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STUDIES ON THE INHERITANCE OF, AND THE RELATION 

BETWEEN CERTAIN PHYSIOLOGIC AND MORPHOLOGIC 

CHARACTERS IN SEVERAL WHEAT CROSSES 

J.H. Torrie 

INTRODUCTION 

Drought is one of the major limiting factors of 

successful wheat production in western Canada. Every year some 

part of the prairie provinces suffers more or less from drought. 

Frequently large areas are very severely damaged, as was the 

case in the years 1930 to 1935. This shows the necessity of 

producing new wheat varieties more resistant to drought than 

the ones grown at present. Outside of the U.S.S.R. breeding 

for drought resistance has received little attention until 

recent years. 

With this problem in view, crosses were made between 

several of the more drought resistant Russian varieties of 

spring wheat and the higher quality Canadian wheats. Although 

the principal object of this breeding program was to obtain 

varieties of spring wheat superior in drought resistance to 

those grown at present, the importance of other characters 

was not overlooked. Quality, as measured by texture of 

kernel and crude-protein content, was studied as well as 
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certain other important characters namely; earliness, strength of 

straw, yield and height. Such a study necessitated different 

environments which would act as differentials for the characters 

studied. Resistance to drought was studied at Brooks, in the dry 

area of Alberta. Quality was studied at Fallis, in the grey 

wooded soil area. The studies of earliness, strength of straw, 

yield and height were undertaken at Edmonton, in the black soil 

area. A description of these three soil types is given by 

Wyatt (70,71). 

In conjunction with the above, studies were made on the 

inheritance of; glume color and pubescence, awning, spike 

regularity, straw color and seed color. In each case the characters 

were studied in relation to each other to see if any association 

existed. 
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PARENTAL MATERIAL 

Crosses were made between the high quality varieties 

of Reward and Marquis and 1-28-60 (Marquillo x Marquis- Kanred) 

a hybrid selection and two drought resistant Russian varieties 

of Caesium .0111 and Milturum .0521. All varieties belong to 

Triticum vulgare. 

Reward C.A.N. 1509 (N.S.N. 1-25-21) is a hard red 
a 

spring wheat originating from/Marquis x Prelude cross at the 

Central Experimental Farm, 0ttawa('S48). It was distributed for 

commercial growing in 1927. Reward is awnletted, has white 

pubescent glumes, irregular spikes and white, short, strong 

straw. It is early, fair in yield, non-drought resistant and 

possesses exceptionally good baking quality. 

Marquis C.A.N. 1621 (N.S.N. 1-0-9) originated at the 

Central Experimental Farm, Ottawa as a selection from a hybrid 

of Hard Red Calcutta x Red Fife (48). Marquis is awnletted, 

has white glabrous glumes, regular spikes, and white short to 

mid-tall, strong straw. It is mid-season in maturity, a good 

yielder, non-drought resistant and is the standard for baking 

quality. 

Hybrid 1-28-60 (Marquillo x Marquis-Kanred) was introducec 

from the University of Minnesota in 1928 and selected at the 

University of Alberta. 1-28-60 is awnletted, has white 

glabrous glumes, regular spikes, and white short, strong straw. 

It is several days earlier than Marquis, a higher yielder, 

non-drought resistant and has good baking quality. 
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Caesium .0111 C.A.N. 1256 (N.S.N. 1-28-20) was 

obtained from Dr. Talanov of the West Siberian Experimental 

Station in 1928 (64). Caesium is fully awned, has brown 

glabrous glumes, irregular spikes and purple tall, weak straw. 

It is late in maturity, a high yielder, drought resistant and 

possesses fair baking quality. 

Milturum .0521 C.A.N. 1415 (H^S.N. 1-28-14) was 

obtained from Dr. Talanov of the WestSiberian Experimental 

Station in 1928 (64). Milturum is av/nletted, has brown, glabrous 

glumes, regular spikes and white, tall, weak straw. It is late 

in maturity, a high yielder and drought resistant, but is poor in 

baking quality. 

GENERAL METHODS. 

The wheat crosses studied in this investigation were 

1-28-60 x Milturum, Reward x Caesium and Caesium x Marquis 

with its reciprocal. The crosses were made at Edmonton in 

1929 and the F^ plant® grown in the field in 1950. There we-s 

no indications of sterility in any of the crosses. 

The material was grown in five-foot rows, one foot 

apart, with twenty-five seed per row, both at Edmonton in 

1951 and 1952 and at Fallis and Brooks in 1932 and 1955. In 

1955, at Edmonton, 10— foot rows, one foot apart, fifty seeds 

per row, were used. In all cases the parents were grown every 

thirty or fifty rows, or oftener, depnding on the characters 
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studied, in all cases the Fg plants were harvested individually. 

The Fg lines of 1-28-60 x Milturum, grown at Edmonton and Brooks 

were harvested on the individual plant basis, while at Fallis 

the plants in each Fs row were bulked. All the plants of the 

Fs of Reward x Caesium were harvested individually, however, 

with the reciprocal crosses of Caesium x Marquis, only a 

few of the Fg populations were harvested in full for detailed 

study. The material grown at Fallis in 1933 was handled as in 

the previous year. Unfortunately the material grown at Brooks 

in 1955 was hailed out. 

The Fp of 1-28-60 x Milturum were grown in the 

Genetic Nursery at Edmonton in 1951. The Fg of Reward x Caesium 

and the reciprocal crosses of Caesium x Marquis were grown in 

1952 at Edmonton. 

The F^ of 1-28-60 x Milturum were replicated at 

Edmonton, Fallis and Brooks in 1932, while the Fg of Reward x 

Caesium and the reciprocal crosses of Caesium x Marquis were sown 

at all three stations in 1933. 

The F^ selections of 1-28-60 x Milturum were replicated 

at Edmonton, Fallis and Brooks in 1933. 

The data obtained, from the classification of the 

material for the -fcariuus characters for each Fg population, 

originating from a different F^ plant, were recorded separately 

and combined only when it was ascertained that there was no 

difference between the different populations. No significant 

differences, for any of the characters studied, were found in t 

the reciprocal crosses of Caesium x Marquis. In measuring 
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variability, the standard deviation was used in the place of 

the coefficient of variability. It was found, that when a 

large difference existed in the mean of the parents, for a 

character like plant height, a small deviation from the mean 

in the shorter parent would give as great orfgreater 

coefficient of variability, than a larger deviation in the 

taller parent. Since it was considered desirable, in this 

investigation to express the variability in terms of the 

unit of measurement used for each character, the standard 

deviation was employed. 

INHERITANCE OF CHARACTERS. 

Glume Color 

Literature review. 

In the common wheats (Triticum vulgare), glume color 

has been classified as brown, red, yellow and white. However 

two classes are generally used, brown which includes various 

shades of brown and red; and white including the various shades 

of white and yellow. 
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Biffen (2), in 1905, found glum© color to be governed 

by one factor pair. Brown glume was shown to be dominant over 

white glume. Howard and Howard (36) with a series of crosses 

between brown and white glumed wheats, report the F-^ to be 

intermediate and by the Fg results showed a one factor 

differential. Clark, Quisenberry and powers (14) with Hope x 

Hard Federation crosses state that glume color is inherited by? 

one-factor pair. Brown glume was shown to be dominant over 

white glume, however considerable variation was found to exist in 

the intensity of the brown color. The single factor hypothesis 

governing glume color in wheat has been reported also by the 

following workers (8, 9, 12, 19, 28, 38, 53, 54, 58, 60, 62). 

Nilsson--lhle (45) obtained a 15:1 ratio in crosses 

between white-chaffed and red-chaffed (brown) Swedish "landwheets". 

He explained his results by assuming that brown chaff color was 

controlled by two different factors, not necessarily of the same 

intensity and capable of cumulative effect, thus producing 

several shades of brown. Love and Craig (40) crossed a brown vulgar© 

wheat with a yellow durum wheat and obtained in the F0 a ratio of 

15 brown to 1 yellow. Malinowski (41) in a brown spelta x brown 

vulgare crosses and Meyer (41) brown vulgar© x a white compactum 
color 

crosses both explain gSiume / on a two factor pair basis. 
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Methods and experimental results. 

In this investigation the inheritance of glume color 

was studied in the Fg and F^ generations of the crosses between 

1-28-60 x Milturum, Reward x Caesium and reciprocal crosses 

of Caesium x Marquis. Various shades of brown were noticed in 

the glume color of the hybrids, However, the plants were 

classified into two classes only, brown and white, as 

environment was believed to play a considerable part in the 

pigmentation of the glume. 

In the 1-28-60 x Milturum crosses, it was found that 

eight of the Fg populations had a one factor difference, while 

seven had a two factor difference for glume color. These 

findings were substantiated by the F~ data. Thus Milturum must 
o 

possess two different geno"^types for brown glume color. The 

data in tables 1 to 5 give the ratios and goodness of fits 

obtained for this character. 

TABLE 1. 

The breeding behavior of 1-28-60 x Milturum F^ lines 
Color Of 

for glume and test goodness of fit to a theoretical 

1:2:1 ratio 

CLASS 0 C 0-C (C-c)2 (0-C)s 
c 

Brown 40 4215 2.5 6.25 e.15 

Segregating 88 85 510 9.00 0.11 

White 42 42.5 0.5 0.25 ID. 01 

0.27 
P =70*065 

170 170.0 
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TABLE 2. 

The breeding behavior of 1-28-60 x Milturum, segregating 

Fr- lines for glume color and comparison with 

theoretical 3:1 ratio. 

Class 0 c Dev. P.E. Dev/P.I. Odds. 

Brown 1269 1283.25 14. 25 12.04 1.18 1.35:1 

White 442 427.75 

The data in tables 1 and 2 show very good fits for 
one- 

a factor 

difference. 

TABLE 3. 

The breeding behavior of 1-28-60 x Milturum, lines for glume 

color and test of goodness of fit to a theoretical 7:4:4:1 ratio 

<3 lass 0 c fo-c (o-c)2 (e-o)2 
C 

Brown 86 73.08 12.92 166.93 2.28 

Seg. 15:1 26 41.76 15.76 248.38 5.95 

Seg. 3:1 43 41.76 1.24 1.54 e.04 

White 12 10.44 1.56 2.43 0.23 

X2 = 8.50 

P = 0.0576 
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The P value of .0376 indicates a poor fit to the 

theoretical 7:4:4:1 ratio. The reason for this is that there 

are too many apparently homozygous brown glume lines and too 

few lines segregating in a 15:1 ratio. This maybe accounted for 

because only 20 to 25 plants were grown in each Fs row; had 

larger numbers been planted some of the brown lines would in all 

probability have showed a 15:1 segregation. 

TABLE 4. 

The breeding behavior of 1-28-60 x Milturum segregating F* 
glume 

lines for/color and comparison with a theoretical 15:1 ratio. 

Class 0 c Dev. P.E. Dev/P.E. Odds 

ftrown 660 665* 62 5.62 4.35 1.3 1.6:1 

White 50 44.38 

TABLE 5. 

The breeding behavior of 1-28-60 x MiltuUum segregating F^ 

lines for glume color and comparison with a theoretical 3:1 ratio 

Qlass o c Dev. P.E. D/p.E. Odds 

Brown 936 945.75 975 10.34 .94 <1 

White 325 315.25 
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The data in tables 4 and 5 show that the segregating lines 

of these Fg populations having a two factor differential for 

ohalf color, in the F^ give a very good fit for a one and two 

factor hyppthesis respectively. 

The brown glume of Caesium was found depended 

upon two-factor pairs, upon analyzing the Fg and F^ data the 

Reward x Caesium crosses and the reciprocal crosses of Caesium 

.0111 x Marquis. 

TABLE 6. 

The breeding behavior of Reward x Caesium Fg lines for glume 

color and test of goodness of fit to a theoretical 7:4:4:1 ratio. 

CLASS o c o-c (o-c)2 (o-cj.2 
c 

Brown 53 57.3 4.3 18.49 0.32 

Seg. 15:1 27 32.75 5.75 33.06 1.01 

Seg. 3:1 38 32.75 5.25 27.56 0.84 

White 13 8.2 4.8 23.04 2.81 

* 4.98 

P = 0.1735 

The data in table 6 show a fair fit to the 

theoretical 7:4:4:1 ratio 
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TABLE 7. 

Breeding behavior of Reward x Caesium segregating Fs lines for 

glume c&lor and comparison with a theoretical 15:1 ratio. 

class o c Dev. P.E. D/P.E. Odds 

BroMi 988 992.8 4.8 53 0.91 <1 

White 71 66.2 

The data in table 7 indicate a very good fit to the theoretical 

15:1 ratio. 

TABLE 8 • 

The breeding behavior • of Reward x Caesium segregating 

F„ lines 
o 

for glume color and comparison with a theoretical 

3:1 ratio. 

class <b c Dev. P.E. D/P.E. Odds 

Brown 1213 1209 4 11.73 0.34 a 

White 399 403 

The data in table 8 indicate a very good close fit to the 

theoretical 3:1 ratio. 
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TABLE 9. 

The breeding behavior of reciprocal crosses of Caesium x 

Marquis lines for glume color and test of goodness of fit 

to a theoretical 7:4:4:1 ratio. 

class (D 0 o~c (a»-o )2 (o-o)2 
c 

Brown 116 120.3 4.33 18.75 0.16 

Seg. 15:1 68 68.76 .76 0.58 a.08 

Seg• 3:1 66 68.76 2.76 7.62 0.11 

White 25 17.19 7.81 61.00 3.55 

X2 = 3.90 

P = .2245 

The date in table 9 show a faitly good fit to: the theoretical 

7:4:4:1 ratio. 

TABLE 10 

The breeding behavior of reciprocal crosses of Caesium x Marquis 

segregating F_ lines for glume color and comparison with a 
3 

theoretical 15:1 ratio. 

class o c Dev. P.E. D/P.E. Odds 

Brown 2471 2504.ffl6 

White 200 166.94 33.06 8.44 3.91 116:1 

The data in table 10 do not give a good fit to the 

theoretical ratio. No explanation save that of chance can be 

offered for the occurrance of more white glume plants than 
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was expected. 

TABLE 11 

The breeding behavior of reciprocal crosses of Caesium x 

Marquis segregating F3 lines for glume eMor and comparison 

with a theoretical 5:1 ratio. 

class 0 c Dev. P.E. D/P.E. Odds 

Brown 2075 

White 655 682.5 27.5 15.29 1.80 5.5:1 

The data in table 11 give a good fit to the theoretical 5:1 

ratio. The data in tables 1 to 11 show that brown glume color 

is dominant over white. Caesium is shown to possess two-factor 

pairs for glume color, while Milturum is indicated as being 

heterogeneous for this character, certain plants having one- 

while others two-factor pairs for the expression of brown 

glumes. The mode of inheritance of this 'character is in 

agreement with the results of other workers. 
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Glume Pubescence 

Literature review. 

Biffen (2) reported pubescent glume to be dominant 

to glabrous blume by one-factor pair. Kezer and Boyack (38), 

Love and Craig (40), Engledow and Hutchinson (16) and Meyer (41) 

substantiate the single factor hypothesis for pubescent glumes. 

Neatby and Goulden (43) in crosses between H-44-24 x Reward 

found a poor fit for a single factor difference, owing to the 

occurrance of too many glabrous lines in the F^. Howard and 

Howard (36) obtained a 15 pubescent to 1 glabrous ratio in the 

Fg# From the Fs behavior they concluded that two separate 

genes were responsible, ”L" for long silky hairs and "S" for 

short hairs. 

Experimental results. 

In this investigation a 1-factor difference was obtained 

in the cross between leward x Caesium for pubescence of glume. 

TABLE 12. 

The breeding behavior of Reward x Caesium Fs lines 

for chaff pubescence and test of goodness of fit to a 

theoretical 1:2:1 ratio. 

class 0 c o-c (0 - c)2 (0 - c)2 
c 

pubescent 30 32.5 2.5 6.25 0.19 

Segregating 64 65. 1.0 1.00 0.02 

Glabrous 36 32.5 3.5 12.25 0.38 

P L ^0.6065 ^ = 0.59 
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The data in table 12 indicate an excellent fit 

to the theoretical 1:2:1 ratio. 

TABLE 13. 

The breeding behavior of Reward x Kaesium segregating 

F_ lines for chaff pubescenceand comparison with a theoretical 
3 

3:1 ratio. 

class 0 c Dev. P.E. D/P.E. Odds 

Pubescent 1808 1917.7 109.7 14.77 7.4 V.G. 

Glabrous 349 639.3 

The data in table 13 show a poor fit to the 

theoretical 3:1 ratio. Two many glabrous plants were found 

in proportion to the pubescent plants. There was a considerable 

variation in the degree of pubescence, and in a number of eases 

it was difficult to distinguish between slightly pubescent 

and glabrous plants. It is also thought that the pubescence of 

a number of the slightly pubescent plants may have been 

brushed off during handling)thus making them appear glabrous. 

The same difficulty was found in classifying the Fg , however 

when the Fg data were corrected on the F^ behavior a good git 

resulted. In spite of the poor fit obtained in the segregating 

lines of the F^ generation, it appears that in the Reward x 

Caesium crosses pubescent glume is partially dominant over 

glabrous glume by one factor paii. 
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The single factor hypothesis for glume pubescence is 

in agreement with the results of other workers. Heatby and 

Goulden (45) in crosses between H-44-24 x Reward obtained in the 

an excess of glabrous lines; a similar excess of 

glabrous plants was found in the segregating F3 lines of Reward x 

Caesium. 

Awning 

Literature review. 

The literature compiled on the inheritance of awns 

is very extensive. Considerable difference of opinion exists 
the mode of 

as to methods of classification and/inheritance of awns. The 

crosses in this study were between awnletted and fully awned 

wheats. Accordingly only the literature dealing with the 

crosses between similar awn types is reviewed to any extent. 

Saunders (47) states that in crosses between awned 

and awnless wheats the F^ is usually intermediate, which 

indicates incomplete dominance of awnless condition. Howard 

and Howard (56,57) crossed beardless and fully bearded wheats 

obtaining a two-factor differential. They also crossed two 

awnletted wheats from which they obtained the entire range of 

awns. Clark (9) in reciprocal crosses between &ota and Hard 

Federation suggest two main dominant factors with minor 

modifying factors governing awn expression. The fully awned 

condition was recessive. 
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Howard and Howard (36, 37) found a one-factor 

difference in crosses between awnletted and awned wheats. 

Harrington (28), in crosses between Hard Red Calcutta (bearded) 

and Taylor1s Wonder (tip-awned) obtained a ratio of 3 tip-awns 

to 1 awned. The one-factor hypothesis with the awnletted 

condition dominant was substantiated by Clark and Quisenberry 

(13) in crosses between Marquis and Kota; Goulden, Neatby and 

Welsh (27) with Marquis x H-44-24 crosses; Goulden and Neatby 

(43) with Reward x H-44-24 crosses and the following other 

investigators (24, 38, 46, 55, 54, 56, 57, 60, 61, 63). Kilduff 

(39) found a very poor fit for a 1-factor hypothesis in a Kota 

(awned) x Garnet (awnletted) cross.having obtained too many true 

breeding fully awned lines. He suggests that more than 1- factor 

is operating in this cross. Clark and Quisenberry (13) in a cross 

between Sonora (weakly awnletted) x Reliance (fully awned) reports 

in the F,_ too few awnletted lines and too many segregating lines. 
5 

The segregating lines showed a great excess of awned plants which 

may be due to a dominant factor pair for the awned condition. 

Experimental results. 

The inheritance of awns was studied in reciprocal 

crosses of Caesium x Marquis and crosses of Reward x Caesium, 
the 

In/'tu»o crosses the F-^ plants were intermediate, however they rep¬ 

resented the awnletted parents “’closely than the awned parent. The 

F and F„ were studied in detail in both crosses. The data 
d o 

obtained show that the awnletted condition is partially dominant 

and is governed by one main factor pair. The awnletted plants 

showed a considerable range in the degree of awn expression in both 

the Fgand the Fg . In figure 1 is shown the two awn classes 

with intermediate types. 
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FIGURE 1. 

Awn classes with intermediate types 
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TABLE 14. 

The breeding behavior of Caesium x Marquis F lines for awning 
S 

and test of goodness of fit to a theoretical 1:2:1 ratio. 

class o c &-c (o - c)2 (& - c)2 

• 
c 

Awned 52 52.75 0.75 0.56 0.02 

Segregating 70 64.50 5.50 30.25 0.47 

Awnletted 29 52.75 5.75 14.2)6 0.45 

P =>0.6065 

The data in table 14 show an excellent fit to the 

theoretical 1:2:1 ratio. 

TABLE 15. 

The breeding behavior of Caesium x Marquis segregating Fg lines 

for awning and comparison with a theoretical 5:1 ratio. 

class o c Div. P.E. d/p.e. Odds 

awnletted 

Awned 

21 29 

7 57 . 

2164.5 

721.5 

55.3 15.67 2.27 6.96 

The data in table 15 show a good fit to the 

- theoretical ratio of 5:1. 
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TABLE 16. 

The breeding behavior of Reward x Caesium F lines for awning 
3 

and test of goodness of fit to a theoretical 1:2:1 ratio. 

class o c o - c ( \Z (o - c) o
 

O 
I o
 ro

 

Awned 86 74 12 144 1.95 

Segregating 131 148 17 289 1.95 

Awnletted 79 74 5 25 0.34 

P = 0.2399. 

The data in table 16 show a fair fit to the 

theoretical 1:2:1 ratio. 

TABLE 17. 

The breeding behavior of Reward x Caesium segregating lines 

for awning and comparison with a theoretical 3:1 ratio. 

class o c Dev. P.E. D/P.E. Odds 

Awnletted 3782 3996 

Awned 1546 1332 214 21.36 10.02 V.G. 

The data in table 17 give a poor fit to the 

theoretical 3:1 ratio. The proportion of awnletted to awned 

plants is too low. From an examination of the data in tables 

14, 15 and 16 it will be found that the proportion of awned 
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lines or plants to the expected is always too great. 

However only in taDie 17 is this disorepenoy great enough to 

render the data nonsignificant in the light of its odds. Ho 

satisfactory explanation can be offered for this preponderance 

of awned individuals as it is very uniixeiy that awnietted 

plants would be classified as being awned. An examination 

of the data for each individual population showed that i3 

out of 14 populations had too many awned plants. It is 

suggested that certain minor factor pairs modify the expression 

of the mam factor pair for tne awnietted condition to give 

a pigher proportion of awned plants than would oe expected 

with the one-factor nypotnesis. 

The single factor differential and the partial 

dominance of tne awnietted condition is in agreement with the 

results of otner investigations between crosses of awnietted 

and awned wheats. 

Spixe Regularity 

Methods and Experimental resuits. 

in the examination of the literature on inheritance 

in wheat no instance has been found reporting tne inheritance 

of spiice regularity. The spixeiet* in most common wheat 

varieties are arranged, more or iess paranei to the racnis 

from a lateral view, giving a uniform appearance to tne spixe. 

In the case of Reward and Caesium most of the spixeiets are 

arranged at a distinct angle to the rachis giving an 

unsymmetrleal appearance to the spixe. These two types of 

spixes are shown in figure 2. 
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FIGURE 2. 

Irregular and regular spike. 
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This character was studied in the reciprocal crosses 

Caesium x Marquis in the Fg and F^ generations. 

TABLE 18. 

The breeding behavior of Caesium x Marquis F3 lines for spike 
Ofgoodneit 

regularity and test\of fit to a theoretical 1:2:1 ratio. 

class o c o - c (o - c)2 (c > - q)2 
c 

Irregular 56 73.75 17.75 315.06 4.27 

Segregating 172 147.50 24.50 600.25 4.07 

Regflilar 67 73.75 6.75 45.56 0.62 

* 
XT? = 8.96 

P = 010114 

The data in table i 18 show a poor fit to the 

theoretical 1:2:1 ratio. 

TABLE 1$. 

The breeding behavior of Caesium x Marquis segregating F^ lines 

for spike regularity and comparison with a theoretical 3:1 ratio 

class 0 c Dev. I >.E. D/P.E. Odds 

Irregular 5027 5172 144 24129 5.93 V.G, 

Regular 1868 1724 

The data in table 19 show a poor fit to the 
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theoretical 3:1 ratio. Although poor fits were obtained for a 

one-factor hypothesis for the characterof spite regularity, it 

is quite evident that no other hypothesis would fit the data 

obtained. Considerable difficulty was found in classifying certain 

plants probably due to an intermediate condition for this 

character resulting from partial dominance of the irregular spike. 

Straw color 

Methods and experimental results 

In the examination of the literature on inheritance 

in wheat no instance has been found reporting the inheritance 

of straw color. Marquis and Reward have white straw while 

Caesium has purple straw. In the Fr some difficulty was found 
Cj 

in classifying the culms for straw color owing to a bleaching 

out, in certain plants,of the purple color. In the F_ very 
3 

little difficulty was found in this regard . Any plants of 

which the color of the culms was doubtful, the leaf sheath 

was pulled off thus uncovering a part of the culm which had not 

been exposed to the sunlight directly. By this method it 
r 

was q$iite e^sy to distinguish the normal white culms from 

bleached purple culms. In both the Reward x Caesium and the 

reciprocal Caesium .3111 x Marquis crosses a one-factor 

difference was obtained with the purple straw# dominant. 
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TABLE 20 

The breeding behavior of Caesium x Marquis lines for straw 

color and test of goodness of fit to a theoretical 1:2:1 ratio. 

class o c o - c (o - c)2 o
 

O
 

| o
 ro

 

Purple 83 73.75 9125 85.56 1.16 

Segregating 137 147.50 10.50 110.25 0.75 

White 75 73.75 1.25 1.56 0.02 

X2 = 1.93 

P = 013846. 

The data in table 20 indicate* a good fit to the 

theoretical 1:2:1 ratio. 

TABLE 21 

The breeding behavior of Caesium x Marquis segregating Fg lines 

for straw color and comparison with the theoretical 3 >:1 ratio. 

class 0 c Dev. P.l :. d/p.e. Odds 

purple 4317 4284.5 3.15 22. 03 1.43 2:1 

White 1397 1428,5 

The data in table 21 show a good fit to the 

theoretical 3:1 ratio 



, . 

» 

■J ♦ 

* 

. 

, 1.. 

... . . 

« . 

, .. . 



27 

TABLE 22 

The breeding behavior of Reward x Caesium lines for straw 

color and test of goodness of fit to a theoretical 3:1 ratio. 

class 0 c 0 “ c (0 - c)2 (o - c)2 
c 

Purple 28 53.0 5.0 25 e.76 

Segregating 77 66.0 11.0 121 1.85 

White 27 33.0 6.0 36 1.09 

X2 = 5.68 

P = 0.1631 

The data in table 22 show a fair fit to the 

theoretical 1:2:1 ratio. 

TABLE 25. 

The breeding behavior of Reward x Cae\sium segregating for 

straw color and comparison with the theoretical 3:1 ratio. 

class oo d P.E. D/P.E, Odds 

Purple 2401 2381.2 19.8 16.45 1.79 5.45:1 

White 774 793.8 

The data in table 25 indictte a good fit to the 

theoretical 3:1 ratio 



. 

. 

- 

. 



- 28 

Seed Color 

Literature review. 

Biffen (2) reports red color to be dominant over 

white in the F^ and to segregate on a single factor fcasis in 

the Fg. Nilsson-Ehle (45) in a series of crosses obtained 

one, two and three factor differences governing the inheritance 

of seed color in wheat. He states that he obtained varying shades 

of red and that this was due to the cumulative action of the severa] 

color factors. He was the first to obtain white seedeiplants 

from crosses between two red parents. Howard and howar(i (36) 

in a series of crosses substantiate the one^ two-and three- 

factor hypothesis ®fi Sfilsson-Ehle. Gaines (22) found three- 

factor pairs governing seed color and states that the factors 

are cumulative in nature resulting in various degrees of redness. 

Clark and looker (12) in reciprocal crosses of Hard Federation x 

Marquis found the ted color of Marquis to be due to two-factor 

pairs in ten Fg populations and to one factor pair in two Fg 

populations. Hayes and Robertson (55) in a Marquis x Minturki- 

Kanred cross report three-factor pairs for seed color. They 

state that there 'was a variation in the color of the red 

segregates but that it was impossible to differentiate between 

the various classes, ffildtiff (59) in a Kota x Red Bobs cross 

found that each parent carried a different factor pair for 

seed color. Numerous other workers (9, 14, 28, 60, 62, 65) 

have reported on one-, two-ar three-factor pairs governing the 

inheritance of seed color in wheat. 
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Experimental results. 

The inheritance of seed color was studied in the Fg 

and the Fg of the crosses of Caesium with MarqUis ana Reward. 

Segregation was tfound on a 3-factor pair basis. Variation 

was noticed in the intensity of the red color of the hybrid 

kernels but it was found impossible to classify the material 

into different classes for degree of redness. 

TABLE 24. 

The breeding behavior of C aesium x Marquis Fg plants for seed 

color and comparison with a theoretical 63:1 ratio. 

class o c Dev. P.E. D/P.E. Odds 

Red 1437 1435.22 1.78 3.15 0.56 <1 

White 21 22.78 

The data in table 24 show a very good fit to the 

theoretical ratio. 

TABLE 25 

The breeding behavior of Caesium x Marquis F^ lines for seed 

color and test of goodness of fit to a theoretical 37:8:12:6-lratio. 

class o c o - c (o - c)2 (o - 
c 

c)2 

Red 185 158.36 26.64 709.69 4.48 

Seg 63:1 23 34.24 11.24 126.34 3.69 X2 = 14.44 

Seg 15:1 37 51.36 14.36 206.21 4.01 P = 0.0062 

Seg 3:1 22 25.68 3.68 13.54 0.53 

White 7 4.28 2.72 7.40 1.73 



% 

/ 

4 • • ■ • 

. 
. 

' ' ■ ' 

. , . 

. 

• . • . : 

. . 

. 

. • f 



50 

The data in table 25 give a poor fit to the 

theoretical ratio. With a larger number of plants in each 

F3 row it would be expected that certain of the red lines would 

segregate into a 63:1 ratio. The small number of lines 

segregating fnr the 15:1 ratio can hardly be explained on this 

basis, for the average population of each F raw was approximately 

45 plants. 

TABLE 26 

The breeding behavior of Caesium x Marquis segregating F_, lines 
5 

for seed color and comparison with the theoretical 65 :1 ratio 

class o c Dev. P.E. D/P.E. Odds 

Red 916 901.33 8.33 2.56 3.25 30.1 

White 23 14.67 

The data in table 26 indicate a fair fit to the 

theoretical ratio. 

TABLE 27 

The breeding behavior of Caesium x Marquis segregation Fg lines 

for seed color and comparison with the theoretical 15:1 ratio. 

class 0 c Dev. P.E. D/P.E. Odds 

Red 1355 1352.19 7.19 6.21 1.16 1*3:1 

White 98 90.81 

The data in table 27 show a very good fit to the 

theoretical ratio. 
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TABLE 28 

The breeding behavior of Caesium x Marquis segregating 

Fg lines for seed color and comparison with the theoretical 

5:1 ratio. 

Class o c Dev. P.E. D/P.E. Odds 

Red 686 665.25 20.75 8.70 2.59 8.56:1 

White 201 221.75 

The data in table 28 show a very good fit to the 

theoretical ratio. 

TABLE 29 

The breeding behavior of Reward x Caesium Fg plants for seed 

color and comparison with the theoretical 65:1 ratio. 

class 0 c Dev. P.E. D/P.E. Odds 

Red 129 129.94 194 .96 .96 O 
White 5 2.06 

The data in table 29 show an excellent fit to the 

theoretical ratio. 
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TABLE 30 

The breeding behavior of Reward x Caesium IV lines for seed 
5 

color and test of goodness of fit to a theoretical 37:8:12:6:1 

ratio. 

cla ss o c o - c 
, ,2 
(o - c) (o - c)2 

c 

Red 89 76.31 12.69 161.04 2.11 

Seg. 63:1 8 16.50 8.50 72.25 4.38 

Seg. 15:1 21 24.75 3.75 14.06 0.57 

Seg. 3 :1 11 12.38 1.38 1.90 0.15 

White 3 2.06 0.94 0.88 0.43 

X2 = 7.64 

P = 0.0553 

The detain table 30 give a fair fit to the 

theoretical ratio. As in the case of Caesium x Marquis a larger 

number of plants per F_ row would probably have resulted in 
3 

certain of the red F„ lines segregating into a 63 reds : 1 white 
3 

ratio 
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TABLE 31 

The breeding behavior of Reward x Caesium segregating F^ lines 

for seed color and comparison with the theoretical 63:1 ratio. 

class o c Dev. P.E. D/P.E. Odds 

Red 533 335.67 2.67 1.54 1.751 3.2:1 

White 8 5.35 

The data in table 31 show a very good fit to the 

theoretical ratio. 

TABLE 32 

The breeding behavior of Reward x Caesium segregating F^ lines 

for seed color and comparison with the theoretical 15:1 ratio. 

Glass 0 c Dev. P.E. D/P.E. Odds 

Red 780 782.81 2.81 4.72 0.60 <i 

White 55 52.19 

The data in table 32 indicate a very good fit to the 

theoretical ratio 
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TABLE 33 

The breeding behavior of Reward x Caesium segregating Fs lines 

for seed color and comparison with the theoretical 3:1 ratio. 

class 
* 

o c Dev. P.E. D/P.E. Odds 

Red 341 339 2 6.21 .52 <1 

White 111 113 

t 

The data in table 33 show a very good fit to the 

theoretical ratio. 

The data in tables 25 to 33 clearly indicate a three- 

factor difference for seed color in the crosses of Caesium 

with ^arquis and Reward from which may be concluded that both 

Regard a nd Marquis possess two genes for red seed color, located 

on corresponding homologous chromosomes while Caesium possess 

one gine for red seed color, located on a third pair of chromosomes. 

In two of the Fg populations of Caesium x Marquis with a population 

of over jbOOOF plants, no white seeded segregations were obtained, 
o 

This can be explained, if it is assumed that one of the 

factor pa irs for red seed color of Marquis and the factor pair 

for red seed color of Caesium are located on corresponding 

homologous chromosomes. 

The three-factor hypothesis for seed color in the above 

crosses is in agreement with the work of Nilsson-Ehle (45), 

Howard and Howard (36), Hayes and Robertson (35) and others. 

Various shades of red were noticed among the red seeded segregation 

but At was impossible to separate the plants into different 
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classes for red, depending upon the number of factor pairs present 

for red color, as was done by Nilsson-Ehle (45). The data support 

the conclusion of ^ayes and Robertson (35) that Marquis has two 

pairs of independently inherited factors for seed color. 

Strength of Straw 

Literature review. 

In wheat strength of straw is a character of great 

economic importance. Its study in a hybrid population, 

particularly where one of the parents is inclined to be weak, ranks 

of first importance. Resistance to lodging is a character which 

is greatly influenced by environment, consequently a genetic 

interpretation of its inheritance is difficult. As yet very 

little work has been done on the study of this character. 

Howard and Howard (36) state that standing power -c 

(resistance to lodging) is dependent upon strong straw and a 

well developed root system. In crosses between A 88, a strong 

strawed variety with an inferior root system, and Pusa 22, a weak 

strawed variety with a strong root system, they obtained in the 

Fg all .possible recombinations. 

Harrington (29) studied erectness in two durum crosses, 

Kubanka 8 x Pentad and Mindum x Pentad, ^e reports transgressive 

segregation in both crosses in both directions for straw strength. 

His material in the F^ was grown in duplicate, correlating 

between the two series he obtained in the case of the Mindum x 

Pentad a correlation of +0.389±,0.037 and in the Kubanka x Pentad 
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a cprrelation of +0.573^_.0041. He suggests errectness is 

controlled by several heritable factors, part coming from each 

parent. 

Waldron (68), in a Kota x Marquis cross found 

differences in straw strength of the selections made, one of 

which was considerable weaker tha n Kota, the weaker parent; 

which indicated that transgressive segregation for straw strength 

had occurred. 

Kilduff (39) studied the strength of straw in Kota 

crossed with Red Bo bs and Garnet. He concluded that the 

complex segregation obtained could be best explained on a 

multiple factor basis , the presence of two main factors being 

indicated. A partial dominance of the waalfc straw of ^ota 

was obtained. * 

Methods and experimental results. 

Lodging was studied in the Fg of reciprocal crosses 

of Caesium x Marquis and Regard x Caesium. The material was 

grown on a block of land which had been down to fallow for 

two years. A very good differential for lodging occurred. 

The lodging no&es were taken just prior to harvest. 

A lodging index was calculated for each F^ row. This 

index was based upon the percentage of plants lodged and the average 

angle off the vertical .0 indicates no lodging while 100 

represents complete lodging. The index was obtained by the 

formula percentage of plants lodged x angle off the vertical 
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FIGUBE 5. 

Curves showing the distribution of Caesium x Marquis F 
O 

lines and parental rows, for lodging index, grown at 

Edmonton in 1935. 
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Figure 5 shows in graphical form the distribution 

of Caesium x Marquis F^ lines and parental rows for the 

lodging index. The lodging index is expressed in 5% 

classes along the horizontal axis while the per cent, of the 

population is shown along the vertical axis. The per cent* 

of the population of the parents is expressed on a smaller 

scale than that of the hybrids. 

TABLE 35 

The breeding behavior of Caesium x Marquis Fr lines for strength 
o 

of straw and comparison with the theoretical 3:1 ratio. 

Class o c Dev. P.E. D/P.E. Odds 

Strong straw. 1024 1045.5 21.5 10.88 1.97 5:1 

Weak straw. 370 548.5 

A distinct break occurs in the curve at class 28 fcr 

the lodging index as shown in figure 3. Taking this point 

as an arbitrary dividing place, a good fit to a 3:1 ratio is 

shown by the data in-table (55). The data in table (35) 

indicate one main factor( with partial dominance of strong straw, 

governing straw strength, however, it is believed that there is 

also a number of minor modifying factors influencing 

lodging in Caesium x Marquis. 



- , - 

. 
. 

» e"- 

. . 

. 

■> 



- 40 

TABLE 56 

Frequency distribution of Reward x Caesium F3 lines and parental 

rows for the lodging index grown at Edmonton in 1953. 

Parent 
or _Lodging index in 5% classes Mean S.D. 

cross 
0 3 8 15 18 23 28 35 58 43 

Caesium 2 6 4 58.85+0.44 2.30j_0.52 

Reward 3 9 2.25^_0.25 1.30+0.18 

Fs hybrids 11 42 24 17 14 7 6 2 5 4 11.55+0.67 11,55+0.47 

The difference between the two parents of 56.60+0.36 

is very significant. The data in table (36) show that the average 

index of the hybrid rows is closer to that of the Reward than 

the Caesium parent which indicate a partial dominance of the 

strong strew of Reward. The variability of the F^ hybrid lines 

is considerably greater than that of the most variable parent 

Caesium, the difference being 8,05+0.57. 

Figure 4 shows in graphic form the distribution of 

Reward x Caesium Fg lines and parental rows for the lodging 

index. The figure was constructed in a similar manner to 

that for the Caesium x Marquis crosses. A distinct break 

occurs at 55 class for the lodging index. Taking this point 

as an arbitrary dividing place; a good fit to a 15 to 1 ratio 

is obtained as shown by the data in table 37. 
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FIGURE 4. 

Curves showing the distribution of Reward x Caesium lines 

and parental rows, for lodging index, grown at Edmonton in 1953, 
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TABLE 37 

The breeding behavior of Reward x Caesium Fr lines for strength 
with ^ 

of straw and comparison / the theoretical 15:1 ratio. 

ciass o c Dev. P.E. d/p.e. Odds 

Strong straw 

Weak straw 

121 

11 

123.75 

8.25 2.75 3184 0.72 < i 

The data indicate two main factor pairs with possible 

modifying factors governing lodging in Reward x Caesium. 

The presence of two main factors and indication of 

minor factors in Reward x Caesium is in agreement with 

the results obtained by Kilduff (59). However, Kilduff1s 

work show/s a partial dominance of weak straw, while in the 

present investigation strong straw is shown to be partially 
in f3^it 

dominant. This difference is probably par-4-1 y duetto 4e the 
to (hefsct 

different parents used and alsorthat the material was grown 

under different environments. Both Harrington!29) and Waldron 

(68) report transgressive segregation occurring for straw 

strength, however in the present study no indication of this 

was obtained. 
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Height of Plant 

Literature review. 

Freeman (20) in crosses between Sonora, a short 

vulgare wheat, with Algerian a tall durum wheat and a tall 

red vulgare wheat, found the average of the F-j^ to be taller than 

either parents. In certain other crosses he found the F1 to 

be intermediate between the two parents. In the Fg a wide 

segregation forheight occurred which suggested the presence 

of several factor pairs. 

Clark (9) in reciprocal crosses of Kota x Hard 

Federation in the Fg found tallness to be partially dominant. 

Fg results, at Mandan, N.D. grown under drought conditions, 

indicate a reversal of the F^ findings. He concludes that 

tallness may be partially dominant but due to heterosis is 

easily influenced by different environmental conditions. 

Harrington (28), in Mindum x Pentad in the F^ 

reports a significant correlation between two nurseries for 

height. Transgressive segregation occurred for shortness 

which indicates that more than 1-factor pair is present. 

Clark and Hooker (12) in reciprocal crosses of 

Marquis x Hard Federation found that the Fg to be 

intermediate between the parents and much more variable . 

In the F© and F,. all gradiations were found between the 
cj 3 

parents in average height, without significantly greater 

variability than the parents, which suggest that height is 

controlled by multiple factors. 

Stewart (51) using Federation x Sevier found greater 
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variability in the F^ than in either parent which indicates 
O 

segregation, the exact nature of which was not determined. 

Stewart and Heywood (58) with Federation x Sevier- 

Dicklow found a high correlation between the F0 and Fr? . 

The distribution of the hybrids was that of a normal curve, 

which tfceytstate indicates segregation but not the nature of 

inheritance. 

Methods and experimental results. 

The F of the crosses of Caesium with ^arquis and 
3 

Reward were studied for height.. The criterion of height 

fc«t fccft cu/777 
wasfas the distance from the base of the longest ami to the 

tip 6f the spite, excluding awns. The plants were measured 

individually, in centimeters, while being classified for other 

characters. 

The data in table 38 give the frequency distribution 

of the mean height in three centimeters classes for the 

Caesium x Marquis F^ lines and parental rows together with their 

mean and standard deviation. 

These data are presented in graphical form in figure 

(5) . In both figures 5 and 6 the horizontal axis gives the 

height in centimeters in classes of three centimeters while the 

vertical axis gives the per cent, of population in each class. 

A smaller scale was used for the parents for per cent, of 

population. 
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FIGURE 5. 

Curves showing the distribution of Caesium x Marquis F lines 
O 

and parental rows, for plant height, grown at Edmonton in 1955. 
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FIGURE 6. 

Curves showing the distribution of Reward X Caesium Fg lines 

and parental rows, for plant height, grown at Edmonton in 1935. 
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The data in table 39 are presented in graphical 

form in figure 6. 

The difference between the parents of 18.75+0.54 

cms. is very great. The variability of the F lines compared 

with that of the parents is much greater, which definitely 

indicated that segregation has occurred. T$e average height 

of two F lines are taller than that of Caesium while two are 
3 

shorter than Reward, indicating slight transgressive 

segregation. The mean of the hybrids tends towards that of 

Caesium the tall parent, thus indcating partial dominance 

of tallness. The variability of each F^ line was studied by 

means of the standard deviation. It was found that apparently 

homozygous lines occurred at various paints in the range. 

The data presented suggest that height in thdse crosses is 

controlled by a number of cumulative polymeric factors with 

partial dominance of tallness. 

The polymeric factor hypothesis for height of plant 

is in agreement with that reported by other workers. Tallness 

is indicated as being partially dominant in Reward x Caesium 

which is in agreement with the results of certain of the 

crosses made by Freemafi (20) and the F of the Kota x Federation 

crosses of Clark*s(9). Harrington (28) in durum crosses found 

shortness partially dominant. 
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Date of Heading 

Literature Review. 

Biffen (2) in an interspecific cross between Polish, 

an early wheat, and Rivit, a late wheat, reports the 

intermediate and a 1:2:1 segregation in the F . Milsson-Ehle 
Cj 

(41) and later Tschermak (41) observed earliness to prevail in 

the F^, obtaining in the F^ a complex segregation. Fruwith 

cited by Florell (18) states earliness to be dominant to 

lateness in wheat. 

Thompson (65,66,67) made a series of crosses, using 

eight varieties of vulgare wheat, some differing only slightly, 

and others differing widely, with regard to heading and ripening 

periods. He found that the F^ approached the late parent in 

maturity and believed that the apparent dominance of lateness 

was due to hybrid vigor. In the Fg he obtained a normal curve 

with an intermediate mean. He' states transgressive segregation 

occurred where the parents differed only slightly. He concludes 

that earliness is controlled by a number of multiple factors and 

that many factors not concerns directly with earliness have an 

effect on maturity. He reports no instance of linkage with other- 

characters . 

Freeman (20) in crosses between two vulgare wheats and 

a durum x vulgare cross differeing widely in heading period found 

the F, and F to have an intermediate range with the mean nearer 
1 2 

the late parent. Transgressive segregation was noted in the 

durum x vulgare cross. His hypothesis is that heaping is 

controlled by at least 3-factor** "with late heading being partially 

dominant. 
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Bryan and Pressley (6) in Sonora x Turkey report the 

F1 to he intermediate in heading; in the F^ slight transgressive 

segregation occurred -with the mean inclined towards the late 

parent. In the Fg and F^ homozygous early, intermediate and 

late lines were obtained. 

Florell (18) in Marquis x Sunset concluded earliness to 

be dominant by one factor pair with possibly a number of minor 

modifying factor pairs. 

Clark (9) in reciprocal crosses of Kota x Hard 

Federation concludes earliness as determined by date of heading 

to be be dominant. Harrington (29) in two durum crosses reports 

significant correlation in the F^ between date of heading in 

replicate plantings in two separate nurseries. Transgressive 
that 

segregation was obtained, which indicates^ more than one-factor 

pair is responsible . Clark and Hooker (12) studied maturity in 

reciprocal crosses of Marquis x Hard Federation. In the F^ 

and F^ the hybrids were much more variable than either parent; 

transgressive segregation for lateness occurred. They obtained 

large positive correlations between the Fg and Fg for the 

heading and ripening periods. 

Stephens (50) made extensive studies of earliness 

between early and late varieties using date of heading as the 

criterion of earliness. Reward , Prelude and *v%ster were 

used as the early parents and Dicklow, Marquis and Federation 

as the late parents. The F^ and Fg were intermediate with a 

tendency towards the early parent.. The Fg showed considerable 

more variation than the parents and tended toward a normal 

curve in distribution. In the Fg of the Dicklow x Prelude, 

he obtained apprently homozygous families at nearly every 



. 

S i" l'1'1 x V'l 



52 

point in the range. His results show that earliness is due to 

a number of independent multiple factors having a cumulative 

effect. Florell (18) in back crosses between Quality x Little 

Club and Quality and Jenkins states, that three or more 

factor pairs are responsible for the difference in earliness, 

and that both parents contribute dominant factor pairs. 

Methods and experimental results. 

Environmental as well as genetical factors play an 

important role in determining the mC3urity of wheat varieties® 

Date of heading is probably less influenced by environment 

than is date of maturity in any given season and hence is a 
for 

better indication of earliness/genetical studies. The emergence 

of the spike from the sheath was used as the index of heading. 

Heading was studied only in the F of the Reward x Caesium crosses 
o 

and reciprocal crosses of Caesium x Marquis. During the heading 

period the weather was ideal, no heavy rains occurring to 

prevent daily notes from being taken. In the Reward x Caesium 

crosses with one-half of the population, the plants were tagged 

daily as they headed, in the rest of the population the total 

number of plants headed per row were counted daily. The 

distribution of each F line was expressed as the number of 

days from emergence to heading, and from this the mean and 

standard deviation of each line was calculated. 

In the reciprocal crosses of Caesium x Marquis the 

date when the first plant, fifty per cent, of the plants and 

the last plant headed were taken, from which the mean number 
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of days from emergence to heading was calculated for each 

line. This last method, of obtaining the average heading 

date for an Fg line, was checked by using it to calculate the 

mean date of heading for the F^ Reward x Caesium lines. The 

two methods checked very closely. 

In Reward x Caesium the variability of each Fr 
3 

line was calcualted by means of the standard deviation in 

order to estimate the homozygosity of each line. Those 

lines having a standard deviation equal to or less than the average 

standard deviation for the most variable oarent were considered 

to be homozygous. 

TABLE 40 

Frequency distribution of Reward x Caesium F^ lines and parental 

rows, for date of heading, grown at Edmonton in 1933. 

Parent jjo. of days from emergency to heading 

or Mean S.D. 

cross 51 52 53 54 55 56 57 58 59 60 61 62 

Reward 3 6 3 52.00+0.14 0.11^0.10 

Caesium 9 3 61.25+0.09 0.4 4+0.06 

Fs lines 4 7 19 23 29 18 14 10 4 3 1 56.11+0.12 2.06^0.12 

The data in table 40 give the distribution of the 

average of the parental rows and the F^ lines of Reward x 
3 

Caesium expressed in number of days from emerging to heading. 
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The average of each line should give a close ap roxLation 

to the behavior of the Fc pint from which it originated. The 

difference of 4.11_0.18 days between the two parents is signif¬ 

icant. The difference in t ie variability of 1.37__0a 16 between 

the hybrid lines and Reward the most variable parent is very 

great, clearly ndicating segregation. In the distribution 

the parental extre e was reached in the case of the Caesium parent, 

hut failed to be reached by one day the extreme of the Reward 

parent. Such a distribution indicated that no transgressive 

segregation occurred. The mean of the hybrids is more or less 

intermediate betw :en that of the parents but tends towards the 

earlier parent indicating a partial dominance of earliness. 

In figure 7 is given in gr file 1 form the distri 

bution of the mean for the parental rows and the lines for 

the numb r of daps from emergence to heading. In figures 7 and 

8 the number of d ys from emergence to heading is expressed 

along the horizontal axis while the per cent, of the population 

in each heading class is shown along the vertical axis, two 

secies being used, the smaller for the parents. The distribution 

of the F,, lines gives a normal curve with a tendency towards 

the early parent. In comparing the standard deviation of the 

Folines and the parental rows a number of li es were found 

to have variability equal to or less than trie average variability 

of the most vari dole parent, at different points along the curve. 

This fact and the normal curve obtained for the average distri¬ 

bution of the F3 lines, with a tendency towards the early parent, 

indicates that this character is controlled b a number ox 

polymeric factors with a partial dominance of e rliness. 
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FIGURE 7. 

Curves showing the distribution of Reward x Caesium Fg lines 

and parental rows, for date of heading, grown at Edmonton in 

1955. 
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FIGURE 8. 

Curves showing the distribution of Caesium x Marquis Fs 

lines and parental rows, for date of heading, grown at 

Edmonton in 1955. 
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why no transgressive segregation occurred is probably that 

any factor for earliness that Caesium may have is also 

found in the Seward parent. These data indicate that in 

Caesium x Marquis earliness'Spartially dominant being 

controlled by several polymeric factors each parent 

contributing to this earliness. 

A review of the literature on earliness in wheat 

shows considerable disagreement as to whether fcarliness ©r 

lateness is the dominant condition. Such disagreement is to 

be expected in crosses between different y&fcieties. The 

data, in both the crosses studied, show a partial dominance 

of earliness which is in agreement with the works of Fruwith 

(18), Florell (18), Clark (9) and Stephens (50), on the 

other hand Thompson (65, 66, 67), Freeman (E0) and Bryan and 

Pressley (6) report lateness to be partially dominant. The 

poylmerie factor hypotheses, as indicated by the present 

work, is supported by most of the above workers. The lack of 

transgressive segregation in the Reward x Caesium crosses 

in which the parents differ greatly in maturity, and the 

presence of transgressive segregation in the Caesium x 

Marquis crosses, in which the parents differ only a few 

days in maturity supports the findings of Thompson (65, 66, 67). 
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Grain yield 

Literature review. 

Clark (9) states "yield may be considered as a 
character complex affected by environment and by most of 
the morphologic and physiological characters of the plants." 

In reciprocal crosses of Hota x Hard Federation he found that 

while the Fg was more variable than the parents the F^ 

selections showed less variability. The average yield of both 

the Fg and the Fg tended towards the mean of Kota, the highc 

yielding parent. He states that yield appears to be governed 

by multiple factors. 

Clark and Hooker (12) report from reciprocal crosses 

of marquis x Hard Federation that the Fg yield 3t Bozeman excels 

those of both parents and were less variable. Selected Fc strains 

from high yielding Fg plants significantly out-yielded both 

Marquis the high yielding parent at Bozeman and Hard Federation 

the high yielding parent at Harve, thus showing transgressive 

segregation. Significant positive correlations between the 

Fg and Fg yield at both Bozeman and Harve were obtained. 

However no correlation was obtained bet?/een the Fg yield at 

Bozeman and the Fg yield at Moccasin, which shows the great 

influence different environments have on yield. 

Clark, Florell and Hooker (11) in crosses between 

Propo, Hard Federation and Bobs, in the Fg found the average 

yield of the hybrids were between those of the parents. 

Nonsignificant correla tions were obtained between the F^ and the 
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T?ez yields in each cross. A number of F strains in all o s 
crosses were found to exceed the best parental check 

rows in yield. Waldron (68) working with hybrid selections of 

Marquis x Kota obtained transgressive segregation due to 

the $iditive effects of high yielding factor pairs from 

both parents. 

Clark and Smith (15) with a Nodak x Kahla crosses 

found that the average F^ yield was inclined towards the higher 

yielding parent; transgressive segregation for higher yielding 

lines was observed. 

Clark and Quisenberry (15) in Marquis x Kota crosses 

report the Fg and F^ more variable than either parent. Clark 

and Quisenberry and Powers (14) in Hope x Hard Federation crosses 

found the average F„ to yield higher than either parent. They 
o 

offered no genetic explanation. 

Methods and experimental results. 

The plant yield of grain in grams was determined 

on 57 F,_ rows of Reward x Caesium and 5 rows of each parent. 
5 

Each ten-foot row contained approximately 40 to 45 spaced 

plants. The plants in each row were pulled separately and the 

heads wrapped in cheese cloth to prevent loss in handling. 

The border plants in each row were noted and were not used 

in this study. Each plant was threshed separately and the 

grain weighed in grams. The average grain yield per plant 

for each row was calculated. The data in table 4£ give the 

frequency distribution of the average grain yield in grams 

for the parental varieties and F lines of Reward x Caesium. 
5 
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FIGURE 9. 

Curves showing the distribution of Reward x Caesium F,_ 
5 

and parental rows, for grain yield per plant, grown at 

lines 

Edmonton in 1955. 
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The difference between the two parents of 5.8+0.12 

grams is very significant. The F„ show; considerable more 
o 

variation than the parents. The distribution of the F^ lines 

approaches that of a normal curve with a skewing toward the 

Reward parent. The parental extreme of the low yielding 

Reward parent was exceeded by one of the F^ lines, however 

none of the Fc lines reached the extreme of the high 

yielding Caesium parent. This indicates that no transgressive 

segregation has occurred. The distribution of the individual 

plant grain yields of the parental rows showed as much 

variable as the hybrid lines. However as shown by the data 

in table 42, when the average of the parental rows was 

taken§ the variation was small as compared wiM the hybrids. 

Yield of grain in these crosses was indicated as being 

controlled by a large number of polymeric factors with a 

partial dominance of low yield. 

The polymeric factor hypotheses for grain yield is 

in agreement with that reported by (bther workers. The low 

yield of the Reward parent is indicated as being partial 

dominant, which is in disagreement with the results reported by 

Clark and hisCoworkers (9, 12, 14, 15) who found hi^i yield 

partially dominant. This difference is probably due to the 

different parents that were used and that the material was 

grown underddifferent environment. 
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Plumpness of Kernel 

Literature review. 

Hayes (30) using Marquis x Preston crosses states 
» 

that kernel plumpness is an inheritable character, having 

obtained significant correlations between the F^ and F.. 

The awned families were higher in per cent, of plump 

kernels than the awnless families. 

Methods and experimental results. 

Hayes (30) states that kernel plumpness is a good 

indication of the seasonal conditions which prevailed during 

that year. The F lines of 1-28-60 x Milturum were grown 
3 

at Brooks in order to test their reaction under drought 

conditions. Since it was impossible to be at Brooks and 

study the growing material it was essentail that some kernel 

character be studied in order to show the reaction of the 

hybrids to drought. Plumpness of the kernel was chosen 

for this purpose. 

It was found that Milturum produced a plump 

sample of grain(while the kernels of 1-28-60 were invariably 

shriveled. The F„ hybrids ranged between the two parents. 
3 

Several methods of measuring plumpness of kernel were studied 

to find out which would give the best index. Weight per 

thousand kernels is a figure often used as an indication 

of plumpness and kernel size. It does not however always 

differentiate between these two characters. 
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It is also a laborious method involving considerable time 

and expense. A method of obtaining an indication of kernel 

plumpness was developed which is quite comparable to the 

usual "weight per measured bushel." The measured weight of each 

individual plant was obtained by taking a volume which would 

give a value in grams approximately the same as the weight per 

measured bushel in pounds. This was determined in a C.C. 

graduate to be about the weight to grams of 4.1 C.C. of grain 

times twenty. The graduate was cut off at this point and 

was used for obtaining weight per bushel. The grain was 

poured into the measure from a coin envelope, pressed lightly 

with the thumb and then levelled off with a scalpel drawn 

across the top of the measure. 

In order to compare the accuracy of the small 

measure with the usual weight per bushel equipment (pint 

measure), weights per measured bushel were deteimined on 

184 samples of spring wheat. Four determinations were made with 

the graduate measure, and the average taken as the value for 

the sample. The range in weight per bushel for the graduate 

measure was from 60.5 to 68.5 and for the pint measure from 

59.0 to 67.0. The correlation coefficient between the weights 

obtained by these two methods was +0.947+_Q.005. The 4.1 C.C. 

graduate measure and the pint weight per bushel measure are shown 

in figure 10. 
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FIGURE 10. 

The pint weight per bushel measure and the 4.1 C.C. 

graduate measure. 
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In order to judge the abilities of the various hybrids 

lines to produce plump grain under drought conditions, an 

estimate was made of the degree of shrivelling by assigning 

values of from 1 to 10, 1 being completely shrivelled and 10 

completely plump. 

The values obtained by the different methods were 

correlated with each other ior the F population 457 having 

in the F_ a population of 225 plants. The data obtained is 
o 

shown in table (45). 

TABLE 45. 

Correlation coefficients between the different methods of 

measuring the degree of shriveling for the F population 457 
2 

of 1-28-60 x Milturum, grown at Brooks in 1932. 

Methods correlated Correlation coefficient 

Weight 1000 kernels and weight 4.1 C.C. +0.560+0.055 

" 1000 *’ " plumpness index +0.476+0.054 

w " 4.1 C.C. and plumpness index +0.872+$.011 

The data in table (45) show that the weight per 

1000 kernels was not as good an index as the other methods, 

probably due to the great variation in kernel size of the 

hybrid plants. The plumpness index appears to give a reliable 

index of the degree of shrivelling. This method owing to its 

rapidity of determination was used for the most part in this 

investigation. 



. . 

. . . 

. 



68 

TABLE 44 

Mean and standard deviation of 1-28-60 x Milturum F lines 
5 ’ 

originating from separate Fg populations, for plumpness 

index, grown at Brooks in 1932. 

Parent or Number 

of Mean S.D. 

Population plants 

Milturum 82 7.11+0.06 0.7710.04 

1-28-60 85 4.16^0.07 1.0010.05 

455 388 5.9510.05 1.5410.04 

456 322 6.12+0.05 1.4510.04 

457 515 5.88+0.05 1.2810.05 

458 311 5.99+0.05 1.30i0.04 

460 852 5.79+0.03 1.4910.02 

461 173 6.5110.07 1.5410.05 

462 513 4.76+0.05 1.4110.04 

463 288 5.97+0.05 1.3210.04 

464 131 5.7310.07 1.2210.05 

467 235 5.0210.06 1.2510.04 

469 222 5.5910.07 1.5610.05 

471 332 5.3610.06 1.50i0 •04 

472 280 6.2010.06 1.4010.04 

473 410 6.3810.04 1^2910.03 

474 358 5.5310.04 1.2510.03 

Average 4930 5.7810.01 1.4510.01 
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The data in table (44) give the mean and standard 

deviation for the different Fg populations and the parents 

of 1-28-60 x Milturum growi at Brooks in 1952. Considerable 

variation is shown in the means of the different F populations. 

The difference between the mean of any F population and the 
2 

one closest to it is not significant in any instance. There 

is a gradual graaiation from the low mean of 4.76+0.05 of 

Fg population 462>to the high mean of 6.38+0.04 of the Fg 

population 473. This is a difference of 1.62+0.07, which is 

very Significant. It is impossible to separate different Fg 

populations into a number of distinct groups. These data 

suggest that there must be a large number of polymeric 

factors affecting the plumpness of kernel. The average 

plumpness of the F populations is intermediate between the 
2 

parents with a tendancy towards the mean of the higher 

parent. 
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FIGURE 11. 

Curves sho?/ing the distribution of 1-28-60 x Milturum Fg 

and parental plants, for plumpness index, grown at Brooks 

in 1932 
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The plumpness index is shown along the horizontal 

axis, while the per cent, of the population for each 

plumpness index class is presented along the vertical axis; 

two scales being used, the smaller for the parents. 

The data indicate that plumpness is partially dominant 

and that several main, as well as many minor polymeric factors 

govern this character. It was impossible to substantiate 

this data in the F^ as the material at Brooks was completely 

hailed out during July 1933. 

The plumpness index was also obtained on the F„ 
3 

material grown at Fallis and Edmonton. An average plumpness 

index for each F^ line was calculated for the material grown 

at the three places. These indices were correlated with each 

other and the data obtained is presented in table 47. 

TABLE 47 

Simple product moment correlation coefficients between 
for 

I-28-60 x lVlilturum F^-faverage plumpness indices at Brooks, 

Edmonton and Fallis, grown in 1932. 

Stations correlated Correlation coefficients 

Brooks and Edmonton +0.384^0.038 

Brooks and Fallis +0.139+0.031 

Edmonton and Fallis +0.107+0.041 

The signifioanee of the correlation between the 

plumpness index at Edmpnton and Brooks is probably because 

Brooks received more rain than normal, and Edmonton received less. 

At Fallis normal conditions prevailed and very little difference 

was found between the lines for plumpness of kernel. At Edmonton 

in normal years little variation in kernel 
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plumpness occurs. This shows the necessity of growing the 

hybrid material in an environment where a differential 

reaction oan be obtained. 

The data indicate that plumpness of kernel is an 

inherited character, which is in agreement with the work of 

Hayes (SO). 

Kernel Texture 

Literature review. 

Biffen (2) working with crosses between a hard 

Polish wheat and a soft Rivet wheat obtained a 3:1 ratio for 

hard to soft texture of kernels in the F . Later (3) in a 

cross between Rough Chaff (soft) and Fife (hard) he found the 

hard translucent endosperm of Fife to behave as a simple 

dominant over the soft opaque eddosperm of Rough Chaff. 

Howard and Howard (36) observed a monogenic ratio from a cross 

of a soft and a hard translucent wheat, the F^ being intermediate. 

Freeman (21) made reciprocal crosses between a white Macaroni 

wheat with both a soft red bread wheat and Sonora 35 a soft 

white wheat. The F were intermediate.while in the F a series 
1 ^ 

of gradiations for texture were found. He proposes that two- 

factor pairs govern this character,which are cumulative in nature. 

He states the hard texture of the Macaroni wheat is due to a 

high per cent, of gluten in proportion to starch. 

Bryan and Pressley (5) crossed Turkey Red and Sonora 

and found the F^ intermediate while the Fg indicated a one factor 
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difference. Harrington (28) in a series of crosses concludes 

seed texture is due to several factor pairs. Hayes (50) from 

a Marquis x Preston cross obtained a correlation of +0.407+0.059 

between the and F^ showing that kernel texture is inherited. 
the condition 

He states that oofrfr starchy or '‘yellow berry" is due largely to 

environment. 

Engledow and Hutchinson (16) made crosses between 

T. turgidum (soft) x T.Durum (hard) and in the F^ obtained 

completelyvitreous kernels indicating complete dominance of the 

durum endosperm. They suggest two-factor pairs which 

separately give a durum like endosperm and jointly a true 

durum endosperm. 

Clark, Florell and ^ooker (11) studied texture in 

Hard Federation (vitreous) x Propo (soft) wheat crosses. 

The F and F were classified into 5 classes for texture as 
2 5 

judged by the outward appearance of the kernels. The Fg 

segregation approached a normal curve with a preponderance 

of hard texture lines indicating partial dominance of vitreous 

texture. In the F„ they obtained indication of transgressive 
5 

segregation and also true breeding intermediate lines. They 

concluded that texture is strongly inherited and suggested that 
9 

several factor pairs were involved. 

Bryan and Pres&ley (7) crossed Baart a vitreous 

wheat and Sonora 105 a soft wheat. The Fj_ plants were as soft 

as Sonora 105, showing a dominance of soft texture. The Fg, 
eoL 

Fs and F^ showed segregation for this character indicating 

a single main facotr pair with numerous modifying factors. 
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Experimental methods and results. 

Texture was studied in the F and F of 1-28-60 x 
2 3 

Milturum. The F weregrown in 1931 at Edmonton where a good 
C+t 

differential for texture was obtained. In 1932 the texture 

was determined for the average of each Fg line at Fallis and 

Edmonton; the Brooks material was classified on the plant 

basis as being either starchy or vitreous. At Fallis a good 

differential was obtained , while at Edmonton and Brooks little 

variation in texture occurred in the Fg. The material was 

classified for kernel texture by assigning values of from 1 to 

10; 1 being completely starchy and 10 completely vitreous. 

Milturum was characterized by a completely starchy endosperm, 

while 1-28-60 showed considerable variation ranging from 5-10 

in texture index. 

The distribution for texture of the different F^ 
Cj 

populations both in the Fg and Fs showed considerable variation. 

The average texture for each F population was calculated from 

which it was found that there were three distinct groups. 
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TABLE 48 

Average texture index and standard deviation for 1-28-60 x 

Milturum three texture groups and parents; grown in the 

Fc at Edmonton and in the F* at Fallis. 

Parent of Fj> Edmonton Fa Fallis 

hybrid group Average 
texture 

S.D. average 
texture 

S.D. 

Starchy Fg 
populations 4.64+0.16 2.09+0.11 3.89+0.10 2.032.0.07 

Semi-vitreous 
Fg populations?.33±_01.15 1.91+0.15 6.21+0.12 2.22+0.08 

Vitreous Fg 
populations 8.18+0.08 1.27+0.05 7.60+0.08 1.47+0.06 

1-28-60 7.00+0.80 3.95+_0.57 

Milturum 1.00+0.00 0.00+0.00 

The data in table 48 show that the average texture 

of the three texture groups both for the Fg at Edmonton and 

the F„ at Fallis is as expected. At Fallis the starchy condition 
3 

of the endosperm is expressed to a much greater extent than 

when grefcn at Edmonton. Fortunately for this Study, 1931 at 

Edmonton was a comparatively wet season, which condition brings 

out the starchy endosperm to a much greater extent than would 

have occurred in a dry season such as 1932. 
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TABLE 49 

Significance of the difference in texture index of the three 

hybrid texture groups for the Fg and F 
3 

of 1-28-60 £ Milturum, 

Texture groups F^ Edmonton F* Fallis 

D. D./P. E. Odds D. D./P.E. Odds 

Starchy and 
semi-vitreous 2.69+0.22 12.2 V.G. 2.32+0.16 14.5 V.G. 

Starchy and 
vitreous 3.54+0.18 19.7 V.G. 3.71+0.13 28.5 V.G. 

Semi-vitreous 
and vitreous 0.85+0.17 5.0 V.G. 1.39+0.15 9.3 V.G. 

The data in table 49 show that the difference 

between these three groups is very significant in both the 

F and F*. 
2 * 

Figures 12 and 13 show in graphical form the 

distribution of the 3 groups for texture in the Fg and F^ 

respectively. In both figures 12 and 13 the texture index 

is expressed along the horizontal axis whi&e the per cent, of the 

population in each class is given along the vertical axis. In 

figure 13 two scales are used for per cent, population, the smaller 

being for the parents. In thee Fg a break occurred at class 6 while 

in the F~ the break occurs at class 5. Taking these ciisses as 
3 

as arbitrary dividing points in both the Fg and fg excellent fits 

totheexpected ratioB are obtained, in every case, with the 

exception of the F& of the semi-vitreous group. Here a fair 

fit to the theoretical 3:1 ratio is obtained. These data are 

shown in table 50. 
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FIGURE 18. 

Curves showing the distribution of 1-28-60 x Milturum Fg plants 

for texture index, grown at Edmonton in 1932. 
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FIGURE 15. 

Curves showing the distribution of 1-28-60 x 

Milturum F^ lines and parental rows, for 

texture index grown at Fallis in 1935. 
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TABLE 50 

The breeding behavior of 1-28-60 x Milturum Fg plants and Fg 

lines of the starchy, semi-vitreous and vitreous texture 

groups, for texture index, and comparison with the 5:1, 5:1 

and 15:1 ratios respectively. 

Generation 
and 

Texture 
groups 

Class 0 c Dev. P.E. D/P.E. Odds 

F5 starchy starchy 61 60 1 2.61 0.58 < 1 
vitreous 19 20 j_ * V * 

?* semi- starchy 20 18.5 1.7 2.50 0.68 (1 
vitreous vitreous 55 54.7 

F. vitreous starchy 7 7.9 0.9 1.85 0.49 <1 
2 vitreous 119 118.1 

F,. starchy starchy 146 145.5 0.5 4.07 0.12 u 
5 vitreous 48 48.5 

F semi- starchy 55 42 11.0 5.79 2.90 18.8:1 
VYtreous vitreous 115 126 

F„ vitreous starchy 12 9.4 2.6 2.01 1.29 1.6:1 
5 vitreous 159 141.6 

The data indicate that one or both of the parents are 

heterogeneous for kernel texture. To all outward appearances 

Milturum is homogeneous for starchy endosperm. In 1952 at Fallis 

1-28-60 had a range from 5 to 10 for texture index which 

indicates that it must be heterogeneous for texture . One very 

interesting aspect of this study is that in certain F^ populations 

we have starchy texture dominant by one main factor pair and in 

others vitreous texture dominant by either one or two main factois 

pairs. In the Fs at Brooks and Edmonton texture was not studied 

in particular detail, ^owever it was noticed that invariably che 
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starchy texture groups showed a much higher per cent, of 

starchy plants at both Edmonton and Brooks than either the 

semi-vitreous vitreous texture groups. A review of the 

literature showed that in some cases vitreous texture had been 

found dominant and in other eases starchy or soft texture was 

dominant. The only possible explanation for the behavior of the 

material in these crosses is that 1-28-60 is heterogeneous. In 

the vitreous texture group there must be two main factor pairs 

governing texture and in the semi-vitreous group one main factor 

pair, and in both cases a dominance of vitreous texture. While 
*r 

in the starchy texture group, we have starchy texture dominant 

by a single pair of factors. The reason for the reversal of 

dominance must be due to a type of inhibitor whifch either 

inhibits the expression of a dominant factor pair for starchysaess 

in the semi-vitreous and vitreous texture groups or inhibits a 

dominant factor or factor pairs for vitreousness in the starchy 

texture group. This inhibitor is the vitreous and semi-vitreous 

groups does not interfere with the action of the dominant 

factor, of factor pairs for vitreous texture}nor in the starchy 

texture group does it interfere with the dominant factor pair 

for starchy texture. The inheritance of kernel texture is also 

probably influenced by a number of minor polymeric factors as 

well as the main factor pairs indicated above. Correlations 

coefficients were calculated between the behavior of the three 

texture groups, in the Fg at Edmonton and the F^ at Fallis, 

and also between the F texture at Fallis and Edmonton. These 

data are shown in table 51. 
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TABLE 51 

Simple product moment correlation coefficients between 1-28-60 

x Milturum, for the texture index of the three texture groups, 

grown in the Fc at Edmonton and in the F at Fallis. and 
2 3 * 

between the F at Edmonton and Fallis. 
5 

Variables correlated correlation coefficients. 

Vitreous group 
F2 

and *8 +0.404+0.051 

Semi-vitreous group 
F2 and F 

3 
+0.706+0.043 

Starchy group 
F2 

and 
F3 

+0.885+0.016 

Edmonton and Fallis *3 +0.18310.105 

The high correlations between the F2 and F^ further 

indicate that texture is inherited. The nonsignificant 

correlation between the F_ at Edmonton and Fallis can only be 
5 

explained by the fact that during 1932 the Edmonton material 

experienced a dry season, which tends to majrk differences in 

texture. This latter correlation clearly shows, how great the 

environment influences kernel texture and also the necessity of 

growing the material under an environment which will give a 

differential reaction. 

II 

No other instance has been noticed in the literature 

review on the inheritance of kernel texture, in which certain 

F populations from crosses between the same parents indicate 

a partial dominance of starchy texture and others a partial dominance 

of the vitreous texture. Biffen (2), Engledow and Hutchinson (16) 

and Clark, Florell and Hooker (11) all report a partial dominance 

of vitreous texture, while Bryan and Pressley (7) found 

dominance of starchy texture. _ 
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Crude-Protein 

Literature review. 

Biffen (2) working with crosses between a Polish 

wheat with a high nitrogen content and a Rivet wheat low in 

nitrogen content, obtained segregation in the F for thfes 

character. He states that high nitrogen content is associated 

with hard translucent texture. 

Clark (10) in the F of reciprocal crosses of Kota x 

Hard Federation obtained transgressive segregation for crude - 

protein beyond the upper extremes of both parents. Clark and 

Hooker (12) in reciprocal crosses of Marquis x Hard Federation 

found the F0 and F intermediate between the two parents no 

evidence of transgressive segregation being obtained. They 

state that crude-protein is inherited in intermediate degrees 

between the parents by means of multiple factors. Correlation 

between the F and F were not significant which shows that 
2 3 

crude-protein is easily influenced by the environment. 

Clark, Florell and Hooler (11/ in a series of crosses 

between Bobs, Hard Federation and Propo found a tendency for 

low protein content to be dominant. No indication of transgressive 

segregation was obtained. Correlations between the F^ and 

showed that crude-protein content was not correlated one year 

with another. 

Clark and Quisenberry (13) with Marquis x K0ta found the 

F and F^ intermediate between and more variable than either 
2 3 

parent. Several F strains had lower crude—protein content than 
3 

Marquis the lowest parent, indicating transgressive segregation. 
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between the F^ and F^ high significant correlations were 

obtained. 

Methods and experimental results. 

The crude protein was determined by the (N. X 5.7 

basis with 13,5% moisture), on 42 F lines grown at Brooks 
3 

and Edmonton and 132 F_ lines grown at Fallis of 1-28-60 x 
3 

Milturum. 

The data in table 52 shew that the variability of the 

F lines at all three stations is significantly greater than 
o 

1-28-60 and about equal to tha t of Milturum. The difference 

between 1-28-60 and Milturum of 2.06+0.35 at Fallis and 

2.7+0.29 at Edmonton are significant. At Hrooks however the 

both parents have an average crude-protein content of 16.15 

per cent. At Fallis the F£ showed considerable transgressive 

segregation, for crude-protein content less than Milturum, the 

lowest parent, no lines being obtained higher than 1-28-60. 

While at Edmonton the low extreme of Milturum was not reached by 

any of the hybrids, five lines had a higher protein content 

than 1-28-60. At Brooks four F^ lines had a greater crude- 

protein content than either parent, none being below the 

lowest parentalline. Low crude-protein content at Fallis 

showed partial dominancejwhile at Edmonton and Brooks a 

reversal of this occurred. This clearly showed that crude- 

protein content was very readily influenced by environmental 

conditions. 
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FIGURE 14. 

Curves showing the distribution of 1-28-60 x Miltutum F„ lines 
O 

and parental rows, for crude-protein content, grown at Fallis 

in 1935. 
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In figure 14 is given in graphical fcrm the distribution 

of the F hybrid lines and parental rows at Fallis for crude- 
3 

protein content. Crude-protein content is presented along the 

horizontal axis while the per cent, of the population is 

shown along the vertical axis; two scales being used for per 

cent, of population, the smaller for the parents. An approximation 

to a normal curve was obtained which was similar to the distribution 

at Brooks and Edmonton. The distribution indicated a number of 

polymeric factors governing the inheritance of crude-protein 

content. 

The data in table 53 give the correlation coefficients 

for crude-protein content between the F lines grown at Edmonton, 
3 

Brooks and Fallis. 

TABLE 53 

Simple product moment correlation coefficients 

between 1-28-60 x Milturum F lines grown at 
o 

Edmonton, Fallis and Brooks during 1932. 

Variables correlated Correlation coefficients 

Edmonton and Fallis +0.509+0.077 

Edmonton and Brooks +0.289+0.095 

Brooks and Fallis _0.160+0.101 

The correlation between Edmonton and Fallis is very 

significant, however between Edmonton and Brooks, and Brooks 

and Fallis the correlations are not significant. The polymeric 

factor hypothesis for the inheritance of crude-protein content is 

in agreement with that given by Clark and Hooker (12). The low 
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or nonsignificant correlations between crude-protein content 

of the hybrids gsjown at Edmonton, Fallis and Brooks; and that 

at Fallis there was a higher proportion of low protein lines 

while at Edmonton and Brooks there was a higher proportion of 

high protein lines; indicate that this character is easily 

influenced by environmental conditions. This is in agreement 

with the data reported by Clark and Hooker (12) and Clark, 

Florell and Hooker (11)1 The occurrence of transgressive 

segregation agrees with the results of Clark (10) and Clark 

and Quisenberry (13). 

RELATIONSHIP STUDIES BETWEEN THE CHARACTERS 

General. 

It is very important, in a plant breeding study, to 
- r 

have a knowledge of the relationships between the various 

characters. Selection maybe greatly facilitated, if it is 

shown that a ready classifiable character like glume color 

is linked with a physiologic character, like crude-protein 

content or yield. Such studies also indicate the extent to 

which the various desirable characters of each parent are 

associated with each bther and the possibilities of obtaining 

in the hybrid^ suitable recombinations. In order to study 

statistically the possible relationships of the characters, 

they were divided into two main groups according to the nature 

of their inheritance. The first group, included the characters 
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of glume color and pubescence, awns, spike regularity, straw 

color and seed color, the inheritance of which is not 

influenced greatly be environment. In the second group were 

included the characters of strength of straw, height of plant, 

date of heading, grain yield, and plumpness, texture and crude- 

protein content of the kernels, the inheritance of which 

characters is readily influenced by the environment. 

Tests of Independence or Association 

The method used in measuring the independence or 

association of the characters in the first group, with each 

other and with the characters of the seoond group, was by 

contingency tables in which two characters are compared. The 

relationship between the distribution of the two characters was 

obtained by calculating X 2 and determining the P value from 

Fishers tables (17). In determining p from the tables, Fisher’s 

suggestion for degrees of freedom was used. For example a 

4x3 fold table has 6 degrees of freedom. A p value of .05 

or less is necessary before it can be concluded thah an association 

exists. A P value of .05 means that any association that exists 

between the distribution of the two characters might occur by 

chanoe in one out of twenty cases. 
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Literature reviews. 

Influence of awns on yield. 

Hayes (30), with Marquis x Preston reported that the 

bearded families averaged somewhat higher than the awnless 

families for yield. Clark (9) with reciprocal crosses of Kota x 

Hard Federation found the awned lines to outyield the awnless 

by 11 to 18 f£er cent. Clark, Florell and Hooker (11) in the 

crosses of Bobs x Propo and Hard Federation x Propo found a 
to 

tendency for yield/increase with awn length. 

Moskalenko (42) studied the dependence between 

awnedness and the elements of productivttiy for winter wheat 

hybrids. He concluded that during the years 1922, 1925, 1926 

and 1927 there was no genetic relationship between awnedness 

and the elements of productivity under the conditions of the 

Ukranian steppe. 

Clark and Quisenberry (13) in Kota x Marquis crosses 

grown at Bozeman, Montana found the opposite to previous reports, 

namely that the awnletted plants yielded significantly higher 

than the awned plants. Clark and Quisanberry and Powers (14) 

working with Hope x Hard Federation crosses found no relationship 

existing between awnedness and grain yield. 

Influence of Awns on lodging. 

Clark, Florell and Hooker (11) with, crosses between 

Bobs and ^ard Federation with Propo, report the..- lodging is 

associated with increase in length of awn. No other instances 

have been found in the literature between the characters 

studied in this investigation. 
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Experimental results. 

-r ^lurne 

In the crosses of 1-28-60 x Milturum ohajrf color was 

compared by Fisher1s test of independence or association to see 

if there was any linkage relationships between th&s character 

and the characters of crude-protein content, texture and 

plumpness of kernel. 

TABLE $4 

Test of independence or association for 1-28-60 

x Milturum lines for glume color with crude- 

protein per cent, and texture index at Fallis, 

and plumpness index at Brooks. 

Variables compared x2 P. value 

Glirme color seg . 3:1 and protein % at Fallis 18.34 0.57 

tt tt tt 15:1 n TT ft tt ft 17.99 0.65 

ff tt tf 15:1 tt texture of starchy 
group at Fallis 

29.16 0.22 

tt tt ft 3:1 tt texture of semi- 
vitreous group at 
Fallis 

9.78 0.87 

tt tt tt 3:1 ff texture of vitreous 
group at Fallis 

9.20 0.82 

ft tt tt 3:1 t» plumpness at Brooks 7.24 0.51 

t* tt tt 
15:1 

tt « tt tt 15.74 0.41 

The data in table 54 show that glume color in this 

cross in not linked in any way with crude-protein, texture and 

plumpness of the kernels. 

Milturum had a narrow leaf and a more prostrate early 
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growth habit than 1-28-60. An average figure for each of these 

two characters was obtained for each F line grown at Brooks., 

On the basis of 1 representing narrow leaf width and prostrate | 

growth habit and 5, wide leaf width and upright growth habit. 

The indices obtained were compared with the plumpness index at 

Brooks for the F lines. A X2 of 24.18 with a P value of 0.23 
3 

was obtained between growth habit and plumpness index which 
habit 

indicates no association between growth / and plumpness index,’ 

while a X2 of 34.93 with a P value of 0.02 was obtained between 

leaf width and plumpness index, which shows a significant 

association between these two characters. 

Tests of association and independence were calcu&lted 

for the characters in the first group with each other, and with 

the characters in the second group, for the crosses of Caesium 

with Marquis and Reward. 

TABLE 55 

Tests of independence or association for the 

Caesium x Marquis Fs lines for the characters 

in the first group with the characters in the 

second group, grown in Edmonton 1935. 

Lodging index Height of plant Date of heading 

x2 P value X2 P. value X2 P. value 

Spike regularity 28.70 0.16 26.98 0.14 35.72 0.03 

Straw color 16.58 0.78 43.62 CO.01 80.18 <0.01 

Awns 23.68 0.57 40.64 <0.01 24.62 0.32 

Glume color 41.68 0.15 22.46 0.83 31.18 0.56 
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The data in table 55 show that straw color is strongly 

associated with both height of plant and date of heading in days; 

awns with height of plant; and spike regularity with date of 

heading. ’ The white strawed lines are SC60+0.54 shorter 
o — 

than the purple strewed F lines; while the Shite strawed F 
* 5 

are 2.45+0.20 earlier than the purple strawed F„ lines. Since 
o 

only one pair of fiafctors governs straw color in these crosses, 
must 

the factor pair for straw color/reside on the same homologous 

chromosomes as one of the factor pairs governing both date of 

heading and plant height. This is also supported by the fact that 

heading and height are also strongly correlated with each other. 

The awnletted F^ lines of the reciprocal crosses of 

Caesium x Marquis are 1.95+0.55 ems. taller than the awned F„ 
o 

lines. This would necessitate that Marquis, the short parent, 

having a dominant factor for tallness which is situated on the 

same chromosomes as the gene governing awn expression. In the 

distribution of the F lines several lines are ©lightly taller 
o 

than the tallest Caesium parent while several lines are shorter 

than the shortest Marquis parent. This slight transgressive 

segregation is also indicative that Marquis possess factor 

pair for tallness. 

The regular spike F lines are 0.71+0.25 days earlier 
o 

than the irregular spike F~ lines. This indicates that the 
° pairs for 

factor pair for spike regularity and one of the factors/date of 

heading in this cross located on the same homologous 

chromosomes. No association is indicated between the other 

characters presented in table 55. 
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TABLE 56 

Test of independence or association for 

Caesium x Marquis F lines, for the 
o 

characters in the first group with each 

other grown at Edmonton in 1955. 

Characters compared _2 
X P. value 

Awns and glume color 7.91 o.mo 

Awns and spike regularity 2.75 0.61 

Awns and straw color 4.94 0.29 

Spike regularity and straw 
color 

0.99 0.91 

Spike regularity and glume 
color 

8.55 0.22 

Straw color and glume color 5.64 0.49 

The data in table 56 show that these characters 

are inherited independently of each other. Since both straw 

color and awns are linked with height of plants and are not 

with one another, it indicates that height of plant is governed 

by at least two-factor pairs. Similarly since both spike 

regularity and straw color are linked with date of heading but 

not with each other, date of heading is also governed by at 

least two-factor pairs. 
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TABLE #7 

Tests of independence of association for 

Reward x Caesium F lines for the characters 
5 

in the first group with the characters in the 

second group, grown at Edmonton in 1955. 

Lodging 
o 

index Height of 
„ plant 

Date of 
heading 

Grain 
yigld 

X~ P .value X" P . value X*0 P value Xe P. 
value 

Glume pubescence 8.50 0.97 22.55 0.52 25.02 0.29 17.02 0.52 

Straw color 20.01 0.54 25.25 0.19 22.65 0.27 24.55 0.15 

Awns 17.50 0.50 55.14 0.055 14.80 0.79 17.20 0.50 

Gikume color 24.51 0.61 24.89 0.75 28.59 0.55 19.56 0.85 

The data in table 57 show that all the^ characters are 

inherited independently save awns which is associated with height 

of plants. The awned plants as in the reciprocal crosses of Caesium 

x Marquis are shorter than the awnless plants. This indicates that 

the Reward parent has a gene for tallness located on the same 

chromosome as the gene for the awnletted condition. The fact that 

white straw color is not significantly associated with height 

of plants and date of heading in Reward x Caesium suggests that the 

constitution of Marquis and Reward is not the same for the factors 

governing height and heading. 
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TABLE 58 

Tests of independence of association for 

Reward x Caesium lines for the characters 

in the first group with each other, grown at 

Edmonton in 1985. 

Characters compared X2 P. value 

Awns and glume color 10.46 0.14 

Awns and glume pubescence 7.28 0.13 

Awns and straw color 5.53 0.24 

Glume pubescence and straw color 4.63 0.33 

Glume pubescence and glume color 5.63 0.73 

Straw color and glume color 4.71 0.58 

The data in table 58 show that the above four 

characters are inherited independently. 

In the crosses of Caesium with Reward and Marquis no 

association was found between awns and yield which agrees with 

the findings of Moskalenko (42) and Clark, Quisenberry and 

Powers (14). Other investigators cited found a tendency for 

yield to increase with awn length with the exception of Clark 

and Quisentoerry (13) who report the awnletted plants yielded 

significantly higher than the awned plants. 

No association was found between awns and lodging; 

which is not in agreement with the results (bf Clark, F'lorell 

and Hooker (11) who report that lodging is associated with an 

increase in the length of the awn. 
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CORRELATION STUDIES 

Plumpness and yield 

Literature review. 

Hayes (30) with Marquis x Preston reports positive 

correlations between yield and plumpness. Hayes, Aamodt 

and Stevenson (32) found in rod row trails of spring and winter 

wheat high positive correlations between yield and plumpness. 

Bridg£ord and Hayes (4) grew 61 strains of hard red spring 

wheat at Morris Minn. They found high positive correlations between 

yield, correlated with plumpness and weight per 1000 kernels, 

the former correlation being the more significant. Smith and 

Clark (49) report frery significant positive correlations between 

kernel plumpness and yield and weight per 1000 kernels in durum 

crosses between Pentad and Nodak crossed with Akrona. 

Waldron (69) grew 25 varieties of wheat hybrids under 

conditions of high temperature and low moisture at Fargo N.jj. in 

1932. He correlated yield, weight per bushel, weight per 1000 

kernels and plumpness, in all posible combinations. In all cases 

he found significant positive correlations. Yield was more 

highly correlated with weight per 1000 kernels, than with 

plumpness, which was next and least with weight pwr bushel, 

plumpness was correlated to approximately the same degree with 

both weight per bushel and weight per 1000 kernels. The cothelation 

between weight per bushel and weight per 1000 kernels was 

significant but not as large as the other correlations. 
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Experimental methods and results. 

Fg population 457 of 1-28-60 x Milturum grown under 

drought conditions at Brooks in the F„ was studied on the 
5 

individual plant basis for yield, weight pwr bushel, weight per 

1000 kernels and plumpness index. The methods used have been 

described previously under plumpness studies. 

TABLE 59 

Simple product moment correlation coefficients 

for 1-28-60 x Miltuirum Fg populations 457 between 

yield, weight per bushel, weight per 1000 kernels 

an& plumpness index, grown in the F at Brooks in 1952. 
5 

Variables correlated correlation coefficient 

yield and plumpness 

yield and weight per bushel 

yield and weight p*r 1000 kernels 

plumpness and weight per bushel 

plumpness and weight per 1000 kernels 

weight per bushel and weight per 1000 
kernels. 

+0.148+0.040 

+0.081+0.044 

+0.515+0.054 

+0.872+0.011 

+0.478+0.054 

+ 0. §601.0.059 

The data in table 59 show that in this Fg population 

yield was more dependent on weight per 1000 kernels than the 

plumpness index, and was not significantly related to weight 

per bushel. This may be partially explained owing to the great 

variation in the size of the kernels of the hybrid plants. 

Plumpness of kernel was much closer associated with weight per 

bushel than it was with weight per 1000 kernels, this again is 
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partially due to kernel size. The correlation between weight 

per bushel and weight per 1000 kernels was significantly lower 

than the two previous correlations. 

The correlation between yield and weight per 1000 

kernels was much more significant than that between yield and 

plumpness index, which is in agreement with the results of 

Waldron (69). The data of other investigators (4, 30, 32, 49, 

69) cited in the literature review found that the correlation 

between kernel plumpness and yield was v.ei\y significant, however 

in the present study the correlation between these two characters 

was barely significant. 

Plumpness and date of heading 

Literature review. 

Smith and Clark (49) in durum crosses between Pentad 

and Nodak with Akrona report the relation between heading and . 

plumpness to be indefinite. Hayes, Aamodt and Stevenson (o2) 

in rod row trials of spring and winter wheat at Waseca in 1926 

found no correlation between plumpness and heading of spring 

wheats, however with the winter wheats they obtaineo. & significant 

negative correlation. Bridgford and Hayes (4j correlating plumpness 

and heading in 61 strains of spring wheat grown at Morris Minn, 

in a variable season, report a positive correlation of 0.4510.07. 

Waldron (69) reports on 25 hybrid varieties of spring wheat 

grown at Fargo N.D. in 1932, under conditions of high temperature 

and low moisture, a significant negative correlation between 

plumpness and heading. 
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Methods and experimental results. 

, In the present study the heading of the Fg rows of 

1-28-60 x Milturum grown at Brooks was estimated when 50 per 

cent, of the plants were headed. This was found to be 

correlated with plumpness to the extent of +0.268^0.05. 

Milturum was late and plump ile 1-28-60 was early and 

shrivelled. 

The signifieent positive correlation obtained between 

kernel plumpness and heading is in agreement with the work of 

Bridgford and ha yes (4). Waldron (69) and hayes, Aamodt, and 

Stevenson (32), the latter with winter wheat, report significant 

negative correlations, while Smith and Clark (49) and Hayes 

et al (52) with spring wheat found no relationship between these 

two characters. These results indicate that the association between 

plumpness of kernel and Beading is dependent both on the material 

used and the environment under which the material is grown. 

Plumpness with crude-protein and texture. 

Literature revie?/. 

Bailey and Hendel (1) studying the 1911, 1912, 1913 

and 1921 wheat crops of Minnesota report no correlation between 

wheat kernel plumpness and crude-protein content, when the 

former was measured in terms of either weight per 1000 kernels 

or weight per bushel. Waldron (69) in rod row trials of 

spring wheat hybrids found per cent, crude—protein to be 

negatively associated with weight per ousnel, weight per 1000 

kernels and plumpness. W#ile the per cent, yellow berry was 
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pggitiyeiy associated with these characters. This shows that 

the plump samples have a lower crude-protein content and a 

greater per cent, of yellow berry than the shrivelled samples. 

Smith and Clark (49) found no significant correlation between 

kernel plumpness and protein content.in crosses of Pentad and 

Nodak with Akrona. 

Experimental results. 

TABLE 60 

Simple product moment correlation coefficients 

for 1-28-60 x Miltuirum F lines, between plumpness 
3 

index compare with crude-protein per cent, and 

texture index. 

Vari.ab.les correlated Oorrelation coefficient 

Plumpness, Brooks and Protein Brooks 

Plumpness, Brooks and protein, Fallis 

Plumpness, Edmonton and protein Edmonton 

Plumpness, Edmonton and protein Fallis 

Plumpness, Fallis and protein Fallis 

JO.056+0.104 

+0.014+0.059 

+0.119+0.103 

+0.030+0.065 

+0.000+0.000 

Plumpness, Brooks and Texture, Fallis +0.061j0.052 
(starchy group) 

Plumpness, Brooks and texture Fallis +0.061J0.055 
(semi-vit. group) 

Plumpness, Brooks and texture, Fallis +0.151J0.057 
(vitreous group) 

Plumpness, Edmonton and texture, Edmonton +0.135J0.102 
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In no case are the correlations presented in table 60 

significant, which shows that whith this cross and under the 

conditions which the material was grown plumpness index was not 

associated with either crude-protein per cent, or texture index. 

This lack of association of plumpness index with either 

crude-protein content of kernel texture is in agreement with the 

results of Bailey and ffendel (1) and Smith and Clark (49) but 

hov/ever disagrees with the results of Waldron (69). 

i 

Texture and crude-protein content. 

Literature review. 

Clark (1C), with Hard Federation x Propo crosses 

grown at Davis California, found a high positive correlation 

between texture and crude-protein per cent, in the F^. 

However he states that high protein content is not necessarly 

associated with hard texture, which is indicated by both the 

lack of significant correlations between the Fg and the Fg for 

protein per cent, and the partial dominance of low protein and 

vitreous texture individuals in the Fg. Clark, Florell and 

Hooker (11), in crossesbetween Bobs, Hard Federation and Propo 

wheats, report that there is a slight tendency toward increased 

protein content with the increase in hardiness of the kernel 

texture. Hayes, limner and Bailey (34) studied the relationship 

between protein and texture of diverse hybrid strains of spring 

and winter wheats grown at four points in Minn, for the years 

1824 to 1926. They found no indication that protein content and 
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texture are positively correlated. Tfaldron (69) in 193£ 

grew 25 hybrid varieties ox spring wheat and report the high 
* 'ft 

negative correlation of —0.706 between per cent, crude-protein and 

per cent, yellow beery. 

Experimenatal results. 

TABLE 61 

- Simple ..product moment correlation coefficients 

for 1-28-60 x Milturum F„ lines between texture 
o 

index and crude-protein per cent. 

Variables correlated Correlation coefficients 

Texture and protein, 
group at Fallis 

vitreous texture +0.668+0.068 

Texture and protein, semi-vitreous > 
texture group at Fallis. 

+0.473+0.084 

Texture and protein, 
at Fallis 

starchy group +0.551+0.060 
* 

Texture and protein, 
at Fallis 

total population +0.50310.043 

Texture and protein, 
at Edmonton 

total population aO.027+0.104 

The data iW table 61 show that at Eallis protein is 
* 

strongly associated with texture but such is not the case at 

Edmonton. 

In the discussion under the inheritance of texture it was 

shown that there were three distinct groups of F^ populations in 

regard to the inheritance of this character. it was thoufht that 

since texture at Fallis was so strongly correlated with crude-protein 
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that there would he a wide difference in the average crude- 

protein content of the three texture groups. This was not found 

to be the case. The average per cent, crude-protein was 12.16+0.12, 

12.49+p.l5 and 12.65^0.1© for the starchy, semi-vitreous and 

vitreous texture groups respectively. These differences are not 

significant. The reason for this apparent paradox is shown 

by the data in table 62. 

TABLE 62 

Relationships existing for 1-28-60 x Miltuimm 

Fg lines between texture and crude-protein per 

cent, in the three texture groups grown at 

Fallis in 1952 - 

Starchy texture Semi-vitreous Vitreous 
group texture group texture group 

Texture Av. $ Texture Av. °jo Texture Av. io 

range protein range protein range protein 

1-5 11.9 1-5 11.8 1-5 11.0 

6-10 15.5 6-10 12.9 6-10 15.0 

Av. 1-10 12.18 lvl 0 12.49 1-10 12.65 

The data in table 62 show that the starchy texture lines 

of the starchy texture group had a higher per cent, crude-protein 

than the starchy texture lines of the vitreous texture group, the 

same relationship also held for the vitreous texture .Lines of each 

group. This difference was sufficient to balance the expected 
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significant differences between the three groups for average 

crude-protein per cent. The data indicate that some of the 

factors governing crude-protein content ahd the texture of the 

grain are linked, while others are inherited independently. 

In the literature review is shown that considerable 

differences of opinion exists as to the relationship between 

kernel texture and crude-protein content. In this investigation 

at Fallis very significant correlations between kernel texture 

and crude-protein content were obtained, while at Edmonton 

the correlation was nonssignificant. These data and those of 

other investigators indicate that the relationship between these 

two characters is greatly influenced by environment. 

Literature reviews. 

Grain yield and date of heading. 

Clark (9), using Kota x Hard Federation correlating 

yield and heading in the F^ and F^, found the early plants 

more productive. Goulden and Elders (26), in rod row trials of 

146 varieties of spring wheat at Winnipeg in 1925, found 

thajr earliness was postively correlated with yield. This, they 

explained was partially due to fact that a rust epidemicd came late 

in the season, the earlier varieties thus escaping damage. 

Clark and looker (12), with reciprocal crosses of Marquis x 

Hard Federation found heading not to be correlated with yield, 

however they found the fruiting period positively correlated 

with yield. Hayes, Aamodt and Stevenson (32), with rod rows 

trials found a negative correlation between heading and yield 

but it was not significant. Bridgford and Hayes (4), in rod 

row trials of 61 strains of spring wheat at Morris Linn, found a 
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low significant positive correlation between heading and yield. 

Smith and Clark (49), in crosses between Pentad and Nodak with 

Akrona, found yield negatively associated with heading. Waldron 

(69), reports a very significant negative correlation between 

yield and heading for 25 hybrid varieties of spring wheat. He 

states that evidently a lengthened period of photosynthetic 

activity normally considered desireable for good yields may 

be more than offset by injurious seasonal conditions of low 

moisture. 

Grain yield and height of plant. 

Clark (9) in the Fg and F^ of Kota x Hard Federation 

crosses, found significant positive correlations between yield 

and height. Clark and looker (12) in the F? and F of Marquis x 

Hard Federation found a high positive correlation between height 

and yield. Hayes, Aamodt and Stevenson (32) in rod row irials 

of spring and winter wheat report positive correlations between 

height and yield. Bridgford and Hayes (4), in rod row trials of 

61 strains of spring wheat at Mofcris Minn, obtained significant 

positive correlations between height and yield. Y/aldron (69), 

found no correlation between height and yield, with 75 varieties 

of spring wheat hybrids, grown at Fargo N.D. in 1932. 

Grain yield and lodging. 

Goulden and Elders (26), in rod row trials of 146 

spring wheat Varieties, found the weak strawed varieties to yield 

the highest. 



. 

: . 

. 

% 

. 

, •' • • • - • • 4 - 



- 108 - 

Date of heading and height of plants, 

Clark (9) in reciprocal crosses between Kota x Hard 

Federation found a negative but not significant correlation 

between heading and height under favorable conditions at 

Davis, California. However under unfavorable conditions due to 

drought and ru&t at St. Paul Minn, and Mandan N.D., he obtained 

significant positive correlations between these two characters. 

Clark and Hooker (12) with reciprocal crosses of Marquis x Hard 

Federation, found that the correlations between heading and 

height was not significant but that the correlation between 

ripening and height was significant. Hayes, Aaxnodt and 

Stevenson (132), with rod row tests of spring and winter wheat 

varieties, report positive correlations between height and 

heading. Bridgford and ^ayes (4), with 61 strains of wheat 

grown in rod rows, however found a significant correlation 

between these characters. 

Date of heading and lodging. 

Goulden and Elders (26), in rod row trials with 146 
#' 

strains of spring wheat grown at the Dominion Rust Laboratory, 

Winnipeg, in 1925, report a positive but nonsignificant 
date of 

correlation between straw strength andfheading. 

Experimental results. 

Simple and partial correlations were run between 

heading, height, lodging and yield of the Fg lines of the crosses 

of Caesium with Marquis and Reward grown at Edmonton in 1955. 
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TABLE 63 

Simple product moment and first order partial correlation 

coefficients for Reward x Caesium F£ lines, between date of 

heading, plant height, lodging index and grain yield, grown 

at Edmonton in 1953. 

Variables correlated Simple product moment First order partial 
corr. coefficients corr. coefficients 

Yield and heading +0.101+0.088 

Yield and height +0.162+0.087 

Yield and lodging 
- ■ \T 

+0.054+0.089 

Heading and height +0.284+0.054 + 0.29O^_0 • 054 

Heading and lodging +0.191+0.057 +0.161+0.057 

Height and lodging +0.252+0.057 +0.25310.055 

The data in table 63 show that yield is not related to 

any of the other three variables, by the simple product 

moment coefficients, hence it was not used in calculating the 

partial correlations. 

TABLE 64 

Simple product moment and first order partial correlations 

coefficients for Caesium x Marquis F^ lines, between date of 

heading, lodging index and plant height, grown at Edmonton in 1953. 

Variables correlated Simple product moment 
Corr. coefficients 

First order partial 
Qorr. coefficients 

Heading and height +0.37910.034 +0.41610.032 

Heading and lodging +0.21610.017 +0.17110.018 

Height and lodging +0.291l0.037 +0.51410.036 
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The data in tables 63 and 64 show significant 

correlations between heading and height, heading and 

lodging, and height and lodging for both series of crosses. 

Height was correlated to a greater extent with heading than 

with lodging; and lodging to a greater extent with height than 

with heading. The partial correlations in both series of crosses 

increased the significance of the correlations between heading 

anf height, and lodging and height at the expense of the 

heading and lodging correlation. 

In the literature review 6n the relation between grain 

yield and date of heading both negative and positive correlations 

have been reported. This indicates that the relationships 

between these two characters is influenced greatly by the 

environment. The lack of correlation between these two characters 

in this investigation is in agreement with the results of Clark 

and Hooker (IS). 

In this study no correlation was found between plant 

height and grain yield which is in agreement with the results 

of Waldron (69) but is in disagreement with the results of the 

other investigations reviewed. 

No correlation was found between lodging index and 

grain yield in this study which does not agree with the 

results of Goulden and Elders (26). 

The positive correlations between date of heading and 

plant height in this investigation are in agreement with the 

results of Hayes, Aamodt and Stevenson (52) and those of 

Clark’s at Davis. 

In the present study small positive but significant 

correlations were found between date of heading and plant height 
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which agrees with the tendency reported by Goulden and 

Elders (26). 

ECONOMIC SIGNIFICANCE 

It is as yet too early to state definitely if drought 

resistant lines of high quality will be obtained from the crosses 
Fj lanes, 

studied. From 1-28-60 x Milturum^plants were selected,, 

F-- linos, the kernels of which possessed the plumpness of 

Milturum at Brooks, and the vitreous texture of 1-28-60 at 

Fallis-, these were grown in the F^ during 1955. At Fallis a 

large percentage of the selected plants were homozygous for 

vitreous texture; while at Edmonton, a number of the vitreous 
* . ** 

texture Fallis lines, were homozygous for the strong straw 

and earliness of 1-28-60. As previously stated the F4 grown at 

Brooks was hailed out, as a result the inheritance of seed 

plumpness could not be substantiated. During 1954 in the 

F^ 15 bulked lines apparently homozygous fortexture, kernel 

size and shape, maturity, height and strength of straw, as well 

as several hundred promising plant selections will be tested 

at Brooks, Fallis and Edmonton. 

The F^ segregation in the crosses of Caesium with 
5 

Reward and Marquis, clearly indicated that it is possible to obtain 

lines possessing the desirable characters of early maturity, 
&r>£ 

strong straw and vitreous texture, Two bulked lines over 1000 

individual plant selections will be given a further test in the F4. 

c 
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SUMMARY 

1* This genetic study was undertaken with the object 

of securing a high-yielding, strong-strawed, hard red spring 

wheat of superior quality and possessing a greater resistance 

to drought than the varieties grown at present. 

2. The Milturum and Caesium parents were selected for 

their high yielding capacity and their ability to withstand 

drought better than the standard Canadian varieties. 

3. The material was grown at three points; at Edmonton 

under ideal conditions, at Brooks under droughty conditions 

and at Fallis in the grey wooded soil area. 

4. The crosses between 1-28-60 x Milturum were studied 

in the F and F„ at Edmonton, Brooks and Fallis to determine 
2 3 

the inheritance of, and relation between the following character 

pairs;brown vs. white glume color; plump vs. shriveled kernel; 

vitreous vs. starchy kernel texture; and high vs. low crude- 

protein content. Crosses between Reward x Caesium and 

reciprocal crosses of Caesium x Marquis were studied in the Fg 

and F„ at Edmonton and Fallis to determine the inheritance of, 
3 

and relation between the following character pairs; brown vs. 

white glume color; pubescent vs. glabrous glume; awnletted vs. 

awned; ifregular vs. regular spike; purple vs. white straw color; 

red vs. white seed color; strong vs. weak straw; short vs. tall 

height of plant; early vs. late heading; and low vs. high 

grain yield. All characters of the first group and texture were 

studied in the Fg and F^ , wdiile plumpness of kernel, protein 
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content, lodging index, plant height, date of heading and grain 

yield were studied only in the 

5. It was shown that Milturum was not homogeneous for 

glume color, for certain Fg populations of 1-28-60 x Miltufcum 

gave 6 two-factor differential while others only one, for this 

character. A two factor difference was found to explain the 

inheritance of glume color in the crosses of Caesium with 

Reward and Marquis. In all crosses white glume color was 

recessive. 

6. Glume pubescence in Reward x Caesium was shown to be 

inherited in a monohybrid ratio, the pubescent condition 

being partially dominant. 

7. The awnletted condition was found to ge partially 

dominant over the awned condition by one main factor pair, in 

the crosses of Caesium with Seward and Marquis. An excess of 

awned plants, as well as many different intermediate awn types, 

suggests the presence of modifying factors. 

8. Spike regularity was shown to be recessive to the 

irregular spike, by one-factor pair in Caesium x Marquis. 

9. Purple straw was found partially dominant to white straw 

by a single gene, in the crosses of Caesium with Reward and 

Marquis. 

10. A 63 red to 1 white ratio was obtained for seed 

color, which shows that Marquis and Reward have two factor 

pairs for red seed color, while the third pair is possessed by 

Caesium. 

11. Lodging in the Caesium x Marquis was controlled by 

one main factor pair; while with Reward x Caesium two main 



. 

■ 

' 



114 

factor pairs were indicated. In both series of crosses 

minor modifying factor pairsare believed to modify the 

expression of this character. Strong straw, in both series 

of crosses was partially dominant. Transgressive segregation 

did noii occur for this character. 

12. Plant height, in the crosses of Caesium with Marquis 

and Reward, appeared to be controlled ^y polymeric factors. 

In Caesium x Marquis the mean was midway between the two 

parents, while in Reward x Caesium there was a partial dominance 

of tall straw. Slight transgressive segregation occurred in 

Reward x Caesium. 

15. Date of heading, in the crosses of Caesium with 

Marquis and Reward, was indicated as bein governed by polymeric 

factors, with a partial dominance of earliness. Transgressive 

segregation occurred in the crosses of Caesium x Marquis. 

14. Grain yield in Reward x Caesium was indicated as 

being governed by polymeric factors, with a partial dominance of 

the low yield of Reward. 

15. Plump kernel, in 1-28-60 x Milturum was shown to be 

partially dominant to shriveled kernel. This character appeared 

to be inherited by several main, as well as many minor factor 

pairs. 

16. In the inheritance of kernel texture, in 1-28-60 x 

Milturum, certain Fg populations for both the Fg and F^ indicated 

a partial dominance of vitreous texture by two main factor pairs, 

others by one main factor pair; while in still a third group 

starchy texture was partially dominant by one main factor pair. 

Minor polymeric factors also probably influence the inheritance 

of this; character. 
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17. Crude-protein inheritances, in 1-28-60 x Milturum 

was indicated as being controlled by a number of polymeric 

factors. The lack of correlation, between the replicates 

grown a# Brooks and Edmonton, and Brooks and Fallis, 

indicated that crude-protein is readily influenced by the 

environment. Transgressive segregation occurred at all three 

places. 

18. Glume color, in 1-28-60 x Milturum was found to be 

inherited independent of crude-protein, texture, and 

plumpness of the kernel. 

19. In Caesium x Marquis grown at Edmonton, spike 

regularity was found to be linked with date of heading straw 

Bolor with both height of plant and date of heading; and awns 

with height of plant. While in Reward x Caesium awns were 

found associated with date of heading . No other cases of 

linkage were found between any of the other characters compared 

in the two series of crosses. 

20. No relationship existed between awns and grain yield 

in Reward x Caesium grown at Edmonton. 

21. In the F of 1-28-60 x Milturum grain yield was found 
3 

to be more closely associated with weight per 1000 kernels than 

with plumpness index or weight per bushel. The correlation 

between plumpness index and weight per bushel was much more 

significant, those between plumpness index and weight 

per bushel, with weight per 1000 kernels. 

22. Plumpness index was found to be positively correlated 

with date of heading, at Brooks, for the Fg of 1-28-60 x Milturum. 
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23. Plumpness index was shown to be in no way 

associated with texture index or crude-protein in the F£ 

1-28-60 x Milturum. 

24. Texture index and crude-protein content, for the F* 
% 

of 1-28-60 x Milturum were strongly correlated with each other 

at Fallis; however at Edmonton no correlation was found between 

these two characters. There was not a significant difference 

between the average crude-protein of the three texture groups 

grown at Fallis; certain of the factor pairs governing crude- 

protein and kernel texture inheritance are apparently linked, 

while others are inherited independently. 

25. The F3 data of Reward x Caesium at Edmonton indicate 

that grain yield is inherited independent of date of heading, 

plant height and strength of strew. 

26. Date of heading, plant height and lodging index were 

all positively correlated with one another, in the crosses of 

Caesium with Reward and Marquis. In order of significance 

the correlations were, date of heading and plant height; 

plant height and lodging index; and date of heading and 

lodging index. 

27. Selections have been made from the more promising 

lines of all the crosses studied, both to further_studjg^the 

inheritance of a number of the more complex characters, and 

with the hppes of obtaining superior varieties. Strong strawed 

lines possessing plump kernels of good type and vitreous 

texture predominate among the selections. 
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