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BALWANT SINGH JOGI ABSTRACT

An estimate of the genetic components of variance in the F6
generation was made on two barley crosses, Stewart x Bay, and
Kindred x Bay. Seed was drawn from a bulked F4 at random from
the two crosses. Stewart and Kindred are rough awned varieties
and Bay is a smooth awned variety. Cross Stewart x Bay was des-
ignated as A 272 and Kindred x Bay was identified as A 267.

Twenty families from each cross were selected and 18 F4
seeds from each family were taken at random. The seed so taken
were grown for increase in the green house in fall, 1952, In the

spring of 1953, the F_ seeds were planted for increase in the field.

5

rows tracing to a designated F_, row was called a

A group of F 3

5
family.

The yield trials were conducted in theggeneration at two lo-
cations in Ingham and Tuscola counties. In all, there were three
experiments, two in Ingham County and one in Tuscola. A lattice
design was used. Ingham Experiments I and II consisted of Stewart
x Bay and Kindred x Bay crosses, respectively. Tuscola Experi-
ment III included only the Kindred x Bay cross. Ingham Experiments

I and II consisted of 100 plots each, and Tuscola Experiment III

contained 90 plots. Environmental variance was determined from
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parental check plots. The tests were on a four-row, single-plot
basis. It was impossible to replicate subfamilies using this plot
size because of limited seed. The four subfamilies in each family
were treated as replicates.

Notes were taken on disease reactions and agronomic char-
acters. The diseases concerned were powdery mildew (Erysiphe

graminis hordei) and spot blotch (Helminthosporium sativum). The

agronomic characters studied were date of heading, height of the
plants, percent of lodged plants, lodging resistance, test weight, and
awn type. Efforts were made to obtain additional information about
these char;cters to determine the estimation of components of vari-
ance. The components of variance were also estimated from the
yield data, and the effects of eéch character on seed yield per plot
were calculated. Various class ratings were given to the effects
of each character and each class was compared with the other for
statistically significant differences.

On a single gene basis if the original F4 seed chosen were
AA or aa, the resulting plot mean will remain unchanged after any
number of generations of selfing. On the other hand, if seed chosen

‘were Aa, then the plot mean will change with each generation of
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selfing. This was illustrated with an algebraic model. Let the mean

-

effects of AA, Aa, and aa equal d:, h,:, and -d)L. The model assumes
only the additive action of genes and no epistasis. The value H
equals dominance deviation from the additive scheme and may be
positive or negative. In the F, generation the mean square expec-

6

tation was calculated between the families:

1
I/ZD‘I‘ 1024H ----- ﬁ‘ ...... (a)

and mean square expectation for within the families was:

6
3/8D + 1024 H...... ﬁ ...... (b)

D is 3/4 of the size for within the families as compared to the size
for between the families. The coefficient in both the cases is ex-
tremely low so that it approaches zero. Having both the values

for environmental error and for the additive genetic fraction, the
heritability values can be easily determined. The formula used here

to calculate heritability percentages in each experiment was as follows:

x 100

2

JF
Heritability = = 3

ot

e
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ar is equal to variance due to additive genetic effects.

/e is the environmental variance calculated from parents only.
The environmental error, additive genetic fractions, and heritability
percentages were calculated in all three experiments. The herita-
bility percentages for yield are 31, 37, and 32 percent, with a mean
of 33 percent in the F6 generation. The high heritability values in
the F6 generation indicates that homozygosity has reached practically
a maximum. Delay later than this will be a waste of time on the
part of the plant breeder.

The components of variance were calculated for powdery

i

mildew, H. sativum, date of heading, height of the plants, percent

s p—

of lodged plants, lodging resistance (cLr), factor and awn type. The

heritability values for each character is given below for all the three

experiments.
Mildew 84% 80% 40%
H. sativam 4% 33% 36%
Date of Heading 76% 83% -
Height 49% 40% 35%
Lodging 16% 35% -
Lodging Resistance 62% 17% 60%

Test Weight 87% 55% 78%
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F
Lodging resistance factor cLr is equal to b where F is
equal to force applied and b is the height of the plant.
These heritability values are relatively high and provide

information as to possible genetic progress through selection.
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INTRODUCTION

Information is new avallable or the use of early gene-
ration testing in small grains as a means of determining those
crosses which would most likely produce the greatest number of
high yielding segregates, From these studies the concept has
been developed that it is possible to obtain the highest
Yilelding segregates from the higheat yileldilng parental varie-
tles,

As a result of genetic studies with small grains, various
models have been constructed for separating the components of
variance. Such models have been applied to the segregating
populations and to a large number of bulked Fp and F3 pro-
genies,

The present paper is a report of a study in which an
attempt was made to estimate the genetic components of
variance involving two crosses in bulked Fg progenles of bar-
ley. Efforts have also been made to obtalin additional infor-
mation on the genetic components of variance for disease re-
action, date of heading, plant height, percent of lodged

plants, lodging resistance, and awn type.



REVIEW OF LITERATURE

Estimation of Variance Components

Fisher (17) in 1925 introduced the analysis of variance
and suggested its use in the following ways:

l. To obtaln tests of significance of
treatments.
2. To estimate variance components.

The analysis of variance to estimate variance components
has been widely used in the field of genetics ard in selectlon
for efficient sampling designs. Excellent discussions of
these applications are found in Cochran (11l), Yates and Zazo-
pany (80), and Youden and Mehlich (&1).

Fisher (16) first separated gemetic variance into three
components: that due to additive effects of genes, that due to
dominance deviations from the additive scheme, and that due to
deviations from the additive scheme attributable to inter-
allelic imteractions.

Mather (47) suggested that the components of variance
can be partitioned into two components; namely, (1) non-heri-
table, and (2) heritable, which in turn may be subdivided into
fixable and unfixable genetic variance.

Charles and Smith (8) separated gemetic from total
variance by the use of estimates of environmental variance
based on non-segregatinrg populations and possible relations

between means and variance,



Griffing (26) in a study on tomatoes, calculated the
components in analysis of variance and covariance of non-
segregating populations for the P, P, and F7. This analy-
sis was found to give a simple, direct and probably the most
accurate method of obtaining estimates of phenotypic and envi-
ronmen tal correlations and relationships developing from
these estimates. Genotypic correlations were calculated mak-
ing use of genotyplc covariance and the geometric means of the
two parental genotypic variances. Of more immediate interest
are the error (within varieties) variance and covariance which
he used as environmental variance and covariance.

Wright (79) developed formulae for the mean and variance
of squared deviations from an optimum for the cases of no
dominance and of complete dominance, first assuming no envi-
ronmental complications but later removing this restriction.
The variance 1in each case was split into contributions due to:

1. Additive genetic effects.

2. Dominance deviations.

3, Epistatic deviations.

4, Environmental effects

5. Non-additive Joint effects of heredity
and environment.

He further developed the formulae which apply te epls-
tatic relations in case of complete dominance. He also pro-
posed formulae for the correlations between parent and off-

spring and between two offspring. He concluded that in a



population in which the mean of some measurable character 1s
at the optimum, the parent-offspring and fraternal correla-
tions in adaptive value are approximately the squares of the
corresponding correlations with respect to the character it-
self, whatever environmental complications there may be.
Where the mean is not at the optimum there is less difference
between the correlations in adaptive value and corresponding
onesg with respect to the character itself.

The study of hereditary and environmental components of
variation had its beginnings in the work of Johannsen (37),
who first demonstrated that both heritable and nonheritable
agencies contributed to somatic variation in a segregating
population and that variation in pure lines was entirely en-
vironmental, East (15) further confirmed the work of Johann-
sen and demonstrated how such results conformed with the con-
cept of Mendelian genetics.

Fisher, Immer, and Tedin (18), Mather (47), Lush (41),
Panse (58) and others have studied heritable variation and
have further subdivided it into that portion attributable to
additive genetic effects and that due to deviations from the
additive schene,

In g disaission of heritability of characters in ani-
mals, Lush (42) defines heritability and describes its usage
in the broad and narrow aspects. In a broad sense, hefitabla
lity refers to the functioning of the whole genotype as a

unit and is uaéd in contrast with environmental effects. 1In



the narrow sense heritability includee only the average effects
of genes transmitted additively from parent to progeny.

Lush and Panse (43) proposed the use of the ratio of the
additive genetic component of varliance to total varlance as a
measure of the degree of heritability.

Robinson, Comstock, and Harvey (66) used a method involv-
ing estimates of components of variance through study of bi-
parental progenies to measure heritability im corn. They
further compared this method with heritability as calculated
from parent-offspring regressions.

Grafius (22) developed a model for the estimation of the
components of genetic variance between self-fertilized, bulked
progenies from crosses of 1sogenic lines. He presented in de-
tail the mathematical basis for the method of estimation.

Grafius, Nelson and Dirks (24) studied the heritability
of yield in barley as measured by early generation bulked pro-
genies, They reported that the non-heritable fraction compris-
ed the major portion of the genetic variance in the Fp. 1In the
F3, with increased homozygosity, the non-heritable fraction de-
creased in comparison to the additive (heritable) fraction of
the genetic variance.

Mahmud and Kramer (50) made estimates of heritability
for yield and plant height in a soybean cross. They utilized
the I segregates as the total variance and the square root of
the product of the parental varlances as the environmental

variance. They found heritabilities of 43 and 41 percent for



yield and height respectively, using this method.

Weber (75) in an interspecific cross of soybeans, made
use of the cube root of the product of the variance of P,,

Po, and F; as the best estimation of environmental variance.
Calculation of genetic and environmental correlations involved
the use of reciprocal regression coefficients between F2 and
their F3 progenies. Genetic correlations were generally high-
er than the observed correlations in F, and F3'

Weber and Moorthy (76) in three soybean crosees, studied
seed yield, flowering time, maturity date, period from flower-
ing to maturity, plant height, seed welight amd o1l content on
an inmdividual plant hasis. The estimates of the genotypic and
environmental variances in these seven characters were made.
They noted transgressive segregation for most of the characters
in all of these crosses. The highest herltability was noted in
flowering time (75.7 percent) and the lowest seed weight (54,3
percent). Oil content was 54,7 percent heritable. The herita-
bility of seed yleld was erratic due to & large environmental

varlance.

Date of Headling
Griffee (25) found an assoclation between heading date
and two-row versus six-row characteristic. He suggested that
the inheritance of date of heading in barley was due to one

factor pair.

Neatby (54) reported that the inherltance of earliness

in barley is due to three factor palrs. When these factors



are ir the homozygous recessive condition, the plants de-
velop winter habits of growth. He further suggested that
there is a linkage between the earliness and short versus
long outer glume,.

Hehn (31) investigated linkage in barley in connection
with many characteristics. He concluded that three factor
palrs determined the earliness of heading in barley.

Wexelsen (78) reported two factor pairs determining
date of heading in barley. He suggested that heading date
was assoclated with the two versus six-row characteristic,
rough versus smooth awn and the number of barbs on the ner-
ves of the lemna.

Griffee (25) also reported that earliness in barley is
linked with the factor for short versus long outer glume.

Frey (20) investigated the heading date in four cross-
es of barley in the Fo generation and the parents and pro-
genies of Fp plants of seven other barley crosses. He found
that the Ogalitsu variety of barley differs from Harlan by
one factor for date of heading. Jet and Anodium differ from
Harlan by two genes. Both Jet and Anodium contain the same
gene pairs for determining heading date. Date of heading was
found to be associated with the rough versus smooth awn
characteristic in a three way cross, Moore x (Dorsett x
M49001), and with the black versus white hull character in

s crogs of Harlan x Jet.



Spot Blotch (Helminthosporium sativum) (Pam) King

Spot blotch disease of barley was reported by Pammel

(56) in 1909 and was attributed to Helminthoeporium sativum.

Pammel, King and Bakke (57), and Christensen (9) have review-
ed previous studlies relating to the pathogenecity of H, sati-
vum and suggested that the parasite 1s responsible for leaf
spot, root rot, foot rot and seedling blight of wheat, bar-
ley, rye and many other grass species,

Hayes et al (30) studied the inheritance of reaction to
H, sativum and its assoclation with botanical characters in a
Manchuria and Lion cross. Manchuria is a resistant variety
and Lion is susceptible to the disease. One hundred twenty-
four F3 lines were grown in rows of 25 plants each and spray-
ed with spore suspensions of H. sativum, Every tenth line
was planted as a check, alternatimg the Manchuria and Lien
parents, From this, the resistant and susceptible lines
were separated and tested in the FH generation. Eight lines
were found to be as susceptible as Lion in F‘3 and Fh and six
lines were as resistant as Manchuria. The correlation co-
efficient for degree of infection in F3 and in Fj of 36 hy-
brid lines of Lion x Manchuria was 0.256%* .105. This is sig-
nificant at the 5 percent point. They concluded that resis-
tance to H. sativum is an inherited character although appa-

rently dependent on more than & single genetic factor.



Griffee (25) studied the reaction of F3 lines to H.
sativum in relation to other characters. He concluded that
at least three factors are concerned in the resistance of the
type possessed by the variety Svanhal. One factor was link-
ed with the factor for two-rows, one with the factor of
rough awn and one with the factor of white glume. The link-
age of the factor susceptibllity to H. sativum with the fac-
tor of earliness is much closer than that with the factor
for six-rowed. It is alsoc suggested that earliness in it-

self may predispose the plant to attack by the pathogen.

Powdery Mildew (Erysiphe graminis Hordei)

Briggs (€) suggested that in an inheritance study of re-
sistance to any disease in plants the followling points are of
interest:

1. The number of factors for resistance

present in each variety.

2. The identity of each factor.

3, The effect of each factor acting alone.
The inheritance of resistance to barley mildew was studied in
hybrids involving three resistant varieties, Arlington,
Chinerme, Nigrate and a susceptible variety, Atlas. The
three resistant varieties differ from susceptible Atlas 1in
two independent major factors for resistance to this disease.
Susceptibility was recessive,

Stanford and Briggs (72) reported that there are seven
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different factors for mildew resistance, six dominant and
one recessive., The number of factors in a single variety
varles from one to three. Of the seven identified, two
are definitely linked. The other five appear to be inde-
pendent,

Ray et al (62) studied eleven wheat crosses in the Fo
generation for the inheritance of mature plant resistance
to natural infection with powdery mildew in the field. They
also examined ten crosses under green house conditions for
seedling resistance to infection by four races of the mildew
fungus. The seedling reaction appears to be conditioned by
a single dominant factor in three crosses. One cross segre-
gated for two factor differences for seedling resistance.

It was reported thot under field conditiens the gene control-
ling the expression of glume pubescence appeared to be close-
ly linked with the majJor factor for seedling resistance to
one race of powdery mildew,

Mains and Martini (45) tested a number of varieties
against mildew and found that varieties differed considerab-
ly in their reactions. BSome showed differences in type and
stability of reaction and others exhibited marked diffe-
rences in reaction to the three physiologic forms of mil-

dew,

Lodging Resistance
Garber and Olson (21) reported that lodging in cereals

is associated with many characters but that no one character
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seems8 to be correlated closely with lodging.

Atkine (1) suggested that no one lodging index can be
considered reliable since lodging is dependent on a number
of factors that vary greatly from year to year. He suggest-
ed that the character of straw strength is an inherited one.

Ramiah and Dharmalingam (61) found in crosses between
two typically lodging and non-lodging varieties of rice that
there is only a single factor pair difference. There seems
to be genetic association between the character of the straw
on one hand and such characters as tillering and flowering
duration in days on the other hand. The non-dodging nature
of the straw is linked with poorer tillering and lenger du-
ration. There apparently is ne relationship between plant
height and straw character nor between straw character and
floret sterility.

Clark et al (10) studying the linkage relation in bar-
ley found that the factor pairs of awnedness and lodgling are
linked.

Bose et al (5) found that at least two genes were res-
ponsible for the development and distribution of scleren-
chyma tissue. These characters were reported to be assoclat-
ed with lodging resistance. They also found weak straw to
be dominant.

In an inheritance study of welght per unit length of
culm and other characters in a cross of Kanred and Coppeil,

Atkins (2) reported the following significant correlation
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coefficients of B parent plants and their F3 progeny lines.
diameter of ailm 0,582, height of the plant 0,830, length of
the head 0.830. On the basis of these results, he suggested
that selection for these characters can be made in early
generations and that the continued selection will lead to
desired type.

Grafius and Brown (23) defined lodging resistance (Lr)
as the ratio of the additional torque (over and above the
torque caused by the weight of the culm, leaves and head) a
culm is capable of resisting (Tr) to the torque (Ta) applied
by external forces, such as wind and rain, They proposed the
lodgig resistance factor (cLr) and suggested the following

formula for i1ts calculation:

F
b
and b is the height of the plant.

clr= where F is equal to force applied
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EXPERIMENTAL PROCEDURE

This problem is a continuation of a barley project
which had been in progress at the Michigan Experiment Station,
East Lansing since 1949, It consists of a study of advanced
generation selections from two crosses which include three
varieties, The material used in the experiment was from the
F‘3 bulked rows which had been allowed to self for two addi-
tional generatlons in order to obtain sufficient seed to con-
duet a yieid trial in the F6 generation.

In the fall of 1949 two barley crosses, Steward x Bay
and Kindred x Bay were made in the green house., Stewart and
Kindred varieties are rough awned and Bay 1s smooth awned,
Selections from Stewart x Bay were designated A272 and Kin-
dred x Bay crosses were identified as A267. During the
spring of 1950, the F; seeds were space planted in the field.
Each plant was harvested and threshed separately. The F2
gseeds from individual plants were grown in separate rows in
1951 and at harvest each row was bulked. Yield trials were
conducted with F3 seed in 1952, In the fall of 1952, out of
the F3 bulk rows, F) seeds were taken at random from both se-
lections. Twenty families from each cross were selected,
Eighteen seeds were taken from each family, making a total of
720.

The Fh seeds taken at random from individual F‘3 rows

were grown for increase in the green house in the fall of
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1952. 1In the spring of 1953, the F5 seeds were planted for
increase in the field, Each F5 row in the field was number-
el so as to be able to trace its pedigree to a single F3 row,
A group of the F5 rows tracing to a designated F3 row was
called a family,

Of 720 original F) seeds, 22& produced at least 40
grams of F6 seed, which is necessary for yield trials planted
at the calculated rate of approximately five pecks per acre,

as is shown in Table 1.

TABLE I. THE NUMBER OF FAMILIES AND SUB-
FAMILIES IN SELECTIONS FROM TWO BARLEY
CROSSES IN WHICH SUFFICIENT SEED WAS
AVAILABLE FOR YIEID TRIALS IN THE
F¢ GENE-RATION

Selections Cross Families Sub-families in Total
each family

A272 Stewart 19 L 76
Bay

A267 Kindred 19 g 152
Bay

Grand Total 228

On the bgsis of seed supply as indicated in Table 1,
three experiments were arranged. The location and total

number of plots in each may be seen in Table 2,
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The bulked Fg seed from each F5 row was used to
seed an yleld plot in 1954, 1In all three experiments each
individual plot was a sub-family. It was impossible to re-
plicate the sub-families using this plot size because of

limited seed. The four sub-families in each main family

were treated as 4 replicates in all three experiments. 1In
order to determine the environmental effects in each experi-
ment the parent plots were used aes checks.

The check plots were grown at random in all three ex-
periments and analysis of varlance for the parents was cal-
culated separately, The mean square for error was used as
environmental variance to test the statistically signifi-
cant differences between and within the famillies in all
three experliments,

A simple lattice design was used at both locations,
Each plot was four rows wide, 18 feet long with a one foot
spacing between rows. At maturity the 12 foot central por-
tion of the two inner rows was harvested for ylield.

2-4-D (2-4-Dichlorophenoxyacetic acid) was used for
weed control when the barley plants were in the four-leaf
stage. After threshing the indlvidual plot seed lots were
welghed, cleaned and test-welghed.

During the growing season observations on dlsease re-
action and other agronomic characters were recorded. The

diseases concerned were powdery mildew (Erysiphe graminis

hordei) and spot blotch (Helminthosporium sativum).
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Agronomic characters studied were: date of heading,
height of plant, percent of lodged plants, lodging resis-

tance and smooth versus rough awn,

DISEASE REACTIONS
Powdery Mildew

The attack of mildew was severe and the first four
leaves of ten random plants per plot were examined for mil-
dew infection and readings were recorded on a direct percen-
tage basis. The average of the ten readings provided the
plot rating.

The sub-famllies were grouped on the basis of amount of
infection into four categories. They are 0-25%, 26-50%,
51-75% and 76-100%. In each experiment the average ylield
of seed from the sub-famillies falling within each of the
above categories was compared with average from the other
catagories to determine whether seed yleld was directly re-

lated to mildew reaction.

Spot Blotch (H. sativum)

Ten to twenty plants were pulled from the two outer
rows Just prior to harvest and the roots and stems were
exemined from the first to the fifth basal nodes. The
smount of infection on each plant was noted. The rating
scale used was zero to flve with five indicating complete

infection,

The sub-families were grouped according to H. sativum
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reactlon into four catagories. There were none in classes
zero or one, so all fell in classes two, three, four or

five. The average seed yleld of each category was compared
with that in the other categories to determine the effects,

if any, of H, sativum on yield.

AGRONOMIC CHARACTERS
Date of Heading

Nearly all of the plots at both locations headed in the
month of June., Based on date of heading, the sub-families
were grouped into four clasees as follows: June 10 to June
15; June 16 to June 20; June 21 to June 25; and June 26 or
after. The average seed yleld for eaech of the four classes
was compared with the others to determine whether statlisti-
cally significant differences existed between their mean

vields.

Height of Plant

Height notes were taken on 15 to 20 plants in each plot
and averaged. On the basis of height classification, the
sub-families were divided into three groups. The first
group includes those sub-families which were 20 to 25 inch-
es tall, the second group included those from 26 to 30 inch-
es in height, and the third group was made up of those 31
tnches or taller. The average seed ylelds of these groups

were compared to determine whether yleld was assoclated with

plant height,
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Lodging

The amount of lodging was estimated and recorded in per-
cent at harvest time. The sub-familles were grouped into
four categories: 0-25%, 26-50%, 51-75% and 76-100%. The
average yields of seed of these categories were compared to
determine whether or not lodging was a significant factor
in seed ylelds.

Lodging Resistance

Two weeks prior to maturity, readings were taken on
lodging resistance. A special chaln of 150 links was used,
each link welighing one gram. A hook was attached to one end
of the chain. The hook was fastened to the rachis at the
base of the head, and the culm wgs allowed to bend until a
portion of the links were on the ground and the remainder
were supported by the culm. The readings were taken by
counting the links from the ground to the hook. Five read-
. ings were taken in each plot and the average was used as an
indication of lodging resistance. This average was divided
by the plant height of each respective plot prior tec statis-
tical anlysis. The lodglng resistance (cLr) factor is equal
to % where F 18 equal to force supplied and b is equal to
plant height.

In Ingham Experiments I and II readings were recorded
two weeks prior to maturity and again shortly after maturity.
The number of culms that broke with the weight of the chain

and the type of curve created in the culm by the weight of
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the chain were also recorded but are not being presented as

a part of this thesis,.

Smooth Versus Rough Awn
In Ingham Experiment I, no segregation was noted. Ap-
parently the smooth awned segregate in the Fg generation was
used as the Stewart parent,
In Ingham Experiment II and Tuscola III, the sub-fami-
lies were grouped into smooth and rough awn., The average
seed yield of each group was calculated and compared for

possible statistically significant differences.

Test-Welght
Test-welghts of each sub-family and the parental pleots

were taken,

Yield
Yield of plote was determined in grams and plots were

compared for statistically significant differences.
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EXPERIMENTAL RESULTS
The Components of Variance

Assume that k seeds were taken at random from F3 bulk
rows and selfed J generations, The F6 lines used were ran-
dom samples of k seeds from each of m F3 bulk rows, Each
of the k seeds was increased for two generations. Hence,
each plot was the result of a random sample of seeds from
bulk F‘3 rows which were allowed to self for two additional
generations, For example,‘on a single gene basie if the
seed chosen were AA or aa, the resulting plot means will re-
main unchanged after ] generations of selfing, On the other
hand, if the seed chosen were Aa then the plot mean will
change with each generation of selfing. This can best be
11lustrated with an algebralc model,

Following Mather (47), let the mean effects of AA, Aa,
aa equal 4, , h, and -4, respectively, as may be seen in
Tables III and IV, etc. The model assumes only the addi-
tive action of genes and no epistasis. The value h equals
the dominance deviation from the additive scheme and may be
positive or negative.

TABLE III. DISTRIBUTION OF GENOTYPES AND THEIR
MEAN EFFECTS IN AN Fo POPULATION

Genotype of F plants Frequency Mean effect
AA P d;,
Aa g h;
aa % ~d;
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From Table III, one may calculate the F2 variance
which will be:
taf+2 af+3 n? -(4ny)2=
2 2
%dl_-f- 1 he

Summing over n such loci gives:

n

- & (BaR+in?)

n=1
= % D‘F*H

The distribution of genotypes at a single locus in the
F3 is given in Table IV. It is to be noted that the center
class represents a single F3 row with a mean of hL/2. In

this experiment seeds were drawn at random from each Fz row

-

giving the distribution shown in Table V. The three classes

in the left hand column of Table V represent individual F

N
plants in all possible types of famllies.
TABLE IV, DISTRIBUTION OF GENOTYPES AND THEIR
MEAN EFFECTS IN AN F3 POPULATION
Expected genotype of Frequency F; row mean
F3 row ffect
Ad d; : +4;
TAA
h )
#aa (P a v dn -3 q) 3 z~
%+ aa
aa -4 % -a




TABLE V.

EFFECTS IN AN Fu POPULATION

DISTRIBUTION OF GENOTYPES AND THEIR MEAN

23.

Expected genotypic famllies | Frequency Family
of selected plants in F4 mean effect
AA i a;
Ear gl (s b
aa F 3 -dy
TABLE VI. DISTRIBUTION OF GENOTYPES AND THEIR MEAN
EFFECTS IN AN F5 POPULATION
Expected genotypic famlilies Frequency Family
of Fg rows from Fj plants mean effect
in Table III
AA > 4,
AL, 2 (%AA4% Aa+%aa) a 3 h}
[% +z +5 z¥
AA 1 -4,

It will be noted in Tables V and VI that the famlly

mean effect for the center class 1s halved in each generation.

This 1s the expected result under selfing and if continued,

the total family mean effect approaches zero. By the time

the selections had reached Fg the family mean effect for the

»

heterozygous family had been reduced to gg as shown in Table
' 1l

VII.
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TABLE VII. DISTRIBUTION OF GENOTYPES AND THEIR MEAN
EFFECTS IN AN Fg POPULATION

Expected genotype of yield Frequency |Family mean
plots in F6 effect
AA % a,
%AA_‘_% (% AA"__%Aa_f_%aa)_i_% aa] % hi/16
aa z -a;

Field Experiments
As has been noted in Ingham Experiment I, there were 19
~families each with four sub-familles which were treated as re-
plicates. Inasmuch as the sub-families were sampled at ran-
dom, the replicate total should show no genetic bias. Twelve
plots of each of two parents were planted at random through-
out the experiment and were analyzed separately in order to
obtain an estimate of the environmental variance,
Ingham Experiments I and II were composed as follows:
Total number of familles.....v.vveuvreennnns 19
Total number of sub-families In each
main family........... e eetecaseea e 4
Total number of plots for families 19 x U4...76

Total number of plots for two parents 12 x
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In Tuscola Experiment III ten plots were eliminated

due to a lack of adequate space,

At this location there

were seventy plots for families and twenty for parents,

making a total of 90,

Analysis of variance components may be seen in Table

VIII.

TABLE VIII.

THE ANALYSIS OF VARIANCE WITH MEAN

SQUARE EXPECTATIONS OF NUMBER OF m BULK ROWS
IN k REPLICATION USED IN A CROSS WITH 1

PARENTS.
Sources of variation D.F. M. S. Mean square ex-
pectation
-t —— D~y _-...-,ﬂ..___._-.‘t——-——-—-s..,.-.. - - - -
Between families m-1 M 2 ,. k 2
: e Or
k-1

Reps

Famillies x Reps

i et

(m-1)(k-1) | M

+ gw

Parents

Gi;
62_

-

It is necessary to determiniT%_and 2 {See Table IX).

g
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TABLE IX. MODEL FOR THE AVALYSIS OF VARIANCE INVOLV-
ING A SINGLE LOCUS
Frequency of | Genotype Total possible categories | Family
families of origi- of plots mean
nal F; row . \ ] effect
. 5 dz h.-u., -a,
< AA d; al
5 Aa %c}‘; %(% d4+%h—éd ) %
..%d‘"
: aa -4 -4y
The total sum of squares will then be:
n 2 2 ' )2
. = (3af+raf+z/sal 30 8 - (B4
Lzl
2 2 2.
= (% 3/8)a7 4+ h% - h
L v o
— 7/84% + 7/1024 1%
Total 8.8.= 7/8D+7/1024 H
2
The sum of squares due to familles =0F
2 2 22 yp2 )
2 %d + %4 1/512 h.d 1/102 h_,; )

3 D 4+ 1/1024 H
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The remainder (Total S.8.-8.89, .-
( S. due to families)-cw-.
2
OW=(7/8 D7/1024 H) - (1/2 D4 1/1024 H)
= 3/8 D4-6/1024 H

At this point it can be seen that the coefficient of
H is so small that it can safely be ignored. The coefficient
of D within families is 3/4 of that between families.

Estimation of Genetic Components of
variance from F6 Bulked Yield Trials
In the F6 generation the genetic components of variance

may be calculated as follows;

2
1/2 D+ 1/1024% H OF e ce...(a)
3/8 D+ 6/1024 H e R (b)

In these two equations the coefficlient of H is so low
in the F6 generation that it approaches zero. The additive
genetic variance within families in equation (b) is only

3/4 the size of that between families.
In Table 10, the analysis of variance for yield of all

three experiments is given and differences significant at the
one percent level were obtained between families, Signifi-
cant differences were not obtained within families,

The heritability values given in Table 11 were calcu-

lated from the following formula:

2
Heritability -— U F

2 2

G + ar
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The heritability values are 31, 37, 32 percent for
Ingham Experiments I and Il and Tuscola Experiment III
respectively. These relatively high heritability figures
indicate that selection for yield at this stage of homo-

zygosity would be successful.
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TABLE XI. THE CALCULATED VALUES OF E, 1/2 D
AND HERITABILITY PERCENTAGES FOR YIELD
FROM Fg BULK PROGENIES IN TWO BARLEY
CROSSES GROWN IN INGHAM AND TUS-
COLA COUNTIES

Experiment Cross E 1/ 1/2 D Heritabi-
11ty %
Ingham I Stewart x Bay |2238.88 9%9.55 31
Ingham II Kindred x Bay |1924. 44 | 1105.48 37
Tuscola III | Kindred x Bay | 3196.95 |1520.91 32

}J Where E is the estimate of environmental variance
and 1/2 D is the estimate of additive genetic

variance,.

The Estimation of Genetic Components of Variance
of Other Characters Observed From Fg
Bulked Progenies
The resulte of studies of other characteristics observed
in the field are presented under the following two sub-heads:
Disease reaction

1., Powdery Mildew (E. graminis hordei)

2. Spot Blotch (H. sativum)
Agronomic characters

1. Date of heading

2. Percent of lodged plants

3. Height of plant
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4, Straw strength

5. Smooth versus rough awn

Disease Reaction
Powdery Mildew
There were statistically significant differences in
amount of mildew present between the families in all three
experiments., The analysis of variance may be seen in
Table 12. The results given in Table 13 indicate no sig-
nificant differences in the average seed yields of the
different quartile classes. It may be interpreted that the
pathogen did not have a differential effect on yileld of
geed., In a further attempt to determine whether mildew in-
fection was affecting seed yleld, the familles were group-
ed in 10 percentile classes rather than quartiles. Analy-
sis indicated no significant difference between class seed
yield averages, which further substantlates that severe
mildew infection was not affecting seed yield any more than

mild infection
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Spot Blotch (H. sativum)

The spot blotch reaction in Table 14 indicates no
significant difference between families, In addition,
statistically significant differences were not noted in
the average yields between the four different classes of
H, sativum reaction. This indicates that the pathogen
had not produced a differential effect in regard to a§er—

age seed yields of different classes of families.
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Agronomic Characters

Highly significant differences between the families
in date of heading in all three experiments may be seen 1in
Table 16. There were no significant differences in the
average ylelds of the families at different heading dates,
as shown in Table 17. It may be considered that the date
of heading had no significant effect on the average ylelds
of the families,

Bignificant differences at the one percent level were
obtained between the families for lodging (Table XX) in Ing-
ham Experiment II, whereas there was no significant 4diffe-
rence in Ingham Experiment I between the families. The aver-
age ylelds in both Ingham experiments classified under lodg-
ing in Table 19 show no significant difference between the
catagories,

Highly significant differences in height existed be-
tween famlilies, as may be seen in Tables 20 and 21. This
may be interpreted to mean that there were differences in
the average yields of the families due to height,

The anlysis of variance for lodging resistance (cLr)
presented in Table 22 indicates significant differences be-
tween families at the 1% level in Ingham Experiment II.

The average ylelds of smooth and rough awned families
are given in Table 23. This Indicates that there are no
significant differences between families in Ingham Experi-
ment II and Tuscola Experiment III. As has been stated, fami-

lies in Ingham Experiment I did not segregate for awn charac-

ter.
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ANALYSIS FOR DATE OF HEADING OB-
SERVED IN F¢g BULKED PROGENIES IN TWO BAR-
LEY CROSSES GROWN IN INGHAM AND TUSCOLA

COUNTIES

—

CROSSES

Stewart x Bay

Kindred x Bay

Ingham Exp. I

Ingham Exp. I

Sources of D.F. MS F MS F
variance
Total 75
Families 18 21.20 13, 59#4# 30.66 20. 86%#
Fam, x Reps 5L 6.80 b, 36m% 3.03 2.06
Error 18 1.56 1.47
(Parents)‘ij

#« F values exceeds h% level of signiflcance

#% P values exceeds 1% level of significance

j;/ Environmental error
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TABLE XX. ANALYSIS OF VARIANCE OF LODGING AT
MATURITY IN Fg BULK PROGENIES IN TWO BARLEY
CROSSES GROWN IN INGHAM AND TUSCOLA COUN-
TIES

CROSSES

Stewart x Bay

Kindred x Bay

Ingham Exp, I

Ingham Exp. II

Sources of D.F. MS F MS F
variance
Total 75
Families 18 lo4g,. 54 | 1,76 164,55 3. 10w
Fam, X Reps sl 515,16 | 0.86 117.32 2.23%%
Error 18 596.53 52,72
(Parents) }/

##% [ exceeds 1% level of significance

*

F exceeds 5% level of significance

}/ Environmental error
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TABLE XXITII.

THE EFFECT OF AWN TYPE ON THE

AVERAGE YIELDS OF FAMILIES IN Fg BULKED
PROGENIES IN TWO BARLEY CROSSES GROWN
IN INGHAM AND TUSCOLA COUNTIES

Lbs,

Awn types
Smoo th Rough
Experiment Mean yield per plot |F values
in grams
Ingham Exp, II Kindred x Bay | 412.46 420,87 0.40
Tuscola Exp. III {Kindred x Bay | 473.59 hug,r9 1.76
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DISCUSSION

It 1s evident that the genetic components of variance
are composed of additive and non-additive gene effects. 1In
order to support this concept the following approaches to
the problem will be discussed:

l. The genetic components of variance
as determined from the algebriac
model,

2. The genetic components of variance
determined from the Fg bulk yleld
test.

3. The genetic components of variance
as determined from disease reaction
and other agronomic characters,

In the algebriac model, the capital letters D for addi-
tive effects and H for non-additive effects were used to in-
dicate summation over all locl. The expected genotypes with
their frequencies and mean effects were shown from the Fo
to the F6 generation, this experiment beling conducted in F6'
From this model the following two equations were developed,

showing the frequency of D and H in the Fg generation:
1/2 D+ 1/102% Hzgé&~F,. . ............ (a)

3/8 D4 6/102% Hz g% p... .. ... ....... (b)

Equation (a) represents the mean square expectation
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for genetic effecte between the families and equation (D)

1s the mean square expectation for genetic effects within
the families. We have seen that the coefficient of D be-
tween familles remains constant from generation to genera-
tion. The coefficient of D within the families is 3/8.

This is equal to 3/4 of the value for between families. In
the heterozygous famllies, the coefficient of H goes down
one-half in each subsequent generation and it becomes so

low that 1t can be ignored at the end of Fg generation. The
coefficient of H within famllies 1is six times larger than
that between famllies. The reduction in the non-additive
effects is an indication that the famllies are almost homo-
zygous at the end of the Fg generation. Due to the increase
in homozygosity, 1t 1s possible to select effectively from

" the progenies at this stage. Moreover, the values of D and
H also facilitate the calculation of the heritability percen-
tages.

With the help of the algebralc model, the components
can be divided into additive and non-additive effects in any
selected generation. In this report the Fg yield data was
used. The environmental variance was subtracted first from
between family mean squares (Table 10). The values of k
were determined in Ingham Experiments I and II and Tuscola
Experiment III. The value of k is 4,00 in the first two
experiments, whereas the value of k in the Tuscola Experi-~

ment III is 3,68. The value of k in the latter experiment
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ls smaller since six fewer families were contained in this

test., The heritability values were determined from the

following formula:

2
Heritability = OF

=+ o

The heritability for yields are 31, 37 and 32 percent

for Ingham Experiments I and II and Tuscola Experiment III
respectively, with a mean value of 33 percent. The herita-
bility values in F6 generations are relatively high, which
confirms the viewpolint that selection in F6 generation will
be very effective for yileld.

From the anlysis of yield data (Table 10), it may be
seen that the F value exceeds the one percent level of sig-
nificance for differences between famillies in both crosses
in all three experiments.

The estimate of genetic components of variance due to
disease and other agronomic chargcters provide additional
heritabllity estimates,

The amount of mildew recorded indicate statistically
significant differences between families (Table 12) in all
three experiments, but significant differences did not exist
between the different classes (Table 13) when the classes,
based on degree of infection, were compared for average

yields of seed. This apparently was due to the fact that
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the pathogen etc., was not affecting seed Yield appreciably.

The anlysis of variance (Table 14%) for H, sativum
infection shows no statistically significant difference
between the families in any of the three experiments; and
when these families were grouped into classes of infection
and compared for average seed ylelds, no significant diffe-
rences were obtained., This indicates that the pathogen had
no differential effect on yield.

Five agronomic characters, date of heading, height of
plant, percent of lodged plants, lodging resistance (eclLr),
and smooth versus rough awn, were included which provide
estimates of heritability.

Date of heading (Table 16) and height data (Table 18)
indicate highly significant differences existing between
the families., The families were classified into four groups
on the basis of date of heading and average seed ylelds of
each group were compared. Ne¢ statistically significant
difference between these groups was found (Table 17). The
height, however, was assoclated with significant diffe-
rences in the average ylelds of the families (Table 19).
The taller families tended to produce greater yields of
seed,

Significant differences in lodging percent existed
between families (Table 20) and within families in the Kin-
dred x Bay cross, but statistically significant differences

were not detected in the Stewart x Bay cross, The famllies



bl1.

were grouped into four classes on the basis of percentage
of lodged plante and these classes were compared for the
average yields of seed {(Table 21). No significant diffe-
rences were noted.

It is concluded that lodging did not effect the seed
yield. Thies may be due to the fact that the lodging occur-
red only shortly before the plants matured and the harvest-
ing methods used permitted the recovery of the lodged as
well as the erect plants.

Differences between famlllies were highly significant
for lodging resistance (cLr) factor in Ingham Experiment I
and Tuscolsa Experiment III. In Ingham Experiment II, the
differences were significant at the 5 percent level,

The average yields of smooth and rough awn families
were compared and no significant differences between fami-
lies existed iIn the Kindred x Bay cross,

The estimates of heritability in all the dlsease and
sgronomic characters are given in Table 2l glong with the
values of environmental variances and additive genetic
effects. The heritability of heading date between fami-
lies ranges from 76% to &3%, with an average of 84%. 1In
line with Frey's results (20), this high heritabllity esti-
mate was not unexpected.

The estimates of heritability for mildew indicate a
range from U0% to &4%, with a mean of 6&8% for the three

experiments,



Lodging heritability estimates for the two crosses
range from 16% to 35%. The contrasting estimates are un-
doubtedly due to differences in the two crosses, In the
Stewart x Bay cross, both parents are relatively stiff
strawed. In Kindred x Bay cross, Kindred is a weak-etraw-
ed parent and Bay a strong-strawed parent, resulting in a
higher genetlic variance.

Height datae indicates relatively uniform heritabi-
lity percentages in both the crosses and the range is from
35% to U9Z.

The heritabilit& range for lodging resistance is 17%
to 62%, with a mean of 48% in both the crosses; whereas, in
test weight, the range is 55 to 87 percent, with a mean of
74 percent., The herlitability estimates for H. sativum are
18 to 3% percent,

These estimates of heritabllity are relatively high,
and it is possible to make an effective selection in the Fg
generation because homozygosity 1is approaching a maximum,
Delay later than this undoubtedly would be a waste of time

on the part of the plant breeder.



CONCLUSIONS

In all segregating generations the additive genetic
fractions remain one-half and the non-additive genetic‘
fraction between families is halved in each succeeding
generation. The non-additive genetic fractions in the
F6 generation approach zero, From this it is concluded
that with the reduction of non-additive genetic fraction
the homozygosity in F6 has reached a practical maximum,

The heritabillty percentages for yleld data are 31,
37 and 32 for the three reported experiments. These
values are relatively high and suggest that selection for
Yield is most effective in F6 generation.

From powdery mildew data it can be concluded that the
pathogen was affecting the seed ylields in all families the
same, There was not a high type of resistance as a large
proportion of the families had more than 25 percent infec-
tion.,

H, sativum infection did not produce differential
effects on the average seed yields of the families,

There was no effect of date of heading on the aver-
age yield of the familles, However, the height seems to
be associated with yield, as taller families produced
greater yields,

Seed yields of different families were not affected

by the lodging which occurred in this experiment,

53.



No differencee in yield were noted which might have
been assoclated with rough or smooth awn character.

The heritability values of these disease reaction
and agronomic characters confirm the viewpolnt reached
for heritability of yield; namely, that by the F6 genera-

tion, genetic gain from selection will be approaching a

maximum,
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SUMMARY

To conduct yield trials in the F6 generation, twenty
bulked families from two barley crosses, Stewart x Bay and
Kindred x Bay, were selected in the F4 generation. Eigh-
teen F) seeds were taken at random from each of the lio
F‘3 bulked rows increased for two generations in the green
house in 1952 and the field in 1953, The pedigrees of
families and sub-families were maintained.

Three experiments, two in Ipgham County and one in
Tuscola County, were conducted. The tests were on a
gingle, four-row plot basis in a lattice design.

Environmental error was calculated from the parental
checks. The following characters were studled in addi-
tion to yield: powdery mildew, spot blotch, date of head-
ing, height of plant, percent of lodged plants, lodging
resistance, and awn type. The effect of each of these
characters on seed yield of families was studied,

An algebraic model for the estimation of U—%—anda.%—
was included. The heritability values from seed yield and
other characters were calculated from the following formu-

la.
Heritebility = gr x 100.

2 2
0 + O0F

These heritability percentages for yield and other charac-

ters were relatively high and indicated that effective se-

lection can be practiced in the F6 generation.
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