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CHAPTER I
INTRODUCTION

The cereal grain comprise the most important source of carbo-
hydrates for human needs. Wheat is the most important cereal.food
crop in the world. It is a staple food item iq the United States
as well as in many other countries around the world. Improvement
in the inherent yield potential of wheat cultivars would help‘greatly
to overcome food shortages in those areas of the world that are now
faced with production deficits.

Wheat breeders are attempting to develop improved cultivars of
wheat by incorporating new gérmplasm into breeding populations and
by devising more efféctivé techniques to handle selection and evaluation
systems, A better understanding of the‘genetic basis of the complex
architecture of grain yield formation would be helpful in the breeding
and development of impfoved wheat cultivars. The efficiency of
wheat bréeding programs would be increased if the plant breeder had
a better understanding of the types of gene action ccﬁtrolling yield-
related traits.

The total genetic variance of a trait can be pértitioned into
three types of gene action: additive, dominance, and epistasis. Ad-
ditive and dominance types of gene action have been studied in some
detail but not much is known:ébOut epistatic gene actior. Most

genetic models in plant breeding are designed to examine édditive and



dominance gene action only. These mddéls assume that there are no.
epistatic effécts. Epistatic gene action may, however, be important.

Evidence from several studies.indicates that epistasis can play
a significant role in both quantitative and qualitative characters.
Although there have been some studiés dealing with epistasis in self-
pollinated crops, most of the epistatic studies to date have been
applied to cross-pollinated crops. Ignoring the presence of epistatic
gene action under the assumption of "absence of episfasis" Qill
cause a bias in the estimate of additive and dominance geﬁetic
variance if epistasislis operating at a significant magnitude.

The primary quectivés of this study were: 1) to determine
whether epistatic gene actibn influences certain yield-related traits
in two populations in wheat, 2) evaluate genotype X environment inter-
action for yield-related characters, and 3) compare 3-way crosses

involving different testers.



CHAPTER II
REVIEW OF THE LITERATURE

The plant breeder is interested in using the most efficient
breeding procedures in the improvement of economically important
quantitative and qualitative traits in the crop under study. Appropriate
breeding procedures, as wéll’és the expected rates of progress to be
made, are affected by the relétive magnitudes of the types of gene
action: additive, dominance,vand epistasis. 1In studfing gene action,
most models have been concerned with the estimation of additive and
dominance gene action with the assumption that epistasis is not impor-
tant. Also, because of the rather complex genetic models and mating
systems required for the study of epistasis, this component of genetic
variance has been largely ignored in the past. But theré are some
reports in the past two or three decades which involved genetic studies
regarding the detection of epistatic gene action in corn, pearl millet,
wheat and flax (4, 6; 7, 13, 16, 21, 24, 25, 31, 33, 37, 38, 41).

The first statistical treatment of epistasis was presented by
Fisher (14) in 1918. ‘He developed a statistical model for partitioning
the total genetic variance into its three components; additive,
dominance, and epistatic effects. ‘He stated that in the cases where
more than one locus affected a given character, there may Be a

deviation from simple additive gene action between loci. In other



words, the inter<loci interaction wi;i be shifted from the simple
additive effect to a more complicated action. He called this deviation
"epiétacy" or "dual epistacy".

Epistasis may be defined as inter-allelic or non-allelic inter-
action. Thefe are three major types of épistatic interactions which-
are involved in most studieé concerning gene aétion. These types
_are: additive x additive, additive x dominance, and domiﬁance X
dominance epistasis. The types‘and magnifudes of theée epistatic
interactions could be bettef used in breeding schemes if their effects
were bettér undersfood.

Anderson and Kepthorne (2), Cockerham (é, 9), Hayman and Mather
(18), Hornmer et al. (19), and many others followed Fisher's work in
developing models and theories for estimating epistatic effects along
with the other components of gehetic variance. Comstock and Robinson
(10) constructed several modelé with regard to determination of the -
effects of epistatic gene action. They indicated that the presence
of epistatic gene action would influence the estimation of additive
and dominance components of genetic variance and the estimates would
be biased upward if models were used that ignored epistasis. They
also proposed that genotype x environment interactions may cause an
upward bias in the estimation of additive genetic variance.

Many workers have used the modelsféonstructed by Comstock and
Robinson in many crops (21, 22, 23, 33). Kearsey and Jinks (23)
extended these models and -described a general test for epistasis.
Jinks et al. (22) used a simple extensibn of the design III of Com-

stock and Robinson (10) in detecting the epistatic effects in certain



quantitative traits on inbred lines of Nicotiana rustica.

Much of the research dealing with epistasis has been applied to
cross-pollinated crops, probably due to the existence of relationships
between hybrid vigor and the.epistatic gene action. Bauman (4)
conductedva study designed to detect the presence of epistatic gene
action in yield, ear height, and kernel row number in éorn. He conducted
different sets of tests, each set comprised of the two single-crosses
(Inbred A x Tester C and Inbred B x Tester C) and the three-way cross

(Inbred A x Inbred B F, x Tester C). He stated that only the minimum

1
amount of the epistasisvpresent couid be detected by this method. He
concluded that there are significant.ihteractions between epistasis and
year effect which he considered to be a partAof genotype X environment
interactions.

Spragueyet al. (37), in a study dealing with the estimation of
epistatic gene action in grain yield of corn, obtained an estimate of
epistasis from comparisons of population means over different sets
of single and three;way crosses. They found considerable deviations
due to epistatic gene effects and concluded that epistatic gene:actions
may influence yield potential in corn. According to Sprague et al. (37)
three main factors must be considered in dealing with genetic studies:
The type of gene action, the number of genes involved, and finally,
the genotype x environment interactions.

Gorsline (16) noted significant effects of epistasis for yield,
grain moisture, plant height, ear diameter, and several other
characters in maize. He used five different environments (thrge

environments in one year and two in another) and found that epistasis



was present when using one or more testefs with a combination of
environments. Epistasis x-environment interactions were seen mostly
in plant height and yield, but were less frequent in the case of grain
moisture and ear diameter.

Stuber and Moll (38) examinéd gpistatié gene action in maize
hybrids and their progeny and reported that epistasis &as present in
certain sets of crosses of corn lines‘for yield, ear number, days to
tassel, and plant height. But.they noted that the magnitude pf
epistasis was relatively small. In aﬁother experiment which consisted
of the crosses among selected lines in maize (39), they found that in
some characters, such as ear number, plant height, and ear height, the
epistatic values were highly significant, but epistasis did not contri-
bute significantly to yield or lodging. They also concluded thét geno-
type x eqvironment interactions should be conaidered in epistatic
studies. |

Cockerham (9), in a study of the implications of genetic variances
in hybrid breeding sqhemes;bapplied mathematicél models to cémpute the
relative efficiency of different selection systems with regard to the
epistatic gene action. He stated that some kinds of additive types
of epistasis would be useful in mass selection and faﬁily selection
schemes, but would be ineffective in progeny tests and other selection
systems. Gamble (15), in a study §f gene effects in corn, found that
epistatic gene action was of significant influence in eight crosses of
his experiment. He noted that, of all kinds of epistatic gene action
influencing gfain yield in corn, the additive X additive and additive x
dominance gene effects were felatively more important than the dominance

X dominance effects. He stated that epistatic gene actions were consid-



ered to be more effective than additive gene effects in the inheri;ance
of yield in corn.

Burton (6); in a study of epistasis in pearl mille; (Pennisetum
typhoides Burm.), applied Bauman's method in detecting the presence of
epistasis in forage yield. He concluded that’although the amount of
epistasis detected was not considerable, it is apparent that epistasis
for forage yield occurs frequently. Yermanos and Allard (41) noted
linear and curvilinear relationships between fle# seed—eil content
and levels of heterozygosis in flax. They used a genetic model which
had been developed.by Horner et al. (19) and stated that the curvilinear
relationship might be an indication of the existence of epistatic
gene action. Ketata et al. (24), in a study of the deteetion of various
types of gene actioq in>wheat, found fhat heading date, kernels per
spikelet, plant height, tiller number, and grain yield were affected
by epistatic'gene action. They stated that the additive types of
epistasis (additive x additive, additive x additive x additive, etc.)
could be useful in selection procedureé and standard hybridization
schemes.

Chapman and McNeal (7) found epistatic gene action fq; plant
height, tiller number, and grain yield in spring Wheat. In the case
of plant height, the most predominant type of epistasis‘was dominance
X dominance, but in tHe inheritance of tiller number, the additive x
additive type of epistasis played the majer role. They stated that
the detection of epistatic gene action is dependent on environmental
conditions and suggested that genetype X environment interactions must
be considered by plant breeders in their studies concerned with

epistatic gene action. Sun et al. (40) reported the presence of epi-



static gene action in kernél.weight in crosses of spring wheét in which
the parents were from different kernel weight classes. Apparently,

when the parents are genetically diverse, epistasis is more likely to
occur. Sandhu and Anandv(30), in a study of inhefitance of kernel

weight in wheat, indicated that this trait was controlled by additive

and dominance effects, as well asvepistatié.gene influences. According
to their fiﬁdings, dominance and epistatic gene actions were mbre
important than additive’gene action in contributing to kernel weight.
With regard to epistatic gene action, additive x additive and additive

x dominance interactions.played a more important role than other types

of epistatic interactions. Singh and Anand (32), in a study on the
inheritance of kernel per spike in wheat, showed»the importance of this
trait in contributing to the finél grian yield. They applied an epi-
static model to estimate the effect of epistatic gene action to this
trait and found that the dominance x dominance type of epistasis played

a major role in the expression of kernels/spike. Complimentary epistatic
gene action was found for kernel weight, kernels/spike, and grain yield
in wheat by Copp and Wright (11). In contrast, duplicate epistatic gene
action was associated mostly with tiller ﬂumber in wheat in a report by
Jasnowski (20). Paroda and Joshi (26) feported.that kernel weight is ﬁhe
most reliable yield component contributing to grain yield in,wheat.

Yield in wheat is the product of three major yield related traits;

tiller number, kernels/spike, and kernel weight (12, 17, 34). It is
important to determine the types and magnitudes of gene action control-
ling these traits; it is of particular importance to determine whether
epistatic gene action plays an'imporgént role. More studies dealing with

epistatic gene action in yield components of wheat are needed.



CHAPTER III

MATERIALS AND METHODS
Materials and Mating Systems

This study consisted of two spaced-planted populations of winter

wheat (Triticum aestivum L. em Thell.) which were evaluated at two

locations in Oklahoma during the 1977-78 growing season. The two
populations were studied at fhe Agronomy Research Station at Stillwater
on a Norge loam soil and at the North Central Research Station at
Lahoma on a Pond Creek silt loam soil. The populations were derived
from mating systems which were designed to provide‘for the detection
of epistatic genetic variance. Population 1 emphasized kernel weight
differenceé and Population 2‘emphasized‘spike size differences.
Population 1 involved 'TAM W-101', 'Lovrin 6', and their F1 hybrid
in crosses with a set of seven tester lines. Population 2 involved
'TAM W-101', 'F23-71', énd their F1 hybrid in crosses with the same set
of testers. Crosses to produce the desired genotypes were made in the
greenhouse in 1976 and 1977.. For each population, the mating system

4

resulted in 21 F s as follows: seven P1/Tester F.'s, seven P2/Tester

1 1
Fl's and seven P1/P2/Tester Fl's. These Fl's, along with the parents
and tester 1ines; resulted in 30 entries which comprised each population.
TAM W-101, which was a common parent in both populations is an

adapted, semi~-dwarf, hard red winter wheat which was released in 1971

by the Texas Agricultural Experiment Station. It has a high tillering
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potential and a high kernel weight value, but has a relatively low
value for number of kerngls/spike (29). TAM W-101 was selected from
the crosses of 'Norin 16'/3/'Nebraska 60'//'Mediterranean'/'Hope'/4/'Bison'.
Lovrin 6 is a short strawed, early mafuring winter wheat unadapted
to Oklahoma. This line originated from Romania. Its pedigree is
'Fiorella'/'Bezostaia 1' (35). Of all the types examined in Oklahoma
during the past 10 years, Lovrin 6 has had the highest kernel weight
values (35). |
F23-71 is a winter wheat chéracterized by large spikes, tall plant
height, and relatively laﬁe maturity. This germplasm line, also orig-
inating from Romania, was selected from the cross 'Neuzucht'/'F362-62'
(36). F23-71 is not well adabted for growing in Oklahoma, but it has
had the highest value for spike size so far observed in Oklahoma‘(36).
The seven testers, common to both populations, consisted of six |
cultivars tﬁat,originated in the Southern Great Plains and are.currenﬁly
in production in Oklahoma, and one cultivar from Bulgarié. These
seven testers, along with their place of origin, plant height and

maturity characteristics are listed below:

Tester Place of Origin Height Maturigy'
'Burgas 2' Bulgaria " Short Early
'Centurk’ | Nebraska Mid Tall  Mid Late
'Newton' Kansas Short . Mid Late
'Osage' Oklahoma Tall Late
'Payne’ Oklahoma - Short Mid Early
"Triumph 64' Oklahoma Mid Tall  Early

'Vona' Colorado Short Early
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Field Layout

Seeds of the 21 Fl's, along with the seven testers and two parents
which comprised each population, were planted in flats on October 28,
1977. Sufficient seeds of each entry were planted to provide for
enough seedlings for replicated tests at two locations for each pop-
ulation. On November 18, 1977 plants at the 3-leaf stage of the two
populations were transplanted on the Agronomy Research Station at
Stillwater. Transplanting of the two populations was done on November
22, 1977 at the Agronomy Research Station at Lahoma.

There were two populations grown at each of tw§ locations for a
total of four separate experiments. Each experiment consisted of 30
entries arranged in a randomized complete block design with three rep-
lications. Eéch en;ry was assigned to one plot at random in each
replication. Five test plants were grown in each‘plot with a border
(non-test) plant at both ends of the plot. Individual plants were
spaced at approximately 30 cm intervals within the row. Rows were 30 cm
apart and each row comprised a plot. The two popoulations in each
location were grown adjacent to each other, but were treated as separate
experiments. The populations at Stillwater were top-dressed with 135
kg/ha of ammonium nitrate on March 17, 1978. Supplemental irrigation
was applied during a brief dry period in early May. The populations
at Lahoma were irrigated immediétely after transplanting. They wefe
top-dressed with approximateiy 135 kg/ha of ammonium nitrate in early
spring. At maturity, each test plant (5 per plot) was harvested
individually with the heads enclosed in a paper bag. The plants were

stored for subsequent measurements.
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Characters Measured on Individual Plants

Five different characters, consisting of plant height, three
yield components, and grain yield, were measured on each individual
plant in each population at each location.

Plant Height ~ This measurement was determined as the distance

in centimeters from the crown to the averagé of the tips of the three

tallest spikes, excluding awns.

Tiller Number - The number of fertile tillers in a single plant
were counted for this measurement.

Kernels/Spike - This denotes the average number of kernels per

spike.' The three largest spikes of each plant were selected and threshed
separately. The kernels were then counted, and the average number of
kernels/spike were determined from these three spikes.

Kernel Weight ~ The kernels obtained from the three best heads

" were weighe@ to the nearest 0.1 gram_and divided by the number of kernels

comprising the sample. This trait was.gxpressed as g/1000 kernels.
Grain Yield - This measurement was recorded as the ﬁotal weight

in grams of grain from each plant. This value also included the weight

of grain from the three heads taken for kernels/spike and kernel weight

measurements.
Statistical Analysis

A standard analysis of variance was conducted for each character
in each population at each location. Two different analyses were con-
ducted for each character: one consisting of all 30 entries, while

the other consisted of the seven testers only. The overall means were
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computed for the five characters in each population at each location.
The means of sing}e—crosses, three~way crosses, and testers were
computed so that group comparisons could be made with the overail mean
for each character. Cross-products analyses were also conducted for
all five eharacters evaluated in eaeh population at each location

and phenotypic correlation coefficients were computed for all possible

pairs of characters from the data set of the seven testers.
Detection of Epistasis

Further analyses, which involved the main part of this study, were
made for detecting epistatic gene effects in all the characters under
study. In genetic studies involving_quantitative traits, plant breeders
are concerned with the relative magnitudes of ehe three types of gene ‘
action; additive, dominance, and epistasis. Since Fisher (14) first
partitioned genetic varience into these three components, most quanti-
tative genetic studies have been concerned with estimates of additive
and dominance effects while ignoring epistasis. However, a few attempts
have been made to study epistasis.

The model used for detecting epistasis in this study was that
described by Bauman (4), and later used by Kearsey and Jinksv(23) and
by Jinks et al. (22). This model is based on the following relation-
ship: L,+L_-2L_=0, where L, is Parent, x Tester,, L, is Parent, x

172 773 1 1 1’ 72 2

Tester,, and L, is the Fl(Pl'k P2) x Tester 1. Epistasis would be

1 3

indicated if L1+L2—2L3 is significantly different from zero.

The following model was used in describing various phenotypes:

i K u+G +rk where

Lijk indicates the phenotypic value in the kth replication of the cross
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Lij (Parent i and Tester j),

U refers to the mean of all single and three-way crosses,
Gij is the genotypic value of the cross Lij (Parent i x Tester j),

rk denotes the effect of replication k, and
e_jk is the error value associated with that particular cross ir
i ‘ : (

replication k.-

It then follows that: (G J+G ) + (e

Lyt 2jk 2572 15k e23K”

2e3jk) where Lljk=Parent1 X Testerj, ’zjk=Parent2 x Tester j, and 2L3jk=

2 times (P1 X P2) x Tester 3’ all in the kth replication. Deviations

+L, ., -2 +L, .-
L1jk L2jk L3jk were summed over replications (denoted as LlJ L2 2L )

and computed for each tester. Furthermore, Glj’ sz, and G3j are

genotypic values of Parent, x Testerj, Parent 2 x Testerj, and their

1

F., x Tester,, respectively and (e ) are the error values

1 j 1j k 2 k ~2e 3
which were derived from the deviations Ll k ZJk <2L 3 Kk pooled over the
testers. |

All genotypic values as well as error values shown in the formula
are contained in the pnenotypic values. All these deviations were
computed for eacn tester used in the study. In using rhis model to
detect epistasis, the assumption was made_that all error valuee are
of equallmagnitudes, in other words, the environmental effects are
assumed to be homogeneous. This means that the expectations are:
eljk=e2jk=e3jk' Therefore, the error values can be cancelled out in
computation. Consequently, this assumption was made in computing the
deviations of L1+L2—2L3vand their means over replications for each tester.

An F-test with 6 and 14 df was used to evaluate the value of
deviations of Llj+L2j—2L3j for each trait in each population. Epistasis

was present if the computed values were significantly different from
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zero. The use of the F-test iﬁdicates whether the testers made differ-
ent contributions to the epistatic gene action for a particular trait.

However, if the deviations are all of the same sign and of coﬁpar-
able magnitudes, the F-test will fail to detect epistasis even thoﬁgh
present. Consequently, in such cases, the use of the T-test is
suggested. The T-test provides an accurate measure of the average
epistatic deviation resulting from all testers evaluated in the study.
Consequently, a T-test with 14df was used to determine whether the
overall deviations L1j+L2j—2L3jkfor epistatic expression of each char-
acter was significantly different from zero.

In addition to the detection of épistasis in individual experiments,
the general model used in this study also provides for estimation of
genotype x environment interaction for the characters measured. To
estimate G x E interactions in this stﬁdy, deviatio-ns‘Lljk+L2jk—2L3jk
were computed for each test cross set in each of the two locations.

In this case, G x E interaction is the epistatic x location interaction.
A special analysis of variance was cOnducte& to determine the different
effects of testers in different locations. The corrected total source
of variation in this analysis had 41 degrees of freedom associated

with it, comprised of the source of variation due to location, repli-
cation within location, parental average, testers,rlqcation x tester,
and error with 1, 4, 1, 6, 6, and 24 degrees of freedoﬁ, respectively.
Epistasis x environment (location) estimates were indicated if Signifi—

cant mean square values were obtained for location, or location x

tester in this analysis.



CHAPTER IV
RESULTS AND DISCUSSION
Analysis of Variance

Two spaced-planted populations, each consisting of 30 entries
were evaluated at Stillwater, (Location.l) and Lahoma (Loéation 2) in
1978. Population 1 (TAM W-101/Lovrin 6 crosses) emphasiééd kernel
weight differences, while Population 2 (TAM W—101/F23—71 crosses)
emphasized kernels/spike differences.  Growth and development of the
plants at Lahoma suffered from early drought stress. The mean.yield
(average of both populations) of the 7 testers at Stillwéter was
12.2 g/plant while at Lahoma the yield was 6.7 g/plant. .Plant height
means also reflected this difference, being 68.6 cm at Stillwater and
62.0 cm at Lahoma.

The mean square values for the five agronomic traits of the two
populations at both locations are presented in Table I.: For each
population in each location two different analyses were conducted.
One analysis included all 30 entries, while the other consisted of the
testers only. Differences among entriéé with respect to all five
characters in both populations and both locatiohs were highly
significant (at probability level 0.01) in both types df énalyses
with one exception. This exception was with grain yield in Populatioh

2 Location 1, in the analysis of testers only. This mean square was
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not statistically significant at either the .0l or .05 probability

level.
Character Means

Character means for plant height, tiller number; kernels/spike,
kernel weight, énd grain yield,.based on individual plants, are pre-
sented in Tables II, III, IV, and V; réspectively, for Populafion 1
Location 1, Population 1 Location 2, Popuiatioﬂ 2 Locatién i, and Popu—‘
lation 2 Location 2. The 30 entries shown in the first éolqmn of each
table were comprised of 14 singlé—crossés; 7 three-way crosses, 2
parents (selfed), and 7 testers (selfed). In Population 1 at\chation
1 (Table II), grain yield range& from.8.8 g/plant for Osage to 18.0
g for TAM W-101/Payne (single-cross). The average grain yield/plant
value of all single-crosses involQing TAM W-101 was 15.5 g which
exceeded the overall mean of 13.3 g/plant. TAM W-101/0Osage was the
only single-cross in ‘this category which‘haq a lower value than the
overall mean. In contrast, somewhat lower values for grain yield/plant
were observed in the single-crosses in?olving Lovrin 6. These crosses
had an average of 11.7 g per plant. The éverage grain yield of all
the three-way crosses was exactiy the same as the overali mean (13.3
g/plant). Testers had an average yield/plant of 12.9 g which was
slightly below the overall mean value.

In Population 1 Location 1, kernél weight rangéd from 25.7 g/lbOO
kernels for Centurk to 41.3 g/1000 for Lovrin 6/Burgas 2 and.Lovrin 6/
Triumph 64 (single-crosses). fhe overall kernel weight mean in this
population was 35.0 g/1000 kernels. The Lovrin 6 parent had a value

of 34.9, which was below th% overall mean. This was unexpected
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since Lovrin 6 has had high values for kernel weight for the past
several years in Oklahoma tests. The barticular environmental
conditions that were encountered in the 1978 season may havé re-
duced the kernel weight of Lovrin 6 more than expected. The mean
kernel weight values of three—way crosses as well‘as the single-
crosses involving Lovrin 6 were higher than the overall mean, but
testers with an average of 30 g/1000 kernels were -below the overall
mean. |

In Populationll at Location 2 (Table III), the overall means for
all characters were lower than the corresponding means for Population
1 at Location 1. The differences were seen especially in grain
yield and kernels per spike. Grain yield ranged from 3.2 g/plant
for both Centurk and Osage to 15.7‘g/p1ant for TAM W-101/Burgas 2.
These differences were significant at the .01 probability level.
Single-crosses involving TAM W-101 and the three-way crosses, with
average grain yield values of 10.3 g and 10.1 g/plant, respectively,
were higher than the overall mean (8.6 g). The average_value for
single-crosses involving Lovrin 6 were 8.1 g/plant which was slightly
lower than the overall mean. The testers héd an average of 6.3 g/plant.
This value was significantly different from the overall mean.

Kernel weight values in Popﬁlation 1l at Location 2 ranged from
20.0 for Centurk to 40.3 g/1000 kernels for TAM W-101/Burgas 2 with
an overall mean of 31.6 g/1000 kernels. These values were significantly
different from the overall mean at probability level .0l." The lowest
mean value was observed for testers with an average of 24.9 g/1000
kernels which was significanfly different from the overall mean value.

The single-crosses involving each parent as well as all three-way
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crosses had average kernel weight values which were higher than the
overall mean.

- In Population 2 at Location 1 (Table IV), the values for‘grain
yield/plant ranged from 5.7 g for F23-71/0sage to 17.9 g/plant
for F23-71/Centurk. These values were significantly different'froﬁ
the overall ﬁean value. The single-crosses involving TAM W-101 had
a mean yieldAof 15.3 g/plant while three—ﬁéy crosses averaged 14.7 g/
plant. -Both of these values exceeded the overall mean wﬁich was
13.6 g/plant. But they were no£ significantly different from the
overall mean at either the .0l of .05 probability level. 1In contraét,
the average value of single—crésses involving F23-71 was 12.8 g/plant
which was lower than the overall mean. The mean value for the testers
was 11.5 g/plant, which was also below the overall mean.

Kernels/spike ranged from 23.1 for F23-71/0Osage to 54.0 for
F23-71/Burgas 2. The overall meén of this population was 39.8
kernels/spike. The higher and lower values were both significantly
different from the overall mean. The F23-71 parent had a kernels/spike
value of 47.1 which was significantly higher than the overall mean
value. This was expected since this pérent has been the best genotype
so far evaluated in Oklahoma with regard to this character. Single-
crosses involving TAM W-101 had an average kernels/spike value
of 37.8 which was slightly lower than the overall mean value. In
contrast, the average value of single-crosses involving the F23-71
parent was 40.3 kernels/spike which was slightly higher than the
overall mean. Three-way crosses had an average of 39.8 kernels/spike
which was equal to the overall mean valué. The mean value of the

seven testers was 40.6 kernels/spike which was slightly higher than
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the overall mean value. However, this value was not significantly
different from the overall mean.

For Population 2 at Location 2, the mean values of the five
characters are listed in Table V. Grain yield ranged from 4.1 g
for Burgas 2 to 12.5 g/plant for TAM W-101/Centurk (single-cross)
with an overall mean value of 8.4 g/plant. The higher and lower
values were significantly different from the overall mean value.

The mean vaiue for the single-crosses involving TAM W-10l1 was 9.9
g/plant which was higher than the overall mean value. On’fhe other
hand, the mean value of the single-crosses involving F23-71 at 7.9
g/plant was slightly below the overall mean. Also, the testers with .
an average of 7.0 g/plant were below the overall mean value.

The values for kernels/spike for Population 2 at Location 2
ranged from 23!9 for F23-71/0sage tc 41.9 for Newton with an overall
mean value of 33.9. There was significant differences between these
values and the overall mean value. The average value of single-
crosses involviﬁg TAM W-101 was equal to the overall mean value. The
three~way crosses and the single-crosses involving F23-71 parent had
the average values of 33.5 and 32.9, respectively, which were
slightly lower than the overall mean value. The average value of
testers at 35.3 was slightly higher than the overall mean value.

Kernels/spike and grain yield values for the crosses between the
Osage teéter and the TAM W-101 parent in Population 1 were considerably
lower than the corresponding single—éross value involving the other
testers. Similar results were observed also for this tester in‘
Populafion 2 at both locations. These findings with regard to the

Osage crosses are perhaps due to climatic conditions in which this
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tester did not express its characterstics normally. There may have
been a problem with hybrid necrosis. Hybrid necrosis symptoms have been

observed in the past with some crosses involving Osage under certain

environmental conditions.

Correlation Coefficients

Phenotypic correlation coefficients for all two-way comparisons
among the five characters are shown in Tables VI, and VII. In all cases,
correlation coefficients were computed from the data set of the seven

testers.

Population 1

The phenotypic correlations for Population 1 (seven tester) at
Locations 1 and 2 are shown in Table VI. The upper values in the table
are the correlation cqefficients for Location 1, and the 1ower values
are those for Location 2. Statistically sigaificant correlation coef-
ficients were obtained between plant height and kernels/spike at both
locations. These values were intermediate to high in magnitude and
positive in sign. Statistically significant positive correlation co-
efficients were found between plant height and kernel weight in Popula-
tion 1 which were low to intermediate in magnitude; positive in sign, and
statistically significant at the 0.05 probability level at Location 1
and 0.0l probability level at Location 2. Tiller number was positively
correlated with grain yield/plant with correlation coefficient of 0.753
at Location 1 and 0.842 at Location 2. Both of these coefficients were
relatively high in magnitude and statistically significant at the 0.01

probability level. Kernel weight and kernels/spike were correlated
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positively at Location 1 but there was no indication of statistical
significance for the coefficients among these twé characters at Loca-
tion 2. Positive correlation coefficients were oﬁtained for two-way
comparisons between grain yield and kernels/spike and between grain yield
-and kernel weight at both lqcations. Corrélation coefficiénts were not
statistically significant for two-way comparisons involving plant height
and tiller number, tiller number and kgrnels/spike, tiller number and.

kernel weight in Population 1 at either Location 1 or Location 2.

Population 2

In Population 2 (seven testers) af Location 1 and 2, the
phenotypic correlations for all two-way comparisons among five
characters are listed in Table VII. Statistically significant
correlation coefficients were obtained between plant height and
tiller number at Location 2, but the correlation coefficienfs
between these two traits at Location 1 were not statistically
significant. Kernels/spike and plant height were significantly
correlated at both locations. Correlations between plant height
and kernel weight, and between plant height and grain yield/plant
were intermediate in magnitude and significant at the 0.01 probability
level at both locations. Statistically significant correlation co-
efficients were found between tiller number and kernels/spike, énd
between tiller number and kernel weight at Location 2, while the
correlation values of two-way comparisons Eetween these characters
were not statistically significaqt at Location 1. Correlation
coefficients of relatively high magnitude were found between tiller

number and grain yield, as was the case in Population 1. At Location
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1, this correlation coefficient was 0.754, while at Location 2 the
value was 0.896. In both cases the coefficients were statistically
significant at the 0.0l probability level. Correlafions between
kernels/spike and kernel weight were highly significant at Location 1
but not at Location 2. Correlation coefficients bétween kernels/spike
and. grain yield, and also between kernel weight and grain yield were
statistically significant at the 0.0l probability level at both loca?
tions and intermediate in magnitudé. All of the correlation coeffi-"

cients in Population 2 at both locations were positive in sign.
Analysis of Variance for Epistatic Deviations

The results of epistatic deviations for the five characters are
shown in Table VIII and IX. Mean square values for.testers involving
both populations are shown in the upper part of the tables, while
the overall epistatic deviations are presented at the lower portion
of the tables. Significant values of either the tester mean squares
or the overall epistatic deviations, or both indicates the presence
of epistafic gene actiom.

In Population 1 (TAM W-101/Lovrin 6) at Location 1 (Table VIII),
epistasis was detected for kernel weight in the overall epistatic
deviation analysis. There was no indication of significant epistatic
gene action for plant height, tiller number, kernels/spike, or grain
yield/plant in this population at Location 1. 1In Population 2 (TAM W-
101/F23-71) at Location 1 (Table VIII) significant epistatic gene
effects were observed for tiller number and kernel weight in the
overall epistatic deviation analysis, while significant deviations

were observed for kernels/spike and kernel weight in the among tester
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deviation analysis. In this population, epistatic gene action was not
detected for plant height or grain yield/plant. For those characters

in which there was no significant indication of epistasis, thefe is
still a possibility‘that epistatic gene action was present but not
detected (4). According to Bauman (4), in a theoretical example con-
sidering 2 alleles at 2 loci that»show epistasis, the testers with

AABB, AAbb, and aaBB genotypes will_mask the epistatic expressions.

Only (P1 AAbDL x P2 aaBB) x Tester (aabb) would show epistatic deviations.

In Population 1 at Location 2 (Table IX) evidence of epistatic
gene action was observed for plant height, tiller number, kernei
weight, and grain yield/plant. Kernels/spike was the only character
in this population which did not show evidence of epistatic gene
influence at this location. 1In Population 2 at Location 2 (Table IX),
there was no indication of significant epistatic effects, neither
by the tester mean squares, nor by the overall epistatic deviations
in the characters under study.

Considering Population 1 (TAM W-101/Lovrin 6), epistasis was
detected for kernel weight at both locations and for plant height,
tiller number and grain yield at Location 2 only. In Population 2,
epistasis was detected for tiller number, kernels/spike and kernel
weight at Location 1 but none of the five characters showed signifi-
cant epistatic deviations in Location 2. The detection of epistatic
gene action for kernel weight in Populations 1 and 2 in this study
agrees with the reports by Sun et al. (40), Ketata et al. (24),

Paroda and Joshi (26) who found epistasis to be present for kernel
weight in studies on wheat. In contrast, Bhatt (5), Chapman and

McNeal (7), and Ketata et al. (25), found no indication of the
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the presence of epistatic gene action for this character in wheat.
For tiller number, the detection of epistasis in Population 2 at
Location 1 and Population 1 at Location 2 is in accordance with
reports by Paroda and Joshi (26),.Ketata et al. (25), and Chapman
and McNeal (7). While the failure to indicate the effect of epistatic
gene action for tiller number in Population 1 at Location 1 and Popu-:
lation 2 at Location 2 agrees with the finding of Ketata et al. (26).
The indication of epistatic gene action for kernels/spike in
Population 2 at Location 2 is'in accordance with the findings of
Singh and Singh (33), and Paroda and Joshi (26). The failure to
detect sighificant epistatic gene action for kernels/spike in Popu-
lation 1 at Location 1 and Populations 1 and 2 at Location 2 agrees
with the results of work by Ketata et al. (24, 25). Detection of the
epistatic gene action for plant height in Population 1 at Location 2
is in accordance with the findings of Ketata et al. (25), Singh and
Singh (33), and Amaya et al. (1), who found epistasis to be present
for plant height in studies on wheat. For grain yield/plant, the
presence of epistatic gene action indicated in Population 1 at Loca-
tion 2 agrees with the findings of Ketata et al. (24), Chapman and
McNeal (7), Singh and Singh (33), and Amaya et al. (1).
In the detection of epistasis in this study, the results tend
to be inconsistent. Epistasis was indicated for four of the characters
in only one of the four possible pqpulation—lotation combinations.
Kernel weight had a significant epistatic deviation in three or four

possible population-location combinations.
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Epistatic Effects Associated With Individual Testers

The preseﬁce of epistatic gene action'for-kernels/spike and
kernel weight in association with testers was indicated in Populations
1 and 2 at one or both locations. This is an indication of a signifi-
cant epistatic contribution by the testers. In this case, testers
differed in contribution of epistatic gene effects to these characters.

To determine the effects of individual testers in cbntriﬁuting
to epistasis for each character, spééial computations were carried
out based on the following model:

2G +(E -2E,..)

L1k 235k C157C2; 15K E23k B3k
All deviations with respect to the phenotyplc expressions (L1j+L2j—2L3j)}
were computed separately for each tester in each population evaluated
at each locatioé. The results of these computations for each character
are presented in Tables X, through XIV. Plus and minus values pre-
sented in these tables indicate the direction and relative magnitudes
of epistatic deviations of individual testers based on the L1+L2—2L3
model, which are associated with the character in question.

Epistatic deviations associated with individual testers for plant
height are presented in Table X. There was only one significant
deviation for this character. This deviation was observed with the
tester Newton in Population 2 at Locaﬁion 2. In this pase, there
was an indication of a significaﬁt negative epistatic interaction for
plant height involving the tester Newton.

Epistatic deviations associated with individual testers for

tiller number are presented in Table XI. There were four signifi-

cant deviations for this character; two of which involved the tester
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Osage. Epistatic gene action for tiller number involving Osage was
indicated in Population 2 at Location 1 and also in Population 1

at Location 2. There was a significant deviation for tiller number
associated with the tester Payne in Population 1 at Location 2 and

with the tester Véna, also in Population 1 at Location 2.

For kernels/spike (Table XII), three significant epistatic
deviations were detected. These three significaht deviations
involved three different testers in Population 1 at Location 2. There
was a positive significant deviation associated with Burgas 2, a
negative sigﬁificént epistatic effect associated with Osage, and a
negative significant effect associated with Payne.

Individual epistatic deviations for kernel weight are presented
in Table (XIII). Seven significant deviations were observed for this
character. The tester Centﬁrk in Population 1 at Location 1 con-
tributed a major negative portion of the overall deviation in kernel
weight. In contrast, the tester‘Newton showed a positive significant
epistatic deviation for this character in Population 1 at Location 2
and in Population 2 at Location 1. Significant negative deviations
for kernel weight were associated with teéters Payne, Triumph 64,
and Vona in Population 1 at Location 2. Vona also showed a signifi--
cant positive deviation in Population 2 at Location 1. Newton and
Vona contributed positive epistatic effects in Population 2 while
Centurk, Payne, Triumph 64, and Vona were associated with significant
negative deviations in foﬁulation 1 for kernel weight.

The epistatic gene influences assogiated with individual testers
for grain yield are shown in Table XIV. As shown in this table,

theré was only one case of significant deviation due to epistasis
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associated with individual testers. This was the significant negative
deviation associated with Burgas 2 in Population 2 at Location 2.

The pattern of epistatic deviatiqns associated with individual
testers for all five characters studied in the two populations at
the two locationms, in&icate thatza relatively large number of testers
should be used to detect epistasis gene influence in studies of this
type. A small number of testers migﬁt ﬁpt be enough to detéct
epistatic expressidn for a character under study. 'Seven testers were
used in this study and several cases of epistasis were détected but
a larger number of testers would have been more desirable. The
genotypes of the parents and the testers in epistafic studies are élso
important. In an ideal situation for detecting the.epistatic gene
action b§ using the previously mentioned model, one of the parents
could be dominant, the other recessive for the character under study,

and the testers should be recessive (4).
G x E Interactions for Epistatic Effect

The detection of epistatic gene action for certain characters
in one location but not‘in thé other within each population suggests
that environﬁental influences aésociated with locations plaYs an
important role in determining the influence of epistatic gene
action. This suggests a péssible non-linear effect of different
environmeﬁts. The importance of genotype x environment interactions
in regard to epistasis were indicated in different crops by several
workers (3, 4, 6, 21, 27, 28). In the present study, the occurance
of significant epistasis x location interactidns would be an indication

of a differential response among genotypes to the prevailing
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environmental condition in the two different locations in which the
populations were tested.

Tables XV and XVI present the analysis of epistatic deviations
for GxE interactions for five characters in Population‘l (TAM W-101/
Lovrin 6) and Population 2 (TAM W-101/F23-71), respectively. The
values shown in thg tables are deviation.mean squares for plant
height, tiller number, kernels/spike,.kernel weight, and grain yield
associated with testers anaiyzéd over the two locations. The model
used to detect the epistatic deviations was also applied to compute
Lljk+L2jk—2L3jk deviations for each population at each location to
determine GxE interactions. Significant mean square values as-
sociated either with locations ér location x tester sources of
variation (Tables XV and XVI) would indicate the presence of signifi—
cant epistatic x location (GxE) interactions.

In Population 1, as shown in Table (XV), there was no indication
of significant GXE interactions with respect to any of the characters
since none of the critical mean squares reached statistical signifi-
cance. In Population 2, as shown in Table XVI, significant epistatic
x location (GxE) interactions were indicated for plant height and
tiller number. Many workers have indicated the influence of environ-
ment affecting epistatic gene action (3, 4, 6, 21, 27, 28,). Burton
(6), indicated the importance of the environmental effects in the
expression of epistatic gene action in pearl millet forage yields and
stated that epistatic -gene action maybhave a larger interaction with
the environment than in the case of dominance gené action.

Althopgh the importance'pf_GxE_interactioﬁ has been shownAby

several investigators and is generally considered to be an important
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factor in influencing epistatic géne action, the results of this
study involving two populations of winter wheat at two locations
shoyed that epistatic x location interaétions were of_little im-
portance. However, the possibility exists that the analysis used

in this study may not have beeﬁ sensitive enought to detect episﬁatic
x location interactions for kernels/spike, kernel weigh;, and grain

yield.



CHAPTER V
SUMMARY AND CONCLUSIONS

Two populations of winter wheat (Triticum aestivum L. em Thell),

derived from mating systems which were designed to provide for the
detection of epistatic gene action, were evaluated as spaced-plants at
the Agronomy Research Stations in Stillwater and Lahoma, Okldhoma, in
the 1977-78 crop séason. | |

Population 1 (TAM W-101/Lovrin 6), emphasized kernel ﬁeight
differences while Population 2 (TAM W-101/F23-71), emphasized kernels/
spike differences. Both populations had one parent‘in common (TAM w-101),
which was an adapted, semi-dwarf, hard red wintér wheat cultivar. The
other two parents, Lovrin 6, a large-seeded genotype, and F23-71, a
large-spiked genotype, originated from Romania. Neither of these
Romanian germplasm lines is adapted for production in Oklahomé. Seven
testers, common to both populations, were crossed with each of the

two parents and their F 's (seven Pl/Tester Fl's,

1
's, and seven PI/PZ//Tester F

hybrids to produce 21 F1

seven Pz/Tester F 's) for each population.

1 1
The seven testers consisted of six cultivars adapted to the Southern
Great Plains (Centurk, Newton, Osage, Payne, Triumph 64, and Vona) and
one unadapted cultivar (Burgas 2) from Bulgaria.

Thirty entries, consisting of 21 Fi's,.Z parents, and 7 testers,

for each population were grown in each location. Seeds of the 30

entries of each population were planted in flats on October, 1977. Then

31
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in November, 1977,vplants at the 3~leaf stage were transplanted to the
field (2 populations in each 1ocatioﬁ) etilizing a randomized complete-
block design with 3 replications. Each plot consisted of five test plants
which were spaced approximately 30 cm from each other within the row. There
was a non-test border plant at either end of the row. Rows were 30 cm
apart. Data were obtained on five agronomic characters: plant height,
tiller number, kernels/spike, kernel weight, and grain yield/plant in
each population at each locafion on an individual plant basis.

Two sets of analysee of variance was used: One analysis included
all 30 entries, while the other consisted of the seven testers only.
In both sets of analyses, differences among entries with respect to
all five charactefs were‘highiy significant except for grain yield
in Population 2 at Locafion 1 for tester set only, in'whfch no signifi-
cant value was obtained. ‘Meaﬁ values were computed for all characters
in each population at each location. Differences in grain yield and kernel
weight values in Population 1 (TAM W-101/Lovrin 6), and grain yield and
kernels/spike values in Popelation 2 (TAM W—101/F23—71); based on group
comparisons for the average performances of single-crosses, 3-way
crosses, and testers (selfed) were examined in each population.

The main part of this study was devoted to the detection of

epistatic gene action. An epistatic model of L =(G1 +

1jk+szkf2L3jk j

G2j—2G3j)+(E1jk+E2jk_2E3jk) was used to detect the presence of epistatic

genetic variance. Tester mean square values (L1+L2—2L3 for each tester)

as well as the overall epistatic deviations were used to detect the

presence of epistatic gehe action affecting the five agronomic char-
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acters in each population atveach location. The deviations of
L1+L2—2L3 associated with individual testers were examined to determine
whether particﬁlér,testers made different contributions to epistatic
gene action for the charac;ers involved in this study.

With regard to this Study,‘there were eight possible cases for
detecting epistasis for each character (two populations, two locationmns,

and two methods of detection). Significant epistasis was detected as

follows:

Plant Height ~ epistasis was detected for this character in one
out of eight cases. This indication was found in Population 1 at
Location 2 in the overall epistatic deviation analysis.

Tiller Number - epistatic gene action was detected in two out

of eight cases. These were found in Population 1 at Location 2, and
in Population 2 at Location 1, both in the overall epistatic deviation
analysis.

Kernels/Spike - epistatic gene action was detected in one out of

eight cases. This indication was found in Population 2 at Location 1

in the among tester deviation analysis.

Kernel Weight - epistasis was detected in five out of eight cases.
These deviations were found in‘Population 1. at Location 1 in the overall
epistatic deviation analysis,lin Population 1 at Location 2 in both
among the tester and the overall epistatic deviation analyses, and in
Population 2 at Location 1 in bothAamoﬁg the tester and the overallA
epistatic deviation analyses.

Grain Yield - epistasis-was detected for this character in one out
of eight cases. This deviation was found in Population 1 at Location 2

in the overall epigtatic deviation analysis.
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To determine the specific contribution of individual testers to

epistatic expression of each character, computations were done utilizing

the same epistasis model which was mentioned previously, i.e., Lljk+
szk-—ZL3jk (G j -2G j)+(E1 K ij ) Deviations of Lljk 25k”
2L3jk were summed over replications (denoted as L1j+sz—2L3j) and

computed for each tester.

The results of epistatic effects associated with individual testers
in Population 1 (TAM W-lOl/anrin 6) are as follows:

Burgas 2 - did not contribute significant epistatic .deviation to
any of the five agronomic characters.

Centurk - contributed significant epistatic effects tn kernel
weight at Location 1.

Newton - contributed significant epistatic deviations ﬁo kernel
weight at Location 2.

Osage - contributed significant epistatic deviations to tiller
number at Loc;tid% 2. |

égzng - contributed significant epistatic deviations to tiller
number and kernel weight at Location 2,

Triumph 64 - contributed signifinant epistatic.effects for kernel
weight nt Location 2. | |

Vona - contributed significant epistatic deviations to tiller
number and kernel weight at Location 2.

The results of epistatic effects associétéd with individual testers
in Population 2 (TAM Wlel/f23—71) are as follows:

Burgas 2 - contributed significant epistatic effects to kernels/

spike at Location 1 and to grain yield at Location 2,
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Centurk - did not contribute signifiéant epistatic deviations to
any of the five characters.

Triumgh 64 - did not contribute significant epistatic deviations
to any of the five'characters;

Newton - contributed sigﬁificant epistatic effects to plant
height at Location 2 and tb kernel weight at Location 1.

Osage - contributed significant epistatic deviations to tiller
number and kernels/spike at Location 1.

Payne - contributed significant epistatic effects to kernels/
spike at Location 1.

Vona - contributed significant epistatic deviations to kernel
weight at Locatiom 1.

Differences among testers in regard to their contributions to
epistatic deviations in the five characters investigated indicate that
epistatic gene action played a significan;_role in influencing these
yield-related traits. Therefore,‘in formulating the breeding schemes
to improve wheat populations, attention should be focused on epistatic
gene action as well as dominance and additive components of genetic
variance. If epistatic gene ac;ion is ignored in breeding programs,
plant breeders would be denied information about epistatic gene action,
and possibly be biased in regard to estimates of the other components
of genetic variance.

The number of testers used in studies of this type may play an
important role in detecting the presence of epistasis. Seven testers
were used in this study and epistasis was detected for eaéh of the
five characfers in' at least one population - location combination; The

use of a larger number of testers may have provided a better estimate
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of the importance of epistésis in affecting these yield related traits
in wheat.

An epistatic model was applied also to detect the presence of
epistatic x location (G x E) intéractions. qu this purpose, two
different locations were used and effects of the environment were
considered as causing a differential influence in the epistatic gene
action of the characters under study. _The results indicated no
signifiéant epistatic‘x location (G x-E) with respect to plant ﬁeight,
tiller nuﬁber, kernels/spike, kernel weight, and grain yield in -
Population 1 (TAM W-101/Lovrin 6). 1In Population 2 (TAM W-101/F23<71),
significant epistatic x location (G x E) interactions were obtained for
plant height and tiller number.

In contrast to reports in the literature, epistatic x environment/
(G x E) interactions appeared to beifelatively unimportant in this
study. Failure to detecf a higher frequency of this type of genetic
x environment interaction may have been due, at least in part, to

limitations of the experimental design. More than two environments

(locations) would have been preferable.



TABLE I

MEAN SQUARES FOR FIVE CHARACTERS FOR EACH POPULATION

IN EACH LOCATION COMPUTED BOTH FOR 30 ENTRIES
AND FOR TESTERS ALONE
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/

Plant

Kernels/

Source_of . Tiller Kernel Grain
Variation df Height Number Spike Weight Yield
Popn 1, Loc 1°
All Entries 29 315.54%% 80.52%% 421.10%% 360.82%% 93.25%%
Error 58 52.32 12.56 68.33 19.63_ 19.58
Testers only 6 671.47*% 120.51%*% 522.42*%% 236.94%%:108.80%*
Error 12 67.53 4,71 70.84 19.92°2 15.63
Popn 1, Loc 2
All Entries 29 321.86%%* 170.52%*% 220.98*%* 466.94%% 115.32
Error 58 60.84 17.62 41.58 26.48 14.29
Testers only 6 280.63*%* 255.70%% 297,26%*% 348.96%* 114,23%%*
Error 12 45.23 17.43 38.10 23.90 10.67
Popn 2, Loc 1 |
All Entries 29 548;89** 91.83%* 501.08** 319,81%** 131.61%*
Error 58 74.75 20708 67.29 26.12 30.96
Testers only 6 609.70%%* 126.65%* 374,51*%% 264.97%* 47,81
Error 12 49.20 16.66 46.99 21.80 20.55
Popn 2, Loc 2
All Entries 29 483.12%% 120.66%* 260.79%*% 256.17%*% 68,50%*
Error 58 - 46.94 20.96 70.39 36.91 15.81
Testers only 6 359.82%=* 153.63** 405.13*%% 174.46%% 51,93%*
Error 12 47.57. -16.98 51.15 23.96 7.74

*, %% Gignificant

at p = 0.05 and 0.01, respectively.



TABLE 11

MEANS (BASED ON SINGLE PLANTS) OF FIVE CHARACTERS OVER

3 REPLICATIONS FOR 30 ENTRIES IN i"OPULATION 1
(TAM W-101/LOVRIN 6) AT LOCATION 1.

Tiller

Plant Kernels/ Kernel Grain
Height Number Spike: Weight Yield

Entry (cm) (number) (number) (g/1000) (g)
TAM W-101/Burgas 2 70.7 17.0 41.2 41.0 16.7
TAM W-101/Centurk 75.0 16.9 45.6 33.0 16.8
TAM W-101/Newton 70.5 14.7 49.3 34.1 15.6
TAM W-101/0sage 70.1 13.1 31.1 34.5 9.7
TAM W-101/Payne 69.3 17.1 44.7 35.3 18.0
TAM W-101/Triumph 64 76.7 17.9 38.1 39:5 17.2
TAM W-101/Vona- , 64.9 17.5 38.6 33.8 14.3
TAM W-101/Tester X’ 71.0 16.3 41.2 35.9 15.5

TAM W-101/Lovrin 6//Burgas 2 67.4 12.5 36.8 40.9 12.7
TAM W-101/Lovrin 6//Centurk 74.1 14.8 39.7 35.6 13.1
TAM W-101/Lovrin 6//Newton 72.1 16.5 %46.1 37.1 16.3
TAM W-101/Lovrin 6//0sage 69.5 15.3 33.2 37.6 12.7
TAM W-101/Lovrin 6//Payne 71.9 13.7 41.5 37.4 14.1
TAM W-101/Lovrin 6//Triumph 64  73.5 15.1 33.4 38.6 12.4
TAM W-101/Lovrin 6//Vona 65.9 14.3 40.5 33.5 12.0
F| x Tester X 70.6 14.6 38.7 37.2 13.3
Lovrin 6/Burgaq 2 66.9 13.1 37.6 41.3 13.0
Lovrin 6/Centurk 68.9 14.5 39.0 30.4 12.6
Lovrin 6/Newton 61.9 11.4 35.2 35.3 9.7
Lovrin 6/Osage 70.8 13.8 33.5 36.6 11.3
Lovrin 6/Payne 68.7 11.7 38.0 36.4 12.6
Lovrin 6/Triumph 64 72.9 12.1 36.3 41.3 12.1
Lovrin 6/Vona 66.3 14.7 37.6 33.5 10.8
Lovrin 6/Tester X 68.1 13.0 36.7 36.4 11.7
Burgas 2 60.0 10.7 47.1 32.4 11.8
Centurk 72.7 16.8 48.5 25.7 13.3
Newton 67.2 15.0 48.6 28.8 13.7
Osage 71.3 14.3 35.5 28.6 8.8
Payne 69.5 19.0 47.5 31.1 17.7
Triumph 64 80.6 16.7 35.5 37.3 13.2
Vona 63.5 18.4 42.9 26.4 1.7
Tester X 69.3  15.8 43.7 30.0 12.9

TAM W-101 (P)) 66.3 17.2 40.1 6.6 14.9
Lovrin 6 (P,)) 61.1 10.6 32.9 34.9 9.5
‘Overall Mean 69.3° 14.9 39.9 35.0 13.3

LSD .05 3.4 2.3 4.3 .1 2.5

LSD .01 4.4 31 ' 1 3.3

5.6
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TABLE IIT.

MEANS (BASED ON SINGLE PLANTS) OF FIVE CHARACTERS OVER
3 REPLICATIONS FOR 30 ENTRIES IN POPULATION 1

(TAM W-101/LOVRIN 6) AT LOCATION 2

Plant Tiller Kernels/ Kernel Grain
Height Number Spike Weight Yield

Entry .(cm) (number) (number) (g/1000) (g)
TAM W-101/Burgas 2 70.2 18.1 36.2 40.3 15.7
TAM W-101/Centurk 73.6 18.5 35.6 31.7 11.5
TAM W-101/Newton 65.9 13.8 32.9 29.5 8.9
TAM W-101/0Osage 65.9 14.2 21.5 28.3 5.6
TAM W-101/Payne 69.2 17.9 33.8 33.1 12.0
TAM W-101/Triumph 64 74.8 15.9 29.7 35.3 10.1
TAM W-101/Vona 59.4 14.5 33.0 31.6 8.6
TAM W-101/Tester X 68.4 16. 31.8 32.8 10.3

TAM W-101/Lovrin 6//Burgas 2 68.0 14.9 29.6 39.8 10.3
TAM W-101/Lovrin 6//Centurk 72.4 17.4 32.9 32.0 11.0
TAM W-101/Lovrin 6//Newton 65.4 12.6 33.8 28.9 8.1
TAM W-101/Lovrin 6//0Osage 70.1 17.2 26.2 34.2 9.6
TAM W-101/Lovrin 6//Payne 70.1 16.7 31.9 35.4 12.4
TAM W-101/Lovrin 6//Triumph 64  72.5 15.5 26.7 39.9 9.7
TAM W-101/Lovrin 6//Vona 65.8 15.1 34.5 32.7 9.4
F| x Tester X 169.2 15.6 30.8 34.7 10.1
Lovrin 6/Burgas 2 © 63.6 11.8 31.9 ‘39.5 9.0
Lovrin 6/Centurk 70.4 12.9 33.3 30.0 - 8.7
Lovrin 6/Newton 61.5 12.5 33.6 34.4 9.0
Lovrin 6/Osage 72.3 13.1 27.9 38.5 9.4
Lovrin 6/Payne 69.9 10.1 33.6 31.0 8.0
Lovrin 6/Triumph 64 67.3 11.2 28.8 37.4 7.4
Lovrin 6/Vona 61.7 10.3 29.1 27.5 _5.5
Lovrin 6/Tester X 66.7 11.7 31.2 34.0 8.1
Burgas 2 58.4 8.9 33.8 24.6 5.0
Centurk 64.2 6.7 30.3 20.0 3.2
Newton 66.0 12.1 36.6 22.3 6.9
Osage 61.1 9.0 23.6 22.4 3.2
Payne 65.2°  17.4 35.1 28.0 10.4
Triumph 64 69.5 16.4 29.3 34.3 8.9
Vona - 51.4 14.8 34.3 22.8 _6.5
Tester X 63.1 12.2 31.8 24.9 6.3

TAM W-101 (P,) 64.5 18.1 27.9 31.3 8.9
Lovrin 6 (P2) 61:.7 6.7 25.3 30.0 4,2
Overall Mean 66.5 13.8 31.1 31.6 8.6

LSD .05 3.3 2.5 3.5 2.7 1.9

LSD .01 4.4 3.2 4.6 3.6 2.5

39



TABLE TV

MEANS (BASED ON SINGLE PLANTS) OF FIVE CHARACTERS OVER

3 REPLICATIONS FOR 30 ENTRIES IN POPULATION 2

(TAM W-101/F23-71) AT LOCATION 1

Plant Tiller Kernels/ Kernel Grain

) Height Number Spike Weight Yield
Entry (cm) (number) (number) (g/1000) (g)
TAM W-101/Burgas 2 71.4 16.5 35.7 42.1 17.3
TAM W-101/Centurk 72.0 15.3 39.8 34.9 14.1
TAM W-101/Newton 70.2 14.7 43.6 38.1 17.2
TAM W-101/0Osage 75.7. 13.9 33.0 36.6 11.7
TAM W-101/Payne 70.9. 16.6 37.5 35.4 16.4
TAM W-101/Triunph: 64 73.0 15.9 0 37.9 43.2 16.4
TAM W-101/Vona 61.8 16.1 37.2 35.2 13.8
_TAM W-101/Tester X 70.7 15.6 37.8 37.9 15.3
TAM W-101/F23-71//Burgas 2 72.9 14.5 36.9 39.2 15.6
TAM W-101/F23-71//Centurk 73.3 17.4 41.4 36.2 16.6
TAM W-101/F23-71//Newton ~ 72.4 17.0 41.4 33.2 14.2
TAM W-101/F23-71//0sage 75.1 16.2 37.5 35.2 13.1
TAM W-101/F23-71//Payne 76.0 14.1 40.9 38.4 15.5
TAM W-101/F23-71//Triumph 64 79.3 13.9 40.2 40.0 15.0
TAM W-101/F23-71//Vona 67.3 14.5 40.7 33.6 12,7
F, /Tester X 73.7 15.4 39.8 36.5 14.7
F23-71/Burgas 2 72.1 "10.8 54.0 34.6 12.8
F23-71/Centurk 83.9 14.5 48.5 37.9 17.9
F23-71/Newton 77.3 12.5 42.7 39.8 13.8
F23-71/0sage 78.7 8.8 23.1 37.5 5.7
F23-71/Payne 72.1 8.6 33.3 35.2 7.4
F23-71/Triumph 64 83.5 13.5 36.2 42.1 14.9
F23-71/Vona 1.1 15.0 4407 40.2 17.4
F23-71/Tester X 77.9 11.9 40.3 38.2 12.8
Burgas 2 59.7 9.7 46.1 31.6 10.1
Centurk 67.7 13.8 42.0 25.2 9.6
Newton 66.5 14.7 45.3 28.2 12.2
Osage 71.8 14.5 33.3 28.5 9.7
Payne 66.9 14.9 43.6 31.6 14.1
Triumph 64 79.7 16.0 35.2 36.8 13.3
Vona 63.7 19.5 38.5 24.7 11.8
Tester X 68.0 14.7 40.6 29.5 11.5

TAM W-101 (P,) 65.8 16.7 37.4 36.5 14.9
F23-71 (P,) 80.5 12.7 47.1 33.6 12.4
Overall Mean 72.6 14.4 39.8 35.5 13.6

LSD .05 3.2 2.2 4.5 3.3 2.8

LSD .0l 4.3 2.9 5.9 4.3 3.7
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TABLE V

MEANS (BASED ON SINGLE PLANTS) OF FIVE CHARACTERS OVER
3 REPLICATIONS FOR 30 ENTRIES IN POPULATION 2

(TAM W-101/¥23-71) AT LOCATION 2,

Plant Tiller l(erne’lé/ Kernel Grain
Height Number Spike Weight Yield

Entry (cm) (number) (number) (g/1000) (g)
TAM W-101/Burgas 2 63.2 13.7 33.3 33.4 8.8
TAM W-101/Centurk 72.0 19.6 36.1 “31.7° 12.5
TAM W-101/Newton 64.4 16.7 39.9 28.2 11.5
TAM W-101/0sage 66.2 15.1 26.7 27.6 7.0
TAM W-101/Payne 61.9 14.5 33.9 29.3 8.8
TAM W-101/Triumph 64 69.8 17.9 33.3 35.2 10.3
TAM W-101/Vona 61.0 17.7 34.5 30.6 10.8
TAM W-101/Tester X 65.5 16.4 33.9 30.8 9.9

TAM W-101/F23-71//Burgas 2 67.9 14.4 35.9 33.7 10.5
TAM W-101/F23-71//Centurk 72.4 16.6 33.1 29.0 10.9
TAM W-101/F23-71//Newton 73.3 - 17.5 34.2 32.1 11.0
TAM W-101/F23-71//0sage 69.5 14,2 28.9 27.8 7.0
TAM W-101/F23-71//Payne 67.9 13.3 36.5 32.6 10.0
TAM W-101/F23-71//Triumph 64 73.5 14.8 32.4 32.2 8.6
TAM W-101/F23-71//Vona 59.4 12.7 33.7 28.1 1.1
F,/Tester X 69.1 14.8 33.5 30.8 9.4
F23-71/Burgas 2 65.3 7.9 35.9 26.3 5.1
F23-71/Centurk 71.5 14.2 34.4 29.0 9.0
F23-71/Newton 69.9 12,1 28.8 35.2 7.9
F23-71/0sage 73.1 13.4 23.9 31.7 5.9
F23-71/Payne 72.3 13.7 33.9 30.3 8.2
F23-71/Triumph 64 74.8 14.1 32.4 36.0 9.3
F23-71/Vona 68.7 14.5 41.3 3r.4 10.1
F23-71/Tester X 70.8 12.8 32.9 1.4 7.9
Burgas 2 53.5 6.8 . "34.9 24.0 4.1
Centurk 66.5 14.8 34.7 20.4 6.6
Newton 63.5 14.0 41.9 23.0 8.9
Osage 62.7 13.1 29.0 23,2 5.1
Payne 60.5 16.2 35.9 23.3 9.0
Triumph 64 64.7 14.1 29,1 3l1.1 7.5
Vona 35.1 16.1 41.7 21.9 1.9
Tester X 60.9 13.6 35.3 23.8 7.0

TAM W-101 (P)) 61.5 17.7 31.4 28.7 8.4
F23-71 (P,) 74.0 8.7 33.7 26.8 4.3
Overall Mean 66.7 14.3 33.9 29.1 8.4

LSD .05 3.6 2.6 4.2 2.9 2.1

LSD .01 4,7 3.4 5.5 3.8 2.7
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TABLE VI

PHENOTYPIC CORRELATION COEFFICIENTS AMONG FIVE CHARACTERS
IN POPULATION 1 (SEVEN TESTERS)
AT LOCATIONS 1 AND 2

Plant Tiller p Kernels/ Kernel
Character Height Number Spike - Weight
.1
Tiller 0.051
Number “0.147
Kernels/ 0.469%* ~ -0.066
Spike 0.507%% 0.211
Kernel 0.312%% 0.147 0.420%% -
Weight 0.361%* -0.018 -0.098
Grain 0.276% 0.753%% 0.279% 0.450%%
Yield 0.391%%* 0.842%% 0.428%%  0.247%

%, %% Significant at p = 0.05 and 0.0l, respectively.

1The upper value is the phenotypic correlation coefficient at Location 1
and the lower is the phenotypic correlation coefficient at Location 2.

The values are based on 84 d.f. from among plants source of variation
involving the testers.



PHENOTYPIC CORRELATION COEFFICIENTS AMONG FIVE CHARACTERS

TABLE VII

IN POPULATION 2 (SEVEN TESTERS)

'AT LOCATIONS 1 AND 2

43

Plant Tiller _ Kernels/ Kernel
Character Height Number Spike Weight
Tiller Number 0.2041
Number 0.377%%
Kernels/ 0.399%x 0.198
Spike 0.364%% 0.335%%
Kernel 0.455%% 0.129 0.308**
Weight 0.343%% 0.391%%* 0.150
Grain 0.428%* 0.754%% 0. 494% 0. 455%%
Yield 0.516** 0.896%%* 0.454%% 0.472%%

*, *% Significant at p = 0.05 and 0.01, respectively

1The upper value is the phenotypic correlatipn'coefficient at Location 1
and the lower is the phenotypic correlation coefficient at Location 2.

The values are based on 84 d.f. from among plants source of variation
involving the testers.,



TABLE VIII

ANALYSES OF EPISTATIC DEVIATIONS FOR FIVE CHARACTERS
FOR TWO POPULATIONS AT LOCATION 1

44

Source of " Plant Tiller Kernels/ Kernel

» Grain
Variation : df Height  Number Spike Weight Yield
Mean Squares
Popn 1 -
Testers 6 89.40 51.84 98.21 42.69 61.94
Error 14 83.69  34.20 63.11 38.12  45.64
Popn 2
Testers 6 109.45 : 55,57 397.03%* 110.35% 80.99
Error 14 96.81 42.13 42,87 33.61 44,94
Overall Epistatic
deviation %
Popn 1 1 99.89 0.15 5.89 93.89% 6.69
Popn 2 1 24.97 213.76%%* 52.70 178.38*%*% 32,81

*, ** GSijgnificant at p = 0.05 and 0.01, respectively.

t Significance of overall epistatic deviation (parental average) was

evaluated by a t-test with 14 d.f.



TABLE IX

ANALYSIS OF EPISTATIC DEVIATIONS FOR FIVE CHARACTERS
FOR TWO POPULATIONS AT LOCATION 2

45

Tiller

Source of Plant Kernels/ Kefnel Grain
Variation : df Height ‘Number Spike Weight Yield
Mean Squares -
Popn 1
Testers 6  30.31  27.71 86.10 66.35%  35.10
Error 14  110.81 13.69 94.12 20.33 22.10
Popn 2
| Testers 6 153.34 71.45 87.21 92.65 49.40
Error 14 71.25 37.04 105.74 44.56 26.43
Overall Epistatic
deviation t
Popn 1 1 263.59% 245.49%% 39.68 136.84%% 59 ,27%*
Popn 2 1 84.00 1.60 0.49 10.96 15.02

%, %% Gignificant at p = 0.05 and 0.0l, respectively.

+ Significance of overall epistatic deviation (parental aVerage)
was evaluated by a t-test with 14 df.
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TABLE X

EPISTATIC DEVIATIONS ASSOCIATED WITH INDIVIDUAL
TESTERS FOR PLANT HEIGHT

Loc 1 : Loc 2

Tester Popn 1 ~  Popn 2 Popn1 ~  Popn 2
Burgas 2 - 2.8 -2.33 } ~2.27 <7.33
Centurk 42 9.4 -0.8 -1.33
Newton ~11.87 2.73 3.33 <12.33%*
Osage 1.93 4,2 v1;87 : 0.27
Payne ' -5.87 . 9.0 -3.07 <1,67
Triumph 64 2,67 <2.2 <3.0  =2.47

Vona ' : -0.73 4.93 -~10.47 10.87

*, %% Gignificant at p = 0.05 and 0.01, respectively.
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TABLE XI

EPISTATIC DEVIATIONS ASSOCIATED WITH INDIVIDUAL
TESTERS FOR TILLER NUMBER

Loc 1 ' Loc_2
Testers Popn 1 Popn 2 ‘Popn 1 Pqpn-2
Burgas 2 5.00 -1.80 0.13 -7.27
Centurk 1.80 .« -4.93 | 3.4 0.60
Newton -6.87 <6.80 , - 1.13 ~6.07
Osage -3.80 -9.73% -7.13%%  0.13
Payne 1.33 -3.07 -5.53% 1.53
Triumph 64 -0.33 1.73 -3.80 2.40
Vona 3.47 2.00 =5.3% 6.73

*, *% GSignificant at p = 0.05 and 0.01, respéctively.



TABLE XII

EPISTATIC DEVIATIONS ASSOCIATED WITH INDIVIDUAL
’ TESTERS FOR KERNELS/SPIKE

Loc 1 Loc 2
Testers Popn 1 Popn 2 Popn 1 Popn 2
Burgas 2 | 5.29 15.87*% 8.94 " =2.49
Centurk 5.24 . 5.44 3.04 4.28
Newton -7.53 3.48 -1.14 0.27
Osage ' -1.86 ~18.88%% ‘ -2.87 ~7.22
Payne | ©-0.27 -11.11% 3.6 -5.18
Triumph 64 7.69 «6.24 5.02 0.84
Vona -4.85 0.49 -6.98 8.39

*, k% Significanf at p = 0.05 and 0.01, respectively.



TABLE XIII

EPTISTATIC DEVIATIONS ASSOCIATED WITH INDIVIDUAL
TESTERS FOR KERNEL WEIGHT

Loc 1
Testers Popn 1. Popn 2 Popn' 1 Popn 2
Burgas 2 0.57 -1.75 0.14 -7.63
Centurk -7.47% 0.39 -2.33 2.61
Newton -4.72 11.53%* 5.95% 0.68
Osage -4.02 3.65 ~1.52 3.73
Payne -3.06 -6.14 -6.75% -5.51
Triumph 64 3.54 5.28 ~7.06% 6.74
Vona 0.36 8.04% -6.3% 5.78

*, %% Significant at p = 0.05 and 0.0l, respectively.



TABLE XIV

EPISTATIC DEVIATIONS ASSOCIATED WITH INDIVIDUAL
TESTERS FOR GRAIN YIELD

Loc 1
Testers Popn 1 Popn 2 - Popn 1 Popn 2
Burgas 2 4.24 ~-1.16 4.08 -7.06%
Centurk 3.33 -1.24 -1.82 -0.31
Newton -7.27 2.64 1.68 -2.52
Osage -4.25 -8.71 -4.,24 -1.09
Payne 2.32 -7.16 -4.78 -2.96
Triumph 64 4,37 1.17 -1.94 2.39
Vona 1.20 5.84 —4.73‘ 5.39

*, *% GSignificant at p = 0.05 and 0.01, respectively.



TABLE XV

ANALYSIS OF EPISTATIC DEVIATIONS FOR G x E INTERACTIONS
FOR FIVE CHARACTERS IN POPULATION 1

(TAM W-101/LOVRIN 6)

51

Plant

Tiller Kernels/ Kernel Grain
Source df° Height Number Spike - Weightv Yield
Loc 1 19.47 128.97 7.49 2,02 52.91
Rep (Loc) 4 120,77 20.24 74.81 54.99  30.82
Parental Average 1  344.01  113.89 38.32 228,72  13.05
Among Testers 6 58.61 35.44 163.88 30.10 47.23
Loc x Tester 6 61.09 44.11 20.42 78,94 49,28
Error 24 93,37 24,55

79.25

- 24.92

34.07

*, *% Significant at p = 0.

05 and 0,01, respectively.
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TABLE XVI

ANALYSIS OF EPISTATIC DEVIATIONS FOR G x E INTERACTIONS
FOR FIVE CHARACTERS IN POPULATION 2
(TAM W-101/F23-71)

Plant Tiller Kernels/  Kernel * Grain

Source df Height Number Spike Weight Yield
Loc 1 100,29%* 89.18%* 21.52 .50.44 1.72
Rep (Loc) 4 . 6.51 3.16 29.38 27.82 5.39
Parental Average i 8.68 126.19 31.67 138.91 46.12
Among Testers 6 162.11 92.01 329.56 161.45 95.70
Loc x Tester 6 100.68 35.01 154,67 41.55 34.69
Error 24 96.94 45.66 - 81.79 140.96 40.73

* *% Significant at p = 0.05 and 0.01, respectively.
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