]
Beard-| Beard-
ed ed

2-row | 6-row

White | White
Beard-| Beard-
ed ed

| 2-row | 6-Tow

36-0-23761 plants

9 3)
36 0

34.3 11.4
1.7 1.4
2.61 2.06

in in

(3) (1)
8 7
11.4 3.8
3.4 3.2

2.06

out
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- o . TABLE 73 (Centinued)
Black | Bluck l White | White | Black l Black i White | W hite
Beard- |Beard- |Beard- Beard- ‘ Beard-| Beard-| Beard-| Beard-
ed l ed | ed ed | ed ed ed ed
Z-row i 6-row ] 2-row l 6-Tow ] 2-row | 6-Tow | 2-trow ] 6-Tow
" 36-0-241—88 plants | 36-0-244—128 plants
9) (3) (3) 1y | (9) 3) (3) (1)
Observed ... 46 i8 20 4 l 79 20 21 i
Theoretical 49.5 16.5 16.5 5.5 ‘ 7.6 25.9 25.9 8.6
Difference 3.5 1.5 3.5 1.5 14 3.1 4.9 0.4
Proh. Error.... 3.14 2.47 2.47 3.983 3.09 3.09
out in out ] in out out
N 36-0-246—23 plants | 36-0-247—19 plants
o (9) 3 @ @ W 3 @3 (D
Observed ...... 15 5 3 (1] l 7 [} [ 1
Theovretical 129 4.3 4.3 i4 6.7 3.6 3.6 1.2
Difference 2.1 0.7 1.3 1.4 3.7 2. 1.4 (1844
Prob. Error.... 1.61 1.26 1.26 1.48 1.15 1.15
out in out out out out
36-0-248-—935 plants [ 26-0-253—20 plants
i (9 (3) (3) (1) (9) (2 (3) (1
Observed .... 47 20 21 5 15 3 2 o
Theoratical 52.3 17.4 17.4 5.8 11.3 3.8 3.8 1.3
Difference . 3.3 2.8 3.6 0.8 3.7 0.8 1.8 1.3
Prob., Error.... 3.2% 2.64 2.54 1.50 1.18 1.8
out out out out in out
— 36-0-266—18 plants | T 26-0-257-—167 plants
T (%) & ¢S T 6 (9 (3) 3 (1)
Ohserved ... 8 4 5 1 i3] 28 29 11
Theoretical 10.1 3.4 3.4 1.1 93.0 31.3 31.3 10.4
Difference S 2.1 0.6 1.6 0.1 iR | 3.3 2.3 0.6
Probh. Error.... 1.42 112 1.12 4.32 3.40 2.40
out In out out in in
T " 36-0-258-—82 plants 1 36-0-260—106 plants
i (9 (3 (3) (1) (9 3 (2 (1)
Ohserved .. .. 51 17 12 3 52 24 26 4
Theoretical 46.7 15.6 15.6 5.2 9.6 19.9 196 6.6
Difference L. 4.3 1.4 3.6 2.2 7.6 1.1 G, 2.6
Probh. Error.... 3.05 2.40 2.40 3.45 271 2.73
out in out out out onut
T " 36-0-261-147 plants | 24-0-263—55 plants
) (9 (D (1) N (2) (2 H
Chserved .... 71 33 34 9 20 0 it 5
Theoretical 82.7 27.6 27.6 9.2 0.9 10.2 10.3 3.4
Difference . 117 5.4 6.4 0.2 0.9 1.3 o7 1.6
Proh. Error.... 4.06 3.19 3.19 ( 2.48 1.95 1.95
out out | in in in

out
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TABLE 73 (Continued)

Black | White White| Black | ”i;Té.EETWHn? [ White
Beard- |Beard- |[Beard- Beard-| Beard-| Beard-| Beard-
ed ed ed | ed ed ed | ed

2-row | 6-Tow | 2-row | 6-rowt

36-0-264—62 plants [

36-0-270—48 plants

9 @ @ ay | 3) (3) a
Observed ...... 27 8 11 [ 32 7 8 1
Theoretical 29.3 9.8 9.8 3.3 27.0 9.0 9.0 3.0
Difference . 2.3 1.8 1.2 2.7 5.0 2.0 1.0 20
Prob. Error.... 2.41 1.90 1.90 2.32 1.82 1.82
in in in out out in
- 36-0-271—116 plants | 36-0-273—62 plants
[€)) 3) 3) [6H) 9 63} [€)) [§8)
Ohserved ...... 64 23 19 10 40 9 10 8
Theoretlcal 65.3 21.8 21.8 7.3 349 11.6 11.6 3.9
Difference .. 1.3 1.2 2.8 2.7 5.1 2.6 1.6 0.9
Prob. Error.... $.60 2.84 2.84 2.64 2.07 2.07
in in in out out in
T 36-0-275—19 plants | 36-0-277—69 plants
- T TTT® 3Ty | D) ® ) 5
Obaerved . 43 20 13 2 | 36 8 9 [
Theoretical 44.4 14.8 14.8 49 | 33.2 111 11.1 3.7
Difference 1.4 5.2 1.8 1.9 | 28 3.1 2.1 2.3
Prob. Error.... 2.97 2.34 2.34 1 2.57 2.02 2.02
fn out in | out out out
7T 7T T 77| Total of all progenies—
36-0-281—66 plants 1607 plants
% @3 ) [C)) R 1)
Obhserved ...... 85 9 19 8 881 317 312 97
Theoretical 371 12.4 12.4 41 | 9039 3013 3013 1004
Difference 2.1 3.4 6.6 1.1 22.9 15.7 10.7 3.4
Prob. Error.... 2.72 2.14 2.14 1341 1055 10.55
in out out out out out
TABLE 74 -

Monohybrid Frequency Distributions Obtained in the Fy; Progenies From F,
Bearded, Black Hulled, Two-row Parents That Were Hetero-

zygous Two-row and Homozygous Black Hulled

i Black | Black | Black | Black | Black | Black | Black | Black
Beard- |Beard- |Beard- | Beard- Beard-] Beard-| Beard-| Beard-

ed ed ed ed ed | ed ] ed | ed
2-row | 6-row | 2-row | 6-row | 2-row 1 6-row| 2-row | 6-row
36-0-238— | 36-0-239— T86-0-240— | 36-0-242—

62 plants | 27 plants 122 plants | 42 plants
@& W ) M T T Ty T

Observed ...... 40 12 23 4 91 31 ‘ 35 T
Theoretical .... 39.0 13.0 20.3 6.8 91.6 30.5 315 10.5
Diffierence ..... 1.0 1.0 2.7 2.8 05 0.5 35 3.5
Prob. Error.... 2.11 2,11 1.52 1.52 3.23 3.23 | 1.89 1.89
in in out out in in | out out
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) TABLE 74 (Continued) . .
Black | Black | Black | Black | Black | Black | Blac¢k | Black

Beard- |Beard- [Beard— ] Beard- Beard—| Beard—| Beard-l Beard-

ed | ed | ea | ed ed ed | ed ] ed
2-row | 6—row[ 2~row| 6-row [ 2-TOW | 6—row| 2-row | 6-Tow

©36-0-245— | 36-0-252— | 36-0-255— | 36-0-259—

o 14 plants [ 16 plants 88 plants [ 60 plants

(3) (1) ‘T@“Tﬁ @M @ (1)

Observed ...... 11 3 10 [ 63 25 47 13
Theoretical .... 10.5 3.5 12.0 4.0 66.0 22.0 45.0 15.0
Difference ..... 0.5 0.5 2.0 2.0 3.0 3.0 2.0 2.0
Prob. Error.... 1.09 1.09 1.17 1.17 2.74 2.74 2.28 2.26
in in out out out out in in
36-0-267— | 86-0-268— | 3§-0-269— | 36-0-272—

11 plants | 27 plants | 8 plants [ 115 plants
(3) [$9) & M W 3 M

Observed ...... 8 3 20 7 4 4 91 24
Theoretical .... 8.3 2.8 20.3 6.8 6.0 2.0 86.3 28.8
Difference ..... 0.3 0.2 0.3 2 2.0 2.0 4.7 4.8
Prob. Error.... 0.97 0.97 1.52 152 0.83 0.83 3.13 3.13
in in in in out out out out

’ N T 7] Total of all

36-0-278— | 36-0-279— 36-0-280— | progenies—

132 plants | 39 plants 83 plants | 836 plants

(3) (1) 3 1) 3) (€3] (3) (1)

Observed ...... 104 28 30 9 g8 15 645 191
Theoretical .... 99.0 33.0 29.3 9.8 62.3 20.8 627.0 209.0
Difference ..... 5.0 5.0 0.7 0.8 5.7 5.8 i8.0 18.0
Prob. Error.... 3.36 3.36 1.82 1.82 2.66 2.66 8.44 8.44
out out | in in out out out out

TABRLE 75
Monohybrid Frequency Distributions Obtained in the Ty Progenies From F,
Bearded, Black Hulled, Two-row Parents That Were Hetero-
zygous Black Hulled and Homozygous Two-Tow

Black |White | Black | White | Black | White | Black | White
Beard- |Beard- |Beard- |Beard- Beard-|Beard-| Beard-| Beard-

ed | ed ed | ed ed [ ed ed | ed
2-row ' 2-row ‘2—row[ 2-row 2-row | 2-row | i—rowI 2-row

36-0-243— [ 86-0-249— |  36-0-251— | 36-0-276—

31 plants ] 117 plants | 33 plants | 142 plants

(3) @ [ @M 3 SO I E SR ¢ §

Observed ...... 29 2 81 36 23 10 l 110 32
Theoretical .... 23.3 7.8 87.8 29.3 24 8 83 | 1065 35.5
Difference ..... 5.7 5.8 6.8 6.7 1.8 1.7 [ 3.5 3.5
Prob. Error.... 1.63 1.63 | 3.16 3.16 1.68 1.68 | 3.48 3.48
out out [ out out out out | out out
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Observed ......
Theoretical

Difference .....
Prob. Brror....

103

TABLE 75 (Continued)

‘Black | White
Beard- iBeard-

ed ed
2-row | 2-TOW
Total of all

progenies—
323 plants
(3) (1)
243 80
242.3 80.8
0.7 0.8
5.25 5.25
in in

Beard- lBeard-
ed ed
2-TOowW | 2-TOW

Black l White

Black | White
Bea.rd-[ Beard-
ed ed
2-row | 2-Tow

Black ] White
Beard-lBeard-
ed ed
2-row I 2-row

|

TABLE 76

Monohybrid Frequency Distributions Obtained in the F3; Progenies From F,
Bearded, Black Hulled, Six-row Parents That Were Hetero-
zygous Black Hulled

Black | White | Black I White Black | White | Black | White
Beard- |Beard- |[Beard- |Beard- Beard-| Beard-| Beard-{Beard-
ed ed ed ed ed ed ed ed
6-row | 6-row | 6-row | 6-row 6-row | 6-row | 6-row | 6-row
36-0-286— | 36-0-287— 36-0-285— | 36-0-289—
73 plants l 72 plants l 127 plants ' 53 plants
o ™ (1 (3) 1 3) @ [ @ (D
Observed ...... 69 4 53 19 93 34 ] 37 16
Theoretical 54.8 18.3 54.0 18.0 95.3 31.8 [ 39.8 13.3
Difference ..... 14.2 14.3 1.0 1.0 2.3 2.2 [ 2.8 27
Prob. Error.... 2.50 2.50 2.48 2.48 3.29 3.29 | 2.18 2.13
out out in in in in ] out out,
T ) 36-0-290— | 36-0-291— 36-0-293— | 36-0-204—
237 plants | 176 plants 237 plants | 233 plants
) &) ) &) (3) ) (3) (1
Observed ...... 188 49 142 34 178 59 168 G5
Theoretical 177.8 59.3 132.0 44.0 177.8 59.3 174.8 58.3
Difference ..... 10.2 10.3 10.0 10.0 0.2 0.3 6.8 6.7
Prob. Error.... 4.50 4.50 3.88 3.88 4.50 4.50 4.46 4.46
out out out out in in out out
36-0-205— | 36-0-287— T 56-0-298— | 36-0-209—
78 plants | 148 plants 105 plants [ 150 plants
B @ (D (3) (1) (3) §)) @
Observed . ..... 53 25 113 a5 94 11 116 34
Theoretical 58.5 19.5 111.0 37.0 78.8 26.3 1125 37.5
Difference ..... 5.5 5.5 2.0 2.0 15.2 15.3 35 3.5
Prob. Brror.... 2.58 2.58 3.55 3.55 2.99 2.99 3.58 3.58
out out | in in | out out in in
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TABLE 76 (Continuecd)
B ~ Black |White | Black { White | Black | White | Black | White
Beard- |Beard- |Beard- Beaxd- Beard IBeard— |Beard Bearad-
ed ed ed ed ed
6-row | 6-row l 6- roWl 6- row] G-row ]6 row |G~row | 6-row
] 1 otal of all |
36-0-300— 36-0-301— ] I
Z61 plants ] 94 plants | 2044 plantb i
T Gy A e W 3w
Ubserved ...... 197 % l 68 26 1569 475 |
Theoretical 195.8 65.3 ! 70.5 23.5 1533.0 511.0 |
Difference ..... 1.2 1.3 l 25 2.5 36.0 36.0 ]
Prob. Error.... 4.72 4.72 | 2.83 2.83 l 13.20 13.20 |
in in | in in l out out |
TABLE 77

Monohybrid Frequency Distributions Obtained in the Fg Progentes From F,
Bearded, White Hulled, Two-row Parents That Were
Heterozygous Two-row

White | White | |
Beard- lBeard—
ed ed
Z2-row | 6-row
ST 36-U- U’— N
149 pla.nts
(3) -
Opbserved ...... 81 28
Theoreticat 81.8 27.3
Difference ..... 0.8 0.7
rrob. Isrror 3.05 3.06
ip in
36-0-308—
50 plants
o T M
Ubserved ...... 41 ]
Theoretical 375 125
Ditferenee .. ... 3.5 3.5
Prob. Error.... 2.07 2.07
out out

N
|
l
l

White | White White | White
Beard- IBeard- Beard- ] Beard-
ed ed ed ] ed
2-Tow l 6-row 2-row [ 6-row
36-0-306-— 36-0-306-—

| 70 plants | $§7 plants
(3) [$5) (3) (1)
54 16 63 24
525 17.5 65.3 21.8
1.5 1.5 2.3 2.2
2.44 2.44 2.72 2.72
in in in in
I f
i 36-0-309— ! 36-0-312—
24 plants , 19 plants
(3) (1) 3 (D
15 9 12 7
18.0 6.0 14.3 4.8
3.0 3.0 23 2.2
1.43 1.43 1.27 1.27
[ out out out out

I White l White
I Beargd- lBea.rd-
l
|

ed ed
2-row ! 6-row
| 86-0-307—

[ 28 plants
| (3) (1)

| 22 4]
| 21.0 1.0
| 1.0 1.0
( 1.55 1.55
l in in

f Total of '111

progenies—

[ 387 plants

|Gy W

f 288 99

] 290.3 96.8

] 2. 2.2
5.75 5.75

in in
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TABLE 78

105

SUMMARY OF PROBABLE ERROR STUDIES ON THE F, PROGENIES

OF WHEAT CROSSES

Classes | Classes
Within [Without

Allelomorphic P. BE. P. E,
Cross Pairs Involved l Limits ] Limits
No. 15. Harvest King% X o 7
Fultz Mediterraneand i R¢d Chaff—White Chaff.... 4 6
No. 16. Harvest King? X
Fultz Mediterraneand tcd Chaff—White Chaff
(Velvet) Velvet Chaff—Smooth Chalf.. 4 5
No. 11, Harvest King@ X | Beardless—Bearded |
Turkey Redd | Red Chaff—White Chaff..... [ 2 4
No. 13. Harvest King? X |'}§E—:7a.rdl'eisis;Be‘arded |
Turkey Redd ( Red Chaff—White Chaff..... | 6 9
No. 19. Turkey IRed® X | Beardless—Bearded | B
Harvest Kingd [ Red Chaff—White Chaff..... [ 7 I 17
No. 20. Turkey Red$ X " | Beardless—Bearded
Harvest Kingd | Red Chaff—White Chaff..... 1 2
No. 21. Turkey Red? X " 'Beardless—BearCed
Harvest Kingd | Red Chaff—White Chaff..... 7 8
No. 22. Turkey Red® X | {
Fultz Mediterraneand | Beardless—Bearded } 12 14
No. 23. Turkey Red9 X .
Fultz Mediterraneand | Beardless—Bearded .. 1¢ 12
No. 24. Turkey Red® X T '
Fultz Mediterraneand | Beardless—DBcarded . i4 12
T | Total of all ClasSes - .................. 67 89
Total of monohybrid crosses .......... 40 44
Total of dihybrid crosses ............. | 27 45
TABLE 79
SUMMARY OF PROBABLE ERROR STUDIES
ON THE F; GENERATION PROGENIES OF CROSS NO. 13
HARVEST KING? X TURKEY REDJ
- [ Classes | Classes [Original
| Within [Without| Data in
Characteristics of Allelomorphic P. E. P. B. Table
Selected F, Parents Pairs Involved | Limits | Limits No.
T 7| Beardless—Bearded T ’
Beardless, Red Chaff..] Red Chaff—White Chaff.... 21 27 36
Beardless, Red Chaff..[ Red Chaff—White Chaff....| 12 | 8 | 27
Beardless, Red Chaff..| Beardless—Bearded .. . o200 ) 14 |88
Beardless, White Chaff{ Beardless—Bearded 12 14 | 39
Bearded, Red Chaff...| Red Chaff—White Chaff....| 16 | 10 | 40
o " Total of all Classes ............-.... 81 69 |
Total of monohybrid (3:1) classes... 60 46
Total of dihybrid (9:3:3:1) classes... 21 27
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TABLE 80
SUMMARY OF PROBABLE ERROR STULIES
ON THE Fs GENERATION PROGENIES OF CROSS NU i3
HARVEST KING? X PFULTZ MEDITERRANEANJ (VE{.VELl,

lCIasses Classes |Origina,

IVVithin Without| Data in
Characteristics of Allelomorphic | P. B. P. B Table
Selected F3 Parents Pairs Involved | Limits | Limits No.
Red Chaff, B Red Chuff—~White Chaff I —
Velvet Chaff........ Velvet Chaff—Smooth Chaffl 14 19 41
ed Chaff, ) h T )
Velvet Chaff........ Velvet Chaff—Smooth Chaff 2 10 42
Red Chaff, | o |
Velvet Chaff..... | Red Chaff—~White Chaff....| 8 4 43
Red Chaff, | T )T
Smooth Chaff....... I Red Chaff—White Chaff. .. | 8 ‘ 6 44
White Chaff, R o
Velvet Chaff........ Velvet Chaff—Smooth Chaff| 0 10 ] 45
T Total of all Classes ..........c...... T2 | a9
Total of monohybrid (3:1) classes... 18 30
Total of dihybrid (9:3:3:1) classes. | 14 19
TABLE 81
SUMMARY OF PROBABLE ERROR STUDIES
ON THE F; GENERATION PROGENIES OF CROSS NO. 19
TURKEY RED® X HARVEST KINGJ
[ Classes | Classes |Original
) | Within (wWithout| Data in
Characteristics of Allelomorphic P. E. P. E. Table
Selected Fy; Parents Pairs Involved | Limits | Limits No.
- Beardless—Bearded N | 1
Beardless, Red Chaff..] Red Chaff—White Chaff.... 43 | 41 46
Beardless, Red Chaff..| ked Chaff—White Chaff.... 16 | 24 | 47
Beardless, Red Chaﬁ..lmﬁa{aea‘ coeeedl 18 24 | 48
Beardless, White Chaft| Beardless—Bearded .. g4 ] 18 | 49
‘Bearded, Red Chaff...| Red Chaffi—White Cliaiff..f.] 8 | 12 ,"' 50
Total of all classes .......... S| 89 117
Total of monohybrid (8:1) classes.. | 46 76
Total of dihybrid (9:3:3:1) classes.. | 43 41
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TABLE 82
SUMMARY OIF PRCBABLE ERROR STUDIES
ON THE F3 GENERATION PRQGENIES OF CROSS NO, 24
TURKEY RED? X FULTZ MEDITERRANEANJS

|Classes Classes [Original

I Within [Without| Data in
Characteristics of Allelomorphic ] P. B. P E. Table
Selected F, Parents Pairs Involved ] Limits | Limits No.
Beardless ........... | Beardless—Bearded . .7.7.7.'.7.7.]'7 104 ’ 94 l 51

All monohybrid (3:1) classes

TABLE 83
SUMMARY OF PROBABLE ERROR STUDIES
ON THE Fy; GENERATION PROGENIES OF CROSSES NO. 30 AND 31
CALIFORNIA? X BEARDLESSG

[Classes Classes |Original
|W1thin Without| Data in

Characteristics of Allelomorphic | P. E. P. E. Table
Selected Ty Parents Pairs Involved ] Limits | Limits | No.
Cross 30. Hooded... | Hoods—Beards ............ | 60 ’ 44 l 52
Cross 31, Hooded. .. [ Hoods—Beards . | 60 ] 42 [ 53
¢ Total of tWO Crosses ........ .| 120 | 86 W[
All monohybrid (3:1) classes........ ] \

TABLE S84
SUMMARY OF PROBABLE ERROR STUDIES
ON THE Iy GENERATION PROGENIES OF CROSS NO. 32
CALIFORNIAQ X BLACK HULLEDJ

] Classes | Classes IOriginal
| Within Without[ Data in

Characteristics of Allelomorphic | P. BE. P. E | Table
Selected Fy Parents l Pairs Involved I Limits ’ Limits | No.
Black Hullec.l-—White Hu]]ed| ! I
Black Hulled, 2-row..| Two-row—Six-row ........ | 34 | 32 ; 54
Black Hulled, 2-row. [ Two-row—=Six-row ........ [ 10 I 12 | 55
Black Hulled, 2-row. ] Black Hulled—White Hulled| 16 | 12 i £6
Black Hulled, 6-row..| Black Hulled—White Hulledl 10 | 16 | 67
White Hulled, 2-row..| Two-row—Six-row ........ ] 16 ; 14 , 53
Total of all classes .......cvivvvn... ( 86 , 86 !
Total of monohybrid (3:1) classes... 52 54
Total of dihybrid (9:3:3:1) classes... 34 32
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SUMMARY OF PROBABLE ERROR STUDIES
ON THE F; GENERATION PROGENIES OF CROSS NO. 36
BLACK HULLED$ X BEARDLESSJ

TABLE 835
1 Classes | Classes |Original
] Within ]Wlthoutl Data in
Characteristics of Allelomorphie P. E. P. E. Table
Selected F; Parents | Pairs Involved i Limits | Limits No.
Hoods—BearTl§> o N
Hooded, Black Hulled, | Black Hulled—White Hulled
TWO-TOW ..v........| Two-row—Six row l 81 ] 108 69
Hooded, Black Hulled, | Hoods—Beards i l
TWO-TOW ...u.n.. Two-row—Six-row . 19 i 26 ‘ 60
Hooded, Black Hulled, 1 Black Hulled—White Hun' q|
TWO-TOW ..vunvn. | Two-row—Six-row | 18 21 61
tooded, Black Hulled, | Hoods—Beards N { |
TWO-TOW +eovuneenss Black Hulled—White Hulled| 17 | 13 i 62
Hooded, Black Hulled, | [ R |
TWO-TOW +.vuunnnns | Two I‘O\'V—SIX TOW { 6 | 6 | 63
Hooded, Black Hulled, T T | |
TWO-TOW +vvovuennss Hoods—Beards ............ [ 3 8 | 64
fiooded, Black Hulled, | S ‘
TWO-TOW 4 vvvvaiunan | Black Hulled—Whlte Hulled1 20 | 2 66
Hooded, Black Hulled, | Hoods—Beards
SiX-TOW ...iovenennn Black Hulled—White Hulled| 23 28 66
Hooded, Black Hulled, - |
Six-row ... Hoods-—Beards ............ | 12 14 67
Hooded, Black Hulled,| o )
SiX-TOW .. .ivvvveenn Black Hulled—White Hulled 10 14 68
Hooded, White Hulled,| Hoods—Beards [
TWO-TOW «.ovneurn-n Two I‘OW—SIX row | 17 34 69
Hooded, White Hulled, T
TWO-TOW +e.vevirenn Two-row—Six-row ......... 14 4 70
Hooded, White Hulled, T
TWO-TOW s ev.usoerse [—Ioods—~Beards ............ 6 2 71
Hooded, White Hulled,| o |
SIX-TOW ceenevmoersns Hoods—Beards ............ 6 | 12 72
Bearded, Black Hulled,| Black Hulled—White Hulled|
TWO-TOW «vveeenen-n | Two row—Sm row | 24 \ 39 73
Bearded, Black Hulled,| o '
TWO-TOW «ovvvreerss Tw¢ low—SIx oW ......... 14 16 74
Bearded, Black Hulled, T |
TWO-TOW +.e..e.....| Black Hulled—White Hulledl 0 8 75
Bearded, Black Hulled,| T
SiX-TOW ....vv.oionn Black Hulle@—White Hulled 14 14 16
‘Bearded, White Hulled, |
TWO-TOW +evvrienen Two-row—Six-row . | 8 6 T
o Total of all classes ........ PR veee..| 317 375
Total of all monohybrid (3:1) classes... 118 106
Total of all dihybrid (9:3:3:1) classes... 118 161
Total of all (rihybrid (27:9:9:9:3:3:3:1) | i
classes ...ieieiieaenenn . 81 l 108 ]
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TABLE 86
GENERAL SUMMARY OF PROBABLE ERROR STUDIES
Classes | Classes
|W1thin Without
P. B. P. BE.
l Limits l Limits
Total of all monohybrid (3:1) classes in wheat crosses...... 268 290
Total of all monohybrid (3:1) classes in barley crosses..... 290 246
‘Total of all monohybrid (3:1) classes ............ccvvuuun. 558 536
Total of all dihybrid (9:3:3:1) classes in wheat crosses...... 105 132
Total of all dihybrid (9:3:3:1) classes in barley crosses..... 152 193
Total of all dihybrid (9:3:3:1) classes .........ciiieiennennns 257 325
I
Total of all trihybrid (27:9:9:9:3:3:3:1) classes in barley
CroSS NO. 36.....iiuiiriiiiinernninaneerionsionaeanaeanas 81 108
o Grand total of all classes.................. 896 969
Grant total of wheat classes................ 373 422
523 547

Grand total of barley classes...............
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TABLE 87
Expected class frequencies for the F, 3:1 Mendelian Ratio
for populations of from 4 *o 500
Populnﬂonl 3 Class | 1 Class lPopulm‘ion\ 3 Class Class
1 .. .. 51 38.3 12.8
2 e .o 52 39.0 13.0
3 .o .. 53 39.8 13.3
4 3.0 1.0 54 40.5 13.5
5 3.8 1.3 55 41.3 13.8
6 4.5 1.5 56 42.0 14.0
7 5.3 1.8 57 42.8 14.3
8 6.0 2.0 58 43.5 14.5
9 8.8 2.3 59 44.3 14.8
10 7.5 2.5 60 435.0 15.0
11 8.3 2. 61 45.8 15.3
12 9.0 3.0 (i34 46.5 15.5
13 9.8 3.3 63 47.3 15.8
i4 10.5 3.5 64 48.0 16.0
15 11.3 3.8 65 48.8 16.3
16 12.0 4.0 66 49.5 16.5
17 12.8 4.3 67 30.3 16.8
18 13.3 4.5 88 51.0 17.0
19 14.3 4.8 69 51.8 17.3
20 15.0 5.0 70 52.5 17.5
21 15.8 5.3 71 53.3 17.8
22 16.5 5.5 72 54.0 18.0
23 17.3 5.8 73 54.8 18.3
24 18.0 6.0 74 558.5 18.5
25 18.8 6.3 75 56.3 18.8
26 19.5 6.5 76 57.6 19.0
27 20.3 [ 6.8 77 57.8 19.3
2 21.0 7.0 78 58.5 19.5
29 21.8 7.3 79 59.3 19.8
30 225 | 7.5 80 60.0 20.0
31 23.3 7.8 81 60.8 20.3
32 24.0 8.0 82 81.5 20.5
33 24.8 8.3 83 62.3 20.8
34 25.5 8.5 84 63.0 21.0
35 26.3 8.8 85 63.8 21.3
36 27.0 9.0 86 84.5 21.5
37 27.8 9.2 87 65.3 21.8
a8 28.5 9.5 88 66.0 22.0
39 29.3 9.8 89 66.8 22.3
40 30.0 10.0 90 €7.5 22.5
41 30.8 10.3 921 68.3 22,8
42 31.5 10.5 92 49.0 23.0
43 32.3 10.8 3 69.8 23.3
44 33.0 11.0 L 705 23.5
45 33.8 11.3 95 71.3 23.8
46 34.5 11.5 96 72.0 24.0
47 35.3 11.8 97 72, 24.3
48 36.0 12, 98 73.5 245
49 36.8 12.3 99 74.3 24.8
50 37.5 J 12.5 100 75.0 25.0
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TABLE 87 (Continued)
1’opulation | 3 Class 1 Class [l'opu lutionf 3 Clas~ | 1 ('ass

101 75.8 25.3 151 113.3 ] 37.8
102 76.5 25.5 152 114.0 | 38.0
103 77.3 25.8 153 114.8 | 38.3
104 78.0 26.0 154 115.5 f 38.5
105 78.8 26.3 155 116.3 38.8
106 79.5 | 26.5 156 117.0 39.0
107 80.3 | 26.8 157 117.8 39.3
108 81.0 I 27.0 158 118.5 39.5
109 ] 81.8 | 27.3 159 119.3 39.8
110 | 82.5 I 27.5 160 120.0 40.0
111 83.3 27.8 161 120.8 40.3
112 84.0 28,0 162 121.5 40.5
113 84.8 28.3 163 122.3 40.%
114 85.5 28.5 164 123.0 41.0
115 86.3 28.8 165 123.8 41.3
116 87.0 29.0 166 124.3 41.5
117 87.8 29.3 167 125.3 41.8
118 88.5 29.5 188 126.0 42.0
119 89.3 29.8 169 126.8 42.3
120 90.0 30.0 170 127.5 425
121 90.8 I 30.3 171 128.3 42,8
122 91.5 30.5 172 129.0 43.0

23 92.3 30.8 173 129.8 43.3
124 93.0 31.0 174 130.5 43.5
125 93.8 31.3 173 1313 43.8
126 94.5 31.5 176 132.0 44.0
127 95.3 31.8 177 132.8 44.3
128 96.0 32.0 178 133.5 44.5
129 96.8 32.3 179 134.3 44.8
130 97.5 2.5 180 135.0 45.0
131 98.3 32.8 181 135.8 45.3
132 99.0 33.0 182 1365 45.5
133 99.8 33.3 183 137.3 45.8
134 100.5 33.5 184 138.0 46.0
133 101.3 33.8 185 138.8 46.3
136 102.0 34.0 186 139.5 46.5
137 102.8 34.3 187 140.3 46.8
138 103.5 34.5 188 141,0 47.0
139 104.3 34.8 189 141.8 47.3
140 105.0 35.0 190 142.5 l 47.5
141 103.8 35.3 191 143.3 47.8
142 106.5 355 192 144.0 48.0
143 107.3 35.8 193 144.8 48.3
144 108.0 36.0 194 145.5 48.5
145 108.8 36.3 195 146.3 48.8
146 109.5 36.5 196 147.0 49.0
147 110.3 36.8 197 147.8 49.3
148 111.0 37.0 198 148.53 [ 49.5
149 111.8 37.3 199 149.3 ) 49.8
150 112.5 37.5 200 150.0 | 50.0
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TABLE 87 (Ceontinued)

Populatien | 3 Class l 1 Class {Populnﬁou! 3 Class 1 Class
201 150.8 | 50.3 251 188.3 62.8
202 151.5 50.5 252 189.0 63.0
203 152.3 50.8 253 189.8 63.3
204 153.0 51.0 254 190.5 63.5
205 153.8 51.3 255 | 191.3 63.8
206 154.5 51.5 256 192.0 64.0
207 155.3 51.8 257 192.8 64.3
208 156.0 52.0 258 193.5 64.5
209 156.8 52.3 259 194.3 64.8
210 157.5 52,5 260 195.0 85.0
211 158.3 2.8 261 195.8 65.3
212 159.0 53.0 262 196.5 653.5
213 159.8 53.3 263 197.3 65.8
214 160.5 53.5 264 198.0 66.0
215 161.3 53.8 263 198.8 66.3
216 162.0 54.0 266 199.5 66.5
217 162.8 54.3 267 200.3 66.8
218 163.5 54.5 268 201.0 67.0
219 164.3 54.8 269 201.8 67.3
220 165.0 55.0 270 202.5 67.5
221 163.8 55.3 271 203.3 67.8
222 166.5 55.5 272 204.0 68.0
223 167.3 55.8 273 204.8 68.3
224 168.0 56.0 274 | 205.5 88.5
225 168.8 56.3 275 208.3 68.8
226 169.5 56.5 276 207.0 69.0
227 170.3 56.8 277 207.8 69.3
228 171.0 57.0 278 208.5 69.5
229 171.8 57.3 279 209.3 69.8
230 1725 57.5 280 210.0 70.0
231 173.3 57.8 281 210.8 70.3
232 174.0 58.0 282 211.5 70.5
233 174.8 58.3 283 212.3 70.8
234 175.5 58.5 284 213.0 71.0
235 176.3 58.8 285 213.8 71.3
236 177.0 | 59.0 286 214.5 715
237 177.8 59.3 287 215.3 71.8
238 178.5 59.5 288 216.0 72.0
239 179.3 59.8 289 216.8 72.3
240 180.0 60.0 290 217.5 [ 72.5
241 180.8 60.3 291 I 218.3 72.8
242 181.5 60.5 292 219.0 73.0
243 182.3 60.8 293 219.8 733
244 183.0 61.0 294 220.5 73.5
245 183.8 61.3 295 221.3 73.8
246 184.5 61.5 296 222.0 74.0
247 | 185.3 61.8 297 222.8 74.3
248 | 186.0 62.0 298 223.5 745
249 | 186.8 62.3 299 224.3 74.8
250 | 187.5 62.5 300 225.0 75.0
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TABLI 87 (Continued)

Population l 3 Class | 1 Class |l‘opulntiuu] 3 Class | 3 Class
301 225.8 75.3 351 ] 263.3 87.8
302 226.5 75.5 352 264.0 88.0
303 227.3 75.8 333 264.8 88.3
304 T 2280 76.0 354 203.5 88.5
303 228.8 76.3 355 266.3 S8.8
306 229.5 76.5 356 267.0 89.0
307 230.3 76.8 357 267.8 89.3
308 231.0 7.0 358 248.5 89.5
309 231.8 77.3 359 269.3 | S9.8
310 232.5 77.5 360 270.0 ! 90.0
311 233.3 77.8 361 270.8 90.3
312 234.0 78.0 362 271.5 90.5
313 234.8 78.3 363 272.3 90.8
314 235.5 78.5 364 273.0 91.0
313 236.3 78.8 363 273.8 91.3
316 237.0 79.0 366 274.5 91.5
317 237.8 79.3 367 275.3 91.8
318 238.5 79.5 368 276.0 2.0
319 239.3 79.8 369 276.8 92.3
320 .240.0 80.0 370 2775 92,5
321 240.8 80.3 371 278.3 92.8
322 241.5 80.5 372 279.0 23.0
323 242.3 80.8 373 279.8 93.3
324 243.0 81.0 374 280.5 93.5
325 243.8 81.3 375 281.3 93.8
326 244.5 81.5 376 282.0 94.0
327 245.3 81.8 377 282.8 94.3
328 246.0 82.0 378 283.5 94.5
329 246.8 82.3 379 284.3 94.8
330 247.5 . 825 380 283.0 95.0
331 248.3 82.8 381 285.8 95.3
332 249.06 83.0 382 286.3 95.5
333 249.8 83.3 383 287.3 95.8
334 250.5 83.5 384 288.0 96.0
335 251.3 83.8 385 288.8 96.3
336 252.0 84.0 386 289.5 96.5
337 252.8 84.3 387 290.3 96.8
338 253.5 84.5 3S8 291.0 97.0
339 234.3 84.8 389 291.8 97.3
340 255.0 85.0 390 2025 97.5
341 255.8 85.3 391 293.3 97.8
342 256.5 85.5 392 294.0 98.0
343 257.3 85.8 393 294.8 98.3
344 258.0 86.0 394 295.5 98.5
345 258.8 86.3 393 296.3 98.8
346 259.5 86.5 396 297.0 99.0
347 260.3 86.8 397 297.8 99.3
348 261.0 87.0 398 298.5 99.5
349 261.8 87.3 399 299.3 | 99.8
350 262.5 87.5 400 300.0 | 100.0
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TABLE 87 (Continued)

Populntiou] 3 Class l 1 Class ll’opulntiou\ 3 Class 1 Class
401 300.8 I 100.3 451 3388.3 112.8
402 301.5 100.5 452 339.0 113.0
403 302.3 100.8 453 339.8 113.3
404 303.0 101.0 454, 340.5 113.5
405 303.8 101.3 4355 341.3 113.8
406 304.5 1015 456 342.0 114.0
407 305.3 101.8 437 342.8 1143
408 306.0 102.0 458 343.5 114.5
409 306.8 102.3 459 344.3 114.8
410 307.5 102.5 460 | 345.0 115.0
411 308.3 102.8 461 | 345.8 115.3
412 309.0 103.0 462 | 348.5 115.5
413 309.8 103.3 463 347.3 115.8
414 310.5 103.5 464 348.0 116.0
415 311.3 103.8 465 348.8 116.3
416 312.0 ] 104.0 466 349.5 ! 116.5
417 312.8 104.3 467 356.3 116.8
418 313.5 104.5 468 351.0 117.0
419 314.3 104.8 469 331.8 117.3
420 315.0 105.0 470 352.5 117.5
421 313.8 105.3 471 353.3 | 117.8
422 316.5 105.5 472 354.0 | 118.0
423 317.3 105.8 473 354.8 { 118.3
424 318.0 106.0 474 355.5 118.5
425 318.8 106.3 475 356.3 118.8
426 319.5 106.5 476 357.0 119.0
427 320.3 106.8 477 357.8 119.3
428 R 321.0 107.0 478 358.5 119.5
429 321.8 107.3 479 359.3 119.8
430 32235 ] 107.5 480 360.0 120.0
431 323.3 107.8 481 | 360.8 120.3
432 324.0 108.0 482 ! 361.5 120.5
433 324.8 108.3 483 362.3 120.8
434 325.5 108.5 ! 484 363.0 121.0
433 326.3 108.8 485 363.8 121.3
436 327.0 109.0 486 364.5 121.5
437 327.8 109.3 487 | 365.3 121.8
438 328.5 109.5 488 366.0 122.0
439 329.3 109.8 489 366.8 122.3
440 330.0 110.0 490 367.5 122.5
441 330.8 | 110.3 491 | 368.3 122.8
442 331.5 | 110.5 492 369.0 123.0
443 332.3 110.8 493 369.8 123.3
444 333.0 111.0 494 3705 123.5
445 333.8 111.3 493 371.3 123.8
446 334.3 1115 496 372.0 124.0
447 335.3 111.8 497 372.8 124.3
448 336.0 112.0 498 | 373.5 124.5
449 336.8 112.3 499 | 374.3 124.8
450 337.5 112.5 500 ] 375.0 125.0
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Expected class frequencies for the ¥, 9:3:3:1 Mendelian ratio

TABLE 88

for populations of from 16 to 500

-
fu—
w

Copulation

9 Class I 3 Clnss] 1 Class {Populntion; 9 Class ! 3 Clﬂﬂﬂ' 1 Class

1 51 28.7 9.6 3.2

2 52 29.3 9.8 3.3

3 53 29.8 9.9 3.3

4 54 30.4 10.1 3.4

5 55 30.9 103 3.4

[ 56 31.5 10.5 3.5

7 57 32.1 10.7 3.6

8 58 32.6 10.9 3.6

9 39 33.2 11.1 3.7
10 60 33.8 11.3 3.8
11 61 343 114 3.8
12 62 34.9 11.6 3.9
13 63 35.4 11.8 3.9
14 64 36.0 12.0 4.0
15 . - i 63 36.6 12.2 4.1
18 9.0 3.6 1.0 66 37.1 124 4.1
17 9.6 | 3.2 11 67 37.7 12.6 4.2
i8 101 | 34 1.1 68 38.3 12.8 4.3
19 10.7 3.6 1.2 €9 38.8 12.9 4.3
20 113 | 3.8 1.3 70 39.4 13.1 4.4
21 11.8 3.9 1.3 71 39.9 13.3 4.4
22 24 4.1 1.4 72 40.5 13.5 4.5
23 2.9 4.3 1.4 73 41.1 13.7 4.6
24 13.5 4.5 1.5 74 41.6 13.9 4.6
25 14.1 4.7 1.6 75 42,2 i4.1 4.7
26 14.6 4.9 1.6 76 42.8 14.3 4.8
27 15.2 5.1 17 7 43.3 11.4 4.8
28 15.8 5.3 1.8 78 43.9 i4.6 4.9
29 16.3 5.4 1.8 79 44.4 14.8 4.9
30 16.9 5.6 1.9 80 45.0 15.0 5.0
31 17.4 5.8 1.9 81 45.6 15.2 5.1
32 18.0 6.0 2.0 82 46.1 15.4 5.1
33 18.6 6.2 2, 83 46.7 15.6 5.2
34 19.1 6.4 2.1 84 47.3 15.8 5.3
33 19.7 6.6 2.2 8% 47.8 15.9 5.3
36 20.3 6.8 2.3 86 48.4 16.1 54
37 20.8 6.8 2.3 87 48.9 16.3 5.4
38 21.4 71 2.4 88 49.5 16.5 5.5
39 21.9 ‘ 7.3 2.4 89 50.1 16.7 5.6
40 22.5 [ 7.5 25 90 50.6 16.9 5.6
41 231 | 77 2.8 21 51.2 7.1 5.7
42 23.6 ' 79 26 92 51.8 17.3 5.8
43 24.2 | 8.1 2.7 93 2.3 17.4 5.8
44 24.8 | 8.3 2.8 94 52.9 17.6 5.9
45 25.3 | 8.4 2. 95 53.4 17.8 5.9
46 259 | 8.6 2.9 96 54.0 18.0 6.0
47 26.4 | 8.8 29 97 54.6 18.2 6.1
48 27.0 I 9.0 3.0 98 55.1 18.4 6.1
49 27.6 l 9.2 3.1 29 55.7 i8.6 6.2
50 28.1 | 9.4 3.1 100 56.3 i8.8 6.3
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TABLE 88 (Continued)

Popuiatloni 9 Class | 3 Clnssl 1 Class |Populntion| 9 Class | 3 Class | 1 Class

101 56.8 18.9 6.3 i51 84.9 28.3 9.4
102 57.4 19.1 6.4 152 85.5 28.5 9.5
103 57.9 19.3 6.4 153 86.1 28.7 8.6
104 58.5 195 6.5 154 86.6 28.9 9.6
105 59.1 19.7 6.6 155 87.2 291 9.7
106 59.6 19.9 6.6 156 87.8 29.3 2.8
107 60.2 20.1 6.7 157 88.3 29.4 9.8
108 60.8 20.3 6.8 158 88.9 29.6 9.9
109 61.3 20.4 6.8 159 $9.4 29.8 9.9
110 61.9 20.6 6.9 160 90.0 30.0 10.0
111 62.4 20.8 6.9 161 90.6 30.2 10.1
112 63.0 21.0 7.0 162 911 30.4 10.1
113 63.6 21.2 7.1 163 91.7 30.6 10.2
114 64.1 214 7.1 164 92.3 30.8 10.3
115 64.7 21.6 7.2 165 92.8 30.9 10.3
116 63.3 21.8 7.3 166 93.4 31.1 104
117 63.8 21.9 7.3 167 93.9 313 10.4
118 66.4 221 7.4 168 94.5 3.5 10.5
119 66.9 22.3 74 169 95.1 31.7 10.6
120 87.5 225 735 170 95.6 31.9 10.6
121 | 68.1 227 7.6 171 96.2 321 10.7
122 68.6 22, 7.6 172 96.8 32.3 10.8
123 69.2 23.1 7.9 173 97.3 324 16.8
124 69.8 23.3 7.8 174 97.9 32.6 10.9
125 70.3 23.4 7.8 173 98.4 32.8 10.9
126 70.9 23.6 7.9 17¢ 99.0 33.0 11.0
127 71.4 23.8 7.9 177 99.6 33.2 111
128 72.0 24.0 8.0 178 100.1 334 111
129 72.8 24.2 8.1 179 100.7 33.8 11.2
130 73.1 24.4 8.1 180 101.3 33.8 11.3
31 | 73.7 24.6 8.2 181 101.8 33.9 11.3
132 74.3 24.8 8.3 182 102.4 34.1 114..
133 74.8 24.9 8.3 183 102.9 34.3 114
134 75.4 235.1 84 184 103.5 245 11.5
135 75.9 25.3 84 185 104.1 34.7 11.8
136 76.5 25.5 85 186 104.6 34.9 11.6
137 77.1 25.7 8.6 187 105.2 35.1 11.7
138 77.6 25.9 8.6 188 105.8 35.3 11.8
139 78.2 26.1 8.7 189 106.3 35.4 11.8
140 78.8 26.3 8.8 1%0 106.9 35.6 11.9
141 79.3 26.4 | 8.8 191 107.4 35.8 11.9
142 79.9 26.6 8.9 192 108.0 36.0 12,0
143 80.4 26.8 8.9 193 108.¢ 36.2 121
144 81.0 27.0 9.0 194 109.1 36.4 121
145 81.¢ 272 9.1 193 109.7 36.6 12.2
146 82.1 274 9.1 196 110.3 36.8 12,
147 82,7 27.6 9.2 197 110.8 36.9 123
148 83.3 27.8 9.3 198 1114 371 124
149 83.8 27.9 9.3 199 111.9 37.3 12.4
150 84.4 28.1 9.4 200 112.5 378 125
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TABLE 88 (Continued)

l’opulntlonl 9 Class I 3 Clnssl 1 Class lFopuiation] pH]

Class | 3 Class | 1 Class

117

201 1131 377 12.6 251 141.2 47.1 15.7
202 113.6 37.9 12.6 252 141.8 47.3 15.8
203 114.2 38.1 12.7 253 142.3 47.4 15.8
204 114.8 38.3 12.8 254 142.9 47.6 15.9
205 115.3 38.4 1z2.8 255 143.4 47.8 15.9
206 115.9 38.6 12.9 256 144.0 48.0 16.0
207 116.4 38.8 129 257 144.6 48.2 16.1
208 117.0 39.0 13.0 258 145.1 48.4 16.1
209 117.0 39.2 13.1 259 145.7 48.6 16.2
210 118.1 394 13.1 260 146.3 48.8 16.3
211 118.7 39.6 13.2 261 146.8 48.9 16.3
212 119.3 39.8 13.3 262 147.4 49.1 16.4
213 119.8 39.9 13.3 263 147.9 49.3 16.4
214 1204 40.1 13.4 234 148.5 49.5 16.5
215 120.9 40.3 13.4 265 149.1 49.7 16.6
216 121.5 40.5 13.5 266 149.6 49.9 16.6
217 1221 40.7 13.6 267 150.2 §50.1 16.7
218 122.6 40.9 13.6 268 150.8 50.3 16.8
219 123.2 41.1 13.7 269 151.3 50.4 16.8
220 123.8 41.3 13.8 270 151.9 50.6 16.9
221 124.3 41.2 | 13.8 271 152.4 50.8 16.9
222 124.9 41.6 13.9 272 153.0 51.0 17.0
223 125.4 41.8 13.9 273 153.6 51.2 171
224 126.0 42.0 14.0 274 154.1 51.4 17.1
225 126.6 42.2 14.1 275 154.7 51.6 17.2
226 127.1 42, 14.1 276 155.3 51.8 17.3
227 127.7 42.6 14.2 277 155.8 51.9 17.3
228 128.3 42.8 14.3 278 156.4 52.1 174
229 128.8 42.9 14.3 279 156.9 52, 174
230 129.4 43.1 14,4 280 157.5 52.5 17.5
231 129.9 43.3 144 281 | 158.1 52.7 17.6
232 130.5 43.5 14.5 282 ] 158.6 52.9 17.6
233 131.1 43.7 14.6 283 I 159.2 53.1 17.7
234 131.6 43.9 14.6¢ 284 159.8 53.3 17.8
235 132.2 44.1 14.7 285 160.3 53.4 17.8
236 132.8 44.3 14.8 286 160.9 53.8 17.9
237 133.3 44.4 14.8 287 161.4 53.8 17.9
238 133.9 44.6 14.9 288 162.0 54.0 18.0
239 134.4 44.8 14.9 289 162.6 54.2 18.1
240 135.0 45.0 15.0 290 \ 163.1 54.4 18.1
241 135.6 45.2 15.1 201 163.7 54.6 18.2
242 136.1 45.4 15.1 292 164.3 54.8 18.3
243 136.7 45.6 15.2 293 164.8 54.9 18.3
244 137.3 45.8 15.3 294 165.4 535.1 184
245 137.8 45.9 15.3 205 165.9 55.3 18.4
246 138.4 46.1 15.4 296 166.5 55.5 18.5
247 138.9 46.3 15.4 207 167.1 55.7 18.6
248 139.5 46.5 15.5 298 167.6 55.9 18.6
249 140.1 46.7 15.6 299 168.2 56.1 18.7
250 140.6 46.9 15.6 300 | 168.8 56.3 18.8
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TABLE 88 (Continued)

Population| 9 Class | 3 Classl 1 Class |[Popuiation] 9 Class | 8

Class | 1 Class

301 169.3 56.4 18.8 351 1974 | 658 21.9
302 169.9 56.6 18.9 352 198.0 66.0 22.0
303 170.4 56.8 18.9 353 198.6 66.2 22,1
304 171.0 57.0 19.0 354 199.1 66.4 22.1
305 171.8 57.2 19.1 355 199.7 66.6 22.2
208 172.1 574 19.1 336 200.3 66.8 2.3
307 1727 57.6 19.2 357 200.8 66.9 22,3
308 173.3 57.8 19.3 358 201.4 67.1 22.4
309 173.8 57.9 19.3 359 201.9 67.3 22.4
310 174.4 58.1 19.4 360 202.5 67.5 225
311 174.9 58.3 19.4 361 203.1 67.7 22.6
312 175.5 58.5 195 362 203.6 67.9 22.8
313 176.1 58.7 19.6 363 204.2 68.1 2.7
314 176.6 58.9 19.6 364 204.8 68.3 22.8
315 177.2 59.1 19.7 365 205.3 68.4 22,
316 177. 59.3 19.8 366 205.9 68.6 22.9
317 178.3 59.4 19.8 367 206.4 68.8 22.9
318 178.9 59.6 19.9 368 207.0 69.0 23.0
319 179.4 59.8 10.9 369 207.6 69.2 231
320 180.0 60.0 20.0 370 208.1 69.4 23.1
321 180.6 60.2 201 371 2087 69.6 23.2
22 181.1 60.4 20.1 372 209.3 9.8 23.3
323 1817 60.6 20.2 373 209.8 69.9 23.3
324 182.3 60.8 20.3 374 210.4 70.1 23.4
325 182.8 60.9 20.3 375 210.9 70.3 23.4
326 183.4 61.1 20.4 376 211.5 70.5 23.5
32 183.9 61.3 20.4 377 212.1 70.7 23.6
328 1845 615 20.5 378 212.6 70.9 23.8
329 185.1 61.7 20.6 379 213.2 711 237
330 185.6 61.9 20.6 380 213.8 713 23.8
331 186.2 62.1 20.7 381 214.3 71.4 23.8
332 186.8 62.3 20.8 382 214.9 71.6 23.9
333 187.3 62. 20.8 383 215.4 71.8 23.9
334 187.9 62.6 20.9 384 216.0 72.0 24,0
335 188.4 62.8 20.9 385 216.6 72.2 243
336 189.0 63.0 21.0 386 217.1 72.4 24.1
337 189.6 63.2 211 387 217.7 2.6 24.2
338 190.1 63.4 21,1 388 218.3 72.8 24.3
339 190.7 63.8 21.2 389 218.8 72.9 24.3
340 191.3 63.8 21.3 390 219.4 73.1 24.4
341 191.8 63.9 21.3 301 219.9 73.3 24.4
312 192.4 611 21.4 302 220.5 73.5 245
343 192.9 64.3 21.4 393 2211 73.7 24.6
344 193.5 64.5 21.5 394 221.6 73.9 24.6
345 194.1 64.7 21.6 395 222.2 74.1 24.7
346 194.6 64.9 21.6 396 222.8 74.3 24.8
247 195.2 65.1 21.7 397 223.3 74.4 24.8
348 195.8 65.3 21.8 308 223.0 74.8 249
349 196.3 65.4 21.8 399 224.4 74.8 24.9
350 196.9 65.6 21.9 400 225.0 75.0 25.0
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401 | 225.6 75.2 25.1 451 253.7 84.6 28.2
402 | 75.4 23.1 452 254.3 84.8 28.3
403 75.6 20.2 453 254.8 84.9 28.3
404 227.3 75.8 25.3 154 255.4 85.1 28.4
405 227.8 75.9 25.3 455 253.9 85.3 28.4
406 228.4 76.1 25.4 456 256.5 &85.5 28.5
407 228.9 76.3 23.4 457 257.1 85.7 28.6
408 229.5 76.5 25.5 458 257.6 85.9 28.6
409 230.1 76.7 | 25.6 459 258.2 86.1 28.7
4190 230.6 76.9 | 25.6 460 258.8 86.3 28.8
411 231.2 77.1 25.7 461 259.3 86.4 28.8
12 231.8 77.3 235.8 462 2598.9 86.6 28.9
413 232.3 774 25.8 463 2604 86.8 28.9
414 2329 77.6 235.9 464 261.0 87.0 29.0
415 233.4 77.8 | 25.9 463 261.6 87.2 29.1
416 234.0 78.0 | 26.0 466 262.1 87.4 29.1
417 234.6 78.2 l 26.1 467 2629 87.6 29.2
418 235.1 784 | 26.1 468 263.3 87.8 29.3
419 235.7 78.6 | 26.2 469 263.8 87.9 29.3
42 236.3 78.8 ] 26.3 470 2614 88.1 29.4
421 236.8 l 78.9 26.3 471 264.9 88.3 29.4
422 237.4 791 26.4 472 2635.5 88.5 29.5
42 237.9 79.3 26.4 473 266.1 88.7 29.6
424 238.5 79.5 26.5 74 266.6 88.9 29.6
425 239.1 79.7 26.6 475 267.2 89.1 29.7
426 239.6 79.9 26.6 476 267.8 89.3 29.8
427 240.2 80.1 26.7 477 268.3 89.4 29.8
428 240.8 80.3 26.8 478 268.9 89.6 29.9
429 241.3 80.4 26.8 479 269.4 89.8 29.9
430 241.9 80.6 26.9 480 270.0 290.0 30.0
431 242.4 80.8 | 26.9 481 270.6 90.2 30.1
432 243.0 §1.0 27.0 482 271.1 90.4 30.1
433 243.6 81.2 271 483 271.7 90.6 30.2
434 2441 814 27.1 484 272.3 90.8 30.3
4335 244.7 S1.6 27.2 485 2728 90.9 30.3
436 245.3 81.8 27.3 486 2734 91.1 304
437 245.8 81.9 273 487 273.9 91.3 30.4
438 246.4 2.1 27.4 488 2745 91.5 30.3
439 246.9 82, 27.4 489 275.1 91.7 30.6
440 247.5 825 27.53 490 275.6 91.9 30.6
441 248.1 82.79 27.6 491 276.2 92.1 30.7
442 248.6 82, 27.6 492 276.8 92, 30.8
443 249.2 83.1 277 493 2773 92.4 30.8
444 249.8 83.3 27.8 494 277.9 92.6 30.9
445 250.3 83.4 27.8 495 278.4 928 30.9
446 250.9 83.6 27.9 496 279.0 93.0 31.0
447 251.4 83.8 27.9 497 279.6 93.2 31.1
448 252, $4.0 28.0 498 280.1 93.4 311
449 252.6 2 28.1 499 280.7 93.6 31.2
450 2531 84.4 28.1 500 281.3 93.8 313
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TABLE 89

Expected class frequencies for the F; 27:9:9:9:3:3:3:1 Mendelian
ratio for populations of from 64 to 500

Popu- Popu-|
lation| 27 Class | 9 Class | 3 Class |1 Class| lation| 27 Class | 9 Class | 3 Class \1 Class!

1 51 |

2 52

3 53

4 54

S . 05

6 56

7 57

8 58

9 59
10 .o 60
11 . 61

2 .o G2
13 63 . A . ..
14 N C e .. 64 27.0 9.0 3.0 1.0
15 . - R .. 65 274 9.1 3.0 1.0
16 C. - AN .. 66 27.8 9.3 3.1 1.0
17 P C N .. 67 28.3 9.4 3.1 1.0
18 .. 68 28.7 9.6 3.2 1.1
19 e cee . .o 69 29.1 9.7 3.2 1.1
2 1 . P - .. 70 29.5 9.8 3.3 1.1
21 PN e N . 71 30.0 10.0 3.3 1.1
22 N e . N 72 30.4 10.1 3.4 1.1
23 - e e .o 73 30.8 10.3 3.4 1.1
<t e e e .. 74 31.2 10.4 3.5 1.2
“D - N e . 73 31.6 10.5 3.5 1.2
26 L. s . .. 76 321 10.7 3.6 1.2
27 Cae - .. .o 77 2.5 10.8 3.6 1.2
28 N - - . 78 32.9 11.0 3.7 1.2
29 N e SN .o 79 33.3 11.1 3.7 1.2
30 s c.. - .. So 33.8 11.3 3.8 1.3
31 . - PPN .. 81 34.2 11.4 3.8 13

2 - S e .. 2 34.6 11.5 3.8 1.3
33 AN Cee N . 83 35.0 117 3.9 1.3
34 .. e e . sS4 35.4 11.8 3.9 1.3
35 - e e . 83 35.9 12, 4.0 1.3
36 . . e . S6 36.3 12.1 4.0 1.3
37 . e N .. 87 36.7 12,2 4.1 1.4
38 N N e .. <8 373 12, 4.1 1.4
39 L - v .. 89 375 125 | 4.2 1.4
40 e P e .. 90 38.0 12.7 l 4.2 1.4
41 L A . .. 91 38.4 2.8 4.3 1.4
42 . R e .o 2 38.8 12.9 ( 4.3 1.4
43 - . e .. 93 39.2 13.1 ] 4.4 1.5
44 . e e .. 04 39.7 13.2 | 4.4 1.5
435 A N P . 95 40.1 13.4 [ 4.5 1.5
46 s . . .. 06 40.5 135 | 4.5 1.5
47 - - Ce .. 87 40.9 13.6 4.5 1.5
48 . N P . 98 41.3 13.8 ' 4.6 1.5
49 . N Ce . 29 41.8 13.9 I 4.6 1.5
50 L. L. v .. 100 42,2 4.1 | 47 1.6
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TABLE 89 (Continued)
Popu- Popu-
laﬂon’ 27 Class | 9 Class { 3 Class |1 Class] lation| 27 Class | 9 Clnssl 3 Class (1 Class

101 42,6 14.2 4.7 1.6 151 63.7 21.2 7.1 2.4
102 43.0 14.3 4.8 1.6 152 64.1 21.4 7.1 24
103 43.5 14.5 4.8 1.6 153 64.5 21.5 7.2 24
104 43.9 14.6 4.9 1.6 154 65.0 21.7 7.2 2.4
103 44.3 14.8 4.9 1.6 5% 65.4 21.8 7.3 2.4
106 44.7 14.9 5.0 1.7 i56 65.8 21.9 7.3 24
107 45.1 15.0 5.0 1.7 157 66.2 221 7.4 25
108 45.6 15.2 5.1 1.7 158 66.7 22.2 7.4 2.5
109 46.0 15.3 5.1 1.9 159 67.1 224 7.5 25
110 46.4 15.5 5.2 1.7 160 67.5 22,5 7.5 2.3
111 46.8 15.6 5.2 1.7 161 67.9 22.6 7.5 2.5
112 47.3 15.8 5.3 1.8 i62 68.3 22.8 7.6 2.5
113 479 15.9 5.3 1.8 163 68.8 22,9 7.6 2.5
114 48,1 16.0 5.3 1.8 164 69.2 231 79 2.6
115 48.5 16.2 54 1.8 165 69.6 23.2 7.7 2.
116 48.9 16.3 5.4 1.8 166 70.0 23.3 7.8 2.
117 49.4 16.3 55 1.8 167 70.5 23.5 7.8 2.6
i18 49.8 16.6 5.5 1.8 168 70.9 23.6 7.9 2.6
119 50.2 16.7 5.6 1.9 169 713 23.8 7.9 2.
120 50.6 18.9 5.6 19 | 170 717 23.9 8.0 2.9
21 51.0 17.0 3.7 1.9 171 72.1 24.0 8.0 27
122 51.5 17.2 5.7 1.9 172 72.6 24.2 8.1 297
23 51.9 17.3 5.8 1.9 173 73.0 24.3 8.1 2,7
124 52.3 17.4 5.8 *1.9 74 73.4 24.5 8.2 2,7
125 52.7 17.6 5.9 2. 175 73.8 24,6 2 2.
126 53.2 17.7 5.9 2.0 176 74.3 24.8 8.3 28
127 53.6 17.9 6.0 2.0 177 74.7 24.9 8.3 2.8
128 54.0 18,0 6.0 2.0 178 75.1 25.0 8.3 2.8
129 54.4 i8.1 6.0 2.0 179 75.5 25.2 8.4 2.8
130 54.8 18.3 6.1 2.0 | 180 75.9 253 8.4 2.8
31 55.3 i84 6.1 2.0 181 6.4 255 8.5 28
132 55.7 18.6 6.2 2.1 182 76.8 25.6 8.5 2.8
133 56.1 18.7 6.2 21 183 77.2 25.7 8.6 2.
134 56.5 18.8 6.3 2.1 184 77.8 25.9 8.6 2.
135 57.0 19.0 6.3 2.1 183 78.0 26.0 8.7 2,
36 57.4 19.1 6.4 21 186 78.5 28.2 8.7 2.9
137 57.8 19.3 6.4 2.1 187 78.9 26.3 8.8 2.9
138 58.2 19.4 6.5 2.2 188 79.3 26.4 8.8 2.9
39 58.6 19.5 6.5 2.2 189 79.7 26.6 8.9 3.0
40 59.1 19.7 6.6 2.2 190 80.2 26.7 8.9 3.0
141 59.5 19.8 6.6 2.2 191 80.6 26.9 I 2.0 3.0
42 598.9 20.0 6.7 2.2 192 81.0 27.0 9.0 3.0
143 60.3 20.1 6.7 2.2 193 81.4 27.1 9.0 3.0
144 60.8 20.3 8.8 23 194 81.8 27.3 9.1 3.0
145 61.2 204 6.8 2.3 195 823 27.4 8.1 3.0
146 61.6 20.5 6.8 2.3 196 82,7 27.6 9.2 3.1
147 62.0 20.7 6.9 2.3 197 83.1 279 9.2 31
148 62.4 20.8 6.9 23 198 83.5 27.8 9.3 3.1
149 2.9 21,0 7.0 23 199 84.0 28.0 9.3 31
150 63.3 211 7.0 2.3 200 84.4 28.1 9.4 3.1
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L TABLE 89 (Continued)
Popu- Popu- T
latiou| 27 Class | 9 Class l 3 Class |1 Class| lation| 27 Class | 9 Class | 3 Class |1 Class
201 84.8 28.3 9.4 3.1 251 105.9 35.3 11.8 3.9
202 835.2 28.4 9.5 3.2 252 106.3 35.4 11.8 3.9
203 83.6 28.5 9.5 3.2 253 106.7 35.6 11.9 4.0
204 86.1 28.7 9.6 3.2 254 107.2 35.7 11.9 4.0
205 86.3 28.8 9.6 3.2 255 107.6 35.9 12.0 4.0
2006 86.9 29.0 9.7 3.2 256 108.0 36.0 12.0 4.0
207 87.3 29.1 9.7 3.2 257 108.4 36.1 12.0 4.0
208 87.8 29.3 9.8 3.3 258 108.8 36.3 12, 4.0
209 88.2 29.4 9.8 3.3 25 169.3 36.4 121 4.0
210 88.6 29.5 9.8 3.3 260 169.7 36.6 12.2 4.1
211 89.0 29.7 9.9 3.3 110.1 36.7 12.2 4.1
212 S9.4 29.8 9.9 3.3 116.5 36.8 12 4.1
213 89.9 30.0 10.0 3.3 111.9 37.0 12.3 4.1
214 90.3 30.1 10.0 3.3 111.4 37.1 12. 4.1
215 90.7 30.2 10.1 3.4 111.8 37.3 124 4.1
216 91.1 304 10.1 3.4 Eatt 112.2 37.4 125 4.2
217 91.5 30.5 10.2 3.4 267 112.6 37.5 125 2
218 92.0 30.7 10.2 3.4 268 113.1 37.7 12.6 4.2
219 92.4 30.8 10.3 3.4 269 113.5 37.8 12,6 4.2
220 928 30.9 ' 10.3 3.4 27 113.9 38.0 12.7 2
221 93.2 31.1 10.4 3.5 271 114.3 38.1 12.7 4.2
222 93.7 31.2 10.4 3.5 272 114.8 38.3 12, 4.3
223 94.1 31.4 10.5 3.5 273 115.2 38.4 12.8 4.3
224 94.5 31.5 10.5 3.5 274 115.6 38.5 i2.8 4.3
225 94.9 31.6 10.5 3.5 275 116.0 38.7 2.9 4.3
22¢ 95.3 31.8 10.6 3.5 276 116.4 38.8 12.9 4.3
22 93.8 31.9 10.6 3.5 297 116.9 39.0 13.0 4.3
228 96.2 321 10.7 3.6 278 117.3 39.1 13.0 4.3
22 96.6 32.2 10.7 3.6 279 117.7 39.2 13.1 4.4
230 97.0 32, 10.8 3.6 280 118.1 39.4 13.1 4.4
231 97.5 32.5 10.8 3.6 281 118.5 39.5 13.2 4.4
232 97.9 | 326 10.9 3.6 282 119.0 39.7 13.2 4.4
233 98.3 32.8 10.9 3.6 283 119.4 39.8 13.3 4.4
234 98.7 32.9 11.0 3.7 4 119.8 | 399 13.3 4.4
233 99.1 33.0 11.0 3.7 285 120.2 40.1 13.4 4.5
236 99.6 33.2 111 3.7 2 120.7 40.2 13.4 4.5
237 1060.0 33.3 11.1 3.7 2 121.1 40.4 13.5 4.5
238 100.4 | 33.5 11.2 3.7 Z88 121.5 40.5 13.5 4.5
239 100.8 33.6 11.2 3.7 289 121.9 40.6 13.5 4.5
249 | 101.3 33.8 11.3 3.8 290 122, 40.8 13.6 4.5
241 101.7 33.9 11.3 3.8 291 1228 40.9 13.6 4.5
242 1021 34.0 11.3 3.8 292 123.2 41.1 13.7 4.6
243 102.5 34.2 114 3.8 293 123.6 41.2 13.7 4.6
244 102.9 34.3 11.4 3.8 294 124.0 41.3 13.8 4.6
245 103.4 34.5 11.5 38 203 | 1243 41.5 12.8 4.6
246 103.8 34.6 11.5 3.8 296 124.9 41.6 13.9 4.6
247 104.2 34.7 11.6 3.9 297 125.3 41.8 13.9 4.6
248 104.6 34.9 i1.6 3.9 298 1237 41.9 14.0 4.7
249 105.0 35.0 11.7 3.9 299 126.1 12.0 14.0 4.7
250 105.5 35.2 11.7 3.9 300 | 126.6 42.2 14.1 4.7
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TABLE 89 (Continued)
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Popu- N Fopu- l l l
lntiou] 27 Class | 9 Class | 3 Class ll Class lation] 27 Class l 9 Class l 3 Class |1 Class
301 127.0 42.3 14.1 4.7 351 148.1 49.4 16.5 5.5
302 27.4 2.5 14.2 4.7 352 148.5 49.5 16.5 5.5
303 127.8 42.6 14.2 4.7 353 148.9 49.6 16.5 5.5
304 128.3 42.8 14.3 4.8 354 149.3 49.8 16.6 5.5
305 128.7 42.9 14.3 4.8 333 149.8 49.9 16.9 5.5
306 129.1 43.0 14.3 4.8 356 150.2 50.1 16.7 5.6
307 129.5 43.2 14.4 4.8 357 150.6 50.2 16.7 5.6
308 129.9 43.3 14.4 4.8 338 151.0 50.3 16.8 5.6
309 130.4 43.5 14.5 4.8 359 151.5 50.5 16.8 5.6
310 130.8 43.6 14.5 4.8 360 151.9 50.6 16.9 5.6
311 131.2 43.7 14.6 4.9 361 152.¢ 50.8 16.9 5.6
312 131.¢ 43.9 14.6 4.9 362 132.7 50.9 17.0 5.7
313 132.0 44.0 14.7 4.9 363 153.1 51.0 17.0 5.7
314 132.5 2 14.7 4.9 364 153.6 51.2 171 5.7
315 132.9 44.3 14.8 4.9 363 154.0 51.3 171 5.7
316 133.3 44.4 14.8 4.9 366 154.4 51.5 17.2 5.7
317 133.7 44.6 14.9 5.0 367 154.8 51.6 i7.2 5.9
318 134.2 44.7 14.9 5.0 368 1535.3 51.8 17.3 5.8
319 134.6 44.9 15.0 5.0 369 155.7 51.9 17.3 5.8
320 135.0 45.0 15.0 5.0 370 156.1 2.0 17.3 5.8
321 135.4 45.1 15.0 3.0 371 156.5 52.2 17.4 5.8
322 133.8 45.3 15.1 5.0 372 156.9 52.3 1i7.4 5.8
323 136.3 45.4 15.1 5.0 373 157.4 52.5 17.5 5.8
32 136.7 45.6 15.2 5.1 374 157.8 52.6 17.5 5.8
325 137.1 45.7 15.2 5.1 375 158.2 2.7 i7.6 5.9
326 137.5 45.8 13.3 5.1 376 158.6 2.9 17.6 5.9
32 138.0 46.0 15.3 5.1 377 159.0 53.0 17.7 - 5.9
328 138.4 46.1 15.4 5.1 378 159.5 33.2 17.9 5.9
329 138.8 46.3 15.4 5.1 79 | 1599 53.3 17.8 5.9
330 139.2 46.4 15.5 5.2 380 l 160.3 53.4 17.8 5.9
331 139.6 46.5 13.5 5.2 381 160.7 53.6 17.9 8.0
332 140.1 46.7 13.6 5.2 382 161.2 53.7 17.9 6.0
333 140.5 46.3 15.6 5.2 3383 161.6 53.9 18.0 6.0
334 140.9 47.0 15.7 5.2 384 162. 54.0 18.0 6.0
335 141.3 47.1 15.7 5.2 385 162.4 54.1 18.0 6.0
336 141.8 47.3 15.8 5.3 386 162.8 54.3 18.1 6.0
337 142.2 47.4 15.8 5.3 387 163.3 54.4 18.1 6.0
338 142.6 47.5 15.8 5.3 388 163.7 54.6 18.2 6.1
339 143.0 47.7 15.9 5.3 389 164.1 54.7 18.2 6.1
340 143.4 47.8 15.9 5.3 390 164.5 54.8 18.3 6.1
341 143.9 48.0 16.0 5.3 391 165.0 55.0 18.3 6.1
342 144.3 48.1 16.0 5.3 392 165.4 55.1 18.4 6.1
343 144.7 48.2 i6.1 5.4 393 165.8 55.3 18.4 6.1
344 145.1 48.4 16.1 5.4 394 166.2 55.4 18.6 6.2
345 145.5 48.5 16.2 5.4 395 186.6 55.5 18.5 6.2
346 146.0 48.7 16.2 5.4 398 5 167.1 55.7 18.6 6.2
347 146.4 48.8 16.3 5.4 397 l 167.5 55.8 18.6 6.2
348 146.8 48.9 16.3 5.4 398 167.9 56.0 18.7 6.2
349 147.2 491 16.4 5.5 399 168.3 56.1 18.7 6.2
350 147.7 49.2 16.4 5.5 400 168.8 56.3 18.8 6.3
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Popu-l
lationl 27 Class | 9

CoLORADO EXPERIMENT STATION

Class l 3 Class |1 Clasas

TABLE 89 (Continued)

Popu- i l
lution] 27 Class | 9 Class | 3 Class ll Class

401 169.2 ] 56.4 18.8 6.3 451 190.3 63.4 21.1 7.0
402 169.6 56.5 18.8 6.3 452 190.7 63.6 21,2 7.1
403 170.0 56.7 18.9 6.3 453 191.1 63.7 21,2 7.1
104 170.4 56.8 18.9 6.3 454 1915 63.8 21.3 71
405 170.9 57.0 19.0 6.3 453 192.0 64.0 21,3 7.1
406 171.3 57.1 19.0 6.3 456 1924 64.1 21.4 7.1
407 1717 57.2 19.1 6.4 457 192, 64.3 214 7.1
408 172.1 57.4 19.1 6.4 458 193.2 64.4 21.5 7.2
400 172.5 575 19.2 6.4 459 193.6 64.5 215 7.2
410 173.0 67.7 19.2 6.4 460 194.1 64.7 21.6 7.2
411 173.4 57.8 19.3 6.4 461 194.5 64.8 21.6 7.2
412 173.8 57.9 19.3 64 462 194.9 5.0 21.7 7.2
413 174.2 58.1 19.4 6.5 463 193.3 65.1 21.7 7.2
414 174.7 58.2 19.4 6.5 464 195.8 65.3 21.8 7.3
415 175.1 58.4 19.5 6.5 465 196.2 63.4 21.8 7.3
416 175.5 88.5 19.5 6.5 466 196.¢ 635.5 21.8 7.3
417 175.9 58.6 19.5 6.5 467 197.0 65.7 21.9 7.3
418 176.3 58.8 19.6 6.5 468 197.4 65.8 21.9 7.3
419 176.8 58.9 19.6 6.5 469 197.9 66.0 22.0 7.3
420 177.2 59.1 19.7 6.6 470 198.3 66.1 22.0 7.3
421 177.6 59.2 19.7 6.6 471 198.7 66.2 22,1 7.4
422 178.0 59.3 19.8 6.6 472 199.1 66.4 22,1 7.4
423 178.5 59.5 19.8 6.6 473 199.5 66.5 22,2 7.4
424 178.9 59.6 19.9 6.6 474 200.0 66.7 22.2 7.4
425 179.3 59.8 19.9 6.6 475 200.4 66.8 223 7.4
426 179.7 59.9 20.0 6.7 476 200.8 66.9 22.3 7.4
427 1804 60.0 20.0 6.7 477 201.2 67.1 22.4 7.5
428 180.6 60.2 20.1 6.7 478 201.7 67.2 22.4 7.5
429 181.0 60.3 20.1 6.7 479 202.1 67.4 225 7.5
430 181.4 60.5 20.2 6.7 480 202.5 67.5 22,5 7.5
431 181.8 60.6 20.2 6.7 481 202.9 67.6 22,5 7.5
432 182.3 60.8 20.3 6.8 482 203.3 67.8 22.6 7.5
433 182.7 60.9 20.3 6.8 483 203.8 67.9 22.6 7.5
434 183.1 61.0 20.3 6.8 484 204.2 68.1 227 7.6
435 183.5 61.2 204 6.8 485 204.6 68.2 22,7 7.6
436 183.9 61.3 20.4 6.8 486 205.0 68.3 22,8 7.8
437 184.4 61.5 20.5 6.8 487 203.5 68.5 22.8 7.6
438 184.8 61.6 20.5 6.8 488 205.9 68.6 22.9 5.8
439 185.2 61.7 20.6 6.9 489 206.3 68.8 22.9 7.6
440 185.6 61.9 20.6 6.9 490 206.7 68.9 23.0 7.9
441 186.0 62. 20.7 6.9 491 207.1 69.0 23.0 7.9
442 186.5 2.2 20.7 6.9 492 207.6 69.2 23.1 77
443 186.9 62.3 20.8 6.9 493 208.0 69.3 23.1 79
444 187.3 62.4 20.8 6.9 494 208.4 69.5 23.2 7.9
445 |- 187.7 62.6 20.9 7.0 495 208.8 69.6 23.2 7.7
446 188.2 62.7 20.9 7.0 496 209.3 69.8 23.3 7.8
447 188.6 | 62.9 21.0 7.0 497 209.7 69.9 23.3 7.8
448 189.0 63.0 21,0 7.0 498 210.1 70.0 23.3 7.8
449 189.4 63.1 21.0 7.0 499 210.5 70.2 23.4 7.8
4350 189.8 |. 63.3 21.1 7.0 500 210.9 70.3 234 7.8
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TABLE 90
Probable errors of the 3 and the 1 classes of the F; Monohybrid Mendelian
ratio 3:1 for populations of from ¢ to 500 calculated by
the formula Ep=10.67449Vnpg
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No. | © [ 1] 2] 38 4] 5] € 7] 8] 9
o"’| v | e ] | ....‘| 0.58 | 0.65 | B %5 [ 077 | 0.83 | 0.88
1 | 0982| 097 ] 1.01 1.05 | 1.09 | 1.13 117 | 12 1.24 | 1.27
2 131 | 1.34 | 1.37 | 1.40 | 1.43 | 1.46 149 | 152 | 155 | 1.57
3 160 | 163 | 165 | 168 | 170 | 173 175 | 278 | 1.80 | 1.82
Fl 185 | 187 | 1.88 | 1.92 | 1.94 | 1.96 1.9% | 2.00 | 2.02 | 2.04
5 2,07 2.09 2,11 213 | 215 | 217 219 2,21 222 224
6 | 226 | 22 230 | 232 234 | 236 237 | 239 | 241 | 243
7 244 | 246 | 248 | 250 | 251 ] 253 255 | 256 | 258 | 2.60
8 261 | 2.63| 265 ] 2.66 | 268 | 2.69 271 | 272 | 274 276
9 277 | 279 | 280 | 282 | 283 | 2.8 286 | 288 | 2.8 | 291
10 2902 | 294 | 295 | 296 | 2.98'| 2,99 3.01 | 3.02 | "3.04 | 3.05
11 3.06 | 3.08 | 38.09 | 311 312 | 313 315 | 316 | 3.17 | 3.9
2 3.20 | 3.21 | 323 | 3.24 ] 325 | 3.27 3.2 3.29 | 3.30 | 3.32
13 333! 3.34| 336 337 | 338 3.39 3.41 | 3.42 | 343 | 3.44
14 346 | 3.47 | 348 | 3.49 | 3.51 | 3.52 353 | 354 | 355 | 3.57
15 3.58 | 3.59 3.60 | 3.61 3.63 3.64 | 3.65 | 3.66 | 3.67 l' 3.68
16 3.69 3.71 3.72 3.73 3.74 3.75 3.76 277 3.79 | 3.80
17 381 | 382 | 883 3.84 | 3.8 | 3.8 388 | 3.89 | 3.80 | 391
18 392 393 | 394 | 395 | 396 | 3.97 398 | 399 | 4.00 | 4.02
19 403 | 4.04 | 4.05 l 406 | 4.07 | 4.08 409 | 410 | 411 | 4.2
20 413 | 414 415 | 416 | 417 | T 418 | 419 | 420 | 421 22
21 4.23 | 424 | 425 | 4.26 | 427 ] 4.28 4290 | 430 | 4.31 | 4.32
22 433 | 434 | 435 | 436 | 437 | 438 4.39 | 4.40 | 441 | 442
2 443 | 444 | 445 | 446 | 447 | 448 449 | 450 | 451 | 452
2 452 | 453 | 451 | 4535 | 456 | 4.57 458 | 439 | 4.60 | 4.61
25 4.62 | 463 | 4.64 | 4.65 | 4.66 4.66 | 4.67 | 4.68 4.69 ['"4.70
26 | 471 472 | 473 | 474 | 475 | 475 476 | 477 | 478 | 4.79
27 480 | 4.81 | 482 | 4.83 | 4.84 | 4.84 483 | 4.86 | 487 | 4.88
28 489 | 490 | 491 ] 491 492 ] 4.93 494 | 495 | 496 | 4.97
29 497 | 498 | 499 | 5.00 | 5.01 | 5.02 503 | 5.03| 5.04| 5.5
30 5.06 | 5.07 5.08 5.08 5.09 510 | 511 | 512 | 5.13’[ 513
31 514 | 515! 516 | 517 | 518 | 5.18 5.19 | 5.20 | 5.21 | 5.22
2 523 | 523 524 | 5.25| 526 527 5.27 | 528 | 5.29 | 5.30
33 531 | 531 532 533 534 | 535 535 | 5.36| 537 5.38
34 539 | 539 | 540 | 541 | 5.42 | 5.43 543 | 5.44 | 545 | 5.6
35 ”"5’.‘46’| 547 | 548 | 549 | 550 | 5.50 | 551| 552 553 553
"3 | 554 555 | 556 | 557 | 557 | 5.58 559 | 5.60 | 5.60 | 5.61
37 562 | 563 | 563 | 564 5.65 | 5.66 5.66 | 5.867 | 5.68 | 5.69
38 569 | 570 | 571 | 572 | 572 | 5.73 574 | 555 | 575 | 5.76
39 577 | 598 | 578 | 579 | 580 | 5.81 581 | 5.82 | 583 5.83
40 [ 584 885 | 58| 586 | 5.87 | 5.88 | 589 589 | 590 | 5981
4a 591 | 592 | 593 | 594 594 | 595 596 | 596 | 597 | 5.98
42 599 | 590 | 600 | 6.01| 601 .02 603 | 6.04 | 6.04 | 6.05
43 606 | 6.08 | 607 | 608 | 6.09 | 6.09 6.10 611 | 612
44 613 | 613 | 614 | 615 | 615 | 6.16 6.17 6.18 | 6.19
45 | 6.20 | 620 | 621 | e6227| 622 623 | 622 [ 626
46 .26 6.27 8.28 6.29 6.29 6.30'( 6.31 |' ) 1T 6.33°
47 6.33 | 634 | 635 | 635 | 636 | 637 637 8.39
48 640 | 641 | 641 | 642 | 643 | 643 6.44 6.46
49 647 | 647 | 648 | 649 | 649 | 6.50 6.51 652 | 6.52
50 6.53 | | ! | | | | |
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TABLE 91
Probable errors of the 9 class of the F, Dihybrid Mendelian ratio
9:3:3:1 for populations of from 16 to 500 calculated by
the formula Ep=0.67449Vnpq

Ne.| 0|t} 2| 8| 4] 5| 6| 7| 8] »®
1 e | T LT T 134 138 ) 142 | 1.46
2 150 | 153 | 137 | 161 | 1.64 | 1.67 171 | 174 | 137 | 180
3 1.83 | 186 189 192 | 195 | 198 2,01 | 204 206 ]| 209
4 212 | 214 | 27 | 219 | 222 | 2.2 227 | 229 | 232 234
5 |*2.31 | 239 |' 241 | 244 | 246 | 248 250 | 253 | 255 | 257
"6 | 259 2,61 | 2.64 2,66 2.68 2,70 2,72 274 ) 276 | 2498
7 2.80 | 282 | 284 | 286 | 288 | 290 292 | 294 | 296 | 2987
8 299 | 3.01| 303 | 3.05 | 3.07 | 3.09 310 | 312 | 314 | 3.16
9 317 | 319 21 | 3.23 .24 .26 328 | 330 | 3.31| 3.33
10 l""3.35 3.36 | 38.38 | 340 | 341 | 343 | 3.5 | 3.46 | 3.48 | 3.49
11| 351 353 | 354 | 3.56 | 3.57 3.59| 360 | 3.62] 38.64| 3.65
1z 367 | 368 | 370 | 371 | 393| 3494 376 | 377 | 379 | 3.80
13 382 | 383 384 | 386 | 387 | 3.89 390 | 392 | 393 | 3.95
14 396 | 397 | 399 | 4.00 | 4.02 | 4.03 404 | 4.08 | 4.07 | 4.08
15 4.10 |"4.11 | ‘413 | 414 | 435 | 417 | 418 419 |”7£21 l' ‘a.22
16 423 7| 425 | 426 | 4.2 4.z 4.30 4.31 | 4.32 | 434 | 4.35
17 436 | 438 | 439 | 440 | 4.41 | 443 444 | 445 | 4.46 | 448
18 449 | 450 | 451 | 453 | 4354 | 4.55 456 | 458 | 4.59 | 4.60
19 461 | 462 | 464 | 4.65 | 4.66 | 4.67 4.68 | 470 | 471 | 432
20 473 474 | 476 | 477 | 498 | 479 | 480 | 4.s’i’|‘"li."s'3‘ 4.84
21| 4.85 | 4.86 | 4.87 4.88 | 4.90 | 4.9, | 492 | 493 | 4.94 | 4.95
22 496 | 497 | 499 | 5.00| 501 | 5.02 503 | 5.04 | 5.05 | 5.06
23 507 | 509 | 310 511 | 512 | 513 5.14 | 515 | 516 | 5.17
24 518 | 519 | 3.21 | 5.22 | 5.2 5.24 523 | 526 | 527 | 5.28
2"57|75.29’]’ 7530 | ‘5.31’|’ 532 | 5.33 | 5.3a | 5.35’| "'5.36"1 5.37 | 5.39
26 | 5.40 | 5.41 | 542 ] 5.43 | 544 | 545 | 546 | 547 | 5.48 | 549
27 550 | 5.51 | 552 | 553. 5.54 | 555 5.56 | 557 | 558 5.59
28 5.60 | 5.61 | 5.62 | 5.63 | 564 | 565 566 | 5.67 | 568 | 5.69
29 570 | 571 | 552 | 533 574 | 57 576 | 557 | 578 | 599
T30 | "5.80 | .81 5.82 | 5.82| 583 | 5.84| 585 | 586 | 587 '1’*5.88
31 | 589 | 35.90 | 5.91 592 | 5.93 | 5.94 593 | 596 | 597 | 598
32 599 | 600 601 | 601! 602 6.03 604 | 6.05 | 6.06 | 6.07
33 608 | 609 | 610 611 | 612 | 613 613 | 614 | 6.15 | 6.16
34 6.17 | 618 | 619 | 6.20 21 | 6.22 622 | 623 | 62 6.25
35 | 626 27 | 628 | 629 630) 631) 631 632 6.33 | 6.34
36 | 633 | 636 | 637 638 | 639 ] 639 | 640 | 6.41 | 6.42 | 6.43
37 644 | 645 | 6.45 | 646 | 647 | 6.48 649 1 650 | 651 | €.51
38 652 | 653 | 634 | 655 | 656 | 6.57 657 | 658 | 6.59 | 6.60
39 661 | 662 663 | 663 | 664 | 6.65 666 | 6.67 | 668 | 6.68
T40 | 660 | 670 | 671 | 672 | 673 | 675 ""‘éf-z&”[‘?i.?éT'é.fW
a1 | 678 | 679 | 679 | 6.80 | 8.81 682 | 683 | 683 | 681 ]| 6.85
42 686 | 687 | 687 | 688 ] 680 | 6.90 691 | 691 | 692 | 6.93
43 694 | 695 | 696 | 696 | 697 | 698 699 | 7.00 | 7.00 | 7.01
a4 702 | 703 704 ] 7.04| 7.05| 7.06 707 | 708 | 7.08| 7.09
a5 | F10 | 7a1 | 7a2 |"7T1'27'|*7.13’| ATY |' 7.14 |""7.'15’ "'m—fn
46 | 78 | 78| 719 | 7.2 | 7.21| 7.22 | 722 | 723 | 7.24 | 7.25
a7 7.25 26 | 7.27 | 7.28 | 7.20| 7.29 730 | 7.31 | 7.32{ 7.33
48 733 | 7.34| 7.35 ] 7.35 | 7.36 | 7.37 738 | 7.30| 7.39 ] 7.40
49 741 | 741 | 742 | 743 | 744 | 7.45 745 | 7.48 | 7.47 | 7.47
50 | 7.48 ) [ ]
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TABLE 92
Probable errors of the 3 class of the Fp Dihybrid Mendelian ratio
9:3:3:1 for populations of from 16 to 500 calculated by
the formula Ep=0.6744%Vnpg

No. | o0 | 1 2 3] 2| 5| 6 | 7| 8] 9
1 v e .. » S 1.05 1.09 | 112 115

2 118 | 1.21 | 1.24 126 | 120 | 1.32 1.3¢ | 137 | 1.39 | 142
3 144 | 147 | 1.49 | 151 | 154 | 156 158 | 1.60 | 1.62 | 1.64

4 1.67 | 1.69 | 171 | 173 ] 175 | 177 1.79 | 1.81 | 1.82 | 1.84
s | 186} 1.88| 190 | 1.92 | 193 | 195 1.97 1.99 |' 2.01 | 2,02
[ ’| 204 | 206 | 2,07 | 209 | 211 | 212| 214 | 216 | 217 | 219
7 | zz2o| 222 223 | 225 | 227 | 228 230 | 231 | 233 | 234
5 286 | 237 | 2388 | 240 | ol | zan 244 | 246 | 247 | 248
9 | 250 | 251 | 253 | 254 | 255 | 257 258 | 259 | 261 | 2.62
10 "| 2.63 | 2.65 | 266 | 2.67 | 269 | 270 2,71 ]" 272 | 274 | 2.75
1 | 276 297 | 2.9 2,80 2.81 2.82 2.84 2,85 | 2.86 | 2.87
12 283 | 290 | 291 | 292 | 293 | 294 296 | 297 | 2.08 | 299
13 3.00 | 3.01 | 3.02 | 3.4 3.05 | 3.00 307 | 3.08| 3.09 | 3.10
14 342 | 313 \ 314 | 315 | 336 | 347 318 | 3.9 | 3.2 3.21
T3 3.22 ["3.24 | 825 | 3.26 | 327 | 328| 320] 330 331 1332
16 | 3.33 | 334 | 335 | 3.36| 337 | 3.38 339 | 3.40 | 3.41 | 342
17 343 | 344 | 345 | 346 | 347 | 3.48 349 | 350 | 351 | 852
18 353 | 354 | 355 | 3.56 | 3.57 ] 3.58 359 | 3.60 | 3.61 | 3.62
19 363 | 3.64 | 365 | 3.66 | 3.67 | 3.68 369 | 370 | 370 371
20 ”|’73.72 | 873 | 374 | 335 | 876 | 377 | 878 | 399 | 3.0 | 3.81
21 | 882 | 382 | 3.83| 3.84| 385 | 384 3.87 | 3.88 7389 | 3.90
22 | 891 | 391 | 3.92| 3.83 | 394 | 395 | 396 | 3.97 | 3.98| 398
23 | 399 ) 4.00 | 4.01] 4.02| 403 | 4.04 | 404 | 405 | 406 | 4.07
24 | 408 | 409 | 400 | 410 | 431 | 432 | 413 | 414 | 415 | 415
25 4.16’|’7.17' T 4418 |"4.19 | 420 | 420 | 421 422 T 423 ]*71'.’24*
28 425 | 4.25 | 4.26 | 4.27 | 4.28 | 4.29 429 | 4.30 | 4.31 | 4.32
2 433 | 433 | 434 | 435 | 436 | 4.37 437 | 438 | 4.39 | 4.40
28 441 | 4.41 | 442 | 443 | 444 | 4.44 445 | 446 | 4.47 | 448
29 448 | 449! 450 | 451 | 451 | 452 453 | 454 | 453 | 4355
30 | 456 | 457 | 458 | 4.58 | 459 | 460 | 461 | 4.61 | 4.62 | 463
1.6+ 4.64 | 4.65 | 4.66 | 4.67 [ 4.67 4.68 | 4.69 | 470 | 4.70

472 | 472 | 473 | 474 | 455 475 { 476 | 497 | 4.78

R 479 | 4.80 | 4.80 | 4.81 | 4.82 483 | 483 | 484 | 485

X5 4.86 | 4.87 | 4.88 | 4.88 | 4.89 490 | 490 | 491 | 492

3| 493 | 494 | 495 | 495 496 | 497 | 497 | 495 | 4.89
T 5.00 | 5.01 5.02°| 5.0z | 5.03 504 | 5.04 | 5.05 | 5.06

507 | 5.08 | 5.08 | 5.09 | 5.10 511 | 511 512 | 513

514 | 515 | 515 | 516 | 517 517 | 518 | 519 | 5.19

21 | 5.21 | 5.22 | 5.2 5.23 .24 | 5.25 | 5.25 | 5.26
| 527 | 528 | 5.29 | 5.20 | 530 531 531 | 532 533

.33 | 5.34 5.34 | 5.35 5.36 | 5.36 '5.37 538 | 5.3S | 5.39

540 | 541 | 541 | 542 | 543 543 | 5.44 | 545 | 545

5 547 | 547 | 548 | 548 | 549 530 | 550 | 551 | 5.52

| | 553 | 554 554 555 | 555 556 | 557 | 557 | 558
Mr .59 | 559 | 5.60 | 5.60 | 561 | 562 | 5.62| 563| 563 | 5.64
7| 565 | 5.65| 5.66 | 567 | 567 | 568 | 3568 569 | 570 570

] 571 | 572 | 573 | 573 | 574 574 | 575 | 576 | 5.76

597 | 543 | 579 | 579 | 5.80 580 | 5.81 | 5.82 | 5.82

5.83 | 584 | 585 | 5.5 | ©-86 586 | 587 | 588 | 6.8

| sse | L [
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TABLE 93
Probable errors of the 27 class of the Fy; Trihybrid Mendelian ratio
27:9:9:9:3:3:3:1 for populations of from 64 to 500 calculated by
the formula Ep=10.67449Vapq

| (O i 2y 3| 2T s | € 7 & 9
I T O R R T 287 | 269 271 | 273

7 279 | 281 | 2 285 | 287 | 2.89 290 | 292

8 298| 360 | 302 | 304 | 305 3.07 3.09 | 311 |

9 3.16 | 318 | 320 321 | 323 | 325 3.26 | 3.28 |

10 | ’3.33’| "3;35’| 3.37 |'“‘3.’38‘|* 340 | 341 | 1343 | 345 |

11 349 | 351 | 353 | 354 | 3.56 | 3.57 3.59 3.60 |

2 365 | 366 | 3658 | 369 | 371 372 374 | 3.75

13 3.80 | 381 | 383 | 384 | 386 | 3.87 3.88 | 2.90

14 394 | 396 | 397 | 398 | 4.00 ] 4.01 4.03 | 4.04

15 | 4.08 4.09 [ 411 | 432 413 | 415 | 416 | 4a7 [

16| 4.2 4.23 424 | 425 | 4.27 | 428 4.29 | 4.31 |

17 434 | 436 | 437 | 438 | 439 | 4.41 442 | 443 |

18 447 | 448 | 449 | 451 | 452 | 453 4.54 | 456 |

19 459 | 460 | 462 | 463 | 464 | 4.65 4.66 | 4.68 |

20 | L 471 | 472 418 | 475 | 476 |'”4.77 [ 478 | 479 |

21 4.83 484 | 4.85 4.86 4.87 | 4.88 "4.90 4.91

22 4.94 | 495 | 496 | 497 | 499 | 5.00 501 | 5.02

23 [ 505 | 5.08| 507 5.08]| 510 | 512 512 | 5.3

24 | 516 ] 517 | 518 | 519 | 520 s5.21 5.23 | 5.24

3| 527 | 5.23'] .29 |" 530 | 5.31 | .32 5.33 5.34

26 | 537 ] 535 | 5.39 | 5.40 541 | 542 | 543 5.44

27 547 | 548 | 549 | 530 | 551 | 552 553 | 5.54

28 557 | 558 | 559 | 560 | 5.61| 5.62 5.63 | 5.64

29 5.67 | 568 | 569 | 570 | 571 592 573 | 5.74

30 | 557 ) 5.7s'| 579 | 5.80 | 5.81 7 5.82 | 5.83 | 5.84 L

31 587 | 587 | 588 | 589 | 590 | 591 592 | 5.93

2 596 | 597 | 598 | 599 | 6.00 | 6.01 6.02 | 6.02

33 605 | 606 | 6.07| 608 | 6.09 | 6.10 611 | 612

34 8614 | 615 | 616 | 617 | 618 | 6.19 6.20 | 6.21

35 | 623 | 624 6.25| 626 | 627 | 6.28 | 620] 620| 630 631
36 6.32 | 6.33 | 6.34 6.35 | 6.38 | 6.36 6.37 6.38 6.39 6.40
37 6.41 642 | 643 | 643 | 644 | 645 6.46 | 647 | 648 | 6.49

38 '| 649 | 6350 | 651 | 652 | 653 | 654| 655 | 655 | 656 | 657
39 | 658 | 659 | 660 | 660 | 661| 862| 6.63] 664 6.65 | 6.65
40 | 666 | 667 | 6.68| 669 | 670 | 670 | 671 | 672 | 673 | 6.74
T4t 6.75 6.73 | 6.76 6.77 6.78 6.79 8.79 6.80 6.81 6.82
42z 683 | 683 | 681 | 685 | 6.86 | 6.87 687 | 6.88 | 6.89 | 6.90
43 6.91 6.91 692 | 693 | 694 | 69> 696 | 698 | 697 | 6.98
44 6.99 | 7.00 | 7.00| 7.01| 7.02| 7.03 704 | 7.04| 705! 7.06
S 45 | 7.07 | 7.08 | 7.08| 7.09 | 7.10 | 711 711 712 | 713 | 7.4
46 | 74| 7TA5 | 706 | 7a7 | 718 | 7.8 719 | 7.20 21 | 7.22
a7 7221 7.23 | 7.24 | 7.25 | 7.25 | 7.26 7.27 | 7.28 | 7.29 | 7.29
48 7.30 | 7.31 7.31 | 732 7.33 )] 7.34 735 | 7.35 | 7.36 | 7.37
49 7.37 | 7.38 | 739 740 | 741 | 7.41 742 | 743 | 743 | 744
50 | 745 | o

0

[
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TABLE 94
Probable errors of the 9 class of the F, Trihybrid Mendelian ratlo
27:9:9:9:3:3:3:1 for populations of from 64 to 500 calculated by
the formula E3p=0.67449Vnpg

No. ] O | T | 2 3 | % | 5 ] €] 7] 8] 9o
B S O R o188 | 189 | 11| 192 | 1.93 | 1.95
7 1.96 | 198 | 199 | 200 | 2.02]| 203 2.04 | 206 ] 207 | 208
S 210 | 231 | 212 214 | 215 | 216 218 | 219 | 220 | 221
9 2.2: 224 | 225 | 226 | 227 | 229 230 | 231 | 232 | 233
"0 ) 235 I 236 | 237 | 238 239 | 240 241 243 2.44 | 2453
117 | 246 | 247 | 248 | 249 | 250 ] 252 | 252 | 254 | 255 | 256
2 257 | 258 ) 259 260 | 261 262 263 | 264 | 265 2.66
13 267 | 2.68 | 269 270 | 271 | 272 273 | 275 276 277
14 277 278 | 279 | 280 | 281 | 282 283 | 284 | 2.85 | 2.88
T15 | 287 | 288 | 289 | 290 | 291 | 292 293 | 294 | 295 296
16 | 297 2,98 2,99 2.99 3.00 | 3.01 | 302 | 3.03| 3.0¢4 3.05
17 306 | 3.07 | 308 | 3.08| 3.09 | 310 311 | 312} 313 | 3.14
18 315 | 316 | 316 | 317 | 3.8 | 319 320 | 321 32 22
19 3.2 24 | 3.25 .26 .27 .27 328 | 320! 230 | 3.31
20 | 332 333 | 383 | 234 335 3.36 3.37 | 3.37 | 3.38| 3.39
21 7| 340 ] 341 | 3.41 | 3.42 | 343 | 3.44 ‘345 | 345 | 346 | 3.47
22 348 | 349 | 349 | 350 | 351 | 3.32 353 | 353 | 354 3355
23 356 | 256 | 357 | 338 | 359 | 3.59 360 | 3.61| 3.62| 3.63
24 363 | 3.64| 365 3.66 | 3.66 | 3.67 368 | 3.69 | 3.69 | 370

[ 871 842 372 | 873 | 374 | 374 | 355 | 376 | 397 | 3.7
| 378 | 379 | 380 | 3.80 ] 3.81 ] 3.82| 382 | 383 | 8.84] 385
27 | 385| 386 | 387 387 | 388 | 389 390 | 3.90 | 391 | 3.92
I
l
I

28 392 | 393 | 394 | 395 395 | 3.96 397 | 397 | 398 | 399
29 3.99 | 4.00 | 4.01 | 401 | 4.02 | 4.03 403 | 404 ] 463 | 4.05
30| 406 | 407 | 4.08 | 4.08 | (469 | 4io | ’4?16’f4;iiT'4.12“[*Z.T?;“

1 433 414 | 414 ] 415 | 416 | 4.16 417 | 417 | 418 | 419
32 420 | 420 | 421! 421 | 422! 4.23 4.23 24 | 4.25 | 4.2
33 4.2 427 | 4.27 | 428 | 4.29 | 4.29 430 | 431 | 431 | 432
34 432 | 433 ] 434 | 434 | 435! 4.36 436 | 4.37 | 437 | 4.38
33 | 439 |' 439 | 440 | 441 | 441 | 442 | 4.42 | 443 | 444 | 444
88 | 445 | 446 | 446 | 447 | 447 | 448 449 | 449 | 430 | 450
37 451 | 452 | 452 | 453 | 454 | 454 455 | 455 | 456 | 4.57
38 457 | 458 | 458 | 459 | 4.60 | 4.60 461 | 461 | 462 463
39 463 | 464 | 464 | 465 | 465 | 4.66 467 | 467 | 468 | 468
40 | 469 | 470 | 4450 | 471 | 470 472 | 473 | 4737 474|474
a1 475 | 475 | 4.76 | 457 477 | 478 | 478 | 479 | 479 | 4.80
42 4.81 | 481 | 482 | 482 | 483 | 4.83 484 | 485! 485 | 4.86
43 486 | 487 ] 487 | 488 | 489 | 4.89 490 | 490 | 491 | 491
44 402 | 492 | 493 | 494 | 494 | 495 495 | 496 | 4.96 | 4.97
"45"['”4.97 | 498 | 499 | 499 | 500 | 5.00 | s.01 | 501 |" 5.02 | 5.02
46 | 5.03 | B.04 ] 504 505 ] 505 506 | 508 | 507 | 5.07 | 508
a7 508 | 509 509 | 510 | 511 | 511 512 | 512 ] 5.13 | 513
18 514 | 534 | 515 | 515 | 516 | 5.16 517 | 518 | 518 | 5.19
49 519 | 5.20| 520 521 52

1| s522| s522| 5238| 523 5.24
50 | s24 | e e e
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TABLE 95
Probable errors of the 3 class of the F, Trihybrid Mendelian ratio
37:9:9:9:3:3:3:1 for populations of from 64 to 500 calculated by
the formula 1I8p =0.67449Vnapq

No.r|0[1!2|3|4|5|6[7[8|9
1

6 [ ] | 14| 115 | 116 | 117 118 | 118
7 119 | 120 | 1.21 1 22 | 123 1.24 1.24 | 125 | 1.26 | 127
8 1,28 | 1.28 | 1.29 | 130 | 1.31 | 1.32 1.32 | 1.33 | 1.3¢4 | 135
9 135 | 1.36 | 137 | 1.38 | 138 | 139 140 | 140 | 141 | 142
10 |‘1T43”|’ 143 | 1.44 | 145 ‘ 1;’45’|*’1.43" T 147 147 | 148 " 1.49
*if’l"‘l.’so | 150 151 | 152 | 152 | 153 | 154 | 1.54 [ 155 156
12 ] 156 | L57 | 138 | ..s | 159 | 159 1.60 | 1.61 | 1.61 1.62
13 1.63 | 1.63 1.64 | 1.64 | 165 | 1.66 1.66 | 1.67 | 1.68 | 1.68
I \ |
i4 | 1.69 | 169 | 170 | 171 | 171 | 152 172 | 193 | 173 | 1.74
13 | 1 75’(’1 [f\"lm | 1568 | 177 | 198 | 198 1.79 | 179 | 180
16 | 1.S0 | 181 ] 1.81] 1.82 | 1 §:T|‘ 183 | 1.84 | 184 | 1.85 | 1.83
17 1.8¢ 1.8 | 1.87 1.88 | 1.88 | 1.8y 1.80 | 190 | 190 | 191
18 1.91 192 | 1.92 | 193 | 1.93 | 1.94 195 | 1.95 1.96 | 1.96
19 1.97 | 1.97 | 198 | 1.98 | 1.99 | 1.99 2.00 | 2.00 | 2.01 | 2.01
”Eovlf-fo'o | ’2.02"1*2'2'05 | 203 | 2.’04”’|*'2L04" X | T2.08 | 2.06 | 208
T2y | =207 | 207 | 2.08 |’ 2,08 | 2.09 | 209 | 210 | 2307 21| 211
22 | 212 | 242 | 212 | 213 | 213 | 214 214 | 215 | 215 | 2.16
23 216 | 217 | 217 | 218 ’ 218 | 219 2,19 | 220 | 2.2 2.20
2 o > o o 0 D 0o 2.2 o O 2.2 2 by o
24 2.21 221 | 222 | 222 | 223 | 223 24 24 | 225 | 225
25 | 225 | 226 | 226 | 227 | 227 | 228 28| 229 | 229 | 230
26 |‘”'2?30’] 230 | 2.31 4'2.31"| 2.32 | T2327| 233 1 233 | 233 234
27 | =234 | 235 | 235 | 286 236 | 236 2,37 7 2.37 | 238 | 238
28 | 239 | 239 | 23D | 240 | 240 | 241 241 | 242 | 242 | 242
20 | 243 | 243 | 244 | 244 | 244 | 245 245 | 246 | 246 | 2.47
30 | 247 | 247 | 248 248 | 249 | 249 249 | 250 | 250 | 251
31 | 251 | 252 | 252 252 33 | 253 | 253 | 254 | 254 255
32 ] 255 | 255 | 256 | 256 | 257 | 257 257 | 258 | 258 | 2.59
33 259 | 259 | 260 | 260 | 261 2.61 261 | 262 | 262| 263
|
34 | 263 | 263 | 264 | 264 | 264] 2,65 2.65 | 2.66 | 2.66 | 2.66
T35 r 2.67 | T267| 208 | 268 2.68 2.69 27;9’]’”2}9"1‘“ 2.70 | 2,70
367| 271 241 | 2917} 292 272 | 272 273 ) 273 | 274 | 274
37 | 274 | 275 | 275 | 275 | 276 | 276 277 | 277 | 277 | 258
38 | 278 | 258 | 279 | 279 | 279 | 2.80 280 | 281 | 281 | 281
39 | 282 | 282 | 282 | 283! 283 | 283 284 | 284 | 284 | 285
T4a0 | 285 ] T 2,86 | 286 | 286 | 287 "’2.87”| 287 288 | 288 | 2.88
41 | 2.89 | 289 | 2.89 |"° 90 |”2’.96 |*2.96‘|’ 29091 | 201 [ ro1| 292
4z | 292 | 203 | 293 | 2903 | 294 294 294 | 2905 | 295 | 295
43 | 296 | 296 | 2.96 \ 297 | 297 | 297 298 | 298 | 298 | 2.99
44 | 299 | 299 | 8.00 | 3.00 | 3.00| 3.01 3.01 | 3.01 3.02 | 3.02
S45 [ 3.02 | 3.03 | 3.03 | 3.04 | 304"| '3.04 3§05";” 3.05 ( T3.05 [ 805
46 3.06 | 3.06 | 3.06 3.07 3.07 3.07 '3.08° | 3.08 | 3.08 | 3.09
47 3.09 | 3.09 | 810 | 310 3.0 | 311 3.11 3.11 312 | 312
48 312 | 38| 318 | 313 ] 3.4 | 314 314 | 313 | 315 | 315
49 | 316 | 316 | 3.6 | 317 | 217 | 3a7 318 | 38| 318 | 39

N
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Description of Colored Plates

Plate 1. 1, 2, 3. Parents and F, of Turkey Red X Harvest
King wheat crosses. 1. Typical Turkey Red head. 2. Type of F,
heads. Notice the tip beards and red color. 3. Type of Harvest
King head.

4,5, 6. Parents and F, of Harvest King X Fultz Mediterranean
wheat crosses. ‘The Fultz Mediterranean is velvet chaffed. 4.
Typical Harvest King head. 5. F, head. Notice the red color and
the velvet chaff. 6. Typical Fultz Mediterranean head of the vel-
vet chaff type.

7.8 9. Parents and F, of the Black Winter Emmer X Fultz
Mediterranean wheat crosses. 7. Typical Black Winter Emmer
head. 8. F, head. Notice that aside from the beards the Emmer
characters are predominant. 9. Typical Fultz Mediterranean head
of the smooth chaff type.

Plate 2. Types of F, heads secured from crosses of Harvest
King X Turkey Red wheat. 1. Beardless white chaff head of the
Turkey type as regards shape. 2. Same of the Harvest King type
of shape. 3. A white, bearded, typical Turkey head. 4. A white,
bearded head of Harvest King shape.

Plate 3. Tyvpes of F, heads secured from crosses of Harvest
King X Turkey Red wheat. 1. A red beardless head showing
Turkey shape. 2. A typical Harvest King head. 3. A typical
Turkey Red head but with red chaff. 4. A tvpical Harvest King
head but with beards. The tvpical variety shapes are inherited but
do not follow any simple law of inheritance.

Plate 4. Types of F, heads secured in the progeny of Harvest
King X Fultz Mediterranean (velvet chaff) wheat crosses. 1. A
red and velvet chaff head of the Harvest King shape. 2. The same
but of Fultz Mediterranean shape. 3. A typical Harvest King
head. 4. A red and smooth chaff head of Fultz Mediterranean
shape. 5. A white and velvet chaff head of the Harvest King tvpe.
6. The same but of Fultz Mediterranean shape. 7. A smooth, white
chaff head of Harvest King shape. 8. The same but of Fultz Med-
iterranean shape.

Plate 5. Types of heads secured in the F, progeny of Black
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Winter Emmer X Fultz Mediterranean wheat crosses. Notice the
diversity of characters.

Plate 6. Types of heads secured in the F, progeny of Black
Winter Emmer X Fultz Mediterranean wheat crosses. Crosses be-
tween such radically different wheats give rise to a multitude of
forms most of which are self-limited thru infertility or by their in-

ability to compete with the more stable forms in the struggle for
existence.

Plate 7. 1, 2, 3. Parents and F, of Black Hulled X Beardless
barley crosses. 1. T'ypical Black Hulled barley head. 2. Type of
F, heads. Hoods, 2-row, and black color are dominant characters.
This is a trihybrid cross. 3. Typical Beardless barley head.

4,5 6. Parents and F, of California X Black Hulled barley
crosses. 4. Typical California head. 5. F, head. The 2-row and
black hull characters are dominant. This is an example of a dihy-
brid cross. 6. A typical Black Hulled barley head.

Plate 8. Heads of F, plants secured from California X Black
Hulled barley crosses. 1. 2-row, black hulled head. 2. 6-row,
black hulled head. 3. 2-row, white hulled head. 4. 6-row, white
hulled head.

Plate 9. Heads of F, plants secured from Black Hulled X
Beardless barley crosses. Fight visibly different sorts occurred,
each one of which was fixed by selecting a large number of 17,
plants and planting the grain from each plant separately. 1. Z-row,
black, hooded. 2. 6-row, black, hooded. 3. 2-row, black. bearded.
4. 2-row, white, hooded. 5. 6-row, black, bearded. 6. 6-row,
white, hooded. 7. 2-row, white, bearded. 8. 6-row., white,
bearded.
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Fig. i.—Diagram showing inheritance of factors for red chaff according to
the factorial hypothesis. IEach parent contains two R factors. Reduction takc=~
place during maturation so that each gamete contains one R factor. Th:
original number, or two. is restored in fertilization but each parent has «<ci-
tributed one R.
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Fig. 2—Diagram showing inheritance of factors when a wheat with red
chaff is crossed with another having white chaff. Each parent contributes
one factor to the IN, plants and thus, the R combination ariscs, The 1W, 17,
blangs then give rise to two sorts of gamcies, one part containing only an I’
fetor and the other only a W factor. Since the R and W gamdtes are supposcd
Lo »xist in about equal numbers, there are four cqually possible combinations
:!t‘idt may occur vhen I plants cithey are L elted or are cro-:red with one an-
other,
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