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Abstract

Canadian Prairie Spring Wheat is a new category of wheat for Western
Canada and the major quality breeding objectives have been harder grain
kernels, higher protein content and stronger flour strength. The materials
used in the present study were from four generations of plant progenies (F3-
-F6 derived from F2 single plants) of a cross between two parents, the
Canadian Prairie Spring wheat HY 320, and the cultivar QT 8132 with harder
kernels, higher protein content, stronger flour strength and lower grain
yield than HY 320. The objectices were to examine the efficiency of hardness
selection and how such selection affects the other quality measures, to
examine the effects of site-year and different seed sources, and to estimate
the correlations among, and the heritabilities of, the quality traits obtained

from microprediction tests for wheat quality in Triticum aestivum, L..

The results obtained showed that the hardness grouping in F4
significantly affected the measures of hardness, flour yield, protein content,
farinograph water absorption and arrival time in the later generations of F5
and F6. Wheats selected for harder kernels were shown in later generations
to be harder and to have higher flour yield, higher protein content, higher
water absorption and loager farinograph arrival time. Wheat in the softest
group had significantly lower flour yield and protein content than the other
groups. Thus hardness measures could be used to identify lines with low flour
yield and low protein content. The hardness grouping did not affect the
measures of sedimentation value, farinograph dough development time and
stability; thus the selection for these characters, such as for stronger flour

strength as measured by sedimentation and stability, should * - carried out



separately from the hardness selection. Site-years significantly influenced
the quality measures of hardness, protein content and sedimentation value in
F4 and FS, suggesting that for the true estimates of these values multi-site
testing is necessary. It was also shown that significant correlations exist
between the California winter nursery and Edmonton research station for
hardness and sedimentation value, implying that site-years influenced the
mean values of the population, but not the ranking of individual lines
within the population. Thus testing on the winter nursery material for
hardness and sedimentation values would be effective and resource saving
strategy. In F4, FS and F5 generations, hardness showed significant
correlation with protein content, flour vield, farinograph water absorption
and arrival time, while sedimentation value showed significant correlation
with protein content, farinograph dough development time and stability.
Thus it would appeared that testing of hardn.ss, sedimentation value and
protein content should present a reasonable overall estimates for quality
improvement in the Canadian Prairie Spring wheat class. Inter-generation
regression heritabilities showed that hardness and sedimentation value were
significantly heritable, indicating that selection for these two traits would be

effective in the early generations of breeding programs.
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1. Introduction

Good quality traits are major breeding objectives in most modern
wheat breeding programs but wheat quality is defined in many different
ways for different end products. Each type of wheat has its own typical grain
and flour characteristics which can be specified in terms of quality
measures such as grain hardness, protein quantity and quality, farinograph
and extensograph properties, and other measures. (Finney and Yamazaki,

1967, 1987).

In plant breeding programs the limitations of seed supply, and the
large number of early generation breeding lines that needs to be evaluated
annually, restrict the type of quality evzluation that can be conducted using
standard methods. Fortunately a number of micro-prediction tests for wheat
quality have been developed in the pasi thirty years that require a relatively
short time and small quantities of samples (Hehn and Barmore, 1965:
Pomeranz, 1988). The results from those micro-prediction tests have been
very similar to those obtained from standard !arge scale measures (Finney
and Yamazaki 1967, 1987) and most of the prediction tests are also highly
repeatable (de La Roche and Fowler, 1974). Plant breeders can now use these
quick, small-scale tests to select wheats suited for each of the end-use

categories.

Amongst the microprediction tests, grain hardness, protein content
and protein quality have been proposed and accepted as being fundamental
measures of the quality attributes of breadmaking wheat in most studies
(Hehn and Barmore,1965; Fowler and de La Roche, 1975a; OBrien and Ronalds,

1987). Differences in these traits have been associated with differences of



2
the milling and baking characteristics of the breadwheat varieties (Symes,
1969; Baker and Dyke, 1975; Baker and Cambell, 1979; Tipples et al, 1981,
Pomeranz et al, 1984). Hardness is of particular interest to wheat researchers,’
not only because of its importances in wheat classification but also because it
is very easy to measure and is controlled by major gene(s) (Symes, 1965;
Symes, 1969; Baker, 1978; Miller et al, 1984). It has been suggested that
hardness is the easiest single test to carry out to best predict the possible
potential baking quality, both in soft and hard wheat (Yamazaki and
Donelson, 1983; Williams, 1986). Thus further knowledge concerning
selection for hardness and its effects on the other quality traits would be of

interest to plant breeders.

Many quality traits have been reported to be heritable and the
heritabilities reported from the prediction tests have generally been
~-wisrate to high (Baker et al, 1968; Lofgren et al, 1968, Briggs and Shebeski,
19/ 1: Birars and Derera, 1975; Baker, 1977; Pearson et al. 1981; O'Brien and
Ronalds, 1987), and use of the strategy of early generation selection has been
frequently suggested. Heyne and Finney (1965) suggested the use of the F2
progeny method to study early generation selction for quality. Shebeski
(1967) proposed that selection for wheat breadmaking quality in a cross
could start on a single plant basis as early as the F3 generation, and effective
early generation testing has also been reported by others (Lebsock et al,
1964: Atkins et al, 1965; McNeal et al, 1969). The efficiency of early
generation selection depends on the speed and accuracy with which the
genotypic value can be measured on small and often unreplicated samples of
the available plant material. As quality characteristics are phenotypic

observations, the accuracy with which a particular test measures the
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genotypic value must be assessed by its heritability, and the knowledge of
the inheritance of quality traits is important for predicting the progress that

a plant breeder can make during selection.

It is commonly accepted that quality components are not independent
from each other in their final contribution to breadmaking quality, and that
the performance of one component is likely to be influenced by the
variability of other components. An understanding of the interrelationships
between the quality components would be an asset in any quality breeding
program. Results of these interrelationship studies in the past were often
controversial and hard to interpret because of confounded genotypic and
environmental effects. The interrelationships among the quality
components tend to be varietal specific, and clear relationships demonstrated
in some studies are not repeatable in others. The influence of location and
environmental effects on the quality parameters has long been recognized
and is commonly reported (Ladd and Bailey, 1910; Baker et al, 1968). The high
variation caused by location and environment effects mean that extensive
year, location and climate testing is necessary. An efficient breeding
program depends on the knowledge of possible site, year and location effects
on the quality traits and their interrelationships. Relatively little is yet
known about such effects in early generation wheat materials, especially for

the Canadian Prairie Spring wheat class.

Most past studies (e.g. Baker et al,1968; Orth et al, 1972; Bhatt and
Derera, 1975; Fowler and de La Roche, 1975b) used highly selected, advanced
generation maierials from regional trials or varieties with known difference
in quality, and few studies (Briggs 1969; Borghi et al. 1975; Pearson et al. 1981:

O'Brien and Ronalds, 1987.) have been conducted with grains from single
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plant derived rows or from the early generation plots in a breeding
programme. It is these materials that are of the greatest interest for

evaluating the efficiency of early generation selection and its practicai

usage in a breeding programme.

Canadian Prairie Spring (CPS) wheat is a new category of wheat for
Western Canada. Some of the quality improvement objectives for this class
include a harder wheat kernel, higher protein content and stronger flour.
The present research was designed to get further understanding on the
effects of hardness selection in CPS wheat progenies and how such selection
affects other measures of quality. The material used was from a cross
between two parents (one of which is a CPS wheat), differing substantially in
grain hardness, grain yield, sedimentation value and protein content. There

were three specific objectives in the present study:

1) To examine the impact of hardness selection in the F4 generation on the

functional quality traits of the later generations (F5 and F6).

2) To study and describe the heritabilities of, and correlation among, the
quality traits in the early generations of a Hard X Medium Hard wheat cross,
using grains from the F3, F4, F5 and F6 generations derived from different

seed sources.

3) To compare the quality traits of grains from samples grown in Edmonton
and in the California winter nursery, to examine the site-year and seed
source effects on the quality traits, and the effectiveness of quality
measurements on the winter nursery material as compared with Edmonton
materials, for the same population. Both F4 and F5 generations were used for

this comparison.



2. Literature Recview

2.1 Wheat Quality and Interrelationship of Quality Characters.

Wheat quality means different things to different people. Each
segment of the wheat industry, made up from breeders, growers, traders,
millers and bakers, has its own concept of what constitutes a good quality
wheat. Nevertheless, it is generally accepted that good breadmaking quality
means at least two things: First, the wheat must have the basic physical and
chemical properties required by the milling and baking processes, and
secondly, and maybe more importantly, the flour must possess the ability to
produce a good quality bread (Tipples et al. 1982). Finney et al. (1967, 1987)
reviewed these interests in detail and stated that a flour of good quality for
breadmaking should have a high water absorption, a medium to medium long
mixing requirement, satisfactory mixing tolerance and dough handling
properties, good loaf volume potential and ability to produce good internal

crumb grain and color.

Generally speaking, breadmaking quality is a complex physico-
chemical character and a number of different physical and chemical tests
have been developed to measure the individual components of wheat quality.
These individual properties of wheat grain and flour play important roles in
the overall quality performance. The components are not independent from
each other in their final contribution to the breadmaking quality, and the
contribution of each component is likely to be influenced by variability in
the other. Thus the interrelationships of the quality components have
frequently been studied.(Sunderman et al. 1965; Baker et al. 1968; Bushuk et

al. 1969; de La Roche and Fowler 1975; OBriens and Ronalds 1987).
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Among the quality characters that have been studied, protein content
has been one of the greatest interest. The major effect of protein content on
breadmaking quality has been know.: for some time. In a review, Finney and
Yamazaki (1967) concluded that all quality properties are a function of
protein content in one way or another, although the protein content alone
does not account for all the quality differences (Bushuk et al. 1969). Loaf
volume measure is an effective means of assessing the final breadmaking
quality. Finney and Barmore (1948), in a study on both hard winter and
spring wheat varieties ranging in protein content from 8.5 to 18%,
demonstrated a linear relation between protein content and loaf volume.
Fifield et al. (1950) studied 589 wheat samples representing 10 varieties of
hard red spring wheat grown in four crop years under a wide range of
climatic and soil conditions and reported a similar linear relationship
between flour protein and loaf volume. The relationship between loaf
volume and flour protein for each variety was linear within the limiis of
protein content encountered from 8.5-18 %. Regression lines for loaf volume
on protein content for any variety were similar in all four crop years.
Bushuk et al. (1969) investigated the effects of protein quality and quantity
as factors in the evaluation of bread wheats. They reported that within bread
wheat cultivars which differ in protein quality, the loal volume was
positively correlated with protein content. It is now recognized that the loaf
volume is a function of both the quantity and the quality of the flour protein

(Finney et al. 1987).

In two studies, Finney et al. (1948) and Fifield et al. (1950) suggested
further that the examination of the protein/loaf volume regression lines can

be used to separate the protein quality differences of cultivars, as the
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intercept and the slope of the regression lines of loaf volume on protein
content for the varieties differed significantly. This relationship has been
subse,uently established by other researchers (Sunderman et al. 1965/

Fowler and de La Roche 1975a).

Protein content also relates to many other quality traits. Bushuk et al.
(1969) found that for the single variety Manitou, grown in the same location
over two years, most of the standard breadmaking quality parameters were
significantly correlated with protein content. Fowler and de La Roche
(1975b) found a significant influence of variation in protein content on 1000
kernel weight, bushel weight and on baking quality. Tkachuk and Kuzina
(1979) showed that wheat grain density was negatively correlated with
protein content. These relationships can be expected for lines in a plant

breeding programs.

Wheat protein content has frequently been reported to be correlated
with farinograph characteristics (Sunderman et al. 1965; Fowler and de La
Roche 1975b). High protein content can accompany an increase in
farinograph water absorption (Finney and Yamazaki 1967) and stability
(Lebsock et al. 1964). Orth et al. (1975) reported that protein content and
farinograph water absorption both increased with flour extraction rate and
suggested that optimum flour yield should be determined for each variety, or
more practically for each wheat type, to allow realization of maximum
breadmaking potential. They also reported that gluten strength decreased
with increasing extraction rate by showing an increase in farinograph
dough breakdown and a decrease in maximum eXtensograph resistance,
accompanied by a depression of loaf volume potential at extraction rate

above optimum. Shogren et al. (1986) concluded that water absorption and
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loaf volume potential (and indirectly, mixing time) are governed by protein

content and quality, by extractability and by their interactions.

Flour strength has been recognized as a basic factor in determining
flour breadmaking quality (Wrigley and Moss, 1968, Briggs and Shebeski
1972, Tipples et al. 1982) and it has been primarily a function of protein
quality (Wrigley and Moss 1968; Tipples et al. 1982). Zeleny (1947) developed
the sedimentation test as a measure of flour protein quality and significant
positive correlations between sedimentation value and protein content have
been frequently reported (Greenaway et al. 1966; Fowler and de La Roche
1975a; Pearson et al. 1981). This correlation simply describes a relationship
between the two parameters and does not explain any functional
relationship. Higher sedimentation values would not therefore guarantee
higher protein contents. Hsu and Sosulski (1969) stated that based on
phenotypic correlations obtained in F2 wheat populations the two quality
traits (protein content and sedimentation value) showed no consistent
relationship, positive or negative, depending on the cross. Thus it appears
that the relationship is a property of the individual cross. In other studies,
sedimentation value has been shown to correlate positively with many other
quality traits, especially the dough consistency and handling properties

(Fowler and de La Roche 1975b).

The physical properties of wheat grain also have effects on the
overall quality, especially on milling quality. Among them hardness of the
grain is of the greatest interest. Starch damage, which results from
mechanical fracturing of the starch granule, increases with wheat
endosperm hardness and is related to the rate and level of water absorption

and dough development characteristics. Williams {1967) has shown that
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hardness, as measured by particle size index, is closely related to starch
damage, diastatic activity, water absorption and gassing power for a wide
range of varieties grown in Australia. Symes (1969) found that a single gene
for hardness increased flour yield, thus harder wheat had higher flour yield.
Baker and Dyck (1975) reported similar result in studies using a segregating
population. Baker and Dyck (1975) also indicated that hardness as measured
by the particle size index (PSI), or grinding time, was related to mixograph
peak height and farinograph absorption. Furthermore, they indicated that
grinding time may appear to be a more economical test than PSI, as it is
simplier and easier to operate, in distinguishing hard and soft wheat within

a segregating population.

The relationship between protein content and wheat hardness has
been the subject of numerous investigations, with often conflicting results.
Aamodt and Torrie (1935) first repccted a positive relationship between
protein content and grain hardness among a group of varieties and
suggested that hardness was caused by the effect of the protein so that
hardness could be used as an indicator for the protein content. Symes (1965)
studied the genetics of hardness and protein content and reported that no
relation could be found between the two traits in the Australian varieties
used. Miller et al. (1984) studied the protein effects on grain hardness and
concluded that for all varieties and across all locations, grain protein content
was not correlated with hardness. Some varieties, however, showed
significant negative or positive relationship between protein content and
hardness. I+ herefore appeared that the relationship was variety specific.
Davis et al. (1961). using a segregation population, also investigated this

relationship and showed that correlation values were not significantly
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different from zero in two crosses, but were significant and positive in two
other crosses( r=0.25, 0.61). Pomeranz et al. (1988) reported a positive
relationship between protein content and hardness and indicated that when
the hardness score was correlated with protein, it was only a reflection of
the fact that the hard wheats were high in protein , rather than that protein

and hardness were related.

Wheat quality is a complex factor, and the advent of a clear, simple test
for the factors primarily responsible for breadmaking quality would present
a clear advantage to those involved in the wheat industry, especially plant
breeders. Greenaway et al. (1966) presented evidence to indicate that
sedimentation is the test that singularly gives the best prediction of bread
making quality and strength of a hard wheat. Baker and Campbell (1971)
found that, in addition to sedimentation value, measures of nitrogen content
and centrifuge absorption provided useful information on breadmaking
quality (viz. remix loaf volume and mixing properties). The additional
information provided by the centrifuge absorption was related to the degree
of starch damage, which could in turn reflect kernel hardness (Williams,
1967: Barlow et al. 1973) and/or differences in milling damage of the starch

itself (Collins 1971; Farrand 1972).

In another study, in an evaluaticn of eight tests to screen early
generations of wheat for breadmaking quality, Baker et al. (1971) found that
protein content, farinograph developing time and gassing power were the
most useful in predicting loaf volumes in a selection program for quality.
Orth et al. (1972) reported that residue protein contert, Zeleny sedimentation
value and Farinograph dough development time provided the most useful

information for predicting baking quality by a single test. Fowler and de La
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Roche(1975b) studied 29 basic grain and flour tests rcquired for wheat
quality assessment, and concluded that only measurements of kernel
hardness, protein content and dough development are necessary to describe

the baking quality of wheat.

Factor analysis has been used to suggest as many as three (Orth et al.
1976) four (Jardine et al. 1963; Wrigley and Moss 1968) or up to seven (Briggs
and Shebeski 1972) groupings of related quality tests. These include measures
of strength, stability, hardness, stiffness, 1000 kernel weight, bushel weight
and flour ash. A logical interpretation of these factor analysis results would
be that at least one test is needed for each of the quality ractors to guarantee
effective quality screening in a breeding program. Considering the large
number of samples to be tested and the work that is involved, a wheat
breeder must restrict himself to limiting the number of selection tests to the
minimum number which could still properly represent the total correlation
matrix. A review of literature showed that tests of grain hardness, protein
content and protein quality are most commonly used to describe the overall
quality package of a variety, especially in the early generations of a
breeding program (Fowler and de La Roche, 1975a; Orth et al. 1976; O'Brien

and Orth 1977).

2.2 Hardness, and its Significance in a Wheat Quality Breeding

Program

Kernel hardness has become commonly recognized as a fundamental
component of milling and baking quality of wheat (Triticum aestivum, L)
(Symes 1965; Finney and Yamazaki 1967; Fowler and de La Roche 1975a;

Pomeranz et al. 1984; Finney et al. 1987). In the process of flour milling,
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grain hardness has decisive effects on the cleanness of separation of
endosperm from bran, moisture level tolerance, the resultant size of the
endosperm fragments and the sieving behavior of the flours, These factors’
in turn influence the rate of mill through-put, and the quality and yield of
the flour, as well as the final overall breadmaking quality. Thus kernel

hardness was very often used in wheat classification. (Poser, 1988)

Differences in grain kernel hardness have been associated with many
quality traits, such as flour yield, mixing characteristics, and loafl volume,
etc. (Symes 1969; Baker and Dyck: 1975: Pomeranz et al. 1988). Williams (1967)
showed that the physical hardness of wheat has a direct effect on its milling
performance, and on water absorption, damaged starch content, and
fermentatior capacity of flours, and that there is a close relationship
between kernel har iness and starch damage (Williams 1967). Simmonds
(1974) reported that hard and soft wheat fracture differently during the
milling process, which causes differences in starch damage levels and
particle size. Hard wheat produced larger flour particles with higher starch
damage levels, compared to soft wheat (Farrand 1972; Stenvert 1974). The
hard wheat can tolerate high moisture levels during conditioning to give the

optimum flour yield of flour consistent with an acceptable flour color.

Both the flour particle size and the starch damage level correlate with
the final breadmaking quality of the flour (Pratt 1978). Nevertheless, starch
damage level may appear to be more responsible for flour quality than
particle size, especially for dough rheological characteristics (Kurimoto and
Shelton 1988). In breadmaking, higher levels of starch damage result in
higher water absorption of the dough and subsequently, higher bread yield

and better crumb texture.
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The biochemical nature of hardness is still unknown. Symes (1969)
ha. suggested that "the effect of changing this gene (for hardness) is to
change the type of the protein that is laid down within the grain” Thus,
grain hardness may relate to the strength with which the protein matrix
entraps the starch granules and also pcssibly to the structure of the granules
themselves. On the other hand, the tightness of adhesion between the
protein matrix and starch granules may be more important in determining
the grain hardness than the composition of the protein matrix (Simmonds et

al. 1973).

For an important character like hardness, controlled by a major gene,
wheat breeders have long realized the relevance of measuring this
character as a classifier of quality. In modern wheat breeding programs,
breeder often intercross diverse types of wheat and produce crosses with
wild relatives of wheat to improve agronomic and production performance.
Innovative crosses may produce segregates with soft wheat characteristics
and these should be removed from a hard wheat breeding program, or
alternatively they may produce segregates with hard wheat characteristics,
making them unsuitable for a soft breeding program. It has been suggested
that if only one quality characteristic is to be chosen, hardness would be the
one best able to predict the possible potential quality in baking, both in soft
(Yamazaki and Donelson 1983) and hard wheat (Williams,1986). These
suggestions have encouraged plant breeders, since the hardness test may be
the easiest single test to carry out. This would be especially beneficial in
early generations when relatively large numbers of small, often

unreplicated samples need to be screened.
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There have been many laboratory methods suggested for hardness
testing and each one has been modified at least several times already.The
most com monly used tests are: 1) Time to grind (Miller at al. 1981); 2) Particle
size index (PS1) (Symes 196 1); 3) Resistance to grinding (Stenvert 1971); and

4) Near Infra Red Reflectance (Williams 1979).

It would not be a surprise that varieties would respond differently to
different testing methods. Factors like moisture and temperature of the
grain, kernel size and shape, and sometimes even the protein content, would
interact with different testing methods and the inherent hardness of the
kernel, thus influencing the recorded values (Obuchuski and Bushuk 1980).
This variation will be further enhanced when the year, location, cultivar
and the effects of their interactions are taking into consideration.
Nevertheless, effective discrimination between cultivars, and the
consistency of the relationships that exist between hardness and other
quality parameters still enable plant breeders to use hardness extensively to
select new cultivars (Fowler and de La Roche, 197 5a; Pomeranz and Mattern
1987). Pomeranz and Miller (1982) studied a range of hardness tests and
concluded that time to grind can most effectively evaluate the hardness of
plant breeders samples and distinguish hard and soft wheats in marketing
channels, while Near-Infra Red Reflectance method (NIR) was the most

effective for accurate ranking of varieties.

2.3 The Inheritance of Breadmaking Quality in Wheat.

Studies on the inheritance of breadmaking quality have been limited

to examination of the inheritance of the individual components of
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4.2 Hardness selection effects on the expression of other
quality parameters:

4.2.1 ANOVA

Hardness selection was conducted in 1987 on the 360 F4 progeny lines.
To estimate the effects of hardness grouping on the measures of other
quality traits throughout the generations, the results of each quality traits
were subjected to analysis of variance (ANOVA). The grouping effects were
reported in Table 4.2.1.1 for prediction tests, and in Table 4.2.1.2 for
farinograph testing and Buhler milling.

Hardness and flour yield measures were significantly influenced by
selection according to seed source and generations. Grain protein content
was also significantly affected by the selection pressure for all the seed
sources except for cFS (i.e. 1988 Edmonton F5, derived from 1987/88 California
F4)

Sedimentation values were generally not significantly influenced by
selection for hardness (Table 4.2.1.1), indicating an independence of
sedimentation measures from hardness. Seed source of aF5 (i.e. 1987/88
California FS) was the only case where hardness grouping had significantly
affected the sedimentation measurements.

Hardness selection showed no significant effects on 1000 kwt and

hectolitre weight measures (Table 4.2.1.1).



Table 4.2.1.1 Effects of hardness selection on other quality
parameters (Prediction tests)

Rep # Hard Prot Sedt Flyd Kwt Hliwt
a4 1 TR s NS NS
bF4 1 T TN
5 1 T o NS
F4 2 ST s NS NS
bFS 2 ST NS NS
F5s 2 SN NS NS
ssf6 2 =t NS <+ NS NS

Note:

* Significant at 0.05 level.

**x Significant at 0.01 level.

88 = 1988

Rep # = Number of replications.
NS = Not significant at 0.05 level.
___=Notest was performed.

Buhler milling and farinograph measures were conducted on the seed
source of aF4 (i.e. 1987 Edmonton F4), bF5 (i.e. 1988 Edmonton F5, derived
from 1987 Edmonion F4) and on the Edmonton 1988 F6. Hardness selection by
group significantly affected the group quality traits farinograph water
absorption (FAB), farinograph arrival time (FAT) and Buhler Experimental
Milling Yield (Bflyd) for all three seed sources (Table 4.2.1.2).

With one exception of the farinograph stability measures (FST) in the
bFS sample, all other farinograph characteristics (FPT, FST, FDT, FMTI and

F20) were not shown to be affected by slection for hardness (Table 4.2.1 2).
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Table 4.2.1.2 Effects of hardness selection on other quality
parameters (Farinograph properties and Buhler
milling tests)

Edm 87F4 Edm 88F5 Edm 88F6

FAB *x x x x
AT < . T
T NS | NS N
)T NS e N
T NS ] NS N
i NS NS N
P00 NS NS N
Bfiya o+ S

) * and ** are indicators for significance at 0.05 and 0.0! confidence levels.
2)87 = 1987.88 = 1988 Edm - Edmonton

3) NS = Not significant.

4.2.2 Comparison of means of the three hardness groups for the
quality parameters of hardness, protein content and flour

yield

Mean values for each of the three hardness groups were calculated for
each of the seed and generation sources. Duncan’'s multiple mean comparison
tests were conducted within each seed and generation source for hardness,

protein and flour yield.

Results were reported in such a way that "normal plant breeding
progression” (1987 Edmonton F4 --> 1987/88 California F5 --> 1988 Edmonton

F6) was separated from the "1988 Edmonton all generation special case”
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where all generations (F3 to F6) were present in the one. Results are
summarized in Tables 4.2.2.1a, 4.2.2.1b, 4.2.2.2a,4.2.2.2b, 4.2.2.3a, and 4.2.2.3b,
and graphically in Figures 4.2.2.1a, 4.2.2.1b, 4.2.2.2a, 42.2.2b,4.2.2.3a, and
4.2.2.3b.

For hardness, the means of the three hardness groups differed
significantly from each other throughout the seed source, location and
generations except for the 1988 Edmonton F3 case, where the means of the
medium and soft groups were not significantly different (Table 4.2.2.1a, Table

4.2.2.1b).

Among the three sample groups divided on the basis of hardness,
means of protein content showed o significant difference between the hard
and medium-hard groups for most of the seed sources, especially under the
"normal plant breeding procedures” (Table 4.2.2.2a, Table 4.2.2.2b). However
in the 1988 Edmonton conditions F4(cF4) and FS(ij), means for protein
content of each of the hardness groups were significantly different from

each other (Table 4.2.2.2a, Table 4.2.2.2b).

Soft wheats usually have a lower protein content than hard wheat.
Significant differences were observed between the soft group and the other
hardness groups for protein level in most of the situations. In 1988 Edmonton
F3 hill plots, no significant differences were found among the hardness

groups for protein content (Table 4.2.2.2b).

The pattern of performance of the flour yield means was similar to
that for protein. Means of flour yield in the soli growp were usually
significantly different from those for the other two groups. Exceptions were

the 1987 Edmonton F4 and 1988 Edmonton F3, where no differences were



47

found between the soft and medium-hard groups (Table 4.2.2.3a, Table
4.2.2.3b). In the 1988 Edmonton F3 hill plots, means of flour yield for hard,
medium-hard and soft groups did differ from each other significantly (Table

4.2.2.3b).

Means of flour yield for the hard wheat group were generally not
significantly different from those of the medium-hard group throughout all

generation and seed sources (Table 4.2.2.3a, Table 4.2.2.3b).
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Table 4.2.2.1a Duncan’s Multiple Mean Comparison of Hardness measures
in the Normal Plant Breeding Progression

MEANS
Hardness = —===mmmmmmmmmmmm e e e
Group 1987 Edmonton F4 1987/88 California FS 1988 Edmonton F6
Hard 26.3a 23.3a 239a
Medium 32.1b 27.2b 289b
Soft 43.3¢ 32.6¢ 36.1c
Standard Error 0.40 065 052
of Mean

Note: Means in each of the column following by different letters are
significantly different at p = 0.05, using Duncan’s Multiple range test.

Table 4.2.2.1b Duncan's Multiple Mean Comparison of Hardness measures
in the 1988 All Generations Special Case

MEANS
Hardness = =  —-=—-mmmmmmmmmmm oo e
Group 88 Edm F3 88 Edm F4 88 Edm FS 88 Edm F6
Hard 26.0a 242a 247a 239a
Medium 30.2b 307b 30.5b 289b
Soft 305b 38.6¢ 33.5¢ 36.1c
Standard Error 1.75 073 0.37 0.52
of Mean

Note: Means in each of the column following by different letters are
significantly different at p = 0.05, using Duncan’s Multiple range test.
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Table 4.2.2.2a Duncan’'s Multiple Mean Comparison of Protein Content
(%) in the Normal Plant Breeding Progression

MEANS
Hardness =  —=----morommmm o e
Group 1987 Edm F4 1987/°% Calif FS 1988 Edm F6
Hard [3.1b 12.6b 12.5b
Medium 13.2b 12.2b 12.2b
Soft 12.3a 11.2a 11.2a
Standard Error 0.19 0.15 0.18
of Mean

Note: Means in each of the column following by different letters are
significantly different at p = 0.05, using Duncan’'s Multiple range test.

Table 4.2.2.2b Duncan’'s Multiple Mean Comparison of Protein Content
(%) in the 1988 All Generations Special Case

MEANS
Hardness =~ —-----ommmmmommmm oo
Group 88 Edm F3 88 Edm F4 88 Edm F5 88 Edm F6
Hard {2.8a 12.4c¢ 12.7¢ [2.5b
Medium 126a {1.9b 12.2b 12.2b
Soft 1272 109a Ii.la 112a
Standard Error 0.26 0.14 0.15 0.18
of Mean

Note: Means in each of the column following by different letters are
significantly different at p = 0.05, using Duncan's Multiple range test.
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Table 4.2.2.3a Duncan's Multiple Mean Comparison of Flour Yield (%)
in the Normal Plant Breeding Progression

MEANS
Hardness = = ===-m-ommmmmmmomsssmmmmmems s eeoomomoomosoemsmsommssmees
Group 1987 Edm F4 1987/88 Calif F5 1988 Edm F6
Hard 71.0b 68.5b 72.5b
Medium 66.5a 65.9b 71.9b
Soft 677a 60.0a 63.2a
Standard Error 0.49 1.53 074
of Mean

Note: Means in each of the column following by different letters are
significantly different at p = 0.05, using Duncan's Multiple range test.

Table 4.2.2.3b Duncan's Multiple Mean Comparison of Flour Yield (%)
in the 1988 All Generations Special Case

MEANS
Harndess = = —=—=mmmmmmmmmmmmm s e ooomeososoosososoosoooo oo
Group 88 Edm F3 88FEdmF4 88EdmFS 88EdmF6
Hard 64.3a 73.2b 72.0c 725b
Medium 64.4a 72.6b 69.9b 719b
Soft 64.3a 70.1a 67.3a 63.2a
Standard Error  0.93 0.65 0.69 074
of Mean

Note: Means in each of the columns following by different letters are
significantly different at p = 0.05, using Duncan's Multiple range test.
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Figure 4.2.2.1a Means of Hardness Measures in Each of the Hardness Groups
under the Normal Plant Breeding Progression
(SE=Standard error)
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Figure 4.2.2.1b Means of Hardness Measures in Each of the Hardness Groups
under the 1988 All Generation Speciai Case
(SE= Standard error)

Hardness, seconds

50 ~
48 -
46 -
44 4
42 4
40
38 4
36
34 4
32 A
30 4
28
26 -
24 -
22

S T

—

20

1
Edm 88 F

—

Source

3 Edm 88 F4 Edm 88 F5 Edm 88 F6

-2 Hard
-~ Medium
- Soft

[SE=1 .00



52

Figure 4.2.2.2a Means of Protein Content Measures in Each of the Hardness

Groups under the Normal Plant Breeding Progression
(SE= Stan -d error)
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Figure 4.2.2.3a Means of Flour Yield Measures in Each of the Hardness
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Figure 4.2.2.3b Means of Flour Yield Measures in Each of the Hardness
Groups under the 1988 All Generation Special Case
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4.3 Correlations among, and Heritabilities of, Quality Characters

4.3.1 Correlations among the quality characters

Simple correlations were carried out among the 1987 Edmonton F4,
1988 Edmonton FS and 1988 Edmonton F6 materials. 12 quality traits
(prediction tests and farinograph properties) were tabulated in a matrix
where 81 correlation pairs were formed for each of the three generations.
Table 4.3.1.1., Table 4.3.1.2. and Table 4.3.1.3 summarize the results for the
1987 Edmonton F4, 198_8 Edmonton FS, and 1988 Edmonton F6 respectively.

Hardness was significantly correlated with protein content,
farinograph water absorption, farinograph arrival time and flour yield in
each of the three generation sources. Harder wheats usually had higher
protein content, higher water absorption ability and higher flour yield.
Hardness was also correlated with sedimentation values in 1987 F4 samples
and with mixing tolerance index in the 1988 F6 samples.

Protein content showed significant negative correlation with the
sedimentation values for all seed sources. Higher protein content was
correlated with higher sedimentation values. It was also shown to be
positively correlated with other quality measures such as farinograph water
absorption, farinograph arrival time, farinograph peak time and mixing
tolerancece index in many cases. Sedimentation values correlated highly
with farinograph stability (Table 4.3.1.1., Table 4.3.1.2., Table 4.3.1.3) for each
of the generations, with correlation cocflicients ranged from .76 to .85.
Higher sedimentation values resulted in a more stable farinograph curve.

Sedimentation value was shown to correlate with mixing tolerance index in
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F6, with farinograph arrival time in F4 and F6, with farinograph peak time
in F4 and }5 and with farinograph water absorption in F4.

Among the farinograph properties (Table 4.3.1.1., Table 4.3.1.2., Table
4.3.1.3), water absorption was significantly negative correlated with the
arrival time. Samples with higher water ab sorbing capacity took longer to
arrive at the 500 Brabender Units line. Farinograph stability is an important
parameter to measure the strength of the flour and it was shown to be
correlated significantly with the peak time in all generations. The slowér the
dough developed, the longer would be the stability of the dough. The 20
minute drop was shown to be correlated negatively with the departure time.
The sooner the curve leaves the 500 BU line, the deeper would be the drop

from the line.
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Table 4.3.1.1. Simple Correlations between the Quality Traits (Prediction

Tests and Farinograph Properties) in the F4 1987 Edmonton
material

A. Hard

ora o
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et e e e < om @ -
ot s o e o 2 s m
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o s e m w @ @ om 8w
Com e s s S m @ T a9 e s o

> .64 = Significant at 0.05 level
> .77 = Significant at 0.01 level
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Table 4.3.1.2. Simple Correlations between the Quality Traits (Prediction
Tests and Farinograph Properties) in the FS 1988 Edmonton
material

A. Hard

o -
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> .64 - Significant at 0.05 level
> .77 - Significant at 0.01 jevel



58

Table 4.3.1.3. Simple Correlations between the Quality Traits (Prediction

Tests and Farinograph Properties) in the F6 1988 Edmonton
material

A. Hard

e s
e w @
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> .64 = Significant at 0.05 level
> 77 = Significant at 0.01 level
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4.3.2 Heritability of Quality Traits

In the present study, F6 plants in Edmonton 1988 ccnstituted the most

advanced generation, thus the measures on the F6 offered the best

assessment of genetic progress in the plant hiecding program. Heritabilities

estimated for F6 on F3 (1988 Edmonton), o F4 (3 sources) and on F5 (3

sources) are listed on Table 4.3.2.1 for prediction tests.

Table 4.3 2.1 Heritability of Quality Traits for F6 on F3, F6 on F4 and F6 on
FS as measured by intergeneration regression
Hard Prot Sedt Flyd Kwt Hiwt
88F6onF3 47 . 6 &7 . % o1
88 FoonaF4 80 82 94 27 o4
88F6onbF4 85 27 94 . 3 o1
88 FooncF4 85 o1 82 . ar 08 a2
88 FoonaFs 72 53 74 . 64 o1 -
88F6 onbFS 83 60 78 . 7 04 29
88 Fo oncFS 90 47 . o1 57 o1 <0l

Note. »0.41 = Significant at 0.05 level

»0.59

= Significant at 0.01 level

aF4 - Edmonton 87 F4,

bF4 - 87/88 California F4,

cF4 = 88 Edmonton F4,

aFS - 87/88 California FS,

bFS - 88 Edmonton FS,

cFS - 88 Edmonton FS (derived from 87/88 California F4)

Heritabilities obtained for hardness and sedimentation values were

generally high, showing that these two traits were less influenced by

environment. All the heritabilities obtained for sedimentation value were

significant at the 0.01 level. Heritability for protein content varied from 0.16

t0 0.91, and for flour yield varied from 0.27 to 0.80.
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No significant heritabilities were found for 1000 kwt and hectolitre
weight.

Figures 4.3.2.1a, 432.1b,4.3.2.2a,43.2.2b, 4.3.2.3a, 4.3.2.3b illustrate the
intergeneration progress of quality traits of individual random selected lines
for hardness, protein content and sedimentation values.

Heritabilities for farinograph properties were very high. With the
exception of departure time and 20 minutes drop, all the farinograph

properties were significantly inherited.

Table 4.3.2.2 Intergeneration heritabilities of quality traits under normal
plant breeding progression

Hard  Prot  Sedt Flyd Kwt Hiwt

Fsonafd 91 A T

oFSonaf4 88 . N o T

8FGonafd 80 g2 YR S VI

T T T e YR

Note. > 0.41 = Significant at 0.05 level
» 0.59 = Significant at 0.01 level
aF4 - Edmonton 87 F4,
bF4 - 87/88 California F4,
cF4 - 88 Edmonton F4,
aFS - 87/88 California F5,
bFS - 88 Edmonton F5,
cFS - 88 Edmonton F5 (derived from 87/88 California F4))
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Table 4.3.2.3 Intergeneration heritabilities of quality traits under the
1988 Edmonton all Generation Special Case

Hard Prot Sedt Flyd Kwt Hlwt
cFdonF3 50 46 03 76 <0l
bFSonF3 38 ot s 80 <0l -
cFSonF3 52 27 3 89 <01
88FoonF3 47 16 57 36 <0l -
bFSoncFd 56 7 84 77 S6 32
FSoncF4 61 2 91 75 29 34

Note. > 0.41 = Significant at 0.05 level
> 0.59 = Significant at 0.01 level
cF4 - 88 Edmonton F4,
bFS = 88 Edmonton FS,
cFS - 88 Edmonton F5 (derived from 87/88 California F4)

Table 4 V2.4 Intergeneration heritabilities for farinograph quality traits
(aF4 = Edmonton 87 F4, bFS = 88 Edmonton F5)
F6 on F4 F6 on F5 F5 on F4

FAB 0 60 0
FAT o4 66 2
FPK st &7 ss
BT 7 52 3
T ot 20 . o
ML 67 7 s«
PO 20 24 ot
Note. > 0.41 = Significant at 0.05 level

> 0.59 = Significant at 0.0} level
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Figure 4.3.2.1a Progress of Individual Random Lines for the Quality Trait
Hardness Under the Normal Plant Breeding Progression
(SE= Standard error)
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Figure 4.3.2.1b Progress of Individual Random Lines for the Quality Trait
Hardness Under the 1988 All Generation Special Case
(SE= Standard error)
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Figure 4.3.2.2a Progress of Individual Random Lines for the Quality Trait
Protein Content Under the Normal Plant Breeding
Progression(SE= Standard error)
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Figure 4.3.2.2b Progress of Individual Random Lines for the Quality Trait
Protein Content Under the 1988 all Generation Special Case
(SE= Standard error)
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Figure 4.3.2.3a Progress of Individual Random Lines for Sedimentation
Value Under the Normal Plant Breeding Progression
(SE= Standard error)
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Table 4.3.2.5 Means and standard deviations of farinograph properties
throughout generations F4, FS and F6 in the random selected

group
F4 F5 F6

Mean  StDev. Mean  StDev. Mean  StDev
FAD 25 138 320 062 320 075
AT 30 047 28 063 25 037
T 44 052 39 082 39 067
ST ss 093 36 170 4l 124
T 85 107 64 204 66 L7
BMTI 560 843 600 205 620 1480
F20 80 140 930 306 870 2750

4.4 Site-year Effects on the quality traits as measured by
prediction tests

4.4.1 Site-year effects in F4 and F5

Three sources of the F4 generation were planted in three different
year-sites and three sources of the F5 generation were planted in two
different year-sites. The effects of the site-year on the measured quality
traits were subjected to the analysis of variance (Table 4.4.1.1, Table 4.4.1.2),

Hardness was significantly affected by site-year for both the F4 and
the FS generations. Protein content and sedimentation value were
significantly influenced in the F4 where three site-years were involved, but
not in the FS case, where only two site-years were present.

Flour yield and 1000 Kwt measures were not significantly affected by

the site-year.



4,42 Comparjson of quality measures on samples from the 0
Californja winter nursery and samples from the Edmonton
locatijon
Simple correlation analysis was carried out on F4 and FS for five

characters. comparing data from the California winter nursery with that

from samples grown in 1988 at Edmonton (Table 4.4.2.1). 1988 Edmonton F4

(cF4) and FS (bF5) had the same seed source as the California winter nursery

material.

Hardness and flour yield were significantly correlated between the
two locations for both the F4 and the F5 materials. Sedimentation values were
also shown to be significantly correlated between the two sites in both F4 and
F5. No significant correlation between the two seed sources was found for

protein content either on the F4 or the FS material (Table 4.4.2.1).

4.4.2.3 Duncan’'s multiple range comparisons of quality traits
throughout the generations.

Means of the quality traits throughout the generations were compared
for hardness, protein content and sedimentation values. The results were
given in Table 4.4.3.1a. and 4.4.3.1b respectively for the " normal plant
breeding progression " and "1988 all generations special case .

In the " normal plant breeding progression “ where multiple testing
environments were involved, the means differed significantly for hardness,
protein content, and sedimentation values (Table 4.4.3.1a), but to different
extents. It appeared that the means for sedimentation values changed most
dramatically (from 1987 Edmonton’s 61.1 to 1987/88 California’'s 30.6), and the
means were significantly different from each other in the three

environments.
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In the 1988 all generations special case " where only one
environment was present, no significant differences between the
generation means were observed for the quality traits hardness, protein
content and sedimentation value throughout the generations (F3 to F6).

Table 4.4.1.1 Site-year and Seed Source Effects on Quality Traits for
Three Sources of F4 (Edm 87 F4,Ca 87/88 F4, Edm 88 F4)

Mean Squares

d.f Hard Prot Sedt Flyd Kwt
Site-year 2 53.5* 92.5** 2725 172as 1365 ns
Total Error! 37 10.8 07 446 29 335

1. Total error = Experimental error - Sampling error.

Table 4.4.1.2 Site-year and Seed Source Effects on Quality Traits for Three
Sources of FS (Cal 87/88 F5,Edm 88 FS,Edm 88 F5 (derived
from Cal 87/88 F4))

Mean Squares

d.f Hard Prot Sedt Flyd Kwt
Site-year 2 17.9* 0.595 ns 4115 ns 193 ns 112 ns
Total Error! 47 133 1.1 148.2 2175 95

1. Total error = Experimental error - Sampling error.
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Table 4.4.2.1 Correlations of Quality Traits, between seed sources for
prediction tests. 1) 87/88 California F4 (ie. bF4) and 1988
Edmonton F4 (i.e. cF4). 2) 1987/88 California FS (aF5) and
1988 Edmonton F5 (i.e.bFS)

Correlation Coefficients

Between Between

bF4 and cF4 aF5 and bF5
Hardness 078~ o094~
Protein 0s9ns 036ns
Sedimentation 076 069~
Flour Yield 072« o094
ookt o13ns  oe>

* = Significant at 0.05 level
** = Sjgnificant at 0.0 1 level
ns = Non-significant

Table 44.3.1a Comparisons of the Means of Quality Traits Throughout the
Generations in the Random Group (Normal Breeding

Progression)
MEANS
Site-year = = -m=mmooommommommoomoesmosesosssooosooooosssossomsooo
Hardness Protein Sedimentation
1987 Edm F4 31.8b 13.5b 6l.1c
1987/88 Ca FS 25.6a 12.0a 306a
1988 Edm F6 289ab 119a 39.2b
Standard Error 1.09 0.30 1.37

of the Means

Note: Means in each of the column following by different letters are
significantly different at p = 0.05, using the Duncan’s Multiple range test.
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Table 4.4.3.1b  Multiple Comparisons of the Means of Quality Traits
Throughout the Generations for the Random Group
(1988 All Generations Special Case F3-F6)

MEANS
Site-year =~ = smememmmmommoommmmm e momeo e oo oo
Hardness Protein Sedimentation

1988 Edm F3 28.4a 12.6a 45.4a
1988 Edm F4 29.1a 12.1a 40.7a
1988 Edm F5 272a 12.4a 40.6a
1988 Edm F6 289a 119a 39.2a
Standard Error 097 0.35 2.05

of the Means

Note; Means in each of the column following by different letters are
significantly different at p = 0.05, using Duncan’s Multiple range test.



S. Discussion

The present study of various quality characteristics in different
generations was limited by certain restrictions of the experimémal designs
which were used. For example, the materials in the 1987/88 California winter
nursery were seeded in single rows while in Edmonton (1987 and 1988, the
material was seeded in 4 - row plots. By contrast, the 1988 Edmonton F3 was
seeded in hill plots. Nitrogen fertilization was applied at Edmonton in 1987
but not in 1988. These differences could have contributed to possible seeding
method, fertility and genotype interaction effects. Estimates of any such
interaction effects cannot be obtained from this study and thus the reported

relationships are subject to possible bias from these sources of variability.

The climatic conditions in the three crop years of the present study
were observed to be quite diverse, though the actual weather data was not
available for report. Crop season 1987/88 in the California winter nursery
was considered an average year for winter nursery (high temperature, long
light hour situation). Both Edmonton crop years (1987 and 1988} deviated
considerably from the average Edmonton weather pattern, with 1987 being a
year of heavy spring frost and lower than average temperatures, and 1988
being a year of drought conditions. The hardness selections were made from
samples grown under 1987 Edmonton conditions. Large differences between
successive climatic environments are the common scene for plant breeders
and thus the results obtained from this study are believed to nevertheless to

have relevant implication to plant breeding programs.

70
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breadmaking quality (Lebsock et al. 1964; Symes 1965; Sunderman et al. 1965;
Baker 1977; O'Brien and Ronalds 1987). Studies of this nature have been
commonly reported, but interpretation of the results is frequently
complicated by the polyploid nature of wheat and also by the strong
environmental influence, especially on protein content, and also due to the

genetic specificity of individual crosses.

Protein content is probably the one character that has been studied
the most, and a clear picture of the genetic mechanism of this character is
still not elucidated. The genetics of protein control is complex, and estimates
of gene numbers involved have ranged from a few to many (Hehn and
Barmore 1965). The mode of gene action has been shown to be under
polygenic control (Worzella, 1942; Haunold et al. 1962) with no dominance
(Kaul and Sosulski 1965), to partial dominance (Lebsock et al. 1964; Hsu and

Susulski 1969; Chapman and McNeal 1970).

Haunold et al. (1962) obtained heritability estimates as high as 65% for
grain protein content by using parent offspring regression techniques for
several selfed generations. They found that about 14% of F3 lines in the
winter wheat cross Atlas 66 X Wichita overlapped the range of the high
protein parent, suggesting a one- or two-gene pair difference with high
protein recessive. Johnson et al. (1963) obtained F2 derived families from an
'Atlas 66 X Comanche’ cross and they were more productive and had higher
protein content than Comanche, the lower protein parent. This suggests
significant potential for progress in selecting for high grain protein. Later
they reported transgressive segregation for high protein in the cross Nap

Hal X Atlas 66 (Johnson et al. 1973).
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McNeal et al. (1982) reported the tendency of transgressive
improvement in quality of protein lines, reflecting complementary or
additive effects of genes from parent which were of poor or mediocre
quality. Davis et al. (1961), in studies of seed protein in the soft red winter
wheat cultivar "Atlas 66", found protein content to be heritable and
quantitatively controlled, and obtained broad sense heritability estimates of
54 to 69% for protein content. Schlehuber et al. (1967) studied protein
content and sedimentation value in FS and F4 lines of a Triumph x C.I. 12406
cross and reported heritabilities of 57% and 66% respectively. Sunderman et
al. (1965), using the regression of F3 lines on F2 plants, obtained estimates of
heritabitity of grain protein of from 15 to 26%. Low heritability for protein
content was also reported in early generation materials by Pearson et al.

(1981).

Inheritance studies have shown that both additive and non-additive
gene action may inf{iuence grain protein content. Halloran (1975) indicated a
generally additive nature of genetic control of protein content with
evidence of dominance. Kraljevic-Balalic et al. (1982) found a preponderance
of non-additive gene action in crosses of five divergent cultivars, with
presence of partial dominance affecting the inheritance of protein content.
Atlas 66 was found to possess mainly recessive genes for protein
concentration, but the genetic control of protein content, whether by
dominant or recessive genes, may change depending on the influence of

environment on the segregating populations.

In many of the genetic studies of protein quality, sedimentation value
has also been evaluated, and some degree of dominance for high

sedimentation value has been reported (Hsu and Sosulski 1969).
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Intergeneration regression was used by Lebsock et al. (1964) to demonstrate
heritabilities of 56 and 60% for sedimentation value in the cross of P.I. 56219
X Conley, and they also demonstrated partial dominance for short mixing ’
tolerance. For sedimentation value, Sunderman et al. (1965) reported values
of 64° ased on F2-F3 regression, and 44% with the components of variance
method, in an Itana x Atlas 66 cross. Regressions of F5 on F4 ,F7 on F4 and F7
on FS lines gave heritability values for sedimentation value of 54, 44, and

63% respectively, in a Tascosa x 55C1304 cross (Atkins et al. 1965).

Lofgren et al. (1968) studied the progenies of four wheat crosses and
reported that flour yield, 1000 kernel weight, and kernels per 30 ml were
more heritable than test weight and protein content. Pearson et al. (1981)
reported that hardness, dough stiffness and 1000 kernel weight had high
standard unit heritabilities (72-80%) as measured by correlation of F3 single
plant data on the F4 progeny row data. They also reported an inter mediate
heritability (57%) for flour yield, and low heritability for protein content

(19%).

Chromosomal location of genetic control of wheat quality has been
‘nvestigated by a number of research groups. Morris et al. (1966; 1968)
developed a set of substitution lines of the donor Variety Cheyenne into the
recipient Chinese spring. The chromosomes 7B and 5D were identified as
carriers of control of high flour yield, and 5D was the only chromosome on
which factors for kernel hardness were located (Mattern et al. 1973). Major
factors for the strong dough mixing characteristics of Cheyenne were
located on chromosome 4B, 7B and 5D (Morris et al. 1966; 1968). Important
contributions to loaf volume, crust appearance and crumb texture were made

by chromosome 1B, 4B, 7B and possibly | A. A depression of general quality
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characteristics were observed in the 1D substitution line. Morris et al. (1978)
also identified major and minor regulatory genes for protein content in the
cultivar Atlas 66. The genes were located on the chromosomes 5D and SA

respectively.

Welsh et al. (1968) used the variety Chinese spring as the common
genetic background and subjected three sets of hard red spring substitution
lines to milling and baking tests. For the donor Timstein, the variety with
strong flour and satisfactory flour yieids, the authors reported quality
differences in the case of 16 different chromosomes substitutions, with the
most important effects coming from substituted chromosomes 3B and 5D
(baking absorption), iB, 3B and 6B (dough handling properties), and 3B (loaf
volume). Chromosome 1D produced a loaf volume significantly smaller than
Chinese spring. Doekes et al. (1976) investigate quality gene location using
chromosome substitution lines of Cheyenne, Hope , and Timstein transferred
into the recipient variety Chinese spring. Major factors for kernel hardness
and increased baking absorption were found on chromosome 5D of Cheyenne
and Hope, and on chromosomes 3B, 5D and 7D of Timstein. Law et al. (1978)
conducted a detailed study of genetic variation associated with chromosomes
5D and showed that two genes, Prol and Pro2 were involved with the total
protein content. Prol was identified on the long arm of SD chromosome and
Pro2 was not closely related or linked with Prol and was assigned to the short
arm of 5D chromosome. None of researchers were able to find
chromosomes which produced consistent effects in different varieties for

the quality traits.

Starting from the 1980's, a number of researchers has presented

strong evidence that the presence of certain high molecuiar weight (HMW)



19

glutenin subunits are correlated positively with improved breadmaking
quality (Payne 1980; Payne et al. 1983; Day et al. 1985), even though the high
molecular weight subunits constitute only about 10% of the storage protein
in the endosperm. By intercrossing aneuploid lines of wheats, Law and
Payne (1983) determined that the high molecular weight glutenin subunits
are controlled by a single complex locus positioned about 9 ¢cM from the
centromere, on each of the long arms of chromosomes 1A, 1B and ID. These
loci have been designated Glu A1, Glu Bl and Glu D1 respectively (Payne,
1983). Further analysis showed that each locus of 1A, 1B and 1D displays
allelic variation and their combined effects are the main cause for the
differences in the protein quality for breadmaking (Payne 1983; Sozinov

1988).

Hardness has long been considered as a varietal characteristic,
although environmental factors exert a modifying effect (Pomeranz and
Mattern 1987). Previous studies have reported high heritabilities for grain
hardness (Bhatt and Derera 1975; Pearson et al. 1981; O'Brien and Ronalds
1987). Symes (1965) in a study of the particle size index of near isogenic lines
of hard and soft wheat, reported that a single major gene and minor genes
controlled wheat hardness. Mattern et al. (1973), using malitose values and
flour granulariiy of flour milled from chromosomal substitution lines, found
that hardness in wheat, for the variety Cheyene, was controlled by one major
gene and one minor gene. Baker (1977) studied the inheritance of kernel
hardness, and found that the difference between Pitic 62 (a soft wheat ) and
Neepawa (a hard wheat ) was governed by two major genes and one or more
minor genes, while the difference between Glenlea, a very hard wheat, and

Neepawa was accounted for by one single major gene and one or more minor
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genes. Thus it appeared that different levels of hardness could be caused by
different major genes. Greenwell and Schofield (1986) presented data for the
presence of a2 Mr(molecular mass)-15k protein associated with the surface of
starch granules from hexaploid bread wheat (Triticum aestivum L.), that
controls hardness. This protein band is strong in soft wheat and faint in hard
wheats when separated by gradient SDS-PAGE. When Mr-15k protein is
present, it appears to eliminate the binding of endosperm storage proteins to
starch granules. Greenwell and Schofield suggested that the gene coding for
the 15k band is on the same chromosome of the major gene controlling
endosperm texture, which is known to be on the D-genome (Mattern et al.
1973; Law et al. 1978). Durum wheat does not have the band at all as it does not
have the D-genome. Though this pattern was widespread in 150 wheats of
widely different genetic backgrounds, the mechanism by which the proteins

cause this effect is not yet known (Greenwell and Schofietd 1986)

Williams (1986) studied influence of chromosome number and species
on the kernel hardness and reported that all the diploid wheats were very
soft, whereas all the tetraploids were very hard, and a complete spectrum of
hardness was displayed by hexaploid wheats. In hexaploid wheat, the
combination of the DD chromosomes with the AABB chromosome assemblage
resulted in a breakdown or unlocking of the restrictions in hardness
displayed by diploid and tetraploid wheats, with the result that hexaploid
wheat with the full range of hardness can be encountered in a wheat
breeding program. The author proposed that the DD genome is the source for
the softest wheats, the AABB (durum) genome provides the hardest wheats
and the AABBDD hexploids have the widest range in hardness (Williams
1986).
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2.4 Environmental Effects on Flour quality

The recognition that environment has a significant influence on
wheat quality characters has been wide and has been established for a long
time. Ladd and Bailey (1910) reported that variations in seasonal and local
factors could result in significant differences in the protein content and
baking quality of North Dakota wheat. Hehn and Barmore (1965), in their
review of wheat quality breeding, strongly emphasized the influence of
environment on wheat quality and pointed out that further knowledge of the
environmental sensitivity of each of the quality factors under consideration

would help to improve the success of breeding for quality.

Protein content is most easily affected by the environment, and since
it is such an important component of the overall breadmaking quality, it
secondarily influences other quality parameters quantitatively. Waldron et
al. (1942) examined variations in the protein content and loaf volume of
eight hard red spring wheat varieties growa at four North Dakota stations
over a four year period. Significant differences were found from year to
year in wheat protein content, but little variation was reported between
stations. Also, marked varietal differences in wheat protein content, flour
yield and loaf volume were reported. Sandstedt and Fortmann (1944) showed
that extremely large differences in baking strength existed in six Nebraska
hard red winter wheats grown at 14 locations in 1939-40. Baking properties
of the flours were found to be greztly affected by the environment in which

the wheats were grown.

Harris at al. (1947) also studied the effects of season, locality, and

variety on the yield and quality of five hard red spring wheat varieties
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grown at five different locations in North Dakota over a period of five years.
They reported that yield per acre, weight per bushel, protein content, flour
yield, flour ash, water absorption, loaf volume and crumb color were all”
significantly affected by yearly variation in climate, by locality and by
variety. Crop year and location exerted a very significant ef{ect on protein
quality. Harris et al. (1957) studied the effects of variety and environment on
the quality of 56 samples of hard red spring wheat grown in 1954 at different
locations in North Dakota. Significant differences were reported in flour
yield(%), flour protein and loaf volume between different varieties and
locations, the latter factor apparently having the major influence.
Schlehuber and Tucker (1959) have suggested that the major factors
responsible for grain protein percentage, in order of importance, are

environment, soil and cultivar.

Baker et al. (1968) showed that the heritability of starch damage was
low in a test at a single location in a single year (0.38) but increased
significantly when tested at two locations in the same year (0.64). This result
was reconfirmed further in a later study when 15 locations and 5 years were
involved (Baker et al. 1971). Baenziger et al. (1985) conducted a genotype X
environment (G x E) study on soft red winter wheat quality characters in12
locations in the Southeastern U.S.A. and found that G x E interaction was
significant for all variables. They also found that the cultivar means were
closely related to the regional cultivar means, indicating that for
preliminary quality evaluations, data from one environment was
nevertheless sufficient for ranking cultivars. Pomeranz and Mattern (1987)
showed that large environmental variance existed in the U.S. winter wheats

for quality characters such as protein content and kernel density.
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Obuchowski and Bushuk (1980) reported results for nine samples of one
variety of hard red spring wheat from one location, but these samples had a

range in protein content from 9.4-15.6%.

W hile the protein content depends largely on the weather conditions
of the growing season, wheat protein quality under normal conditions is
considered to be almost entirely an inherited character (Finney et al. 1987),
though this might not be universally true. O'Brien and Orth (1977) studied
the effect of location on flour yield, flour protein content, farinograph
properties and the proportion of residue protein. By using 32 wheat varieties
representing a wide range of grain hardness and dough rheological
properties at 6 locations in Northwestern Victoria they found: 1) At each
location, a highly significant correlation was obtained for dough breakdown
and residue protein, suggesting that the residue test could be used as a
selection tool in wheat breeding programs. 2) Residue protein and dough
breakdown were least affected by the environment, whereas water
absorption, flour protein content and flour yield were greatly influenced by
environment. Moss et al. (1986) have shown that differences in mean
maximum temperature during the grain filling provide possible causes of
differences in dough strength of a cultivar. Arthur and O'Brien (1987)
compared the quality data of the variety "Condor” in two different regions
and found that significant dough property differences existed even at the
same protein content. They concluded that the differences were associated
with the nitrogen and sulphur ratio (N/S) and with residue protein content,

arising from allelic variation.

Grain hardness has been shown to be a genetically controlled

character (Symes 1965). Past studies have shown that variety had a much
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larger effect on its value than location (Symes 1969; Yamazaki and Miller
1982; Miller et al. 1984; Pomeranz et al. 1987), but the reverse result has also
been reported. For example, Parish and Halse (1968) investigated the
influence of temperature and relative humidity during ripening on grain
hardness, and found that hard wheat becomes harder if the temperature
during the ripening period is high. Miller et al. (1982) studied the variety
Lancota in 9 locations and reported that hardness measurements were
affected by the environmental factors. Finney et al. (1987) reported that
environment slightly influenced flour yield, but greatly affected kernel
hardness. Such variations in wheat hardness due to environment can cause
considerable variation in certain milling or baking quality parameters. In
breeding programs there is a need to identify any change in hardness
ranking of varieties at different location, and to evaluate the extent of

possible ranking changes.

While environmental variations are easily detected and quantified for
most of the quality traits, some are more difficult to study. - amylase levelin
the grain kernel has been shown to have decisive effects on the overall
breadmaking quality (Finney and Yamazaki 1967). Higher - amylase activity
usually results in undesirable quality performance. For example, Lukow and
Bushuk (1984) studied the effects of germination on the quality of the
varieties Neepawa and Glenlea. Both varieties showed an increased
deterioration of breadmaking quality as the germination treatments were
prolonged and the -amylase level in the grain increased. Baker et al. (1971)
measured various quality traits on composite samples of wheat grown in
Western Canada. They considered that low inter-season correlations among

quality traits were indicative of Genotype x Season interaction, and also



25
concluded that measurements of - amylase activity were particularly
subject to differential effects of environment. They suggested that
difference in - amylase activity could only be detected when environment
conditions were appropriate. Such dependency on environmental conditions
for the effective differentiation of genotypes poses special problems in
wheat breeding programs. Studies of environmental influence on the quality
parameters do not agree with each other all the time. Genotype x Season and
Genotype x Location interactions might not be present in some studies.
Fowler and de La Roche (1975b) investigated the quality of wheat cultivars
grown in 15 different locations in eastern Canada. By testing the same
cultivar in different locations and in different seasons, they were able to
measure the relative magnitude of the effects of season and location on
wheat quality. For quality variables of hard red spring wheat, they found
Genotype x Location and Genotype x Season interactions to be " relatively
unimportant except in a few cases . This finding may reflect the general
lack of genetic variability in the genotype studied. A similar study on the
Canadian Prairie Spring Wheats, with their wider genetic base, might lead to

different results.

Most of the past studies of environmental effects on quality traits have
been concentrated on pureline varieties. Studies on plant breeder lines have
been less common, simply because of the large amount of the samples that
need to be processed, and the complexities due to genetic segregation in early
generations. Miezan et al. (1977) reported, by using 12 selection lines (F6 and
F7) from two crosses tested at different environment over two years, that
genetic effects influenced grain protein as effectively as environment. They

also showed that grain protein content in wheat can be increased by
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breeding without decreasing the yield. Baker and Kosmolak (1977) studied
two composite samples of 20-30 lines in each of four trials, representing
different geographic areas in western Canada. Difference between the
effects of environments was found in all traits. It was concluded that G x E
interaction was most important in determining mixograph development
time, falling number and remix loaf volume, less important in determining
farinograph absorption, and least important in determining flour protein
and flour vield, grinding time and sedimentation value. Because of the strong
environmental influence that exists on some quality characteristics both
with varieties and advanced lines, it seems that accurate determination of the
milling and baking quality of a cultivar in the advanced stage of agronomic

testing would benefit from multiple environment testing.

2.5 Early Generation Selection for Flour Quality

From a theoretical point of view, selection should start as early as in F3
generation (Shebeski 1967). However, besides the problems of segregation
and heterozygosity within the lines during early generations (Spitters 1979),
the biggest problem that plant breeders face is the actual identification of
the superior lines. The first essential is to chose relevant quality parameter
having a sufficiently high heritability. Heyne and Smith (1967) in fact
suggested that the "proper factors” to select should be mainly based on the
heritability of the character. If the heritability was high in early
generations, testing should start as early as possible. In the early
generations of wheat breeding program, these trials, because of the large

number of lines and the relatively small amount of seed sample available to
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be tested, have to be fast and easy to measure on small lots of grain. Small
samples of grain available in early generations of plant breeding programs
do not permit measurements of loaf volume and baking strength index, etc. )
Therefore, it is necessary to use measurements from other tests to predict
these important quality parameters. O'Brien and Orth (1977) summarized the
major criteria for early generation tests for breadmaking quality as 1) small
sample size, 2) high repeatability, 3) strong correlation with functional
properties used for the final assessment, 4) wide genetic variance, and 5) the
ability to rank wheats similarly at different locations where the selectable

lines are grown.

Zeleny sedimentation value has long been considered and used as an
index for quality screening in early generations of wheat because of its high
heritability and close relationship with many other quality parameters.
During the 1960's, various milling, baking and other predictive tests were
developed, and an early generation screening evaluation program became

available to breeders for testing F3 or F4 generations (Yamazaki et al. 1968).

It was recommended that the mixograph test in F3 could be used as an
aid in selecting lines with desirable quality. In a study of F3, FS and F6 lines
from a cross of P.1.56219-12 with 'Conley”, Lebsock et al. (1964) found that
sedimentation value was positively correlated at the highly significant level
with mixing tolerance and protein content. Heritability values determined
by the regression of FS and F6 means on F3 line values were relatively high
for mixing tolerance, somewhat lower for sedimentation value and relatively
low for protein content. Heyne and Finney (1965) also suggested that in
screening F3 wheat lines for breadmaking quality, use of the mixograph test

would be a worthwhile approach, follow~ 1 by milling and baking tests in the
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later generations. McNeal et al. (1964), in a report of the effectiveness of
selection for flour absorption and dough mixing properties in the early
generations (F4 and F35) of a Lemhi x Thatcher wheat cross, stated that flour
protein showed a highly significant correlation with absorption, but the
relationship of flour protein with peak stability was inconsistent. They
indicated that selection was effective in improving farinograph
characteristics, compared to no selection, and that selection was more
effective in F3 than in F4. They suggested that selection in early generations
for agronomic characteristics should be accompanied by selection for
milling and baking quality to prevent loss of high quality lines. Lee et al.
(1983) also suggested that effective quality improvement could be mude when
protein content was selected for at the same time as screening for yield in

early generations.

Barlow et al. (1971) estimated the heritability of 25 different quality
parameters and used these tests to predict loaf volume by multiple
regression. They found that protein content, farinograph development time
and gassing power were important measurements for assessing wheat
quality in early generation of breeding programs. Briggs et al. (1971)
reported that, based on the broad sense heritability of F2 derived FS5
populations, many of the quality parameters could be selected effectively in
F3. Baker and Campbell (1971) studied eight tests designed to screen early
generation wheats, and concluded that nitrogen content, Zeleny
sedimentation value, and centrifuge absorption were the most useful of the
tests studied to predict remix loaf volume and mixograph properties. Orth et
al. (1972) reported, from a single test, that residue protein content (as a

measure of protein quality), Zeleny sedimentation value, and farinograph
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development time in that order were the most effective as the tests for
prediction of the remix loaf volume. Orth et al. (1976), using factor analysis,
reported that factors like protein quality, grain hardness and protein
content were the minimum number of tests accounting adequately for the
total test correlation matrix, and they concluded that these tests will provide
sufficient information to allow selection for breadmaking quality during
early generations in a breeding program. Kosmolak and Baker (1979), by
studying 250 advanced lines in areas of western Canada, reported the
effectiveness of using the linear function of flour protein content and
mixograph development time in selecting those samples of spring wheat

which would result in a loaf of bread with above average volume

Pearson et al. (1981) examined five micro-prediction tests (hardness,
protein, dough stiffness, flour yield and 1000 kernei weight) for wheat
quality in the early segregating generation (F3 and F4) of a genetically
diverse wheat population and suggested that quality testing at the head row
stage is highly effective for most of the traits considered, with the exception
of protein content. Whan et al. (1982) showed that associations between
consecutive generations were closer in later than in early generations,
pointing to the suggestion that the degree of hombzygosity influenced the
correlation between generations. McNeal et al. (1982) compared the
agronomic and quality characteristics bf spring wheat lines selected for
protein content and protein yield and suggested that protein yield might be a
better selection criterion than protein percentage for plant breeders to use
in improving protein productivity. O'Brien (1983) suggested that a good
response could be expected for selection on a single plant basis and proposed

an integrated two-step system in early generation selection for yield and
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good quality wheat. He stressed the high value of the F3 quality testing
regime that requires only 20 g of seeds, and that selects wheat lines on the

basis of their balance of grain hardness, protein content and quality

properties.



3. Materials and Methods:

The materials used for this study were obtained from a cross between
plants derived from a breeder seed lot of HY320!, a registered Canadian
Prairie Spring wheat, which has medium hardness, red seed, high yield and
medium grain protein content, and QT8 1322 , an unregistered, putative hard,
white seeded wheat line, with a lower yield but higher protein content than

HY320. Table 4.1.1.1 summarize the quality data of the two cultivars.

In the fall of 1986, 360 individual plants from the F2 population of
HY320 X QT8 132 were randomly selected and were then increased as single
plant derived rows in the Brawley Winter Nursery, California, in the winter
of 1986/1987. The F4 seeds were returned from California and seeded in
Edmonton in the spring of 1987. Each line was seeded in a 6 meter long, 4 row
plot at a row spacing of 15c¢m, with a seeding rate of 400 seeds /m2. Days to
heading and maturity, lodging score and plant height data were collected in
the fall before harvest. All four rows were harvested in the fall of 1987 to
assure enough seed for all macro scale and microprediction quality tests (i.e.
Buhler flour milling, Farinograph tests, 1000 kernel weight, hectoliter
weight, grain hardness, Brabender laboratory milling, grain protein,
sedimentation value). Microprediction tests were conducted on the seed
samples from all 360 F4 rows. Based on the hardness measurements, the 360

lines were then divided into three subgroups, hard, medium and soft

! Pedigree: Tobari 66 X Romany; the cross was made in 1968. A line designated
7029-66-9, derived either from an F4 or F5 single plant, was selected in 1973.
Later) 122 uniform paired rows were selected as breeder lines.(De Pauw et al.
1987

2 pedigree: An unregistered wheat of Australian origin, brought back by Dr.
K. G. Briggs in 1983. QT stands for Queensiand Territories. This line was
originally obtained by Dr. Jim Syme from the 12th International Bread wheat
Screening Nursery (number 109). The pedigree for this line is Ciano - Siette
Cerrors X Kal - Blue Bird/PCI’s".

31
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kernelled (Hard group, hardness is < 30, medium hardness is in the range of
31-35, and soft is > 36.) Ten individual lines were then selected at rande#t to
represent each of the three groups.and another 10 lines were selected at ’
random from the entire 360 lines to represent the whole population. Buhler

milting and Farinograph tests were carried out on all 40 selected lines.

F3 reserve seed and F4 seed of the 40 lines were sent to the 1987/1988
California Winter Nursery. The F4 and F5 seeds that were brought back from
California were planted in the spring of 1988 in Edmonton, along with the
reserve seed of the F2 (Edmonton, 1984), F3 (California, 1986/87), and F4
generations (Edmonton, 1987), for each of the 40 selected samples. All
generations and sources except the F2 Edmonton, 1986 seed source, were
seeded in two replicates. The plot design and seeding rates in 1988 was similar
1o those used in 1987. The F2 generation (Edmonton, 1986 source) was planted
in hill plots, due to scarcity of seed.

Five generations of the material were harvested and quality prediction
tests were carried out on both replicates of the seeds of all generations and
sources of the selected 40 lines. Buhler milling and Farinograph tests were
conducted on the F5 and F6 (Edmonton, 1988, source), for which the replicates
were composited.

W hile the cross was made and the current research was proceeding,
DePauw (1987) showed that the breeders lines of the parent HY 320, were not
uniform for hardness and that there was a bimodal distribution for hardness
among the 128 breeder lines. Since breeder seed of HY 320 used for crossing
was therefore a mixture for hardness, the variation for hardness among the

parental HY 320 lines could account for some of the variability in hardness of
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the progeny. Approximately 30 individual HY320 plants were used at the time

when the crossing was made (Kutchera, personal com munication).

The source and disposition of seed over the generations and grown at

different locations is summarized in Figure 1.

Figure 3.1.1.1. Flowchart of generations and seed sources,

including locations used

(HY320 X QT8132)

Edmonton California Edmonton Edmonton California Edmonton
1986 1986/87 1987 1987 1987/88 1988
F2eormmonannn- F3--cnmmemaann- F4* --eme-e-e- F4**(aF4)---- F5*(aF5)------ Fe**

i ! (360) (selected 40) (40) (40)

| | |

f | Jommemmme e F5**(bF5)
.
| [ bbbkl F4*(bF4)---- F5*(cFb)
{ } (40) (40)

| e e EE L L L L Lt bbb F4*(cF4)
I (40)

* Only prediction tests were conducted on these samples.

F3* (Hill plots)
(40)

=» Complete quality analysis (microprediction tests and Farinograph) was

carried out on these samples.

The following designation are used to refer to generation grown in different

focation and years:
aF4 = 1987 Edmonton F4
bF4 - 1987/88 Califorsiia F4
cF4 = 1988 Edmonton ¥4
aF5 = 1987788 California FS, derived from aF4.
bFS = 1988 Edmonton F5, derived from aF4.
cFS = 1988 Edmonton FS, derived from bF4.



Statistical analyses conducted:

Objective 1: To examine the impact of hardness selection in the F4 generation

on the functional quality traits of later generations (FS aﬁd Fo6).

Concepts of Anova A and Anova B used in the current study are defined

as following:

Anova design A:

Sources d.f.
Grouping 2
Experimental Error 27
Total 29

Anova Design B:

Sources d.f.
Grouping 2
Replication 1
Experimental Error 56
Total 59

The following Anova were conducted:

a) Between F4 selection groups (hard, medium, soft; Anova design B)

on 1988 Edmonton F6:(Replicated for all quality characteristics).

b) Between F4 selection groups (hard, medium, soft) Anova on F5, 3
sources:(California/1987/88, Anova design A; Edmonton/1988 F5c¢
(Replicated, Anova design B);, Edmonton/ 1988 (Replicated, Anova

design B)). (All quality characteristics).
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¢) Between F4 selection groups (hard, medium, soft) Anova on F4, 3
sources: (Edmonton/ 1987, Anova design A; California/1987/88 Anova
design A; Edmonton/1988(Replicated, Anova design B))

(All quality characteristics).

d) Duncan's multiple mean comparison tests were used among
hardness groups throughout the generations, (for the quality

characteristics Hardness, Protein, and Flour yield).

Objective 2: To compare the quality traits of materials grown in Edmonton and
in the California winter nursery, to examine the site-year and seed
source effects on the quality traits. and the effectiveness of quality
measurements on the winter nursery material as compared with
Edmonton materials, for the same population. Both F4 and F5

generations were used for this comparison.
The following analysis were conducted:

a) F4 Anova, 3 sources: { Edmonton 1987, California 1987/88; and
Edmonton 1988).

Anova Design:

Sources df.
Site-year 2
Experimental Error |
Sampling Error 36

Total 39



b) FS analysis of variance, 3 sources. (California 1987/88;
Edmonton 1988 c¢F5; Edmonton 1988 bF5)

Anova Design:

Sources d.f.
Site-year 2
Experimental Error 2
Sampling Error 45
Total 49

c) Simple Correlations between bF4 and cF4, and between aF5 and bF3.

d) Duncan's multiple mean comparison tests for hardness, protein and
sedimentation throughout the generations for the random selected

group (N = 10).

Objective 3: To study and describe the heritabilities of, and correlation
among, the quality traits in the early generations of a2 Hard X Medium
Hard wheat cross, using the F3, F4, FS and F6 generations derived from

different seed sources.

The following analysis were conducted:

a) Simple correlations between quality traits, amongst 360 F4 lines

grown in 1987.

b) Within random selection groups, simple regression analyses were
conducted between the same quality character through the
generations for each of the seed sources. Coefficients of determination
were used as a heritability measure (Sunderman et al, 1965). Means of
the two replicates were used for 1988 Edmonton F6; 1988 Edmonton bF5,

1988 Edmonton cFS, and for the 1988 Edmonton cF4 in this analysis.
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Regressions conducted were:
1.0n F3: Edmonton 1988 F6, bF5 and cF5, cF4.
2.0n aF4 and bF4: Edmonton 1988 F6 and 3 sources of F5.
3.0n cF4: Edmonton 1988 F6, bFS and cFS.
4.0n 3 sources of F5: Edmonton 1988 F6

¢)Within random groups, simple correlations were calculated among
quality characters for different generation sources

a) aF4

b) bFS

c) 1988 Edmonton F6

Grain Quality Tests:

1) 1000 kerne!l weight (g)

1000 kernel weight was determined with a Count-A-Pak model
electronic seed counter using approximately 35 g of wheat grain from which
all the broken kernels and foreign materials were previously removed by

hand picking. The weight of 500 seeds X 2 was recorded.

2) Test weight (g/hectoliter)

Test weight was determined using the standard method for hectoliter
weight. An imperial pint measure and a Cox funnel were used, and a Grain

Commission conversion chart. The moisture basis was 9.0 +/- 0.25%.
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3) Kernel hardness (seconds)

For determination of hardness, the samples were dried in a dryer at 55
OC for 48 hours before they were threshed, so that the moisture content of
the stored grain samples was 9.0 +/- 0.25% , The temperature of the storage
and operation rooms was controlled at 12-14 Oc by using air conditioning to
minimize temperature fluctuations. Wheat hardness was measured by the
time to grind 4g of wheat (Miller et al 1981). The procedure involved pouring
approximately 6g of wheat into a Brabender micro hardness tester and
automatically recording the time required to grind the 4g as it fell on the pan

of a micro-balance. The larger the grinding time, the softer the wheat grain.
4) Grain protein content (%)

W heat protein content measurements in this study were assessed in
the Technicon Infra-Analyzer 300. This method operates on the principle
that when near infra red light is shone on a finely ground sample (from a
UDY mill) the intensity of light reflected from the surface of the sample
relates to its chemical composition. The infra-analyzer measures the
reflectance at multiple wavelengths so that the amount of several
constituents, (e.g. moisture and protein), can be assessed with only one
reading and the effect of one on the absorption of others can be corrected
for. All the readings for protein content were expressed at 13.5% moisture

basis.
5). Flour yield, (%)

Flour yield was measured with the small Brabender Jr. Laboratory mill,

for S0 g samples, and with the big Buhler Jr. Experimental. Mill for 500 g
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samples. In both cases, the moisture content was calibrated to 14% according

to AACC methods. (AACC, 1969)
6) Moisture Content (%)

Moisture content was measured using a Brabender Moisture Meter.
Samples of wheat (minimum 12 g) were dried at 155 9C for one hour and

water loss equated to moisture content.
Flour quality tests:
1) Sedimentation Value (cm3)
AACC method 56-60, 1969.
2) Farinograph
AACC,1969. The following parameters were recorded:
1) Water absorption, Brabender Units, %
2) Arrival time, minutes
3) Peak time (dough development time) minutes
4) Departure time, minutes
5) Stability, minutes
6) Mixing tolerance index (MTI), Brabender Units

7) 20 minutes drop, Brabender Units
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The prediction tests were carried out on all the seed sources and
generations (except hectoliter weight measures on aF4, bF4, aF5 and the 1988
Edmonton F3. Buhler milling and Farinograph tests were carried out on aF4,
bFS, and 1988 Edmonton F6 materials. Table | indicates the codes assigned for

each of the quality traits.

Table 3.1.1.1 Codes used for Different Quality Testing Methods

e i 40 o > i e =t e o e P Rt S T e St A e o e = o o =

Seed hardness

1000 Kernel weight
Protein content
Hectoliter weight
Brabender flour yield
Buhler flour yield
Sedimentation
Farinograph properties
Water absorption

Arrival time

Peak time

Departure time
Stability

Mixing tolerance index

20 minute drop

Prot
Hiwt
Flyd
Bflyd

Sedt

FAB

FAT
FPT

FDT
FST
FMTI

F20



4. Results

4.1 Quality analysis of 1987 Edmonton F4

Microprediction tests (hardness, protein content, flour vyield,
sedimentation and 1000 kwt ) were carried out on all 360 F4 lines. Ranges,
means, medians and coefficients of variability of the means for the lines and
parents ( HY 320 and QT 8132) in Table 4.1.1.1. Figure 4.1.1.1 illustrated the
distribution of hardness values in the F4 progenies.

For all quality traits, median and mean values were almost identical
and both values were relatively close to the mid-parent value. The range of
the quality values for the 360 lines well exceeded the parental values in both
directions for all prediction tests (Table 4.1.1.1).

Sedimentation value and hardness exhibited the greatest variation, as
indicated by the coefficient of variation.

Simple correlations among the five quality traits were calculated for
the 360 progeny lines (Table 4.1.1.2). Hardness was shown to be highly
significantly correlated with protein, sedimentation value and flour yield.
Grain protein content was also shown to be highly significantly correlated
with sedimentation value and flour yield (Table 4.1.1.2).

Table 4.1.1.2 Correlations among quality traits of 360 F4 lines
grown in 1987 at Edmonton

Hard Prot Sedt Flyd Kwt
Prot -0.55 7" —
e Yo e T
Fyd 054 o024 o002 _
kwt 005 006 003 012" —

* Significant at 0.05 level.
** Significant at 0.01 level.

41
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Table 4.1.1.1. Quality traits for 360 F4 lines, compared to parents
(Standard errors are expressed in the brackets)

Hard Prot Sedt Flyd Kwt
Parents |
""" HY 320 360(13)  112004)  480(13)  667(23) 406(13)
————— QT8132  26504)  134(02)  570009)  705(17) 440(08)
7 Mid-Parent 313 | 21 s23 686 - 23
Lines. T

Median: 320 1238 550 69.3 400
""" Mean: 325 128 533 690 397
" subevz 46 o5 o5 T 43
Tevs a2 es 78 s 109

1. Average of 3 replicates.
2.St. Dev. = Standard Deviation.
3.C.V. = Coefficient of Variation.

Figure 4.1.1.1 Hardness Distribution for 360 F4 lines in
Edmonton 1987

-~ Frequency

Frequency
]

20 25 30 35 40 45 50
Hardness
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S.1 Hardness distribution of F4 progenies

360 progeny lines was a relatively large sample size and therefore
provided a good representation of the complete F4 population. The ranges of
values for the wheat and flour properties measured on the F4 progenies were
typical of plant breeding programs where two parents of diverse genetic
background for quality are crossed. Many of the quality traits measured on
the segregating population were interrmediate in value between the two
parents, but some lines were obtained which exceeded both parents in
selected quality traits. Genetic mechanisms were not studied in the present
research but segregation in the cross created a wide range of genetic
variation, and if the traits of the superior lines could be fixed, improved

flour quality could be achieved through vigorous selection in F4.

The similarity of the estimates between the quality means of the F4
generation and the mid-parent values for the selected quality traits indicated
that the the mid-parent values were an excellent indicator of the progeny

quality means.

The distribution of hardness was skewed in the direction of softness.
The softest line (Hardness value = 47) of the F4 progenies was about 2.5
standard deviations away from the softer parent (Hardness value: HY32N =
36). Since this study was initiated it has been determined that one of the
parents (HY320) alone contributes significantly to the hardness distribution,
since it has proven to be genetically non-uniform for hardness. DePauw
(1987) showed that bulk lines of HY 320 were not uniform in their hardness

and a bimodal distribution existed among the HY320 breeder lines. Thus,
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although the average hardness value for HY320 was 36, some softer lines may
have been used during the time of crossing, since over 30 plants were used
in the crossing procedure (Kutchera, personal communication). HY 320 is a
representative varietyfor quality for the Canadian Prairie Spring Wheat
class. One of the common complaints about this wheat class from the wheat
industry is that the variety HY 320 is too soft. Thus breeding for a harder
wheat kernel has become one of the more important breeding objectives for
the Canadian Prairie Spring Wheat class. The hardness distiribution obtained
for the F4 progeny lines showed that the majority of the lines wer< harder
than HY 320, one of the softer parents, suggesting that the harder lines could
be selected from this cross.

5.2 Direct effects of hardness selection on the expression of
other quality traits

Grain hardness has been shown previously to be simply inherited
(Symes 1969; Bak~~ 1977, O'Brien and Ronald 1987), and the manipulation of
this character . ‘vely easy. In the evaluation of quality potential,
kernel hardness has u.ially been the prediction test of initial interest, due to
the ease of measurement. The test is simple, rapid and can be conducted on as
little as 4-5 grams of seed (Miller 1981). Given this measurement, an
im mediate decision can be made as to the bread (Williams 1986) and pastry

(Yamazaki and Donelson 1983) quality potential of a line.

In the present study selection of hardness in F4 significantly affected
the measurements of hardness, flour yield estimated both by the Brabender
laboratory mill and the Buhler experimental mill, farinograph water
absorption and farinograph arrival time, throughout the generations.

Selection for hardness also influenced the protein content no matter which
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generation or seed source, with only one exception. Compared with the softer
lines, and throughout generations and seed sources, the progeny of harder
wheats generally had harder kernels and higher protein content, higher’
flour yield, higher farinograph water absorption, and longer farinograph

arrival time.

The response of the hardness measures in the later generation to the
F4 selection followed expectation from the literature. The hardness grouping
patterns (hard, medium hard and soft) remained consistent throughout the
generations. Thus lines selected for harder grain kernels in the F4 had
harder grain kernels in the later generations of F5 and F6, no matter which
years or locations were taking into account. This result has considerable
implications for a plant breeding program, especially in the Canadian
Prairie Spring Wheat class, where breeding for harder kernel is an
objective. The only exception was the 1988 Edmonton F3 situation, where
seeds were planted in hill plots and the medium and soft groups were not
different in their hardness measures. Segregation in the F3 population,
conbined with effect of the heavy green kernels from late tiilers in the hill
plots would be the possible reasons contributing to this lack of significant

differences, not only in hardness, but also in flour yield and protein content.

Symes (1969) found that the hardness gene also increased flour yield.
In the present study, the hard wheats also had higher flour yields, and
selection for hardness increased the flour yield, both in the Brabender
laboratoiy mill measure and for the Buhler experimental mill measure. This
result agrees with previous studies (Baker and Dyck 1975; Pomeranz et al.
1988). The measure of flour yield has been well known for its lack of

convincing repeatability {Baker and Cambell 1971). Stenvert (1974) stated
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that one reason for the higher flour yields of harder wheats was that the
hard wheat can withstand a higher level of moisture content during the
process of tempering and thus was able to give a higher flour yield. Mattern
et al. (1973) found that the control of kernel hardness was located on
chromosome SD, and later a single gene was identified controiiing the
differences between hard and soft wheat milling (Law et al. 1978) for the
variety Cheyenne. In several cases in the present study, the flour yield
measures obtained from the hard group do not significantly differ from
those of the medium hard group, indicating that the dependance of flour
yield on hardness can also be variable. However, progenies of the soft group
was found to have a significantly lower flour yield than those from the other
selection groups consistently, so one may still use the hardness measure to
discard the lines with the lowest flour yield in the Canadian Prairie Sp.ing

Wheat breeding program.

When a hard wheat has been identified, the protein quantity would be
the next immediate concern with respect to evaluating the breadmaking or
other quality potential (Finney and Barmore 1948; Bushuk et al. 1969). The
effects of protein content on wheat hardness have been the subject of many
investigations, with varied and often conflicting results. In the present
study, where Canadian Prairie Spring wheat was used as one of the parents,
hardness grouping showed significant effects on protein content in all
generations, and for all seed sources except one. Wheat selected for harder
kernels usually had a higher protein content than the wheats selected in the
medium and soft groups, although in several cases the hard group did not
show significant difference from the .nedium hard group. In the cF5

situation, hardness grouping did not affect the protein content and this
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indicated that the relationship between hardness and protein content can be
inconsistent. Environmental factors might also contribute to this
insignificance. Nevertheless, all progenies from the soft group were shown
to have significantly lowered protein content, for every seed source and
generation. This would indicate that plant breeders can use a simple

hardness measure to identify the lines with lower protein content.

Farinograph water absorption is an important character for the
baking industry and higher water absorption is desirable for bakers
(Hadziyev. personal communication). In the process of milling, hard wheats
will have higher starch damage than soft wheats (Williams 1967),
consequently requiring more water to make a dough of proper consistency,
than a soft wheat would require. Doeks and Belderok (1976) showed that the
baking absorption of wheat is determined by the chromosome 5D. In the
present study, hardness selection directly influenced the farinograph water
absorption performance. The degrees of response to the hardness selection
for FAB measures were different among the hardness groups but, generally,
harder wheats required more water to reach the 500 line (Brabender Units)
consistency. The simple hardness measure can therefore be used to predict

FADB values.

Hardness grouping also influenced the farinograph arrival time. FAT
is closely correlated with the farinograph water absorption. Harder wheats

require longer to reach the 500 line (Brabender Units).

As Table 4.2.1.1 and 4.2.1.2 indicated, hardness selection did not
influence the quality traits sedimentation value, farinograph dough

development time, and farinograph stability. The independence of quality
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traits from the effects of hardness grouping showed that the hardness
influence has its limitations, and that hardness measure alone cannot
account for all important quality differences. Such limitations suggest that
additional quality measures would be needed for the best prediction of the

wheat quality potential of a breeding line.
5.3 Correlaticns among and heritabilities of the quality traits

In the present study, the interrelationships among the quality traits
were generally similar throughout the F4, F5S and F6 generations. This
indicated that the relationships among the quality traits were less influenced
by environment and seed sources. Fowler and de La Roche (1975) also
reported independence of these relationships from the environment, using

hard red spring wheats.

In the present study, hardness, protein content, flour vyield,
farinograph water absorption and farinograph arrival time were
significantly correlated with each other in all three generations. The F4
lines from this cross demonstrated a broad range of hardness values, thus
representing a population of diverse hardness (hard, medium-hard, and
soft), so that strong correlations of this nature were expected, and results are
in close agreement with previous studies on other germplasm (Sunderman et
al. 1965; Baker et al. 1975;: Pomeranz et al. 1988). Orth et al. (1973) reported
that both protein content and farinograph water absorption increase with
flour extraction rate. Harder wheats have been shown to have higher starch
damage after the milling process, compared to the soft wheats (Simmonds
1974). Water, absorbed by both starch and protein of the flour (hydrophobic

gluten) is important and necessary for dough development, so significant
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correlations were observed between farinograph water absorption and
farinograph arrival time. Undamaged starch absorbs less water than
damaged starch granules, thus a significant correlations of FAB with flour
yvield might indicate that higher starch dan age could have resulted from a
higher extraction rate. The strong correlations reported here suggested that
simple, easy measures such as hardness and protein content cuuid be used in
the screening of large numbers of breeding lines to predict the other less

easy measured quality traits such as FAB, FAT and flour yield.

Leleny sedimentation values, which reflect the protein quantity as
well as the protein quality, showed highly significant correlations with
protein content, farinograph development time and farinogreph stability in
the present study. FPT and FST have been shown to be good indicators of
dough handling properties and final baking quality and are often used as
final loaf volume indicators (Finney and Yamazaki 1967; Orth et al. 1972). The
strong correlations of sedimentation value with FST and FPT obtained in the
present study follow the expectation of the literature and further prove that
both the quantity and quality of the protein play an important role for final

quality in the Canadian Prairie Spring quality type.

Sedimentation value was significantly correlated with protein
content. It was not correlated, or was not consistently correlated with
hardness, FAT, FAB and flour yield. Thus, it appeared that the protein content
was an inter mediary influence, connecting hardness and sedimentation. The
lack of correlation of sedimentation value with other quality traiis and the
known importance of the sedimentation value indicated that, for the best
prediction of flour quality, sedimentation value should also be included in

early generation testing and quality prediction, in addition to protein
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content and hardness. Generally speaking, the interrelationships among
quality traits are complex and it is hard to make a clear, simple
characterization of the factors responsible for baking quality. Some’
prediction tests are more reliable and accurate than others, and some can be
more meaningful than others (Baker and Campbell 1971). In the present
study of CPS wheat study, the correlations indicated that quality traits
hardness, sedimentation value and protein content would be the best
indicators of the flour quality, in agreement with the previous literatures,

where good bread making and cake baking were as quality objectives.

In a selection program, a plant breeder can only exploit the genetic
differences among lines. A screening test which cannot identify genetic
differences is of little value in screening in plant breeding programs.
Heritability of a test indicates the extent to which genetic differences are
detectable. Heritability estimates obtained in the present study revealed that
the traits hardness and sedimentation value were highly heritable, while the
traits protein content and flour yield were only moderately heritable. The
heritability values are in agreement with those reported by E .ker et al.
(1971), Davis et al. (1961), Bhatt and Derera (1975) and Pearson et al. (1981).
Previous studies (Fowler and de La Roche 1975b; Bhatt and Derera 1975;
Pearson et al. 1981; OBrien and Ronald 1987) have all reported high
heritabilitv values for estimates of grain hardness. Given the report by
Symes (1965) of a single gene difference for this trait, high heritability
estimates are to be expected. With respect to the hardness reqirements for
the Canadian Prairie Sprir- wheat class, the present study confirms
availability of a suitable degree of genetic variance in this cross, combined

with good herjtability.
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Sedimentation value was indicated as the singular flour test to give the
best prediction of the strength of the flour and the breadmaking quality of a
hard wheat (Greenaway et al. 1966; Bushuk et al, 1969). High heritabilities for
this trait have been commonly reported (Lebsock et al. 1964; Atkins et al.
1965: Sunderman et al. 1965). Hsu and Sosulski (1969) further reported a high
degree of dominance for high sedimentation value and suggested that only
two genes were responsible for determination of sedimentation value in the
cross of Selkirk X Gabo. In the present study, the number of genes involved
in the inheritance of sedimentation value could not be determined, as a
genetic design was not used. Nevertheless, high inter-generation regression
heritability estimates obtained for this character in the present study
implied that a relatively simple mode of inheritance existed. Inter-
generation heritability estimates between different site-years further
indicated that the environment, which was reported in the literature to
significantly influence the sedimentation value, would not affect the
relative performances of lines. Thus the high heritability for sedimentation
value, along with its close relationship to other important quality
parameters, makes this character very valuable for screening large samples
of lines in a Canadian Prairie Spring wheat breeding program, tc seek high

quality potential.

Heritability estimates for protein content between different
generations and site-years ranged in this study from 0.16 to 0.91. The
variation is in close agreement with the pas: literature. Low correlations for
protein content were reported between F3 and F2 plants of r= 0.41 t0 0.58
(Haunold et al. 1962) and r= 0.24 (Sunderman et al. 1965). In contrast Lofgren

et al. (1968) reported intergeneration correlations 2s high asr = 0.73, based
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on flour protc a content. Samson et al. (1983) showed that inter-generation
correlations for protein content between F6 to F4 ranged fromr -0.25tor -
0.50. Some of the higher heritabilities reported in the present study reflect
the strong correlations between hardness and protein present in this cross
in different generations. Generally speaking, the varied heritabilities for
protein content, along wit’ the relative small variation in the F4 progeny
lines as illustrated in the Table 4.1.1.1., would make this character less
suitable as a main selection criteria in the early generations of the breeding

program.

Lofgren et al. (1968) studied the progenies of four wheat crosses and
reported that the flour yield was more heritable than protein content. Baker
et al. (1971) reported heritabilities for flour yield that ranged from .46 to .81
in different years for hard red spring wheats. Because of the low
repeatability of the flour yield measures (Baker and Cambell 1971 ),
measurement of this character is usually considered of little value in the
early generations of a breeding program. In the present s.ady, inter-
generation heritability measures for flour yield ranged from .27 to .80 in
different generations and years. Some of the extreme high heritability
estimates for flour yield are believed to have been caused by the tempering
process in the current study, which brought up the grain moisture content
to 14% before milling in 2 manner that favored hard wheats in the milling

process, and which would thus iscriminate against the soft wheats.

Farinograph properties (FAB, FAT, FPT, FST, FMTI) measured on lines
from this CPS cross showed high to medium high heritabilities in the present
study. These results agreed with previous studies. Baker et al. (1968) reported

heritabilities for farinograph characteristics within a hard red spring
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wheat cross. Heritabilities for dough development time ranged from .38 t0 .59,
and for mixing tolerance index ranged from .48 to .75. High heritabilities for
the farinograph properties were also reported by Heyne and Finney (1965)
in a series of crosses between hard red winter wheats. Effective selction for
farinograph properties in F3 and F4 was reported to be effective (McNeal et
al. 1964). Because relatively larger amounts of seed (minimum 200 g) are
needed for farinograph tests, plant breeders have tended to stay away from
this test in their breeding program, especially in early generations.
However, the strong correlations obtained in the present study enable
hardness, sedimentation value and protein content to be used as good
indicators of farinograph properties._ Heritability studies in this study
further suggested that estimation of hardness and sedimentation value can

be very effective for quality improvement in early generation selection.

Different environments influenced the magnitude of the heritability
estimates for the quality traits, and amongst these traits protein content was
the most influenced. Heritabilities for protein content of F6 on three
different sources of F4 seed indicated that the location X year effects were
bigger than the year effects alone. Results of regression heritabilities of F6
on three different sources of FS5 further showed that focation X year
interaction caused more variation in heritability than did variation due to
the effects of seed source or year alone. Thus, in the plant breeding program
situation, multi-site testing is needed for a true estimate of the heritability of
protein content. This result agrees with a previous study of Bhatt and Derera

(1975).
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5.4 Site-year effects on quality parameters in F4 and F5S

The influences of environment on wheat quality were reviewed and
specifically emphasized by Hehn and Barmore (1965). Information on the
- different types and magnitudes of genotype X environment interaction is
necessary when allocating materials and other resources to a breeding
program. In the present study, significant genotype X environment
interactions were found for hardness in both the F4 and FS generations.
Protein content and sedimentation value were found to be significantly
influenced by the environment in the F4 but not in the F5 generation.
Significant geneotype X environment interaction would mean that
evaluation of breeding lines over several environments would give a more

accurate estimate of their quality potential.

Variety has been shown to have much larger effects than location on
hardness (Williams 1967; Fowler and de La Roche 1975b; Pomeranz et al.
1984). Nevertheless, Parish and Halse (1968) studied the influence of
temperature and relative humidity during ripening on grain hardness and
reported that hard wheat becomes harder with a more humid atmosphere
during the later stages of ripening, while all wheat becomes harder if the
temperature during this period is higher. Miller et al. (1982) and Finney et
al. (1987) also reported the significant influences of environment on
hardness. The significant effect cf site-year on hardness in the present
study is believed to be primarily due to the differences in growing condiu.ons

of the California Winter Nursery and the Edmonton Research Station.

Effects of environment on protein content are believed to be

manifested through the enzyme nitrate reductase which regulates nitrogen
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uptake by the plant (Eilrich and Hageman 1973). The level of the substrate,
available soil nitrogen, is controlled by environmental factors such as
moisture, temperature and niitrogen fertilizers (McNeal et al. 1972).°
Therefore the significant effect that environment has on protein level
should not be unexpected. Sedimentation value, which measures the protein
quantity as well as the protein quality. is also expected to show a certain
response to the environmental factors that influence the protein content. In
the present study, both the protein content and sedimentation value were
significantly influenced by the environment in the F4 situation but not in
the F5. In the FS situation, there were only two site-years present and the
Edmonton 1987 crop season, when nitrogen fertilization was performed, was
missing. Thus it is believed that the nitrogen fertilizaiiou may have
contributed, at least in part, to the variation for protein content and

sedimentation values.

Significantly high correlations were observed for hardness,
sedimentation value and flour yield between the California Winter Nursery
and Edmonton conditions for both F4 and F5. These data suggested that
selection for these three traits would be successful in the winter nursery
materials, and this could be exploited as an effective resource saving
strategy. So in a breeding program, plant breeders could use the Winter
nursery not only as an increase site but also as a site for testing. Thus larger
population of breeding materials could be sent to California winter nursery
in the fall and the micro-prediction quality testing in the spring would
disgard the ones with inferior quality. Fewer numbers of the qualified

materials enable plant breeders to have less operations in the Edmonton field
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situations and keep the operation costs down. So larger amount of samples

could be tested with less cost.

The high correlations also indicated that the G X E interaction was not
important in determining the relative performance of individual lines for
flour vield, grinding time and sedimentation value. Baenziger et al. (1985)
studied 24 winter wheat cultivars in 12 locations and reported that
significant influences of environment exist for hardness, protein content
and flour yield, but that environment did not affect the ranking of the

cultivars. The result was confirmed in the present study.

5.5 “Normal plant breeding progression” vs. the "1288 all

generations special case"”.

In several cases of the present study, results were reported for the
"normal plant breeding progression” (abbreviated normal progression) and
the "1988 all generations special case” (abbreviated special case) separately.
Under the special case of 1988, four generations of the wheat cross were
present in the one environment at the same time. Theoretically, the special
case data set should tend to maximise identification of genetical differences
and minimise environmental influences and interactions, compared ta the
normal progression data set. Needless to say, results obtained from this
comparison would have less direct apllication to a practical plant breeding
program, compared to the results obtained from the normal progression.
Nevertheless the results would give the actual relations under the “optimum”

conditions.

As illustrated by Table 4.2.2.2a and 4.2.2.2b, the responses of protein

content to selection for hardness groupings were not significantly different
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between the hard and medium-hard group under the normal progression
situation for all the sources (F4, F5 and F6). Urder the special case situation,
where the possible envoronmental influences and their interaction are
minimized, the protein contents between the hard and medium hard groups
were significantly different for both F4 and F5. This result indicated that the
different locations, dirferent years and their interactions could have
influenced the protein measures between the hard and the mediu m-hard
groups. Thus, in the practical CPS breeding program, more than one site-
year of testing would be appropriate for the evaluation of the protein
content. The response of hardness and flour yield to the hardness grou ping
did not show significant difference between the two situations, implying that
the differrnces between the mean values of the three hardness groups for
these two characters were independent from the environment effects,
fur:her suggesting that effective hardness selection could be carried out in

any environment.

With the excepticn of the heritability obtained on F3, the average
heritabilities obtained between different generations under the special case
were little higher than those under t'ie normal progression for all the major
prediction quality measures (protein content, hardness and sedimentation
value), #< indicated in Tables 4.3.2.2 and 4.3.2.3. The differences between the
two situations are relativeiy small, and under both situations, heritability
estimates are high and significant for hardness and sedimentation value.
Since the heritability estimtes obtained in the present study were based on
the inter-generation regressions, the heritability values representing, to a

great extent, the ranking of the individual lines within the populations. Thus
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the result would further support that environment has relatively little effect

on the relative performance of the individual lines 'within their generaticns.

Three site-years (1987 Edmonton, 1987/88 California, 1988 Edmonton)
were present in the normal progression situation. As illusirated in Tables
4.4.3.1a and 4.4.3.1b and Figures 4.3.2.3a and 4.3.2.3b, site-years significantly
affected the mean values of the quality traits hardness, protein content and
sedimentation value among the generations, among the three sedimentation
value was most dramatically influenced. Means for hardness and protein
content were also influenced. By contrast, the means of all the quality traits
under the special case did not differ from each other between the
generations. These results showed that the environment had significant
effects on the means of quality traits. Nitrogen fertilization treatment in the
1987 would contribute to the quality differences too, especially to protein
content and sedimentation. Since the ranking of the individual lines within
the population was shown to be not greatly influenced by the environment,
so in the practical breeding program one would realize that the absolute
values of the quality measure of one individual line would be of little
meaning if not compared with values of other lines in the same population

under the same growing conditions.
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6. Summary

Canadian Prairie Spring wheat is a new class of wheat for Western
Canadz. Some of the breeding objectives for quality improvement for the CPS
type include harder grain kernels, higher protein ccatent and stronger
flour strength. One of the objective of the current study was to examine the
impact of hardness selection on the functional quality traits of later
generations, in a cross designed for CPS wheat quality improvement. Results
obtained in the present study shcwed that hardness selectiv: in the F4 was
effective in improving other quality traits in later generations. Hardness
selection significantly affected the hardness, protein content and flour yield
measures in later generations. Harder wheats selected in F4 resulted ii
harder wheats with higher protein content and higher flour yieid in FS and
F6. One can at least use the hardness measure to identify soft lines so that
lines with low protein and low flour yield lines can be identified and

discarded.

Heritabilities of, and correlations among, the quality traits in the
early generations in this cross of HY 320 and QT 8132 were also studied.
Hardness and sedimentation value were shown to be highly heritable.
Protein content showed moderate to low heritability. Significant correlations
were found between hardness and protein content, and between protein
content and sedimentation value. These three traits also showed significant
relationships with the farinograph properties and thus are considered 1o be
satisfactory predictors for flour quality in the CPS breeding program. High
variability of hardness and sedimentation values in the F4 progeny lines
together with high heritability estimates for these two traits offers excellent

scope for early generation selection among lines, to improve quality.



88

Heritability levels of flour yield were shown to be intermediate. The strong
response of flour yield measure to the hardness grouping and the significant
correlations that flour yield had with other quality traits (especially’
hardness), is probably an indirect effect arising from the protocol used for
tempering prior to milling. Both the tempering process and the setting of
the mill would coniribute to this significance, since the tempering and
milling procedure were biased in favour of identifying hard wheat with

higher flour yield.

Environment significantly influenced the means of quality traits such
as hardness, sedimentation value and protein content, but the correlations of
results obtained between samples from the California winter nursery and
samples from the Edmonton Research Station showed that the ranking of the
individual lines changed very little, confirming that selection for hardness
and sedimentation value on samples from the winter nursery would be

acceptable. Heritability studies further confirmed this conclusion.

One of the major limitations of the current study was that the material
used were from one individual cross of the CPS wheat type. One might
question the generality of these results, based on the degree of genetic
variation that existed i. the cross. Hardness values in the 360 F4 progeny
lines indicated, however, that there were large variations for hardness, and
thus the population represented a study covering a wide range of hardness
categories. The relevance of the current results to practical breeding
programs involving a wide range of hardness in the parent is therefore

considered to be considerable,
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Appendix 1 Definitions of farinograph properties and illustration of
typical farinographs for the three hardness groups

1. Definitions of Farinograph Properties:

Farinograph properties were measured by the constant flour weight method,
utilizing 2 50g mixing bowl (AACC, 1969). The shape of the farinograph curve gives
a fair indication of the inherent strength of a flour. A ‘weak' flour gives a curve
indicating a rapid build up in dough consistency to a sharply defined peak, followed
by a rapid breakdown . By contrast, strong flour usually gives a much slower build
up in dough consistency, a relatively longer time to achieve peak consistency, a
less sharply defined maximum, and a much more gradual drop in consistency level
following peak development. The indices ‘arrival time’, 'dough development time’,
'stability’, ‘'mixing tolerance index' and '20 minutes drop’ may be calculated from a

finished curve. A schematic of a 'ty pical’ farinograph curve is presented below:
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Farinograph indices are defined as follows:

A Arrival time: The time that it takes for the dough to arrive at the 500

Brabender Unit line.

B. Peak time, also called dough development time, is the time that it takes to

reach the maximum mixing peak.

C. Stability: The time to the top of the curve intersection at the 500 Brabender

Unit line.

D. Departure time: The time that it takes to when the dough leaves the 500

Brabender Unit line.

E. Mixing tolerance index (MTI1): The difference in Farinograph units from
the top of the curve at the peak, to the curve means 5 minutes after the peak is

reached.

F. 20 minutes drop: The difference in units from the 500 Brabender Unit line

10 the center of the curve, measured at 20 minutes from addition of water (0-time)

G. Water absorption: The amount of water needed, based on 14% moisture

content, to give the dough a consistency of 500 Brabender Units.
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2. Typical farinographs of the three hardness groups

Hard

m

WA ;\;v’ A
R
MINU‘:,ES

IR
< lﬂ?oz ~ (] -2} 3

N

)
-\

A

VAVAN

:

T

\

N

NAD
\

00

-

\

ﬁ'
- \— —\.

.\_ o

0
MINUTES

o~

\
-\-

5
»~ T b

3
o— T
T S
Qo
= L . - -
T ) o AT L 0
- =
- 1T | o R g P
140t -5
- T ““\ 114 6
i . \\\\. \\.\\ \\\ 1A
. % % o REE g L T »
3 ol et 1 {4 -~ @
=1t e 1 - 4
P L~ -~ -
—3 11 ﬁ .\.\\..\ -1~ =i \
1 e 14 B T
L - L -
- 4 N =g - BEa ~ L4-Z
4 e p= \L .
— u 1 -
1+ 3 = =~
} | 4~ » L.
— s e gjjie e \\\\\\\ A9
|
- |1 ] L+ ,\\.\..\\. \\\ ﬁ\\\.
- 1 1 4
. -1 11 4 [
I L AR LA A L1 4
] = I l+1 11 1
\.\4\1.\\ \\\ M\\ .
1~ —1— - \r\\\a\om. |11 \\\ A ¥
S e AT LT LT
-~ |+ Dn\\.\ 4 |+ P
i 4 |1
0as || | 1~ e L Bagy £
Lot 11 L+ L1 1
——d -+ \\\ |4+ \.\. A
ISTSNOY e » = \\\ P z
= )
- PR \\\\ g=ggs A
_ 1 - L
— S - |4 _ -
I e \\\\\\\ 41T
(— 1 L4 1 1 -1
1 - L
- = -
1 - - \.\.\\ \.\\\.\.\ .
| = P23
- | | L1171 11T LT L 0
| }-1t1 1 » A .\\
1 | ¥ SR o AT LT LA
L1 \\f L1 \\\ 1] 6
— 1 - |~ - 1
-t =~ - A
|| J 8 B Sy \.\.\ L4~ A
m {0l |11 1 \\\ |t
- T » 1
emed - 11+ pE .\..\\ \\. 8
{1 |
4 Lt .\\.\\\. X\.\\\\.\,\\\
- | 22— 1 4 L] L
N L-+11 1] LT \.\\\\.\
|1 -
— L4111 {1 b1
- \.\\\\. \\\\. \\\.\\ » .
-
] | 1 1 LT T LA
| L4 11 L4171 |4 T L]
» 1] TR T L
= - | -
- I L1 " - [
-1 PEg 4\ 1
] 41T L+ 119 1
= |1+ Pe rallPs
41 =
I | 31 L1001 L1 L1114 ¥
4
|| 1 s de L\\\ LT L
B e On - L1 L1 1
09 (14 411 A 1 =1
o T L1 \\\ LT 1Y ©
[ 5 1. ju= T 11111 L1
4 . -t | -
4 SNOD \|\.\\.|\.\\ 411 41 \\\, t
- L 411 At A1 LA LA
MR- 50 R A1 L TAATL \/.
- - -+ | L~ ~ -
_3-+-T" e 41 AT
—t— O I S A-F p= A1
41 |41
4 Ll -4t~ I A1 \\\,\ A
RIS g L A -
- = 4 LT 1L 9
- 1 1A
JUOL U A 0 T O S A O Ot O o - +1.1- P
L1 T34 4] U‘
- L T — 1 1141 - 6
= I O ook 92 o 41 P g 11
LT . L4
L P WD W e, Ly = - .~ .
T B i lﬁﬁi\l\ﬁ.ﬁ \*\ WE\_\ g3 "




