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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
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Table 3« The average performance of 5 sorghum varieties for flowering time,
plant height, grain ylield, kernel weight, and head number at 2
locations in each of 2 years

: Variety

Character ' Redlan Plainsman Martin Combine 7078 Combine Kafir 60
Flowering tine

(days) 70.6 68,2 6545 67.8 671
Plant height

(cm) 8?-1 68-!-]' ?3-3 ?2&1 ?5.2
Kernel weight*

(g/1000) 29.79  27.33 28,33 33.93 28,89
Head number 1.00 1.00 1.01 1.02 1.01

*Average from 2 locations in 1969 only.
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Table 4. Variances of Fp, B4, and Bo for flowering time, plant height, grain
yvield, and kernel weight of 10 genetic groups
Characters

Genetlc Flowering Plant Grain Kernel
Group Generation Time Height Yield Weight
1 Fo 1147 6041 b75.3 241
By 8.29 36,8 7.1 18.0

2 Fo 12,42 6545 398.1 30.7
By 6495 38,0 29240 2347

3 Fa 15436 9747 58,7 4046
Bo 11,78 B1.6 47047 2642

4 Fy 15,78 7346 W9, 5 27.5
By 10,14 Lé,5 220.0 2043

Bs 10,00 L8.8 212.2 15.9

5 Fy 12,67 624 438.1 33.9
B1 7.70 33.0 L21.9 27.0

Bs 6o 84 L3.3 357.0 23.6

6 Fo 20,08 bi b 467,0 4h,1
By 20,67 26.0 LO5. 4 19,3

Bz 7.5"" 3“’.5 L"OOul 39.0

7 Fo 11.77 6249 32946 27.1
By 12,04 43,3 254.8 174

8 Fy 13.01 70 4753 L5.5
By 10.16 740 3739 33.4

Bo 12,67 h2,5 495, 5 40,0

By 9.82 37.1 25346 22.6

Bo 8.06 65.3 371.2 10.2

10 Fy 10,55 97.6 50648 41,6
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lower values., In absolute values, grain yield varied from 534.7 to 212.2.
For kernel weight, relatively more variabllily was observed in genetic groups
3, 6, 8, and 10; intermediate values in 2 and 53 and lower values in 4, 7, and
9, For plent height, higher values were recorded in genetic groups 3, 8 and
10; intermediate values in 1, 2, 4, 7, and 9; and lower values in 5 and 6.
With regards to flowering time, menetic groups 3, 4, and 6 showed comparatively
higher varlability; 2, 8, and § showed intermediate variability; and 1, 5, 7,
and 10 showed relatively lower variability.

In general, the variability occurring among different populations from
a cross is depsndent upon the genetic differences which exist between parentse.
As an example, the highest variability in genetie group 3 for grain yield can
be attributed to the influence of Redlan and Combine 7078 germplasms. The
effect of low yielding parents "iHartin® and "Combine Kafir 60" is evident in
genetic groups 2 and 4 respectively.

Heritability Estimates

Based on the variances presented in Table 4, heritability estimates
(narrow sense) were computed by Warner's method (49) and are given in Table 5.

The magnitude of heritabilities varied among the genetic groups for all
the characteristics; it ranged from 2U4.5% to 85.2% for flowering time, 42.5%
to 83¢7% for plant height, 38.2% to 68.2% for kernel weight, and 17.11% to
7643% for grain yield. In general it is noted that heritability estimates for
plant height, flowering time, and kernel weight were relatively high while
those for grain yield were low except for genetlc groups 2, %, and 10 which
showed intermediate values.,

The relatively high heritabilities for flowering time and plant height
are in agreement with previous reports (2, 28, 30) indicating the importance

of additive gene effects in relation to nonadditive gene effects and
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Table 5. FHeritability estinates (h'?‘) of flowering time, plant height, grain
yield, and kernel weight for 10 genetic grouns

Heritability Estinates” (%)

Genetic Plovering Plant Grain Kernel

Group Time Height Yield Weight

1 e 5 61.5 3643 5547

2 5742 7943 55.6 631

3 5443 L5 33,0 6649

L a3 83.9 7643 6842

5 85.2 7943 | 22,2 5047

6 595 637 2745 67,8

7 41.9 k3.5 26.4 6841

8 2l 5 42,5 17.1 3842

9 6749 6249 20,5 70

10 b0, 6 7840 53.5 576

Average 5740 6240 373 6140
e 2V, - (Vy, + Vp,) X 1007

v
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environnental influence. However, Chiang and Smith (9) revorted lower
heritability estimates for blooming time and plant height than the estimates
obtained in this study., This avnparent discrepancy cannot be explained
readily, The parental lines used in their investigations differed with
respect to the Hal 3

possessed different height smenes. Interactions among the major maturity senes

N Maz, and ila, loeci with rermards to flowering time and

and major height genes may be responsible for the low heritability values
obtained in their investigation. In addition to this, the discrepancy can be
accounted for in part by the different nethod they have employed in computing
“heritability estimates.

The relatively high heritability estimate obtained for kernel weight
also stresses the importance of additive gene effects and is in agreement with
that reported by Voigt et al. (48) but not with the results reported by Liang
and Walter (30) and Ali Xhan and Weibel (2). Both of these investigations
were based on relatively few genetic populations carried in one season. lMore-

over, Ali ¥han and Yeibel employed F,. variance method for computing

2
heritabilities, Even in the present investigations, kernel weight was not
measured in 1968 and computing of heritability for this trait was done on the
data collected in 1969 only. This would suggest that the estimates of addi-
tive genetic variance may be blased somewhat due to genotype-environment
interactions.

In fact, it is common for different workers to obtain contradictory
results when studying the same characters. This may be due to genotypic dif-~
ferences of the parental material included (46) or due to invalidity of
certain assunptions made. Differential response of genotypes to environments

(29) could also be a reason for the discrepancies. Heritability depending so

much on these factors must be treated with some caution and the comparisons of
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estimates for a particular character by different workers is of doubtful
utility (22).

Lov heritability estimates obtained for grain yield were in agreement
with several reports published (2, 28, 30). The low heritability estimates
for grain yield indicate nonadditive and environmental variations constituted
the major portion of thenotypic variation.

Herifability estimates were also computed by parent-offspring
regression method for the 4 {traits under study for the purpese of comparison.
The results are presented in Table 6. The estimates were calculated by
regressing F, data on I, means. Each F3 line was derived from a single, ran-

3 2

domly selected F, plant, and the data were based on an average of a 30-plant-

2
plot in 2 replications at 2 locations in each of 2 years.,

A comparison between the heritability estimates computed by Warmner's
method and parent-offspring regression method revealed that plant height and
flowering time showed high values irrespective of the method employed. Herita~
bilities for kernel weight and grain yield were variable and low respectively.
Thus, it is reasonable to state that kernel weight and grain yileld are subject
to more environmental influence and non-additive gene effects than flowering
time and plant height and fluctuate more in their phenotypic expression.

Thecoretically, when heritability is high reliznce should be placed
mainly on mass selection and as heritability becomes lower emphasis must be on
pedisree method of breeding with progeny tests and selection. Assuming that
the heritability estimates obtained by Warner's method were reascnably
accurate, it can be stated that for improﬁement of flowering time, plant
height, and kernel weight, mass selection would be the appropriate approach by
which rapid and effective selection could be made for these traits. However,

if the breeding goal is for the improvement of grain yield, progeny tests
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Table 6. Heritability cstimates obtained by regressing F3 performance on Fy

neans of 10 genetic sroups

Character

Heritability estimates (%)

Flowering time
Plant height
Grain yield

Kernel weight

6344
69.0
39k
b2.5
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should be the appropriate approach as genetic effects are masked Dby environ-
nental effects and the genotypes to be selected cannot be represented by their
phenotynes.

It is sometimes difficult to specify heritability in desirable narrow
limits, Differences in heritability for the same trait in two or more popula-
tions indiecate differences between populations and may be traced to the
contrast in crosses of the original parents. However, in the present study
parental differences did not show any significant relationship with the nagni-
tude of heritability. The "r" value obtained was 0.301 for flowering height,
0.081 for plant height,'q.263 for grain yield, and a negative value of =0.338
for kernel weight. All the correlation coefficients were nonsignificant
indicating that the sampled differences between the parents did not show any
significant trends to the heritability computed by Varner's method.

Since heritability is a single numerical expression or the ratio of two
variances, information may be lost if based on heritability estimates only.

It may also provide misgleading indication as to the amount of progress which
may be made in the population sampled, because, by Mather's approach, the
magnitude of geneéic variability as compared to environmental variability is
not indicated explicitly. Table 7 presents the magnitude of genetic and
environmental variances and their ratios.

It is clear that genetic variability does not appear to be great enough
as seen by tﬁe ratios between geretic variance and environmental variance.

For flowering time and plant height genetic variance is only about twice the
amount of environmental variance; while the ratio for grain yield and kernel
weight were 1.6 and 1.4 respectively. In general, the genetic population to
be selected as the basic breeding material should have a high mean performance

as compared to other populations and a greater genetic variability within
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populations Prozress from selection is reallized only when superior genotypes
in a population are readily identified. From the data presented in Table 7,
it is doubtful that the 10 genetic populations sampled possessed sufficient
genetic varlability upon which the breeders and geneticists may operate. If
this is true for all other genetic populations at the disposal of sorghum
hreeders, then it would be expected that progress by selection irrvespective of
selective methods will be difficult to make. To improve the situation, the
most important approach appears to be creation of sufficient variability by
introduction of exotlc germ plasm into the domestic lines. This may be
accomplished by using genetic male sterile lines as female parents in crosses
with exotic lines as males. Thus, a large number of crosses can be made and in
F2 segregates of male sterile progeny can be further crosses with some exotic
parental lines to increase the genetic diversity.

Estimation of Cene Effects

Population Yeans

Mean performance of the 6 populations in each of the 10 genetic groups

is given in Table 8., Relative to the midparent, F, performance varied from

1
character to character and from group to group. The F1 population mean per-
formance was greater than the better performing parent in all the genetic
groups fof grain yield; in 5, 6, 8, 9, and 10 for plant heights and in 2, 4,
7, and 9 for kernel weight, indicating the presence of heterosis. However,
F1 population.mean performance was earlier than mean performance of either
parent in genetic groups 1, 5, 6, 7, 8, and 10 for flowering time and in 1,
3, 5, and 8 for kernel weight. The F1 performance was intermediate in the
rest of the genetic groups for all the attributes.

With few exceptions, F, means of all the genetic groups fell in

2

between the range of the parents. In most of the genetic groups the



Table 8, lean performence of the parental, Fys F
flowering time, plant height, grain yle

genetic groups of grain sorshum

?, and backcrosses for

30

d, and kernel weight in 10

C:-iii;c B Py Fy ¥, }31 B,
Grain yield (gr/plant)
1 7Le5 6541 72.9 6546 73.6 65,5
2 674 5743 78k 6743 7041 61.9
3 0.2 727 8047 el e 5 6343
h 65.8 60.9 6545 60.6 573 51.0
5 62.8 515 6344 60,0 6543 6541
6 62,8 655 6649 584 53,0 6646
7 61e5 a5 70,0 5746 6648 Hia7
8 5540 6743 727 5.6 62.3 Gl
9 5142 60.8 61.1 5745 59.6 5048
10 6641 5.9 704 572 62.6 62.2
 Kernel weight (g/1000)
1 28,88 27.06 26.16 27,68 3265 25.94
2 26465 27.25 32.98 29, 34 30.28 32.98
3 29.22 3294 28,14 27.50 28.84 27.98
L 28,17 28,78 36,05 29459 .43 Ha21
5 27.30 27433 24.10 25477 26,05 28,67
6 27.63 35406 28,09 27.13 25.73 27.80
7 rLirdhe . 27445 30,04 28.85 26,96 33467
8 30,63 35.41 26466 28,18 30436 28457
9 28.10 27423 33+25 29,84 32.28 34,75
10 26467 30,86 28,91 32479 30.93

32.31
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liecan performance of the parental, ¥4, F,, and backcross

generations for agronomic traits in grain sorghum

(™Y
W @ 2 v Fowon - 2 0 0N N FowwoN e

-
o

707
71.0
7041
70.8
67.7
68,7
6849
66.2
653
6749

87.0
872
8645
8746
6745
6943
6840
737
7249

73.0

Flowerine time (days)

6745 6845
6542 6745
6746 684 5
68.1 69,4
65.1 Ere6
68.7 6345
6643 65,6
6740 6,2
6745 6642
6745 63.2

Plant height
68.8 78.8
72.9 83.2
70,2 81.6
T7e2 84,2
735 7541
6547 The7
753 7248
7043 7545
757 784
726 775

(em)

6941
6745
6944
6841
6549
6649
67.5
6745
6247
66.6

78,4
81.6
82.5
82.0
737
68.9
732
73.6
7647
78.0

7048
70,4
7047
71.8
67.0
68,2
6541
65.9
677
6643

8.9
86.8
85.2
85.7
7243
694
7101
7842
778
4.1

68,0
69.6
67.7
71.7
659
STRD
6647
65.8
6941
6746

7044
79+ 5
76.1
8242
T8 7#
7249
758
71.8
794
798
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perfornance of a backeross population wag related with its recurrent parent.
That is, the bacleross to the better performing parent was generally the
better pexrforming of the 2 haclkeross populations for any one crosss The
degrec of association of the backeross with its recurrent parent varied
somewhat amonz attributes.

The estimates of the 6 gene effects of the 10 genetic groups for the
I attributes were obtained using the procedure outlined by Hayman (24) and
modified by Gamble (18), The results are presented in Tables 9, 10, 11, and
12,

Additive Gene Effects

Additive gene effects were significant in 9 of the 10 genetic groups
for plant height and in 8 of the 10 groups for kernel weight. OSitgnificant
gene effects were also obtained for the other 2 attributes in certain genetic
groups only. TFor flowering time, genetic groups 1, 3, and 8 exhibited signi-
ficant additive gene effects, while genetic groups 2, 4, 6, 75 and 9 showed
similar results for grain yiecld.

The relative magnitudes of parameter "a" to parameter "m" suggest that
the additive gene effects made only a minor contribution to the inheritance of
flowering time and grain yield. Material used in this study was derived from
single crosses. It may be that, as materials used become more selected in
genetic background, additive gene effegts are reduced (18). However, additive
gene effects appeared to be more important for plant height as more genetic
groups showed significant additive gene effects with relatively large magni-
tudes. This corresponds to the results reported in sorghum (30) and in other
cercal crops (1, 19, 34, 44) which indicate that additive genetic variation is
greater in the tralts which are assumed to have a less complex inheritance.

Anount of a2dditive variation seems to be sufficient for further improvement of
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Table 9, lean estinates of the 6 gene effects for the 10 genetic groups for

flowering tinme.

Genetic Gene effects
group m a d aa ad dd
1 6940 24 8%% ~449 1248 1.2% -5l
2 675 0.8 3.3 367 =20 -11.9*
3 68.8 3.0% 1.3 0.9 0.7 ~1.3
Ly 69.7 0.1 8o2% B,3%% 1,2 =17 L#
5 66.2 1.1 ~0.,$ 0.9 ~0.1 ~l.7
6 66.9 3.9 ~7 o 6% =243 3.9% 1.4
2 66.9 ~1.6% ~6, 1% ~7el =P O 7+ 0%
8 67.9 0.1 ~10,b% -6 4% ~0e2 5.3
9 6742 1.3 b2 4.9 -043 ~13.1%
10 65,7 ~0.9 045 BJ0%% =1l ~1049

* gignificant at 5% level

** sigificant at 1% level



Table 10. Mean estimates of the & gene effects for the 10 genctic zroups for

plant helzhie.

Genetic Gene effects
frouR n a a ) 2d ad
1 793 14, 5% -5l =6, 5% 5e 5¥HF 19,9*%
2 81.6 % 10 k%% Ga 3% C.21 =8.6%
3 83.1 Qa1%% -0 wOy PR 0,98 Iy, oo
L 8240 Fe 5¥F Q4 7%¥ 749 -2.,9%% g L
> 7541 g L% 749 ~2e5 1.3 =9.9
6 68.9 =3¢ 5% 248 9.1 ~0.8 ~18, 3%
7342 -l 5% 242 0.9 ~0.9 =547
8 7346 bl Q. 1% 55 Lo7% -10.5
9 7647 -1.6 11.5% 7e¢5 ~1.2 =16, 6%
10 7840 e 0.5 b, 2%% =5e9% 2.9

* sienificant at 5% level

** gipnificant at 17 level
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Table 11. lican ecstimates of the 6 gene effects for the 10 genetic groups for

srain yield,

Genetic Cene effects
Erous m a d az ad dd
1 65,6 8.1 20 ¥ 15.0 5.6 -11.8
2 67.3 8.2% 11.0 4,9 3.1 26, 5%¥
3 Bl 143 742 1.0 292 49, 8%
4 6046 B F* =23.8%%  25,9% 348 6649
5 6040 0.2 27,4 20,7 5¢5 4G L
6 5841 =7 6% 204 5% 17.7 6s2 ~6e8
57.6 11,9%% 243 21.1 RIS, 23
8 51.6 -2.1 58.5%%  B6, g% b1 ~32. 5
9 5745 84 9* Ll =9.5 13 3%% 2¢3
10 57.2 0.1 30.6 20.9 5.3 ~8.5

¥ gignificant at 5% level

¥¥ giemificant at 1% level



Table 12Z.
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Hean estimates of the 6 gene effects Lor the 10 genetic groups for

kermel weight,

Genetic Gene effects

EXONE ™ a 3 o ad ad.
1 27,69 6o 7¥% b, Gxx o 5%% Ba0%% =15l
2 29. 5% —2.7% 1l e By ~2.4 =15, 1%%
3 27450 1.3% -0k 28 3e1% 2.2
L 29459 -0,3 25.5%%  17,9%% 0.1 ~2542%%
5 2577 -2, 6% 3.1 6e3 ~2.6 =12 R
6 27.13 ~2,1% ~lta7 1.0 1.6% 1342¥
7 28485 =6 ¥ 8a 5% 5.9 Bo7¥¥  =12,3%
8 28419 1.8% ~1.2 5ol o 2% -3.6
9 29,84 =24 5* 20,3% 1h,7 -2.9 ~264,9%

10 28,91 1.9 13.2 11.8 -1,0 -18, 5%

* Simnificant at the 5% level

*¥% Significant at the 15 level
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this character throurh selection. Althousgh, kernel weighl appeared to be
largely influenced by additive gene effects which were significant in & of the
10 cenetic grouns, the relatively low magnitude of thelr estimates suggests
that interpretation of this attribute exclusively on the basis of additive
gene effects must be ireated with some caution. However, heritability esti-
mates reported in the previous section do indicate that considerable progress
could he made for these atiributes by selection.

It should be noted that the sign of parameters "a'" and "ad" depends
upon the parents being considered as P, and P.,. For example in genetic groupl

| 2

for plant height, if Redlan is considered as P, and Plainsman as PZ’ the

1
estimate of parameter "a" is positive. However, if Plainsman is considered as
P1 and Redlan as PZ’ the estimate of parameter "a" becomes negative. The sign
of "ad" would change correspondingly in nost cases but the sign of the other
parameters would be unaffected. If the better performing parent had been used
as P1 in each geneiic group, most of the estinates of "a" and "ad" would have
been positive.

Dominant Gene Effects

In the inheritance of grain yield and flowering time, dominant gene
effects seen to have made a major contribution. For grain yleld, significant
dominant gene effects were obtained in genetic groups 1, 4, 5, 6, and 8 while
similar resulis were noted in genetic groups 4y 6, 7, and 8 for flowering
time. For kernel weight, although only 5 genetic groups showed significant
dominant gene effects compared to additive genetic effects which were signifi-
cant in 8 genetic grouns, the relative magnitude of estimates suggest that
this attribute was also being influenced by dominant gene effects.

The importance of dominant gene effects was indicated not only by its

significance and relative masnitude, but also by its sign. Positive dominant



gene effects supgzest an enhancing effeet on the performance of different
traits. Tor flowerinz time, dominant gene effects had negative sign in
genetic grouns 1, 5, 6, 7, and 8 indicating that dominance was in the direc-
tion of early bloominz, MNegative sign for 1 and 3 genetic groups with respect
to plant height indicates that dominance was in the direction of short
stature. For grain yield, negative sign in genetic groups 4 and 9 showed that
dominance for these populations was in the direction of low yields,

Although dominant gene effects were observed in certain genetic groups
for all the attributes, thelr contribution for grain yield was more pronounced
than the other traits. Simllar results with regards to domlnance level for
grain yileld were reported (18, 30, 44), This indicates that as the inher-
itance of a quantitative character becomes more complex, the contribution of
dominant gene effects to the inheritance of the attributes becomes greater.
The complexity of grain yield can also be related to its low heritability,
which was revorted and discussed in the previous section.

Epistatic Gene Effects

Consideration of the "aa," "ad," and ﬁdd" estimates indicates that
epistatic gene effects, although of minor importance in certain genetic groups
for any one attribute, are important in general in the inheritance of the 4
attributes. Ignoring the sign, the relative magnitudes of epistatic gene
effects were considerably larger for grain yield, plani height, and kernel
weight than flowering time. Of the individual types of digenic epistasis it
appears that the dominant x dominant and additive x additive were relatively
nore important than additive x dominant type.

Significant dominant x dominant type of epistasis was observed in 4
genetic groups for flowering time, 4 in grain yield, 6 in plant height, and 8

in kernel weight. However, considering the relative magnitudes, the "dd" type
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of pmene effects appeared Lo be more important for grain yield and kexrnel
weight than plant height and flowering tire. Most of the "dd" gene effects
that were simnificant were negatives The negative estimates of these gene
effects will have a diminishing effect (18) and might be inferred that 'da“
type of pgene effects are undesirable forms of epistasis,

Significant additive x additive type of gene effects were cobserved in
2 genetic groups for grain yield, in 5 for kernel weight, in 3 for flowering
time, and in 4 for plant height. The data clearly indicated that"aa"
epistasis was of least importance in the inheritance of grain yield while
plant height and kernel weight appeared to be largely influenced by this kind
of digenic epistasis.

Additive x dominant type of epistasis was observed in 2 genetic groups
for grain yield, 5 in kernel weight, 3 in flowering time, and 4 in plant
height. Although "ad" gene effects were comvarable with '"aa'" type of
epistasis in the level of significance, their relative magnitudes showed that
"aa" type was nore important than "“ad" type. In general, it appeared that
"ad" gene effects were of minor importance except for kernel weight.

The relative magnitudes of dominant x dominant gene effects, and
additive x additive gene effects were comparable to that of dominant and addi-
tive gene effects respectively. This indicates that these forms of epistasis
were also of larger magnitude. Without specifying the type of epistasis,
Quinby (40) also indicated the importance of complimentary action of non-
allelic genes for a number of attributes. The presence of eplstatic gene
effects obtained in the present study are in agreement with the results
reported by Liang and Yalter (30). The magnitudes of epistasis could be
biased by the presence of linkasge, especially "aa" and "ad" types of gene

action (27), however the effect of epistasis which is a basic genetic
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mechanlism perhans cannot be considered as nezlizible. Genetic models
assumning nexlisible epistasis may be somewhat biased.

On the basis of materials and methods and number of attributes used in
this study, additive, dominant, and epistatic gene effects contributed sig-
nificantly to the inhexitance of cuantitative characters. In the 4 attributes
studied, it anpeared that grain yield was largely influenced by dominant and
dominant x dominant type of gene effects in its inheritance. For plant
heisht, additive and additive x additive itype of gene effects were larger than
other types of epistasis. The contribution of additive, dominant, as well as
digenic epistasis of "ad" and "dd' type, were observed to be responsible for
the inheritance of kernel weight. For flowering time, it appeared thai all
the 5 types of gene effects contributed equally in magnitude in its inher-
itance, althoush no one type in particular exercised greater control than
others,

The 6 genetic parameters estimated provide a test for different types
of gene action and are useful in supplying information for improvement of
these traits with an approprizte breeding procedure., However, these genetic
effects cannot be interpreted relative to genetic variances. Also, estimates
obtained fron each cross may be unique in varying degrees and may nét be

applicable to its parental populations (46).
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SUMMARY

The experimental material constitutlng 10 genetic groups derived from
a 5 variety diallel: Redlan x Plainsman, Redlan x Martin, Redlan x Combine
7078, Redlan x Combine Kafir 60, Plainsman x Martin, Plainsman x Combine 7078,
Plainsman x Combine Xafir 60, Martin x Combine 7078, Martin x Combine Kafir
60, and Combine 7073 x Combine Kafir 60 were grown at two.locations in each of
two years, 1968 and 1969, Bach genetic group was consldered as a unit in the
investigation and included 6 oomponénts: Pi’ PZ’ Fi’ FZ’ Bi’ and Bz.

Studies were made on heritability and gene effects for flowering time,
plant height, grain yield, and kernel weight., Variances of 3 types of segre-
gating populations, the F2 and the summed backecrosses to each parent, were
caleulated and heritability estimates for the 4 traits were obtained.
Heritability estimates for these traits were also computed by parent-offspring
regression method for the purpose of comparison. Magnitudes of genetic and
environmental variances and their ratios were also obtained for each trait to
determine the extent of genetic divergence. Additive, dominant, and digenic
eplstatic gene effects expressed in terms of parent, first and second filial,
and backeross population means were estimated.

The magnitude of heritability estimates varied among genetic groups for
all the traits under study. Heritability estimates showed that flowering
time, plant height, kemel weight were highly heritable while heritability
value for grain yield was of low magnitude. A comparison between the herita-
bility estimates computed by Warner's procedure and parent-offspring
regression method revealed that plant height and flowering time showed high
values mgazﬁ.leés of method of calculation, indicating selection for these 7

characters would be relatively easy. Heritability estimate for the grain
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yield was low and variable for kernel weighte.

The magnitude of genetic and environmental variances and thelr ratios
showed there was a lack of adequate genetic variability in the breeding
material used in the study. To obviate the situation introduction of exotic
gern plasm into the domestic lines was suggested.

Information on the nature of gene action revealed that dominant gene
effects and doninant x dominant epistasis appeared to have a major role in the
inheritance of zrain yield while additive, dominant, and additive x dominant
epistasis were largely responsible for the inheritanée of kernel weight,
indicating that these two are complex characteristics. The significant contri-
bution of additive gene effects was quite evident in the inheritance of plant
height, On the other hand, no single type of gene eifect contributed
exclusively in the inheritance of flowering time.

In general, among the 3 types of digenic epistasis dominant x dominant,
additive x additive were relatively more important than dominarﬂ: x additive
type. lost of the dominant x dominant estimates which were significant were
negative, sugresiing a diminishing effect due to this type of gene action. On
the basis of significant occurrence of epistasis, it was suggested that a suit-
able breeding vrogram in sorghum should be developed to utilize all types of
gene effects and that genetic models assuming negligible epistasis would be

sonewhat biased,
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A-1, 3-way analysis of variance for flowering time, plant height, grain
yield, and kernel welght of genetic group 1
Source a Mean sguares
of var- Char- 5
iation d4df acter P1 P2 F1 F2 B1 B2
L 1 1 1320,7 b473,2 2870.4 2338.17 2856.6 2035.8
2 751.9 h34.7 3836,0 1273.6 3326.4 438,7
3 hheh,8  13832,0 97641  12600.5 20739.0 21812.3
i 230.1 1170.8 22.1 32642 7953 125.1
Y 1 : 2375.1 1012.7 3110.4 2508,8 14100.3 4343, 5
2 7.6 26647 1563.1 L8491 91,9 1309.0
3 19656,6  3U129.4 3681.7 14368.5 28188.3 94168.7
L - — - " -4 e
R 1 ;) 8045 36,0 b1,7 11,7 58,0 30.1
2 5.5 8045 151,2 311.4 1%.3 141.8
3 1761643 230644 L h L7,7 1237.6 3511.3
i Loh,2 39,5 135.1 .7 36.0 187.6
LY 1 1 L95,9 218.5 91.3 385,73 Lé,.8 519,2
2 b3y, 2 1530.1 261.4 1647.9 79+9 2223, 5
3 104,.0 322647 2808.1 4,5 016.,5 120936,0
L — i s i i i
LR 1 1 165.0 214,7 2004 16543 60.0 7549
2 197,7 5243 040 2379 177.7 122.5
3 936,.1 558,1 1490.0 10975.5 65647  13740.0
4 1e3 87.4 0.0 749 9843 2947
YR 1 i 6700 2.5 360,.1 254, 528.1 34,7
2 421.8 5641 2¢5 67.5 11.9 141
g L81.7 24704 704 8131.7 1301.9 29 4
LYR 1 i 210 113.4 13840 100.3 16343 279.5
2 173.7 102,7 126.9 48s5,1 49,9 43,8
3 322,0 1126.7 336.1 2891.2 bhy,2 55241
Among 232 1 3e37 .16 358 11.47 6.10 8429
plants 2 24,8 21,2 1.6 6041 hg, g 3648
3 237.6 21945 299.5 47543 430.9 7.1
L 14,4 15,0 9.3 2,1 16,8 18,0

at 1 - flowering time; 2 - plant height; 3 - grain yield; 4 - kerncl weight

b: df for F

vas 712



50

A-2, J3-way analysis of variance for flowering time, plant height, grain
yield, and kernel weizht of genetic group 2

Source " Mean squares

of var- Char- 5

iation 4f acter P1 P2 F1 F2 B1 32

L 1 1 3534.3 3074, 5 17,2 2342.1 2287.8 373646
2 1991,.8 2L, 0 3781.0 2038,7 2487 70649
3 710.7 31.5  9126,7  8991.5  L995.9  1995.3
L 200,83 122L,6 H.2 757 326,0 Lp,9

¥ 1 1 3367, 5 152.0 1088,.0 1593.1 2178,0 2l51,2
2 879.3 9437, 6 24794 2057.5 589.1 2970 L
2 2740.5 6070.2  53401.6 33525 21187.6 3969,1

R 1 1 6541 21,0 0.1 137.8 2.7 1645
2 1.4 10.0 11.9 118.3 52,73 Lok
3 121,.8 3382, 5 2666.7 127.6 10101.0 212.8
L 263,7 Tat 6.7 109.1 5¢5 7046

LY 1 1 175.1 36,0 397.8 141.1 980.1 1147
2 3784 5 57044 3163,9 36,8 1411,3 189,.2
3 a2k, 3 1219.5 15328.0 110.7 40,8 h21.3
I i . S e e st

LR 1 1 82.8 5,7 24,7 155,4 0.7 a5
2 179.2 a7 61.4 0.1 190.8 108.1
3 1228, 5 555.1 15044 637547 8,7 209.1
Iy 0.9 191.2 2847 114,09 18.7 12:5

YR 1 1 23,4 5ed 1.5 13,4 L,0 1.5
2 172,04 155.4 5.2 556.6 W5 6.0
3 %4158.3 3784,2 75641 478,8 972.0 5809,.1
i masion - - N - —_—

LYR 1 1 13¢5 376 2.2 135.5 B 9,2
2 61.4 58,0 2l Oe1 547 4,8
3 3017.5 1255,8 16854 6880.1 45,5 . 6661
L s - - - i —

Among 232 1 339 3s20 3e 58 12.4 6.9 10,78

plants 2 2341 20.9 16.6 655 38.0 35.0
3 168,83 15,8 16045 398.1 292,0 BB27
L 12.8 9.4 12.9 307 23,7 18.8

at 1 - flowering time; 2 - plant height; 3 - grain yield; 4 - kernel weight

b: df for F2 was 712
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A-3+ 3-way analysis of variance for flowering time, plant height, grain
yield, and kermel weight of genetic group 3

Source Mean squares

of var- Char—a B
iation df acter I"1 PZ F1 F'2 B1 ]32
1, 1 b 1606.5 839,9 7 i | 2913.9 57345 1700,7
2 2954,7 3390.0 585.9 2005.1 13645 3139
3 7740.7  16925.5 10023.3 11228.2 1109.4 240043
b 50,9 1271.5 17342 438,.8 128.9 302
¥ 1 1 670.0 1627.6 273.1 1237.7 275440 877.8
2 92.6 77634 49,1 5537,73 329.0  10766,9
3 7831.8 15275.0 10101.0 27701.4 16368.0 27456,2
Iy p— po—— T e o i
R 1 1 5074 5 Lho,s 470,04 2112 113.4 100.1
2 166.8 15.0 9.6 250,1 2.4 124
3 35747 202,% 5143,0 2163.2 539.9 690.2
L 1.6 L 75,6 179 0.1 52
LY 1 1 1.5 254,.2 65344 93.7 22,6 196.2
2 683.8 513.3 2106.3 25307 293340 55646
3 87.6 1312.9 L6s5,2 2635,8 1050.0 338.4
L - A srians S SR —
LR 1 1 16,5 10.8 9,6 28.5 113.4 121.8
2 15908 6.7 13.5 bi,7 19.3 69.9
3 575246 222743 292.6 1945.9 1264.6 90,0
L 176.0 143.3 49,9 86.5 0.0 307
YR 1 1 31045 L5,9 3553 12.8 15.5 210.9
2 3773 2752 2543 27.3 3543 241.0
E 1575.9 0.3 7537.6 2872,0 1135.3 26245
LYR i 1 155.2 ho,s 106.7 147.9 283.8 24,2
. DI} Bl 39.2 16,0 390.1 6045
2 2082,7 1932.1 97.5 2205, 5 2318.8 1535.2
Among 232 1 3425 5.82 L,78 15,36 10,60 11.78
Pla,nts 2 21.2 18'“‘ 2“’!3 9?'65 86.3 64-6
3 155.5 186.7 124.3 584,7 476,73 47047
b 15.9 14,1 9.9 0.6 27.9 26,1

at 1 - flowering time; 2 - plant height; 3 - grain yield; 4 - kernel weight

b: af for F2 was 712
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A-liy  3-way analysis of variance for flowering time, plant height, grain
yield, and kernel weight of genetic group 4

Source Hean sgquares

of var- Char-> 5

jation df acter P1 P2 F1 F2 Bi B2

L ! 1 1306,7 223246 1536.2 24483 1399. 5 L2l 0
2 1299,7 2863, 5 124 4 ol .3 1374 b4l0,1

Y 1 1 L166,7 1.3 3oL, 7 4258.3 32340 1500,0
2 1389.6 710.7 7193 76799 300.6 1139.7
3 21394.8 6510.4  35235.2 19062.3  L42400.4  38304.2
L - - P - - W

R 1 1 Sukt 748 49,5 41,3 5e7 24,0
2 16745 647 Q. 1hdy by 14045 0.6
3 3270.8 1664,2 453.7 230.1 79973 1892,8
L 3.1 173 1.1 25.0 0.5 7+9

LY 1 1 78240 240.0 35747 1748 78844 6667
2 10,3 855.0 Lo.4 1035.1 1119.7 57
3 1014 2547 240,0 11.7 1826.0  10401.7
L e - . o . e

LR 1 1 2.8 4343 2242 39.6 118.2 1.7
2 .6 35543 Ol o1y 20947 5846 18043
3 1325.4 L018.0 680543 26.0 278840 219641
4 g3.1 142.5 1.4 8L.3 25047 319.0

YR 1 1 8.8 5581 185.5 203.7 121.8 109.3
2 170.8 5243 213.7 29.0 1.6 380.1
2 481,7 390.1 226943 Belh. 5 79943 35044

LYR 1 1 45,1 47640 k.5 305.1 2743 312.8

;e 0.2 4,3 11.1 120.6 99.6 1,0

3 1430.8 960.0 1632.8 171.7 3504 98.8
B — —_—— —_— — — ——

Among 232 1 3.21 5.82 2¢25 7.89 570 4,99

plants 2 271 30. 5 23!1 ?3. 6 11!‘6. 5 4808
3 171.2 168.6 170.3 9. 5 22040 212.2
U 10.3 15.9 b.5 275 2043 15,9

a1 1 - flowering time; 2 - plant height; 3 - grain yield; 4 - kernel weight

bt d4f for F2

was 712
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A-5, 3~way analysis of variance for flowering time, plant height, grain

yield, and kernel weight of genetic group 5

Source

Mean squares

of var- Char-a 5
jation df acter P1 P2 F1 F2 B1 B2
$ 1 1 1334.8 97641 992,73 1158.5 4L, 8 1131.0
2 488,8 250,7 1980,9 5174 231.1 327.8
5 22814,9 277 2574,1 1021641  4LO06h.5 8906,0
L 84542 g7 202.6 0.8 23,6 63.8
Y 1 1 212.8 365.0 W48,3 1191.7 147041 6048
2 282.7 4239,5 57841 25,0 48,1 1980.9
3 26066,4  15184.5 104544  13851.2 22834.0 11537.0
L _—— — i e e o
R 1 1 16,0 0,8 .8 2.3 3.7 Q9.2
2 834 58,7 368.8 508,8 Lih,7 428,0
3 15504 972.0 6303.7 708143 3004, 3 1224.0
L 30.8 10.9 73.9 90.2 11647 77+ 5
LY 1 1 18.1 2543 5641 568, 0 194 .4 473,2
2 302.6 1238.9 1031.3 P, 7 305646 506,.1
3 461143 227545 1760.4 5651.,9  12673.1 9052.8
L - — i T s SR
LR 1 1 33.7 209,.1 163.3 5643 0.3 185.5
2 96,9 Li,1 761.5 €764 5 i 2507
3 30.8 2624 5 olh,0 2302.5 1372.8 8166.7
YR 1 i 70,4 57646 104,0 39,3 L26.7 617.6
2 229.1 31.3 1434 1.0 930.,2 27,0
Z 7194 .1 51.3 799. 3 3158.4 1540.3 198,8
LYR 1 1 66.1 0.1 1.3 60.8 90,1 19.8
2 1643 1405,0 165.8 63.0 304,0 59649
3 2244,8 3204,7 3.3 2184,3 42,0 29.4
L _—— —— —— —— - _—
Among 232 1 Li'. 69 LI’-Ll‘LI' L“c 58 12.67 ?.?0 6.8"4'
plants 2 21.5 18.3 19.9 62.4 3340 43,3
3 178.9 175.8 205.1 438,1 421,9 357.0
L 15,7 19.7 16.4 3349 27.0 23.6

at 1 - flowering time; 2 - plant height; 3 - grain yield; 4 - kernel weight

bt df for F, was 712

2



A~Ge  3~way analysis of variance for Tlowering time, plant height, grain
vield, and kernel weight of genctic group 6
Source a liean sguares
of var=- Char- T
jation df acter P1 P2 F1 FZ 31 B2
L 1 1 2318.5 370.0 1066,8 1255.8 3808.1 5853
2 988,2 75943 226.2 801 .4 99243 824,0
3 8027.3 757143 7106.8 5640,6 7706.7  34728.2
L F48.8 15771 19,2 3648 29.4 2735
Y 1 1 385.1 350.4 26.7 1344,1 416647 1.3
2 112.1 1842.0  17992.0 B8642.3 3197.4 Wii0,2
3 L0507.9  51626,6 21622.0 27330.7  55085.4  27541.8
I -~ P - - e po—
R 1 1 897.1 1170.4 212.8 10.7 37040 704
2 246,0 7649 7992.6  1252.2 1591.3 29149
3 93750 91.3  7437.1  1462,0 5643 122845
L 16.5 14,7 640.7 3.4 4.5 96.6
LY 1 1 21.6 1944 91.3 6111 141.1 32.3
2 1118.0 246.2 742.0 1074.6 731.5 715.2
2 7776 4699.3 5358.1 4652, 5 28.0 12,7
LR 1 1 355.3 8,3 70.4 Ly, 6 62.0 6.1
2 18,7 2644 39.2 1059.7 55.1 723+ 5
3 1938.0 0.8 1092.3 1018.6 1016.8 900.9
n 40.5 20 453,7 338. 5 8.3 13.8
YR 1 1 132.0 232.1 24,1 8.8 260.4 29 o4
2 317.4 201.5 2587.3 1086.5 885.5 1579.5
3 384 2788.0 1837.1 2784.8 132.0 127.6
in _— -— —— _— —— —
LYR 1 1 1152.8 42,0 187.3 106.3 170.0 88.8
2 42,8 13.0 1749.6 63,4 96.3 131.6
3 686,.8 81.7 A89.6 050.5 1644 3519.0
L —— —— o — o o
Among 232 1 590 5.84 4.6 20,08 2067 7o H
plants 2 20.9 24,0 20.8 75.0 Fe 5 L7.8
3 179.7 194,7 154.7 467,0 L4054 Lo0o.1
L. 15.3 17.0 16.6 b, 19.3 39.0
at 1 - flowering time; 2 - plant height; 3 - grain yield; 4 - kernel weight
bs 4f for F, was 712
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A-7« J3-way analysis of variance for flowering time, plant height, grain
yield, and kernel welzht of genetic group 7

Source a Mean squares
of var- Chaxr- 5
iation df acter Pl P2 F1 F2 31 Bz
hot 1 | 51044 L, s 5641 2899, 5 881,.7 803.3
2 01 83841 22,0 164, 5 87842 1.3
3 9250,4 56705  1M4730.5  16884.1 36215 215272
I 818.2 201.1 b2,5 k50,3 P 4049
X 1 1 87,0 45,0 85143 1674 260,01 5143
2 155249 2157.0 1050,0 11075.6 4488, 5 153.6
g Bahhhi 8 33B67.5  64320.9  16683.3  35745.9 77220.9
R 1 1 232.1 61.0 150.4 121.0 1.7 90,3
3 2587.3 940.1 65647 670.0 13305.7 561643
b4 16.5 78,6 96,9 30.0 08,4 70,6
Ly 1 1 .1 2325.0 26,7 L51,h 23 429.3
2 29.7 2631.7 1.5 6704 107.9 18545
3 6365.4 175.1  28842,3 2835.9 Le5 1584
L N - i i s -
LR 1 1 o« Pull De2 13,3 388,9 Bl 33,0
2 0.4 471.8 168,73 412.9 40.7 45,9
3 704 3188,.4 h550,1 8062.0 12921.3 635541
L Wl 95.1 43,2 8kt 549 12.8
YR 1 1 104,0 643 640 11,2 3a7 37245
2 14,1 6e2 60,0 418.4 i 192.6
3 183.7 57947 392.7 1495,0 0.0 13.4
LYR 1 1 h1,7 L9, 5 183.7 24,8 1.3 55.1
2 83.L 520,7 30:4 2014, 5 B7.7 18,6
3 0.3 242,0 0.9 14,5 2h89,7 6834
L e — —— i . P —
Among 232 1 5.20 5479 2433 11.8 12.03 64 57
plants 2 23.6 20.6 26,6 6249 43,3 55.19
3 201.7 160 .0 148.5 329, 5 25448 32641
i 13.4 11.6 6.7 274 17,4 18.4

at 1 - flowering time; 2 ~ plant helghts 3 =~ grain yield: 4 - kernel weight

bt df for Fz Wwas 712



A=3, 3-way onalysis of variance for flovwering time, plant height, grain
yield, and kernel weipght of genetic group 8

Source 5 Mean squares
of var- Chaxr~ 5
iation df acter Pi P2 F1 F2 B1 32
T 1 i 5840 799.3 585,0 368643 292640 3518,9
2 391 .4 2610.3 212.8 516.7 2589.9 28743
3 26145.9  14014,8  31327.3 3754.3  21527.2 BL68 .8
L 257.8 1483,73 049 0.0 195,0 Ce9
Y 11 58,0  1224,0 37,6 278,8 286, 0 196,2
2 5362.0 5B510.3 6784.1  35925.6 7537,6 1572045
3 25,9  41704,8  16500.4 16.2 19421.9  47408,0
I i S . i P s
R 1 1 9.6 32240 1h2,.6 118,04 1841 2743
) 79.0 10025 Y920,7 1809.7 15,0 ik, 5
3 10600.1 316843 564,73 225443 10.0 68041
L 776 5 60.7 17.5 173 7143 30543
LY 1 i 21.6 4.8 9.2 35249 26,7 1265,0
2 1018,9 1073.1 1430.7 1933.9 266647 30274
3 L40.1 535841 35044 1069,.7 54057 22841
I — — —— ——— ——— ———
LR 1 1 36,8 184,1 67.2 314,73 11.3 175.1
2 159.3 90,7 893,2 25640 21.0 104,8
3 100.1 153.6 240.,0 2734,7 577262 3792.1
i 199.3 46,9 19.7 159.,2 139.0 465,9
YR 1 1 o84,1 0.l 13645 0.1 1.7 168,3
2 0e5 65,6 152.0 564,04 68842 17.9
3 59.0 5641 481.,7 27676.8 72l 5 11.3
L s m— i P e i
LYR 1 1 19.3 98,8 82.8 352.9 733 2847
2 20L,4 i M5 10.8 21643 .8 5233
2 1287 735.,0 235643 534 258.3 1504
Among 232 1 6.7 L,73 3.86 13.01 10,16 12467
plants 2 2743 20,9 2.1 7,0 7.0 42.5
3 168.9 169.2 16.85  475,3 373.9 495.5
L 20.3 17.4 22.9 hs,5 334 39.9

at 1 = flowering times 2 -~ plant heights 3 - agrain yield; U - kernel welsht

b: df for Fz was 712



a7

A=-Q, 3-way analysis of variance for flowering time, plant height, grain
yield, and kermel weight of genetic group 9

Source % Mean sguares

of ver- Char- 5

jation d4df acterx P1 P2 F1 F2 31 B2

L 1 1 250,1 1288,1 7h9.1 1193.9 1643,.3 1740,.6
2 Ol L& 105,73 31,9 15377 4,8
3 710648 7304.1 $hl3, 5 8287,.9 7889.1  19260.4
ly 18,9 2641 89,7 717.9 48,3 91.9

Y 1 1 o7 7044 312.8 1349, 5 2053.3 866,73
2 330k.1 2217.L 3480,8 50774 295745 75641
3 18480,1 11206.,7 47292.3 20055,5 OGB48  32853.6
i —— - —— Y —— ——

R 1 1 161.7 220.4 248,1 0s5 .8 h81.7
2 12141 70,9 421.3 145,8 Lgg,1 21.0
g 2132.1 B0L, 6 6742 0.3 2982.1 562640
Iy 495,14 45,3 160.5 198.9 547 6349

LY 1 1 1hs,7 72%1.1 68.3 E17.7 73 1.1
2 1304,k 165,8 5797 1380.4 1323.3 6104
2 653.4 498,.8 2541.5 55,5 20,06,7 1706.7

LR 1 1 102.7 el 138.0 8245 252.1 384
2 96,9 125,04 63 88,8 356, 5 49,5
3 1870, 7778 81043 2541.1 G126.7 28704
L 115.9 62243 22.9 1133.0 173.9 49,0

YR 1 1 6742 10,4 81,7 0.3 Selt 135.0
2 36,8 08,2 L59,3 .1 55,6 273
3 b593,7 W80.8 247  15015.1 105040 6040,1
i e B - ——— — ———

LYR 1 1 175.1 h81.7 498,8 92.1 19l k5,1

2 6h5.2 5945 19642 35647 42,9 L,5

3 160.1 14017 3088.8 223845 22443 53771
Iy i s P g . sike

Am{mg 232 1 5.63 6.79 5-10 130514‘ 9-82 B 06

plants 2 31.6 .0 274 .7 371 653
3 162,2 141 .1 12049 38,0 25346 37142
ly 21.7 18.8 11.6 261 22.6 102

at 1 - flovering time; 2 -~ plant height; 3 - grain yield; 4 - kernel weight

b: 4f for F2 was 712
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A-10., 3~-way analysis of variance for flowering time, plant height, grain
yield, and kernel weight of genetic group 10

Source a Mean squares

of var- Char- e

iation d4df acter P1 P2 Fi F2 B1 Bz

B i -4 2801,7 357248 140645 307043 2640.1 3619.3
2 8120.1 110.0 14,2 3778 16745 172.5
3 697648 5529,6  17767.6 8h6h.9  23088.8 hhh6e2
4 478.,3 37.8 68,6 93.8 184.6 106.9

Y 1 1 10584 28.0 52541 0.6 601,7 660,0
2 15136.8 284.9  13930.9 18327.5 Lolibe2 L810,6
3 53844.0 16,0 B7573.5 277634 62726.7  23740.7
i i i — —— e NN

R 1 i 493,1 3543 5940 5844 20l,8 93.7
2 367,6 102.0 17.3 246 229.1 20047
3 266647 Bli25.3 2515.5 59945 365,1 6171.2
L 22544 141.3 577.0 51,6 12143 249, L

¥ 1 1 10,4 1260,4 21,0 69.0 135.0 3e7
2 1118.0 1133.2 651.7 1634,1 488,8 27240
3 270648 15103  12862.7 1732.1 2006,73 L 63,.k
L — - o — ——— —

IR 1 1 98,8 29,4 3577 31643 16.0 6,0
2 23,0 2.8 31.9 148.3 00648 Bel
3 308,43 194,14 1733.4 6.1 1520.1 996.3
L 451.8 0.1 50.1 3647 1463,0 150.8

YR 1 1 504 180.3 495,09 19.7 240 3844

- 2 2262 5247 85.8 o2 8721 388.9

3 273.1 6594 ,0 188742 L565,2 370.1 847.5
i s p— e i P ——

LYR 1 1 St 17.1 382.5 156.2 42143 225443

K 87.6 2.5 1P 183.0 Uo7 2643

3 8.1 1008.6 225049 331.1 L018.0  14030.1
L — _— i S e i

Among 232 1 I, 61 3+90 3.12 10455 9427 7+ 56

plants 2 .0 327 3545 974 56 62,8 5642
3 194,2 236.9 147,7 50648 378.3 364, 0
L 19.1 2243 15,8 bi1.6 3243 17.0

at 1 - flovering time; 2 - plant height; 3 - grain yield; 4 - kernel weight

b d4f for Fz was 712
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Improvement of quantitative traits such as yield in sorghun, needs
adequate genetic informations For example, knowledge about heritability
coupled with gene effects 1s of great value in the selection concept and
choice of selection procedure., Owing to the faet that Mendellan approach is
not applicable to the study of polygenic inheritance, many biometrical pro-
cedures have been developed to obtain information useful to a breeding program.

This investigation was designed to obtain heritability estimates and
gene effects for flowering time, plant height, grain yield, and kernel weight.
Variances of the 3 types of segregating populations, i.es the F_ and the back-

2
crosses of F, to each parent, were calculated. Heritability estimates were

1

then computed. Magnitudes of genetic and environmental variances and their
ratios were obtained to determine the extent of genetic variability for each
trait. Additive, domlnant, and digenic epistatic gene effects expressed in
terms of parent, first and second filial, and backcross population means were
estimated,

The experimental material constituting 10 genetic groups derived from
a 5 variety diallel: Redlan x Plainsman, Redlan x Martin, Hedlan x Combine
7078, Redlan x Combine Kafir 60, Plainsman x Martin, Plainsman x Combine 7078,
Plainsman x Combine Kafir 60, Martin x Combine 7078, Martin x Combine Kafir
60, and Combine 7078 x Combine Kafir 60 were grown at two locations at the
agronomy farms of Manhattan, Kansas, in each of two years (1968 and 1969).
Each genetie group was considered as a unit in the investigation and included

,B a:rldB.

g* "4t 2

The magnitude of heritabllity estimates varied among genetic groups for

6 components: Pl’ P2, FI' F

all the traits under study. Heritabllity estimates showed that flowering

time, plant heipght, kernel weight were highly heritable while heritability



value for grain yield was of low magnitude. A comparison between the

heritabllity estinmates computed by using backerosses and F, technique and

2
parent-offspring regression method revealed that plant height and [lowering
time showed high values regardless of the method of calculation, indicating
selection for these characters would be relatively easy. Heritability esti-
mate for the grain yield was low, and variable for kernel welght.

The magnitude of genetic and environmental variances and their ratios
showed there was a lack of adequale genetic variability in the breeding
material used in the study. To obviate the situation, introduction of exotic
germ plasm into the domestic lines was suggested.

Information on the nature of gene action revealed that dominant gene
effects and dominant x dominant epistasis appeared to have a major role in the
inheritance of grain yleld while additive, dominant, and additive x dominant
epistasis were largely responsible for the inheritance of kernellweight,
indicating that these two are complex characteristicse The significant contri-
bution of additive genetic effects was quite evident in the inheritance of
plant height. On the other hand, no single type of genetic effect contributed
exclusively in the inheritance of flowering time.

In general, among the 3 types of digenic epistasis dominant x dominant,
additive x additive were relatively more important than additive x dominant
type. MOSt of the dominant x dominant estimates which were significant were
negative, suggesting a diminlshing effect due to this type of gene action. On
the basis of significant occurrence of epistasis, it was suggested a suitable
breeding program in sorghum should be developed to utilize all- the types of
genotic effects and that genelic models assuming negligible epistasis would be

somewhat biased.



