INHERITANCE OF HEAD SHAPE AND

SEED SIZE IN SORGHUM

By
MAMDOUH ATTIA FANOUS

Bachelor of Science
Cairo University
Giza, Egypt, U.A.R.
1958

Master of Science
Oklahoma State University
Stillwater, Oklahoma
1967

Submitted to the Faculty of the
Graduate College of the
Oklahoma State University
in partial fulfillment of
the requirements for
the Degree of
DOCTOR OF PHILOSOPHY
August, 1969



o

214 4
,
A

S
‘.1 ¢ :’F



OKLAHOMA
STATE UNIVERSITY
LIBRARY

NOV 5 1969

INHERITANCE OF HEAD SHAPE AND

SEED SIZE IN SORGHUM

Thesis Approved:

Ml B Deef ]

Thesis Adviser

fusessn ABeePe
TRoked M- Rosd
N r) M

Dean of the Graduate College

729532

ii

g e e A S g T g i g b Ve e+ 0



~

ACKNOWLEDGMENTS

Thecauthorxwishes to express his sincere‘appféciation td the
following persons for theif contribution to this investigﬁtion:
Dr., Dale E. Weibel, Professor of Agronomy, for serving as chairman of
the advisory committee and for his guidance  and valuabie-criticism
during the course of study; Dr. Robert D. Morrison, Professor of
Mathematics -and Statistics, for serving on the advisory committee
‘and for his assistance in‘analyzing the data, Drs. James S. Brooks
and»Robert M. Reed, Professors of Agronomy, and Dr; Richard R. Frahm,
Assistant Professor of Animal Séience, for serving on the~advisory
committee -and offering constructive c¢riticism on the manuscript. The
-author is greatly indebted to Mr, Byron M. Brandt, Graduate Assistant
of Statistics, and Mr, Johnnie J; Collijer, for their great help in
data processing. |

The authbr is-gratefui to the Department of Agronomy‘énd the
Department of Mathematics and StatistiCS’of Oklahoma State University,
.and to the Ministry of Agriculture of Egypt, U.A.R., for the facilities
‘and the financial support during the course of this study.

Appreciatioﬁ is due to Mrs. Dorié Jackson for the excellent typing

of ‘this manuscript,

iii



TABLE OF CONTENTS

Chapter : . ‘ Page
I » . INTRODUCTION . . - . '] . . [] 3 L3 3 3 . . ] . 3 - . . . . . . 1
II. MATERIALS AND METHODS . . . & & ¢ ¢ ¢ & ¢ o o o o 2 s-a » » 3

IITI. PHENOTYPIC, GENETIC, AND ENVIRONMENTAL
VARIATION ° * L . L] ] : . ° . . e L L] bl L . L] L . . L) » ° Ll . 17

IV. HERITABILITY, GENETIC ADVANCE, AND
GENE NUMBER & & 4 & 4 & 4 o o o o o o o o o o o o o o o oo 42

V. PHENOTYPIC, GENETIC, AND ENVIRONMENTAL :
CORRELATIONS . & 4. 4 o o s e o s s s o o o » o5 o s s « « » 63

A SELECTED BIBLIOGRAPHY . 4 & ¢ 4 o « « « o « o o s s 0o a o s « « o 19

APPENDIX . . . 4 o o 4 o o o o o o o s o 5 s o o & a o s s o« « o« » 86

iv



LIST OF TABLES

Table - , ' Page
I. Parent Means for Five Characters Based on Two

Locatiomns v v o 4 o 5 o o & o o. 6 o o s o0 o s a8 o 4 . s 5
IT. Analysis of Variance Table for an F, Population

or for-a Parent . . . . ¢ 2 ¢ v 4 e 4 e b e 4 e a4 g e e s e 8
III. Analysis of Variance Table for an F3 Population . . ., . . . . 10
IV. Analysis of Variance Table for Family Means of

an F Populatlon S 14

3.

V. Estimates of the Variance Components for Head
Length Based on the F Generation and ‘the
Parents o v v v v 4 o e e 6 4 s e e 6 5 s e e e e e e .. 22

VI. Estimates of the Variante‘Components for Head
Width Based on the F2 Generation and the v
ParentiS v v o « o o c .6 s o a o 4 o o o s s 4 e s e e s . . 23

VII. Estimates of the Variance: Components for Seed=
Branch Length Based on the" F2 Generation-and ,
the Parents . . o v o o ¢« v 4 4 e 6 4 e s s e e e 0 4 4 . 24

VIII. Estimates of the Variance Components for Node
Number Per Head Based on the F2 Generation ‘
‘and the Parents . v « ¢« o « ¢ s o « o o o o« o o o + o o« o« o« 25
IX. Estimates of the Variance Components for Seed
Weight Based on the. F2 Generation and the

PATENES & v o 4 o o o a v o o o o o o « 4 & o s e e 4 e . 26

X. Estimates of the Variance Components for Head
Length Based on the F3 Generation-and the
Parents . v v v v ¢ e e ¢ o e + e + e e o e 4 e s e e e« . 30

XI. Estimates>of.the Variance Components for Head

Width Based on the F, Generation and the
Parents . o« v v v ¢ T 4 ¢ 4 o e e s e e o s s e s s e o .« 31

XII. Estimates of the Variance Components for Seed-

Branch Length Based on the F3 Generation-and
the Parents . . . o v ¢ 4 ¢ T o o 0t 0 v e v e e e e 0w . 32



Table ' | o - Page

XII1. Estimates of the Variance Components for Node

Number Per Head Based on the F3‘Generation
~and the Parents . . o « o s « + « o-4 o « 4 o & o s o o & o 33
XIV.  Estimates of the Variance Compdnents for Seed
Weight Based on the F, Generation and the
Parents . . v v v 4 s e b 4 eie e e e e e e e e e e e .. 34

XV. Estimates of Heritability Percentage for Head
Length e ® @ s e e e 8 ® 8 e B 2 e e ® e & e+ e e e @ v w o 4‘8

XVI. Estimates of Heritability Percentage for Head
Width * . L - - L L L . L L . - - » . - . . . . » L4 L » . L4 4‘9

XVII, Estimates of Heritability.Percentage»for Seed-
Branch Length , o . ¢ ¢« v « ¢ ¢ 4 o ¢ ¢ « & o o o« s o « » o 50

XVIII. Estimates of Heritability Percentage for Node
Number Per Head . . . « v v o 4« ¢ o « o o« o « s s o« « o o+ >0l

XIX. Estimates of Heritability Percentage for Seed
: weight e & 6 e e 8 e e & & a2 e e B e s e e 8 e ® s s e 3 @ 52

XX. Estimates of Heritability Percentage Based on
the Regression of Fq Means on Fo Values and
Their Standard Deviations for Five Characters
in the Different Populations . . . « « ¢« & &+ « « & +» . . » 58

XXI.  Expected Genetic Advance (GA) and Its Percent
of the Mean Based on Three Estimates of
Heritability . . & o ¢ ¢ ¢ ¢ ¢ 4 v o « « s « « o« « o « - « 60

XXII. Estimates of Gene Number for Five Characters
in Six Populations of Sorghum Based on-the
Pooled and the Geometric Environmental
Variance EStiMates . o o o « o o o o o o o o o« & o« o o« o . 62

XXIII. Phenotypic (P), Genetic (G), and Environmental
Correlations Based on the Fy Generation and
the Parents and on the F3 Family Means for
Populationn 1 v v 4 e v o o o o ¢ o o s 2 o o o » o o o o o b7

XXIV. Phenotypic (P), Genetic (G), and Environmental
Correlations Based on the F9 Generation-and
the Parents and on the F3 Family Means for
Population 2 . o & o v 7 o o + s« « s 2 3 o s s o 2 « « o« » b8

XXV. Phenotypic (P), Genetic (G), and Environmental
- Correlations Based on the F» Generation and
the Parents and on the F3 Family Means for
Population 3 . . ¢ & & T i i 4 e e e e e e s e e e e e . . 69

vi



Table o o Page

XXVI. Phenotypic (P), Genetic (G), and Environmental
Correlations Based on the F, Generation and
the Parents and on the Fq Family. Means fox
Population 4 . . ¢« v ¢ 7 ¢« v o i i 4 4 e s s e e e e 10

XXVII. Phenotypic (P), Genetic (G), and Environmental
Correlations Based on the Fy Generation and
the Parents and on the F, Family Means for

Population'5 . , . . . ? e e s e

O !
XXVIII. Phenotypic (P), Genetic (G), and Environmental

Correlations Based on the F, Generation‘-and

the Parents and on the F3 Family Menas for

Population 6 . . & ¢« & 0T 4 ¢ 4 ¢« o s % s o o 0 o s o e o . 12

vii



LIST OF FIGURES

"Figure Page

1. Frequency Distributions of ‘Head Length for
the Parents and the Fy Generation of
Population 1, Woodward Big Head x Chicken
Maize . . & v i v i it e i e e e e e e e e e e e e e .. 87

2. Frequency Distributions of Head Width for
the Parents and the Fy Generation of
Population 1, Woodward Big Head x Chicken
MaizZe . 4 ¢ 4 o 4 o 4 4 o o ¢ s o 4 s e s s s s e e s s 4 . 88

3. Frequency Distributions of Seed-Branch.
Length for the Parents and the F
Generation of Population 1, Woodward
Big Head x Chicken Maize . . . 4o ¢ « &« « o« « &+ o o o« o « « . 89

4. TFrequency Distributions of Node Number Per
Head for the Parents and the F, Gehneration
of Population 1, Woodward Big Head x .
Chicken MaizZe . +v & ¢ v v ¢« o o o o o o o« o & « o 5 « o o« . 9

5. TFrequency Distributions of 100-Seed Weight
for the Parents and the F., Generation of
‘Population 1, Woodward Big Head x Chicken
Maize . . ¢ 4 ¢ 4 o ¢ ¢ 4 6 s e s s e s e e e s e e e s 91

viii-



CHAPTER I~
INTRODUCTION

A knowledge of the inheritance of specific traits is required as
‘a basis of more efficient breeding programs in sorghum.‘ Most breeding
programs tend to develop a genetically variable base population, if it
does not exist, then select within that population for desirable char-
acteristics. The progress under selection depends on the recognition
of individuals, or selection units in general, with desirable char-
acteristics and the extent to which these characteristics could be
transmitted to the following generations. -

In general, .traits could be classified according-t6 the mode of
their expression into qualitative and quantitative traits. A‘quali—
tative trait has distinct expressions by which individuals could be
‘classified into different groups. Such traits are simply inherited
and are controlled by a relatively few number of genes. On the other
hand, for a quantitative trait, differences amonglindividuals are
considered in terms of the degree,vrather than the kind of the expres-
sion of the trait. Most quantitative‘traitS'afe'cdntrolled by a large
number of genes and their expressions are affected by.the genetic and
by the»environmental conditions as well., The progress of breeding
for such traits is primarily conditioﬁed by the magnitude, nature,
and interrelations of genetic and environmental variatiéns in the -

population.



Two schools of thought exist in theoretical quantitative genetics
(57). These are the Mather school and the Lush school. Mather's
approach to quantitative genetics was primarily concerned with gene
action and linkage without considering a random breeding population
to which the results may be applied. On the other hand, the Lush
school haé been primarily concerned with'randcm breéding populations,
with the descriptions of the relationships between different individ-
‘uals in the population and with the prediction of the response of the
population to short-term selecticn.

Many studies of the inheritance of quantitative characters in
sorghum have been done. However, few investigations on the inheritance
of head shape and seed size have been reported.v Such information is
needed for the development of varieties or hybrids with desirable
characteristics. |

The main objective of this research was to investigate the genetic
parameters of head shape and seed size in six crosses of.sorghum.
Subject matter is grouped into three topics: (a) phenotypic, genetic,
and environmental variation, (b) heritability, genefic:advance, and
gene -number, and (c) phenotypic, genetic, and environmental correlations.
Each topic is presented in a separate chapter in the form-.and style

‘required by scientific journals in the -author's field. "



" CHAPTER 1T

MATERTIALS AND METHODS

The following six populations of sorghum crosses were studied in

the F2 and F3 generations.
Population 1: Woodward Big Head x Chicken Maize
Population 2: 4 Dwarf x Chicken Maize
Population 3: Red Kafir x Chicken Maize
Population 4: Dwarf Broomcorn x Chicken Maize
Population 5: 4 Dwarf x Woodward Big Head
Population 6: OK8 x Woodward Big Head

'Woodward Big Head' is a selection froma cross involving 'Cyto #1',

a male sterile plant of milo origin, and 'Kaura', a difect introduction
from Nigeria., 'Chicken Maize' is probably-a selection from an intro-
duction from India. It is a durra type which implies a.small compact
head, crooked neck, and the plants are tall. '4 Dwarf', or 'B OK 24",
is a selection from cross 'B Redlané' x 'SA 3002-1-E1', where 'SA 3002-
1' is 'Day' x 'Soomer', source of 4~dwarf. 'Red Kafir C I 34' is-a
direét introduction from South Africa. 'Dwarf Broomcorn' is a selec-
tion from the cross Early White-Aksorben x Tan-2~5-6-2~1 where Early
White was probably a derivative from'a cross with Broomcorn Kaoliang,
and Tan was a derivative from a Leoti cross from which it received tan
plant and leaf disease resistance. . 'OK8' is from the cross between

Dwarf Kafir, a Kafir derivative for dwarfness, and 'Sudan Red Kafir'



which is early maturing with bright grain.

All parents involved in the populations studied were considered
to be homozygous diploid for the characters studied. The genéral
characteristics, with respect to head shape:and seed size, of the
parents are shown in Table I, Head shape was measured in terms of
head length, head width, and seed-branch length, in millimeters, and
node number per head. The weight of one hundred seeds, in decigrams,
was taken to be a measure of seed size. Head width-and seed weight
for Broomcorn were not measured since the heads consisted of typical
broomcorn bruéh’and the seeds were covered by glﬁmes.

The F2 populations and the parents were grown in 1967 at two
1ocations, Perkins and Woodward, Oklahoma, in a randomized complete
block design with six blocks at each location, All heads obtained
were measured for head length, head width, seed-branch length, node
number per head, and 100-seed weight. In the same year 97 and 99 F3
families of population 1 and 4, respectively, were grown at Woodward,

and 91 and 97 F, families of population 2 and 3, respectively, were

3
grown at Perkins. Each family was grown in one row. Five heads, taken

at random from each F, family, were measured for head shape and seed

3
size.

In 1968 the only-available location was at Perkins., Fifty F3
families of each of the six populations were grown in'a randomized
complete block design with two blocks. The seeds, used to produce
the fifty families, were taken from the F2 generation, grown at Perkins,
in the following manner. All F2 plants of a particular population

were grouped, according to head length, into ten classes, and five

plants were taken at random from-each class to supply the seed source



TABLE I

PARENT MEANS FOR FIVE CHARACTERS BASED
ON TWO LOCATIONS

Character WBH CcM 4D RK BC OK8
Head Length (mm) 462 .87 89.30 204 .02 275.61 455,11 250.65
Head Width (mm) 47.86 48,93 42,19 33.09 @ ==eoe- 43,57
Seed-Branch Length (mm) 105,28 28.97 65,58 71,02 407 .68 73.85
Node Number 17.34 9.07 7.66 12,07 5.90 8.84
100-Seed Weight (dg) 36.09 15.52 25.17 17.68 mmeew- 23.16

44BH
oM
4D
g
BC

| DO I '}

Woodward Big Head
Chicken Maize

4 Dwarf

Red Kafir

Dwarf Broomcorn



of the'F3 families. This procedure was applied on-eachvpopulation to
obtain a representative sample of fifty families, each five families
‘coming from each group. Each F3 family was grown in a row in each of
the two blocks, To obtain estimates of the between and fhe within
‘row environmental variations, three'rows‘of each of the two parents

involved in each population were grown together with the F population.

3
Five plants were taken at random from each row and measurements were
‘recorded for head shape and seed size.

The frequency distributions of the F, populations and their

2
parents were made for the five characters studied. 1In general, the
different populations showed similar distributions, which approached
the normal distribution for the different characters. The frequency
distributions of population 1, for the different characters, were
typical of the other populations. Those frequency distributions are
shown in the appendix.

Estimates of the phenotypic, environmental, énd'genetic variabil-
ities for each character in each population were obtained from the F2
generation and the parents since the F1 populations were not available,
based on two locations and one year, by the analysis of variance
technique, The model assumed for each of the parentg-and the’F2

populations was as follows:

= <4 4+
Vijk = P T3y By e

where Yijk = the observation from the'ith locafion, the jth block,
and the kth plant for a given character.
b = effect due to the overall mean.

.th . .
a, = effect due to the i location, i =1, 2, ..., L.

b,., = effect due to the jth block in the ith location, j = 1,



ciJk'- effect due to the k th. pxﬁnt in the’jth block and the it

locatlon k l,yi;g

The form of the analysissofﬁnatianoe.is shown in Table II. Ko’

‘1, and K in the last column are qonstants dependlng on the number
of plants in the 1th locatlon and the J th block, Since the locations
‘were fixed it should be noted that 02 stands for the sum of the squares
of the true locatlon effects lelded by the correspondlng degrees of
freedom, The assumptlons assoc1ated with the model and the deriviation
of the- expected mean squares are dlscussed in-detail by Graybill (25).
Plants in blocks in locatlons mean.sqoare is am unbiased estimate of
02 which is composed Of the genetlcvand-the»env1ronmenta1 variances -
in case of an- F2 generatlon ana1y31s, and the- env1ronmenta1 variance
only in- case of a parent ana1y31s, assumlng that genotypewznvironment -
interaction is not.present.

The-estimate:offthe;environnental variancehfor each character
in the six poPulations'was:oalCulated from the-data of the parents
only since thetFllgeneration was not‘atailable, in three different
manners: (a) the pooledhvarianCe?”(b) the’geometric, and (c) the
arithmetic means of'theiestimateSiof the variances of the two parents
involved in the‘givén_popuiatiOn. The difference between the F2
variance - and the env1ronmenta1 varlance was taken to be an estimate
of the total genetlc varlance whlch isl composed of the-additive, the
domlnance, and the epistatic variance’estimates

It was p0531b1e to.- obtaln estimates of the additive and the
dominance varlances from the F3 generation. However, the tollow1ng

assumptions have;to‘be;drawn (a) regular dlplold me1051s, (b) no




TABLE II

ANALYSIS OF VARIANCE TABLE FOR AN F, POPULATION OR FOR A PARENT

5 E
Source d.f. MS EMS
Total ’n -1
ij ij
2 2 2
Loc. L-1 MS3 GC + chb + KZOa
. 2 2
Blk. in Loc. L(R-1) MS2 " +K oo
c o b
Plants in Blk. in Loc. (o, -1) MS1 o2




linkage, or equilibrium with respect to linkage relationmns, (é) no
epistasis, (d) gene frequency of one-half, and (e) no genotype-envi~-
ronment interaction. The following model waS’aSSumed for the-analysis
of any F3 population.
Yijk =ptr, + bj +--eij +-wijk
where Yijk = the observation from the ith block, the jth family, and
the kth plant for a'giveh character. |

u = effect due to the overall mean.

r, = effect due to the ith block, i =1, 2, ..., R.

i
bj = effect due to the jth family, j =1, 2, ..., F.
: . - .th . . .th
eij = error associated with the j~ family in the i~ block.
Wijk = .effect due to the kth plant in the jth family, and in

the i*® block, k = 1, 2, ..., S.
The analysis of variance for the above model was of the form shown
in Table III. The assumptions associated with the ‘model and with
the derivation of the expected mean squares are discussed by Grayﬁill
(25). The mean squares in the above analysis were equated to their '
corresponding expectations and the resulting set of four equations
‘were solved for the four unknowns‘&é, 62, 32, and 65. It should be
pointed out that 35 is an estimate of the within families genetic

variance in‘addition to plant-to-plant environmental variance. Simi-

larly, 82

b is an estimate of the between families genetic variance plus

‘row-to~row variance., To obtain-estimates of the within and the between
‘rows environmental variances, the data of each of the two parents were
-analyzed separately in-a similar manner as the F3 generation -except

the between and the within families became the between and the within

‘rows in this case. Two estimates for each of the within and the



TABLE III

ANALYSIS OF VARIANCE TABLE FOR AN F3 POPULATION
Source d.f. MS EMS
Total RFS~-1
Blocks R-1 MS4 02 + SG2 + FSG2
W e T
o g e 2 2 2
Between Families F-1 MS3 a, + Sde + RSob
. 2 2
Experimental Error (R-1) (F-1) MS2 o, + Sde
s 1s ‘s 2
Within Families RF (S-1) MSl g,

0T
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between rows environmental variation‘were ca1cu1ated.' Thé first esti-
mate was the arithmetic mean of the estimates of-the-variaﬁéés bf the
two parents which is the same as the;pooled vafiance-estimaﬁe-since
the number of observations in’the two parents Was~equa1.v The-éecénd
estimate was the geometric mean of the estimates of the variances of
the two parents. Two estimates for each of the‘within;and the between

F, families genetic variances were calculated as the difference between

3
the F3 generation variances and each of ‘the two environmental variances
obtained from the two parents,

The ‘genetic variance components:of the within -and the between

family genetic variance are as follows:

2 A2 . _ 1 .42 1 .2 1,2 1.2 1,2 |
ww3'%ﬁ“20A+20D+4AATA%D+4%Dr”“
A2 A2 _ a2, 1,2 .2 1.2 1.2
(obF3 ") TN T oM T e YTt e
In the above two expressions 62 62 32 and 62 stand for the
‘ WF3’ wP’ bF3’ bP
‘estimates of the within F, families, the within rows environmental,

3

the between F3 families, and the between row environmental variance,

respectively. 6§ and Gg'are the estimates of the additive and the

a ~2 A2

dominance respectively, and ‘are"the :estimates of the
¢ pe ely. G ps Opp» @nd Opp e m h

-epistatic variances: -additive by-additive, additive by dominance,

and dominance by dominance variance, respectivély. It was  assumed

that epistatic variances are absent, consequently'the’above'two equa-

tions would be reduced to the following:

@ -8 =18 414
wE, wP 2°A " 27D
22 A2 a2 1 A2

(GbF3 - Opp) = 0y Y5 G

These two equations are the same as those given by Mather (49), where

~2 ~ . s . .
oA,and og are the estimates of the additive and dominance variance of
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the F2 generation. By solving the two equations, estimates of the

additive and dominance genetic variances were obtained. The estimate

of total environmental variance, 8;, was calculated by the following

equation:
a2 W2 a2 a2 A2
Op = Oup © Fpp ¥+ Oer, +'°rF3
A2 "2 ) A2 A2
where 0 _ ‘and O are as defined before and G and O are the
wP bP : eF3 -rE3 .

‘estimates of the error and block variance, respectively, for the F3
generation analysis. The estimates of the total genetic and the total

phenotypic variances were calculated as follows:

A2 . A2 '\2
O'G = O'A +'O'D
A2 a2 a2
vO'P = O'G + O'E

Heritability estimates were~essentia11y obtained by four methods:
(a) parent-offspring regression, (b) standard unit method, (c¢) approx-
imation of the environmental variance to estimate the total genetic
variance in the F2 generation, and (d) variance component method from
the\anélysis>of variance of the F3 generation. The\enQironmental
variance in the third method was eétimated‘in three differentvmanners:
(a) the pooled variance, (b) the geometric, and (c) the arithmetic
means of the estimates of the variances of the two parents involved
in a given F2

lated by the variance component method for the F3 generation.' The

population. Three estimates of heritability were calcu-

first was based on the'F3 family means. The other two estimates were

heritability in the narrow sense and in the broad Sense.b'

Genetic -advance, G. A., was calculated by the following formula:

G. A. = i 5. h% =25 n?
P P P
where i = the intensity of selection, i = %.
z = the height of the ordinate 'at the point of truncation
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assuﬁing'hofma

the proportlon selected,v;}} '

p:
ap = the eqtlmate pf th «phenotyplc standard deviation.
h2 = nhe estlmate of herltabllity

The number of genes contrelllng the dlfferent traits studied for

each of the six pqpulations was estimateﬁ by the following formula:

2‘
i
1.
populatlon,»ﬁgb is the estlmate of the phenotypic variance based on
-2,
the F2 generaticn, and 02 1s the estimgte Qf the -environmental variance,

where Pz and are the means of the paxents 1nvolved in the given

Two estlmatesrof the-enVLronmental varlance were\applled (a) the
pooled variance and (b) the geometrtc mean of the estimates of the
variances of the two parents ;nvolved The'assumptlons assoc1ated
w1th the - estlmatlon of gene number* by the ‘above formula, are: several
(72). Sone of these assumptions axe not met 'which would result in
downwaxrd b;ased estimates of gene numben.;

Phenotyplq, genetlc, and env;ronmental correlatlons between
different characters were calculated for the F2 and the F3 generations.
Phenotypic correlations for the FZ genexatlon were calculated by the

following fprmulg

S

Cov (X Y)

where‘Cov (X, Y) = the estlmp of;'he*éhehotypic covariance of
Fa

charagter X and character Y in the F2 generation.




14

8§ X and 3; = the estimates of the phenotypic variances for character
2 2 '

X and character Y, respectively, in the F2 genefation.
Covariance estimates were obtained by the ~analysis of covariance which
is similar to the analysis of variance. Environmental correlatidns
were calculated in a similar manner as the phenotypic correlations
except that the'éhenotyéic-Veriances:and covariences were replaced
by the environmental ones. Environmental variances and covariances
‘were -estimated from the informations obtained frem the two parents
involved in a particular populetion in two different'mannefs: (a)
the pooled variance»and‘covariance~aﬁd'(b) the geometric means of the
‘variances and covariances. Genetic correlatione-were calculated by
using the genetic variances and covariances which were obtained by
subtracting the~environmentai variances and covariances from the
corresponding phenotypic variances and covariances,

Phenotypic, genetic, and environmental correlations for the F3
generation were based on family means. The analysis-of variance of
family means was made according to the following model:

Y.. = p+r, +b, +e,,
1] i J 1]

where Yij ‘the mean of jth family fromthe-ith block.
' = the effect due to the overall mean.
r. = the .effect due to the ith block, & =1, 2, ;..., R.

bj = the -effect due to the'jth family, j =1, 2, ..., F.

' ez s .th
eij = error associated with jth“famlly in the i~ block.
The analysis of covariance for each two charaeters was similar to the
-analysis of variance. The ‘mean product of families for traits X and Y,

obtained from the analysis of covariances, was considered to be an
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estimate of the phenotypic covariance of the two traits. MS2 obtained
from the analysis of variance tables for each.of trait X and trait Y
were taken as estimates of the phenotypic variances. Phenotypic
‘correlation between traits X and Y was then obtained by the following

formula:

_MP 2 (X, V)
PoyMs2 (x) MS2 (Y)

where MP2 (X, Y) = family mean product for traits X aﬁd.Y.

MS2 (X) and MS2 (Y) = famiiy mean square for trait X and for trait Y,
respectively.

Environmental .and genetic correlations for traits X and Y, based on

the F, family means, were ca1cu1ated in a similar manner using formulas

3

given by Anand and Torrie (2). The formulas:are as follows:

MP1 (X, Y)
YMS1 (X) MSI1(Y)

Covb(X, Y)
T b e

\%x by
where
aovb(x, Y) = [MP2 (X, Y) -~ MP1 (X, Y)J/R
SEX = [MS2(X) - MS1(X)]/R
8§Y = [MS2(Y) - MS1 (Y)]/R

The analysis of variance of F3 family means was of the form shown

in Table IV,



TABLE 1V

ANALYSIS OF VARIANCE TABLE FOR FAMILY MEANS OF AN

F, POPULATION
Source d.f, MS EMS
Total RF-1
Blocks R-1 MS3 o~ + Fo
e T
P T 2
Families F-1 MS2 Ge,+ Rob
Experimental Error (R-1) (F-1) MS1 02

91



CHAPTER ITI
PHENOTYPIC, GENETIC, AND ENVIRONMENTAL VARTATION

Quantitative traits are contrdlled by»botﬁ genetié and environ-
mental effects. The genetic effects are due to breeding value,
dominance, and epastatic deviations. The breeding value of an indi-
vidual for a given trait is the sum of the average effects of the
genés it carries, the summation being made over the pair of alleles
at each locus and over all loci (21).. Dominance deviation, or the
intra-allelic interaction, is the interaction between alleles at the
same locus while epistatic deviation, or the inter-allelic interaction,
is the interaction between élleles at different loci. |

Selection in a given population is based on the phenotype of
individuals while only a portion of the phenotypic value ié transmitted
to the following genération. Hence, it is of primafy importance to
know the relative magnitudes of the different»componeqts of the pheno-
typic value. - Two approaches havye been used in tﬁis-respect, first
and second order statistics. First order statistic is used to estimate
the different effects of the phenotypic expression. Anderson and
Kempthorne {3) presented a model based on the factorial model to
estimate genetic effects, vHaymanis (29, 30) ahalysis is also used
to separate epistatic and dominange variation in generation means,
Anderson and Kempthorﬁe (3) and Hayman (30) havé pointed.out.that no

accurate estimate of the additive, or breeding, effects could be

17
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obtained if epistasis is present in a éreat ﬁagnitudee Some authors
(20, 41, 47, 48, and 65) éppiied the Hayman analySié; using_generation
means, to investigate gene éctibn, | | v

Second order statistics, in ferms of Variance; and covariances
among relatives, is more commdnly used Eo estimate -genetic and environ-
mental variance components, To estimate geneﬁic-variancés, relatives
are developed by some mating system and they=aré grown under a set
of environmental conditions. - An analysis of vafiaﬁée“fo;‘avgiven,
design'is conducted to obtain éstimates of'variance and:éo§ariance
components which are interpreted genetically and envirqhménfélly.
Cockerham (15) has represented the analysis of va;iacioﬁ for various
mating. designs together with the genetic interpretation of the variance
components., Cockerham (14) discussed the implication.of genetic
variance components with respect to some ggneral aspects of various
selection and breeding proéedufes in-a hybrid breeding program, Horner
and Weber (32) derived the expected values of sample coVariances and
variance components‘in terms of genetic Varianceé>aﬁd covariances for
populations produced from crossing two homozygous lines and subsequent
self-fertilization. Application of fheir derivationé was made to
maturity data of a soybean experimentf Bfim and'Coqkefhgm (8) applied
Horner ‘and Weber method in their studies onis§ybeaﬁs.

The development of relativeé is not necessary td estimate genetic
and environmental variations. However, i# is not‘possiﬁle to break
down the genetic variance into its componeﬁts in such cases. Genetic
variance of families% lines, or clones could beprtaihed free of the
genotype-environmental interactions’by:using;aépropfiateiénvironméhtal

designs. Comstock and Robinson (17) presentéd;the‘form;of the"analysis
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of vafiance for data on families compafed in‘repiiéatea.;fiais at
two or more years and at diffefent locatioﬁa. Hanson et al (27)
used this approach on Korean lespedeza famll;es, in the 3‘-and_F4
generations, to estimate genetlc and envlronmental varlances.. Johnson
and Frey (34) studied the behavior of genetlc varlance ‘of 27 oat
cultivars under varying levels of environmental stress. Gandhl'et al.
(24) made an estimate of the genetic variance»using 90fvafieties of
wheat to provide genetically'variable-material Swarup and Chaugale
(62) applied the same approach on 70 varieties of sorghum. Estimates
of genetic and environmental variances Qere obtalaed.for some traits
in soybeans by Johnson et al, (35), in corn by L1ndsey et al (42),
in barley by Rasmusson and Glass (55) and in oats by Wallace et al
(66). |

Mather (49) suggested the usevof”two pure pafentalblines together
with their cross, Fl, F2, and the'firat two backwefosaea as_a_brocedure
for estimating genetic varianee-COmponents} Since:qﬁep{kMathetfs
method has been used widely, particularly ineseif¥pellinated cfops.
Some - examples in wheat and sorghum will follow.v_Wéibel (70) esfimated
the genetic variance components for some qﬁaﬁtieativeitraiﬁsein wheat.
Sharma and Knott (60) used the same procedure in wheat,a ih sorghum,
Ha&ley (26) and Watkins (68) analyzed plant height and-qowett 37)
analyzed glume size and awn length using Mather's ﬁethod. In a cross
of two varieties of sorghum, 'Big Seed' and Norghum P V01gt et al.
(65) found that domlnance varlance for seed size was a small negatlve
quantity and, hence, it was assumed to be zero. They'concluded that
genes controlling seed size, in the aorghUm populééié#f;éﬁd;ed, act

largely in an additive manner, Seed weight was one'ef.the characters
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iinvestigated by Beil and Atkins (7) in,tWo_cr@sseslaf sorghum, Reliance
x North Dakota Mandan Sorghum No. 158, and Redlanvx quth Dékota Mandan
Sorghum No. 158. They,found"that tHe genetic variatiﬁn'for seed Qeight
was low. ‘Seed Weightvin sorghum was aléo one of the characters studied
by Liang and Walter (41). They reported that additive gene effeéts
seemed to make a minor contribution to the iﬁhefitance of seed size

in the crosses investigated, 'Redlanfﬁx 'Martin', 'Redlan' x 'Combine
7078', and 'Plainsman' x 'KS7', It was concluded that genetic models
assuming.negligible-epistases may be somewhat biasédT

Sib analysis and diallel‘crosses have proved useful in estimating
genetic variance components. Sib analysis was discussed_by Falconer.
(21), Horner (31),.and Lowry (44). 1t is more widely us§d in open-
pollinated crops. For-example;sinanélysis‘wés.apﬁlied to éorn ﬁopu-

- lations by Comstock and Robinson (16), Da Silva (19), and Williams

~et al, (71). Diallel‘analysié waé ﬁéedzto estimatékgenetic variance
components in sorghum by Chiang aﬁd Smith (12,>13).and Liang (38).
Chiang and Smith (13) found highlyvsignificant a&ditive Qériance but
non-sigﬁificant dominance component fof head length in a 7-variety
diallel cross of sorghum, Liang (38) studied the variances for general
and specific combining abilities for some quantitative éharacters in
>a'6=variety diallel cross in sorghum,

Comstock and RoBinson (17) have pointed oﬁt that the variance
resulting frdm genotype-environment interaction is frequently a squrce
of upward bias in estimates of genetic variaﬁces.. Allara and Bradshaw
(1) discussed the different types of genotype-enﬁifbnment interaction
and their implications in plant breeding progréms; The implication

of genotype~environment interaction to sorghum breeding programs has
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been investigated by Liang and.Waiter (40) .
ReSultsf&ﬁd’DiSénssion

Phenotypic, geneticahand enﬁirbnmental variance estimates for
head length, head width, seed-branch length, node number per head, and

100~seed weight, based on the F, generation are shown in Tables V,

2
Vi, VII, VIII, and IX, respectively. Three estimates of the environ-
mental variance were obtained, depending on the method of calculation
from the variances. of the tWo'pérents involved in a particular popu-
lation. 1In general, thé,envirpnméntal‘varian¢é based on the geometric
mean was less than thoée based:qn_the ppoled variance and on the
arithmetic mean e#cept for‘head width in populatidns 3 and 4. The
pooled environmental variénée was only 0.17 less than the one based

on the geometric mean in‘thé ¢as§ éf head width in pqpulation 3. The
three estimates of the'énvirﬁnméﬁtal variqﬁ¢e for head width were the
same in population 4 bécaus; ﬁeaa wid;h‘qf only one.parent, 'Chicken
Maize', was considered. The two environmeﬁtaI“Qériance estimates,
based on the pooled variaﬂéeland.on the arithmetic ﬁean,'were about
the same since the difference‘iﬁ the number of piants obtained froﬁ
the two parents involved in alllbopulations was small,

Genetic variance estimates Qere obtained by subtracting the
estimates of environmental Variénces=from fhe'corresponding estimates
of phenotypic variances. 'This~pf0éedure resulted in some negative
estimates of the genetié variapceé, for which a value of zero was
considered to be more reasonable, This situa;ion:arose in the case
of branch length for populations‘l and 4 and iﬁvthevcase of seed

weight for populations 1 and 3 when the pooled environmental variance



TABLE V

ESTIMATES OF THE VARIANCE COMPONENTS FOR

HEAD LENGTH BASED ON THE F

. GENERATION AND THE PARENTS

Basis of Estimating the Environmental Variance

Geometric Mean

Pboled Arithmetic Mean
. ~2 A2 ~2 2 _ ~2 ~2 a2
Populatlon qP c o Og - GE % :GE
1 2,317.30 951.43> 1,365.87 934.82 1,382.48 1,635.11 _ 682.19
2 764,93 - 450,34 314.59 : 453,31 311.62 482,46 282.47
-3 '1,4&9,69. 689.71 759.98 618.94 830,75 933.24 Sié,QS
4 2,577.79 753.36 1,824 .43 677.50 1,900.29 1,770.42 BO7 .37
5 3,852.62 2,377.59 1,475.03 2,338.57 1,514.05 2,782.29 1,070.33
.6 3,229.03 1,625.06 1,710,57 1,518.46 2,148,111 1,080.82

1,603.,97

(47



TABLE VI

ESTIMATES OF THE VARIANCE COMPONENTS FOR

- HEAD WIDTH BASED ON THE F, GENERATION AND THE PARENTS

2

Basis of Estimating the Environmental Variance

Arithmetic Mean

Geometric Mean

Population 6% 6é 6; 62 GE iﬁé 6;
1 146.24  91.36 54.88 91.06 55.18 95.46 50.78
2 198.39 - 161,07 37.32 161.15 37.24 161.33 37.06
3 117.95 78.45 39.50 77.73 40.22 78.28 39.67
4 120.80 87.21 33.59 87.21 33.59 87.21 33.59
5 148.29 90,12 58.17 89.47 58.82 92,27 56.02
6 146.15 76.39 69.76 77.00 69.15 77.42 . 68.73

N

[y



TABLE VII

ESTIMATES OF THE VARTANCE COMPONENTS FOR
SEED-BRANCH LENGTH BASED ON THE FZ GENERATION AND THE PARENTS

Basis of Estimating the Environmental Variance

:Pooled ' Arithmetic Mean . Geometric Mean
; . 2 2 A2 A2 A2 52 52
Popu}atlon GP G E OG . OE p 95
1 246 .64 000.00 362.08 000.00  366.43  59.07 187.57
2 235.13 105,33 129.80 107,06 128.07 132.36 102.77
3 268,08 105,44 162.64 91.89 176.19 | 143.45 124.63
4 1,420.78 000.00 1,788 .47 000.00  1,868.59 984 .48 436 .30
5 904,17 470.01 434 .16 461.32 442,85 530.94 373.23
6 606,82

135.85 470.97 154.17 . 452.65 216.12

390.70




TABLE VIII

ESTIMATES OF THE VARIANCE COMPONENTS FOR
NODE NUMBER PER HEAD BASED ON THE F2 GENERATION AND THE PARENTS

Basis of Estimating the Environmental Variance

Pooled Arithmetic Mean . Geometric Mean
A2 A2 A2 A2 . ,'\2 : A2 A2
i [0} o~ - o
Population . OP s E | OG B G E
1 3.27 0.59 - 2.68 0.56 2.71 ©1.30 1.97
2 2.26 0,92 1.34 0.93 '1.33 1.02 1.24
3 3.93 1.95 1.98 1.81 2.12 . 2.23 1.70
4 445 3.74 0.71 3.75 0.70 - 3,77 0.68
5 4,88 1.75 3.13 1.69 - 3.19 . 2,01 2.87

6 4 86

1.43 3.43 1,52 3.34 1.76 3.10

Y4



TABLE IX

ESTIMATES OF THE VARIANCE COMPONENTS FOR

SEED WEIGHT BASED ON THE Fz GENERATION AND THE PARENTS

Basis of Estimating the Environmental Variance

Pooled , Arithmetic Mean . Geometric Mean
o A :\2 Az A72 Az A2 . A2
x . (o] 6}
Populat}on Op O O . GE O E
1 22,50 0.00 27.77 0.00  28.10 7.67 14.83
2 14,59 2.19 12,40 2.37 12.22 5.3 9,25
3 9.46 0.00 10.25 0.00 10.98 -~ 0.80 8.66
L 0 emmmam cmemmsm meemme - cememme mmmems cemems 0 ememe—-
5 62 .84 - 27.33 35,51 . 26,75 36,09 '30.43 32.41

6 59.86 | 24,75 35.11 26,22 33,64 31.65 28.21
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estimate and the one based on the~arithﬁeiic mean ware used. Since
it was impossiﬁle for the environmental variance to exceed the pheno-
typic variance, if the assumptions were met, it was thought that the
pooled'estimate of.the‘environmental'vafiéhce~and'the~one based on
the ‘arithmetic mean were unreliable*estimates.of thé-environmental
variance;.at\leést for the situation discussed ébove.v

The»eétimates of.thé variapces'of the two barents involved in
a particular population should estimate Ehe’sdme_thing, namely the
environmental'variaﬁce 6f that particular popﬁlation, since the
individual plénts;of each parent wereagenetiéally identical. Hence,
the difference between the two estimates should be_small. However,
in some cases the difference was very large which resulted in large
:estimafes of the environmental variances, and small or negative esti-
mates of the genetic variances, when the estimates of the two variances
of the parents were pooled or when their arithmetic average was taken.
On the other hand, the geometric méan.yielded.smaller estimates of
the -environmental variances &nd'hencevresulted in more reasonable
‘estimates.of the genetic variances. For this reason, it was thought
that the estimates based on the geometric mean were more reliable
and, hence, they will be 'considered throughdut the téxt.

Phenotypic variance estimates, obtained from the F, generation,

2
varied very widely for different characters. Heédviength showed the
highest phenotypic variance-estimétés,‘and node number showed the
lowest for all populations. Thié was in close»agreemént with the
genetié and the enviroﬁmental yarianée7éstimates, based on ﬁhe geor

metric mean in particular, except for population 3 for which the

estimate of the genetic variance of seed weight was less than that
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of the node number, The descending orderlbf the-cﬁat&asers in all
populations with-respeét to the phenotypic variance estimates was:
head length, branch length, head width, seed weight, then node number.
' The order was the same for‘the~environmenta1,,but not for the genetic
‘variance estimates based on the geometric mean, Branch length and
head width in population 1 and in population 2, and seed weight and
node number in population 3 interchanged their order with respect

to the genetic variance estimates;- However, the difference between
the interchanged estimates was not large which might imply that the
corresponding variances ﬁere‘not significantly different.

The relative magnitude of the‘génetic-variance to the environmental
variance. is of primaryvimportance to the breeder.sin¢e~qnly the genetic
variance, or at least part of it, passes from one generation to the
next. Meanwhile, selection is based on phenotypic variability in
- most ‘breeding programs. Based on the estimates obtained by the
geometric mean, it was noticed that the genetic variance estimates
‘were ‘about twice the environmental variance estimates, or more, for
most populations for head length, Branch length did not show any
regular pattern: in that respgct. The genetic variangevestimate was
about one-third of the:énvironmentél-variance‘estiﬁate for population 1,
and it was about one-half of the envifonmental variance estimate for
population 6. Oné the other hand, genetic variance estimates were
larger than the envirommental for branch length in populations 2, 3?

4, and 5. For head width, all populations had larger genetic variance
‘estimates. The genetic and environmental estimates were about the
game for seed weight in populations 5 and 6 -and for node number)in

populations 1, 2, and 5. Populations 1, 2, and 3 for seed weight,
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and population 6 for node number showed smaller genetic variance
estimates, Genetic variance estimates were larger for node riumbex
in populations 3 and 4.

It was pointed out earlier that not all of fhe genetic variability
is transmitted from one‘generation'td the next. The success of most
breeding programS'deﬁends on‘the prOportién transmitfed which in turn
depends on the various components: of the genéetic variance, . These are the
additive variance, the dominance §ariance, and the epistatic -variance.
However, it was éssumed that~the'épistatic variance was zero or
negligible for tﬁe characters studied, in order to obtain estimates
for the additive and dominance variances,

Additive and dominance variance estimates together with genetic,
environmeﬁtal, and phenotypic variance estimates obtained from the F3
generation for head 1ength, head width, branch length, node number,
and seed weight are shown in Tables X, XI, XII, XIII, and XIV,
respectively. As previously described, Variance»estimétes of the
between and within rows from the parents' analysis were subtracted
from the between and within F3 families variance estimates to obtain
estimates. free of the row-to-row and the-pléntwto-plant variations.
For each-population, two estimates were obtained for each of the
between*and'the~within-row variances, from the two parents. The
two estimates for a given variance were combined in Ewo different
manners: (a) pooled, whiéh'was the same as the arithmetic mean since
the number of abservations was. the same for the two parents in this
case, and (b) their geometric mean was used as the other eétimate.
This resulted in two sets of estimates of genetic and environmental

variabilities.



HEAD LENGTH BASED ON THE F

ESTIMATES OF THE VARIANCE COMPONENTS FOR
GENERATION AND THE PARENTS

TABLE X

3
) . A2 A2 n2 A2 A2
Population Basis A <A g g 6P
1 Pooled 1,941.68 0.00 1,941.68 '1,490,13 '3,431,81
- Geometric Mean 1,941.68 0.00 1,941.68 1,057.55 2,999.23
2 Pooled 366.97 4,31 371.28 221.28 592,56
Geometric Mean 372.17 0.00 372.17 217.38 ‘589,55
3 Pooled 1,042,22 0.00 1,042,22 297 .61 1,339.83
Geometric Mean 982,73 0.00 982.73 202.37 1,185.1¢
4 Pooled 1,777.29 0.00 1,777.29 1,246.52 '3,023.81
_Geometric Mean 1,280.44 457.88 '1,738.32 '501.,25 2,239.57
5 Pooled 0.00 2,149.41 2,149.41 1,765.93 '3,915.34
Geometric Mean 1,029.48 1,329.92 '2,359.40 750.03 3,109.45
6 Pooled "1,030.01 0.00 1,030.01 1,541,03 '2,571.04
Geometric Mean 677.31 826.11 1,503,42 966,09 '2,46%,51

o€



TABLE XI

ESTIMATES OF THE VARIANCE COMPONENTS FOR
HEAD WIDTH BASED ON THE F, GENERATION AND THE PARENTS

3

2 A2 2 A2 )

, o 5
Population .Basis N OD G OE P
1 Pooled ©0.00 128.52 128.52 - 36.39 164.91
Geometric Mean 0.00 141,24 141.24 31.59 172.83
2 Pooled 0.00 156.75 156.75 25.70 _ 182.45
Geometric Mean 0.00" 157.92 157.92 25.26 183.18
3 Pooled ' 0.00 60.96 60.96 156.53 217 .49
Geometric Mean 0.00 '54.29 54.29 50.31 104.60
4 Pooled - . 0.00 793,93 793.93 181.97 975.90
Geometric Mean - 0.00 813.96 813,96 174,46 988 .42
5 Pooled . 0.00 75.08 75.08 75.17 150,25
- Geometric Mean 0.00 81,59 81.59 72,73 154 .32
6 Pooled 0.00 42,77 42,77 52.98 95,75
Geometric Mean 0.00 64.39 64.39 38.98 103.37

1%



ESTIMATES OF THE VARIANCE COMPONENTS FOR

TABLE XII

62

SEED-BRANCH LENGTH BASED ON THE F3 GENERATION AND THE PARENTS

2 A2 2 2 ")

. . 52

Population Basis N D G E P
1 Pooled 100.57 0.00 100,57 345,14 445,71

Geometric Mean 47 .60 111.32 158.92 .~ 63.70 222

2 Pooled 28.64 ' 63.80 92,4t 52.85 145,29
' Geometric Mean 21.61 105.67 127.28 31.99 159.27
3 Pooled 0.00 2.85 2.85 435.69 438.54
Geometric Mean 90.49 41.63 132.12 70.27 202.39
A Pooled 1,124.67 0.00 1,124.67 1,799.55 2,924.22
Geometric Mean 828.01 61.97 889,98 295,93 1,185.91
5 Pooled £0.00 516.24 516.24 383.40 899.64
Geometric Mean 54,84 430.16 485.00 235.68 _ 720.68
6 Pooled 90.93 0.00 90.93 386.40 477.33
Geometric Mean 75.45 20,71 96.16 294,76 390,92




TABLE XIII

ESTIMATES OF THE VARIANCE COMPONENTS FOR

NODE NUMBER PER HEAD BASED ON THE F3 GENERATION AND THE PARENTS
. . . 22 A2 ~2 ~2 ~2

Population Basis \ D G B b
1 Pooled 0.87 1.21 2.08 2.56 4,64
Geometric Mean 0.70 2,48 3.18 1.86 5.04

2 Pooled - 0.00 471 4.71 2.82 7.53
Geometric Mean 0.00 ‘4,65 4,65 2,75 . 7.40

3 Pooled 0.00 448 448 4.72 9,20
Geometric Mean 0.32 ‘3.24 >3.56 1,98 5.54

4 Pooled | 0.65 3.95 4.60 2.11 6.71
Geometric Mean 0.72 : 4,12 4 .84 . 1.88 6.72

5 Pooled 2.52 0.24 2.76 2.68 5.k
Geometric Mean 2,03 2.23 4,26 1.92 6.18

6 Pooled 0.60  2.28 2.88 3,59 6.47

Geometric Mean 0.11 4,71 4,82 2,50 7.32




SEED WEIGHT BASED ON THE F

ESTIMATES OF THE VARIANCE COMPONENTS FOR
GENERATION AND THE PARENTS

TABLE XIV

3
. A2 A2 A2 A A2
. ) 5
Population Basis N D G 0§ P
1 Pooled 0.00 0.00 0.00 49.73 49.73
Geometric Mean 6.15 0.17 6.32 4,84 11.16
2 Pooled 2.99 0.07 3.06 3.35 6.41
Geometric Mean 2.69 1.91 4,60 2.42 7.062°
3 Pooled 0.00 2.85 2.85 137.61 40.46
Geometric Mean 4,05 0.75 4,80 2.81 7.61 -
4 Pooled —————— ———— - ———— -
Géometric Mean_ ——— ———— - ——— ——
5 Pooled 8.93 0.00 8.93 32.84 41,77
Geometric Mean 6.31 3.01 9,32 24,00 33,32
6 Pooled 4,85 0.00 4.85 24,04 28.89
Geometric Mean 7 .46 0.00 7.46 22,04 29.50

YE
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Negative -estimates for the genetic variabilitiegjwere obtained for;
(a) the within families for head length in population 1, seed=branch
length in populations 1, 4, and 6, and seed weight for populations 1
and 5, and (b) the between families for seed weight in 1 and 3, head
width, seed-branch length, and node number in population 3, when the
pooled variances were used. On the other hand, the geometric mean
procedure resulted in only one ﬁegative-estimate. This was the esti-
ﬁate of fhe within genetic variance for head length in population 1,
For this reason the set of eétimates based on the geometric mean was
thought to be more reliable. However, the other éet of estimates,
based oﬁ the pooled information, is represented in the-different tables.

Phenotypic variance estimates were the higﬁest for heéd length
rand the lowest for node nuﬁbér in all Fu populations ﬁhich was in full
-agreement with the information obtained from the’F2 generation. The
order of the different characters, with respect to the-magnitude of
the phenotypic variance estimates was the same -as in the Fz'generation
‘except for popalation 2 for which branch length and head width, and
seed weight‘and node number interchanged their order. However, the
phenotypic variance estimates for braﬁch length and Head width-aé
‘well as those for seed weight and node number were of comparable
magnitude in population 2. This was the case for branch length and
head width but not for seed weight and node number for the'F2 gener~
ation. 1In the F2 generation, the phenotypic variance estimate for
seed weight was more than six times the estimate for node numbér. It
was thought that this different behavior might be due té-the geno=-
type-environment interaction. |

The estimates of environmental variances based on the geometric
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mean, exhibited the same order as in the Fz generation for the different
characters except in population 2 in which node number and seed weight
interchanged their order, but they were about the same magnitude. This
was not the case iﬁ the F2 generation, perhaps such a different behavior
is due to the genotype-environment interaction. The order of the
different characters based on the magnitude of the genetic variance
‘estimates was the same-exactly as the one based on the phenotypic
variance -estimates,

All, or at least most, of thé-additive variance is transmitted
from one generation to the next. On the other hand, in self-pollinated
crops only one-half of the dominance variance is transmitted. Hence,
it is importaﬁt to know the magnitude of the~addi£ive variance with
‘respect to the other variances making up the phenotypic variance. In
generél, if head width is excluded, head length had the highest addi-
tive variance estimate and node number had the lowest, based on the
geometric mean. The estimates of the additive variances for head
width in all populations ‘were all zeros, regardless of the mefhod of
estimation. Two possible reasons coul& be suggested for these results.,
First, headeidth is cdmpletely-cohtrolled by environmental factors
and those dominance variance estimates, shown in Table XI, are not of
practical significance. However, this is not‘reasoﬁable since the
dominance variance-estimates were -all greater than the -environmental
variance estimates, at least for those based on the geometric mean.

Ihe second reason, which is more plausible, is that the two homozygous
individuals, say BB and bb, for a given locus are identicél,_but '
heterozygous individuals, Bb, are different. - No matter how many loci

controlled the head width, at least for all populations studied, the
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above statement should hold, This situation can be disbuséed further
as follows:

Suppose that (B, bj was‘one.of the pairs of alleles:controlling
head widtﬁ and consider the following general diégram.

bb Bb ' BB

. '
L i i

-a d 0 ‘ . a

In the above diagram 'a' represents one<~half of the difference, say

in head width, between the two homozygotes BB and bb, and 'd' represents
the deviation of the heterozyote Bb from the'ﬁid-point. In other

‘words '-a', 'd', and 'a' are the values of the individuals bb, Bb,

and BB, respectively. Let gene frequency, with respect to this locus,

be 'q'. The additive and dominance variances are given as follows:

or = 24(1 - @)[a + d(1 - 29)]%, and
Gg ='4q2(1 - q)2d2.

It was assumed that gene frequency was one-half for the populations

studied. This implies that the above -expressions are reduced to the

- following:
2 1 2
GA s3a, and
2 1 .2
=74

For more than one locus, say 'n'

n
02 = l N a? ‘and
A 2, i
i=1
2 1 % 2
op =% = 4 -
i=1

In order to have~a zero value for Gz all of the ai's should be zero,
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Since»ai represents one-half of ﬁhe'range betwgenuthe homozygotes, BB
.and bb, for the ith locus and since a, must bhe zero, the'fange between
the two homozygotes should be zero for the ith.locus, Consequgntly,
the two homozygotes should HaVe the - same value;.or in other words,
they should be identical. This should hold true fqr all loci control-
ling head width, at least fof.the_populatidns~studied, as 'was suggested
earlier. |

Dominance -variance -estimatés were relatively. large for head width
(Table XI), which implied that dominance was present for'thatrcharactef;
i,e., d # 0 at least for one locus. As it was shown earlier, the
value of 'a' was zero for loci controlling head width in the populations
studied, If gene frequency was not one-half for that éharacter, then
some value, other than zero, should be detected, However, all additive
variance estimates were zeros. This implies that gene frequency should
be one-half, or very close to one-half which justified the*éssumption
suggested about gene frequency..

Gene-actioﬁ for head length'was-enfirely additive for populations
»1, 2, and 3 (Table X). The additive variance;estimaté;was about three
times larger than the>dominance;variance estimate in population 4, but
it was someﬁhat smaller than-domihance variance estimate in populations
5 and 6. Taking into consideration the magnitude of the non-additive
variance -estimates, it was suggested that seléction for head length
in early generations should be more effectiyé in populations 3 and 2
than in populations i and 4. Much progress from‘selection in early
generations should not‘be expected for head length iﬁ populations 5
and 6. However, sele;tion might be effective for head length in those

two populations,'in later generatibnS‘since in self-pollinated crops



dominance variance is halved every generation,

Head width (Table XI) did not seem to be-a good character on
which‘selection'could'be practiced. The additive effect for this
character was completely lacking in all populations. Although dominance
effect was present and was greater than the environmental effects in
-all cases it would degenerate'Very'rapidly in'a few generations.

No regular pattern, ﬁith’respect to the«estimates;of'genetic
-and environmental variancé-éompOnents, was observed for -seed-branch
length (Table XII) in the different populaﬁions; .Genetic variance
‘estimates were greater than the environmental estimates for:all popu-
lations except population 6. The'additive~variance7estiﬁates Were'
less than the dominance estimates in populatioﬁs 1, 2, and 5, but
not in the other populations. Population 4 had the highest additive
variance estimate relative to the dominance and environmental estimates
and, hence, rapid progress could be expected from early generation
selection for seed-branch length in this population.

Estimates of the additive variance were less than the estimates
of the dominance variance and eétimates of the-environmental variance
were less than the estimates of genetic variance for node number
(Table XIII) in-all populations. Except'for population 5, the additive
variance estimates were less than the environmental estimates in-all
populations. ‘It was suggested that much progress could not be expected
from early generation selection for ndde»number in all populations.

Gene action seemed to act :almost in'an~additivg‘manner in the
‘case of seed weight (Table XIV) at 1eas£ in populétions 1, 3, and 6,

" Additive variance‘estimateS‘were‘abéut twice as much as the dominance

variance estimates for populations 2 and 5. In most populations stud=-
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ied, reasonable progress could be expected from early generation

selection for seed weight.
Summary. and Conclusions

Genetic and environmental variance components were estimated
from the F2 generation for head length, head width, seed-branch length,
node number per head, and 100-seed weight in six populations of sorghum.
It was possible to break down the genetic variance estimates, using
the -data frqm the'F3-generation,'to the>additive~and dominance‘variance
-estimates by'assuming that the epistatic effect'was-absent. Estimates
of the environmental variances were obtained from thelvari#nce~estimates
of the two>parents by pooling, the arithmetiC'mean;vand‘the geometric
mean of the estimates of the two variances. The geometric mean gave
the most relaible estimates of the environmental Variaﬁces,

Gene -action was moétly additive for head length and seed weight
for most populations. Additive gene action was completely lacking
for head width in-all populations. Estimates of the additive variances
‘were less thaﬁ-those-of dominance ‘variances for node number, in-all
populations,;and'fOr’seed;branch 1eﬁgth in -some.

It was concluded that rapid progress cpul&‘be-expécfed from:early
generation selection for head leﬁgth in most pbpﬁlations, and‘for
seed—branch-length in-a feﬁ populations. Reasonable progress'Should
be ‘expected from-early generation selection for seed weight but not
for node number, |

Head width did not seem to be a good character on which selection
‘could be practiced. Regardless of the*ﬁumber of loci controlling

head width, it was demonstrated that the two homozygqtesvfor each



locus had the same value which was different from the heterozygote
value. It was verified that gene frequency for each locus, if more

than one, was one~half in-all populations studied. for that character.
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CHAPTER IV
HERITABILITY, GENETIC ADVANCE, AND GENE NUMBER

Progress under selection breeding programs depends on the mag-
nitude of heritability for the trait being selected for. In general,
heritability is defined as the'ratio‘of the ‘amount of genetic variation
to the total phenotypic variance that passes from one generation to
the next. Heritability is recognized in both-a broad and a narrow
sense, Heritability in the broad sense is the propottion of the
total genetic.variance to the‘total phenotypic variance. In the
‘narrow sense, heritability is the proportion of the additive variance
to the total phenotypic variance. Several discussions on the concept
of heritability and its implications in‘plént breeding héve Been
‘reported (10, 21, 28, 50, and 67).

Warner (67) grouped the techniques forvestimating heritability
into three groups: (a)‘parent-offspring»regression, (b) variance
‘component from:.an analysis of variance, and (c) approximation of
nonheritable ‘variance from genetically uniform populations to estimate
total genetic variance. Warner considered that none of these techniques
are completely satisfaétory to“detectvthe»effectiveness of selection

in the F, generation. He-'used the difference between the variance

2

of F, and the total variance of the two backcrosses as -an estimate

2
of the additive variance which is divided by the -variance of F, to

obtain an estimate of heritability. He pointed out that the advantage
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of this method is that the estimate is made eﬁtirely on the basis of
Fz'and the back cress of F1 to each inbred parent and that the estima-
tion of nonheritable variance is unnecessary. However, the assumptions
necessary are: (a) genetic effects are additive -among loci, (b) envi~
‘ronmental variances must be independent of the genotype, and (c¢) non~

heritable components of variance of F, . and the backg¢rosses are of

2
comparable magnitude,

Warner's method has been applied very widely for estimating
heritability: ‘a few examples will follow, Culp (18) estimated
heritabiiiﬁy for plant height to be 40 to 50 percent and for capsule
length to be 50 to 70 percenﬁ in sesame., Heritabiljities for some
‘characters in sorghum were estimated by Liang and Walter (41). They
-found that heritabilities of grain yield and kernel number were of
lower magnitude than those bf head weight, kernel weight, stalk
‘diameter, half-blooming, plant height and germination perxcentage.

The magnitude of heritability estimates varied greatly-among crosses
for some traits., -Heritabilities for 1000~kernel weight were:24 percent
for 'Redlan' x 'Martin' and 'Redlan' x Combine 7078', and 33 percent
for 'Plainsman’' x 'KS7' using the original scale. Heritability for
seed size in a cross of two varieties, 'Big seed' and 'Norghum', of
sorghum was -estimated by Voigt et al, (65) to be 60 percent. They
concluded that considerable progress could be made in shifting mean

seed size by selecting and recombining large-seeded F, plants. Warner's

2
method was also used to estimate heritabilities of some quantitative
traits in wheat crosses by Sharma and Knott (60), Watkins (68), and
Weibel (70).

The regression of the offspring on parent is considered to be
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one of the common methods for estimating heritability. Smith and

kinman (61) feported that this method is frequently misused in self-
pollinated populations due to the failure to consider the previous
inbreeding of the parént which~will cause an upward bias of heritability
estimates. They proposedlan adjustment of-the-regression-coefficient

to provide an unbiased estimate of heritability. This can be done by
dividing the~regression'coefficiént by twice the degree of genetic
‘relationship between the parent and its offspring.

Another proBlemzassociated with the use of regression fof
estimating heritability is the effect of environmental.conditions
since in most cases data onvoffspring:are obtained in a different
yeér from those obtained on pafents. To overcome this probiem, Frey
and Horner (23) suggested the use of heritability in standard units
rather than the conventional regression method. The data must be
‘coded in terms of standard deviation'units-an& then the regression
‘coefficient is calculated to obtain-an estimate of standard unit
heritability which is identical to the correlation coefficient on
‘the original data. The advantages of this method as stated by Frey
and Horner (23) are: (a) it eliminates the unrealistic values of
over 100 percent and (b) the standard unit heritability values come
closer to predicting the - actual gain obtained from selection at least
in the case of heading date in oats. They'concluded that performance
factors which are most probably affected by the same type of environ-
mental écaling'factors, those that cause expansion or contraction of
the phenotypic variability, as heading'déte in oats, should be well
adapted to standard unit method. |

Many ‘authors have ‘used the conventional regression method and/or
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the standard unit method for estimating heritabilities. These methods
*are\appligd to wheat by Lofgren-et ;1. (43), Reddi et'al. (56) . Sharma
and Knott (60) and Weibel'(70)7 In.barley, oats, soybean, flax,. and
corn estimates of heritabilities, bykéither or both methods, for some
qualitative traits ﬁere obtaihed by Baker et al. (5), Murphy and Frey
(52), Anand and Torrie (2), Bartley -and Webér (6), Omran et al, (53),
and Robinson et al (58), respectively, .Heritabilities of plant height
in some  sorghum crosses were found by Watkins (68).

The variance component method proposed by Comstock and Robinson
(16, 17), has been used extensively in estimating heritabilities.
The method could be applied to either genetically different varieties
or families from a given generation. The method was applied to corn
by Robinson - et al. (58), to Korean lespedeza by Hanson et al. (27),
to flax by Omran et al. (53), to soybean by Anand and Tofrie (2) and
Johnson et al. §35), to bérley by‘Rasmasson'and Glass (55), and to
wheat by Gandhi et al, (24) énd Weibel (70). Using 70 varieties of
sorghqm, Swarup and Chaugale (62) reported 85.44 percent for the
heritability of 100-seed weight using the variance component method.

The difference between the\variances of éegregatiﬁg populations
and nonsegregating populations is taken"ﬁo be an:estimate of genetic
variance which is divided b& the variance of the-segrégating population
to give'rise to heritability‘estimates. Burton (9) has taken'the‘F1
generation,lfrom'a cross of two Pearl millet varietiés, to be the
nonsegregating population. His method was applied to oil content
in-a soybean cross by Weber and Moorthy (69) and to plant height in
éorghum by Watkins (68). Beil énd Atkins (7) and Caviness (11) esti-

mated the variance of nonsegregating population by the-average of the



46

variance. of both pargnts and ﬁhe F1 generation. The square’root of
the product of the variance of the two parents could be taken as an
estimaté-of the variance of nonsegregating population as suggested by
Mahmud and Kramer (45). Their method was used by Petr and Frey (54)
to estimate the heritability of some quantitative'charactérs in oats.

Heritabilities could be éstimafed from the analyses of diallel
crosses ér in terms of realized heritability. Liang et al. (39)
estimaﬁéd the heritabilities of anthesis time, grainvyield and protein
content in a 6-variety diallel cross in sorghum, The heritability
of head length in sorghum was one:of the characters studied by Chiang
-and Smith (13) in a 7-variety diallel cross. The heritability value
for head length was 62 percéntvand they concluded that rapid and
effective selection could be made for this trait. Ffey (22) worked
out the realized heritabilities for some quantitative traits in two
oat crosses,

Whenever heritability is-éstimated for some quantitative trait
in-a population, a question is raised as to what progress would be
‘expected under seiection'in that population. The estimate of.such
progress is called the genetic advance. Gentic adyance is defined
by Falconer (21) to be the product of the intensity of selection, the
‘estimate of phenotypic standard deviation, and the Heritability estimate.
The intensity of selection depends only on the proportion of the‘pOpu-
lation included in the selected group, provided the-diétribution of
phenotypic values is normal. Selection intensity can be calculated
by dividing the height ofvthe normal.curve'at the ﬁoint of truncation
by the proportion selected from-the-popﬁlation. Genetic advance ‘was

‘estimated by most authors who investigated heritability of quantitative
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traits.
Estimation -of the number of genes or blocks of genes is-a common
device practiced by plant breeders. Mather (49) and Wright (72) gave
some formulas which could be used to estiméte fhe number of genes in
different situations. However, most_fofmulas»are based on ‘several
assumptions, some of which are not satisfied and would give rise to
biased estimates. Most of those are biased doﬁnward. The minimum
number of génes~controlling-some quantitative traits-were-estimated

in Pearl millet by Burton (9), in sesame by Culp (18), in wheat by
Sharma and Knott (60),‘and in'riée by Mohamed and Hénna (51). Hadley-
(26) and Watkins (68) estimated the number of loci controlling heijght
in-sorghum. Voigt et ai. (65) found that a minimqm of 3 or 4 genes

or blocks of genes control seed size in sorghum iﬁ the cross 'Big Seed'
x 'Norghum', Chiang and Smith (13) reported that at least two factors
‘and one major factor control seed weight and head length, respectively,
in-a 7-variety diallel cross in sorghum. The number of genes control-
ling anthesis time, grain.yield, and protein content in-a 6-variety
diallel cross in sorghum were estimated by Liang-et al. (39). Robson
(59) suggested the use of the fourth-degree>statistics for estimating
gene number controlling the inheritance of a quantiative-éharacter

under the additive model with dominance.
Results ‘and Discussion

Estimates of heritability percentages for head length, head width,
seed~branch length, node number per head, and 100-seed weight are
'shown on Tables XV, XVI, XVII, XVIII, and XIX, respectively, Several

estimates of heritability percentages were obtained from the F2



TABLE XV

ESTIMATES OF HERITABILITY PERCENTAGE

FOR HEAD LENGTH

48

Population
Methods-and Basis of Estimation 1 2 3 4 5 6
I. From the F, Generation and Parents
A. Pooled 41 59 48  29 62 50
B, Arithmetic Mean 40 59 43 26 61 53
C. Geometric Mean 71 63 64 69 72 67
II. From the'F3 Generation
On Family Mean Basis 94 90 94 .91 88 86
I1T1. From'the‘F3 Generation -and Parents
A. Pooled
1, Narrow Sense ‘57 62 78 59 00 40
2, Broad Sense 57 63 78 59 55 40
B. Geometric Mean
1. Narrow Sense 65 63 -'83 57 33 27
2. Broad Seﬁse' 65 63 83 78 76 61
IV. Regression of F, Means on F, Values
A. From 1968 and 1967 Data % 51 59 67 36 24
B. From 1967 and 1966 6r‘1965 Data 72 56 77 67 @ == ==
V. Standard Unit Heritability
A. TFrom 1968 and 1967 Data 92 72 79 83 56 49
B. From 1967 and 1966 or 1965 Data 77 55 71 68 == ==




TABLE XVI

ESTIMATES OF HERITABILITY PERCENTAGE

FOR HEAD WIDTH
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PoEulatiqn

Methods -and Basis of Estimation 1 2 3 4 5 6
I. From the'F2 Generation ‘and Parents
A. Pooled | 62 81 67 72 61 52
B. Arithmetic Mean 62 81 66 72 60 53>
C. Geometric Mean 65 81 66 72 62 53
II. From the‘F3 Generation
On Family Mean Basis 71 66 83 47 39 38
111, From the F3.Generation and Parents
A, Pooled |
1. Narroﬁ Sense 00 060 00 00 00 00
2. Broad Sense 78 86 28 . 8l 50 45
B. Geometric Mean
1. Narrow Sense og¢¢*ﬂﬁif%90"iﬂo"?"OO::meg
2. Broad Sense 82 8 52 82 53 62
IV. Regression of F3 Means on'F2 Values
A. From:19682and 1967 Déta 15 20 27 00 - 6 1
B. From 1967 and 1966 or 1965 Data 00 20 14 -- == ==
V. Standard Unit Heritability
A. From 1968 ‘and 1967 Data 28 40 48 00 12 4
B. From 1967 and 1966 or 1965 Data 00 24 20 == ==  --




TABLE XVII

ESTIMATES OF HERITABILITY PERCENTAGE
FOR SEED=-BRANCH LENGTH
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Population

Methods and Basis of Estimation 1 2 3 4 5 6
I. From the F Generation'ahd Parents
A. Pooled 00 45 39 00 52 22
B. Arithmetic Mean | 00 46 34 00 51 25
C. Geometric Mean | 24 5% 54 69 59 36
IT. From the'F3 Generation
On Family Mean Basis 8 82 91 91 77 66
ITI. From the’F3 Generation ‘and Parents
A, Pooled
1. Narrow Sense 23 20 00 - 38 00 19
2. Broad Sense 23 64 1 38 57 19
B. Geometric Mean
1, Narrow Sense 21 14 45 70 8 19
"2, Broad Sense 71 80 - 65 75 67 25
IV. Regression of-F3 Means on F, Valués
A. From 1968 and 1967 Data 44 ‘35 58 62 22 6
B, From 1967 and 1966 or 1965 Data 45 29 61 67 -~ ~--
V. Standérd Unit Heritability
A. From 1968 'and 1967 Data 65 59 80 63 54 18
41 32 61 64 -  --

B, From 1967 and 1966 or 1965 Data




TABLE XVIII

ESTIMATES OF HERITABILITY PERCENTAGE

FOR NODE NUMBER PER HEAD

51

Population

Methods ‘and Basis of Estimation 2 '3 4 5 6
I. TFrom the F2 Generation -and Parents .
A. Pooled 18 41 50 84 36 29
B. Arithmetic Mean 17 41 46 84 35 31
C. Geometric Mean 40 45 57 85 41 36
I1. TFrom the F3 Generation
On Family Mean Basis 71 44 68 79 83 69
III. From the F3 Generation -and Parents
A, Pooled
1. Narrow Sense 19 00 | 00 10 46 9
2. Broad Sense 45 63 49 . 69 51 45
B. Geometric Mean
1. .Narrow Sense 14 00 ‘ 6 11 33 2
'2. Broad Sense 63 63 64 72 69 66
IV. Regression of Fy Means ‘on F, Values
A. From‘1968{and 1967 Data 36 19 36 42 30 13
B. From 1967 and 1966 or 1965 Data 17 9 15 19 «= ==
V. Standard Unit Heritability
A. From 1968 and 1967 Data 40 21 56 57 38 25
3T 19 29 35 .= ==

B. From 1967 and 1966 -or 1965 Data




TABLE XIX

ESTIMATES OF HERITABILITY PERCENTAGE

‘'FOR SEED WEIGHT

Population

Methods and Basis of Estimatibn 1 2 '3 4 5 6
I, From-the’F2 Generation -and Parents‘
A. Pobled 00 15 00 =-- 43 41
B. Afithmetic Mean 00 16 00 S == 43 44
C. Geometric Mean 34 37 8 -~ 48 53
II. From’the‘F3 Generation
On Family Mean Basis 87 83 86 -- 8l 66
I1I. From the F3 Generation and Parents
A. Pooled
1, Narrow Sense 00 47 00 - 21 17
2, Broad Sense 00 48 7 == 21 17
B. Geometric Mean
‘1. Narrow Sense 55 38 53 == 19 '°25
2. Broad Sense = | 57 66 63 -- 28 25
IV. Regression of F3 Means onvF2 Values
A. From 1968 and 1967 Data 22 34 47 -- 19 13
B. From 1967 and 1966 or 1965 Data 36 26 19 == == ==
V. Standard Unit Heritability
A. From 1968 :and 1967 Data 31 61 55 -~ 39 32
38 28 N

B. From 1967 and 1966 or 1965 Data

19
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generation, the F3 generation, and the combined information from both
generations, Genetic variancevestimatgs, reduixéd for estimating
heritability percentages, were obtained as the difference between
the phenotypi¢ variance estimates and the cdrresponding;environmental
variance estimates. The two variance -estimates of the parents were
pooled, their arithmetic mean was calculatéd, or their géometric mean
-ﬁas taken, to supply three-different estimates of the -environmental
variance. In several cases the environmental variance estimates, based
on the pooled variance and on ;he'arithmetic mean, were larger than
the phenotypic variaﬁce-estimates, which was . -not reasonable. Hence,
it was thought that heritability estimates obtained by using the
-environmental variance estimates based on the geometric mean were
‘more reliable. The estimates based on pooled variance and the>érith~
metic mean will be excluded from-the-discussion, However, thesé'esti-
mates are reported in Tables XV, XVI, XVII, XVIII, and XIX.
Heritability estimates, obtained from-the'Fz‘géneration:énd the
parents, were broad sense heritabilities. ‘A-regular pattern was not
observed for those-estimateé for the different charactefs in‘thé'six
populations, although generally the descending order of estimates was
head width, head length, node number, seed-brancﬁ length, and finally
seed weight, The highest estimate, 84 percent, was observed for node
number in population 4 (Table XVIII). Seed weight in population 3
(Table XIX) showed the lowest heritability estiméte, 8 percent.
Estimateé for broad sense heritabilities obtained from the F3 generation
were ‘generally larger than,those obtained from thehFZ'geneﬁatien. This
irregular behavior was probably due to the presence of the genotype-

environment interaction, or due to estimating the environmmental vari-
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ances from a féwer'number of individuals, or both.

In general, the narrow sense heritability estimates were smaller
or equal to the broad senseiestimates obtained from the F3 generation,
Head length (Table XV) showed relativély high-esfimates>and node
‘number (Table XVIII) showed low estimates.. Estimates obtained for
head width (Table XVI).were.allyzeros since the additive gene action
‘was completel& lacking. Exclu&ing head width, estiméteS'of heritability
percentages based on F3 family meanibasiS’were higher than both narrow
and broad sense heritability estimates. This was true for head width
‘only in population 3, which had the lowest broad sense heritability
for that character. It was suggested that high estimates of herit-
-ability on family mean basis were obtained becaugse the row~to-row
and plant-to-plant environmental variabilities were not considered
in calculating those estimates. However, this method has been used
‘widely by plant breeders, and is known as the variance component method.

Estimates of heritability were also obtained by the regression

family means on their F, values. Two sets of estimates were

of the F 2

3
obtained, by this method for all populations, except for populations
5 .and 6., The first set of estimates were obtained from the means

of the F3 generation grown in 1968 ‘and their F, parents grown in 1967,

2
The second set was obtained by using the means of the F3 generation
grown in 1967, which was available only'fdr populations 1, 2, 3, and

4, and their F, parents grown in 1966 for'populations 1 and 4, and

2
in 1965 for populations 2 and 3. Head width was not recorded for
some plants in population -4, since those plants had typical broomcorn

brush,‘and hence the heritability estimate was not found for that

character in the second set. The two regression estimates were compar-



able in many cases. In general, head 1éngth-haﬂ the highest estimates
and head width had the lowest in'ﬁost populations.

Standard unit heritability'estimateé‘were a lifth higher than
the corresponding regression'estima;es.in-ﬁost cases; A possible
»explahation-for this situation is as follows: The ‘standard unit
heritability was éalculated as the ‘correlation coefficient bétween

F, means and the F, values. The correlation coefficient for this situ-

3 2
-ation is given -as follows:
‘Cov (Fé, F

2)
r =

2) = estimate of the covariance between the F3 means

and the F_ values.

: 2
2 '
OF = .estimate of the variance of the F3 means.
3
8; = .estimate -of the variance of the F2 values.
2

Using the same notations heritability -estimate based on regression
is given by the following :expression:

~

C
,F2

b =

Since. the standard unit estimates of heritability-were higher than

the corresponding regression-estimates, in most éases,‘the-estimate

of thé*variance of the E3 means should be 1eés than the esfimate of the
variance of the F2 values. This was reasonable since the genetic and

environmental components of those two estimates assuming no epistasis,

were ‘given by Mather (49), with some modification in notation as
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follows:
A N ~2
GF = 0y + 4 p +'OE— , -and
3 o 3
cA72 _ 62 + 82 , 62
= 55 +
F, A D E,
a2 2. .
where - 0= and o_ are as defined above.
F F
3 2

Gi = the -estimate of the additive genetic variance in the F2

generation.

~2 : :

oy = ‘the -estimate of the dominance genetic variance in the F2

generation,
6%_ = the estimate of the environmental variance:associated with
3 .
EB family means.
~2 : . N . . .
'OE = -the estimate of the -environmental variance associated with
2 .
the'F2 plants.

This would indicate that the -estimate of the variance of the F3
famjly means should be less than the estimate of the variance of the F2
plants if dominance is present ‘and if 6§q and &E are of comparable

3 2

‘magnitude.
The heritability parameter for a certain character is different
in the different generations. Hence, if selection.is to be practiced

in the ingeneration, estimates of heritability should be obtained

‘from the F

9 generation and the parents,. from the regression of F3

‘means -on F2_va1ues, or from the correlation between'F3 means ‘and F2

values, Estimates obtained from the F, generation-and the parents

2
are broad sense heritabilities. Such-estimates‘should be used with

‘caution becuase they: account for all of the dominance variance where

‘only one-half of that variance is transmitted to the'_F3 generation,



The two other estimates based on the regression and the standard unit
‘methods are -considered to be better estimates for that situation. The
advantages and disadVantages of these two methods were discussed by
Frey and Horner (23).

In many cases selection is practiced among the F, families. For

3
this situation estimates of heritability, to be considered, should be
based'on'the'F3 family ‘means. Thisrmethod of estimation was reported
by Comstock .and Robinson (17) as the variance components method. If
selection is to be practiced in the F3 generation onkan-individual
plant basis, then estimates of heritability in the narrow sense shopuld
give better prediction than the broad sense heritabilities.

It is of some intergst to know_the precision of the estimates of
heritability'although‘precise-estimates may ‘or may not be unbiésed.
The standard deviation of the estimate is considered to be one of the
‘measurements of precision. Heritability estimates based on the regres-
‘sion of F3 means on F2 values for the characters studied in the different
populations are shown again, together with their standard deviations
in Table XX. In general, most of the standard deviations were relative-
ly small. Since heritability -estimates based on regression are nor-
‘mally distributed with mean equal to the heritability parameter and
. variance -equal to the variance of the -estimate, confideénce intervals
and tests of hypotheses about the heritability:-parameter, Could be
-constructed by using the t-distribution.

The‘progress under selection’depenGS'on the-heritabilityvparameter,
the magnitude of the phenotypic-variancé in the -population, and on the

proportion selected. Consequently, high heritability estimates do not

imply pronounced progress from selection if the phenotypic variance



ESTIMATES OF HERITABILITY PERCENTAGE BASED ON THE

TABLE XX

REGRESSION OF F5 MEANS ON F, VALUES AND THEIR
STANDARD DEVIATIONS FOR FIVE CHARACTERS

IN THE DIFFERENT POPULATIONS

Population
1 4
- g 2oP ¢ 2 ~2 ~2 Y ~2

Character Estimate h SD h SD h SD "h SD h SD h SD
Head Length A 74 05 57 08 59 06 67 07 36 08 24 06
B 72 06 5 09 77 08 67 07  em  =m oem e
Head Width A 15 07 20 07 27 07 00 18 06 07 0L 05
B 00 07 20 09 14 07  e= == em mm oem oem
Seed-Branch Length A 4 07 35 07 58 06 62 11 22 05 06 05
B 45 10 29- 09 61 08 67 08 ==  =m  em a-
Node Number A 3 12 19 13 3 08 42 09 30 10 13 07
B 17 05 09 05 15 05 19 05  m=  ee  em  --
Seed Weight A 22 10 3 06 47 10 -- -- 19 06 13 06
B 36 09 26 09 19 10 == == em emmm e

1]

o]
7w >

o

Heritability estimates.

Heritability -estimates obtained from regression of Fj (1968) means on Fp (1967) values.
Heritability estimates obtained from regression of F3 (1967) means on Fy (1966) or Fo (1965) values.
c:SD=Estimate of the standard deviation of the heritability estimate,

Ut
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is 'small, 1In order to determine the'valiéity'of selgctibﬁ, expected
genetic advarnce should be obtained. Expected genetic advance, and its
percent of the mean, based on“selecting the best 10 percent for head
length, head width, seed-branch length, node number per héad, and seed
weight for the six populations studied are shown in Table XXI. Three
different bases, A; B, and C, were used for calculating the genetic ad-
vance, depending -on which heritaﬁility.estimate was used., These were:
(a) based'on’heritabili;y”estimates'Obtained from the F2 generation by
the ‘geometric mean procedure, basis A, (b) based on heritability
estimates obtained from the F3'fami1y means, basis B, -and (c) based

on heritability estimates obtained by the regression method from 1968
iaﬁd 1967 data, basis C. The expected genetic advance in percent of
the mean, for basgs A, B, and C, was calculated by using the’F2 gener-
-ation means, the F3 generation means, and the meanS’of'Fz parents of

the F, families, respectively,

3
Regardless of the method of estimation, the'expected,génetic
radvance 'in percent :of the mean for head length"wasvhigher in populations
1, 2, 3, and 4 than populations 5'énd 6,:except’for population 2 when
‘method A was used. It was :concluded that pronouncéd progress should
be ‘expected from selection for head length in early generations
particularly in populations 1, 2, 3, and 4.

Head width 'showed lower expected;genetié'advénce by using methods
B and C than those obtained by usingﬁmethod A. This was not unexpected
since this character wés completely lacking of additive-gene'aétion.
Genetic :advance based on'methdd B was higﬁer than the one based on

‘method C for all populations. This was in close agreement with the

heritability estimates -of head width. Progress under selection should



TABLE XXI

EXPECTED GENETIC ADVANCE (GA) AND ITS PERCENT -OF THE MEAN

BASED ON THREE ESTIMATES OF HERITABILITY

Head Length Head Width Branch length Node Number Seed Weight

Population  Basis® GA % GA % GA % GA % GA %
1 A 59,78 31 13.89 24 6.62 12 1.27 12 2.85 12

B . 65.02 36 7.33 12 14,01 28 1.70 16 4,09 16

¢ 63.49 34 2.92 5 10.80 20 0.95 S 1.46 6

2 A 30.70 22 20.16 36 15.19 33 1.19 15 2,46 11

B 33.25 23 6.19 11 11.08 24 0.90 10 2.86 13

c 26.70 19 3.75 7 7.9% 18 0.42 5 2.08 9

3 A 43,14 27 12.69 25 15.42 32 1.98 19 0.46 2

B 51.57 33 7.94 15 19,32 42 ‘1.55 15 3.36 18

c 43.10 26 4.56 9 16.84 34 1.28 13 2.16 12

4 A 61.37 33 13.96 23 45,97 56 3.15 35 ————— --

B 62.77 33 10.77 15 48.84 58 2.21 24 emee= -

[¢ 57.02 30 00.00 00 33.93 42 1.59 18 ————— -

5 A 78.89 23 13.34 26 31.08 34 1.60 14 6.76 22

B _ :63.314 20 3.51 6 19.66 23 2.66 27 5.43 18

c 739.91 12 1.10 2 13.92 15 1.23 12 2.63 8

6 A 66.53 20 11.27 23 15.44 17 1.40 12 7.20 22

B 51.52 16 2.41 4 12.85 15 1.66 15 3.43 12

c 28.45 9 0.25 1 3.57 4' 0.61 5 1.66 5

8 = Heritability estimates obtained from the F, gereration by the geomeéric mean procedure,
B = Heritability estimates obtained from the F3 family means.
C =

Heritability estimates cbtained from the regressicn of F3 (1968) means on F2 (1967) values.

09
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not be -expected for this character,

The behavior of seed-branch length, with respect to genetic advance
in percent of the mean, was»very'closelyrrelated to head length.
Populations 1, 2, 3, and 4 showed higher genetic advance than popu~
lations -5 and 6 with respect to methods B and C. Population 4 showed
very high‘vélues of the expected genetic-ad?ance. It was concluded
that rapid progress could be expected from-early generation selection
‘for seed-branch length at least in populations 1, 2, 3, 4, and 5.

The ‘expected genetic advance was relatively low for node number
and seed weight in all populations. Much progress should not be
-expected from .early generation selection for these fwo characters,
However, selection for theée two characters in later generations might
be more -effective.

Estimates of the number of genes or blocks of genes, rqunded to
the closest integer,. are shown in Table XXII. Two estimates of the
environmental variance, the pooled and the geometric .estimates, were
used to calculate the estimate of gene number. The pooled and the
geometric estimatesfof'gene number were -about the same in most popu=-
lations. In three cases, the gene number estimate based on the pooled
environmental estimate was ﬁndefined, denoted by u in Table XXII. The
‘reason for this situation was that the environmental variance estimate
‘was greater than the phenotypic'variance~estimate‘which-resulteq in
‘a negative estimate, considered to-zero, for the’genetiC'varianéé.

The -estimates ‘of gene number based on the geometric environmental
variance estimate were thought to be-moré'reliable than those based
on the pooled one., Hence, the later estimate will be -excluded from

the following discussion.



TABLE XXII

ESTIMATES- OF GENE NUMBER FOR FIVE 'CHARACTERS IN SIX
POPULATIONS OF SORGHUM BASED ON THE POOLED AND THE
GEOMETRIC ENVIRONMENTAL VARIANCE ESTIMATES

Character

Populafion Basis ' VHead Length Head Width Branch.Length Node Number Seed Weight

1 Pooled 19 1 o? 15 u
Geometric 11 1 13 | 7 7

2 Pooled 4 1 2 1 : 6
| Geometric ' 4 ‘ 1 2 | 1 '3
3 . Pooled 7 1 3 ' 1 u
" Geometric V 5 1 2 1 1

4 - Pooled 23 1t u - 1 -
Geometric 10 lT 19 1 -

5 ~ Pooled A 1 . 1 7 1
Geometric 4 1 | 1 7 6 1

6 Pooled 4 1 1 7 1
Geometric 3 1 1 -6 1

TParent means were taken from 1968 data since head width of 'Dwarf Broomcorn' was measured in that year.
2 = Undefined estimate of the gene number.
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The range of the estimates of gene number was frem'B, in population
6, to 11, im population- 2, for head length. Head width was found to
be contfolled by only ‘one gene in-:all populations. _This.was in close
ragreement, with the distinct behaviorvobserved for that characfer with
‘respect to the -heritability and the variance component extimates.
Branch length showed a wide range of gene ‘number. The highest gene
‘number for branch 1ength”wasvfound in population 4. Node number was
found to be controlled by the same :gene number in populatidns 2, 3, énd
4, and in populations 5 and 6. Seed weight seemed to be controlled
by one-gene in populations 3, 5, and é-and by 7 and 3 génes in popu-
lations 1 and 2, respectively.

The -assumptions associated with the formula of gene number are
-several (72). Many of these assumptions do not hold in most cases
‘which result in a downward bias in the gene number estimate. Conse-
quently, estimates of gene number, or blocks of genes, for a given
‘character should be taken as a lower boundary of the actual gene

‘number,
Summary ‘and Conclusions

Estimates of heritability were obtained from the ingeneration,
the F3 generation, and from the combined information'qﬁjﬁoth generations ©
for five characters in six populations of sorghum. Three egtimates

‘were -obtained from the F, generation depending on the method of esti-

2
mation of the environmental variance. Heritability was estimated on
a family mean basis and on-an individual basis from the'}i‘3 generation.

Two estimates were obtained for each of the narrow and the broad sense

heritabilities, on the individual basis, by-using;the'pooled variance
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estimate of the two parents oF their gequtfitﬁmeén,‘ Heritability

estimates based on the regression of the Fjlmeéﬁs*on the F, values,

2
and the correlation between them;ii,e., standard unit heritability,
were also obgalned Expected genetic advance éﬁ& eéfimates'of ﬁhe‘
minimuin number of loci were calculated. T

Heritability estimates weke in general.iﬁ“closé‘égreement with
the expected genetic advance for the different ¢Haracters in most
populations. In general, hlgh herltablllty estlmates ‘were ‘observed
for head length and seed-branch 1ength in most populations. The
expacted genetic advance in percgnt of the mean was also high in
wagnitude, It was concluded that rapid progress from early generation
selection should be expected‘for these two characters in most popu-
lations. Head length Was‘found.to be controlled byv..at least 3 to 11
genes in the different populations stﬁdied. A'wide range of gene
number was observed for branch' length, 1 to 19. ‘

Low heritability estimates were obtalned f¢r head width in all
populations, The narrow sense est;mates were all zeros for the differ=-
ent populations which implied that the\addi;ive gene‘action‘was com-
pletely lacking. It was conC1udéd that any prog?ess from selection
tor this character should not.be»egpeqted. If wésjalso found that
head width was controlled by only one'gene}":”

Seed weighF and node numbe;-showed'rglgtiVély-Small heritability
estimates and expected genetic advance iniﬁerégﬁt 6#'tHe!ﬁean. Much
progress from early génerétion selection‘shoulafﬁOf‘ﬁé-expected for
these two characters at least in the populatibﬁs investigated. The
number of genes ranged betweéﬁtl aﬁd 7vfoy‘é§§&:§eight énd nodeZnumber

in the different populations.,



CHAPTER V
PHENOTYPIC, GENETIC, AND ENVIRONMENTAI CORRELATIONS

The genetic relationship among quantitative traits is of consider~
-able interest to the breeder. Three reasons for that interest were
given by Falconer (21): (a) in connection with the genetic causes
of correlation through the pieiotropic-action of genes, (b) in con~
nection with the changes brought about in-.a given trait when selection
is practiced on another tréit, and (c¢) in connection with natural
selection since the relationship between a metric trait and fitness
is the primary agent that determines the genetic properties of that
trait in-a nétﬁral population., The phenotypic correlation is a linear
combination of genetic and environmental correlations. However, the
proportion with which genetic and environmental correlations make - up
the phenotypic correlations is variable depeﬁding on the magnitude
of the heritabilities of both traits.

The .correlations between some quantitativé traits in sorghum
have been estimated. Beil and Atkins (7) calculated phenotypic,_
genetic, and énvironmental cérfelationé between all possible pairs
of the characters:. mid-bloom, plant height, tillef numbep, 100-seed
weight, and grain yield, in two crosses of sorghum, 'Reliance' x
'"North Dakota Mandan Sorghum No. 158' and 'Redlan' x 'North Dakota
Mandan Sorghum No, 158', The phenctypic correlations of 100-seed

weight with the other characters were significant except for seed

65



66

weight with nuﬁber of tillers in the second cross. Environmental
correlations of seed weight with each of mid-bloom and plant height,
in the first cross, and with plant height and grain yield, in the
second cross, were significant, Liang (38) found that the correlation
between kernel weight and grain'yield, both phenotypically and geno-
typically, was low in a 6-variety, randémly selected, diallel cross
~of sorghum. Swarup and Chaugale (63), uéing 70 varieties of sorghum,
concluded that seed weight did not seem to have any genetic correla-
tion with grain yield, but they were positively correlated énviron«
mentally. This was also found by Liang (38) using a 6-variety diallel
cross, Malm (46) found positive correlation between kernel weight

and protein content in some crosses of sorghum. The correlations
between different characters in sorghum were also determined by
Ayyangar et al. (4), Ireland (33), and Venkataramanan and Subramanyam
(64). The implications of genetic correlations in selection in soybeans

were reported by Johnson et al. (36).
Results -and Discussion

Estimates of the phenotypic, genetic, and environmental correlation
coefficients for five‘charactefs in six populations of sorghum are
shown in Tables XXIII, XXIV, XXV, XXVI, XXVII, and XXVIII. The corre-
lation coefficients were estimated fromkthe F2 generation, on an
generation, on a family mean

3

basis, The environmental and: the genetic correlation coefficients

individual plant basis, and from the F

were estimated from the’F2 generation by two methods, depending on

whether the estimates obtained from the two parents were pooled or

their geometric mean was taken. The pooled method resulted in some



TABLE XXITI

PHENOTYPIC (P), GENETIC (G), AND ENVIRONMENTAL (E) CORRELATIONS BASED ON_THE F

GENERATION AND THE PARENTS

AND ON THE F3 FAMILY MEANS FOR 2

POPULATION 1

Based on the F, Generation

and the Parents

Based on the Fq

) Pooled Geometric Mean ] Family Means .

Correlation of ' p? G £ G E p° G B
Head Length and

Head Width -0.07 -0.04 0.28%x -0.26 0.32 -0.10 -0.16 0.21

Seed-Branch Length 0.75%% o4 0.46%% 1.19 0.54 0.87%x 0.92 0.47%%

Node Number 0.20%* 0.36 0.15%* 0.21 0.22 0.28% 0.32 0.09

Seed Weight " 0.09 u 0.04 0.12 0.07 0.12 0.15 -0.12
Head Width and

Seed-Branch Length 0.18%% u 0.31%% 0.19 0.19 0.17 0.09 0.4 5%+

Node Number ' -0.06 -0.16 0.00 i® i 0:01 ~ 0.03 -0.03

Seed Weight 0,09  w 0.05 0.14 0.06 - 0.15 0.12 0,29%
Seed-Brapch Length and

Node Number . 0.06 u -0.12%% i i 0.08 0.15 -0.18

Seed Weight 0.07 u -0,08% i i -0.02 -0.06 0.22.
Node Number and

Seed Weight 0,04 u -0.01 4 i 0.16 0.22 -0.04

*Significant at the 0,01 level.

*%*Significant at the 0,05 level,

a: Significant values are 0.105 and 0.137 for the 0.05 and the
b: Significant values ere 0,076 and 0.100 for the 0.85 and the
c¢: Significant values are 0.279 and 0.361 for the 0.05 and the -
d:u = Undefined estimate of the correlation coefficient.

e:i = complex number estimate of .the correlation coefficient,

0.01 levels, respectively, for 356 degrees of freedom,
0.01 levels, respectively, for 723 degrees of freedom.
0.01 levels, respectively for 48 degrees of freedom.
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PHENOTYPIC (P), GENETIC (G) AND ENVIRONMENTAL (E) CORRELATIONS BASED ON THE F

TABLE XXIV .

GENERATION AND THE PARENTS AND ON THE F, FAMILY MEANS FOR

2

POPULATION 2 °
Based on the F2 Generation and the Parents Based on the F
Pooled Geometric Means - : Family Means
Correlation of p? G Eb G . E P° G ES
 Head Length and
Bead Width 0.05 -0.08 0.39%* 0.07 0.39 0.29% 6.26 0,49%*
Seed-Branch Length 0.64%% 0.75 0,53#% 0.68 0.57 0,87%* 0.91 0.65%*
Node Number 0.23%% 0.33 0.15%* 0.32 0.15 -0.14 «0.24 0.07
Seed Weight -0.12* -0.62 0,12%* -f0.38 . 0.14 -0.13 -0.13 -0.08
Head Width and .
Seed-Branch Length 0.11% 0.02 0.31%% 0.08 0.20 0.42%% 0.42 0.46%%
Node Number - -0.05 -0.06 -0.05 14 1 -0.03 -0.09 0.05
Seed Weight 0.08 0.10 0,12%* 0.07 0.13 0.14 0.13 0.18
Seed-Branch Length -and
" Node Number _0.68 0.18 0.01 1 i -0.20% -0.35 -0.25 —
Seed Weight .01 0.2 0.09* -0.16 0.11 -0.15 -0.21 0.14
Node Number and
Seed Weight -0.08 -0.60 -0.32 0.09 0.03 0.13 -0.15

0,10%*

*Sipgnificant at the 0.05 1e§e1.

**Significant at the 0,01 level.
- a: Significant values are 0.102
b: Significant values are 0.075
c: Significant values are 0.279
d:i = Complex number estimate of

and 0,133 for the 0.05 and the 0.01 levels, respectively,
and 0.098 for the 0.05 and the 0.0l levels, respectively, for 750 degrees of freedom.
and 0.361 for the 0.05 and the 0.01 levels, respectively, for 48 degrees of freedom,
the correlation coefficient.

for 373 degrees of freedom.
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PHENOTYPIC (P), GENETIC (G), AND ENVIRONMENTAL (E) CORRELATIONS BASED ON THE F
GENERATION AND THE PARENTS AND ON THE F

TABLE XXV

POPULATION 3

FAMILY MEANS FOR

Based on the Fz Generation and the Parents

Based on the F

Pooled Geometric Mean Family Means
Torrelation of p? G £ G E ¢ G o
Head Length and
Head wWidth 0.19%* 0.00 0.45%* 0.05 0.45 -0,20 -0.24 0.24 ~
Seed~Branch Length 0.66**A 0.83 0, 54%x 0.72 0.59 0.92%% 0.95 0.59*=*
Node Number 0,30%% 0.47 0, 1% 0.38 0.18 0.36% . 0.44 -0.03
Seed Weight 0.01 u 0.08* -0.20 0.10 =0.564%% - -0.59 -0.17
" Head Width and
» Seed-Branch Length 0,34%* 0.26 0.45%* 0.39 ‘ 0.26 ~0.09 -0,17 » 0,47%%
Node Number -0.09 -0.16 0.01 i i =0,02 -0,07 0.17
Seed Weight 0,23% u L0.15%k | 0.62 0.15 0.,45%* 0.52 0.07
Seed-Branch Length and :
' Node Number 0. L4¥x 0.42 -0.08% i i 0.19 0.26 _=0,12
Seed Weight 0.00 u 0.09* -0.35 0.12 «0,57%% =0.62 -0.17
Node Number and
éeed Weight -0.03 u 0.08* -0.37 ‘ 0,08 0,06 0.13 -0.18

*Significant at the 0.05 level.
#**Significant at the 0.01 level.

na‘m

Significant values are 0,103
Significant values are 0,080
Significant values are 0.279

d u = Undefined estimate of the correlation coefficient,
e:i = Complex number estimate of the correlation coefficjent.

’ 3,135 at the 0.05 and the 0;01 levels, respectively,
znd 0.104 at the 0,05 and the 0.01 levels, respectively, for 661 degrees of freedom.
and 0.361 at the 0.05 and the 0.01 levels, respect1ve1y, for 4& degrees of freedom.

for 364 degrees of freedom.
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PHENOTYPIC (P), GENETIC (G), AND ENVIRONMENTAL (E) CORRELATIONS BASED ON THE F
GENERATION AND THE PARENTS AND ON THE F. FAMILY MEANS FOR

TABLE XXVI

POPULATION 4

2

Based on the F,. Generation and the Parents

Geometric Mean

Based on the F
Family Means

Correlation of p? G P G E P° G- ¢

Head Length and

Head Width 0.11* 0.13 0, 12%* 0.08 0.18 0,42%% 0.49 0.45%%

Seed-Branch Length 0.79%* u 0,98%*x 0.79 0.81 0,85%* 0.85 0.78%%

Node Number -0,07 -0.06 =0,12%% i i ~0.15 ~0.17 -0,01

VSeed Weight === eesee.  c=ece- -;--- ———- ——— ———na m———ae  eseea
Head Width and

Seed-Branch Length 0.09 u .0.02 0.12 0.04 0,37%*x - 0,47 0.27

Node Number 0.05 0.02 0.18%* 0.02 0.19 0.15 0.14 0.15

Seed Weight ——ewa eeee- oo ——— mee= | eemees eeeee | ceese
Seed-Branch Length and

Node Number =0,26%% u =0, 19%* i i =0, 51%*% =-0,61 0.03

Seed Weight
Node Number and

Seed Weight

-

_————

——————

*Significant at the 0.05 level.
**xSignificant at the 0,01 level.

a: Significant values are 0.109 and 0,143 for the 0,05 and the 0,01

d:u = Undefined estimate of the correlation coefficient.

e:i = Complex number estimate of the correlation coefficfent.

levels, respectively,

based on 326 degrees of freedom,
b: Significant values are 0.077 and 0,101 for the 0.05 and the 0.0l levels, respectively, based on 702 degrees of freedom.
c: Significant values are 0,279 and 0.361 for the 0.05 and the 0,01 levels, respectively, based on 48 degrees of freedom.
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TABLE XXVII

PHENOTYPIC (P), GENETIC (G), AND ENVIRONMENTAL (E) CORRELATIONS BASED ON THE F
GENERATION AND THE PARENTS AND ON THE F3 FAMILY MEANS FOR
POPULATION 5 .

2

Based on the F, - Generation and the Parents

2 : _ Based on the F3
Pooled Geometric Mean Family Means
Correlation of N ? G Eb G . E ¢ G E
Head Length and
Head Width 0,37%x 0.42 0.30%% 0.39 0.34 -0.i5 - ~0.44 0.41%*
Seed~Branch Length 0.65%* 0.80 © 045w ) 0.75 0.47 0.55%* . 0.58 0.35+%
Node Number 0,22%* 0.36 0.11%* . 0.35 0.08 0.46%* 0.52 0.13
Seed Weight 0.09° 0.15 0.02 0.13 0.03 0.18 0.16 0.32*
Head Width and
Seed-Branch Length 0.41%* 0.43 0.38%% 0.42 0.39 0.24 0.05  0.55%*
Node Number -0,04 0.02 «0,09* 0.01 ~0.10 ~0.34% =0.34 ~0,43%*%
Seed Weight ~0.09 -0.19 0.02 ~0,17 0.02 ~0,49%% -0.97 0.15
Seed-Branch Length -and .
Node Number 0.01 0.19 ~0,13%% 0.12 -0.10 ~0.19 . -0.15 - =0,33%
Seed Weight =0,04 - . 70.02 =0,06 id i ~0.11 » -0.20 0.26
Node Number and A ‘ »
See;d Weight 0.08 . » 0.16 0.02 i i 0.23 : 0.24 0.22

*Significant at the 0,05 level.

**Significant at the 0,01 level,

a; Significant values are 0.098 and 0.128 for the 0,05 and the 0.0l levels, respectively, based on 40l degrees of freedom.
b: " Significant values are 0.076 and 0,099 for the 0,05 and the 0.01 levels, respectively, based on 740 degrees of freedom.
c: Significant values are 0.279 and 0,361 for the 0,05 and the 0.01 levels, respectively, based on 48 degrees of freedom,
d:i = Complex number estimate of the correlation coefficient.
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PHENOTYPIC (P), GENETIC (G), AND ENVIRONMENTAL (E) CORRELATIONS BASED ON THE F
GENERATION AND THE PARENTS AND ON THE F

TABLE XXVIII

FAMILY ‘MEANS FOR

POPULATION 6
‘Based on the F, Generation and the Parents B;sed on the F
) Pooled Geometric Mean Family Means
Correlation of p? G £ G E »° G e
Head Length and »
Head Width 0.35%% 0.43 0,25%=* 0.41 0.25 0.07 -0.02 0,32%
Seéd-Branch Length 0.60%* 1.03 0.41%% 0.90 0.36 0,53%*% 0.55 0.56%*
Node Number 0.27%* 0.53 0,12%% 0.46 0.10 0, 55%% 0.73 -0,13
Seed Weight 0. 14%% 0,31 0.00 i i 0.46%* 0.59 0,04 -
Head Width and
Seed~Branch Length 0,39%* 0.59 0.31%*% - 0.55 0,28 0,27 - 0.09. 0.49%*
Node Xumber 0.00 0,08 -0.05 0.07 -0.05 -0.12 -0.21 -0.03
Seed Weight -0.11% -0.26 0.03 -0.22 0.02 -0,05 -0.39 0.34%
Seed-Branch Length and
Node Number 0.04 0.52 =0,12%% 0.23 -0‘.06 0,18 0.35 -0.16
Seéd Weight -0.04 0,07 ~0,09* 0.00 -0.07 0.19 0.19. 0.18
Node Number and ‘
Seed Weight - 0.08 0.17 0,02 b i 0,41%*% . 0.61 -0,01

*Significant at the 0,05 level,
**Significant at the 0,01 level.

a: Significant values are 0.105 and 0.138 for the 0,05 and the 0,01

levels, respectively, based on 352 degrees of freedom.

b: Significant values are 0.080 and 0.104 for the 0,05 and the 0.01 leveis, respectively, based on 660 degrees of freedom,
¢: Significant values are 0.279 and 0.361 for the 0.05 and the 0,01 levels, respectively, based on 48 degrees -of freedom.
d:i = Complex number estimate of the correlation coefficient,
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negative estimates ¢f the genetic variance in some gases. The negative
-estimates were‘considered to be zero and, hence, the correlation
coefficients based on those estimates were undefined. These are denoted
by u in the different tables. Thebgeometric mean of two covariance
-estimates was a complex number when only 6ne-of the estimates involved
was negative. Hence, the estimates of the correlation coefficients
in such cases were complex numbers, These;are denoted by i in the
tables., The geometric mean of two negétive covariance estimates was
considered to be negative.

Tests of significance for the correlation coefficients were
accomplished for the phenotypic and the~enyironmenta1 correlations
based on the pooled information in the F2 generation, and for the
phenotypic -and environmental cor;elations in the F3 generation, The
degrees of freedom required for testing the non-existence of the
phenotypic correlation in the’F2 generation were found by subtracting
one, to account for the covariable, from the degrees of freedom of
the plants in blocks in locations entry. The pooled degrees of
freedom of plants in blocks in locatiqns of two parents involved in
-a particular population, minus one was used for testing the significance

of the environmental correlation in the F, generation. In the F3

2
generation, the degrees of freedom were determined, for testing the
phenotypic and the environmental correlations, by subtracting one

from each of the families and the experimental error degrees of freedom,
respectively. The degrees of freedom of those two entries were the

same since the nmumber of blocks was two in this case. Tests of

significance of the genetic correlation have not been developed. The

distribution of the estimate of the correlation coefficient based on



the geometric mean of each of the covafiaﬁce and the twokvariances

involved is not known yet. Consequently, the environmental corre-

lation coefficient estimates, based on the geometric mean, were not
tested.

Estimates of the phenotypic and the environmental correlation
coefficients in each of the F2 and the F3 generation were, in general,
of the same sign and significance., The environmental correlations in
the Fz’generation based on the pooled and the geometric mean method,
When both existed, were similar in all situations. This association

was true for the .genetic correlation estimates. in the F, generationm,

2
However, the magnitude of the estimates of the genetic correlation
coefficients based on the pooled information was slightly larger.
The-estimates‘of the phenotypic and environmental correlation coeffi-
cients in the F2 and the F3 generations were not comparable in several
cases, This response might have been expected since the two generations
were not grown in the same environment. The genetic correlation
coefficient estimates were different in some cases in the two gener-
ations. This could be expected since those estimates were calculated
on'an individual plant basis for the F2 generation and on-a family

mean basis for the F3'generation grown in different years.

Head length and seed~branch length showed the highest.positive
‘estimates of the genetic correlation for both generations in‘all
populations ‘except population 6 in which the correlation of head
length -and node numbgr, node number and seed weight, and head length
and seed weight were higher in the F3 generation, Population 3 showed

the highest estimate, 0.95, and population 6 showed the lowest, 0.55,

in the F3 generation. 1In the F2 generation, the highest positive



genetic»correlation between head length and branch length was shown
by population 1 and the lowest by population 2. S8ince the genetic
correlation between head length and seed~branchA1ength was positive
and generally high in magnitude, it was concluded.that selection for
either character would result in good progress in the other character.

The'genetic correlation estimafeS\of head width with the other
characters did not show any consistent pattern in the different popu-
lations. However, in many cases those estimates were small in magni-
tude and sometimes they were»negative. It was found earlier that head
width was completely lacking of the additive gene action and controlled
by one gene. This would imply that in very few generations most of
the variation of head width will be environmental in nature. Conse-
quently, the covariance of head width and any of the other characters
will decrease which would result in a decrease in the genetic corre-
lation in the successive generations. It was suggested that selection
should not be practiced on head width to improve any other character,
or on any other character té imbrove head width.

In general, higher estimates of the genetic correlations were
obtained in the case of head length and node number than in the .case
of seed-branch length and node number. The génetic'correlation coef-~
ficients for head length and node number were positivé and large in
-all populations except populations 2 and 4. This was reasonable since
the genetic factors affecting node number could result in some changes
in head length in the same direétion. Although negative genetic
correlation estimates were found in populétions 2 and 4, their magni-
tude was small and might.not be significant., It was concluded that

selection could be practiced on head length in populations 1, 3, 5,
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and 6 in oyder to obtain a desirvable progress in node nuwber, if
needed,

The genetic correlation betwesn seed-branch length and node
number varied in the magnitude and the sign in the different populations,
The smallest estimates were obtained in peopulations 1 and 5, Populas«
tions 2, 3, and 6 showed intermediate estimates, In population &, the
genetic correlation coefficient between seed-branch length and node

number was -0,61, on an F, family mean basise Estimates were not

3

possible in the F, generation for that population, Population 4 is

2
a cross involving 'Chicken Maize' and 'Dwarf Broomcorn'. ‘Chicken
Maize' had about twice the number of nodes of 'Dwarf Broomcorn', but
its seed-branch length was much smaller, It was suggested that the
genes in this cross controlling seed<branch length and node number,

or at least some of those genes, might be in cloge linkage.,

The genetic correlation estimates of head length and seed weight,
branch length and seed weight, and node number and seed weight were
generally small, except for a few populations. Relatively high and
negative estimates were observgd between head length and seed weight
and seed-branch length and seed weight in population 3. The genetic

correlation estimates, for head length and seed weight and node number

and seed weight, were relatively high and positive in population 6.
Summary and Conclusions

Phenotypic, genetic, and environmental correlation coefficient
estimates were calculated for five characters im $ix popal&tions of
sorghum, These estimates were obtained from the F2 generation on an

individual plant basis and from the F3 generation on-a family mean
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basis. Estimates of the environmental and tﬁe>genetic correlation
coefficients were obtained by two methods: - the pooled and the geo-
metric mean methods. The pooled method resulted in some undefined
estimates and the geometric mean méthod resulted in'sdme comp lex
numbers for such estimates. Tests of significance were accomplished
for the phenotypic and‘the»environmental correlations in the F2
generation, based on the pooled method, and in the F3 generation,

The phenotypic and the»environmental correlations for each of
the Fz'generation, based on the pooled method, and the F3 generation
had similar significances and signs. Differences were found between
the phenotypic correlations, as well as the genetic correlations, in
the two generations. It was suggested that such differences might be
due to the difference in the-environmeﬁt. The genetic correlations
were calculated on an individual piant basis in the Fz’generation,
and on-a family mean basis in the F3 generation. Perhaps this was
the reason for obtaining differences in the sign and the magnitude
of these two estimates.

In general, head length and seed-branch length showed the highest
genetic correlation in both generations. 1In all cases these estimates
of correlation coefficients were positive, Iﬁ'was‘concluded that
selection for eithef head length or seed-branch length should result
in rapid progress in the other character. The genetic correlation
coefficient of head width and the other characters did not follow
any regular pattern in most populations., It was found earlier that
head width was completely lacking in additive gene action. Consequent-
ly, it was concluded that selection for head width based on the other

characters, or vice versa, would not accomplish any desirable progress.
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Head length and node number showed relativelyv higher gstimates
of the genetic correlation than seed-branch length asnd node number
regardless of sign. Relatively low estimates of the genetic corre-
lation coefficients were found for seed weight and the other characters.
It was concluded that selection for seed weight based on the other

characters, or vice versa, would not lead to any desirable progress.
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