
INFORMATION TO USERS

This dissertation was produced from a microfilm copy of the original document. 
While the most advanced technological means to photograph and reproduce this 
document have been used, the quality is heavily dependent upon the quality of 
the original submitted.

The following explanation of techniques is provided to help you understand 
markings or patterns which may appear on this reproduction.

1. The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the 
missing page(s) or section, they are spliced into the film along with 
adjacent pages. This may have necessitated cutting thru an image and 
duplicating adjacent pages to insure you complete continuity.

2. When an image on the film is obliterated with a large rv-ind black 
mark, it is an indication that the photographer suspected that the 
copy may have moved during exposure and thus cause a blurred 
image. You will find a good image of the page in the adjacent frame.

3. When a map, drawing or chart, etc., was part of the material being 
photographed the photographer followed a definite method in 
"sectioning" the material. It is customary to begin photoing at the 
upper left hand corner of a large sheet and to continue photoing from 
left to right in equal sections with a small overlap. If necessary, 
sectioning is continued again — beginning below the first row and 
continuing on until complete.

4. The majority of users indicate that the textual content is of greatest 
value, however, a somewhat higher quality reproduction could be 
made from "photographs" if essential to the understanding of the 
dissertation. Silver prints of "photographs" may be ordered at 
additional charge by writing the Order Department, giving the catalog 
number, title, author and specific pages you wish reproduced.

University Microfilms
300 North Zeeb Road
Ann Arbor, Michigan 48106

A Xerox Education Company

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

 
 
 
 

 
 
 

PREVIE
W



JAN-ORN, Jinda, 1939- 
ESTIMATES OF GENETIC AND ENVIRONMENTAL COMPONENTS OF VARIANCE IN SOME QUANTITATIVE GENETIC TRAITS FROM FAMILIES DERIVED FROM THE NP3R RANDOM-MATING SORGHUM POPULATION AND THEIR APPLICATION IN BREEDING SYSTEMS.
The University of Nebraska - Lincoln, Ph.D., 1973 Genetics

Xerox University Microfilms , Ann Arbor, Michigan 48106

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission

 
 
 
 

 
 
 

PREVIE
W



ESTIMATES OF GENETIC AND ENVIRONMENTAL COMPONENTS OF 
VARIANCE IN SOME QUANTITATIVE GENETIC TRAITS FROM 
FAMILIES DERIVED FROM THE NP3R RANDOM-MATING 
SORGHUM POPULATION AND THEIR APPLICATION 

IN BREEDING SYSTEMS

by

Jinda Jan-om

A DISSERTATION

Presented to the Faculty of 
The Graduate College in the University of Nebraska 

in Partial Fulfillment of Requirements 
for the Degree of Doctor of Philosophy

Area of Genetics

Under the Supervision of Dr. Charles 0. Gardner and
Dr. William M. Ross

Lincoln, Nebraska 
September, 1973

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

 
 
 
 

 
 
 

PREVIE
W



TITLE

Fst.imat.es nf Genetic and Environmental Components of Variance in Some Quantitative 
Genetic Traits from Families Derived from the NP3R Random-Mating 

Sorghum Population and Their Application in Breeding Systems.

BY

Jinda Jan-orn

APPROVED DATE

w . M, R n s s

R . F , Mirmm

W. S r t i m i  r f t

__Sept.

S e p t . ?4j

iy Ji 

.19 73

S e p t . ?A, 1973

S e n t . ?4 . 1973

SUPERVISORY COMMITTEE 

GRADUATE COLLEGE UNIVERSITY OF NEBRASKA

ORAB 82002 200 MI(T)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

 
 
 
 

 
 
 

PREVIE
W



ACKNOWLEDGEMENTS

The author wishes to express deep gratitude to his Supervisory 
Committee— Dr. Charles 0. Gardner, Dr. William M. Ross, Dr. Robert F. 
Mumm, Dr. John W. Schmidt, and Dr. Jerry D. Eastin— for their patient 
assistance in his studies and in preparation of the dissertation.

Appreciation is extended to Thomas Siedel for his willing help 
in proofreading drafts of the manuscript and for field and laboratory 
work as well as to Harvey Hinz, Larrie Bell and other participants.

Deep appreciation and gratitude are also extended to the 
Rockefeller Foundation for the opportunity of advanced study and 
financial support, and to the Department of Agronomy, University of 
Nebraska, and to the Agricultural Research Service, United States 
Department of Agriculture, for making available facilities, supplies, 
and equipment needed to conduct the studies.

ii

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

 
 
 
 

 
 
 

PREVIE
W



To those who have taught me 
and
To those involved in my education

iii

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

 
 
 
 

 
 
 

PREVIE
W



TABLE OF CONTENTS

Page
INTRODUCTION ................................................  1
REVIEW OF LITERATURE

Gene Effects and Relationships among Traits ...............  4
Male Sterility Effect . . .  .............................. 9
Quantitative Genetic Studies and Heritability Estimates . . .  10

MATERIALS AND METHODS
Random-Mating Population Used.............................. 19
Nursery and Field Procedures ............................  24
Supplementary Experiments on Mass Selection in the

NP3R Random-Mating Sorghum Population ...............  27
Analysis of Variance and Estimation of Components

of Variance and Their Standard Errors ...............  28
Interpretation of Genetic Components of Variance .........  36
Predicting Response to Selection under Some

Different Breeding Procedures ......................  47
Correlations among Traits ................................ 49

EXPERIMENTAL RESULTS
Means and Distributions of Full-sib, Half-sib, and S^

Families  ........................................... 52
Analyses of Variance and Variance Components .............  57

Estimates of Additive and Dominance Genetic Variances
and Their Interaction with Locations ................. 97

Heritability Estimates .................................. 105
Predicted Responses from Different Schemes of 

Recurrent Selection in Relation to Intra­
population Improvement...............................116

iv

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

 
 
 
 

 
 
 

PREVIE
W



Page
Realized Response from Mass Selection Compared to

Predicted Response ................................ 122
Correlations among Traits .............................. 122

DISCUSSION.................................................. 136
SUMMARY AND CONCLUSION....................................... 152
LITERATURE CITED ........................................... 156

v

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

 
 
 
 

 
 
 

PREVIE
W



LIST OF TABLES

Table Page
1. General form of the analysis of variance used

to analyze data from a simple lattice field design . . . .  29
2. General form of the analysis of variance used

to analyze combined data of both locations.............  34
3. Means and their associated standard errors (S.E.)

of some agronomic traits of randomly chosen full- 
sib (FS), half-sib (HS), and S^ families derived 
from the NP3R random-mating sorghum population
and tested at Mead and Lincoln, Nebraska, 1972 ..........  53

4. Maximum values, means and their associated standard
errors (S.E.), minimum values, and ranges of some 
agronomic traits of randomly chosen full-sib (FS), 
half-sib (HS), and S-̂ families derived from the 
NP3R random-mating sorghum population and tested
at two locations in Nebraska in 1972 ................... 54

5. Distribution of family mean grain yields (g/2.32 m ) 
for half-sib, full-sib, and S-̂ families derived from 
the NP3R random-mating sorghum population tested at
two locations in Nebraska, 1972   55

6. Analyses of variance, means, standard errors (S.E.),
coefficients of variation (C.V.), and relative effi­
ciencies of lattice design of some agronomic traits 
observed in half-sib families from the NP3R random- 
mating sorghum population grown at Mead, Nebraska,
1972 ................................................. 58

7. Analyses of variance, means, standard errors (S.E.),
coefficients of variation (C.V.), and relative effi­
ciencies of lattice design of some agronomic traits 
observed in full-sib families from the NP3R random- 
mating sorghum population grown at Mead, Nebraska,
1972 ................................................. 60

8. Analyses of variance, means, standard errors (S.E.),
coefficients of variation (C.V.), and relative effi­
ciencies of lattice design of some agronomic traits 
observed in S-]_ families from the NP3R random-mating
sorghum population grown at Mead, Nebraska, 1972 ......... 62

V I

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

 
 
 
 

 
 
 

PREVIE
W



Table Page
9. Analyses of variance, means, standard errors (S.E.),

coefficients of variation (C.V.), and relative effi­
ciencies of lattice design of some agronomic traits 
observed in half-sib families from the NP3R random- 
mating sorghum population grown at Lincoln, Nebraska,
1972 .................................................  64

10. Analyses of variance, means, standard errors (S.E.), 
coefficients of variation (C.V.), and relative effi­
ciencies of lattice design of some agronomic traits 
observed in full-sib families from the NP3R random- 
mating sorghum population grown at Lincoln, Nebraska,
1972 .................................................  66

11. Analyses of variance, means, standard errors (S.E.),
coefficients of variation (C.V.), and relative effi­
ciencies of lattice design of some agronomic traits 
observed in families from the NP3R random-mating
sorghum population grown at Lincoln, Nebraska, 1972 . . .  68

12. Combined analyses of variance, means, and standard
errors (S.E.) of some agronomic traits observed in 
half-sib families from the NP3R random-mating 
sorghum population grown at Mead and at Lincoln,
Nebraska in 1972 .........................    71

13. Combined analyses of variance, means, and standard
errors (S.E.) of some agronomic traits observed in 
full-sib families from the NP3R random-mating 
sorghum population grown at Mead and at Lincoln,
Nebraska in 1972 .....................................  73

14. Combined analyses of variance, means, and standard 
errors (S.E.) of some agronomic traits observed in 
S]_ families from the NP3R random-mating sorghum 
population grown at Mead and at Lincoln, Nebraska
in 1972   75

15. Estimates of genetic components of variance and 
their associated standard errors (S.E.) calculated 
for some agronomic traits observed in three types 
of families from the NP3R random-mating sorghum 
population grown at Mead and Lincoln, Nebraska
in 1972   80

16. Ratios of estimated genetic components of variance 
among families from the lattice analyses to those 
estimated from the randomized complete block 
analyses (o|/5p) of some agronomic traits observed 
in families from the NP3R random-mating sorghum
population...........................................  85

vii

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

 
 
 
 

 
 
 

PREVIE
W



Table Page
17. Estimates of families x locations interaction 

components of variance and their associated 
standard errors (S.E.) calculated from the 
randomized complete block and lattice analyses 
of variance of some agronomic traits observed
in three types of families from the NP3R random- 
mating sorghum population grown at Mead and
Lincoln, Nebraska in 1972   87

18. Ratios of estimated families x locations interaction 
components of variance from the lattice analyses to 
those estimated from the randomized complete block 
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nance genetic variance (ojj) and their associated 
standard errors (S.E.) of some agronomic traits 
observed in the NP3R random-mating sorghum popu­
lation grown at Mead and Lincoln, Nebraska in 
1972 and analyzed as a simple lattice design............. 100
Estimates of genotype-environment interaction vari­
ances due to additive gene effects with locations 
(5|l)» and due to dominance gene effects with 
locations (ajL) and their associated standard errors 
(S.E.), and their ratios (o?t calculated from
the combined randomized complete block and combined 
lattice analyses of variance of some agronomic 
traits observed in the NP3R random-mating sorghum 
population*. . . .  .................................... 102
Ratios of estimated dominance genetic variance 
to additive genetic variance (a^/a^) of some 
agronomic traits observed in the NP3R random- 
mating sorghum population grown at Mead and
Lincoln, Nebraska in 1972* ............................  104
Estimates of phenotypic variances among individual 
plants in the NP3R random-mating sorghum population 
grown in 2.32 m^ plot based on components of vari­
ances estimated from randomized complete block 
analyses of some agronomic traits observed in half- 
sib, full-sib, and S^ families. Their associated 
standard errors (S.E.) are also given (as indicated 
b y ± S . E . ) ............................................. 107
Estimated phenotypic variances among individual
plants in the NP3R random-mating sorghum population
(a$m) and their associated standard errors (S.E.)
based on the averages of the phenotypic variances
among plants within plots estimated from the half-
sib and full-sib families.............................. 109
Estimates of heritability (ĥ ), h|-, h§i and their 
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INTRODUCTION

Knowledge about plant character inheritance is very useful to a 
breeder. In most cases, effective selection can be made, but the success 
of discriminating genetically among individuals or families is dependent 
upon knowledge of the nature of the genetic (especially additive) vari­
ability expressed from generation to generation. Unlike qualitative 
characters which can be recognized and classified easily, like black and 
white, the measurement of quantitative characters is in continuous units. 
Many genes are generally involved, both directly and indirectly, in 
governing a quantitative character, and character expression is very 
sensitive and greatly influenced by environment. Therefore, to get 
information about a quantitative character, one has to deal with sta­
tistics estimated from replicated experiments over various environments. 
Then information can be obtained in the form of first order statistics 
(means) and second order statistics (variances). These can be used 
further for estimating genetic variances and the degree of repeatability 
accounted for by genetic make-up and for predicting possible future 
performance under different breeding systems.

Many plant breeders consider quantitative genetic experiments to 
be tedious work which requires highly specialized training and consumes 
too much labor; therefore, they do not make use of second order sta­
tistics. However, with structured mating designs, practical breeding 
and genetic studies.can be conducted simultaneously in the same experi­
ment. From a planned experiment, genetic variances can be estimated
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and used by the plant breeder to help him select the most efficient 
breeding procedure. There are variations caused by additive genetic 
effects, which can be transmitted from generation to generation, domi­
nance genetic effects which are often found to be important in hybrids, 
and sometimes epistatic (non-allelic interaction) genetic effects. 
Potentially useful materials can be selected from the materials tested 
in well planned and well designed experiments for use in producing 
agronomically desirable populations, lines or hybrids.

Sorghum is similar to other self-pollinated crops, where most of 
the quantitative inheritance studies have been conducted using popula­
tions derived from crossing two lines or varieties, which results in 
a rather narrow germ-plasm base (Liang et al., 1972). Recently, planned 
random-mating sorghum populations have been developed by combining many 
lines or varieties into a single germ-plasm pool using genetic male- 
sterility to facilitate random mating among plants (Ross, Gardner and 
Nordquist, 1971; Gardner and Nordquist, 1970; Doggett, 1972). Such 
populations allow the plant breeder to use recurrent selection schemes 
for improving the genetic potential of sorghum similar to those practiced 
in cross-pollinated corn. Success from using recurrent selection pro­
cedures in sorghum random-mating populations has been reported, and the 
results of various recurrent selection schemes reported are encouraging 
(Doggett, 1972).

The objectives of this study were (1) to obtain measurement data 
on quantitative inherited traits in half-sib, full-sib and S^ families 
derived from the sorghum random-mating population NP3R, (2) to estimate 
genetic and environmental components of variance using analysis of
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variance techniques, (3) to predict responses expected under different 
recurrent selection schemes, and (4) to determine the most effective 
breeding method for sorghum improvement. The ultimate long-range 
objective is to select potentially good materials and recombine them 
on a cyclic basis so that superior genotypes (ultimately lines and 
hybrids) will be developed for commercial use. Introducing the male 
sterile gene into the NP3R population has made it possible to impose 
new breeding systems on this normally self-fertilizing crop (Gardner 
and Nordquist, 1970).
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REVIEW OF LITERATURE

Gene Effects and Relationships Among Traits

As in many other crops, grain yield is the main characteristic 
to be considered in selection or breeding of grain sorghum; however, 
it has a relatively low heritability compared to some other character­
istics (Liang et al., 1972). Also, it is difficult to evaluate the 
significance of genetic variance components estimated for grain yield, 
since they have been reported in various ways depending upon the 
materials and possibly the methods used.

Generally, and especially in hybrids, both additive and dominant 
genetic effects are involved in grain yield (Kambal, 1962; Walsh, 1971; 
Pathanothai, 1972). However, Kambal (1962) and Kambal and Webster (1965) 
considered additive gene effects to be more important in that they have 
the advantage of being more stable over different environments. This 
was confirmed by Pathanothai (1972). In crosses of diverse germ plasm, 
a much higher degree of general combining ability, which is related to 
additive gene effects, is usually reported (Kambal, 1962; Beil and 
Atkins, 1967; Abifarin, 1969). Liang and Walter (1968), Liang (1971), 
and other authors (Beil and Atkins, 1965; Nagur and Murthy, 1970) 
imply the existence of epistasis in grain sorghum yield from experiments 
involving sorghum crosses.

If we ignore number of heads per plant, then the number of seeds 
per plant and weight per seed are considered to be the most important
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yield components. It is difficult to determine which is the more 
important, as they are confounded with each other in grain yield 
(Martin, 1928; Anderson, 1958; Brauns, 1961; Kambal, 1962; Wing, 1962; 
Quinby, 1963; Niehaus and Pickett, 1966; Beil and Atkins, 1967;
Doggett, 1969). When data are collected, plant grain yield and weight 
per 1000 kernels are measured first. Then the number of kernels is 
estimated by dividing total weight of grain (yield) by weight per 
kernel. When both number of kernels and weight per kernel are used 
to determine the contribution to grain yield, a greater contribution 
has been shown to come from number of kernels which is highly correlated 
with grain yield (Anderson, 1958; Kambal, 1962; Wing, 1962; Chung, 1970; 
Atkins and Martinez, 1971).

Although the authors cited in the previous paragraph have probably 
reached the correct conclusion regarding the relative contribution of 
number of kernels and weight per kernel to total yield, none of them 
have evaluated the relationship in the proper manner. Since total 
yield is the product of number of kernels and weight per kernel, the 
relative contribution of the yield components to total yield cannot 
be suitably evaluated by simple linear correlations. One valid pro­
cedure may be the comparison of the relative magnitude of the standard 
partial regression coefficients (b^ and b£) obtained from fitting the 
equation:

log total plant yield = b^ (log number of kernels)
+ b2 (log kernel weight) where the three variables (log 
total plant yield, log number of kernels and log kernel 
weight) are expressed in standard measure (mean = 0, 
variance = 1).
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This procedure may allow one to simultaneously consider the 
contributions of the yield components to total plant yield. Trans­
forming the original data (total plant yield, number of kernels and 
kernel weight) to logarithms linearizes the yield function which then 
permits the use of multiple linear regression techniques (R. F. Mumm, 
1973, personal communication). Unfortunately an evaluation of this 
relationship between yield and yield components in grain sorghum has 
not been published.

However, as a complex characteristic, grain yield is also related 
to or influenced by many characteristics directly and indirectly. 
Doggett (1969), as well as Wing (1962) and Anderson (1958), indicated 
from experiments involving hybrids that high grain yield in hybrids 
was caused by a greater number of kernels. Greater number of kernels 
or florets per plant was claimed to be caused by greater photosynthetic 
area and efficiency of the plant in addition to greater physiological 
activity of the root system (Doggett, 1969).

Height is related to grain yield as an indirect effect via growth. 
Taller plants generally have a larger photosynthetic area and may stay 
in a longer period of plant and grain development. A positive relation 
between plant height and grain yield has been indicated by many authors 
(Martin, 1928; Casady, 1965, 1967; Hadley et al., 1965; Campbell and 
Casady, 1969; Graham and Lessman, 1966; Graham, 1967; Sandlin, 1970; 
Schertz, 1970; Windscheffel et al., 1973).

Nordquist (1971) indicated that in the population which he studied, 
improvement for all traits studied should be possible because of the 
prominent existence of additive genetic variances. However, all traits 
will not respond in the same favorable direction. Gain in one might
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take place at the expense of another (Benjasil, 1967; Sandlin, 1970; 
Nordquist, 1971; Doggett, 1972). Height is highly heritable (Quinby 
and Karper, 1954; Chiang and Smith, 1967; Ciobanu, 1968; Chung, 1970; 
Sandlin, 1970; Liang et al., 1972); therefore, there should be no 
difficulty in selecting in either a negative or positive direction.
If hand harvesting is practiced, as is done in some parts of the world 
height will not cause any problem except for lodging in severe cases 
of wind damage. However, for machine harvesting in highly developed 
agriculture, a tall variety is quite undesirable. Even though tall 
plants are not preferable, they are usually chosen when one is select­
ing for high grain yield (Rosenow, 1970; Doggett, 1972). In most 
reported studies, height is included for the purpose of determining 
an optimum selection procedure or for supplying the necessary infor­
mation concerning a relationship with grain yield. The information 
is then used in developing a selection index to increase yield while 
retaining an acceptable height (Sandlin, 1970).

At least four loci are involved in controlling the time from 
planting to flowering (Quinby, 1967). Gene effects and their role for 
maturity in contributing to grain yield are similar to those for 
height, especially under short daylight conditions. In experiments 
involving some exotic x Indian sorghum crosses, Rao (1970) indicated 
that gene effects for maturity as well as for height were essentially 
additive. A similar result was reported by Chiang and Smith (1967) 
who studied a 7 x 7 diallel of American sorghum crosses. They also 
indicated over-dominant gene effects (confounded with non-allelic 
gene interactions) for maturity as have been reported by Quinby (1967) 
Like genes controlling other quantitative characteristics, those
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controlling maturity are highly interactive with the environment, 
especially with length of day as reported by Caddel and Weibel (1971) 
and Quinby (1972). The maturity genes indirectly and directly 
influenced grain yield via growth including the period of panicle 
development, leaf number, and leaf area (Quinby, 1972). Like height, 
maturity was highly heritable and was correlated with grain yield 
(Liang et al., 1969; Chung, 1970; Gelaw, 1971).

In many publications, the trait heads or tillers per plant is 
included as one of the components of yield (Martin, 1928; Quinby, 1963; 
Kirby and Atkins, 1968; Chung, 1970; Anderson, 1958). From a 7 x 7 
sorghum diallel cross study, Chiang and Smith (1967) reported a rela­
tively high heritability of 43.2% for number of tillers. A similar 
result was reported by Chavda and Drolsom (1970) in sudangrass type 
sorghums. Within materials of narrow genetic background, Liang et al.
(1969) and Chung (1970) indicated low heritability estimates for number 
of heads. In a mutant type sorghum produced by irradiation treatment, 
Webster (1965) reported that tillering was controlled by a recessive 
gene tl. Ayyangar (1942) indicated a recessive gene tu controlling 
uniform tillering which was recessive to Tu controlling delayed 
tillering in sudangrass. He also indicated a dominant gene Tx which 
controlled tillering, Tx was dominant to tx controlling single stalk.

The correlations between grain yield per plant and heads (or 
tillers) per plant are conflicting from one report to another. Graham 
(1967) and Gelaw (1971) reported significant correlations, but they 
were different in sign in the two different materials. Liang et al.
(1969) and Chung (1970) reported non-significant correlations between 
number of tillers and yield. The reported relationship between number
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