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ABSTRACT

Rye is used by wheat breeders as an additional source of genes for
disease resistance and enhanced agronomic performance. The rye genes can
be incorporated into wheat by substituting the short arm of rye chromoscome
1R for the short arm of wheat chromosome 1R thereby producing the wheat
1BL/1RS translocation. Wheat cultivars with the 1BL/1RS translocation have
been reported to produce very sticky doughs, 'an undesirable trait in
breadmaking. In this study, the objectives were to compare the quality of
1BL/1RS wheats to normal wheats, to evaluate the effect of enviromment and
genotype on quality and to examine the relationship of dough stickiness to
various quality characteristics.

The breadmaking quality of seven 1BL/1RS wheats was compared to that
of six control wheats by analyzing four replicates grown in three
environments. Wide variations among cultivars for physical, biochemical,
rheological and baking characteristics were shown. The 1BL/1RS wheat, BR
23, was rated poorest in overall quality. Low flour protein, weak
rheological properties and very sticky dough resulted in low loaf volume.
Not all cultivars with the 1BL/1RS translocation exhibited excessive dough
stickiness. Three 1BL/1RS wheats (8416-Q06E, 8417-BJ03A and 8417-BJ03D),
were rated similar in quality to the normal wheat, Biggar. Their milling,
biochemical, rheological and baking properties would make them suitable
for registration in the'Canada Prairie Spring wheat class. None of the
1BL/1RS wheats had quality characteristics suitable for the Canada Western
Red Spring wheat class.

Cultivar effects were significant for all the quality parameters.
Environment effects were significant for the quality characteristics with
the exception of remix dough stickiness, grinding time and mixograph first

minute slope to peak, energy after peak, peak band width and band width at



ix
2 min after peak. Although the cultivar by environment interactions were
significant, they were relatively small in magnitude for the majority of
the quality characteristics.

As a group, the 1BL/1RS wheats had inferior breadmaking quality
compared to the control wheats. Their major quality defects were low
protein content, poor rheological properties, poor quality HMW glutenin
subunits, low extensibility and resistance to extension, high degrees of
dough stickiness and low loaf volume.

Dough stickiness scores measured at the remix stage of the bake test
were associated better with quality characteristics than dough stickiness
scores measured at the first mix stage. The remix dough stickiness was
unaffected by the environment and was dependent solely on genotypic
differences. Breadmaking quality decreased as the degree of remix

stickiness increased.



I. INTRODUCTION

The 1BL/1RS translocation refers to the substitution of the short
arm (S) of wheat chromosome 1B by the short arm of rye chromosome 1R. The
result of this translocation was the development of new lines of hexaploid
wheat which are highly resistant to rust (Mettin et al., 1973) and well
adapted to different growing environments (Rajaram et al., 1983).

The 1BL/1RS wheat lines were originally developed by German plant
breeder, A. Riebesel, before World War II (MacRitchie et al., 1986). The
lines and information about them were lost because of the outbreak of the
war. Today, most of the lines have been recovered and because of their
unique qualities, many wheat producing countries have incorporated them
into their plant breeding programs.

It has been estimated that the 1BL/1RS wheats account for 30% of the
recent breeding lines in the former German Democratic Republic, 50% of the
advanced breeding lines in the 21st International Bread Wheat Screening
Nursery (IBWSN), and 45% of the advanced 1iﬁes in Centro Internacional por
el Majoramiento del Maiz y Trigo (CIMMYT) (Dhaliwal et al., 1987;
Villareal et al., 1991).

Some of the 1BL/1RS wheats have been reported to produce extensive
dough stickiness when they are mixed under high-speed or long-time mixing
procedures (Barnes, 1950; Dhaliwal et al., 1987; Martin and Stewart,
1986a, 1986b and 1990; Zeller et al., 1982). Barnes (1990) suggested that
the dough stickiness of 1BL/1RS wheats would depend on individual genetic
background and growingvenvironment. Graybosch et al. (1990) observed a
large degree of quality variation among sister lines with the 1BL/1RS
translocation. A strong relationship between the environmental factors and
the dough wunmixing time has also been revealed (Barnes, 1990).

Contradictory results exist in the relationship between mixograph



parameters and dough stickiness.

The objectives of this study were as follows:

1) to characterize the breadmaking quality of 1BL/1RS wheats as
compared to normal wheats;

2) to evaluate the effect of environment and genotype on the quality

of 1BL/1RS wheats and;

3) to investigate the quality parameters associated with dough

stickiness.



II. LITERATURE REVIEW

A. Genetics of Hexaploid Wheat and Diploid Rye

Wheat and rye are members of the grass family (Gramineae). Common
wheat (Triticum aestivum) consists of 21 chromosome pairs, arranged in
three related genomes (A, B, D) of seven chromosome groups (1A...7A4,
1B...7B, 1D...7D). These wheat genomes originated from different ancestral
diploid species and carry a similar set of génetic material (Law and
Payme, 1983). The triplication of genetic material enables common wheats
to withstand the loss or addition of chromosomes. Common rye (Secale
cereale) is a diploid and contains one genome of seven chromosome pairs
designated as chromosome 1R to chromosome 7R. Rye chromosomes 1R, 2R, 3R,
5R and 6R have been observed to be homeologous to the corresponding wheat
chromosome group (Zeller et al., 1973).

Glutenins and gliadins are the fundamental wheat proteins for
breadmaking and are encoded specifically in nine loci (Law and Payne,
1983; Payne, 1987). The high molecular weight (HMW) subunits of glutenin
are determined by a single complex locus located on the distal half of the
long arm of wheat chromosomes 1A, 1B and 1D. These loci are designated as
Glu-Al, Glu-Bl and Glu-Dl1, respectively. The complex loci Gli-A1l, Gli-B1
and Gli-D1 encode the w-, y- and a few P-gliadins are located towards the
end of the short arm of wheat chromosomes 1A, 1B, and 1D, respectively. In
addition, the complex loci’ Gli-A2, G1i-B2, and Gli-D2 control the
production of «o-, B-, aﬁd a few y-gliadins are located on the distal ends
-of the short arms of wheat chromosomes 6A, 6B, and 6D, respectively.

For common rye, the sulfur-poor, w-secalin proteins and the
interchain disulphide-linked, 75K y-secalin proteins were revealed to be
related to dough quality (Dhaliwal et al., 1988; Dhaliwal & MacRitchie,

1990; Gupta et al., 1989), and are coded at Sec-l-locus on the short arm



4

of chromosome 1R and at Sec-2-locus on the short arm of chromosome 2R,
respectively (Lawrence and Shepherd, 1981; Shewry et al., 1986). The rye
chromosome 1R is similar to the wheat chromosomes 14, 1B and 1D in having
genes coding for alcohol-soluble prolamins on the short arm and genes
coding for HMW proteins (> 86,000 apparent molecular weight) on the long

arm (Lawrence and Shepherd, 1981).

B. Introduction of the Wheat-Rye Translocation

The transfer of rye genes to wheat can be obtained by methods such
as (1) homeologous chromosome pairing, (2) ionizing radiation, and (3)
univalent misdivision during the cross of a.lmonosomic and a disomic
addition wheat line (Sears, 1974; Zeller and Koller, 1981).

It has been shown that rye chromosomes 1R, 2R and 6R are capable of
substituting for three of the chromosomes in the corresponding homeologous
wheat groups (Zeller, 1973). Rye chromosome 3R substitutes well for the
homeologous group-1 wheat chromosomes and at least two of the group-3
wheat chromosomes (Zeller, 1973). In addition, rye chromosome 5R shows
homeology with at least one of group-4 wheat chromosomes, two of the
group-5 wheat chromosomes and two of the group-6 wheat chromosomes
(Zeller, 1973). According to Gupta (1971) and Koller and Zeller (1976),
these substituted rye chromosomes would compensate for the loss of the
corresponding homeologous wheat chromosomes.

A translocation line can be obtained by crossing common wheat with
common rye, backcrossing one or more times with wheat and then selfing
(Sears, 1974). Wheat genes on chromosomes 3A, 3BL, 3D and 5B prevent
homeologous pairing and genes on chromosomes 5A, 5BL, and 5D promote
pairing. The amount of.pairing depends on the balance between promoters
and suppressors (Sears, 1974, Zeller and Koller, 1981).

It is possible to produce a chromosomal translocation through the
rejoining of two different telosomes originating from the misdivision of
univalents at the centromeres. The union of misdivision telosomes between

homeclogous chromosomes is more desirable and is less deleterious when



5

compared to that of non-homeologous chromosomes (Zeller and Koller, 1981) .

C. Detection and Identification of the 1BL/1RS Translocation Segment
Several techniques have been developed to detect and identify the
translocation segments and to distinguish translocation 1lines from
substitution lines. Each technique has its limitations and requires other

methods to supplement and confirm the results.

1. Morphological Studiesgs of Wheat Chromosomes

In addition to the improvement in resistance to rust diseases, the
1BL/1RS translocation can be detected in hexaploid wheats through the
change in the number of chromosomal secondary constrictions or satellites.

A secondary constriction is a nucleolus organizer with a tandemly
arranged rRNA coding gene in wheat and a rDNA coding gene in rye (Friebe
et al., 1989). This part of the chromatin becomes less condensed at
meiotic metaphase and can be distinguished from other parts of the
chromosome. A satellite is a short terminal segment outside the secondary
constriction and its presence is determined by the location of the
secondary constriction.

A secondary constriction or satellite occurs on each of the
homeologous wheat chromosomes 1B and 6B and rye chromosome 1R (Friebe et
al., 1989). When the wheat chromosome 1BS is substituted by the rye
chromosome 1RS, the secondary constrictions or satellites on 1BS are
deleted and those on rye chromosome 1RS disappear through fusing with the
wheat segment. Subsequently, only two secondary constrictions or
satellites on wheat chromosome 6B remain (Mettin et al., 1973). Hence, the
number of secondary constrictions or satellites indicates the presence of
the wheat-rye translocation.

The alien segment can also be detected through the use of
horseradish peroxidase with glutaraldehyde as a specific probe to the
total DNA of the rye segment and the hybridization to the Southern

membrane (Heslop-Harrison et al., 1990). Wheats carrying the rye segment



show the strongest hybridization signals on luminographs.

Giemsa c¢-banding can be used to identify the translocation
segment. It is a staining technique that differentiates the constitutive
heterochromatin from facultative heterochromatin at meiotic metaphase.
Each chromosome has an overall unique banding pattern, translocation
between segments with differences in c-band pattern can be recognized.
This method provides a recognition of the 1BL/1RS translocation segment as
it consists of a large terminal and subterminal c-band, which resembles
the short arm of the rye chromosome 1R and has the remainder of the
chromosome resembling the long arm of wheat chromosome 1B (Cai and Liu,
1989; Friebe et al., 1989; Merker, 1982).

The rye segment can also be identified through the use of bictin as
a specific probe to the total rye genomic DNA, followed by the in situ
hybridization (Heslop-Harrison et al., 1990) . The rye segment is indicated
by fluorescing red in green light.

In situ hybridization is a superior method compared to Giemsa c-
banding. In situ hybridization is capable of identifying the size and the
breakpoint of the translocation segment at all stages of the cell cycle.
According to Heslop-Harrison et al. (1990), the translocation point is at

or very near to the centromere.

2. Studies of Check Crosses

Zeller and Koller (1981) recognized a wheat line, T8, with a 4A
alpha/7RS translocation by crossing the line with a Chinese Spring (CS) -
ditelo-4A line and also with a monosomic addition line 7R. The former
cross showed a high frequency of pairing of the telosomic 4A alpha arm and
the alien chromosome. The latter cross resulted in a trivalent consisting
of a single chromosome 7R, 4A and the alien chromosome. Thus, the alien
chromosome is made up of the alpha arm of chromosome 44 and a part of the
chromosome 7R. Further crossing of T8 to the addition lines 7RS and 7RL
produced a telosomic trivalent in the former cross only, indicating that

the translocation segment is composed of part of the short arm of rye



chromosome 7R.

According to Cai and Liu (1989), the 1BL/1RS wheats can also be
identified by crossing to a CS double-ditelosomic line 1B, in which 100%
of cells in the 1BL/1RS wheat contain a heteromorphic bivalent (t1') and
a 1BS-telosomic univalent (t).

A translocation line can be distinguished from a substitution line
by crossing separately to a known substitution line and a normal wheat
such as Chinese Spring (Mettin et al., 1972). A substitution line would
produce a high frequency of the complete bivalent cell (21") in the former
cross, but a translocation line would produce some of the complete

bivalent cells in both crosses.

3. Electrophoretic Studies of 1BL/1RS Wheat Proteins

Control wheats, 1BL/1RS translocation wheats and 1R(1B) substitution
wheats were examined by the polyacrylamide gradient-gel electrophoresis
(GG-PAGE) under acidic buffer condition and sodium dodecyl sulfate
polyacrylamide gel (SDS-PAGE) electrophoresis (Dhaliwal et al., 1988;
Moonen and Zeven, 1984). The 1BL/1RS wheats and 1R(1B) wheats differed
from control wheats by having two additional protein bands on GG-PAGE.
These additional bands have been identified by immunoassay using
antibodies 122/24 (IgGl) and 246/21 (IgM) as rye o-secalin proteins
(Dhaliwal et al., 1988). The o-secalin proteins are coded at the Sec-1-
locus on the short arm of rye chromosome 1R (Lawrence and Shepherd, 1981).

In addition, the 1R(1B) wheats were characterized by the presence of
two HMW subunits R, and R, on SDS-PAGE (Moonen & Zeven, 1984) . The subunits
R, and R, were shown by two dimensional electrophoresis (non-equilibrium
pH-gradient electrophoresis (NEPHGE) X SDS-PAGE ) of the rye proteins.

which are coded on the long arm of chromosome 1R.

4. Studies of Monoclonal Antibody of y-Gliadin 45
Immunization of mice with purified y-gliadin 45 has produced

clone P24B which secretes a monoclonal antibody (MAb) against y-gliadin 45
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(Dawood et al., 1989). The gene controlling y-gliadin 45 is located at
locus Gli-Bl on the short arm of chromosome 1B (Howes et al., 1389).
Therefore, 1BL/1RS wheats can be detected through the absence of y-gliadin
45.

The P24B MAb is incorporated into a sandwich-1like Enzyme Linked
Immunosorbent Assay (ELISA) in which the P24B Mab binds with Y-gliadin 45
and the rabbit-anti-mouse IgG with linked phosphatase binds further onto
the complex (Howes et al., 1989). The activity of phosphatase is directly
related to the presence of y-gliadin 45 or the 1BS arm. The presence of Y-
gliadin 45 produces an absorbance range of 0.4-1.6 relative to Neepawa.
Substitution of 1BL by 1RS decreases the absorbance to less than 0.12
(Howes et al., 1989).

The monoclonal antibody assay is a rapid and specific method for
testing the 1BL/I1RS translocation in wheats (480 kernels or 6 ELISA plates
in 7.5 h). Testing time can be shortened simply by increasing the
concentration of MAb. This test can also detect dosage effects (Howes et
al., 1989).

D. Disease Resistance and Yield Potential
of 1BL/1RS Translocation Wheats

The 1BL/1RS wheats are well-known for their resistance to Erysiphe
graminis (powdery mildew), Puccinia striiformis {strip rust), Puccinia
recondita (leaf rust) and Puccinia graminis (stem rust) (Mettin et al.,
1973; Zeller, 1973). Genes controlling these resistance traits occur on
the short arm of rye chromosome 1R and are located at loci Pm8, Yr3, Lr2e6
and Sr3l, respectively’ (MqIntosh, 1983). This block of genes 1ig
transferred into wheat with the 1BL/1RS translocation.

Friebe and co-workers (1989) suggested that Pm8 was not the only’
locus conferring resistance against powdery mildew: a 1BL/1RS wheat
'Veery’' shows resistance to powdery mildew isolate 3 even though this
isolate is virulent to locus Pm8. The 1BL/1RS wheats also have resistance

against greenbug, wheat streak mosaic virus, Septoria tritici blotch,
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yellow spots and moderate tolerance to aluminum toxicity (Barnes, 1990;
Rajaram et al., 1983; Zeller and Hsam, 1984).

Wheats with 1BL/1RS translocation are reputed to have high vyield
potential and are adaptable to a wide range of envirommental conditions
such as drought (Rajaram et al., 1983). Villareal and co-workers (1990)
observed only a slight advantage in the grain yields of 1BL/1RS wheats as
compared to control wheats. Lukaszewski (1990) suggested that this vield
potential may be controlled by wheat chromosome 1B. Substitution of
chromosome 1B in Chinese Spring by the chromosome 1B from Thatcher has
shown the greatest yield improvement (58.6%). The genes controlling yield
potential were suggested to be located at the proximal region of the short
arm of wheat chromosome 1B, where they were tightly linked to the
centromere and were transfered as a block with the 1RS arm.

Villareal and co-workers (1990) observed that the 1BL/1RS wheats
were significantly higher in above-ground biomass yield compared to the
control wheats. The 1IBL/1RS wheats had shorter spikes and their heading
date were 2.3 days later than the control wheats. No difference in plant

height between the two groups was noted.

E. Quality of 1BL/1RS Translocation Wheats

Most of the previous work has focused on the guality comparisons of
Australian and German hard wheats and their 1BL/1RS derivatives. The
presence of the 1BL/1RS translocation did not adversely affect quality
traits such as kernel and flour protein content, kernel hardness, flour
yield and color, milling quality, ash content, Falling Number and
farinograph water absorption (Dhaliwal et al., 1986, 1987; Van Lill et
al., 1990). However, hard wheats with the 1BL/1RS translocation were
distinctly poorer in dough strength, dough resistance and extensibility,
and more intolerant to overmixing than their normal wheat parents
(Dhaliwal et al., 1986, 1987; Van Lill et al., 1990). Soft wheats with the
1BL/1RS translocation only had reduced dough extensibility when compared

to the normal controls (Dhaliwal et al., 1986, 1987).
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The inferior mixing properties of 1BL/1RS doughs have included short
mixograph development time, the thin, descending breakdown curve of the
mixogram, low extensigraph resistance and extensibility, small
resistograph breaking angle and short un-mixing time (Barnes, 1990;
Dhaliwal et al., 1987; Martin et al., 1986a, 1986b; Pena et al., 1990).

The effects of the 1BL/1RS translocation on hard wheat quality such
as the test weight, 1,000 kernel weight and SDS-sedimentation volume
appeared to be contradictory. Villareal et al. {(1982) observed the 1BL/1RS
wheats to be denser and plumper, while Dhaliwal et al. (1987) reported
that there were no significant differences in 1,000 kernel weight and test
weight between control wheats and 1BL/1RS wheats. Pena et al. (1990)
reported an increase in SDS-sedimentation volume for 1BL/1RS wheats, but
Dhaliwal et al. (1989) observed that the SDS-sedimentation volume for
1BL/1RS wheats was reduced. Zeller et al. (1982) reported that 1BL/1RS
wheats were not significantly different in the SDS-sedimentation volume
from control wheats.

Not all wheats with the 1BL/1RS translocation exhibited intense
dough stickiness; a German variety Disponent had a dry surface property
(Zeller et al., 1982). The 1BL/1RS dough stickiness was found to be
independent of growing season, trial location, protein content, mixing
tolerance (resistograph), milling process and extraction rate (Martin and
Stewart, 1990). However, Barnes (1990) and Dhaliwal et al. {(1990) observed
that variation of temperature and moisture would affect the wheat protein
content and the ratio of gliadins and glutenins which in turn affected
dough stickiness. A high ratio of gliadins to glutenins would result in a
weaker dough due to the strong inter-molecular disulphide bonds being
diluted by the weak inter-molecular linkages such as hydrogen bonds,

’electrostatic and ionic bonds (Pomeranz, 1987).

Barnes (1990) suggested that the ultimate quality of 1BL/1RS wheats

was also dependent on the genetic background; good quality HMW glutenins

might compensate for the negative dough properties inherent from the 1RS
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segment. Graybosch et al. (1990) observed that sister lines carrying the
1BL/1RS translocation varied considerably in the mixing time, tolerance

and loaf volume.

F. Measurement of 1BL/1RS Dough Stickiness

In preliminary studies, dough stickiness was evaluated according to
the tendency of the dough to stick to different surfaces such as the
mixing bowl, hand, rolling pin, teflon or paper towel (Dhaliwal et al.,
1990) . Unfortunately, these subjective methods did not provide precise and
reliable results. Assessment of dough stickiness was improved with the use
of mechanical measurements such as the Digifal Gram Gauge push/pull
tensiometer and the Instron ’I026’ Universal Testing Machine (Atkins,
1989; Dhaliwal et al., 1990). These measuring devices are similar in
operation; a plunger is used to compress an uniform piece of dough to a
fixed thickness or to a constant compression force before withdrawal of
the plunger. When the plunger is withdrawn £rom the dough, the
adhesiveness of the dough to the plunger (tensile stress) determines the
dough stickiness. A marked difference has been shown in the area formed
underneath the tensile stress curves (peak height x peak width) for the
control wheats and their 1BL/1RS derivatives (Dhaliwal et al., 1990). The
area represents the distance travelled by the plunger from the time the
plunger is withdrawn to the time the dough-plunger contact is broken.

Dhaliwal et al. (1990) showed that dough strength and elasticity
also influence the measurement of dough stickiness. Nevertheless, using
the Digital Gram Gauge push/pull tensiometer, hard wheats and their
1BL/1RS derivatives grown on the same site differed significantly in the
tensile stress and areaé underneath the tensile stress curves. Hard wheats
and their 1BL/1RS derivatives grown at different sgites also varied
considerably. No significant difference was shown between soft wheats and
their 1BL/1RS derivatives for the tensile stress and areas underneath the
tensile stress curves (Dhaliwal et al., 1990).

The compression energy obtained from the Instron 'I026’ Universal
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Testing Machine was highly correlated to the subjective evaluation of
dough stickiness and could be used as an objective measurement for dough
surface property (Atkins, 1989). Compression energy is the force required
to compress the dough to a fixed thickness. It is an opposing force
against the resistance of a dough, and the dough resistance is derived
from the strength or elasticity of gluten (Atkins, 1989). Since sticky
doughs are low in elasticity, they can be compressed easily with less
energy.

Measurement of dough stickiness was highly influenced by the
variation of compression force, compression time, dough water content,
dough mixing time and resting period, and type of ingredients (Atkins,
1989; Dhaliwal et al., 1990). Dough stickiness of the control wheats and
the 1BL/1RS wheats increased as the compression force was increased. Dough
stickiness increased within the first 20 sec of compression. Doughs became
stickier with the addition of water beyond the optimal level. Some rye-
derived lines exhibited high surface stickiness even under the optimum
water level. Doughs were stickier when mixed beyond the optimum
development time. The effect of overmixing on dough stickiness was more
pronounced than the effect of excess dough water. A long resting period
allowed the surface of the dough to dry out and reduced the surface
stickiness of doughs. Addition of 1-2% salt solution decreased the dough
surface stickiness, whereas the addition of yeast, milk powder, soya meal,
gluten or fat has no or slight effect on increasing the dough surface

stickiness.

G. Causes of 1BL/1RS Dough Stickiness
Interchange of fractions between the 1BL/1RS wheats and their
recurrent parents has shown that components of the gluten and water-
soluble fraction may be involved in causing dough stickiness (Dhaliwal et
al.,1988; MacRitchie et al., 1986). Zeller et al. (1982) suggested that
dough stickiness may be due to the increased water absorption of dough as

a result of presence of high amounts of water-soluble proteins, pentosans
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and damaged starch in the 1BL/1RS flours.

Flour of rye, common wheats and their 1BL/1RS derivatives were
examined by SDS-PAGE and GG-PAGE (Dhaliwal et al., 1988). The 1RL/1RS
translocation wheats had a similar pattern of HMW glutenin subunits as
their recurrent parents. However, some 1BL/1RS derivatives such as M2344,
WW345 and Aurora were characterized by the absence of subunit '8’ . Subunit
8" is a HMW glutenin protein coded by a gene on the long arm of wheat
chromosome 1B (Payne et al., 1982, 1983). The 1BL/1RS wheats with the
absence of subunit ‘8’ would indicate that a transfer of a small part of
the long arm of wheat chromosome 1B has taken place (Dhaliwal et al.,
1988) . The HMW subunit ‘8’ is related to glutenin strength (Law and Payne,
1983; Lukow et al., 1989) and its absence may accentuate dough stickiness
in some lines.

The water- and alcohol-soluble fractions of the 1BL/1RS derivatives
were characterized by the presence of two extra clusters of bands and the
absence of wheat y- and w-gliadin bands on GG-PAGE. These extra bands were
identified by immuncassay using antibody 122/24 (IgGl) and 246/21 (IgM) to
the rye proteins w-secalin. Protein fractions were quantified and a high
proportion of the proteins was consistently found in the water-soluble
fraction of the 1BL/1RS wheats unlike their recurrent parents. Chen and
Bushuk (1970) also associated rye with a high content of water-soluble
proteins. These water-soluble proteins are believed to be rye w-secalin
proteins. The rye w-secalin proteins appeared to be more water-soluble
than their wheat counterparts, and their presence might be a possible
factor leading to dough stickiness.

According to Payne (1987), the 1BL/1RS translocation has replaced
the wheat polymeric LMW glutenins and monomeric - and Y-gliadins with
the water-soluble monomeric rye w-secalin proteins. As a consequence,
Dhaliwal and MacRitchie (1990) reasoned that 1BL/1RS dough stickiness was
due to the substitution of the strong bond forming glutenins by the weak

bond forming e-secalins. This was further substantiated from the Size
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Exclusion-High Performance Liquid Chromatography (SE-HPLC) profiles of the
1BL/1RS wheats where the ratio of polymeric proteins to monomeric proteins
was low and was accompanied by reduced dough strength and increased dough
stickiness (Dhaliwal and MacRitchie, 1990). According to Blackman and
Payne (1987), the large aggregating glutenins impart dough strength and
the small non-aggregating gliadins impart dough extensibility; therefore,
these changes in ratios could result in poor 1BL/1RS dough quality. In
addition, the substituted rye o-secalin proteins would be expected to
interact with gluten poorly since rye itself does not have good gluten
development properties (Shewry and Miflin, 1985).

The level of the potassium hydroxide (KOH) soluble proteins
(glutenin and residue proteins) was correlated positively to the mixing
time, tolerance and loaf volume (Graybosch et al., 1990). Quality of the
1BL/1RS wheats were expected to be poor since the 1BL/1RS wheats had the
reduced level of the KOH soluble protein.

Pentosans and (1->3) (1->4) P-glucans are polysaccharides with high
water-binding capacity (Martin and Stewart, 1986a). High amounts of these
polysaccharides have been found in rye (Henry et al., 1985) and were also
believed to be present in the rye-derived wheats (Zeller et al., 1982).
Henry et al. (1989) analyzed the pentosan content of control wheats and
1BL/1RS wheats and showed that neither the whole grain nor the endosperm
of 1BL/1RS wheats contained a higher amount of total pentosan than control
wheats. Dhaliwal et al. (1988) found some 1BL/1RS flours with a high level
of total pentosan but could not relate their pentosan content to high
dough stickiness. More recenply, Biliaderis et al.(1992) found that the
total water-insoluble and water-soluble pentosans were present in similar
amounts in flours of 35 1B/1R translocation lines as compared to 36 normal
wheat lines. Tao and Pomeranz (1967) and Zeller et al. (1982) related high
pentosan content to high water absorption and to short dough development

time and stability. However, nc significant correlation between pentosan
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content and these dough parameters of the 1BL/1RS wheats has been found.

Henry et al. (1989) observed that the P-glucan content in the whole
grain of 1BL/1RS wheats was similar to that of control wheats, but the
endosperm of 1BL/1RS wheats appeared to contain a higher content of B-
glucan than the endosperm of control wheats. Calcofluor staining for B-
glucan on sectioned grains varied in intensity on the endosperm cell wall
cf different wvarieties of 1BL/1RS grains. The flour of these 1BL/1RS
wheats did not contain a high level of B-glucan and a relationship between
B-glucan content and 1BL/1RS dough stickiness was not found.

The action of roller mills would lead to the damage of flour starch
granules. Damaged starch is more susceptible to a-amylase as compared to
intact starch granules (Evers and Stevens, 1984). During the long
fermentation process of baking, a-amylase degrades the damaged starch and
releases water. According to Zeller (1982), this free water could result
in dough stickiness. High amounts of damaged starch is suspected to be
present in 1BL/1RS flours, but this has not been confirmed.

From their work on reconstitution of flours, MacRitchie et al.
(1986) suggested that the 1BL/1RS dough stickiness might be due to the
presence of a high quantity of proteolytic enzymes in flours. This
hypothesis remains to be confirmed.

In summary, the 1BL/1RS dough stickiness was caused by the presence
of the water-soluble rye w-secalin proteins, and the reduction in amount
of the strong dough forming glutenins. The cause of dough stickiness was
also related to the absence of the HMW glutenin subunit /8’ in some of the
1BL/1RS wheats. High levels of damaged starch and proteolytic enzymes were
thought to be possibly associated with the excessive dough stickiness of
1BL/1RS wheats. High levels of pentosans and P-glucans were not related to

the 1BL/1RS dough stickiness.
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ITITI. MATERIALS AND METHODS

A. Materials

1. Wheat Samples

Fourteen spring wheat cultivars, including seven  1BL/1RS
translocation wheats and seven control wheats, were used in this study.
Pedigrees of these wheat cultivars were presented in Table 1. Two wheat
varieties, a German cultivar, KavKaz, and a Mexiéan cultivar, Alondra Sib,
were used as sources of the 1BL/1RS translocation. All cultivars were
grown at two locations (Glenlea and Swift Current) over two years (1989,
1990) in a randomized complete block design with four replicates at each
location. Seeds of the cultivars and of the electrophoretic standards,

Chinese Spring and Marquis, were supplied by Agriculture Canada.

B. Milling

Wheats were tempered overnight to 16.5% moisture at room temperature

and milled into straight-grade flour on the Buhler Pneumatic Laboratory
mill. The break and reduction flours were combined and rebolted through a
final 70GG sieve. Flour yields were determined as the percentage of the
weight of the rebolted flour over the total weight of the milled

fractions.

C. Electrophoresis
1. Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE)
Total protein was extracted separately from segments of six kernels
of each cultivar and fractionated by SDS-PAGE using 10% acrylamide gels
(Lukow et al., 1989). SDS-PAGE using 5% gels was performed to identify HMW
glutenin subunit 2" from cultivars containing subunits 2 + 12 (Payne et
al., 1988). This study followed the numbering system of Payne and Lawrence

(1983) for HMW glutenin subunits.
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TABLE 1. Pedigrees of the Wheat Cultivars

Wheat Group/ Pedigreeb

Cultivar

1BL/1RS Wheat Group

BR 23 Correcaminos/Alondra Sib*/3/Ias 16/5/Norin 10/
Brevor 17//Yaqui 53/Yaqui 50/4/Yaktana 54 B-20/
Veranépolis*2/Egypt Na 101//Ias 20/Nd 81

8416-Q06A Tobari 66/Romany//Pitic 62/Gaines/5/
Frontana/3/McMurachy/Exchange//2*Redman/4/
Thatcher*6/Kenya Farmer/6/Kavkaz®/Ti 71//Tito
"s"/7/Kenya Farmer*2/Kenya 321.BT.1.B.1.

8416-QO6E wawn (as above)
8416-BZ10A Wi
8416-B210C W
8417-BJ03A W
8417-BJ03D T

Control Wheat Group

8417-AJ05C Tobari 66/Romany//Pitic 62/Gaines/5/Frontana/3/
McMurachy/Exchange//2*Redman/4/Thatcher*6/Kenya
Farmer/6/Kavkaz®*/Ti 71//Tito 's'/7/Kenya Farmer*2/
Kenya 321.BT.1.B.1

8417-AV06D o

CEP 14 Ias 16/3/Yaktana 54//Norin 10/Brevor 21-1C*2/Tokai
66 /Arthur 71

Neepawa Thatcher*7/Frontana//Thatcher*6/Kenya Farmer/3/
Thatcher*2//Frontana/Thatcher

Oslo Sonora 64/Yaqui 50E/Guajolote/3/Inia/4/Cranc//
Egan/Sonora 64

Genesis Tobari 66/Romany//Pitic 62/Gaines

Biggar Tobari 66/Romany

“Sources of the 1BL/1RS translocation.

PCultivars 8416 and 8417 share a close genetic background. Two of the
three parents were identical, and the third parents were sisters from
the same cross.



18

2. Polyacrylamide Gel Electrophoresis (A-PAGE)
The non-embryo half of six kernels of each cultivar were tested
separately for the presence or absence of rye secalins by electrophoresis

on 6% acrylamide gels at pH 3.1 (Lukow et al., 1990).

D. Enzyme Linked Immunosorbent Assay (ELISA)
ELISA with clone P24B MAb was performed according to Howes et al.
(1989) for the determination of y-gliadin 45. The non-embryo half of five
kernels of all cultivars at each replication and environment were tested.
Volumes of the 50% (v/v) aqueous propan-2-ol and the 70% (v/v) ethanol for
protein extraction and for protein binding ﬁo the ELISA plate were
modified to 160 pl and 80 ul, respectively. Clone P24B MAb was diluted

1:200 in this study.

E. Analytical Tests
1. Test Weight
Test weight was determined on a Schopper chondrometer with a 0.5-L
container; twice the weight of the measured 0.5-L container of grains

multipled by 100 provided the test weight in kilograms/hectolitre.

2. 1,000 Kernel Weight
Kernel weight was determined by counting 10 g of clean kernels on an
electronic seed counter (Audiotronics Model A3310, Ottawa, Canada) and was

expressed as the weight (g) of a thousand kernels.

3. Kernel Hardness

Kernel hardness was de;ermined according to the method of Kosmolak
(1978) ; 8 g of wheat were ground on a Brabender SMI grinder at a clearance
setting of 17.6. Grinding time was defined as the time required to obtain

5 g of ground meal.

4. Protein and Moisture Content of Flour
The protein and moisture contents of flour were determined according

to RAACC approved method (1991) 39-11, using the Dickey-John near infrared
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analyzer (Dickey-John Corp, Auburn, IL). The instrument was calibrated for
protein content obtained from the Kjeldahl method (AACC approved method
46-12, 1991) and for moisture content obtained from the oven-dried method

(AACC approved method 44-15Aa, 1991).

5. Ash Content
Ash content was determined according to the AACC approved method

(1991) 08-01.

6. Falling Number Value
Falling Number value was determined according to the AACC approved
method (1991) 56-81B, using the FN Model 1400 apparatus (Falling Number

AB, Sweden) .

7. 8DS-Sedimentation Volume
The SDS-sedimentation test was conducted according to the AACC

approved method (1991) 56-70.

8. Zeleny-Sedimentation Volume
Zeleny sedimentation was performed according to the AACC approved

method (1991) 56-61A.

9. Farinograph Test

Micro-farinograms (10g) were produced on a constant sample weight
basis according to the AACC approved method (1991) 54-21. Correction
factors of 2.64 and 3.56 were subtracted from the absorption and mixing
tolerance index values, respectively, to convert results into wvalues

expected on the 50g farinograph.

10. Mixograph Test
Mixograms were produced on a 10 g electronic recording mixograph
(Voisey et al., 1966) using a constant absorption of 60%. The data were

analyzed on the IBM-PC system with software ASYST (Pon et al., 1988).

11, Extensigraph Test
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Extensigrams were obtained accoxrding to the AACC method (1991) 54-10
in which the dough water was 6% less than the micro-farinograph absorption
and the dough was prepared in a GRL mixer at a pin speed of 130 rpm for 3

min.

12. Dough Stickiness Measurement

The dough stickiness was determined after the first and the second
mix of the remix bake method. Each dough was evaluated subjectively
according to five levels: NS, non-sticky; SS, slightly sticky; S, sticky;
Vs, very sticky and VVS, very very sticky. Non-sticky doughs had no
tendency to stick on the mixing bowl and handé. Slightly sticky doughs
showed a slight tendency to stick on the mixing bowl and hands, but it
could be pulled out cleanly from the mixing bowl and fingers. Sticky dough
could not be pulled out from the mixing bowl in one piece and left traces
of dough on the fingers; these doughs were difficult to round. The very
sticky and very, very sticky doughs showed excessive sticking to the
mixing bowl and fingers. The very sticky doughs were slightly easier to

handle than the very, very sticky doughs which could not be rounded.

13. Remix Bake Loaf Volume

Baking quality was evaluated by the Grain Research Laboratory remix
bake test (Irvine and McMullan, 1960; Kilborn and Tipples, 1981), with
baking absorption equal to 6% less than micro-farinograph absorption. A

rape seed replacement volumeter was used for loaf volume measurement.

F. Statistical Analysis
Data were analyzed usging the Statistical BAnalysis System (SAS
Institute Inc., Cary, NC). Bartletts test was conducted to determine the
feasibility of pocling data cbtained from Swift Current 1990 with that of
the other environments. The analysis of variance and estimates of the
components of variance due to cultivar, cultivar by environment, group,
group by environment and error were calculated according to Comstock and

Moll (1963). The relationship of quality parameters and dough stickiness



was studied using the pairwise T-test and rank correlation.
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IV. RESULTS AND DISCUSSION

&. Electrophoretic Evaluation

1. Classification of Cultivars by A-PAGE and ELISA with Clone P24B Mab
All the cultivars in this study were examined by A-PAGE and
ELISA with clone P24 MAb. The purpose was to confirm that all cultivars in
the 1BL/1RS group contained the rye 1RS chromosome arm and that the
1BL/1RS translocation was absent in all of the éontrol cultivars. The A-
PAGE electrophoregrams for the 1BL/1RS and control wheats are shown in
Figure 1. All of the seven 1BL/1RS cultivars and one of the control
cultivars (8417-AJ05C) contained two bands (shown by arrows) that were
absent in the other six control cultivars. According to Dhaliwal et al.
(1988), these two bands represent the rye w-secalins. Previous work
(Lawrence and Shepherd, 1981; Shewry et al., 1986) found that these
specific rye vw-secalins were encoded at the Sec-1-locus on the short arm
of chromosome 1R. The A-PAGE results indicated that only one cultivar,
8417-AJ05C, was not grouped appropriately in this study. The groupings
were further confirmed by the use of P24B MAb to detect the presence or
absence of y-gliadin 45. According to Howes et al. (1989), the 1BL/1RS
translocation wheats are deficient in y-gliadin 45 and give an absorbance
value less than 0.12 relative to Neepawa. In contrast, the control wheats
have the y-gliadin 45 and give a value ranging from 0.4 to 1.6 relative to
Neepawa. The overall absorbance values of all the cultivars fell into the
expected ranges (Table 2). However, a control cultivar, 8417-AJ05C, had at
least 2 of 5 kernels from each replication and environment with the
1BL/1RS translocation. A further twenty kernels of the control cultivar,
8417-AJ05C were tested and results showed that more than 50% of the
-kernels at each replication and environment contained the 1RL/1RS

translocation. As a result, all the wheat samples of cultivar 8417-AJO5C



Figure 1.

Polyacrylamide Gel (6%) Electrophoresis of the Seven 1BL/1RS
Cultivars (left) and the Seven Control Cultivars (right) . Lane
1 and 9, Marquis (electrophoretic standard) ; 2, BR 23; 3, 8416-
Q06A; 4, 8416-Q06E; 5, 8416-BZ2104; 6, 8416-BZ10C; 7, 8417-
BJO3A; 8, 8417-BJ03D; 10, 8417-AJ05C; 11, 8417-AV06D; 12, CEP
14; 13, Neepawa; 14, Oslo; 15, Genesis; 16, Biggar. Arrows
indicate the rye v-secalin protein bands.
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TABLE 2. The Overall Binding of Monoclonal Antibodies
from Clone P24B MAb to y-Gliadin 45 of the 14
Cultivars

Group/Cultivar ELISA Absorbance at 405 nm

1BL/1RS Wheats

BR 23 0.107 £ 0.019°
T 8416-Q06A 0.122 + 0.038
8416-Q06E 0.117 £ 0.034
B8416-BZ10A 0.113 £+ 0.024
8416-BZ10C 0.115 £ 0.026
8417-BJ03A 0.118 + 0.025
8417-BJO3D 0.114 * 0.022
Control Wheats
8417-AJ05C 0.528 £ 0.187
8417-AV06D 0.883 + 0.167
CEP 14 0.818 + 0.303
Neepawa 1.033 * 0.147
Oslo 0.886 + 0.217
Genesis 0.882 £ 0.148
Biggar 0.907 £ 0.182

23tandard deviation
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were eliminated from all further analysis.

2. SDS-PAGE Electrophoregramgs {HMW Glutenin Subunits)

Barnes (1990) and Graybosch (1990) have suggested that the overall
quality of 1BL/1RS wheats is dependent on their genetic background. Wheats
with high quality HMW glutenin subunits might compensate for the inferior
properties contributea through the rye 1RS chromosome arm. The HMW
glutenin subunits of each cultivar were analyzed by SDS-PAGE using 10%
acrylamide gels and the electrophoregrams are shown in Figure 2. The
composition of the HMW glutenin subunits of the cultivars, the Glu-1
scores, and the rye-adjusted Glu-1 scores (Payne et al., 1987} are
presented in Table 3. The 1BL/1RS group was generally lower in both Glu-1
scores ({(un-adjusted and rye-adjusted) compared to that of the control
wheats. Low Glu-1 scores have been associated with poor breadmaking
potential (Payne et al., 1987).

Fregquencies of the HMW glutenin subunits in the 1BL/1RS group were
compared to that of the control group (Table 4). The null allele and
subunit 1 were the most common in the 1BL/1RS and control wheats,
respectively. The most frequent subunits of chromoscme 2B of both the
1BL/1RS and the control wheats were those associated with good breadmaking
guality, that is, subunit 7 + 9 and 7 + 8. The two wheat groups were
similar in the distribution of subunits encoded by chromosome 1D; subunits
2 + 12 (poor quality} and 5 + 10 (good quality) were found in almost equal
frequency. The control wheats would be expected to have greater
breadmaking potential than the 1BL/1RS groups largely on the basis of the

Glu-Al alleles {(Payne et al., 1987).

B. Cultivar Comparisons at EFach Environment
The physical, chemical, rheological and baking properties of all the
cultivars were determined at the individual environments (SAS statements
and an output example are given in Appendix I and II, repectively) . The

cultivar means, least significant differences (LSD), vranges and



Figure 2. Sodium Dodecyl Sulfate Polyacrylamide Gel (10%) Electrophoresis
of the Seven 1BL/1RS Cultivars and the Seven Control Cultivars.
Lene 1 and 16, Chinese Spring (electrophoretic standard); 2, BR
23; 3, 8416-Q0BL; 4, 8416-Q06E; 5, 8416-BZ10A; 6, 8416-BZ10C;
7, 8417-BJO3A; 8, 8417-BJ03D; 9, 8417-AJ05C (this line had
previously been eliminated); 10, 8§417-AV06D; 11, CEP 14; 12,
Neepawa; 13, Oslo; 14, Genesis; 15, Biggar.
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TABLE 3. The HMW Glutenin Subunit Composition for the 1BL/1RS
and the Control Wheats

HMW glutenin subunits

Chromosome

Rye-adjusted

Cultivar GLU-1 Glu-1 quality
1A 1B 1D score score®

1BL/1RS wheats
BR 23 Null 17 + 18 2 + 12 6 4
8416-Q06A Null 7+ 9 2+ 12 5 3
8416-Q06E 2" 7+ 9 5+ 10 9 6
8416-BZ10A Null 7+ 9 2+ 12 5 3
8416-BZ10C Null 7+ 9 2+ 12 5 3
8417-BJO3A 2" 7+ 9 5+ 10 9 6
8417-BJO3D 2" 7+ 9 5+ 10 9 6

Control wheats
8417-AV06D 2" 7+ 9 5+ 10 9 -
CEP 14 1 13 + 16 5+ 10 10 -
Neepawa 2" 7+ 9 5+ 10 9 -
Oslo 1 7+ 8 2 + 12 8 -
Genesis 1 7+ 8 2+ 12 8 -
Biggar 1 7+ 8 2 + 12 8 -

*Rye-adjusted Glu-1 quality score was obtained by subtracting 3,
2 and 1 from the Glu-1 score of between 8-10, 5-7, 3-4,
respectively (Payne et al., 1987).

29
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TABLE 4. Frequencies of HMW Glutenin Subunits in the 1BL/1RS and the
Control of Wheats

Chromosome 1A Chromosome 1B Chromosome 1D
Subunit No. of Subunit No. of Subunit No. of
cultivars cultivars cultivars

1BL/1RS wheats

1 0 7+ 9 6 5+ 10 3
2" 3 7+ 8 0 2 + 12 4
NULL 4 17 + 18 1
13 + 16 0
Control wheats
1 4 7+ 9 2 5 + 10 3
2* 2 7+ 8 3 2 + 12 3
NULL 0 17 + 18 0
13 + 16 1
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coefficients of wvariation (CV) are presented in Tables 5a-h. There were
wide ranges in most quality characteristics and significant differences
among cultivars in all environments with exception of Sﬁift Current 1990
(Table S5c-d). Results from the latter enviromment indicated relatively
high LSD values, small ranges and high coefficients of variation compared
to the other environments. Only Swift Current 1990 showed non-significant
differences between cultivars for mixograph energy after peak and
mixograph slope to peak.

Since the quality of cultivars grown at Swift Current 1990 appeared
to be considerably different from that of other environments, further
statistical analysis was performed to determine the feasibility of pooling
data obtained from Swift Current 1990 with that of the other environments.
Bartletts test was performed to examine the homogeneity of variance of the
four environments and of the three environments (Swift Current 1989,
Glenlea 1989 and Glenlea 1990). Variances of the four environments did not
conform to each other in 9 out of 37 parameters but homogeneity was shown
in the variances of the three environments (data not shown). This
confirmed that cultivars from Swift Current 1990 were statistically
different and should not be pooled and analyzed with the other
environments. Wheat samples may have been mislabelled prior to analysis.
Because of this discrepancy, cultivars from Swift Current 1990 were

eliminated from all further analyses.

C. Cultivar Comparisons Over Environments
The cultivar means over environments for the quality characteristics
are presented in Tables 6a-b (SAS statements and an output example are
given in Appendix III and IV, vrespectively). For those quality
characteristics where the cultivar by environment interaction was
significant and greater than 30% of the cultivar variance, the LSD was not
reported. There were significant differences among cultivars for 1,000

kernel weight, grinding time, flour vield, SDS- and Zeleny-sedimentation
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volume, farinograph dough development time, departure time, time to
breakdown, band width at 5 min after peak, mixograph development time,
energy to peak and after peak, band width energy, extensigraph resigtance,
extensibility and ratio of resistance to extension at 45 min and 135 min,
dough stickiness at the remix stage of the remix bake, and remix loaf
volume. Narrow ranges were noted for flour protein content, flour ash
content, farinograph absorption, farinograph mixing tolerance index, and
the ratio of resistance to extension.

The cultivar, Neepawa, wasg selected as typical of the Canada Western
Red Spring wheat class and was used in this study as the standard for
milling and breadmaking quality. Neepawa was characterized by high test
weight, moderate 1,000 kernel weight and hard kernels which produce high
flour yield. The high flour protein content and water absorption and good
gquality HMW glutenin subunits contributed to its strong rheological
properties, good bread crumb texture and high bread loaf volume. Of the
contrel wheats, 8417-AV06D was most similar in quality to Neepawa. For
test weight, 1,000 kernel weight, kernel hardness and flour vield, 8417-
AV06D was considerably better than Neepawa. Cultivar 8417-AV06D was
stronger than Neepawa for some rheological properties such as farinograph
dough development time, arrival time, stability, departure time, band
width at 5 min after peak, mixograph development time, energy to peak,
band width energy, extensigraph resistance, extensibility and the ratio of
resistance to extension at 45 and 135 min. Cultivar 8417-AV06D also has
less dough stickiness than Neepawa. Cultivar CEP 14 ranked peoorest in
guality of the control Wheaﬁs, primarily due to its soft kernels, weak
rheological properties, high stickiness values and low loaf volume. Of the
1BL/1RS translocation wheats, 8417-BJ03A and 8417-BJ03D were the best in
terms of quality but significantly poorer than Neepawa, particularly in
lcaf volume. BR 23 had the poorest overall gquality of all the wheats. Its
soft kernels produced the lowest flour vyield. The low flour protein

content, poor HMW glutenin subunit compositicon, low water apsorption, weak
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rheological properties (farinograph, mixograph, extensigraph) and sticky
dough properties combined to produce a low loaf volume.

The control wheats Oslo, Genesis and Biggar have been classified
into the Canada Prairie Spring wheat class and are characterized by medium
protein content, grain hardness and dough strength. Of these wheats, Oslo
ranked the best and Genesis was the poorest in overall breadmaking
quality. The 1BL/1RS cultivars 8416-Q06E, 8417-BJ03A and 8417-BJ03D were
very similar to Biggar, particularly in terms of flour protein content and
loaf wvolume.

Most of the 1BL/1RS wheats and the control wheats were very sticky
and slightly sticky at their remix stage of the remix bake, respectively.
This result agreed with other studies in that the greater stickiness
characteristic was generally associated with the 1BL/1RS doughs compared
to control wheat doughs (Barnes, 1990; Dhaliwal ef al., 1987; Martin and
Stewart, 1986a, 1986b and 1990; Zeller et al., 1982). However, there were
specific cultivars in the two wheat groups that did not follow these
stickiness trends. The 1BL/1RS translocated wheats 8416-Q06E, 8417-BJ03A
and 8417-BJ03D were non-sticky at the first mix and slightly sticky at the
remix stage. The high quality HMW glutenin subunits may have controlled
the deleterious effects of the rye translocation. On the other hand, the
control wheats CEP 14 and Genesis also contained good quality HMW glutenin
subunits but they were slightly sticky at the first mix and very sticky at
the remix stage. The Falling Number values of all the cultivars in this
study were above 300, indicating that a high level of a-amylase probably

was not the cause of dough stickiness.

D. Environment Comparisons
Environment means, the least significant differences and ranges for
the quality characteristics are presented in Table 7a-b (SAS statements
and an output example are given in Appendix V and VI, respectively) .

Variation due to environment was significant for all quality parameters
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except grinding time, mixograph energy after peak, mixograph slope to peak
and remix dough stickiness. Kernels were generally smaller, less dense,
softer in texture and lower in flour yield in Swift Current 1989 than in
the other two environments. These cultivars had higher flour protein
content, better gluten quality (SDS- and Zeleny-sedimentation volume) ,
greater dough-mixing strength {mixograph, farinograph), water absorption,
loaf wvolume and lower ash content and dough stickiness than cultivars
grown at Glenlea in 1989 and 1990. Cultivars grown in Glenlea 1990 had
larger, denser kernels with the lowest protein content, water absorption
and dough strength, higher extensigraph resistance and extensibility than
the other environments. Cultivars grown in Glenlea 1989 were characterized
by hard kernel texture, high ash content, low gluten quality, low
resistance, low extensibility, low ratioc of resistance to extension, high
dough stickiness and low loaf volume,

E. Effect of Cultivar, Environment and their Interaction
on Quality Parameters

Analysis of variance was performed to examine the effects of
cultivar, environment and their interaction on the quality parameters
(Table 8a-d} (SAS statements and an output example are given in Appendix
VII and VIII, respectively). Cultivar effects were very highly significant
(P = 0.001) for all the guality parameters in agreement with the studies
of Bassett et al (1989) and Lukow and McVetty (1991} . Environments effects
were non-significant for grinding time, mixograph energy after peak,
mixograph slope to peak, mixograph peak band width, mixograph band width
at 2 min after peak and the remix dough stickiness. All other quality
parameters were highly significant (P = 0.01) or very highly significant
(P = 0.001) for environment. These results were in contrast to the
significant environmental influence for grinding time noted by others
(Baker and Kosmolak, 1977: Bassett et al, 1989; Hong et al., 1989; Lukow
and McVetty, 1991). Similar results were obtained by Fowler and de la

Roche (1975a and 1975b), in which the flour vield, protein content and
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mixograph peak height were largely influenced by environment. The cultivar
by environment interactions were very highly significant (P = 0.001) for
the majority of the quality parameters. Only the cultivar by environment
interaction for grinding time was non-significant, in contrast to the
results of Lukow and McVetty (1991). Although the cultivar by environment
interactions were significant, the variance component for cultivars
accounted for most of the variation and the interactions were small in
magnitude for most of the quality characteristics. Relatively large
cultivar by environment interactions (>30% of cultivar variance) indicated
that cultivar differences could not be statistically compared in Table &
for the following characterigtics: test weight, flour protein content, ash
content, Falling Number value, farinograph absorption, mixing tolerance
index, arrival time, stability, mixograph peak height, slope to peak, peak
band width, slope after peak, total energy, band width at 2 min after peak

and first mix stickiness.

F. Comparison of the Quality of the 1BL/1RS Group to the Control Group
The quality characteristics of the wheat group containing the
1BL/1RS translocation were compared to those of the control group in each
environment by analysis of variance (Table 9a-b) (SAS statements and an
output example are given in Appendix IX and X, respectively). There were
significant differences between the two groups for the majority of quality
characteristics. The 1,000 kernel weight, flour vield content, SDS- and
Zeleny-sedimentation volume, farinograph band width at 5 min after peak,
mixograph band width at 2_min after peak, extensigraph extensibility at 45
min and 135 min and resistance at 135 min, dough stickiness at the remix
stage of the remix bake and remix loaf volume showed very highly
-significant (P = 0.001) differences between groups in all environments.
There were significant differences (from P = 0.05 to P = 0.001} between
groups in all environments for test weight, grinding time, mixograph total
energy, extensigraph resistance at 45 min and the ratio of resistance to

extension at 45 and 135 min. The groups were significantly different in



51

TBOUBTIRA JO gTsATRUR WOIF ‘ATearjoedsox

“(ws) ywed xe3Ie UTW § 3B YIPTM PURY = MJ

SWTY TRATII® = I¥V 1 (3TUN IopUeqeIg) Xeopuf aoueIsTO3 BUTATE = TIN
~Auetey = 87 {(Tm) eumToA Uo¥3vluenipes-eqeIIns TA28POP WNTPOS =
INOTI TTIW I8TYNg = JOUd ‘(qw %1 ‘%) pTotk ANOTY TTTW JeTyng

5qs (2es) zequmy FUTTTRI = NI
= X1d ‘(urw) owyy FUTPULIT = I¥S

‘100°0 “10°0 ‘S0°0 = g 3¥ IUBTAIITP ATIURDITITURTS ‘yuw *
{(utw) uMopNEeIq 07 PWT] m qgl ‘{(urw) owr3 sINYIvdep w a3g
‘(utm) ewr3 juewdoTeassp y2nop = Iaq

¥ 'JUBRDTITuUITS-uOU ‘g a
(urw) L3FTFARIS = YIS ! (upw)

1(2) uotqdiosqge Joqum m gvd {(Tw) sumyoa Hof3eiuUBWTpeS

‘(qm zyT ‘y) JUeqUED YSB = RSV

‘(qu ¥yt ‘g) juejuos uyejoid

woxBL 70 wux0"21

»»#88°0 SNO BT

vy TL
6°69

LYY ANA4
% 1L

xuxh QL
569

‘(%) JuSTes TeuIey 00Q‘T = IMML {(TU/93) YIToM 3507 m IMI o

JeoUM IDIFUOY
JueUM SHT/TET
066T weTueTy

I%0YM TOIjUDD
AeeuM SYT/IdI
BBET evoTuaTsH

JBEUM TOI3UO)D
IBOUM SUT/4T

§R6T JULIIng 3ITmg

A3

FUBWIOT TAUT

»587320dorg uydexFourawg pus TeaTwey) ‘teoysfuyd

IusmIOITAUY Yowd UY serjxedoxrg yderSoutasg pue

TeoTWey) ‘Teofsduj Joy suwel dnoxg -ug eig{: L AR



52

‘BJuRTIVA JO sYsATeue woay ‘Arearjsedsex ‘10070 ‘T0'0 ‘S0°0 = & 3% FUBABTITP ATIUBOTITUDTS ‘yum 'ww 'u 1qUEOTFTUSTS-uOU ‘gN 3

*{23) eumToA JROT ATWOI = ATH ‘eyeq XTweI eyl

Jo o%uls XTWOX oY3 v SSOUTHITIS YSNOP = WDILSS ‘exvg XTweX 8yj Jo XTw 35ITI SUy3j 3I¥ SSBUTHOTIL YInop = YOIISI ‘urm ger 3w UOTSUa¥s 03 8duwisTeeX Jo O730I = ,3/¥ !(Wo) urw

SET 3® L27TTqTsuLiXe w ,3
=¥ (wy) yeed Ioq3Iw UTW Z 3V UYIPTM PURY w amg
yeed = Mg ¢ (urtw/wmy) yeed oq edoTs e3nUTW 9SI1Y = SWI

'(Wo) UTW GET 3P 8OURISTSOT m ¥ {UTW Chy 9P UOTSUSIIXD 03 8oURYSTIOT JO OTIRI = F/Y !(WD) UTW Gy 3¢ AITTTqTSULTIXD = g

I(wd) UM Gk IV BOURYSTSET
*(uN) A3Teus TR309 = 95T ‘(uyw/uwy) yeed zag3e adots e3nuTm I8ITF = VS ‘(WN) Y3IPTA pusq
(wy) Yeed 03 ARIoue = JIT (W) FyItey yeed = HMJ ‘(uiw) swrg suewdoTeAep FUTXIW = I0H «

‘{wN) £3I8Ud YIDTM pDURY w= MG
Y(wy) ymed Jajze AB8I0us = JVI

SN9'L€ SNB°'ST SNET 0

##x89L  wxx5'ZT SNE'T  wwwSL 0 »xxx9 8T xavB €T »xx69°0 »4xB BT wan8 ET wxx950°0 SNE'0T #EES SNBOD O SNBO'0 SNZ90°0 SNS°Z Jeeyy Toxjuc)
1Z¢ e 2T £8°0 [ | 8°21 9’0 59T (=4 oh0°0 L°6 0°0s 800°0 £0°0 0300 Z°'G¢E 84T ET"0 'z IeeuM SYT /14T
DEBT ®weTueTo
#onB5L  wunlTZ wah'1 #%05°0 xxx8 BT »wx0 0T wwnl%'0 »xxQ'T2 #2707 »x2$50°0 »wxZ'%T  »xx6°S5 SHNZTO'D SNE0'0 »»850°0 SNZ'9E wuul 07 »»u51°0 »xI°C JeeUyM Toajuo)
0oL LE 8°'1 [A=08)] L7ST g'g S6°0 T°LT Z°6 Th0'0 B°TT B 6% 21070 80°0 £90°0 [ 34 69T ET°0 L2z 3BeUM SYUT/THY
6861 eeTuULTn
#¥#058  wwvE'Z ¥x0'T  wwwBS 0 »uwZ ZZ waxB 21 #E5°0 »w»5°EZ #Z°2T »xxT90°0  SNE'YT ##4Z°T9 xTT0°0 w»wxB0°0 SNZ90'0 w¥#B8'6E SNS'TZ wxa8T°0 xwwrl'€ JreyM Toxjuon
%94 L 28 2'1 0L°0 9791 S°TT 09°0 '8t 60T 670°0 51 0795 070’0 Jdi ] €96°0 8 EE £°¢T 9170 '€ IveyM SMT/191
6861 JULIIN] I Tag
ATY JADTLSS ADIISd (3/Y k! ! /9 ki g aMeE amg 931 dvs MEd S dv3 d1l3 HAd LW JusnInI AUy

«=S813x0adoag Buryewpeexzg pur yderIrsueqxy ‘ydeagoxIy

RUPIMOITAUZ Yoed uf seyiredorg Juryewpeeaqg pue ydexsdtsueqry ‘ydexZoxTH I0y sueey dnoin ‘q§ FIAV



53

two of three enviromments for flour protein content, flour ash content,
farinograph properties (water absorption, development time, mixing
toclerance index, arrival time, stability, departure time), mixograph
development time, mixograph peak height, and dough stickiness at the first
mix of the remix bake. Only one environment showed a significant
difference between groups for Falling Number, farinograph time to
breakdown, mixograph energy to peak and after peak, slope to peak and
slope after peak, peak band width and band width enerqgy.

There were a greater number of quality characteristics with
significant differences between the 1BL/1RS group and the control group at
Glenlea 1989 than at the other two environments. In most environments, the
1BL/1RS group generally had larger, denser and harder kernels and poorer
milling performance as determined by their lower flour yield and higher
flour ash as compared to the control group. Flour protein content and
gluten strength (SDS- and Zeleny-sedimentation volume) were lower and
rheological properties were weaker as determined by the farinograph
{(development time, mixing tolerance index, arrival time, stability,
departure time, time to breakdown, band width at 5 min after peak) and by
the mixograph (peak height, total energy, band width at 2 min after peak) .
The extensigraph resistance and extensibility were lower at both 45 and
135 min in the 1BL/1RS group than in the control group. The ratioc of
extensigraph resistance to extensibility was higher resulting from a lower
proportion of extensibility. For both dough stickiness determinations
(dough stickiness at the first mix and at the remix stage of the remix
bake), the 1BL/1RS group was stickier than the control group. End-use
quality, as determined. by the remix loaf volume, was poorer for the
1BL/1RS wheats than the control wheats.

There were no significant differences between the two groups for
crust color and crumb texture (Figure 3a and 3b, respectively) ., Most of
the wheats had appealing brown crust color and gocd crumb texture with

uniform and fine grain distributed throughout the loaves. The two poorest



(first row)

Figure 3a. External Characteristics of the Remix Loaves of the Seven
1BL/1RS Cultivars and the Six Control Cultivars
{second row) Grown at Glenlea in 1990. HY 355 (Genesis) ; HY 368
(Biggar) .
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Figure 3b. Internal Characteristics of the Remix Loaves of the Seven
1BL/1RS Cultivars (first row) and the Six Control Cultivars
(second row) Grown at Glenlea in 1990. HY 355 {(Genesisg); HY 368
(Biggar) .
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quality cultivars, BR 23 and CEP 14, had very light brown crust color.
Cultivars, 8416-Q06A and 8416-BZ10A, had coarse grain texture.

Inconsistent results were obtained for the farinograph absorption
and the mixograph development time. The two environments with significant
differences between groups for both quality characteristics gave differing
results. There appears to be a high degree of variability that isg
environment dependent for these two guality characteristics. In addition,
many of the mixograph parameters were not useful in identifying
significant differences between the groups in the three environments.

G. Effect of Group (1BL/1RS and Control), Environment and their
Interaction on Quality Characteristics

The effect of group (1BL/1RS and control), environment and their
interaction on guality parameters were examined by analysis of variance
(Table 10a-d} (SAS statements and an example output are given in Appendix
XI and XII, respectively). Environment effects were very highly
significant {P=0.001) for the majority of guality parameters. Only the
grinding time, energy after peak and the remix dough stickiness were
unaffected by environmental conditions. This latter result was in contrast
to that reported by Shelton et al. {1990, unpublished data), in which
envircnment was observed to have a high effect on dough stickiness.
Variation in the flour wyield, farinograph absorption, farinograph
development time, mixograph development time, energy to peak, slope after
peak and band width energy was caused largely by the environment rather
than by the group differences. The group by environment interactions were
non-significant for 28 of 36 measured quality characteristics. For those
cquality characteristics with significant group by environment
interactions, the magnitudes of the variances were relatively small. Only
Falling Number value, farinograph absorption and mixograph peak band width
had large variances (> 30% of the group variance). For these three quality

characteristics, environments were treated individually.
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1. Comparison of the 1B/I1R Group and the Control Group for Physical and
Chemical Properties

The 1BL/1RS group was characterized by significantly (P=0.001)
denser and larger kernels and their flours had significantly lower protein
content (P=0.05), higher ash content (P=0.01} and weaker gluten as
evaluated by SDS- and Zeleny-sedimentation wvolume {P=06.001) than the
control group (Table 1la). No significant difference was observed between
the 1BL/1RS wheats and the control wheats in grinding time and flour
yield. Villareal et al. (1990) also showed that ten 1BL/1RS wheat samples
derived from the CIMMYT wheat program had denser and plumper kernels than
the control wheats. Dhaliwal et al. (1987) observed that only the 1BL/1RS
derivatives of the SUN 89 family were plumper in kernel size. There was no
significant difference in the test weight between the control wheats
(Oxley, Timgalen, Kite) and the 1BL/1RS wheat (QT2870}) in the study of
Martin and Stewart (1986). This study was in contrast to the non-
significant difference observed for SDS-sedimentation volume by others
{(Martin and Stewart, 1986; Zeller et al., 1990}. Van Lill et al. {(1990)
found the flour ash content of their 1BL/1IRS wheats (Gamtoos, W38/10) to
be non-significantly different from the control wheats (a commercial flour
mixture of SST66 and Palmiet). No difference in flour protein content
between the two wheat groups was reported in other studies (Dhaliwal et
al., 1987; Martin and Stewart, 1986 and 1990). For the grinding time and
flour yield, no significant difference was also observed by Dhaliwal et
al. (1987}). Martin and Stewart (1986) reported that the flour yield of
their 1BL/1RS wheats were similar to that of the control wheats.

2. Comparigon of the 1BL/1RS Group and the Control Group for Farinograph
Properties

In earlier studies, the dough development time was the only
farinograph parameter that was shown to be significantly different between
iBL/1RS wheats and control wheats (Martin and Stewart, 1987; Van Lill et
al., 199%0). However, this study showed that the 1BL/1RS wheats were

distinctly different from the control wheats in most of the farinograph
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parameters (Table 11a). Farinograms of the seven 1BL/1RS cultivars and the
normal cultivars grown at Glenlea in 1989 are illustrated in Figure 4a and
4b, respectively. The 1BL/1RS wheats were characterized by weaker dough
mixing properties as shown by significantly greater mixing tolerance index
(P=0.01), less stability (P=0.05), shorter time to breakdown (P=0.01), and
less band width at 5 min after the peak (P=0.001)} than the control wheats.
The results of this study were in contrast to others for the mixing
tolerance index and stability {(Martin and Stewart, 1986 and 1990: Pena et
al., 1990; Van Lill et al., 1990). The results of this study were gimilar
to those of Dhaliwal et al. (1987) and Martin and Stewart (1986) by
showing no significant difference between the two wheat groups for the
farinograph absorption. However, Van Lill et ail. {1990) asscciated the
1BL/1RS wheats with increased farinograph absorption. Dhaliwal et al.
(1987) and Van Lill et al. (1990) showed significant differences in the
dough development time between the 1BL/1RS wheats and control wheats. This
study and that of Martin and Stewart (1986) showed insignificant
difference for the dough development time. Variations of the farinograph
absorption and dough development time in some of the earlier studies may
have been related to the protein content instead of the presence of the
1BL/1RS translocation (Dhaliwal et al., 1987; van Lill et al., 1990).
3. Comparison of the 1BL/1RS Group and the Control Group for Mixograph
Properties

Earlier studies showed that the 1BRL/1RS wheats were lower in
mixograph peak height, band trace and development time compared to the
contrcl wheats {(Dhaliwal et al., 1987; Dhaliwal and MacRitchie, 19990;
Martin and Stewart, 1986; Van Lill et al., 1990). Similar results were
obtained from this study except for the mixograph development time; the
1BL/1RS group and the control group were non-significantly different in
agreement with Pena et al. (1990). The greatest significant differences
{P=0.001) between groups were noted for mixograph peak height, peak band

width, total energy and band width at 2 min after the peak; the 1BL/1RS
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Figure 4a. Farinograms of the Seven 1BL/1RS Cultivars Grown at Glenlea in
1589. 1, BR 23; 2, 8416-Q06A; 3, 8416-Q06E; 4, 8416-BZ10A; 5,
8416-BZ10C; 6, 8417-BJ03A; 7, 8417-BJO3D.
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Figure 4b. Farinograms of the Six Control Cultivars Grown at Glenlea in
1989. 8, 8417-AV06D; 9, CEP 14; 10, Neepawa; 11, Oslc; 12,
Genesis; 13, Biggar.
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group was weaker in mixing properties than the control group (Table 11b).
Mixograms of the 1BL/1RS cultivars and contrcl cultivars grown at Glenlea
in 1989 are shown in Figure 5a and 5b, respectively.
4. Comparison of the 1BL/1RS Group and the Control Group for Extensigraph
Propexrties

Extensigrams at 45 min and 135 min of the 1BL/1RS cultivars and the
control cultivars are illustrated in Figure 6a-b, and Figure 6&c-d,
respectively. The 1BL/1RS group showed significantly less extensibility
{P=0.001) and less resistance {P=0.01) at 45 and 135 min than the control
group (Table 11b). These differences were also found in the studies of
Dhaliwal et al. (1987) and Koebner and Shepherd (1988).
5. Comparison of the 1BL/1RS Group and the Control Group for Baking

Properties

Previous studies showed that overmixing of the 1BL/1RS dough would
impart extensive surface stickiness (Barnes, 1990; Dhaliwal et al., 1987;
Martin and Stewart, 1986a, 1986b and 1990; Zeller et al., 1982). This
study showed that at the first mix and at the remix stages, the 1BL/1RS
doughs were associated with significantly greater surface stickiness than
the controls (P=0.05 and 0.001, respectively) {(Table 11b). The remix dough
stickiness was superior to the dough stickiness of the first mix in
characterizing the two wheat groups. In contrast to the study of Pena et
al. (19%90), this study showed wvery highly significant differences
(P=0.001) between the two groups for the remix loaf volume; the 1iBL/1RS

wheats had lcwer locaf volume than the control wheats (Table 11b}.

H. Relationship between Dough Stickiness and Quality Parameters
Quality parametérs associated with dough stickiness were
investigated. Dough stickiness was evaluated at the first mix stage and at
the remix stage of the remix bake method. Means for each quality parameter
at the four dough stickiness classes of the first mix and the five dough
stickiness classes of the remix are presented in Table 12Z2a-b and Table

13a-c, respectively. Pairwise T-test was used to determine the significant



Figure 5a. Mixograms of the Seven 1BL/1RS Cultivars Grown at Glenlea in
1989. 1, BR 23; 2, 8416-Q06A; 3, 8416-Q06E; 4, 8416-BZ10A; 5,
8416-BZ10C; 6, 8417-BJ03A; 7, 8417-BJ03D.
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Figure 5b. Mixograms of the Six Control Cultivars Grown at Glenlea in
1989. 8, 8417-AV06D; 9, CEP 14; 10, Neepawa; 11, Oslo; 12,
Genesis; 13, Biggar.
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Figure 6a. Extensigrams (at 45 min) of the Seven 1BL/1RS Cultivars Grown
at Glenlea in 1989. 1, BR 23; 2, 8416-Q06A; 3, 8416-Q06E; 4,
8416-BZ10A; 5, 8416-BZ10C; &, 8417-BJ03A; 7, 8417-BJ0O3D.
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Figure 6b. Extensigrams {(at 45 min)} of the Six Control Cultivars Grown at
Glenlea in 1989. 8, 8417-AV06D; 9, CEP 14; 10, Neepawa; 11,
Oslo; 12, Genesis; 13, Biggar.
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Figure 6c¢. Extensigramg (at 135 min} of the Seven 1BL/1RS Cultivars at
Glenlea 1989. 1, BR 23; 2, 8416-Q06A; 3, 8416-Q06E; 4, B4ib6-
BZ10A; 5, 8416-BZ10C; 6, 8417-BJ03A; 7, 8417-BJ0O3D.
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Figure 6d. Extensigrams (at 135 min) of the Six Control Cultivars at
Glenlea 198%. 8, 8417-AV06D; 9, CEP 14; 10, Neepawa; 11, Oslo;
12, Genesis; 13, Biggar.
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differences among the dough stickiness classes.

1. Dough Stickiness at the First Mix Stage

The non-sticky doughs of the first mix stage were generally higher
in flour yield, farinograph time to breakdown, mixograph development time,
energy to peak, extensigraph resistance at 45 min and 135 min, the ratio
of resistance to extension at 45 and 135 min, the remix loaf volume and
lower in the remix dough stickiness compared to the other stickiness
classes of the first mix. The non-sticky doughs were associated with
harder kernels and were different in overall quality from that of the
sticky and very, very sticky doughs. Only the wvery sticky doughs had a
higher ash content; the other stickiness classes did not differ
significantly from each other. No significant differences were observed
between the non-sticky doughs and very sticky doughs for all the other

quality parameters.

2. Dough Stickiness at the Remix Stage

The remix stage of the remix bake method includes the process of
fermentation and remixing of the dough for 2.5 min. The non-sticky doughs
of the remix stage were generally associated with smaller kernels and
higher flour protein content, Falling Number value, Zeleny-sedimentation
volume and dough strength (farinograph development time, mixing tolerance
index, arrival time, stability, departure time, time to breakdown,
mixograph development time, energy to peak, band width energy) and greater
remix leocaf volume compared to other remix sticky doughs. Both the dough
stickiness of the first mix and the remix had similar relationships to the
grinding time, flour yield and extensigraph extensibility at both time
periods. Onrly the non-sticky doughs of the remix dough stickiness differed
significantly from the very, very sticky doughs for the SDS-sedimentation
volume, farinograph band width at 5 min after peak, mixograph energy after
peak and mixograph slope after peak.

The dough stickiness of the remix stage showed a greater degree of
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association to the quality parameters than the dough stickiness of the
first mix. Most of the quality parameters wvaried according to the
different levels of remix dough stickiness. As the remix dough stickiness
increased, overall quality decreased. The farinograph development time,
stability, departure time, time to breakdown, mixograph development time,
energy to peak, band width energy and the remix loaf volume generally
decreased as the degree of stickiness increased. The results of this study
agreed with that of Dhaliwal and MacRitchie (1990) by showing a decrease
in mixograph strength with increased dough stickiness. In contrast, Martin
and Stewart (1986) found no relationship between mixograph data and dough
stickiness. For the extensigraph resistance and the ratio of resistance to
extension at 45 min and 135 min, the first three stickiness classes of the
remix did not differ significantly from each other but were significantly
different from the very sticky and the very, very sticky dough classes.
The last two classes of the remix dough stickiness (very sticky and very,
very sticky) were significantly different from each other. Hence, this
confirmed the findings of Noguchi et al. {(1976) that doughs with increased
stickiness had a reduced ratio of resistance to extensiomn.

In general, very sticky doughs were poor in breadmaking guality as
indicated by their poor gluten quality (SDS- and Zeleny-sedimentation
volume) and weak dough strength. The latter characteristic was observed
from the farinograph parameters (development time, mixing tolerance index,
arrival time, stability, departure time, time to breakdown and band width
at 5 min after peak) and from the mixograph parameters (development,
energy to peak and after peak{ slope to peak and after peak, total energy,
band width energy, band width at 2 min after peak). In addition, the
extensigraph resistance and the ratio of resistance to extension were low

and loaf volume was small for very sticky samples.

3. Rank Correlation of Stickiness to Quality Characteristics
Rank correlation of the dough stickiness of the first mix and the

remix stages to the gquality parameters was performed (Table 14a-b).
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Results supported the previous findings by showing the negative
relationships between the dough stickiness at the two mixing stages and
certain parameters of the farinograph, mixograph, extensigraph and the
remix bake. Dough stickiness at the first mix of the remix bake was very
highly significant correlated (|xr| > 0.5, P = 0.001) to the ratio of
resistance to extension at 45 min and the remix dough stickiness. Only the
remix dough stickiness was very highly significant correlated (lx] > 0.5,
P = 0.001) to farinograph total breakdcwn time and the ratio of resistance
to extension at 135 min. There were very highly significant correlations
(ir] > 0.5, P = 0.001} between dough stickiness at both mixing stages and
farincgraph properties (development time, stability, departure time),
mixograph properties (development time, energy to peak, band width
energy), extensigraph resistance at both time periods and the remix loaf
volume. The predictive capability of quality characteristics to evaluate
dough stickiness would be low, since none of the correlation values of the

quality parameters were greater than 0.9.
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V. GENERAL DISCUSSION

Polyacrylamide gel electrophoresis and monoclonal antibody assay
were fast and effective methods to identify the presence of the 1BL/1RS
translocation. In this study, all the samples of a supposedly normal line,
8417-AJ05C, were discarded since they were found to be a 50:50 mixture of
1BL/1RS wheat and normal wheat. The identity of the remaining thirteen
lines was confirmed.

Very little variability in overall HMW glutenin subunits encoded by
chromosomes 1B and 1D was found between the 1BL/1RS wheats and the normal
wheats. The major difference was in the alleles encoded by chromosome 1A.
The most common 1A allele in the 1BL/1RS wheats was the poor quality null
allele whereas in the normal wheats, subunit 1 was found in the highest
frequency. As a consequence, the 1BL/1RS group had lower Glu-1 scores than
the control group which indicated potentially poorer breadmaking quality.

The cultivars were evaluated individually for milling and baking
quality. Statistical analyses were performed with two main objectives.
Firstly, cultivars were compared to identify specific similarities and
differences in quality Dbetween them, whether or not the 1BL/1RS
translocation was present. Secondly, data were combined and the quality of
1BL/1RS group was compared to that of the control group to identify
general differences between them.

Of the thirteen cultiyars, the control wheat, 8417-AV06D, was most
similar in overall milling and baking quality to the Canada Westexn Red
Spring wheat standard, Neepawa. None of the 1BL/1RS translocation wheats
fit intc the Canada Western Red Spring class; their quality was
significantly pcorer than Neepawa.

The Canada Prairie Spring class was represented in this study by the

control cultivars Biggar, Oslo and Genesis. The 1BL/1RS lines 8416-Q06E,
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8417-BJO3A and 8417-BJO3D were very similar in quality to Biggar. Theix
overall milling, chemical, rheolcgical and baking properties would make
them suitable for the Canada Prairie Spring wheat class.

Environment had a significant effect on the majority of quality
characteristics that were measured for each of the 1BL/1RS and control
wheats. Remix dough stickiness was one characteristic that was unaffected
by environment indicating that this property was dependent largely on
cultivar differences. This makes the remix dough stickiness an effective
test to use to evaluate and compare cultivars grown in any environment .

When the group (1BL/1RS and control) comparisons were performed, it
was found that environment rather than group differences produced the
variation in flour yield, farinograph absorption, dough development time,
and mixograph development time, energy to peak, slope after peak and band
width energy. Environmental conditions had no effect on remix dough
stickiness. The significantly greater remix dough stickiness shown by the
1BL/1RS group as compared to the control group was due exclusively to the
genotypes. The majority of the measured quality characteristics were
affected significantly by group differences.

The 1BL/1RS group was characterized by significantly denser and
larger kernels than the contrel group. In addition, the flour had
significantly lower protein content, higher ash content, weaker gluten,
weaker dough mixing properties, less extensibility and resistance to
extension, increased remix stickiness and lower loaf volume than that of
the control group.

The relationship betweep the dough stickiness class and the measured
quality characteristics was examined. Dough stickiness of the remix stage
was assoclated with greater changes in quality characteristics than dough
stickiness measured at the first mix stage. As the degree of stickiness
increased, overall breadmaking quality decreased. Very, very sticky doughs
were characterized by poor gluten quality, weak dough mixing strength,

reduced resistance to extension and low loaf +volume. Very highly
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significant negative correlations between dough stickiness and quality
characteristics were noted, specifically, with dough mixing strength and
loaf volume. The correlation values were not large enough to permit the

use of quality parameters as a predictive test for dough stickiness.
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VI. CONTRIBUTIONS TO KNOWLEDGE AND RECOMMENDATIONS
1. Polyacrylamide gel electrophoresis and monoclonal antibody assay
were two techniques that were effective in identifying the 1BL/1RS
translocation in wheat.
2. The 1BL/1RS wheats used in this study generally had a higher
frequency of HMW glutenin subunits that are known to be associated with
poor breadmaking quality than the control wheats.
3. Generally, the 1BL/1RS wheats were poorer in breadmaking quality
than the control wheats as determined by physical, biochemical,
rheological and baking characteristics. The different genetic
backgrounds of the individual cultivars may or may not have contributed
to these differences. The cultivars used in this study were a random
sampling of 1BL/1RS wheats. Isogenic lines, with and without the 1BL/1RS
translocation, would be the best material to study the effects on
quality.
4. ©None of the 1BL/1RS cultivars had quality characteristics that would
make them suitable for registration in the Canada Western Red Spring
wheat class. Three 1BL/1RS cultivars {8416-AV06D, 8417-BJ03A and 8417-
BJ03D) had quality characteristics that would make them suitable for
registration in the Canada Prairie Spring wheat class.
5. Variations in most of the measured quality characteristics were
caused by both the envirCnmeqt and the cultivars. Cultivar by
environment interactions were relatively minor.
6. Variation in remix dough stickiness was caused exclusively by
cultivar differences rather than environments. This finding requires
confirmation in a greater number of varied environments. Since the dough
stickiness evaluation used in this study was largely subjective, an

objective measurement of dough stickiness utilizing an Instron Universal



96

Testing Instrument should be considered in future studies.

7. Very, very sticky doughs were associated with poor gluten gquality,
weak dough mixing strength, reduced resistance to extension and low loaf
volume. Further investigation should examine the effect of amount of
endogenous enzyme (protease, amylase and lipase) and starch damage on

dough stickiness.
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APPENDIX I. The SAS Statements for Analysis of Variance of Quality
Parameters in Each Environment (TARLE 5)

LIBNAME PERM ' [DFENN]’ ;
PROC SORT DATA=PERM.CREATE OUT=TEMP;BY LOCYR;

PROC SUMMARY NWAY DATA=TEMP;BY LOCYR;

VAR TWT TKWT GRT FLY PROT ASH FN SDS ZS FAB DDT MTI ART STA DEP TBD FW MDT
PKH ETP EAP FMS PBW SAP TEG BWE BWD EXFR EXFL EXFR L EXSR EXSL EXSR L
FSTICK SSTICK RLV; - -
CLASS VARIETY GROUP;

QUTPUT QUT=MEAN=;

PROC PRINT DATA=MEAN;

TITLE ’MEANS’;

PROC SUMMARY DATA=MEAN;BY LOCYR;

VAR TWT TKWT GRT FLY PROT ASH FN SDS ZS FAB DDT MTI ART STA DEP TBD FW MDT
PKH ETP EAP FMS PBW SAP TEG BWE BWD EXFR EXFL EXFR L EXSR EXSL EXSR L
FSTICK SSTICK RLV; - -
OUTPUT OUT=RANGE=;

PROC PRINT DATA=RANGE;

TITLE ’'RANGE OF MEANS’;

PROC SORT DATA=PERM.CREATE OUT=TEMP;BY LOCYR;

PROC GLM OUTSTAT=OUTSTAT;BY LOCYR;

CLASS VARIETY REP;

MODEL TWT TKWT GRT FLY PROT ASH FN SDS ZS FAB DDT MTI ART STA DEP TBD FW
MDT PKH ETP EAP FMS PBW SAP TEG BWE BWD EXFR EXFL EXFR_L EXSR EXSL EXSR I,
FSTICK SSTICK RLV=VARIETY REP; -
MEANS VARIETY/LSD;
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APPENDIX TII. The SAS Output of Analysis of Variance of Flour Protein

Content at Swift Current in 1989 (TARLE 5)
MEANS
OBS LOCYR VARIETY GROUP _TYPE _FREQ PROT
1 589 8416-BZ10A SPEC 3 4 14 375
2 S89 8416-BZ10C SPEC 3 4 14 .625
3 589 8416-Q06A SPEC 3 4 12.875
4 589 8416-Q06E SPEC 3 4 12,600
5 589 8417-AV0O&D NORM 3 4 14.400
6 589 8417-BJ03A SPEC 3 4 13.450
7 889 8417-BJ03D SPEC 3 4 13.925
8 589 BR 23 SPEC 3 4 12.350
9 589 CEP 14 NORM 3 4 14 .400
10 589 HY 355 NORM 3 4 13.100
il 589 HY 368 NORM 3 4 13.925
12 589 NP NORM 3 4 14.625
13 589 GSLO NORM 3 4 13.975
RANGE OF MEANS
OBS LOCYR _TYPE_ _FREQ_ PROT
1 589 0 13 2.275
-------------------------------- LOCYR=889----mmm oo m oo
General Linear Mcdels Procedure
Dependent Variable: PROT
Source DF Sum of Squares Mean Square F Value Pr > F
Model 15 36.47942308 2.431%6154 8.91 0.0001
Exrror 36 9.82576923 0.27293803
Corrected Total 51 46.30519231
R-Square C.v. Root MSE PROT Mean
0.787804 3.802184 0.52243472 13.74038462
Source DF Type I 38 Mean Square F Value Pr > F
VARIETY 12 29.75269231 2.478939103 9.08 0.0001
REP 3 . 6.72673077 2.24224359 8.22 0.00063
Source DF Type III S8 Mean Square F Value Pr > F
VARIETY 12 29.75269231 2.47939103 9.08 6.0001
REP 3 6.72673077 2.24224359 8.22 0.0003
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APPENDIX II (cont). The SAS Output of Analysis of Variance of Flour
Protein Content at Swift Current in 1989 (TABLE 5)

General Linear Models Procedure
T tests {LSD} for variable: PROTEIN

NOTE: This test controls the type I cemparisonwise error rate not the
experimentwise error rate.

Alpha= 0.05 df= 36 MSE= 0.2729238
Critical Value of T= 2.03
Least Significant Difference= 0.7492

Means with the same letter are not significantly different.

T Grouping Mean N VARIETY
A 14 .6250 4 B8416-BZ10C
A
A 14.6250 4 NP
A
A 14.4000 4 CEP 14
A
A 14,4000 4 8417-AV0ED
A
A 14.3750 4 8416-BZ10A
A
B A 13.9750 4 OSLO
B A
B A 13.9250 4 8417-BJ0o3D
B A '
B A 13.9250 4 HY 368
B
B C 13.4500 4 8417-BJO3A
C
D C 13.1000 4 HY 355
D C
D C E 12.8750 4 8416-Q06A
D E
D E 12.6000 4 8416-Q06E
E
E 12,3500 4 BR 23
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APPENDIX III. The SAS Statements for Analysis of Variance of Quality
Parameters Over Environments {TABLE 6}

LIBNAME PERM ' [DFENN] ' ;

PROC SORT DATA=PERM.CREATE OUT=TEMP;RBY VARIETY; WHERE LOCYR NE ’S90°;
PROC SUMMARY NWAY DATA=TEMP;BY VARIETY ;

VAR TWT TKWT GRT FLY PROT ASH FN SDS ZS FAR DDT MTT ART STA DEP TBD FW MDT
PKH ETP EAP FMS PBW SAP TEG BWE BWD EXFR EXFL EXFR_L EXSR EXSL EXSR L
FSTICK SSTICK RLV;

OUTPUT OUT=MEAN MEAN=;

PROC PRINT DATA=MEAN;

TITLE ’‘MEANS’;

PROC SUMMARY DATA=MEAN;

VAR TWT TKWT GRT FLY PROT ASH FN SDS ZS FAB DDT MTI ART STA DEP TBD FW MDT
PKH ETP EAP FMS PBW SAP TEG BWE BWD EXFR EXFL EXFR_L EXSR EXSL EXSR_L
FSTICK SSTICK RLV;

CUTPUT OUT=RANGE RANGE-=;

PROC PRINT DATA=RANGE;

TITLE ’'RANGE OF MEANS’ ;

PROC SORT DATA=PERM.CREATE;BY VARIETY; WHERE LOCYR NE ‘830’ ;

PROC GLM OUTSTAT=CUTSTAT;

CLASS VARIETY REP;

MODEL TWT TKWT GRT FLY PROT ASH FN SDS Z& FAB DDT MTT ART STA DEP TBD FW
MDT PKH ETP EAP FMS PBW SAP TEG BWE BWD EXFR EXFIL EXFR I EXSR EXSL EXSR L
FSTICK SSTICK RLV=VARIETY REP;

MEANS VARIETY/LSD;
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The SAS Output Analysis of Variance of Flour Protein Content

Over Environments (TARLE 6)
MEANS
OBS VARIETY _TYPE_

1 8416-BZ10A 0

2 8416-BZ10C 0

3 8416-Q06A o]

4 8416-Q06E 0

5 8417-AV06D 0

6 8417-BJ03A 0

7 8417-BJ0O3D 0

8 BR 23 0

9 CEP 14 0
10 HY 355 C
11 HY 368 0
12 NP 0
13 OSLO 4]

OBS

RANGE OF MEANS

_TYPE

1 0

_FREQ _

General Linear Models Procedure

Dependent Variable:

Source DF
Mcdel 15
Error 140

Corrected Total 155

R-Square c.v.

0.358388 8.328470
Source DF Type I 88
VARIETY 12 81.72243590
REP 3 5.29762821
Souxrce DF Type III SS
VARIETY 12 81.72243590

REP 3

PROT

Sum of Squares

87.02006410
155.78987179

242.80993590

5.29762821

_FREQ__ PROT
12 13.3167
12 13.3583
12 12.6250
12 12.1500
12 13.4583
12 12.1917
12 12.4417
12 11.5500
12 12.4500
12 11.7083
12 12.3583
iz 14.2167
12 12.8333
PROT

13 2.66667

Mean Square F Value

5.80133761 5.21

1.11278480

Root MSE PROT Mean

1.05488615 12.66602564

Mean Square

6.81020299
1.76587607

Mean Square

6.81020299
1.76587607

F Value

6.12
1.59

F Value

6.12
1.59

Pr > F

0.0001

Pr > F

G.0001
0.1953

Pr > F

0.0001
0.1953
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APPENDIX IV (cont). The SAS Output of Analysis of Variance of Flour
Protein Content Over Environments (TABLE 6)

General Linear Models Procedure
T tests (LSD) for wvariable: PROT

NOTE: This test controls the type I comparisonwise error rate not the
experimentwise error rate.

Alpha= 0.05 df= 140 MSE= 1.112785
Critical value of T= 1.98
Least Significant Difference= 0.8514

Means with the same letter are not significantly different.

T Grouping Mean N VARIETY

A 14 .2167 12 Np

A
B A 13.4583 12 8417-AV06D
B
B 13.3583 12 8416-BZ10C
B
B 13.3167 12 8416-BZ10A
B
B C 12.8333 12 O0SLO
B c
B C 12.6250 12 8416-Q061

c
b C 12.4500 12 CEP 14
D c
D cC 12.4417 12 8417-BJ03D
D c
D c E 12.3583 12 HY 368
b C E
D C E 12.1817 12 8417-BJ0O3A
D cC E
D c E 12.1500 12 8416-Q06E
D E
D E 11.7083 i2 HY 355

E
E 11.5500 12 BR 23
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APPENDIX V. The SAS Statements of Analysis of Variance of Environments
(TABLE 7)

LIBNAME PERM ' [DFENN]';

PROC SUMMARY NWAY DATA=PERM.CREATE;WHERE LOCYR NE /890°‘;

VAR TWT TKWT GRT FLY PROT ASH FN SDS ZS FAB DDT MTI ART STA DEP TBD FW MDT
PKH ETP EAP FMS PBW SAP TEG BWE BWD EXFR EXFL EXFR _L EXSR EXSL EXSR_L
FSTICK SSTICK RLV;

CLASS LOCYR;

OUTPUT OUT=MEAN MEAN=;

PROC PRINT DATA=MEAN;

TITLE ’'MEANS’ ;

PROC SUMMARY DATA=MEAN;

VAR TWT TKWT GRT FLY PROT ASH FN SDS ZS FAR DDT MTI ART STA DEP TBD FW MDT
PKH ETP EAP FMS PBW SAP TEG BWE BWD EXFR EXFL EXFR_L EXSR EXSL EXSR L
FSTICK SSTICK RLV;

OUTPUT OUT=RANGE RANGE=;

PROC PRINT DATA=RANGE;

TITLE ‘RANGE OF MEANS‘ ;

PROC SORT DATA=PERM.CREATE OUT=TEMP;RY LOCYR;WHERE LOCYR NE '8907 ;

PROC GLM OUTSTAT=OUTSTAT;

CLASS LOCYR REP;

MODEL TWT TKWT GRT FLY PROT ASH FN SDS ZS FAR DDT MTI ART STA DEP TBD FW
MDT PKH ETP EAP FMS PBW SAP TEG BWE BWD EXFR EXFL EXFR_L EXSR EXSL EXSR_L
FSTICK SSTICK RLV*/=LOCYR REP(LOCYR) ;

MEANS LOCYR/LSD;
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APPENDIX VI. The SAS Output of Analysis of Variance of Environments

(TABLE 7}
MEANS
ORS LOCYR _TYPE_ _FREQ PROT
1 589 1 52 13.7404
2 w89 1 52 12.4596
3 W90 1 52 11.7981
RANGE OF MEANS
OBRS _TYPE_ _FREQ PROT
L 0 3 -1.94231

General Linear Models Procedure

Dependent Variable: PROT

Source DF Sum of Squares Mean Square F Value Pr > F
Model 11 112.32532051 10.21135277 11.27 ¢.0001
Error 144 130.48461538 0.90614316
Corrected Total 155 242.80993590
R-Square C.V. Root MSE PROT Mean
0.462606 7.515503 0.95191552 12.66602564
Source DF Type I SS Mean Square F Value Pr > F
LOCYR 2 101.40974359 50.70487179 55.96 0.0001
REP (LOCYR) 9 10.91557692 1.21284188 1.34 0.2221
Source DF Type III S8 Mean Square F Value Pr > F
LOCYR 2 101.40974359 50.70487179 55.9¢6 0.0001
REP (LOCYR) 9 10.31557692 1.21284188 1.34 0.2221

General Linear Models Procedure
T tests (LSD) for variable: PROT

NOTE: This test controls the type I comparisonwise error rate not the
experimentwise error rate.

Alpha= 0.05 df= 144 MSE= 0.906143
Critical Value of T= 1.98
Least Significant Difference= 0.369
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APPENDIX VI (cont). The SAS Output of Analysis of Variance of
Environments (TABLE 7)

Means with the same letter are not significantly different.

T Grouping Mean N LOCYR
iy 13.7404 52 883
B 12.4596 52 W8S

C 11.7981 52 W90
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APPENDIX VII. The SAS Statements of Analysis of Variance of Quality
Parameters of Cultivars (TABLE 8)

LIBNAME PERM ' [DFENN] '’ ;

PROC GLM DATA=PERM.CREATE;WHERE LOCYR NE ‘880 ;

CLASS LOCYR VARIETY REP;

MODEL TWT TKWT GRT FLY PROT ASH FN SDS ZS FAR DDT MIT ART STA DEP TBD

FWw MDT PKH ETP EAP FMS PBW SAP TEG BWE BWD EXFR EXFL EXFR I EXSR EXSL
EXSR_I, FSTICK SSTICK RLV=LOCYR REP (LOCYR) VARIETY LOCYR*VARIETY ;

TEST H=LOCYR E=REP{LOCYR) ;

RANDOM REP (LOCYR) /TEST;



APPENDIX VIII,.

Dependent Variable:

Source DF
Model 47
Error 108

Corrected Total 155

R-Square C.V.

0.918828 3.3725490
Source DF Type I S8
LOCYR 2 101.40974359
REP (LOCYR) 9 10.91557692
VARIETY 12 81.7224359¢0
LOCYR*VARIETY 24 29.05525641
Source DF Type III §S
LOCYR 2 101.40974359
REP (LOCYR} 9 10.91557692
VARIETY 12 81.72243599

LOCYR*VARIETY 24

Tests of Hypotheses using the Type III MS for REP (LOCYR) as

PROT

Sum of Squares
223.10301282
12.70692308

242.80993590

29.05525641

Type III SS

101.40974359

Source DF
LOCYR 2
Source

LOCYR
REP {LOCYR}
VARIETY

LOCYR*VARIETY

(TABLE 8)

General Linear Models Proccedure

Mean Square
4.745687261

0.18247151

Root MSE

0.42716684

Mean Square

50.70487179
1.21284188
6.81020299
1.21063568

Mean Square
50.70487179
1.21284188

6.81020239
1.21063568

Mean Square

50.70487179

General Linear Models Procedure

Type III Expected Mean Square

Var (Error)
Var (Error)
Var {Error)

Var (Error)

F Value

26.01

PROT Mean

12.66602564

F Value

277.88
6.65
37.32
6.63

F Value
277.88
6.65

37.32
6.63

F Value

41.81
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The SAS Statements of Analysis of Variance of Flour
Protein Content of Cultivars

Pr > F

0.0001

Pr > F

0.0001
0.0001
0.0001
0.0001

Pr > F

.0001
.0001
.0001
.0001

oo

an error term

Pr > F

3.0001

+ 13 Var (REP(LOCYR)) + Q(LOCYR, LOCYR*VARIETY)

+ 13 Var {REP (LOCYR})

+

.I.

Q (VARIETY, LOCYR*VARIETY)

Q (LOCYR*VARIETY)
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APPENDIX VIII (cont). The SAS Statements of Analysis of Variance of Flour
Protein Content of Cultivars (TABLE 8)

General Linear Models Procedure
Tests of Hypotheses for Mixed Model Analysis of Variance
Dependent Variable: PROT

Source: LOCYR *
Exrror: MS(REP(LOCYR))

Denominator Dencminator
DF Type III MS DF MS F Value Pr » F
2 50.7048717385 9 1.2128418803 41.807 0.0001

* - This test assumes one or more other fixed effects are zero.

Source: REP (LOCYR)
Exrroxr: MS{(Error)

Denominatoxr Denominator

DF Type III MS DF MS F Value Pr > F
9 1.2128418803 108 0.18247151 6.647 0.0001

Source: VARIETY =*
Error: MS(Error)

Dencminator Denominator
DF Type III MS DF MS F Value Pr > F
12 6.8102029915 108 0.18247151 37.322 0.0001

* - This test assumes one or more other fixed effects are zero.

Source: LOCYR*VARIETY
Error: MS (Error)

Denominator Denominator
DF Type III MS DF MS F Value Pr > F
24 1.2106356838 108 0.18247151 6.635 0.0001
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APPENDIX IX. The SAS Statements for Group Analysis of Variance of Quality
Parameters in Each Envirconment (TABLE 9)

LIBNAME PERM ‘' [DFENN] ‘;

PROC SORT DATA=PERM.CREATE OUT=TEMP ;BY LOCYR;

PROC GLM DATA=TEMP;

CLASS GROUP VARIETY REP;

MODEL TWT TKWT GRT FLY PROT ASH FN SDS ZS FAR DDT MTI ART STA DEP

TBD FW MDT PKH ETP EAP FMS PBW SAP TEG BWE BWD EXFR EXFL EXFR_L EXSR EXSL
EXSR_1. FSTICK SSTICK RLV=GROUP VARIETY (GROUP) REP;



APPENDIX X.

Dependent Variable:

Scurce
Model
Erroxr

Corrected Total

Source

GROUP
VARIETY (GROUP}
REP

Source
GROUP

VARIETY (GROUP)
REP

PROT

DF Sum of Squares
15 36.47942308

36 9.82576923
51 46.30519231
R-Square c.v.
0.787804 3.802184
DF Type I 88

1 4.86703755
11 24 .88565476

3 6.72673077
DF Type III SS

1 4.86703755
11 24.88565476

3 6.72673077

General Linear Models Procedure

Mean Sguare
2.43196154

0.27293803

Root MSE

0.52243472

Mean Square

4.86703755
2.26233225
2.24224359

Mean Square
4.86703755

2.26233225
2.24224359

F Value

8.91

PRCT Mean

13.74038462

F Value

17.83
8.29
8.22

F Value
17.83

8.29
8.22
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The SAS Output for Group Analysis of Variance of Flour
Protein Content at Swift Current in 1989 (TABLE 9)

Pr > F

0.000L

Pr > F

0.0002
0.0001
0.0003

Pr > F
0.0062

0.0001
0.0003
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APPENDIX XI. The SAS Statements of Analysis of Variance of Quality
Parameters of Groups (TABLE 10)

LIBNAME PERM ‘ [DFENN] ‘;

PROC GLM DATA=PERM.CREATE;WHERE LOCYR NE '8%07;

CLASBS LOCYR GROUP VARIETY REDP;

MODEL TWT TKWT GRT FLY PROT ASH FN SDS ZS FAR DDT MTI ART STA DEP TBD FW
MDT PKH ETP EAP FMS PBW SAP TEG BWE BWD EXFR EXFL EXFR_1L EXSR EXSL EXSR I
FSTICK SSTICK RLV=LOCYR REP (LOCYR} GROUP GROUP*LOCYR; -
TEST H=LOCYR E=REP (LOCYR) ;

RANDOM REP (LOCYR) /TEST;



APPENDIX XII.

Content of Groups (TABLE 10)

Dependent Variable:

Source DF
Model 14
Exrror 141

Corrected Total 155

R-Sguare c.v.

0.495261 7.360657
Source DF Type I SS
LOCYR 2 101.40974359
REP (LOCYR) 9 10.91557692
GROUP 1 3.83166209
LOCYR*GROUP 2 3.99739927
Source DF Type III SS
LOCYR 2 103.51124542
REP (LOCYR) 9 10.91557692
GROUP 1 3.93166209
LOCYR*GROUP 2 3.99739927

PROT
Sum of Squares

120.25438187

122 .55555403

242 .8099359¢0

General Linear Models Procedure

Mean Square
8.58959870

0.86918833

Root MSE
0.93230270
Mean Square

50.7048717%9
1.21284188
3.931662009
1.99869963

Mean Square

51.75562271
1.21284188
3.93166209
1.99869963
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The SAS Output of Analysis of Variance of Flour Protein

F Value Pr > F
9.88 0.0001
PROT Mean

12.66602564

F -Value Pr > F
58.34 0.0001
1.40 0.1956
4.52 0.0352
2.30 0.1041
F Value Pr > F
59.54 0.0001
1.40 0.1956
4.52 0.0352
2.30 0.1041

Tests of Hypotheses using the Type III MS for REP(LOCYR) as an error term

Source DF

LOCYR 2

Source
LOCYR
REP (LOCYR)
GROUP

LOCYR*GROUP

Var (Exrror)

Type III SS

103.51124542

+ 12.923 Var{REP (LOCYR})

Mean Square

51.75562271

General Linear Models Procedure

Type III Expected Mean Square

Var (Erroxr) + 13 Var (REP (LOCYR))
Var (Exror) + Q{GRCUP,LOCYR*GROUP}

Var (Exror) + Q{LOCYR*GROUP)

F Value Pr > F

42.67 0.0001

+ Q{LOCYR, LOCYR*GROUP)
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APPENDIX XII (cont). The SAS OCutput of Analysis of Variance of Flour
Protein Content of Groups (TABLE 10)

General Linear Models Procedure
Tests of Hypotheses for Mixed Model Analysis of Variance
Dependent Variable: PROT

Source: LOCYR *
Error: 0.9%41*MS(REP(LOCYR})) + 0.0059*MS (Erroxr)

Denominatocr Denominator
DF Type III MS DF MS F Value Pr > F
2 51.755622711 2.08 1.2108084274 42.745 0.0001

* - This test assumes cne or more other fixed effects are zero.

Source: REP{LOCYR)
Error: MS{Error)

Dencminator Denominator
DF Type III MS DF MS F Value Pr > F
9 1.2128418803 141 0.8691883264 1.395 0.1956
Source: GROUP *
Exrroxr: MS{Error)
Denominator Denominator
DF Type IIT MS DF MS F Value Pr > F
1 3.92316620879 141 0.8691883264 4.523 0.0352

* - This test assumes one or more other fixed effects are zero.

Source: LOCYR*GROUP
Error: MS (Error)
Dencminatox Denominator
DF Type III MS DF MS F Value Pr > F
2 1.9986996337 141 0.8691883264 2.300 0.1041





