HERITABILITY ESTIMATES AND GENE EFFECTS FOR SEVERAL AGRONOMIC
CHARACTERS IN A SYSTEMATIC SERIES OF GRAIN SORGHUM
(SORGHUM BICOLOR (L.) MCENCH) GENOTYPES

vy Y557

CEEKALA RAJA REDDY

B.S.s Andhra University, Waltair, India, 1960
MeS.s A.Pe Agricultural Uniyersity, Hyderabad, India, 1968

A MASTER'S THESIS

submitted in partial fulfillment of the

requirements for the degree

MASTER OF SCIENCE

Department of Agronomy

KANSAS STATE UNIVERSITY
Manhattan, Kansas

1970

Approved byt

Mafor Prpfessor



INTRODUCTION o o o o o » o o & »
LITERATURE REVIEYs o o o o » & s
General Considerations. .
Gene Effectse o o o s &
MATERTALS AND METHODS.: o o o o e

Measurement Procedures. .

TABLE

Cr COWTENTS

&

L]

Statistical Treatment of the Data

RESULTS AND DISCUSSION o ¢ o s o o & o

Means and Variances o » »

Heritability Estimates. »

Estimation of Gene Effects,

Population Means .

Additive Gene Effects,

Dominant Gene BEffects.

Epistatic Gene Effects

SUTIﬁARY. S & ® 4 8 8 % 8 8 % e &
ACKNCOUWIEDGIMELTS o o o o 5 o & &
LITERATURE CITED o o o # o » o @

APPE‘.\IDIXES 4 & » 5 & P 2 8 B 9 9

ii

Page

12
15
16
19
19
22

29

29

32
37
38
41
53

48



INTRODUCTION

Plant breeders with the task of developing superior genotypes in crop
plants must deal largely with traits of quantitative inheritance. Most of the
economic characters with which they work exhibit continuocus variation
generally explained by the polygenic inheritance otr a modification thereof.
Owing to the fact that Mendelian approach is not applicable to the study of
polygenic inheritance, many statistical procedures have been developed so as
to obtain basic genetic information. For example, knowledge about heritabil-
ity indicates the relative degree to which a character is transmitted from
parent to progeny. The magnitudes of such estimates also suggest the extent
to which improvement is possible through selection. Estimation of various
types of genetic effects including epistasis 1s of value to plant geneticists
or breeders because it provides information useful in choosing the most
advantageous breeding procedures for the improvement of the attribute in
question. In sorghum, relatively 1litile data are available relative to these
aspects,

Sorghum is remarkable for its wealth of variability in almost all plant
characteristics. HMuch of the research investigations reported earlier deal
largely with phenotypic variability and correlations. A knowledge about
heritability coupled with gene effects for such agronomic traits will be of
great value in the selection concept and choice of selection procedure,

This investigation was designed to determine the magnitude of
heritability estimates in the narrow sense for quantitative traits such as
grain yleld, kernel weight, plant height, and flowering time in 10 genetic

groups of graln sorghum derived from a 5 variety diallel. The estimateg of



pene effeets and relative importance of additive, dominant, and digenic

epistasis were also obtained for these attributes.
LITERATURE HEVIEY

General Considerations

Prior to the rediscovery of lendel's laws of inheritance, plant
breeding was primarily an arts The most powerful selection tool employed was
progeny test. Following the rediscovery of Mendelism, plani breeders were
guick to realize the importance of rapidly expanding gquantitative genetics to
plant 1lmprovement.

Fisher (16) studied the nature of gene control of a guantitative trait
in 1918. He showed how to separate the genetic variance into three com-
ponents: that due to additive effects of genes, that due to dominance
deviations from the additive scheme, and that due to deviations attributed to
interalleic interactions or epistasis. This theoretical bhasis of guantitative
genetic concept was subsequently established by Haldane (21) and Wright (51).
Sewall Wright was the pioneer in the field of heritability studies. His con-
cept of separation of genetlic and environmental effects has laid a firm basis
for development of modern quantitative genetics.

The study of quantitative inheritance in plants started with the works
of Johammson (26), Nilsson-Ehle (38), and East (14). Johannson demonstrated
that both heritable and nonheritable agencies contributed to somatic varia-
tion in segregating population, that the variation in a pure line was
exclusively environnental and that selection would be ineffective within a
pure line, East and Nilsson-Ehle, while confirming the work of Johannson,
showed how guantitative inheritance conformed with Mendelian concept of

inheritance.



Subseguent development in the Tield of guantitative geneties over
succeeding years was nade by many geneticists, statisticians, and breeders,
Motable amonsz these were the works of Fisher (16), Mather (36), Wright (51),
Lugh (33), Anderson and Kenmpthorne (4), Cockerham (10), Comstock and Robinson
(11), and Hayman (23, 24, 25),.

Heritability Studies

The portion of total variance which is attributable to the additive
effects of gene measures the extent of resemblances between the parent and the
offspring. ILugh (33) proposed the use of the ratio of the additive genetic
conponents of variance to total variance within a segregatling population as a
neasure of the degree of heritability. Thus, estimation of heritability pro-
vides a gquantified statement indicating the relative importance of genetic and
the environment on the expression of a trait,

Heritability is used in both a "broad sense” and a "narrow sense" (33).
In the broad sense, heritability is the ratio of total genetic variance to
phenotypie variance; while heritability in the narrow sense is the ratio of
additive genetic variance to phenotypic variance, Detalled reviews on herita-
bility, its concepts, definitions, use in plant dreeding programs have been
reported by Hanson (22), Robinson (42), Sprague (46), Panse (39), and Dudley
and Moll (13).

Several methods have been proposed for estimating the degree of
heritability in crop plants. Of these, parent-offspring regression method
proposed by Lugh (33) is widely used in self-pollinating species. This tech-
nique is comparatively straight-forward and involves the regression of the
mean value of a characteristic in the progeny upon the value of the same
characteristic in the parent. The regression values are converted directly to

heritability percentases by multiplying with hundred. 1In cross pollinated
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plants, where both parents are measured, the regression on one parent is
doubled to obtain the heritability estimate.

Since parent-offsoring remressions for characteristics in crop plants
are conputed by regressing data collected in one year upon data obtained in
the previous year, any environmental factor could change the range of pheno-
typic variation from year to year which may overestimate heritability and
values greater than 100% may be obtained. To avoid such situations, Frey and
Horner (17) proposed a method called standard unit or correlation method,
Standard unit heritabilities are obtained by computing the regressions on data
coded in terms of standard deviation units for each character under study.
Such a regress%on is identical to correlation coefficients on the original
data., According to the authors, this methed eliminates the environnental
effects of different years which increase or decrease the range of the proge-
nies relative to that of the parent by establishing a heritability ceiling of
100%, Thus, the standard unit method eliminates the unrealistic heritability
values of over one.

With a view to avoid over estimates of heritability, regardless of the
degree of inbreeding or breeding system, Smith and Kinman (45) proposed an
adjusted method in self-pollinating plants. According to them, the regression
coefficient should be divided by two times the probability that a random gene
at a specific locus in one parent (x) is identical by descent to a random gene
at the same locus of the other parent (y), then h? (heritability) = b/2rxy.
Thege adjusted heritabilities are based on the genetic variance of a randonm
breeding population,

Heritabilities are also estimated by variance component method in
which the variance components are obtained by equating the mean squares to

their expectations, Robinson et al. (43) used this methed in corn.



Estimation of additive and non-additive genctic variances requires the use of
appropriate mating desien. Cockerham (10) elassified mating desigms as onc,
two, three, or four factor desipgns depending upon the number of ancestors per
progeny over which control is exerclised. Common mating designs such as the
diallel cross, desisn I, IT, and TIT of Comstock and Robinson (11) are
usually employed to ohtain estimation of genetlc variance compconents.

A method of estimating heritzbility from the variances of three types

of segregating populations the I, and the summed backcrosses to each parent

2
was reported by Warner (49). According to him, this method has the advantage
of not requiring an estimate of environmental or of total genetic variance but
uses only total within-population variance, Thus, this method is an approach
to estimate heritability in the narrow sense. However, 1t is pointed out that
nonheritable variances of the F2 and backerosses should be approximately
similar in magnitude,

Any method developed for the estimation of heritability involves a
series of biological assumptionse. These vary somewhat with the method, but
the more common restrictions are (1) normal diploid behavior at meiosis, (2)
no maternal or cytoplasmic effects, (3) no multiple alleles, (4) no selection,
(5) no epistasis, and (6) linkase equilibriun (10).

Heritability has value primarily as a methed of quantifying the concept
of whether progress from selection for a plant character is relatively easy or
difficult in a breeding program (22). A high heritability in the narrow sense
indicates that reliance may be placed on mass selection and as heritability
becomes lower emphasis should be on pedigree method of breedinsg with progeny
tests and selection. Heritability in the narrow sense may be used to estimate

expected genetic galn due to selection. Formulas for computing expected

response to selection for various breeding schemes are given by Falconer (15),



Sprague (46), Alland (3), and Comstock and Robinson (11).

Spracue (46) in his review on guantitative genetics in plant
improvement stated that in animals, the individual is normally the unit of
both evaluation and selection, and estimates of heritability for different
attributes within a given claszs of livestock under similar management prac-
tices are thereforc comparable and provide a general guide to the progress to
be expected from selection. However, in plants the individual remains the unit
of selection, but the unit of evaluation may be a single plant, a plot, or a
group of plots grown under one set of environmental conditions or under two or
more environments. Therefore, estimates of heritability may vary under each
set of circumstances. Thus, heritability in plant breeding is not a stable
population parameter, but differs with the precision with which the envirom-
mental variance is estimated. Results of studies by many investigators
revealed that heritability estimates depend upon the specific plant material
investigated, the character and the environmental conditions, size and stage
of segregating population, and the method employed to estimate heritability.

Swarup and Chaugale (47) studied phenotypic variation and its heritable
component in some important quantitative characters in a 70-variety experiment

comprising both Indian and exotie strains of grain sorghum (Sorshum wvulzare

Pers.). Broad sense heritability values for panicle emergence (96.69%), plant
height (98.36%), stalk diameter (70.91%), leaf number (98.18%), peduncle
length (94.29%), peduncle diameter (87.18%), panicle length (98,00%), panicle
girth (88.38%), panicle weight (76.23%), grain yield per plant "(72.38%), 100
seed weight (85.44%), and HCN content (98,83%) showed that almost all the
characters exhibited high heritability value, but a few =— like stalk diameter,
panicle weight, grain yleld, svugar content, and reaction to stem borer =— had

comparatively lower heritability estimates. Subsequent investigations of Rao



and Rochic (41), in their 12 variety grain sorszhum experiment, reported that
almost all the characters showed hizh broad sense heritability values, thus
confirninsg the earlier results.

Chianz and Smith (9) revorted heritability estimates for several
arronomic traits in a 7X7 diallel cross of grain sorshumse The results showed
that except for head length and number of tillers, the heritability estinates
were low for other characters such as plant height, head weight, and thresh-
ing percentage. Using F2 variance method, Alikan and Weibel (2) reported
heritability estinmates for 9 plant and seed characters in their study of the

parental, Fi, and F. genecrations of the crosses Redlan x Plainsman (Cross 1)

2
and Combine Xafir 60 x Combine 7078 (Cross 2). Highest heritability estimates
were cobtained for plant height and those for days to flowering were compara-
tively high in both crosses. The estimates for hegd weight and grain yield
were higher in Cross 1 than in Cross 2. On Cross 1, the estimate for bushel
weight was negative due to a large environmental variance. On the basis of
these results, it was concluded that individual plant selection in F2 popula-
tion would be effective for plant height and days to flowering, but less
effective for head weight, grain yield, head length, threshing percentase,
kernel weisht, kernels per plant, and bushel weight.

Heritazbility estimates calculated on the basis of original scale,
logarithnic transformation, and variance nean ratio using Warner's (49)
method were reported for several agrononic traits in 3 genetie groups of grain
sorshums by Liang and Yalter (30). The results showed that heritabilities of
grain yield and kernel number were of lower magnitude than those of head
weight, kernel weight, stalk diameter, and half blooming. Heritability csti-

mates for plant height and germination percentage were of still higher order.

The masnitude of heritability varied greatly among crosses for yield, head



veight, and kernel number., In another investigation involving a fH-variety
diallel, Liang et al. (28) reported heritable variation for three traits in
grain sorshum, The results indicated low heritability values for grain yield
(137), intermediate for protein content (43%), and high for anthesis time
(647)s Hish heritability estimates for anthesis time indicate that a major
part of the phenotypic variability in the diallel cross was genetic.

Using three different methods, Liang et al. (32) reported heritability
estimates for 12 agronomic traits in two segregating grain sorghum populations
and of F3 and Fu generationss The results showed that all the three methods
in each population provided similar estimates. In population 1, the head num-
ber and kernel weight were legss herltable than were grain yield, head weight,
kernel number, peduncle diameter, germination percentage or threshing percent-
ages In population 2, head number was less heritable than germination
percentage, threshing percentage, protein percentage, grain yield, head welght,
ternel weight, kernel number, and peduncle diameter: while half bloom, leaf
number, and plant height were most heritable. Half bloom, leaf number, and
plant height were highly heritable in both the populations indicating that
response to selection would be more effective for these traits than the rest.

Gene Effects

Knowledge of gene effects is basic to a decision as to the kind of
breeding program, population improvement, or hybridization. In polygenic
inheritance the individual genes cannot be studied because their effects are
diminutive. Methods are now availlable for partition of either means or vari-
ance which provide information on the extent of genetic variability and, in
addition, provide information on the nature of gene effects involved.

The nature of the gene control of a quantitative character was first

approached in a comprehensive way by Fisher (16). He considered the



simultancous action of several genes on a character and showed how to reprcsent
and estimate the average main and dominance effects of these genes, even when
the genes were unequal in effect and exhibited incomplete dominance. Many
genetic models have been developed (11, 23, 36, 39) for estimation of gene
effects. Most of these genetic models assumed some basic requirements and
were employed primarily to estimate relative importance of additive and
dominance gene effects. Evistatic genes were assumed to be absent or negligi-
ble. However, reports (1, 4, 18, 19, 24, 25, 30, 34, L4) showed the presence
of epistatic gene effects in sufficient magnitudes and that genetic models
assuming negligible epistasis may be blased in certain cases.

A model for partitioning the genotypic value into additive, dominant,
and epistatic gene effects was provided by Anderson and Kempthorne (4). This
method employs the means of populations obtained from crossing two homozygous
lines followed by subsequent selfing. Six parameters, XK., E, F, G, L, and },

2

were derived where K2 represents mean effects, and E and F represent non-
epistatic effects. Some of these parameters are difficult to interpret
because of pooled gene efifects in the parameter. Cockerhan (10) and Mather
(36) have proposed nodels for partitioning genetic variances into the above
compounds, All these models, however, are primarily based on the factorial
statistical experiments.

Hayman described parameters which estimate the additive, dominant,
additive x additive, additive x dominant, and dominant % dominant with less
difficulty in interpretation. However, vwhere significant epistasis is
present, additive and dominant gene effects are difficult to separate and the

relative contributions of the types of gene action to various genetic phe-

nomenon cannot be interpreted by the partioning method (24).
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Usine the means of six populations, §i, 52, Fi, Fé, Bl(Pixﬁl), and
Ez(ﬁéxﬁi), Gamble (18) outlined a procedure to estimate 6 parameters, namely
mean effects, additive and dominant gene effects, and the three 1lypes of
digenic epistagie effects. Using the same method he also estimated the 6
parameters. The results showed that dominant gene effects made the major
contribution to variation in yield of grain corn in all the 15 crosses studied,
In all ihe crosses, the estimates were positive and highly significant., Epi-
static effects were alsc observed to be important contributors to variation
for yield., The magnitude and significance of the estimates for aa, ad, and dd
over the 15 crosses indicate that epistatic gene effects are present and
important in the basic genetic mechanism of yield inheritance in the com
population.s These resulis are in contrast to the earlier investigations
reported by Robinson et al. (43) which indicate that additive gene effects
make a greater contribution to the total genetic variation than the estimates
obtained by Gamble (18).

Estimates of gene effects calculated by Hayman's method (24) were also
reported in pearl millet (1, 3%, 44). Results obtained by Singh et al. (44)
showed that additive gene effects were highly significant for all the charac-
ters except for number of branches. Except days to flower, all the characters
were observed to be associated with highly significant dominant gene effects.
The additive x dominant type of digenic epistatic effects were found to be
less importan£ than other two types of non-allelic interactions. Duplicate
eplstasis was exhibited by plant height, number of internodes, stem thickness,
number of tillers, number of spike-bearing tillers, number of spike-bearing
branches, leaf breadth, days to flower, and 250 grain weight and complimentary
epistasis was observed for number of branches, leaf length, peduncle length,

peduncle thiclmess, spike length, and spike thickness.
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Few investipations rezarding gene effects have also been reported in
prain sorchum., hitchead (50) reported that additive gene action governed
flovering date, plant height, head length, and head opening in short grain
varieties. Investigations of Chiang and Smith (9), in a 7 x 7 diallel cross,
showed that additive gene action appeared to be the important type in the
inheritance of head length, plant height, head weight, and threshing
percentages.

Iiang et al. (28) reported information on the general nature of
actions of genes controlling the development of grain yield, anthesis time,
and protein content in grain sorghum from a 6H-variety diallel. Tt was noted
that both general and specific combining ability were important for anthesis
time, and that specific combining ability seemed more important for grain
yield., Significant interactions were observed between general combining
ability and locations for yield, anthesis time, and protein content while sig-
nificant interaction between specific combining ability and locationg was
observed for protein content only. With regard to gene eifects, overdominance
was indicated for grain yield; partial dominance was observed for anthesis
time and protein content.

Using the method outlined by Hayman (24) and used by Gamble (18), gene
action for seed size in grain sorghum was reported by Voigt et al. (48). The
resulis showed that gene action appeared to be almost entirely additive.
Using Gamble'é method (18), Liang and Walter (30) obtained gene effects for
certain agronomic traits in grain sorghume. The results indicated that domi-
nant gene effects are important to grain yield, head weisght, kernel weight,
and kernel number, Epistasis, especially "aa" and "dd" iype, was found to be
important for yield and blooming time in sorghum. The existence of epistasis

sugpests that the breeding plan should be designed to utilize various types of



rene interactions and that genetic models assuming negligible epistasis could

be hiased in certaln cases.
MATERIALS AND HETHODS

The plant material in this study was obtained from 10 genetic groups
of grain sorghum derived from a 5 variety diallel, The 5 sorghumn vaerieties
chosen as parental material were supplied by Dr. As Je Casady from his breed-
ing stocks., Contrasting characteristics of these varleties include plant
heizht, flowering time, kernel weight, and grain yield. A brief description
of parental varieties is given in Table 1.

In the present study, all possible single crosses (F1L single crosses
selfed (Fz), and backecrosses (PixFi

grouv ineluded 6 populations as described below.

and.szFi) were used. Thus each zenetic

Group 1@ Pi(Redlan), E, (Plainsman), their Fys Fy» Bi(FixPl), and

Bz(FixPz) derivatives

Group 2: Pl(Redlan), P, (Martin), their Fl’ Fz, B,, and B2 derivatives
Group 3t P, (Redlan), P, (Combine 7078), their F,, F_, B,, and B
1 2 1" "2 71 2
derivatives
Group L: B, (Redlan), P, (Combine Kafir 60), their Fys F,s Bys and B,
derivatives
Group 53 P, (Plainsman), P, (Martin), their Fys Fys By, and B, derivatives
Group 61 P, (Flainsnan), P, (Combine 7078), their Fys Fps Byy and 3,

derivatives
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Table 1. DPrief descrintion of parental sorghum varieties used in the 5

variety diallel

flos Variety Chief Characteristics

1 Redlan Red seeded, larze and compact head,
large stalks, awnless.

2 Plainsman Red seecded, seeds large, awned.

3 Hartin Red seeded, seeds heavy and rich in
protein content, heads are medium in
size, awnless.

L Combine 7078 Red seeded, heads are small in size,
awned.,.
5 Combine Kafir 60 White seeded, comparatively smaller

stalks, leaves relatively narrow,
awnless.
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Group 7t P, (Plainsman), P, (Combine Kafir 60), their Fys Fps By and B

2
derivatives
Group St P (Maxtin), P, (Combine 7078), their Fi5 F,» By, and B,
derivatives
Group 93 P, (Martin), P2 (Combine Kafir 60), their Fl, F,s By» and 32
derivatives

Group 10: P, (Combine 7078), P, (Combine Kafir 60), their Fys Fz, B,, and

13

B2 derivatives

All the crosses between parental lines, selfing of F, hybrids and

1

backcrosses of F, hybrids to their parents were made in the greenhouse at

1
Manhattan, Kansas, in 1966. Five A-lines (male sterile) were used as female
parents and crossed to B-lines (fertile non-restorer counterparts of each male

sterile) to produce F, and backcross hybrids,

1

The 6 populations of all the genetic groups were grown in June of 1968
and 1969 on 2 Agronomy Farms of the Kansas Agricultural Experiment Station,
Manhattan, Kansass The soll type was dark silt-loam at Manhattan and sandy-
loam at Ashland. The crop was grown irrigated at Ashland but not irrigated at
Manhattan, All the experimental plots at both the locations were fertilized at
the rate of 80 1lbs. of nitrogen per acre prior to seeding.

The exferimental design was a réndomized block with 2 replications at
both locations. FBEach genetic group was considered as a single unit in the
process of randomization. The components in each genetic group were also ran-

domized in each replication at each location, The parental lines, Fl’ F_, and

2

backcross progeny of each group was replicated twice.



1.5

The secds for all populations were space planted with a cone planter
with a row spacing of 91‘cm (36 inches) and plant spacing in the row of 15 em
(6 inches)s Three row plots were used, the center row for observations and
the outer rows to guard against competition from adjacent plots. Thirty com~
petitive plants from the center row of each plot for each component were

chosen to record observations fer parental lines, F,, and backerosses while 90

1!

plants were measured for F All the characters were measured on an indivi-

X
dual plant basis.
Measurement Procedures

The following measurements were recorded for each component of the
respective genetic group.

1. Yield: Weight in grams of threshed grain at 10% moisture. The
mature panicle were harvested from the plants on the main field. They were
subsequently dried and threshed., The weight of the threshed grain in grams
was recorded by Avery balance.

2. KXernel weisht: Weight of 1,000 seeds in grams at 10% moisture.
Based on number of kernels in a 5 gram random sample drawn from the seed of
each plant. The number of kerﬁels in the 5 gram sample was obtained by an
electironic seed counter and the result was subsequently converted to grams
per 1,000 kernels.

3. Flowering time: Number of days elapsed from date of planting to
date of the pénicle was in bloom.

4e Plant heightt Measured in centimeters from ground to base of leaf
blade of the flag leaf.

5+ Head number: Number of tillers bearing heads.



16

Statistical Treatment of the Data
Analyses of variance combined over years and locations for yield,
kernel weight, flowering time, and plant height were calculated. Mean
squares for each component in each genetic group were estimated as shown in
Table 2. Error mean square was estimated by the arithmatic mean of two

parental lines and thelr F, progeny.

1

Warner's (49) method of estimating heritability from the variances of

three types of segregating populations, the F2 and the summed backecrosses to

each parent, werse employed to obtain herita@ility values in narrow sense for
all the 4 attributes. According to him, this method has the advantage of not
requiring an estimate of environmental or of total geneitic variance but uses
enly total within population variances,

Assuming that the genes neither interact nor are linked, Mather (36)

showed that genetic variance of F,, plants in self-pollinated species could be

2

partitioned into additive and dominance variances. The phenotypic variance is
expressed as followst

VFZ = 4D + 4H + E where D, H, and E represent additive, dominant, and

environnental variances respectively.,
Similarly, sum of the variances of backeross to parent 1 and 2 may be
expressed as follows:
= i
(vBl f VBz 5D + 3H + 2B

The difference between twice the variance of F2 generations and the sum

of the two first backcross generations was attributable to additive gene

effects, Thus the additive genetlc variance in F2 could be estimated from the

expected mean square of F, and backcrosses, i.e.,

2
ip = -
;D = 2v (VB1 + VBz)



Table 2. An example of AARDVARE 3-way analysis removing effects due to
locations, years, replications, first order and second oxrder
interactions and obtaining varlance among »lants for Ilowering
time of B,, genetic population 4

2!

Source of variation arf H3

Location (L) 1 52k, 0
Year (Y) 1 150040
Replication (R) 1 2,1
LxR 1 , 1.7
Y xR 1 109.3
LxYxR 1 a8

Among plants 232 L,99
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Warner's method of estimating heritability would then be cxpressed as

follows:
2 = % o L 2 _ (.2 2 o
h [?VFz (!Bl + VBZ? x 100% = (;s Fy (s Fy + s BZ)] x 100%
s
VFZ S Fa

InTormation on the nature of gene action involved for the four traits

was obtained by the method developed by Anderson and Kempthorne (4), Hayman
(24), and modified by Ganble (18). This procedure would be of specific use in
sitvations where the individual genotypes are not identifiable but where
averagse genetic expectations are known. Thus, with the means of only 6 popu-

lations, ﬁi, PZ’ fi, ?é, E&, ﬁé, 6 parameters were estimated as followst
m = F.

g = B, - B

=1 2 1 2 1 2

aa = - hfé + 2ﬁi + *é

ad =-—%_1 + —151?2 + 3B, - 52

dd = P, + P, +2F + 4F, - u'ﬁi + UB,
Where m = the F, mean

2

additive gene effects

w
1

o
]

dominance gene effects

B
n

additive x additive epistatic gene effects

ad

additive x dominant epistatic gene effects
dd = dominant x dominant epistatic gene effects
Significance of these genetic effects was evaluated by the
corresponding standard error obtained from the analyses of variance of the

population means.
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RESULTS AND DISCUSSION

Heans and Variances

The average performance of the parental varieties tested at 2
university farms at Manhattan during 1968 and 1969 is presented in Table 3.
For flowering time, Redlan was the latest (70.6 days) followed by Plainsman
(6842 days), Combine 7078 (67.8 days), Combine Kafir 60 (67.4 days), and
Martin (65,5 days). Redlan was the tallest in plant height with a mean value
of 87.1 cm whereas Plainsman was the shortest with a mean value of 68.4 cn.
Among the rest, Combine Xafir 60 was relatively %taller (75.2 cm) than Martin
and. Combine 7078, Greatest yield was observed in Redlan and was closely fol-
lowed by Combine 7078. Plainsman and Combine Kafir 60 showed intermediate
values, while Martin showed lowest mean value. With regards to kernel weight,
highes£ nean performance was obtained in Combine 7078 followed by Redlan,
Combine Kafir 60, Martin, and Plainsman.

The mean values obtained for the parental varieties included in the
present study were in agreement with the values reported by Liang et ol. (30).
In general it was noted that the differences among the 5 lines were conspicu-
ous for all the 4 characteristics. Data were also collected for the trait
head number, but no significant difference in mean values among the 5 lines
was noted, Therefore, the present study was limited to only U4 traits.

Table 4 gives the variances of the characters studied in the FE’ Bl’
and B2 generations of the 10 genetic groups, It was observed that greatest
variability was observed for grain yield followed by plant height, kernel
weight, and flowering time,

For grain yield, genetic groups 3, 8, and 10 showed relatively higher

variability. One, 5, and 6 had intermediate values and 2, 4, 7, and 9 showed



