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CHAPTER I
INTRODUCTION

The discovery of cytoplasmic male«sterility anmd nuclear genes for
restoration of pollen fertility in hexaploid wheat made commercial
hybrid wheat production economically feasible and resulted in the
initiation of & number of hybrid wheat research programs. Heterosis,
particalarly for yield, 1s one of the prerequisities for succeésful
utilization of wheat hybrids on a commercial scale. Recent investi-
gations on heterosis in wheat indicate variable results ranging from
little or no hybrid vigor in certain crosses to rather substantial
amounts 1in others. The level of heterosis of the best hybrids so far
evaluated appesrs to be of the same order as that found in hybrid
sorghum and hybrid corn.

Of particular importance in a hybrid wheat program will be the
identification of the parental lines which will produce hybrids that
perform better than the currently available conventional varieties
for important agromomic and quality characteristics. The conversion
of varieties to male-sterile and restorer lines requires considerable
time and effort. Thus it is desirable for the wheat breeder to have
an estimate of the value of potemtial parents before coaversion to
sterile and restorers is initiated. Therefore, a study of combining
ability of varieties 1s useful in classifying potential parents in

terms of hybrid performance.



The primary objectives of this study were: (1) to determine the
level of heterosis in crosses of representative hard red winter wheat
varieties adapted to Oklahoma, and (2) to estimate general and

specific combining ability of these varieties for important agronomic

characters.



CHAPTER 11
REVIEW OF LITERATURE
Heterosis

A comprehensive review of heterosis in wheat has been reported
by Briggle (3). He emphasized that since nearly all of the earlier
heterosis studies in wheat have been conducted on rather small popu-
lations of spaced plants grown in either field or greenhouse, these
data are of limited value as a basis for decisions as to the feasibility
of commercial hybrid wheats.

Four wheat varieties and two F, hybrids were tested by Briggle

1
et al. (4} for important agronomic characters in a hill-plot experi-
ment. They reported the presence of heterosis for yield and other char-
acters in one hybrid but in the other hybrid only kernel weight showed
significant heterosis. The hybrid showing heterosis for yield exceeded
the high parent in yield per plot‘by l795, 21.4 and 37.7%, respectively
at planting rates of 1, 2, and 4 seeds per hill. Thej fouﬁd a signifi-
cant genotype x seeding-rate interaction for graig.yield per hill and
plant height but not for other traits.

McKeal et al. (24) evaluated F1 and F, generations of three

2

spring wheat crosses under near solid-seeding for several agronomic
and quality characteristics. No positive heterosis was observed.

The performance of the F, and F2 populations was intermediate between

1

their respective parents for the agronomic characters while quality



characteristics approached those of the best parent. They concluded
that closely related parents, providing a rather narrow genetic base,
may result in little or no heterosis and emphasized the need of genetic
diversity in the development of hybrid wheat.

Brown et al. (6) observed heterosis in a study of inter-class
crosses among seven hard and soft winter wheat varieties grown in a
hill-plot éxperiment. Hihg-parent and midparent heterosis was observgd
for certain agronomic and quality characteristics. The mean yield of
the F1 hybrids ranged from 96 to 131% of the high~parent means. The
mean yield of all Fl‘s was 113% of the high-parent means. Ip was noted
that much less heterosis occurred for components of yield than was ob-
served for grain yield. The mean protein content of the hybrids was

97% of the high-parent and 100% of the midparent values indicating that

hybrids may exhibit heterosis for grain yield without suffering a signi-

=

ficant decrease in percent protein. Their results suggested that heter-
osis for grain yield may occur in some wheat hybrids while others show
little or no heterosis.

In F, and F, populations of a tall x semi-dwarf cross evaluated

2

under space-planted conditions, Johnson et al. (15) observed higher
yields in the F. and F, than for either parent. The mean yield of the

Fles was 12,.,9% above that of the high parent. The F1 mean for kernel

weight was significantly greater than that of either parent, and the

F2 mean for this trait approached that of the high parent. Both the F

and F2 means for number of spikes exceeded that of either parent. WNo

1

heterosis was observed for number of kernels per spike. They reported
that high kernel weight, and to some extent, high spike number account-

ed for high yield of the hybrid.



Under ‘near-normal field testing procedures Livers and Heyne (21)
noted that 18&f§brids averaged 20% over the mean value of 7 parents
for yield.’ THé best hybrids yieldéd 33 and 29% more ﬁhan.thehbést
parent in 1964, 1965; respectively., They concluded that certain hgrd
red winterfwheat hybfids grown under near splid seeding cguld express
significant heterosis for yield. | |

Santiago and Patterson (27) evaluated F1 and F2 wheat p0pu1ations
for important agronomic characters and examined the suitabiiity of
hill-planting techniques for determining heterosis in early stages of
hybrid wheat research when seed is limitéda Significant high-parent
heterosis was observed for grain yield, kernel weight, and number of

spikes in both the ¥, amnd F, generations. The mean yield for all Fl's

2
was 124% of tﬁévhigh~parent average in the 1963 test, and 128% in the
1964 test, Tﬁe F2 yields were generally lower than those of F1“s but
higher than th&\parentso The mean yield of all F2's was 12% better
than the high;pggent mean under hill-planting and only 2% above the
high-parent m@gniét normal seeding rates. They concluded that the
degreefof hetergéis tended to be overestimated to some extent in hill-
planted tests.

Gyawali et al. (9) studied heterosis and combining ability of

inter-class F, hybrids in a space-planted experiment for important

1
agronomic and quality characteristics. They found that the average
yield of all Fl’s was 24% greater than the high.parent average. Great-
est heterosis for grain yield was found in early x late hybrids.
Milling and baking quality prediction tests of soft wheat hybrids were

generally intermediate to the parents. They concluded that inter-

class diversity is not necessary for expression of heterosis.



McIlrath et al. (23) tested F1 and F2 generations of a diallel
cross involving two adapted and four foreign varieties representing
germ plasm from several different geographic regions in a space-planted
experiment. Significant highwpareqt heterosis was observed for yield

and weight per 1000 kernels in only one F, hybrid. The mean yield cof

1
the Fl”s ranged from 45 to 141% of the high-parent means. The mean of

all Flgs was 80% of the high-parent means. No heterosis was observed

for number of tillers. Significant midparent heterosis was observed

2 hybrids qu yield and yield components but no case of

high-parent heterosis was found. Kernel weight and number of kernels

in certain F

per spike were of greatest importance in hybrids which exhibited heter-

ogsis for yields
Combining Ability

The modern use of combining aEility analysis starts apparently
with the development of the concept of general and specific combining
ability by Sprague and Tatum (30). They partitioned the genotypic
variance into general and specific combining ability portioas and

tefined the term fgeneral combining ability! as the average performance

I

of a line in hybrid combimation, and ‘'specific combining ability' as
the performance of certain combinations which do relatively better or
worse than would be expected on the basis of the average performance
of the lines involved.

The diallel analysis has been widely used to estimate general and
specific cémbining ability in cross~pollinated crops,such as maiée (223
and selfpollinated ones such as tobacco (13) where a sufficient number

of pollinations can be made with ease. Also it has been used to some



extent to investigate the nature of geme action.

Hayman (10, 11), and Jinks (13), and Jinks and.Hayman (14) presen-
ted further outlines of the diallel analysis. Griffing (8) gave a
complete analysis and numberical example of a diallel cross for gtudies
of combining ability using F1 progeny with and without reciprocals and
parental lines, Littlewood et al. (20) recently developed a computer
program for analysis of diallel crosses for the & methods aﬁd 2 quels
proposed by Griffing (8). Kempthorne and Curmow (18) presented genetic
formulae for general and specific combining ability as (1) Variance of
general combining ability (e2g) = 1/2 o2A + 1/4 02AA +°°° and (2) Vari-
ance of specific combining ability (¢?s) = ¢2D + 1/2 O2AA + coo
They pointed out that general combining ability variance is due prima-
rily to additive genetic variance while specific combining ability
variance estimates primarily non-additive genetic variance.

Little or mo work has been reported on combining ability x envir-
orment interaction in wheat. This kind of information may be very
iméortant particularly for specific combining ability estimates as
observed by some workers iﬁ other crops. Rojas and Sprague (26) found
in maize that the specific cambiniﬁg ability variance included nét
only the non-additive variation due to damiﬁaﬁce and‘epistasis; but
also a considerable portion of the genmotype x enviromment interaction.
They. also found thatv;pecific combining ability variance became of
relaﬁively greater importance than the genmeral coﬁbiﬁing'ability vari-
ance Vhen the lines under teSt.had been subjected to previous testing
and selection° 'Matziﬁggr et al. (22) noted in maize that specifié
combining ability X enviromment interaction; were significant in a

iscudy of diallel crosses. Kambal and Webster (17) reported that



general combining ability variance was more important and more stable
than specific combining ability in grain sorghum. Beil and Atkins (2)
concluded in grain sorghym that data from either several years testing
at a single location or several locations in a signle year are of great
value for combining ability evaluations.,

" At the present ﬁime informakion on combining ability in wheat is
rather limited. This is due to the difficulty of obtaining sufficient
F1 seed because of the labofious hand pollinatiqn procedures.

Estimates of general and speéific’éombinihg ability effects were
obtained By Kronstad and Foote (19)_ih a diallel study of 10 winter
wheat"vgrieties usiﬁg Griffing's Qetﬁod of analysis. They found that
a large part §f the total genetic variation for yield and yield compo-
nents was asséciated with general combining abilityo Significant spe-
cific combiming ability variances were observed for plant yield and
heighr but not for yield components.

Brown =t al. (6).estimated combining ability in a diallel study
of 10 Fl hyb:ids derived from crosses involving three hard and two soft
winter wheat varieties. They found that most of the genetic variation
ié yield and other agronomic characters was associated with general
combining ability.

Gyawali et al. (9) found general combining ability to be the major
component of genetic variation fer important agfonomic and quality
characteristics in a study of winter wheat crosses, although specific
combining ability variances were significant for all traits studied
except flour yield and micro-alkaline water retention capacity. They

found that specific combining ability was more important than previous-

ly reported (6, 19) and believed this to be due to selection of



experimental material,

McIlrath et al. (23) found highly significant general and specific )
vcombining ability variance for all characters measured. General com-
bining ability variances, however, were Qell in excess of specific com-
bining abiliﬁy variances for all traits, indicating that the genetic

'

variability in the F., populations was predominantly due to additive

1
effects of genes. These results along with those reported by other
workers (6, 9, 19) leads to the conclusion that additive genetic effects

accounts for most of the total genetic wvariability in winter wheat for

important agronomic characters.



CHAPTER 111
MATERIALS AND METHODS
Parent Varieties

Seven varieties and pure-line experimental selections of hard red

~winter wheat, Triticum aestivum ssp. vulgare (Vill,, Host) Mackey,
adapted to Oklahoma c@nditions were selected as parents for crossing.
The varieties were chosen to represent a range in genetic diversity

for major agfén@mi@ characteristics. The pedigree and a b?ief descrip-
tion of thé%chaxacteristics of the parents are given in Table I. 1In
certain parts of this report the varieties will be referred to by their
abbreviation as shown in this table,

Detailed descriptions of Scout, Triumph 64, Agent, Sturdy and
Comanche have been published (1, 5, 16, 28, 29). The other two parents
are experimental strains and have not been previously described.

Stw 657654 was developed at the Oklahoma Agricultural Experiment Sta-
tion. It is a selection from a 3%Kaw 61//DS28A/Ponca cross and was
first tested in the BCF3 generation in 1965, Ihe selection carries the
DS28A gene which confers resistance to race A of the greembug (SChiéam

phis gramium Rond.). Recently, a new strain of the greenbug has been

found in Oklahoma wheat fields. Stw 657654 is resistant to the origindl
strain (race A) but is susceptible to the new strain (race B) (31).
Stw 657654 is similar to Kaw 61 in maturity, height and yield. However,

it is not as winterhardy as Kaw 61. fanne 129-16 (C.I. 13876) is one

10
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of the experimental wheat strains bequeathed to the Oklahoma Agricul-
tural Experiment Station by the late Joseph E. Danne. It has been in
performance tests conducted by the Oklahoma Agricultural Experiment
Station wheat breeding project since 1962, It is similar to Triumph
in maturity, test weight, winter-hardness and disease and insect re~
sistance. It has slighgly shorter straw than Triumph. During the past

six years of testing, C.I. 13876 has exceeded Triumph in grain yield

by about 15%.
Field Procedure

Crosses among the 7 parents were made in the greenhouse during
February and March of 1967 by the approach method (7) of crossing. At
least 120 crossed seeds were obtained for each of 21 crosses. A total

of 28 entries consisting of the 7 parents and 21 F, hybrids were plant-

1
ed in the field in October 1967, at two locations, Stillwater and Altus,
Oklahoma. The test was planted in hill plots in a randomized block
design with 3 replicates for each location.

Plots consisted of one row containing 5 hills with 30 cm spacing
between hills and between rows. Each hill contained 4 seeds. The
experiment was bordered by two hill-planted rows of Scout at Stillwater
and two hill-planted rows of the variety Tascosa at Altus to provide
uniform competitive conditions for all plots. Fall stands were good
except for the variety Agent which showed extremly poor seed emergence
in most hills. The number of seedlings in each hill varied from three
to four plants and no attempts were made to maintain uniform number of

plants for each hill since it was expected that tillering would offset

effects due to differences in number of plants per hill.



TABLE ¥

PARENTAGE, ORIGIN AND AGRONOMIC CHARACTERISTICS OF THE PARENTS
USED IN A SEVEN-PARENT DIALLEL CROSS

Variety or C.I. or Agronomic

Selection Abbreviation Selection No. Characteristics Origin Parentage

Scout Sut 13546 high yield Nebraska Nebred, Hope, Turkey,
wide adaptation Cheyenne, Ponca
mid-maturity

Triumph 64 Top 64 13679 high yield Oklshoma Triumph, Danne Beardless,
wide adaption Kanred, Blackhull,
early maturity Florence

Agent Ag 13523 leaf rust resis- Oklahoma Triumph, Agropyron
tant elongatum, Triticum spp.
stiff straw
mid-late maturity

3*Kaw//DS28A/Pnc 7654 Stw657654 greenbug resis- Oklahoma Kaw,
tant (race A) Dickinson Selection 28A,
mid-maturity Ponca

Sturdy Sdy 13684 semi~dwarf Texas Sinvalocho, Wichita,
good quality Hope, Cheyenne,
mid-maturity Seu Seun 27

Comanche Cmn 11673 good quality Kansas Oro, Tenmarq
mid-maturity

Danne 129-16 13876 13876 high yield Oklahoma  Triumph, Danne Beardless,

good quality
early maturity

Blackhull, Kanred,
Florence

(AN



13

The test at Altus was severely damaged by a hail storm in May,
1968 and no data were obtained for this location. Consequently, all
data reported in this study are based on the Stillwater test. All Fl
and parent plants were harvested by pulling all the plants in each hill

at maturity; the spikes being bagged to prevent seed loss during stor-

age. Only one missing hill was recorded for the Stillwater test.
Characters Evaluated

All observations were recorded on a per hill basis, The characters
studied were: (1) heading date, (2) plant height, (3) number of spikes
per hill, (&) 200 kernel weight, (5) average number of kernels pef

spike, and (6) grain yield.

Heading Date

Heading date was used as a measure of the relative maturity of the
parents and hybrids, and was recorded as the number of days from April
1 until the first spike of each hill was completely emerged from the

boot.

Plant Height

Measurements were taken in centimeters from the soil surface to

the tip of the tallest spike of each hill, exclusive of awns.

Number of Spikes per Hill

This character was determined by a direct count of the number of

tillers in each hill bearing fertile spikes.

200 Kernel Weight

This was determined by weighing 200 random kernels from each hill
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and was expressed in grams per 200 kernels.

Average Number of Kernels per Spike

This was calculated by the following formula:

grain yield (in grams) < average weight per kernel
total number of spikes per hill

Grain Yield per Hill

Yield determinations consisted of the weight of threshed, cleaned

seed from each hill expressed in grams.
Analysis of Variance

An‘analysis of variance was conducted only on the data from the
population grown at Stillwater for the following traitss heading date,
plant height, grain yield, and three components of yield. Calculations
were made on a per hill basis. Only one missing hill was recorded in
the entire experiment and the average value of four remaining hills was
used for the value of the missing hill. Error mean squares for the six
characters were computed by using the data from the all parents and
crosses., There was a possibility that the analysis of variance was
biased due to the poor germination and poor yieid performance of the
Agent parent. Therefore, a second analysis for yield was conducted
with this variety removed. However, since the error mean square of
this second analysis was not appreciably different (75.089 vs. 76,244),
the original analysis was used,

For subsequent comparisons for heterosis and combining ability,
an estimated value for the yield of the Agent parent was used., This
value was determined by the following procedure. In a performance

nursery adjacent to this test, the yield of Agent was 98.1% that of
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Scout. Therefore, the value obtained by taking the product of the aver-
age yield of Scout in the diallel test x 98.1 was substituted for the
value of the Agent parent and used in subsequent comparisons. Since

the yield components of the Agent parent were also affected bybpoor
stands the best hill of Agent in each replication was selected and the
average for the 3 replication was computed. Yield component values
obtained in this manner were used for subsequeﬁt comparison of heterosis

and combining ability analysis.
Heterosis Analysis

Heterosis was measured for all F1 populations with respect to both
midparent and high-parent values, Since hybrid means were based on
only half as many observations as midparent values adjusted LSD values
were used to test gach hybrid-midparent contrast. The variance of
hybrid-midparent may be defined as (6) EMS + (4) rn, where EMS is ex~
perimental error mean square and rn represents the number of observa-

tions per treatment mean (25). Thus, in the present case,

6 EMS
4 rn

LSD = t{a, £t -~ 1) x

Duncan's new multiple range test was used to determine the signifi-

cant differences among means of the F, and parent populations.

1

Combining Ability Analysis

Estimates of general and specific combining ability effects were
obtained for the six agronomic characters by utilizing Griffing's (8)
method 4, model 1 diallel cross analysis. Under this model, one set of

Fl's is included in a matrix, but neither the parents nor the reciprocal

Fl's are used. The genotypes and blocks were regarded as fixed effects.
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This analysis provides for partitioning the sum of squares of genotype
(crosses) into general and specific combining ability terms associated
with p~1 and p(p-3)/2 degrees of freedom respectively, where p repre-
sents the number of parents involved in the diallel cross.

General and specific combining ability effects were computed on
the Oklahoma State University Computing Center IBM 7040 by utilizing

a program developed at the University of Illinois (20).



CHAPTER 1V
RESULTS
Heterosis

Growing conditions throughout ﬁhe,extent of this experiment were
generally favorable. Rainfall in the spring of .the &éar was above nor-
mal and resulted im vigorous groﬁth and taller than normal glants,
Average grain yield for all entries in the test was 18.72 grams per hill
which is eqﬁivalent to 30 bushels per acre. There were no problems with
diseases or insects and no winterkilling or lodging occurred. However
severe leaf injury was observed in three hybrids, Sut/7654, Sut/13876,
and Ag/13876, appareﬁtly due to hybrid necrosis as described by Hermsen
(12); This hybrid necrosis was believed to have an adverse effect on
yield and yield components of these three hybrids as indicated By the
negative heterosis that was observed for yield and yield components.

Mean squares from the analysis of variance of six agronomic char-

acters on 21 F, hybrids and 7 parents are presented in Table IX.

1
Genotype mean squares for heading date, plant height, number of spikes,
200 kerﬁel:weight, and grain yield were highly significant and signifi-
cant differences among genotypes were observed for average ngmbex of
kernels per spiice° In these, and in subsequent analyses, the standard
notation for significance is used; * = significance at the 5% level of

probability significant, and ** = significance at the 1% level (highly

significant).

17
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Parent and hybri& means and hybrid-midparent deviations for the
six traits, along with appropriate tests for significance are given in
Tables III - VIII. Means of all Fl's for the six characters measured
are expressed as the percentage of their respective high-parent and
midparent means in Table IX.

In general, the hybrids were earlier than the late parent but
slightly later than the earlier parent. There was one notable excep-
tion. The Sut/7654 hybrid was nearly 2 days later than the later
parent. No hybrid headed significantly earlier than the earlj.parent«
However, significant midparent heterosis for earliness was observed in
7 hybrids (Table IX). Four hybrids, Ag/13876, 7654/Cmn, Sut/7654, and
Ag/7654 headed significantly later than their respective earlier parents
and Sut/7654 was significantly later than its midparent (Table III).

The mean value of the hybrids for plant height ranged from values
16 cm taller than the shortest parent, Sturdy, to values 5 cm taller
than the tallest parent, Comanche. Most of the hybrids were within
10 cm of their midparent values for this trait (Table IV), Nine of
the 21 hybrids exceeded their high parents in mean plant height, al-
though only one hybrid, Ag/7654, was significantly taller than its
taller parent. Significant positive midparent heterosis was observed
in 6 hybrids for plant height (Table IX),

None of the hybrids exhibited significant positive heterosis for
number of spikes/hill. The mean of all hybrids for this character was
93:-and 98% of the higheparent and midparent means, respectively. The
greatest number of spikes occurred in the Sut/Ag hybrid which also
showed the largest high-parent heterosis for yield. The lowest ﬁumber

of spikes was observed in the Sut/13876 hybrid which was one of the 3
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hybrids in which necrosis occurred. Three hybrids, Sut/13876, Tmp
64/de,:and Tﬁb 64/Cmn, wereuéigﬁificantly lower in number of spikes
than their respective high parents. The Tmp 64/Sdy hybrid was_also
significantly lower than its midparent (Tables V and IX).

Fourteeh of the 21 F1 hybrids exceeded their respective high
parents in 200 kernel weight, although none of the differences was
statistically significant (Table IX). The heaviest kernel weight was
found in the Ag/‘dy hybrid which also had the highest yield (Table VI).
The lowest kernel weight occurred im the Ag/13876 hybrid which also
shdwed hybrid necrosis. Significant positive midparent heterosis for
200 kernel weight occurred in only 5 of the 21 F1 hybrids, three of
which also showed significant positive midparent heterosis for yield.
The average for all hybrids for this trait was 103 and 106% of the
high-parent and midparent values, respectively (Table IX). No hybrid
was significantly lower than its high-parent or midparent for this
character.

For number of kermels per spike, 17 of 21 hybrids were higher
than their respective midparents and 13 of 21 hybrids were higher than
their respective high parents. However, only three hybrids, Tmp 64/Sdy,
Ag/Sdy, and Ag/Cmn, showed significant midparent heterosis. Most of
the hybrids that exceeded their high parent in yield also exceed their
high parent for this trait. The least number of kernels per spike
was found in the S5ut/7654 hybrid and the Ag/13876 hybrid, both of which
also exhibited necrotic symptoms. The range fdr average number of
kernels per spike of the 21 hybrids was from 85 to 114% of the high-
parent and 90 to 122% of the midparent. The mean for all hybrids was

103% of the average high-parent value and 1087 of the midparent value
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(Table IX). MNo hybrid was significantly lower in number of kernels
per spike than its respective high-parent or midparent (Table VII),

Estimates of heterosis for yield were somewhat higher than for
the individual compcnents of yield. Thirteen of 21 hybrids were higher
than their respective high parents, although none of these differences
was statistically significant (Table IX). The largest high-parent
heterosis was observed in the Sut/Ag hybrid which was 46% better than
its high parent, although this difference was not significant. How-
ever, this hybrid was significantly different from its midparent. The
highest yielding entry in the test was the Ag/Sdy hybrid which averaged
23.6 grams/hill. This hybrid was 177 better than its high-parent and
33% better than its midparent value. However, the hybrid was signifi-
cantly different from the midparent only. Eighteen of 21 hybrids were
higher than their respective midparents for grain yield. However, in
only four of the hybrids, Sut/Ag, Sut/Sdy, Ag/Sdy, and Cmn/13876, was
this difference statistically significant. Three of these 4 hybrids
also showed significant midparent heterosis for 200 kernel weight. No
hybrid was significantly lower in grain yield than its high-parent or
midparent., The lowest yielding hybrids were Sut/7654, Sut/13876, and
Ag/13876 which were also beset with necrosis (Table VIII). The range
for grain yield of the 21 hybrids was 72 to 146% of the high-parent
and 81 to 147% of the midparent values. The mean for all Fl's was

105% of the high-parent mean and 114% of the midparent mean (Table IX).



TABLE II

MEAN SQUARES FROM AN ANALYSIS OF VARIANCE OF A DIALLEL CROSS
INCLUDING PARENT AND Fy POPULATIONS

200 Kernel  Average Number

Source of Heading Plant Number of Grain
Variation d.f. Date Height Spikes/Hill Weight of Kernels/Spike Yield/Hill
Total 419 - - - - - -
Replicate 2 8.867 654.073%% 695.450%% 3,133 40,807 101.138
Genotype 27 288.993%%  1105.164%% v150.538** 4,556%% 98.936% 216, 224%*
Experimental Error 54 12.667 126.837 45.339 1,175 45.258 75.089
Sampling Error 336 4,587 22.846 34.776 0.39% " 11,957 30.510

|4



TABLE TIII

PARENTAL AND F., MEANS, MULTIPLE RANGE COMPARISONS, AND
HYBRID-MIDPARENT DEVIATIONS FOR HEADING DATE

F.'s and Rank Heading Hybrid-Midparent
Parents (earliest to latest) Date 1/ Deviation
Tmp 64/Sdy 1 24.3 a -1.45
Tmp 64 2 25.3 a -

Sdy 3 26.2 a -

Tmp 64/7654 4 27.1 a -0.5
Ag/Sdy 5 27.5 a ~ 7o L5%%
Tmp 64/13876 6 27.6 a -1.0
7654/13876 7 28,1 ab -1.0
Sut/Sdy 8 28,2 ab -1,45
Sut/Tmp 64 9 28.3 ab «0e9
Sdy/13876 10 28,3 ab 1.05
13876 11 28.3 ab -
Sdy/Cmn 12 28.7 abc ~3.65%%
7654/ 5dy 13 28.7 abc 1.65
7654 - 14 28.9 abc -

Tmp 64/Con 15 30.1 abc -1.8
Tmp 64/Ag 16 30.1 abc by 1%
Sut/13876 17 30.3 abc -0.4
Cmn/13876 18 31,0  bed 2, 4%
Ag/13876 19 31.6 cd wlg 1%
Sut 20 33.1 de -
7654/ Cmn , 21 33.5 de -0.7
Sut/7654 22 34,8 ef 30 3%%
Sut/Ag 23 35.1 ef ~3,0%
Sut/Cmn 24 35.5 ef -0:3
Ag/7654 25 35.9 efg «0.6
Ag/Cmn 26 36.7 fg w1k
Cran 27 38,5 o4 -

Ag 28 43,1 h -

1/ Number of days after April lst.
*---Exceeds LSD .05 = 2.2,
*¥%---Exceeds LSD .01 3.0,

Note: Those means not followed by the same letter are significantly
different at p = .05; means followed by the same letter are
not significantly different at p = .03, ’



" TABLE IV

PARENTAL AND F; MEANS, MULTIPLE RANGE COMPARISONS, AND
HYBRID-MIDPARENT DEVIATIONS FOR PLANT HEIGHT
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F,'s and Rank Plant Height Hybrid-Midparent
Parents (shortest to tallest) (cm) Deviation
sdy 1 83.3 a -
Tmp 64/13876 2 99.3 b -3.6
Tmp 64/Sdy 3 99.5 ©be 2,85
Sdy /13876 4 99,6 bed 7.05
Ag 5 100.6  bede -
13876 6 101.8 bedef -
Sut/Sdy 7 102.4 bedef 3.5
7654 /Sdy 8 102.8 bedef 7.4%
Ag/Sdy 9 103.5 bedefg 11, 55%%
Tmp 64 10 104.0 bedefg -
Sut/Tmp 64 11 104.5 bedefg 4,75
Sut/13876 12 104.7 bedefgh =3.45
Ag/13876 13 106.1 bedefghi 4,9
Tmp 64/Cmn 14 107.4 cdefghi j -2,75
7654 15 107.5 cdefghij -
7654/13876 16 108,7 cdefghi j 4,05
Tmp 64/Ag 17 109.2 defghi j 6.9
Sdy/Cmn 18 109.8 efghi j 10, 0**
Tmp 64/7654 19 110.7 fghij 4,95
Cmn/13876 20 113.2 ghi jk 4,05
7654 /Con 21 113.3 ghi jk 1,2
Sut /7654 22 114.2 hi jk 3.2
Sut 23 114.5 ijk -
Cmn 24 116.3 jk -
Sut /Cmn 25 120.1 k 4.7
Ag/7654 26 120.8 k 16,75%%
Sut/Ag 27 121.4 k 13,85%*
Ag/Cmn 28 121.4 k 12,95%%
*--=-Exceeds LSD .05 =z 7.1.
*v-w=Exceeds LSD .01 = 9.6,

Note:

Those means not

followed by the same letter are significantly

different at P =z .05; means followed by the same letter are
not significantly different at P = .05,
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TABLE V

PARENTAL AND F; MEANS, MULTIPLE RANGE COMPARISONS, AND HYBRID-
MIDPARENT DEVIATIONS FOR NUMBER OF SPIKES PER HILL

Fy1's and Rank Number of Hybrid-Midparent
Parents (highest to lowest) Spikes/Hill Deviation
Tmp 64 1 31.0 a -
Sut/Ag 2 29,9 ab 2.7
Sut/Tmp 64 -3 29.6 ab 0.4
Tmp 64/7654 4 28.9 abed -1.8
7654 5 28.4 abcde =
Ag/Cmn 6 28,3 abaode 2.8
Ag/7654 7 28.3 abcde 0.7
Sut/Sdy 8 27.9 abede 0.8
Ag/13876 9 27.7 abede 3.0
Sut 10 27.5 abcde -
Ag 11 26,9 abcdef -
Tmp 64/Ag 12 26.9 abcdef =2,1
Sut /7654 13 26,7 abedef -1.3
Sdy 14 26,7 abedef -
Ag/sdy 15 26,3 abedef =0,5
Tmp 64/13876 16 26.1 abedef =0,7
7654 /13876 17 25.9 abcedef 0.5
Cmn/13876 18 25.7 abedaf 2.4
Sdy/Cmn 19 25,7 abedef 0.3
7654 /Sdy 20 25,1 abcdef =2.5
Tmp 64/Cmn 21 24,3  bedef -3.3
Tmp 64/8dy 22 24,3 becdef «4,6%
Cmn 23 24,1  bedef -
Sut/Cmn 24 23.8 cdef =2,0
Ag/13876 25 - 23.4 def =1.3
Sdy /13876 26 Ty 23.1 def =1.5
13876 27 : 22,5 ef @
Sut /13876 28 21.3 £ =3.7

*===fxceeds LSD .05
#*%-e-Fxceeds LSD .01

e

3
80

i 6

4.
5.

Note: Those means not followed by the same letter are significantly
different at P = .05; means followed by the same letter are
not significantly different at P = .05.
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TABLE VI

PARENTAL AND F; MEANS, MULTIPLE RANGE COMPARISONS, AND HYBRID-
MIDPARENT DEVIATIONS FOR 200 KERNEL WEIGHT

Fl's and Rank 200 Kermel Hybrid-Midparent
Parents (highest to lowest) Weight Deviation
Tmp 64/Cmn 1 6.37 a 1.06%*
Ag/sdy 2 6.33 a 0. 74%
Sut/Sdy 3 6.32 ab 0.68%
Tmp 64/Sdy 4 6.29 abe 0.61
Sut/Tmp 64 5 6.24 abc 0.57
Tmp 64/7654 6 6.21 abc 0.39
Cmn/13876 7 6.11 abed 0.99%%
Sdy/Cmn 8 6.09 abed 0.84%
Sut /Ag 9 6.09 abced 0.51
7654/13876 10 5.97 abed 0.30
7654 11 5.93 abed =

Sut /Comn 12 5.91 abed 0.66
7654 /Sdy 13 5,88 abcde 0.08
Tmp 64/Ag 14 5.87 abecde 0.25
Tmp 64/13876 15 5.86 abcde 0.30
Tmp 64 16 5,71 abcdef -
Sdy/13876 17 5.69 abcdef 0.16
Sdy 18 5.65 abcdef -

Sut 19 5.64 abcdef -

Sut /13876 20 5.53 abecdef 0.00
Ag 21 5.33 abcdef =

Ag /7654 22 5.50 abedef =Q0.23
13876 : 23 5.41 abedef -

Sut /7654 24 5.36  bedef =0.43
7654 /Cmn 25 5.32 cdef =0,08
Ag/Cmn 26 5.24 def 0.04
Ag/13876 . 27 4,93 ef =0.54
Cmn 28 4,86 £ =

*=-=Exceeds LSD .05 = .68,
whew=Exceeds LSD .01 = .92,

Note: Those means not followed by the same letter are significantly
different at P = ,05; means followed by the same letter are
not significantly different at P = .05,
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TABLE VII
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MEANS, MULTIPLE RANGE COMPARISONS, AND DEVIATIONS
PARENT FOR AVERAGE NUMBER OF KERNELS PER SPIKE

Fl's and Rank Average Number Hybrid=-Midparent
Parents (highest to lowest) of Kernels/Spike Deviation
Ag/sdy 1 28,4 a 4,9%
Tmp 64/Sdy 2 28.1 a &4,2%
7654 /sdy 3 27.9 a 2.9
Sdy/13876 4 27.5 a 2,0
7654/13876 5 27.4 a 3.4
Sdy/Cmn 6 26.8 abc 2.0
Ag/Cmn 7 26.8 abc 4,9%
Sut/Sdy 8 26.7 abe 3.0
Sdy 9 26.4 abcd -
Cmn/13876 10 25,8 abede 1.9
Ag/7654 11 25.5 abede 3.5
Tmp 64/7654 12 24,7 abcde 2,2
13876 13 24,5 abede -
Tmp 64/Ag 14 24,3 abcede 3.3
Tmp 64/13876 15 24,3 abcde 1.3
Sut /13876 16 24,2 abcde 1.5
Tmp 64 /Cmn 17 23,7 abcde 1.4
7654 18 23.5 abcde -
Sut /Ag 19 23.4 abcde 2,7
Cmn 20 23.2 abede -
7654 /Cmn 21 22.8 abcde =0.6
Sut /Cmn 22 22.8 abcde 0.7
Ag/13876 23 21.5  bede =1.0
Tmp 64 24 21.4 bede -
Sut 25 20.9 cde -
Ag 26 20.5 de -
Sut/7654 27 20.0 e 2,2
Sut/Tmp 64 28 19.9 e -1,3
*===Exceeds LSD .05 = 4.2,
*%-==Exceeds LSD .01 = 5.7,

Note: Those means not

are not significantly different at P = ,035.

followed by the same letter are significantly
different at P = .05; those means followed by the same letter
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TABLE VIII

PARENTAL AND F; MEANS, MULTIPLE RANGE COMPARISONS, AND DEVIATIONS
OF HYBRID-MIDPARENT FOR GRAIN YIELP PER HILL

Fi;'s and Rank Grain Yield/Hill  Hybrid-Midparent
Parents (highest to lowest) {(gms) Deviation
Ag/sdy 1 23.6 a 5,8%
Sut/Sdy 2 23.4 ab 5.5%
Sut/Ag 3 23,0 abe 7 b%%
Tmp 64/7654 4 22.3 abed 2.8
7654/13876 3 21,2 abcede 3.7
Tmp 64/Sdy 6 21.1 abede 1.6
Sdy /Cmn 7 21.0 abede 4.0
7654 /sdy 8 20.5 abedef 0.3
7654 9 20.2 abedef -
Sdy 10 20.2 abcdef -
Cmn/13876 11 20.0 abegdef 5.7
Ag /7654 12 20.0 abcdef 2.2
Ag/Cmn 13 19.9 abcdef 5.3
Tmp 64/Ag 14 19.7 abedef 2.6
Tmp 64/13876 15 19.0 abcdef 2,2
Tmp 64/Crn 16 18.9 abcdef 1.7
Tmp 64 17 18.8 abcdef -
Sdy/13876 18 18.5 abedef 1.0
Sut/Tmp 64 19 18.1 abedef 0.8
7654 /Cmn 20 17.4 abcdef 0.4
Sut 21 15.7 bedef -
Sut /Cmn 22 15.5 cdef 0.7
Ag 23 15.4 cdef =
13876 24 14.8 def -
Sut /7654 25 14.7 def =3.3
Sut /13876 26 14.3 ef =1.0
Cmmn 27 13.8 ef -
Ag/13876 28 13.2 £ =1.9
*=-=Exceeds LSD .05 = 5.4.
*h-=-=FExceeds LSD .0l = 7.3.

Those means not followed by the same letter are significantly

different at P = .05; those means followed by the same letter
are not significantly different at P = .05,

Note:
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TABLE IX

AND MIDPARENT MEANS FOR SIX CHARACTERS

HYBRIDS EXPRESSED AS PERCENT OF HIGH-PARENT

Number of 200 Kernel Average No. of
Hybrid Heading Date Plant Height Spikes/Hill Weight Kernels/Spike Yield/Hill
%HP 1/ 7MP %HP 2/  7MP ZHP 3/ 7MP 4/  7HP TMP %HP  7MP %HP %MP
Sut/Tmp 64 83 9% 91 96 93 99 109 110 93 9% 96 105
Sut/Ag 83 94 % 106 113%* 112 114 109 110 112 113 146 147%*
Sut /7654 105 112 100 103 93 95 90 92 85 90 72 81
Sut/Sdy 85 97 89 104 102 103 107 113%* 101 113 116 130*
Sut /Cmn 92 99 103 104 87 92 105 112 98 103 99 103
Sut /13876 92 99 91 97 78% 85 98 100 99 107 91 94
Tmp 64/Ag 70 88%* 105 107 87 93 104 105 114 116 105 115
Tmp 64/7654 91 98 103 105 93 97 105 107 105 110 110 114
Tmp 64/Sdy 93 9% 93 103 78% 84% 107 112 106 117* 105 108
Tmp 64 /Cmn 72 94 92 98 78% 88 112 121%% 102 104 101 116
Tmp 64/13876 98 103 96 97 84 97 104 106 99 106 101 113
Ag/7654 83 98 112%  116%%* 100 102 93 97 109 116 99 112
Ag/Sdy 64 79%* 103 113* 98 98 113 114%* 108 121%* 117 133*
Ag/Cmn &5 90%* 104 112%% 105 111 95 100 116 122% 129 136
Ag/13876 73 89*% 104 105 87 95 89 90 88 96 86 87
7654 /sdy 99 106 96 108* 88 91 100 103 106 112 102 102
7654 /Con 87 98 97 106 99 105 90 98 97 99 86 102
7654/13876 9% 97 101 104 91 102 102 106 112 114 105 121
Sdy/Cmn 75 89%* 9 110%%* 100 101 109 116* 102 108 104 124
Sdy/13876 100 104 98 108 87 9% 102 104 104 111 92 106
Cmn/13876 81 93* 97 104 107 110 113 118% 100 102 135 140%
Mean 86 96 99 105 93 98 103 106 103 108 105 114

Significantly (*) or highly significantly (**j different than its high parent or its midparent

based on LSD.

1/ HP = later parent,

3/ 7HP = Percent of high parent.

2/ HP = taller parent,
4/ 7MP = Percent of midparent,

8¢
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Combining Ability

Since differences among hybrids were highly significant for 6 char-
acters (Table X), Griffing's diallel analysis method 4, model 1 which

eliminates parents and utilizes only one set of Fl's was conducted for

<

all characters measured.

Combining ability mean squares and the relative magnitude of gen-
eral to specific combining ability for the six traits are shown in
Table X1, Highly significant general combining ability wvariances were
observed for all traits. Specific combining abiliﬁy‘variances were
also highly significant for all traits except number of spikes/hill
which was significant at the 5% level of probability. The genetic vari-
ability for heading date and plant height was largely accounted for by
general combing ability. The ratios of generalvto specific combining
ability variance for these traits were 14:1 and 17:1, reséectivelya
The components of yield; number of spikes, kernel weight, and kernels/
spike had larger variances for general combining ability than for spe~
cific combining ability. The ratio was 2:1, 2:1 and 5:1, respectively.
The ratio of general to specific combining ability variance for yield
was nearly l:1 which suggests that non-additive genetic effects were as
important as additive effects for this trait.

The diallel analysis for combining ability provides an estimate of
éeneral combining ability effects.of parents and specific combining
ability effects of individual crosses., The genegal combining ability
effects of individual parental lines along with the corresponding stand-
ard errors for each character are presented in Table XII. For heading
date, Triumph 64 and Sturdy had the greatest negative general combiniﬁg

ability effects (earliness) which was desirable in this case. The
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Sturdy, Triumph 64, and C.I. 13876 parents had the greatest significant
negative general combing ability effects for plant height. High nega-
tive effects are desirable in this case since it indicates shortness of
straw. Sturdy had the highest positive general combining ability ef-
fect for yield while C.I. 13876 and Scout had the greatest negative
general combining ability effecté for this trait. Agent had the high-
est general effect for number of spikes per hill while C,I. 13876 had
the largest negative:effect for this trait. Triumph 64 and Sturdy had
significantly greater positive general combining ability effects for
kernel weight than the other five parental lines. Agent and C.I. 13876
had the greatest negative effects for this trait. Sturdy had, by far,
the greatest positive effect for kernels/spike while Scout had the
greatest negative effect for this trait. Considering general combining
ability effects of all traits Sturdy and Triumph 64 appeared to be the
best parents in this set.

Estimates of specific combining ability effects associated with
individual crosses for each éf the six characters are presented in
Table XITII. Shown also in this table are standard errors for compari-
son of effects of two crosses having one parent in common. Significant
negative (earliness) sﬁecific combining ability effects were observed
in six crosses for heading date. Three of these crosses involved the
semi-dwarf parent, Sturdy. The greatest negative (shortness) effect
for plant height was found in the 7654/Cmn hybrid which is interesting
since both parents had high positive general effects for this trait.
The Ag/13876 and Ag/Sdy hybrids also had high negative specific effects
for plant height. Five of the 21 hybrids exhibited significant posi-

tive specific combining ability effects for yield. The greatest



positive effect for yield occurred in the Sut/Ag hybrid which also had
positive effect for the three yield components. Other hybrids with
high positive effects for yield were Sut/Sdy, 7654/13876, and Cmn/13876.
The largest negative effect was found in the Ag/13876 and Sut/7654
hybrids which also had the greatest negative effects for kernel weight
and kernels/spike. This may be explained im part by the fact that these

two hybrids were affected by hybrid necrosis,
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MEAN SQUARES FROM ANALYSIS OF VARIANCE OF DATA FROM F; HYBRIDS

Source of Heading Plant Number of 200 Rernel Average Number

Variation d.£f. Date Height Spikes/Hill Weight of Rernels/Spike  Yield/Hill
Total 314 - - = - - -
Replicates 2 22,193%*%  476,953%* 457,069%* 2,853%% 33.539 139,063 %*
Hybrids 20 183.943%*  854,398%* 79.636%* 2,559%% 97.357%% 131.133%%
Reps x Hybrids 49 11,341%%  112,515%% 49.420 1,360%% 50.913%% 86.930%*
Sampling Error 252 4,611 24,795 36,018 0.438 11.513 33.365

4%



TABLE XI

OBSERVED MEAN SQUARES FOR GENERAL COMBINING ABILITY, SPECIFIC COMBINING ABILITY AND ERROR

FOR SIX CHARACTERS AND THE RATIO OF GENERAL TO SPECIFIC COMBINING ABILITY

Character G.C.A. 1/ S.C.A. 2/ Error G.C.A./S.C.A.
Heading Date 35,177 %% 2. bbbk 0.307 14:1
Plant Height 166.296%%* 10.038%* 1.653 17:1
Number of Spikes/Hill 8.128%%* 4,093% 2.401 2:1
200 Kernel Weight 0,282%% 0,122%% 0.029 2:1
Average Number of 14,419%* 3,096%*% 0.768 5:1
Kernels/Spike

vield/Hill 10, 743%% 7.881%% 2.224 1:1

The degrees of freedom associated with G.C.A., S.C.A., and error are
General Combining Ability,
Specific Combining Ability.

1/ G.C.A.
_2;/ SQCOA.

6, 14, and 252, respectively.

£e



TABLE XIT

ESTIMATES OF GENERAL COMBINING ABILITY EFFECTS FOR SIX CHARACTERS

13876 S.E. (&;-8.)

Character Sut Tmp 64 Ag 7654 Sdy Cmn 3
Heading Date 1.70 =3.36 2,82 1.12 =3,37 2.40 -1.31 0.35
Plant Height 2.64 =5.32 5.64 3.26 =7.92 6.22 4,52 0.78
No. Spikes/Hill 0.46 0.05 1,41 1.10 =0,.93 <0.28 -2.27 0.96
200 Kernel Weight 0.05 0.34 =-0.24 =0.19 0.29 =0,03 =0.21 0.10
Avg. No. Kernels/Spike =2.45 0.85 0,11 =0,20 3.23 =0,13 0.29 0.56
Yield/Hill =1.36 0.66 0.71 0.03 2.47 =0.60 -1.91 0.90

7¢



TABLE XTIII

ESTIMATES OF SPECIFIC COMBINING ABILITY EFFECTS FOR SIX CHARACTERS

Heading Plant Number of 200 Kernel Avg. No.
Hybrid Date Height Spikes/Hill Weight Kernels/Spike Yield/Hill
Sut/Tmp 64 =1.45 - =1,81 1.74 .00 -1.68 -0.53
Sut /Ag 0.57 4,02 2.83 .41 0.82 4.33
Sut /7654 1.41 =0.70 =1,19 =0, 39 ~2,18 -3.33
Sut/Sdy -0.70 =1.32 2,17 0.11 1.06 3.04
Sut /Cmn 0.79 2.24 -2.53 0.02 0.49 -1.81
Sut /13876 -0.62 -2,42 -3.02 -0.16 1.51 -1,70
Tmp 64/Ag’ 0.10 =-0,12 -1.14 =0.08 0.20 -8.97
Tmp 64/7654 =-1.21 3.66 1.17 0.20 0.86 2.35
Tmp 64/Sdy 0.42 0.74 -1.40 -0.19 0.81 =1.34
Tmp 64/Cmn 0.44 =2,50 =2.04 0.19 -0.19 -0.42
Tmp 64/13876 1.70 0.04 1.67 =-0.12 0.01 0.91
Ag /7654 1.35 2,90 -0.41 0.07 0.67 -0,08
Ag/Sdy «2,49 -3.22 -0,38 0.43 0.17 1.10
Ag/Cun 0.94 0.54 .98 =0.35 1.91 6,52
Ag/13876 =0,43 4,12 =1.89 =0.48 -3.78 =4, 90
7654 /8dy 1.34 =1,64 =1.27 -0, 07 0.01 -1.32
7654 /Cmn =0.57 =5.18 0.76 =0,32 -1.76 =1.37
7654/13876 -2,32 0,96 0.9 0.52 2.41 3.75
Sdy/Cmn =0.%4 2.40 9.71 -0,03 -1.17 =0,17
Sdy/13876 2.37 3,04 0.17 =0,24 -0.08 -1.31
Cmn/13876 £.66 2.50 2,13 0.48 0.73 3.25
A Py
S.E, (Sij=8ik) 0.70 1.56 1.93 0.21 1.13 1.80

ge



CHAPTER V
DISCUSSION
Heterosis

In commercial hybrid wheat production one of the most important
considerations is the level of heterosis that must be obtained in order
to make hybrid seed production economically feasible., Heterosis, par-
ticularly for yield, is the primary consideration in any effort to

manipulate parents for ¥, hybrid usefulness. However, cases where the

1

F1 hybrid maintains the desired level of productivity in yield while
other important characters such as flour quality, earliness, insect
and disease resistance are incorporated, may be useful.

One of the primary objectives of this experiment was to evaluate
hybrid performance in relation to parental performance for six agro-

nomic characters of winter wheat. Although four F, hybrids showed

1
significant midparent heterosis for yield none exhibited significant
high-parent heterosis for this character. Some combinations resulted
in negative heterosis for yield and yield components possibly due to

hybrid necrosis. The average grain yield of all F,6's was only 5%

1
greater  than the mean of the high parents (Table IX). Other recent
heterosis studies conducted under space-planted, hill-planted or nearly
normal seeding rate indicate that heterosis of about 25% over the high

parent is common (Table XIV). However much less heterosis was observed

in this experiment. With regard to heterosis for yield, the results

36



of this experiment are sqmewhat similar to those of McIlrath (23). 1In
comparison with other studies, the rather low degree of heterosis
obtained in this study, and also in McIlrath's (23) study, conducted
in Oklahoma may be due tog: (1) choice of paremt, (2) different tech~
niques, or perhaps envirommental differences. Additional studies on
performance of hard red winter wheat hybrids under Oklahoma conditions
are needed.

In the utilization of hybrid vigor in commercial hybrid wheats,
only that vigor in excess of the better parent or best conventional
variety is of practical significance. Under the conditions of this
study it appears that the amount of heterosis is not great enough to
encourage a hybrid breeding program with the particular parental combi-
nations studied. However, these parents were not selected on the basis
of combining ability and further studies utilizing parents previously
selected for ﬁigh general combining ability may result in higher levels
of heterosis,

Although two of 21 hybrids produced yields that were 46% and 35%
above the high parent, they were not significantly different from their
respective high parents in this trait. This could be due to the high
experimental error observed for yield. Such variability was believed
to result from high interaction between hills within plots.,

High experimental error may be due in part to an unequal number
of plants per plot. In this experiment, foﬁr seeds were planted in
each of the five hills in each plot and the number of plants per hill
after germination ranged from 3 to 4. It was assumed that the perform-
ance of the hills having three plants was comparable with those of

four plants since tillering should offset the reduction in number of
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plants. The observed high coefficient of variability (47%) for yield
s@ggests that the assumption that tillering would take care of the vary=-
ing number of plants per hill failed. It also suggests that more accue
racy of measuring the expression of heterosis can be gained by design-
ing hill exéeriments such that each hill has an equal number of plén;se
In addition, more replications should be considered as a means of in-
creasing precision.

In this experiment the best hybrid, Ag/Sdy, yielded 23.6 gram/hill,
which was 17% better than the highest yielding variety in the test.
The wheat grower will be concerned with the amount of heterosis in
relation to the be;t ccm@ercial varieties already available. The best
hybrid in this study was 39% better than the mean of all parents and
i7% better than the best yielding parent, Sturdy. I1f it is assumed
that heterosis of about 25% over the best parent is the expected level
of heterosis that is necessary for successful commercial hybrid wheat
production then the level of heterosis exhibited by the best hybrid im
this test is not sufficiemt. This would be particularly true if the
degree of heterosis was overestimated to some extent from hill-plot
data as was suggested by Santiago and Patterson (24). Howevef, other
hybrid combinations or tests conducted in other years or aﬁ_other loca-
tions in the state might result in different degrees of heterosis.
Also different field designs and techniques would no doubt influence
estimates of heterosis. Im conclusion, the results from this study
indicate that.although the level of hetgrosis for yield was rather low,
certain parents and hybrid combinations are worthy of further exaﬁina-

tion for hybrid wheat programs.



HETEROSIS IN WHEAT:

TABLE XIV

RESULTS OBTAINED BY DIFFERENT WORKERS

Number of Yield (% HP)
Source of Data Hybrids Range Mean
Iee (Present Study) 21 72 - 146 - 105
Briggle et al. (5) 2 119 - 137 128
Brown et al. (6) 16 96 - 131 113
McIlrath et al. (23) 15 45 = 141 80
Santiago and Pattersom (27) 21 68 - 171 124
Gyawali et al. (9) 21 86 = 176 124

% HP = Percent of High Parent,

&6¢
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Combining Ability

The results obtained from the combining ability study suggest that
a large part of the total genetic variability for heading date, plant
height and three components of yield was due to additive gene action.
The present results are therefore in good agreement with theose of Brown
et al. (6), Kronstad and Foote (19), Gyawali et al, (9) and McIlrath
et al. (23), who also found that the predominate type of gene action
governing these characters was additive.

It is interesting, however, to note that a much smaller general
to specific combining ability ratio (mnearly 1:1) was observed for yield.
This indicates that specific combining ability portion of the genotypic
variance was equally as important for this trait as general combining
ability. This relatively high proportion of specific combining ability
is due to dominance and epistatic gene effects., Specific combining‘
ability may also be associated with geneotype x enviromment interaction
as has been reported by several workers in corn (22, 26). This result,
however, may be expected since all of the parental lines have been
highly selected on the basis of their performance per se and are com-
monly used as parents in variety imprévement programs throughout the
hard red winter wheat growing region of the United States.

| The pattern of general and specific combining ability variances

for yield and yield components found in this study is in agreement with
the results presented by McIlrath et al. (23) and by Gyawali et al. (9)
except for kernel weight. No specific combining ability was detected
for this trait by Gyawali et al. (Table XV). The results obtained in
this study for general combining ability were generally consistant with

those of other workers. Less agreement was noted for the results on
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specific combining ability for yield and yield components. Brown et al.
(6) did not detect significant variances due to specific combining
ability while Kronstad and Foote (19) found significant variances for
specific combining ability for yield only. The differences might be

due to the selection of experimental material or sampling variation.

On the basis of estimates of general combining ability effects
for earliness, height, yield and average number of kernels per spike
Sturdy was the best parent émong those of the set studied. Agent had
the second largest positive general combining ability effect for yield.
Therefore, a cross between Agent and Sturdy, both of which had high
individual general combining ability effects for yield would appear to
be most promising in producing high yielding progeny. Furthermore, it
is interesting to note that each of them showed large individual general
combining ability effects for both plant height and heading date,

Their hybrid also showed significant negative specific combining abili-
ty effects for both characters (Table XIII).

In the study reported, observed mean squares for specific combin-
ing ability for all characters were highly significant. These results
indicated that non-additive genetic variance could play an important
role for yield, yield components, height, and heading date for parti=-
cular parental combinations. However, the level of heterosis observed
was rather low for all characters in&icating that non-additive gene
effects were apparently not toeo important. The fact that only five of
the 21 possible hybrids exhibited significant specific combining ability
effects for yield even though the specific combining ability variance
observed for this character was highly significant indicates that the

importance of non-additive effects may have even overestimated.



SIGNIFICANT DIFFERENCES DUE TO GENERAL AND SPECIFIC COMBINING ABILITY VARIANCES

TABLE XV

FOR YIELD AND YIELD COMPONENTS OBTAINED BY VARIOUS AUTHORS

Kernel Kernel Spike
Source of Data Yield Weight Number Number
Jee (Present Study)
G.CA, 1/ %tk Fk e ede
S.C.A, 2/ ok Tk & ok
McIlrath et al, (23)
G.C.A, F 2 xv% Ex3 R
S.C.A. &k &k %k %
Kronstad and Foote (19)
G.C.A, sede ns Yk K
S.C.A, %ok ns ns ns
Brown et al. (6)
C.C.A, udk x¥% - Yt
S.C.A, ns ns =e ns
X
Gyawali et al. (9)
G,C.A. %%k Fete e A%
S.C,A. Yk ns -o &t

*% ¥ p < ,0l; ns * nonsignificant; -- * not reported.
.C = General Combining Ability.
.C.A, = Specific Combining Ability.

Yy



CHAPTER VI

SUMMARY

Heterosis and combining ability for heading date, plant height,

yield and certain yield components were examined in the F, gereration

1
of a diallel cross of 7 hard red winter wheat varieties adapted to
Oklahoma. The test was planted in hill plots in a randomized complete
block design with three replicates on the Agronomy Research Station at
Stillwater in 1967-68, Plots consist of 5 hills spaced 30 cm apart

and data were obtained on an individual hill basis.

Heterosis was evaluated in relation to high-parent and midparent
values and estimates of general and specific combining ability vari-
ances and effects based on Fl data were obtained to determine the rela-
tive importance of additive and non-additive effects of genes controll-
ing character expression.

In general, the hybrids were earlier than the late parent and
later than earlier parent. No hybrid headed significantly earlier
than its earlier parent. However, significant negative midparent
heterosis for heading date was observed in 7 hybrids. Kine of the 21
hybrids were taller than their taller parent, however only one hybrid
showed significant high-parent heterosis for this trait. Positive
midparent heterosis for plant height was significant in 6 hybrids.

None of the hybrids exhibited significant high-parent heterosis for

yield or for any of the yield components, although 13 hybrids exceeded
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their respective high parent for yield. The mean yield of the hybrids
ranged from 72 to 146% of the high-parent values and 81 to 147% of the
midparent values. The mean yield for all hybrids was 105% of the high-
parent mean and 114% of the midparent. Significant midparent heterosis
was observed in the Sut/Ag, Sut/Sdy, Ag/Sdy, and Cmn/13876 hybrids for
yield; in the Sut/Sdy, Tmp 64/Cmn, Ag/Sdy, Sdy/Cmn, and Cmn/13876
hybrids for 200 kernel weight; in the Tmp 64/Sdy, Ag/Sdy, and Ag/Cmn
hybrids for average number of kernels/spike. No significant positive
midparent heterosis was found for number of spikes. Three hybrids,
Sut/13876, Tmp 64/5dy and Tmp 64/Cmn were significantly lower than
their high-parents for this trait. The Tmp 64/Sdy hybrid was also
significantly lower than its midparent. The best hybrid, Ag/de
yielded 23.6 grams/hill and also had the largest number of kernels/
spike.

The diallel analysis for combining ability indicated that a large
part of the total genetic variation for all characters was associated
with general combining ability, although significant specific combin-
ing ability variances were also observed for all traits measured. On
the basis of general to specific combining ability ratios it appeared
that non-additive genetic effects were as important as additive
effects for yield.

Sturdy had the greatest general combining ability effects for
heading date (negative), plant height (negative), yield and average
number of kernels/spike. The greatest positive general combining
ability effects for kernel weight occurred in Sturdy and Triumph 64
while Agent exhibited the largest negative general effects for this

trait. Agent had the highest positive general effects for number of
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spikes while C.I. 13876 showed the largest negative effect for this
trait. Considering general combining ability effects of all traits
Sturdy and Triumph 64 appeared to be the best parents.

Six hybrids showed significant negative {(earliness) specific com-
bining ability effects for heading date. Three of these hybrids in-
volved the semi-~dwarf parent, Sturdy. BSignificant negative (shortness)
specific combining ability effects were observed in 7 hybrids. The
greatest negative effect was found in the 7654/Cmn hybrid for this
trait. Only five hybrids, Sut/Ag, Sut/Sdy, 7654/13876, Cmn/13876, and
Tmp 64/7654 exhibited significant positive specific combining ability
effects for yield. The greatest effect for this trait was observed
in the Sut/Ag hybrid which also had positive effect for the three yield
components. The largest negative effect was found in the Ag/13876
and Sut/7654 hybrids which also had the greatest negative effects for

kernel weight and kernels/spike.
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