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.ABSTRÀCT

Rye is used by wheat breeders as an ad.ditional 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 chromosome

l-R for the short arm of wheat chromosome 18 thereby producing the wheat

1BL/1RS translocation. Wheat cultivars \^rith the 1BL/1RS translocatj-on hawe

been reported to produce very sticky doughs, an undesirable Èrait in
breadmaking. Tn this study, the objectives were to compare the guality of
1BL/1RS wheats to normal wheats, to evaluate the effect of environment and

genotlæe on guality and to examine the relationship of dough stickiness to
warious quality characteristics.

The breadmaking quality of seven 1BL/1RS wheats was compared. to that
of six controf wheats by analyzing four replicates grown in t.hree

environments. Wide variations among cultivars for physical, biochemical,

rheological and baking characteristics were shown. The 1BL/1RS wheat, BR

23, r^ras rated poorest in overall guality. Low flour protein, weak

rheological properties and very sticky dough resulted in low loaf volume.

Not all cultivars vrit.h the 1BL/1RS translocation exhibit.ed excessiwe dough

stickiness. Three lBL/1RS r,¡heats (8416-e068 , B4t7 -B,JO3A and 8417-B,Jo3D) ,

were rated similar in quality to the normal wheat, Biggar. Their mi11ing,

biochemical, rheological and baking properties would make them suitable
for registration in the Canada Prairie Spring wheat cIass. None of the
lBL/LRs wheats had quality characteristics suitable for t.he Canada western

Red Spring wheat class

Cultivar effects were significant for all the guality paramet.ers.

Enwironment effects were significant for the quality characteristics with
the exception of remix dough st,ickiness, grinding time and mixograph first
minute slope to peak, energ-y after peak, peak band width and band. wid.th at
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2 min after peak. Although the cul-tivar by environment interactions were

significant, they were rel-atively smaIl in magnitude for the majority of
the quality characteristics .

As a group, the lBLl1Rs wheats had inferior breadmaking guality
compared to the control wheats. Their major qualit.y defects were low
protein content, poor rheorogical properties, poor quality mlw gtutenin
subunits, Iow extensibility and resistance to ext.ension, high degrees of
dough stickiness and 1ow loaf volume.

Dough stickiness scores measured at. the remix stage of the bake test.
q¡ere associated better with quality characteristi-cs than dough stickiness
scores measured at the first mix stage. The remix dough stickiness was

unaffect.ed by the environment and was dependent solely on genotypic
differences - Breadmaking guality 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 18 by the short. arm of rye chromosome 1R. The

result of this translocation was the development of nev¡ lines of hexaploid
wheat which are highly resistant to rust (Mettin et al-, Lgi3) and. we1l

adapted Lo different growing envi-ronments (Rajaram et al-., 19g3).

The 1BL/1RS wheat lines were originally developed by German plant
breeder, A. Riebesel, before lrlorrd war rr (MacRitchíe et a7., 1986) . The

lines and information about them vrere lost. because of the outbreak of the

war, Today, most of the lines have been recovered and because of their
unique qualities, many wheat prod.ucing countries hawe incorporated them

into their plant breeding programs.

ft has been estimated. that. the 1BL/1RS wheats account for 30? of the

recent breeding lines in the former German Democratic Republic, 5O?; of the

adwanced breeding lines in the 21st International Bread l{heat Screening

Nursery (IBI¡ISN), and 45? of the advanced lines in Centro Internacional por

er Maj oramiento del Maiz y Trigo (cr¡otyr) (Dha1iwal eL ãf . , 1,987 ;

VilIarea1 et af - , 1,99L) .

Some of the 1BL/1RS wheats hawe been reported. to produce extensive

dough stickiness when they are mixed under high-speed or long-time mixing
procedures (Barnes, 7-990; DhaliwaL eÈ ãf-, LSBT; Martin and. stewart,

1986a, 1986b and 1990; Zeller et a7., rge2). Barnes (1990) suggested that.

the dough stickiness of 1BL/1RS wheats would depend on individual genetic

background and growing environment. Graybosch et a7. (1990) observed a

large degree of guality variation among sister lines with the 1BL/1RS

translocation. A strong relationship between the enwironmental fact.ors and

the dougrh unmixing time has also been revealed (Barnes, 1990).

Contradictory resuLts exist. in the relationship betv/een mixograph
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pararneters and dough stickiness.
The objectives of this study were as follows:
1) to characterize the breadmaking quality of 1BL/IRS wheats as

compared to normal wheats,-

2) to evaluate the effect of environment and genotlæe on the quality
of IBL/]-RS wheats and;

3) to investigate the quality parameters associated with dough

stickiness.



IT. IJTTER.A,TIIRE REVIEW

A. Genet,ics of Hexaploid t{heat and Diploid Rye

I^Iheat and rye are members of the grass family (Gramineae) . common

wlreat (Triticum aesti\rum) consists of 2I chromosome pairs, arranged in
three relat.ed genomes ("A,, B, D) of seven chromosome groups (1A. . .7A,

18. . .78, 1D. . .7D) These wheat genomes originated from different ancestral
diploid species and carry a similar set of genetic material (Law and

Payne, 1983) . The triplication of genetic material enables common wheats

to withstand the loss or addition of chromosomes. common rye (secaie

cereafe) 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 correspond.ing wheat

chromosome group (Ze11er et a7., 1973).

Glutenins and gliadins are t.he fundamental wheat prot.eins f or
breadmaking and are encoded specifically in nine loci (Law and palme,

1983,- Palme, L98'7 ) . The high molecular weight (m{W) subunits of glutenin
are determined by a single complex locus located on the d.istal half of the

long arm of wheat chromosomes 1.A., 1B and 1D. These loci are designated as

G1u-41, G1u-81 and G1u-D1, respectively. The complex loci Gli-At, G1i-81

and Gli-D1 encode the o-, y- and a few p-gliadins are located towards the

end of the short arm of wheat chromosomes 1.A,, 18, and 1Ð, respectivery. ln
addition, the complex loci Gli-A2 , GLí-E2, and cli-D2 control the
production of cv- , þ-, and a few y-gliadins are located on the distal- ends

of the short arms of wheat chromosomes 6A, 68, and 6D, respectively.
For common rye, the sulfur-poor, ol-secalin proteins and the

interchain disulphide-1inked, 75K y-secalin proteins were revealed to be

rel-ated to dough guality (Dhaliwal et a7-,1988; Dhaliwa] & MacRitchie,

t99o¡ Gupta et aJ., 1989), and are coded at sec-l--Iocus on the short arm
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of chromosome 1R and at Sec-2-locus on the short arm of chromosome 2R,

respectively (Lawrence and Shepherd, 1981; Shewry et aJ., 1986) . The rye

chromosome lR is similar to Lhe wheat chromosomes 1J\, 18 and 1D in hawing

gienes coding for alcohol-soluble prolamins on the short arm and genes

coding for HMtr{ proteins (> 86,000 apparent molecular weight) on the long

arm (Lawrence and Shepherd, 1981).

B. Tntroduct,íon of the Wheat-Rye Translocation

The transfer of rye genes to v¡heat can be obtained by methods such

as (1) homeologous chromosome pairing, (2) ionizing radiation, and (3)

unival-ent misdivision during the cross of a monosomic and a disomic

addition wheat Iíne (Sears, 1974; Ze]-Ier and Koller, 1981).

It has been shown that rye chromosomes LR, 2R and 6R are capable of

substitut.ing for three of the chromosomes in the corresponding homeologous

wheaL groups (Zel-J-er, 1973) . Rye chromosome 3R substitutes well for the

homeologous group-1 wheat chromosomes and at least two of the group-3

wheat chromosomes (Ze11er, 1973). In addition, rye chromosome 5R shows

homeology r,rith at least one of group-  wheat chromosomes, two of the

group-5 \^¡heat chromosomes and two of the group-6 wheat chromosomes

(Zeller, a973). According to Gupta (1-971-) and KoLler and zeller (\976) ,

these substituted rye chromosomes would compensate for Lhe loss of the

corresponding homeologous wheat chromosomes.

A translocat.ion line can be obtained by crossing common wheat. with

common rye, backcrossing one or more times with ruheat and then selfing
(Sears , L9'7 4) I^Iheat genes on chromosomes 3.A', 3BL, 3D and 5B prevent

homeologous pairing and genês on chromosomes 54, 5BL, and 5D promote

pairing. The amount of pairing depends on the balance between promot,ers

and suppressors (Sears, 1,974, ZeIIer and Ko11er, 1-981) .

ft is possible to produce a chromosomal translocation through the

rejoining of two different telosomes originating from the misdivision of

univalents at Lhe centromeres. The union of misdivision telosomes between

homeologous chromosomes is more desirable and is less deleterious when



compared to thaL of non-homeologous chromosomes (Ze1Ier and Koller, 1981) .

C. Detection and Ïdentificat,ion of the LBL/1RS Translocation Segrrent

Several technigues have been developed to d.etect and identify the
transl-ocation se$ments and to distinguish translocation lines from

substitution 1ines. Each technique has its 1ímitations and requires other
methods t.o supplement arÌd conf irm the results.

1-. Morphological Studies of Viltreat Chromogomes

rn addition to the improvement in resistance to rust diseases, the
IBL/IRS translocation can be detected in hexaploid. v¡heats t.hrough the
change in the number of chromosomal secondary const.rictions or satellites.

A secondary constriction is a nucleolus organizer wit.h a tandemly

arranged rRNA coding gene in wheat and a rDNA coding gene in rye (Friebe

et d7-, 1989). This part of the chromatin becomes less condensed. at
meiot.ic metaphase and can be distinguished from other parts of the
chromosome - A satellite is a short terminal segment out.side 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
aJ--, 1989). when the wheat chromosome 1Bs is substituted by the rye
chromosome 1RS, the secondary constrict.ions or satelLítes on 1BS are

deleted and those on rye chromosome 1RS disappear through fusing with the

wheat segrnent. subsequently, only two secondary constríctions or
satellites on ruheat. chromosome 68 remain (Met.t.in et aJ., l9:.3) . Hence, the
number of secondary const.rictions or satellites indicat.es the presence of
the wheat-rye translocation

The alien segrnent can arso 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 a7., 1990) . l¡Iheats carrying the rye segrrnent
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show the strongest hybridization signals on luminographs.

Giemsa c-banding can be used to ident.ify t.he translocation
segment. ft ís a staining technigue that differentiates the constitutive
heterochromatin from facultatiwe heterochromatin at meiotic metaphase.

Each chromosome has an overall unique banding pattern, translocation
bet.ween segments with differences in c-band pattern can be recognized.
This method provídes a recognition of the 1BL/i-RS translocation segment as

it consists of a large terminal and subterminal c-band, which resembles

the short arm of the rye chromosome lR and has the remainder of the
chromosome resembling the long arm of wheat clrromosome 1B (cai and Liu,
1989; Friebe et af ., 1,989; Merker, tg}2).

The rye segment can also be identified through the use of biotin as

a specific probe to the total rye genomic DNA, forlor,red. by the in situ
hybrídization (Heslop-Harrison et a7., :-990). The rye segment is indicated
by fluorescing red in green light.

In situ hybridization is a superior method compared. to Giemsa c-

banding. fn situ hybridization is capable of identifying the size and the
breakpoinL of the t.ranslocation segment at all stages of the ce11 cycle.
According to Heslop-Harrison et a7. (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, TB, with a 4A

alpha/7RS translocation by crossing the rine wit,h a chinese spring (cs) -

ditelo-¿A line and also with a monosomic addition 1ine 7R. The former
cross showed a high freguency'of pairing of t.he t.elosomic 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 Lhe alpha arm of chromosome 4A and a part of the
chromosome 7R. Further crossing of TB to the addition lines 7RS and 7RL

produced a telosomic trivaLent. in the former cross only, indicating t.hat

the translocation segment is composed of part of the shorL arm of rye
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chromosome 7R.

Àccording to Cai and Liu (1989) , the l-BL/l-RS wheats can also be

identified by crossing to a CS double-ditelosomic line 18, in which 100?

of celfs 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 l-ine

by crossing separately to a known substitution line and a normal wheat

such as Chinese Spring (Mettin et a7., L973). A substitution line would

produce a high frequency of t.he complete bivalent ce11 (2a,) in the former
cross, but a translocation line would produce some of the complete

bivalent cells in both crosses.

3. Electrophoretic Studies of 1_BL/1RS Wheat proteins

ControL wheats, 1BL/1RS translocation wheats and j-R(18) substitution
wheats were examined by the polyacrylamid.e gradient-geI electrophoresis
(GG-PAGE) under acid.ic buffer cond.ition and sodium d.odecyl sulfate
polyacrylamide ge1 (SDS-PAGE) elecrrophoresis (Dhaliwal et ã7. , 19BB;

Moonerr and Zeven, 1-984) . The 1BL/1RS wheats and lR(j_B) wheats differed
from control wheats by having two add.itionaL protein bands on GG-PAGE.

These additional bands have been identified by immunoassay using
antibodies 1"22/24 (IgG1) and 246/2r (IgM) as rye o-secalin proteins
(Dha1iwa1 et a7., 1988). The r¡-secalin proteins are coded at the Sec-l-
Locus on t.he short arm of rye chromosome 1R (Lawrence and Shepherd, 19g1) .

In addition, the 1R(l-B) wheats r,rere characterized by the presence of
tv¡o HMIII subunits R, and & on SDS-PAGE (Moonen & Zeven, 1994). The subunits

R, and R4 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 1-R,

4. Studies of Monoc1onal Àntibody of y-Gliadin 45

rmmunization of mice with purified y-gliadin 45 has produced

clone P24B which secreÈes a monoclona'l antibody (rwa¡) against.¡-gliadin 45
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(Dawood et a7.,1989) The gene controlling y-gliadin 45 is located at
locus Gli-81 on the short. arm of chromosome 18 (Howes et aJ_., 19g9).

Therefore, 1BL,/1RS wheats can be detected through the absence of y-gliadin
45.

The P24B MAb is incorporated int.o a sandwich-like Enzyme Linked
Irûnunosorbent. Assay (ELISA) in which the p24B Mab binds with y_gliadin 45

and the rabbit-anti-mouse rgc with linked phosphatase binds further onto
the complex (Howes et aL.t 1989). The activity of phosphat.ase is directly
related to the presence of y-gliadín 45 or the 1Bs arm. The presence of y-
gliadin 45 produces an absorbance range of 0.4-I.6 relative to Neepawa.

Substitution of 1BL by 1RS decreases the absorbance to less than O.I2
(Howes et al., 1989).

The monoclonal antibody assay is a rapid. and specific method for
testing the 1BL/1RS translocat.ion in wheats (480 kernels or 6 ELTSA plates
in 7 -5 h) . Testing time can be shortened simply by increasing the
concentration of MAb. This test can also detect dosage effect.s (Howes et
ã7., 1989) .

D. Disease Resistance and yield potential
of ]-BL/]_RS Translocation Wtreats

The 1BL/1RS wheats are well-known for their resistance to Erysiphe
graminis (powdery mildew) , Puccinia striifozmis (strip rust) , puccinia

recondita (leaf rust) and Puccinia graminis (sLem rust) (Mettín et aJ.,

L973; Zeller, L973) . Genes controll-ing these resistance traits occur on

the short arm of rye chromosome 1R and are locat.ed at loci pm8 , !r9, Lr26

and s131, respectively (Mcrntosh, 1993). This block of g.enes is
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 l-BL/1RS wheat

'veery' shows resistance to powdery mild.ew isolate 3 ewen 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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yel1ow spots and moderate tolerance to aluminum toxicity (Barnes , L99O;

Rajaram et a7., 1983; Ze1ler and Hsam, 1984).

I^Iheats with 1BL/I-RS t,ranslocation are reput.ed to have high yield
potential and are adaptable to a wide range of environment.al cond.itions

such as drought (Rajaram et a7-, 1983). vil1areal 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 yield
potential may be cont,roLled by wheat chromosome 18. Substitution of
chrÕmosome 1B in Chinese Spring by the chromosome 18 from Thatcher has

shown the greatest yield improvement (58.6k). The genes controtling yieId.
potential were suggested to be located at the proximal region of t.he short
arm of wheat chromosome 18, where t.hey were tightly linked to the
cerÌtromere and were transfered as a block with the 1RS arm.

Vil-1area1 and co-workers (1990) observed that the 1BL/1RS wheats

were significantly higher in above-ground biomass yield compared to the
control wheats. The 1BL/1RS wheats had shorter spikes and their heading

date were 2.3 days later than the control wheats. No difference in plant
height beLween the two groups was noted.

E. Quality of ]_BL/1RS Translocation Wheats

Most of the previous work has focused on the quality comparisons of
Australian and German hard wheats and t.heir IBL/lRs derivat.ives. The

presence of the IBL/1RS t.ranslocation did not. adversely affect. guality
trait.s 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., 1,986, L9B7; van LiI1 et
âf-, 1990) However, hard wheats with t.he 1BL/lRS 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, L9B7; Van LiIl et a7., 1990). Soft wheats with the
IB|/1RS translocation only had. reduced dough extensibility when compared

t.o the normal cont,rols (Dhaliwal et aJ., tgg6, 1_gB7) -
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The inferior mixing properties of 1BL/1RS doughs have included short
mixograph development time, the thin, descending breakdorcn curve of the

mixogram, low extensigraph resistance and extensibility, smarl

resistograph breaking angle and short un-mixÍng time (Barnes , :-990;

Dhaliwal et a7., L987; Martin et a7., 19g6a, l_986b,. 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. Vi1lareaI et a7. (a982) observed the 1BL/1RS

wheats t.o be denser and plumper, whiLe Dhaliwal et aJ. (]-gg7) reported.

that there were no significant differences in 1,OOO kernel weight and test
weight between contror wheats and 1B],/1RS wheats. pena et al. (1990)

reported an increase in SDS-sedimentation volume for LB.L/IRS wheats, but

Dhaliwal et al. (1989) observed that the SDS-sedimentation volume for
1BL/1RS wheats was reduced. Zeller et aL. (L982) reported that lBL/1RS

wheats vtere not significantly different in the SDS-sedimentation volume

from control wheat.s.

Not all wheats with the lBL/1RS translocation exhibited intense
dough stickiness; a German variety Disponent had a dry surface property
(Ze11er et d7. , 1,982) . The 1BL/I-RS dough stickiness was found to be

independent of growing season , t.rial locat.ion, protein cont.ent, mixing

tolerance (resist.ograph), milling process and ext.raction rate (Martin and.

Stewart, 1990) However, Barnes (1990) and Dhaliwal_ et aJ. (1990) observed

that variation of temperature and moist,ure would affect the wheat protein
content and the ratio of gliadins and glutenins which in turn affected
dough stickiness. A high rat.io of gliadins to glutenins would resuLt in a

weaker dough due to the strong int.er-molecular dísulphide bonds being

diluted by the weak inter-molecular linkages such as hydrogen bonds,

electrostatic and ionic bonds (pomeranz, t9g7) .

Barnes (L990) suggested that the ultimate quality of LBL/1RS wheats

was also dependent on the genetic background; good quality HMW glutenins
might, compensat.e for the negaiive dough properties inherent from the 1RS
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segment. Graybosch et al . (t_990) observed that sister lines carrying the

1BL/1RS translocation varied considerably in t.he mixing time, tolerance

and loaf volume -

F. Measurement of l_BL/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 bow1, hand, rolling pin, teflon or paper tower (Dhal-iwal et a7.,

l-990) Unfortunately, these subjective methods did not provide precíse and

reliable results. Assessment of dough stickiness. was improved with the use

of mechanical measurement,s such as the Digitar Gram Gauge push/put1

tensiometer and the Instron '1026' Universal Testing Machine (À.tkins,

1"989; Dhaliwal et ã7., 1990) These measuring devices are similar in
operation,' a plunger is used to compress an uniform piece of dough to a

fíxed thickness or to a constant compression force before withdrawal of
the plunger. i^Ihen the plunger is withdrawn from the dough, the

adhesiveness of t.he dough to the plunger (tensile stress) determines ¡he

dough stickiness. A marked difference has been shown in the area formed

underneat.h the t.ensile stress curves (peak height x peak width) for t.he

control wheats and their 1BL/1RS derivatives (Dhaliwa1 et aj., 1990). The

area represents the distance travelled by the plunger from the time the

plunger is withdrawrr to the time the d.ough-plunger contact is broken.

Dhaliwal et a7. (1990) showed. that dough strength and elasticíty
aLso influence the measurement of dough stickiness. Nevertheless, using
the Digital Gram Gauge push/pul1 tensiometer, hard wheats and their
LBL/I-RS derivatives growrr on the same site differed significantty in the

tensile stress and areas underneat.h the tensile stress curves. Hard wheats

and their 1BL/1RS derivatives grown at different. sites aLso varied
considerably. No significant difference vras shown between soft wheats and

their 1BL/1RS derivatives for the tensile st,ress and areas underneath the

tensile stress curves (Dha1iwa1 et a7., 1990).

The compression energy obcaineci from t.he Instron '1026, 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 (Àtkins, L989) . Compression energy is the force required
to compress the dough to a fixed thickness. rt is an opposing force
against the resistance of a dough, and the dough resist.ance is d.erived.

from the strength or elasticity of gluten (Atkins, I9B9) . Since sticky
doughs are low in elasticity, they can be compressed easily with less
energ-y.

Measurement of dough stickiness r¡¡as highly inf luenced by the

variation of compression force, compression time, dough water content,
dough mixing time and resting period, and ty¡re of ingred.ients (Atkins,

1'989; DhaLiwal et a7.t 1990). Dough stickiness of the control- wheats and

the l-BL/l-RS 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 leveI. Some rye-
derived lines exhibited high surface stickiness even under t.he optimum

water 1eve1 - 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 powd.er, soya meal,

gluten or fat has no or slight effect. on increasing the dough surface

stickiness.

G. Causes of LBL/1RS Dough Stíckiness

Interchange of fractions between the l-BL/1RS wheats and. their
recurrent parents has shov¡n that components of the gluten and water-

soluble fraction may be involved in causing dough stickiness (Dhalir,¡a1 et
a7. ,1-9 88,. MacRitchie et a7. , 1986) . Ze]Ler et aJ-. (LgB2) suggested that.

dough stickiness may be due t.o the increased water absorption of dough as

^ ..^---f L ^c ---^-^-^^ ^¡ Li 
-!-a result oï presence ot fll-gh amounts of water-sol-uble proceins, pentosans



13

and damaged starch in the 1BL/1RS flours.
Fl-our of tYê, common wheats and their 1BL/l-RS derivatives vrere

examined by sDS-PAGE and GG-pAGE (Dha1iwa1 et ãJ-, 19Bg). The IBL/IRS
translocation wheats had a similar pattern of HMI^I glutenin subunits as

their recurrent parents. However, some 1BL/1Rs derivatives such as M3344,

I^IT¡I345 and Aurora r^rere characterized by the absence of subunit ,g,. Subunit
'8' is a HMi{ glutenin protein coded by a gene on the long arm of wheat
chromosome 1B (Payne et a7., L982, 19g3). The 1BL/1RS wheats with the
absence of subuniL '8' would indicate that a transfer of a small part of
the long arm of wheat. chromosome 1B has taken. place (Dhaliwal et aJ. ,

1988). The HMW subunit 'g' is related to glutenin strength (Law and palme,

1983; Lukow et a7., 1989) and its absence may accent.uate dough stickiness
in some lines -

The water- and alcohol-soluble fract.ions of the l-BL/l-Rs derivatives
were characterized by the presence of two extra cl-usters of bands and the
absence of wheat y- and r,r-gliadin bands on GG-pAGE. These extra band.s were

identifíed by immunoassay using antibody L22/24 (IgG1) and 246/2L (IgM) to
the rye proteins a¡-seca1in. Protein fractions were guantified. and a high
proportion of the proteins was consistently found in the vrater-so1uble
fraction of the 1BL/1-RS wheats unlike their recurrent parents. Chen and

Bushuk (1970) also associated rye with a high content of water-so1uble
proteins. These water-soLuble proteins are believed to be rye r¡-secalin
proteins- The rye c¡-secaLin proteins appeared to be more water-sol-uble
than their wheat. counterparts, and t.heir presence might be a possible
fact.or leading to dough stickiness.

Áccording to Pal¡ne (1987), the 1BT,/1RS translocation has replaced
the wheat polymeric LMI4I glutenins and. monomeric r,¡- and y-gliadins with
the water-soluble monomeric rye r¡-secalin proteins. As a consequence,

Dhaliwal and MacRitchie (t_990) reasoned that t_BL/j_RS dough stickiness r{as

due to the substitution of the strong bond forming glutenins by the weak

bond forming o-secalins. This vras further substantiated from the Size
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Exclusion-High Performance Liguíd Chromatography (SE-HPLC) profiles of the

1BL/1RS wheats where the ratio of polymeric proteins to monomeric proteins
was 1ow and was accompanied by reduced dough strength and increased. dough

stickiness (Dhaliwal and MacRitchie, L99O). According to Bl-ackman and

Payne (L987) , the large aggregating gluLenins impart dough st.rength and

the small non-aggregat.ing gliadins impart dough extensibility; therefore,
these changes in ratios courd result in poor 1BL/1RS dough guality. rn
addition, the subst.ituted rye <¡-secalin proLeins would be e:q)ect.ed to
int.eract with gluten poorly since rye itself does not have good gluten
development properties (Shewry and Miflin, l_995).

The lewe1 of the potassium hydroxide (KOH) solub}e proteins
(glutenin and residue proteins) was correlated positively to the mixing
time, tolerance and loaf volume (Graybosch et a7., 1990) . euality of the
1BL/1RS wheats were e>q)ected. to be poor since the 1BL/1RS wheats had ¿he

reduced level of the KOH soluble protein.
Pentosans and (1->3) (f->+) 0-glucans are polysaccharides \,rith high

water-binding capacity (ltartin and Stewart, 1986a). High amount.s of these
polysaccharides have been found in rye (Henry et a7-,19g5) and were also
believed to be present in the rye-derived wheats (Ze11er et al., 1982).

Henry et a7. (l-989) analyzed the pentosan content of control wheats and

1BL/1RS wheats and showed that neither the whole grain nor the endosperm

of 1BL/1RS wheat.s contained a higher amount of tot.al pentosan than control
wheats. Dhaliwal et al.. (1989) found some 1BL/I-RS flours with a high leve1

of total pentosan but could not relate their pentosan content to high
dough stickiness. More recerlly, Biliaderis et aj, . (tgg2) found that the
total water-insoluble and r{ater-solub1e pentosans }rere present. in similar
amounts in flours of 35 1B/1R Eranslocation lines as compared to 36 normal

v¡heat l-ines. Tao and pomeranz (I967 ) and Zell-er et aJ. (1_gg2) related high
pentosan content to high \^rater absorption and to short dough development

time and stability. However, no sig,nificant correLation between pentosan
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content and these dough parameters of the IBL/IRS wheats has been found..

Henry et a7. (1989) observed that the p-glucan content in the whole
grain of lBr,/l-Rs r,¡heats was similar to that of control wheats, but the
endosperm of 1BL/1RS wheats appeared to contain a higher content of p-

glucan than the endosperm of control wheats. Calcofluor staining for B-
glucan on sectioned grains varied in intensity on the endosperm ce1l wa11

of different varieties of 1BL/1RS grains. The flour of these 1BL/1RS

wheats did not cont,ain a high 1eve1 of B-glucan and a relationship betv¡een
p-glucan content and 1BL/rRS d.ough stickiness was not found.

The action of roll-er miI1s wou1d lead to the damage of flour starch
granules. Damaged starch is more susceptible to o-amylase as compared. to
intact st.arch granules (Evers and Stevens , tg} ) . During the long
fermentation process of bakÍng, c-amylase degrades the damaged starch and

releases water_ According t,o Zeller (]'gg2), this free wat.er could result
in dough stickiness. High amounts of damaged starch is suspected to be

present in 1BL/1RS f10urs, but this has not been confirmed.
From their work on reconstitution of flours, MacRitchie et aL.

(l-986) suggested that the IBL/1RS dough stickiness might be due r.o the
presence of a hÍgh quantity of proteolytic enzl¡mes in flours. This
hypothesis remains to be confirmed.

rn sLmmary, the 1BL/1RS dough stickiness v¡as caused by the presence
of the water-so1ub1e rye o-secalin proteins, and the reduction in amour¡t

of the strong dough forming glutenins. The cause of dough stickiness was

also related to the absence of the HI{I{ glutenin subunit ,g, in some of the
1BL/1RS wheats. High Ievels of damaged starch and proteolytic enzl¡mes were

thought to be possibly associated with the excessive dough stickiness of
IBL/IRS wheats- High 1evels of pentsosans and p-glucans were no¡ rel-ated. to
Ehe !BL/1RS dough stickiness.
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III. MÀTERI.AI,S .âND METHODS

.4,. Materials
1. Wheat Samples

Fourteen spring wheat, curcivars, 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 cult.ivar, KavKaz, and a Mexican cultivar, Alondra Sib,
were used as sources of the I-BL/1RS translocation. All cultivars were

grown at two locations (Glen1ea and Swift Current) over two years (l_989,

1-990) 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 Àgriculture canada.

B. Milling
Ì'Iheats v¡ere tempered overnight to l-6.5? moisture at room temperature

and mi11ed into straight-grade flour on the BuhLer Pneumatic Laboratory

mi1l - The break and reduction flours r¡rere 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 mil1ed.

fractions.

C. Electrophoresis

1-" sodir:m Dodecyl sulfate PoÌyacrylamide ce1 Electrophoresis (sDS-pÀGE)

Tot.al protein was ext.racted separately from seg'ments of six kernels
of each cultivar and fractionated by SDS-PAGE using 10? acryIamide gels
(Lukow et a7., !989). SDS-PAGE using 5? gels was performed to identify HMW

glutenin subunit 2* from cultivars containing subunits 2 + L2 (pa1me et
a7., 1'9BB). This study followed the numbering system of Palme and Lawrence

(1983) for HMIrI glutenin subunits.
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TABLE l. Pedigrees of the llheat Cultivars

Wheat Group/
Cultivar

Pedigreeb

IBL/IRS Wheat Group

BR 23 Correcaminos/Alondra Slb"/3/Ias L6/5/Norin L0/
Brevor L7//Yaquí 53lYaqui 5O/4/Yakxana 54 B-20/
Veranópolisx2/EçWc Na 1-01l/Ias 20/Nd 8L

8416-Q064 Tobari 66/Fromany//Píxíc 62/Gaínes/5/
Fr ont ana/ 3 /McMur achy/ Ex ch an ge / / 2*Re ðman / 4 /
Thatche r* 6 /Reny a F armer / 6 /Kavkaz^ /T i 7 L / /T ito
" s" /7 /Kenya Farmer*2/Kenya 321. BT. 1. B. 1.

nnrrrr (as above)

[[[il

ililnIt

rÍilil

ntlnrt

8417 -AVo6D

CEP 14

Neepar,ra

Oslo

Genes is
Biggar

8416 -Q06E

84L6-BZLOA

84L6-BZLÙC

8417 -BJ03A

8417 -BJ03D

Control l{heat Group

8417-AJ05C Tobari 66/Romany//Pi-xic 62/Gai-nes/5/Eronxana/3/
McMurachy/Exchange / / 2*F.edman/ t+ /Thatcher*6/Kenya
Farmer /6 /Kavkaz" /Tí 17/ /TíXo' s' /7 /Kenya Farmer*2/
Kenya 321.8T.1.8.1

T as I 6 / 3 fYaktana s" +", 7" Jt w ot in LO / Br ev o r ZL - rc* 2 / T okai
66/Arxhur 7L

Thatcher*7 /Frontana/ /Tlnagdner*6 /Kenya Farmer /3 /
Thatcher* 2 / / F r ont ana/Thatche r
S ono ra 6 4 ft aquí 5 0E / cuaj oLoxe / 3 / Iní a / 4 / Cr ano / /
EganrlSonota 64

Tobari 66/Ronany / /PixÍ.e 62/Gaines

Tobari 6G/Rornany
'Sources of the IBL/IRS translocation.
bCttlÈivars 8416 and' 8¿+L7 share a close genetic background. Two of Ëhe
three parents were identical, and Èhe third parents were sÍsters from
the s,âme cross.
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2. Polyacrylamide GeI Electrophoresis (A-p.A,cE)

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. j- (Lukow et aJ-, t_990) .

D- Enzyme I¡inked fanrunosorbent Ässay (ELIS.A)

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 test.ed.

volumes of the 50? (v/v) agueous propan-2-ol and. the 70? (v/v) ethanol for
protein extraction and for protein binding to the ELISA plate were

modífied to 160 ¡tr and BO p!, respectively. clone p24B MAb was diluted
1:200 in this study.

E. -ånalytical Tests

1. Test Weight

Test weíght 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 tesr weight in kilograms/hecr.olitre.

2.1,000 Kernel Weight

Kernel weight. was determined by count.ing 10 g of clean kernels on an

electronic seed counter (Audiotronics Model A3310, Ottawa, Canada) and was

e>çressed as the weight (S) of a thousand kernels.

3. Kernel Hardness

Kernel hardness was determined according to the method of Kosmolak

(1-978) ; B I of wheat were ground. on a Brabender SM1 grind.er at a clearance
setting of L7.6. Grinding time was defined. as the t.ime required to obtain
5 g of ground mea1.

^ Protein and Moisture Content of Flour

The proLein and moj-sture contents of fl-our were determined accord.ing

AACC approved method (1991) 39-11, using the Dickey-,Iohn near infrared.to
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analyzer (Dickey-,lohn Corp, Auburn, IL). The inst.rument was calibrated for
prot.ein content obtained from the Kjeldahl method (AACC approved method

46-L2, L99L) and for moisture content obtained. from the oven-dried. method.

(ÄACC approwed method 44-tSA, 1991).

5. Ash Content

J\sh content was determined according Lo the AACC approved method

(1991) o8-01.

6. Falling Number Value

Falling Number vaLue was determined according to ¿he AACC approved

method (1991) 56-818, using the FN Model 1400 apparatus (Fa1ling Number

Ä8, Sweden).

7 . SDS-Sedi¡nentation Volume

The SDS-sedimentat.ion test v¡as conducted according to the AACC

approved method (1991) 56-7O.

8. Zeleny-Sedimentation Voh.r¡re

Zeleny sedimentat.ion was performed according to the ÄJ\CC approved

method (L99L) 56-614.

9. Farinograph Test

Micro-farinograms (1Og) were produced on a constant sample weight
basis according to the AACC approved. method (199j_) 54-2L. Correction
factors of 2-64 and 3.56 were subtracted from the absorption and mixing
tolerance index walues, respectively, to convert results into va1ues

e>q)ected on the 509 farinograph.

1-0. Mixograph Test

Mixograms !¡ere produced

(Voisey et a7. , L966) using a

analyzed on the IBM-PC system

on a l-0 g electronic recording mixograph

constant absorption of 60?. The data were

with software ASYST (pon et a].., 19gB).

11 lavl-anoi dr.ñh rT|ôo+-
y 
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Extensigrarns were obtained according to the AÄcc method (1991) 54-10

in which the dough water was 6? less than tlre micro-farinograph absorption
and the dough v¡as prepared in a GRL mixer at. a pin speed of 130 rpm for 3

min.

12. Ðough Stíckiness Measurement

The dough stickiness r¡ras 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 ws, very very sticky. Non-st.icky doughs had no

tendency to stick on the mixing bowl and hands. Slightly sticky doughs

showed a slight tendency to stick on the mixing bowl and. hands, bu¡ it
could be pulIed out cleanly from the mixing bowl and fingers. Sticky dough

could not be pu11ed 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 courd not be rounded.

L3. Remíx Bake Loaf Voh¡¡re

Baking quality was eval-uated by the Grain Research Laboratory remix

bake test (Irvine and McMul1an, L960; Kilborn and Tipples, 1981), with
baking absorption equal to 6? less than micro-farinograph absorpt.ion- A

rape seed replacement volumeter was used for loaf volume measurement.

F. Statistical -Ànaj_ysis

Data were analyzed using the Statistical Analysis System (SAS

Institute Ïnc., Caty, NC). Bartlet,ts test was conducted to determine the
feasibility of pooling data obtained 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 envirorunent, group,

group by envíronment and error were calculated accord.ing to Comstock and

Mol1 (1963). The relationship of quality para¡neters and dough stickiness
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was studied using the pairwise T-t.est and ra¡rk correlation.



TV. RESUIJTS .AND ÐTSCUSSION

A. Electrophoretic Evaluation
L- Classífication of Cultivars by À-P-A,GE and EI,ISÀ with Clone p24B tfÀb

-411 the cultivars in t.his 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 t.he rye lRS chromosome arm and that t.he

1-BL/1RS translocation was absent in all of the cont.rol cultíwars. The A-

PAGE electrophoregrams for the 1BL/lRS and control wheats are shown in
Figure 1. All of Lhe seven 1BL/1RS cuLtivars and one of the control-
cultivars (8417-A,J05c) contained. two bands (shown by arrows) that. were

absent in the other six control cultivars- According to Dhaliwal et al.
(1988) , these Lv¡o bands represent the rye a¡-secalins. previous work
(Lar,rrence and shepherd, 1981,- shewry et dJ. , 19g6) found that these
specific rye o-secaLins were encoded at ttre Sec-l-locus on the short arm

of chromosome lR. The A-PÀGE results indicated that only one cultivar,
8417-A'J05c, 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 ar. (1989), the 1BL/1RS

translocation wheats are deficient in y-gliadin 45 and give an absorbance

value less than 0.1-2 relative to Neepawa. In contrast, the control wheats

have the y-gliadin 45 and give a walue ranging from 0.4 to 1.6 relative to
Neepawa- The overalL absorbance values of all the cult.ivars feI1 inÈo t.he

expected ranges (Tab1e 2). However, a control cultivar, g417-A,JOSC, had at
least 2 of 5 kernels from each replication and environment \^rith the
1BL/1RS translocation. A further twenty kernels of the control cultivar,
8417-AJ05C were tested and results showed. that more than 5O? of t.he

kernels at each replication and environment contained. the 1BL/1RS

transl-ocation. As a result, aii the wheaÈ samples of cultivar B4L7-A,J05C



Figure 1 Polyacrylamide Gel _(6?) Electrophoresis of the Seven 1BL/1RSCuLtivars (left) and the Seven Cõntrol Cultivars (right) . i-rr.
1-1la 9, Marquis {electrophoret.ic standard.) ; 2, BR 23; 3, g4.1,6-

999ar ¿, 8416-Q06E; 5, 841_6-BZ1OA; 6, B4t6-Bz'1,0C; 7 t g41,7_
B.I03A; 8, 8417 -B'J03D; 10, 841_7 -A,JO5C; LI , g417 -AVO6D; !2 , CEpt4 ;_ .1-3, Neepawa ; !4, Oslo; 15, Genesis ; i6 , Biggar. Arrowsindicate the rye o¡-secaLin protein ¡anás. --JJ
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TABLE 2. The Ovêrall
from Clone
cultivars

Binding of Monoclonal Antibodles
P24B MAb to 1-Gliadin 45 of the 14

croup/Cultivar ELISA Absorbance at 405 nm

lBLll-Rs WheaËs

BR 23

8416 -Q06A

8416 -Q068

8416 - BZ10A

84L6 -BZLSC

8417-BJ03A

841 7 - BJ03D

Control Lrheats

8417 -AJ05C

8417-AVo6D

CEP 14

Neepawa

0s lo
Cenes is
Biggar

0.107 + 0.019"

0. 122 + 0.038

0.11_7 + 0.034

0. 113 + 0.024

0.lls t 0.026

0.118 t 0.025

0 .LL4 + 0 .022

0. 528 + 0.187

0. 883 I 0.167

0. 818 + 0. 303

l. 033 + 0.147

0. 886 + 0. 217

0. 882 + 0. 148

0.907 + 0 .L82

'SÈandard deviation
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lrere eliminated from all furLher analvsiê_

2. SDS-PÀcE Ele c trophoregrams (H¡fw clutenin SubuniEs)

Barnes (1990) and craybosch (1990) have suggested that the overall-
quality of 1BL/1RS wheats is dependent on their genetic background. I,¡heats

v¡ith high guatity HMw glutenin Eubunits might compensate for the inferior
properties contributed through Ehe rye 1Rs chromosome arm. The Hlvlr,¡

gluLenin subuniLs of each cultivar were arralyzed by SDS_PAGE usíng L0?

acrylanide gels and the ele ctrÕphoregrams are showrr in Figure 2. The

cornposition of the HMi,¡ glutenin Eubunits of the cultivars, the Glu_1

scores¡ and the rye-adjusted Glu-1 scores (palme et a1.., 19g?) are
presenLed in Table 3. The 1Bt/1RS group was generally lower in both c1u_1

scores (un-adjusted and rye-adjusted) compared to that of Ehe controf
r,¡heats. Low Glu-1 scores have been associated wíth poor breadmaking

potenEial (Payne et aJ,, !98'tl -

Frequencies of the Ht4Ic glutenin subunits in the 1BL/lRS group were

compared Lo that of the control group (Table 4). The null. allele and

subunÍÈ 1 \,¡ere the most coÍunon in the LBL/1RS and conCrol wheats,

respectively. The most frequent subunits of chromosome 28 of both the
1BL/1RS and the control wheat.s were those associated !¡ith good breadmaking

guality, that is, subunit ? + 9 and Z + g. The t!¡o wheat. groups were

símilar in the distribution of subunits encoded by chromosome lD; subunits
2 + J"2 (pooî guality) and 5 + 10 (good guality) !¡ere found in almost equal
frequency. The conLrol wheats would be expected to have greater
breadmaking potenÈial than the r"BL/r-RS groups rargely on the basis of the
Glu-A1 alIeIes (pal¡ne et a-2., 1987) .

B, Cultivar Cornparisons a! Each Er¡vj-ronsent

The physical, chemical, rheological and baking properties of aII the
culLivars were determined at the individual environments (sAs statements
and an output example are given in Appendix I and II, repectively) . The

culcivar means, least significanÈ differences (LSD) , ranges and



Figure 2. Sodium Dodecyl Sulfate polyacrylanide cel (10t) Electrophoresis
of the Seven lBL/1RS Cultivars and the Seven Control Cultivars,
Irane 1 and 16, Chinese Spring (e lectrophoreti c standard); 2, BR23¡ 3, 84t6-Q064; 4, 8416-Q06E; 5, 8416-B2LOA¡ 6, B4L6-PZTOC ¡?. 8417-B,fo3A; 8, 8417-B,fo3D; 9, 9417-À.t05C (rhis line hadpreviously been eli.minated); 10, 8412-AVo6D; t_1, CEp :'4i !2,
Neepawa; 13, Oslo; 14, Genesis; 15, Biggar.
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TA¡LE 3. The HMW Glutenin Subunit conpositíon for the IBL/IRS
and the Control l,Iheats

HMII glutenin subunlts

Cultiwar
Rye - adj usted

cLU-l Glu- 1 quality
score s coreå1A

Chromosome

1B 1D

1BL/1RS wheats

BR 23

8416 -Q06A

84r6-Q06E

8416-BZTOA

84L6 -BZLOC

8417 - BJ03A

8417 - BJ0 3D

Null 17 + 18

Null 7+ 9

2' l+ 9

NuIl 7+ 9

Null 7+ 9

2. 7+ g

2* 7+ g

2+L2
2+t2
5+10
2+L2
2+L2
5+10
5+10

6

5

9

5

5

9

9

4

3

6

3

3

6

6

Control wheats

8417-AV06D 2' 7+ 9 5+10 9

CEP 14

Neepawa

Oslo

Genes fs

Bíggar
aRye-adjusted Glu-1 quality score was obtained by subtracting 3,
2 and 1 fron the GIu-l score of between 8-L0, 5-7, 3-4,
respectlveLy (Payne et al ,, T981).

I 13 + l-6 5+10 L0

2* 7+ 9 5+10 9

| 7 + I 2+I2 I
L 7 + I 2+72 8

1 7 + I 2+L2 8
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TABLE 4. FrequencLes of HMI,I Glutenin Subunits in the \BL/1RS and the
Control of l,Iheats

Chromosorne 1A Chrornosone l"B Chromosonê lD

Subunit No. of
culLivars

Subunit No. of
culEivars

Subunit No. of
cultivars

LBL/1RS wheaÈs

l0
2.3

NULL 4

Conlrol \,¡heats

L4
2'2

NULL O

7+ 9

7+ 8

17+18
l-3 + 16

7+ 9

7+ 8

17 + 18

13 + 16

6

0

1

0

2

3

0

1

5+10
2+12

5+10
2+L2
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coefficients of variation (CV) are presented in Tables 5a-h. There !¡ere

vide ranges in most qualíty characÈeristics and significant differences
a$ong cultivars in all envixonmer¡ts with except.ion oe Sv¡itt Current 1990

(Tab1e 5c-d). Results from the latter environment indicat.ed relatively
high LsD values, small ranges and high coefficients of variation compared

Co the other environments, Only Swift Current 3.990 showed non-significant
dj-fferences between cultivars for mixograph energ-y 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 analyeis \,¡as performed to determine the feasíbility of pooling
data obtained from Swift Current l_990 \,¡ith that of the other environments.

Bartl-ett.s teEt was performed to examine Lhe homogêneity of variance of the

four environments and of the three environmentE (Swift Current L989,

Gfenlea 1989 and clenlea 1990) , Variances of the four environments did not

conform to each other in 9 out of 37 parameters but homogeneity !,ras shown

j-n the variances of the Èhree environments (data not shown) . .Ihís

confirmed thaÈ cultivars from Swift Current 1990 !¡ere statiEtically
different and shoul-d not be pooled and analyzed with the other
environments. wheat safiples nay have been mislabelled prior t.o analysis.
Because of this discrepancy, cult.ivars from S\,¡ift Current L990 were

eliminaLed from all further analyses.

C. Cultivar Comparisons Over EnvLronments

The cultivar means over. environments for the quality characteristics
are presented in Tables 6a-b (S.AS statements and an output. example are

given in Appendix III and IV, respectively). 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 \,¡ere 6ignifj.cant differences afiong cultivars for 1,000

kernel weighc, grinding time, flour yj-eLd, SDS- and Ze l eny - sediment.ac ion
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volume, farinograph dough development time, departure time, time to
breakdo!¡n, band width at. 5 min after peak, mixograph development Eime,

energy to peak and after peak, band width energ-y, extensigraph resistance,
extensibility and ratio of resist.ance bo extension at 45 min and 135 rnin,

dough stickiness at the remix stage of Ehe remix bake, and remix loaf
volume. Narrov¡ ranges !¡ere noted for flour protein contènt, flour ash

content, farinograph absorption, farinograph mixing tolerance index, and

the ratio of resistance co exbension,

The cultivar, Neepawa, was selected as typical of Lhe Canada l,¿estern

Red Spring !¡heat class and was used in Ehis study as the standard for
mi11íng and breadmaking quality. Neepawa was characterized by high test
weight, moderate 1,000 kernel weight and hard kernels which produce high
flour yiêld. The high flour protein content and water absorption and good

quality HMVI glutenin subuniLs conhributed to its strong rheotogj.cal
properties¡ good bread crunb cexture and high bread loaf volune. Of the
control wheabs, 8417-AV06D was most similar in qual-ity to Neepawa. For
test wej-ght., l-,000 kernel weight, kernel hardness and flour yield, g417_

ÀV06D was considerably better than Neepawa. Cultivar g417_AVO5D was

stronger than Neepawa for some rheorogicat properties such as farinograph
dough development time, arrivaL time, stability, deparcure tíme, band

width at 5 min after peak, mixograph development time, energy Eo peak,

band \,ridth energy, ext.ensigraph resistar¡ce, extensibilíty and the rat.io of
resistance to extension at 45 and r.35 min. cultivar 8417-ÃVO6D also haE

less dough stickiness Èhan Neepawa. Cultivar CEp L4 ranked poorest. in
quality of the control wheats, prirnarily due to its soft kernels, weak

rheological properties, high stickiness values and 1ow 1oaf vol.'ne. Of Ehe

|BIJ/IRS translocation wheaLs, 9417-BLTO3A and g41?-B,l03D were the besE in
terms of gualiLy buÈ significantly poorer than Neêpawa, particularly in
loaf voh.me. BR 23 had the poorest. overall guaticy of atl the wheats. fts
soft kernels produced the towest flour yie1d. The low flour protein
content, poor H¡41¡ gluEenin subuniE composition, low water absorption, weak
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rheological propert.ies (farinograph, mixograph, extensigraph) and sticky
dough propertiee cornbined to produce a 10!¡ 1oaf volume.

The cont.rol- wheaLs Oslo, cenesis and Biggar have been classified
into the Canada prairie Spring wheat claEs and are char.acterízed by medium

protein content, grain hardness and dough strength. Of these wheaLs, Oslo
ranked Ehe best. and cenesis vas the poorest in overall breadmakì.ng

guality. The 1Br,/1RS cuÌlivars 8416-e06E, 9417-8,103.A. and g417-B,.fo3D were

very similar to Biggar, particularly in terms of f10ur protein content and

loaf voLune.

Most of the 1BI/1RS wheats and the control !¡heats were very sticky
and slightly sticky at their remix stage of the remix bake, respect.ivety.
This result agreed with other studies in that the greater stickiness
characteristic was generalty associaled !¡íth the 1BI/I-RS doughs compared

to control wheat doughs (Barnes, 1990; Dhali!¡a1 et a-2., !9a7; Mârtin and

Stewart, 1985a, 1986b and 1990; Zeller et ai., Lg82). Ho\,¡ever, there \,¡ere

specific cultivars in the two wheat groups that did not follow these
stickiness trends. The 1Br,/1Rs translocated wheats g416-eo6E, 9417-Btto3A

and 8417-B,f03D \,¡ere nôn-sticky at the firEt. mix and slightly sticky at the
remix stage, The high quality HMt¡ glutenin subunits may have controlled
the deleterious effects of the rye translocation. On the ot.her hand, the
control wheats CEP l-4 and cenesis also contained good quality HMÍ,I glutenin
subunits buL they were slightty stÍcky at the first. mix and very st.icky at
the remix stage. The Falling Number values of arl bhe curt.ivars in this
study were above 300, indicating that a hj.gh level of a_amylase probably
was not the cause of dough stickiness.

D. EnvLronmer¡t. Conparisons

Enviror¡rnent means, the least significant differences and ranges for
tshe guality characteristics are presented in Table ?a-b (sAs statements
and an output example are given in Appendix V and VI, respect.ively) .

Variation due to envirorunent was significant for al1 quatity pararneters
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except grinding time, mixograph energy after peak/ mixograph slope to peak

and remix dough stickiness. Kernela were generaLly smaller, Iess dense,

sofEer in texture and rower in flour yíeId in swifÈ current 19g9 than in
the other t!¡o environments. These curtivars had higher flour protein
contenL, better gluten qualiLy (SDS- and Zeleny - sedimentat.ion votume) ,

greater dough-mixing strength {mixograph, farinograph) , water absorption,
loaf voJ-ume and lower ash content and dough stickiness than curtivars
gro!¡n at Glenlea in 1989 and r.ggo, cultivars grown in Glenlea 1990 had

larger, denser kernels with the 1o\,¡est protein content., water absorption
and dough strength, higher extensigraph resisLance and extensibility than

the other envirorunents. cultivars grown in clenlea 19g9 were characterized
by hard kernel- bexture, high ash content, low gluten quality, Iow

resistance, 1ow extensibility, 1ow ratÍo of resistance to extension, high
dough stickiness and 1ow loaf volume.

E. Effect of Cultivar, Envfronment and their Interaction
on QuaLiÈy parameÈers

Analysis of variance was performed to examine the effects of
culÈÍvar, environment. and their interaction on the quality parameters

(Tab1e 8a-d) (SAS statement.s and an ouEput. exajnple are given in Appendix

Vff and VIII¡ reEpectively) . Cultivar effects were very highly slgnifícant
(P = 0.001-) for all the guality parameters in agreement with the studies
of BaEsett et al (1989) and Lukow and Mcvelty (1991). Environments effects
were non-significanc for grinding ti.me, mixograph energ-y after peak,

mixograph slope to peak, mixograph peak band width, mixograph band width
at 2 min after peak and the remix dough stickíness. All other guality
parameÈers were highly significant (p = O.01) or very highly sígnificant
(P = 0,001) for environmen!. TheÉe results were in contrast to the
significant environmental influence for grinding time noted by others
(Baker and Kosmo1ak, L9Z?; BaÉsett et al, 19g9; Hong et a1.., 19g9; Luko\,¡

and Mcvetty, 1991) . Similar result.s v¡ere obtained by Fowler and de 1a

Roche (1975a and 1975b) , in which the flour yield, prorein content and
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50

mixograph peak height \,¡ere largely influenced by environment. The cultivar
by environment. interactions were very highly significant (p = 0,00L) for
the majority of the guality pararneters, Onty the cultivar by environment
ínteraction for grinding t.ime \ras non-signifÍcant, in contrast to the
resultE of l,ukow and Mcvetty (1991-) . Although the cult.ivar by environnent.
interactions were sÍgnificanr, the varíance conponent for curtivars
accounted for most of the variation and the Ínteractions were small- in
magnitude for most of the guality characÈeristics. Relatively large
cultivar by environmenÈ interactÍons (>30? of culÈívar variance) indicated
that cultivar differences could not be st.atisticarry compared in Table 6

for the following characteristics: test weight, flour protein cor¡tent, ash

content, Falling Number va1ue, farinograph absorption, mixing colerance
index, arrivat time, stability, mixograph peak height, slope to peak, peak

band !¡idth, Elope after peak, t.otal energy, band width at 2 min after peak

and first mix stickiness.

F. Conparison of Èhe Quall-ty of Èhe lBL/lRS croup to the ControL croup
The guality characteristics of the wheat group conbaining the

1B],/1RS translocat.ion were compared to those of the control group in each

enviror¡ment by analysis of variance (Table 9a-b) (sAS staÈements and an

ouLput example are given in Äppendix IX and X, respectively) There were

significant differences bet¡,¡een the two groups for the maj orj-ty of quality
characteristics. The 1,000 kernel weight, flour yield cont.ent, SÐS_ and

Ze l eny - sedimentat ion volume, farinograph band width at 5 min after peak,

mixograph band \,¡idth at 2 min after peak, extensigraph extensibility at 45

min and 135 min and resistance at r-35 min, dough etickiness at the remix
Etage of the remix bake and remix loaf vollune shoqed very highty
signíficant (P = 0.001) differences between groups in all environments.
There r,¡ere significant differences (from p = O.05 Eo p = O.OO1) bet\,¡een

groups in all environments for test weighE, grinding time, mixograph total
energ-y, extensigraph resist.ance aÈ 45 min and the ratio of resistance !o
extension at 45 and 135 min. The groups were significantLy different in
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i3

two of three environments for ffour protein content, flour ash content,
farinograph properties (water absorption, development time, mixing
tolerance index, arríva1 time, sLabilj-ty, departure time) , mixeg¡¿p¡
development time, mixograph peak height, and dough stickiness at the first
mix of the remix bake. OnIy one environment. sho!¡ed a significant
dífference between groups for Falling Nurìber, farínograph time to
breakdo\,m, mixograph energy t.o peak and after peak, slope to peak and
slope after peak, peak band width and lland lridth energ,y.

There vere a great.er nurnber of guality characteristics with
significant differênces between the 1BL/lRS group and Lhe control group at
Glenlea 1989 than at the other two environments. In most environrnents, the
1BI/LRS group generally had larger, denser and harder kernels and poorer
milling performance aE determined by their lower fl_our yield and higher
flour ash as compared to the control group. Flour protein content and
gluten st.rength (SDS- and ze leny- sedimentat ion volume) !¡ere Iower ar¡d

rheological properties were weaker a6 determined by the farinograph
(development time, mixing Eolerance index, arrival t.ime, stability,
departure time, time t.o breakdot¡n, band !¡idth at 5 min after peak) and by
the mixograph (peak height, tot.al_ energy, band width at 2 min after peak) .

The extensigraph resiEtance and exLensjbitity were lower at both 45 and

135 min in the 1BI,/1RS group than in the control group. The ratio of
êxtensigraph resistance to extensibiÌity was higher resurting from a lower
proporLion of extensibility. ror both dough sEickiness deEerminations
(dough sEickiness 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

gualiÈy, as determined. by the remix loaf vol.,¡me, was poorer for the
1BL/lRS wheats than the control wheats.

There were no significant differences between the tI,¡o groups for
crust color and cru.rnb texture (Fígure 3a and 3b, respectively). Most of
the wheats had appeating bror,¿n crust color and good cr,unb texture with
uniform and fine grain distributed throughout the loaves, The two poorest



Figure 3a. External CharacteristÍcs of the Remix loaves of the Seven
IB],/1RS Cultivars (fírst row) and the Six Control Cultivars(second row) cro!Ìn at clenlea in 1990. Hy 355 (cenesis); Hy ¡6g(Biqsar).





Figure 3b. Internal Characteristícs of the Remix Loaves of the Seven
1Bt/1Rs cultivars (first row) and the six Control Cultivars(second row) crown at ctenlea in l_990. Hy 355 (cenesis); Hy 358(Biggar).
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5B

guality cultivars, BR 23 and CEP 14, had very light brovn crust color.
Cul.Lj-vars, 8416-Q06.A' and 84L6-BZLoÀ,, had coarEe grain Lexture.

fnconsístent results were obtained for the farinograph absorpt.ion

and Che mixograph development time. The t\,¡o environments with sígnificant
differences between groups for both quality characteristics gave díffering
results. There appears to be a high degree of variabilj-ty that is
environment dependenC for these Èwo quality characte ri sei cs . In addition,
many of the mixograph parameters were not useful in identifying
significant dífferenceÉ betrveen the groups in the three environments.

G. Ef,feeg of, Group (1BL/lRS and Conhrol). Environmenb and lheir
InÈeractLon on Quality CharacEeristics

The effect of group (IBL/IRS and control), environment and t.heir

interaction on qualiÈy parameters were examined by analysis of variance

(Tab1e Loa-d) (SAS statements and an example output are given in Àppendix

XI and XII, respectíve1y) Environment effects were very highly
significant (P=0.001) for the majority of gualiby parameters. Only the

grinding time, energy after peak and the remix dough stickíness were

unaffecCed by environmental conditions. This latter result was in contrast

to that reported by ShelEon ex a7. (L990, unpublíshed data) , j-n !¡hich

envirorunent was observed t.o have a high effect on dough st.ickiness.

Variation in the ffour yieId, farinograph absorption, farinograph

development time, mixograph development time, energy Co peak, slope after
peak and band width energy was caused largely by the environment rather
than by the group differences. The group by environment. int.eractions were

non-significant for 28 of 3S.measured guality characteriEtj.cs. For those

guality characteristics with significant group by envirorunent

interacÈions, the magnitudes of the variances were relaCively smal}, Only

Falling Nufi.ber va1ue, farinograph absorption and míxograph peak band width

had targe variances (> 30år of the group variance) . For these three quaLity

charactêri st i cs, environments !¡ere Created individually.
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1. Conparison of the 1BillR Group and the Control croup for physicat and
Chenical Propê¡Èies

The 1B],/1RS group was charact.erized by significantly (p=O.OO1)

denser and larger kernel-s and their flours had significantLy lower protein
content (P=0.05), higher ash content (p=0.01) and r,¡eaker gtuLen as

evaluated by SDS- and Ze l eny - sedimentat ion volume (p=0.001_) Chan the

cor¡trol group (Table 11a) . No significant difference was observed bet\,¡een

the LBL/LRS wheats and bhe control wheats in grinding time and flour
yield. Vil1areal et al. (1990) also showed that ten LBL/1RS wheat samples

derived from che CIMMYT !¡heat program had denser and ptumper kernets than

the control !¡heats. DhaLilral eÈ al . (1987) observed that only the 1BL/1RS

derivatives of bhe StN 89 family \r'ere p1l¡mper in kernel si_ze. There was no

significant difference in Lhe teEl weight between the cor¡trol wheats

(Oxley, Timgalen, Kite) and rhe lBL/l-RS wheat (eT2g70) in Ehe sLudy of
Martin and Stewart (1986) . This study was in cont.rast to the non-

significant difference observed for SDS - sedimentation vol\¡me by oÈhers

(Martin arrd Stewart, 1986i Zeller et a7,, 1990). van ],ilt et a-2. (1990)

found the flour ash cor¡tent of their LBL/1RS nheats (camtoos, w3B/10) to
be non-significantly different. from the cor¡trol wheats (a corunercial flour
mixture of 5ST66 and Palmiet) . No differêncê in flour prot.ein concent

bet!¡een the t!¡o wheat groups was reported in other studies (Dhaliwa1 et
a7.t a987 ì Martin and Stewart, 1986 and 1990) . For the grinding time and

flour yield, no significant difference was also observed by Dhaliwal ec

aL. (1,987). Martin and SÈewarÈ (1995) report.ed that the flour yield of
their 1BT./1RS wheats were simílar to that of the cont.rol !¡heats.

2. Comparison of the LBt/LRS croup and the Control croup fo¡ Farínograph
Properties

In earlier studies, Èhe dough developrnent time was the only
farlnograph parameter that was sho!¡rr bo be significant.Iy different betwèen

LBL/1RS wheats and control wheats (Martin and Ste!¡art , I9g7 ¡ Van Lill et
al ,/ 1990) However¡ this study showed Chat the 1BL/1RS !¡heats were

dístinctly different. from Èhe control- wheats ín most of the farínograph
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paranebers (Table 11a) . Farinograms of the seven 1BL/1RS cultivars and Ehe

normal cultivars gro\rn at Glenlea in 19g9 are illustraled in Figure 4a and
4b, respectively, The LBL/1RS !¡heats were characterized by weaker dough
mixing properties as shown by significantry great.er mixing tolerance index
(P=0.01) , less stabilíty (p=0. 05) , shorter time to breakdown (p=0.01) , and
less band width at 5 rnin after the peak (p=0.001) than the controt whears.
The results of this study were in contrast to others for the mixing
tolerance index and stability (Martin and Stewart, 1985 and 1990; pena er
a)-- ' J'990; van r,ill et a7., L99o). The results of this study were similar
to those of DhaIiwal et a-2. (1987) and MarLin and Stewart (19g5) by
showing no significant difference between the two wheat groups for the
farj.nograph absorption. Ho!¡ever, Van !ifl et a-¿. (1990) assocÍated the
1BL/lRS wheabs with increased farinograph absorptíon. Dhaliwal et a-l .

(1987) and Van Lill er a]. (1990) showed significant differences ín the
dough development time between the lBL,/1RS wheats and contro] wheats. This
study and that of Martin and Ste!¡art (19g6) sho\,¡ed insignificant
difference for the dough development time. Variations of the farinograph
absorption and dough development time in some of the earl_ier studies may

have been related bo the protein conLent insbead of bhe presence of the
LBL/1RS translocatÍon (Dhaliv¡al eX al ., 19g?; Van Lil1 et a_t., 1990) .

3. Conparison of the IBIJi/1RS croup and the ConÈroL croup for MixogÌaphPropertiea

Earl_íer studies showed Lhat the LBL/IRS wheats were lower in
mixograph peak height, band trace and developrnent time compared to t.he

control wheats (Dhaliwal et a7., !98'7ì Dhariwal and MacRitchie, rggoì
Martin and sLe!¡art, 1996; van Lirl et a7., Lg9ot. Simirar resurts !¡ere
obtained from this study except fox the mixograph development time; the
1Br/1Rs group and the control group !¡ere non-signíficantly different in
agreement with pena et a_l . (1990) . The greatest significant differences
(P=0.001) betl.¡een groups were noted for mixograph peak heighL, peak band
width, toÈal energy and band !¡idth at 2 min after the peak; the 1BL,/1RS
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Figure 4a' Farinograms of the seven 1Br/1Rs cuttívars Grorrn at GLenlea ín1989. 1, BR 23; 2, 84r6-e06.A; 3, 8416-e06E; 4, 84L6_Bz1,0A; S,84L6-BZLOC; 6, 841?-BLIO3A; Z, 8412-8,J03D.





I, aqure 4b. Farinograns of the Six Control
1989. 8, 8417-Àv06D; 9, CEP 14;
Genesis;13, Bigqar.

Cult.ivars Groan at Glenlea
10, Neepa!¡a; lf, OsIo; L2,

IN
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group was qeaker in mixing properties than the control group (Table 11b) .

Mixograms of the lBL,/1RS cultivars and concrol culcivars gro\r¡ aL Glenlea

in 1989 are sho\,rn in Figure 5a and 5b, respectively.

4. CoûlparLson of Ehe LBIr/1RS croup and Èhe ConlroL croup for Extensigraph
ProperËieB

Extensigrams at 45 min and 135 min of bhe IBI/I-RS cuftivars and the

control cultivars are illustrated in Figure 6a-b, and Figure 5c-d,

respectively. The 1BL/1RS group showed significantly less extensibil_ity
(P=0.001) and less resistance (p=0.01) at 45 and t_35 min Lhan the control
group (Table 11b) . These differences were also found j-n the studies of
Dhali!¡a1 eÈ al . (1987) and Koebner and Shepherd (1988) .

5. Cornpa¡ison of lhê LBIr/lRS croup and Èhe ConÈrol Group for Baking
Propêr.ties

Previous 6tudies showed bhaÈ overmixing of the 1BL,/1RS dough would

impart extensive surface stickiness (Barnês, 1990; Dhaliwal et aJ,, f9B7¡

Martin and Slewart, 1986a, 1986b and 1990; ZeI:-er et a1.., 1992) . ThiE

study shov¡ed that at the first mix and at the remix stages, the 1B¡/1RS

doughE were associated with significantly greaÈer surface stÍckiness than

the controls (P=0.05 and 0.001, respecrively) (Tab1e 1l-b) . The remix dough

stickiness was superior to the dough stickiness of the first mix in
characterizing the two wheat. groupE. ln conCrasL to the study of pena et
a7. (1990) , this study showed very highl-y significant differences
(P=0.001) between the two groups for the remix loaf volume; the 1BL/lRS

wheabs had 1ov¡er loaf volume than the control wheats (Table 11b) .

l{. RelaEionship between Dough Stickiness and euality parameÈers

Quality paraneters associated rcith dough sLickiness 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 st.ickiness classes of the first mix and the five dough

stickiness classes of the remix are presented in Table 12a-b and Table

13a-c, respectively. Pairwise T-tesL was used to detex-mine the significant



Figure 5a, Mixograms of the Seven 1BL/1RS Cultivars Gro\en at clenlea in7989. L! BR 23¡ 2, 8a16-e06À; 3, 8416-e06E; 4, A416-B1-L0A; S,
A416-BZIOC¡ 6, 8417-BJ03A; 7, 9417-BJ03D.
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Figure 5b. Mixograms of the Six Control Cultivars Grown at clenlea in1989. 8, 8417-ÀV06D; 9, CEp f4;10, Neepawa; 11, Oslo; j_2,
Genesis; 13, Biggar.



ó ¡ a M

ò o



Figure 6a. Extensigrams (at 45 mín) of the Seven LBL/1RS Cultivars cror,mat clênlea in l_999. 1¡ BR 23;2, B4a6-e06A; 3, 94L6_eO6Ei 4,8415-BZ10A; 5, 8416-Bz1OC; 6, 9417-B,J03A; 7, 9417_BLTO3D.





Figure 6b, Extensigrams (at 45 min) of the Six Conlrol Cultivars crown atclenlea in 1999. g, 9417-À,VO6D; 9, CEp L4; rO, Neepar,¡a; 11,OsIoi 12, Genesis; 13, Biggar.





Figure 6c. Extensígrams (at 135 min) of the Seven I_BL/1RS Cuttivars at
Glenlea 1989. 1, BR 23¡ 2, 84l_6-e06A; 3, 8415-e06E; 4, g4L6-
B2L0Aì 5, 841,6-BZI}Cì 6, 8417-B,J03A; 7, 8417-BJ03D.





Figure 6d. Extensigrams (at 135 min) of Èhe Six Control CultÍvars at
GIenIea 1989. 8, 8417-AVo6D; 9, CEp L4¡ L0, Neepal¡a; 11, Oslo;12, ceneÉi.s; 13, Biggar.
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differences among Lhe dough stickiness classes.

1. Dough Stickiness at the FirsË Mix Stage

The non-sticky doughE of the first mix stage were generally higher
in flour yield, fari-nograph t.ime to breakdolen, mixograph development time,
energy to peak/ extensigraph resistance at 45 min and 135 min, the ratio
of resisLance t.o extension at 45 and 13s rnin, the remix loaf vorume and

lower in the remix dough stickiness compared to the other stickiness
classes of the first mix. The non-sticky doughs Ì,¿ere associated \,¡ith
harder kernels and were differenÈ in overall guality from that of the
sticky and very, very sticky doughs. Only the very sticky doughs had a

higher ash content; the other stickiness classes dÍd not differ
significantly from each other, No significanÈ differences were observed
beLweer¡ the non-sÈicky doughs and very sticky doughs for all the other
gualÍty paramet.ers .

2. Dough Stickiness at thê Rerìix 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 generalty aasociaLed with smaller kerneÌs and

higher flour protein content, Falling Nu$ber value, Ze leny _ sedimentation
volume and dough strength (farinograph development time, mixing tolerance
Índex, arrival time, stability, departure time, time t.o breakdown,

mixograph developrnenl tÍme, energy to peak, band width energy) and greater
remix loaf volr¡me compared to other renix sticky doughs. Both the dough

sÈickiness of the first mix and bhe remix had simifar rerationships to the
grinding t.ime, flour yietd and exEensígraph extensibility at both ríme
periods. only the non-sticky doughs of the remix dough st.ickiness differed
significantLy from the very, very stj-cky 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 sho!¡ed a greater degree of
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association to the qualiÈy paraneters than Lhe dough stickiness of the
first mix. Most of the quality parameters varied according to the
different levels of remix dough Etickiness. As the remix dough stickine's
increased, overall qualiLy decreased. The farinograph development. time,
sLability, departure time, time to breakdown, mixograph devefopment time.
energl¡ to peak, band width energy and the remix loaf volume generally
decreased as the degree of stickiness increased. The result.s of this sLudy

agreed !,¡ith that of Dhali1,¡a1 and MacRitchie (1990) by showing a decrease

in mixograph strength with increaÉed dough stickiness. In contrast, Martin
and stewart (1985) found no rel-ationship between mixograph data and dough

stickiness. For the extensigraph resisrance and the rario of resist.ance co

exLension at 45 min and L35 min, the first three stickiness classes of the
remix did not differ signíficantly from each other but were significantly
different from the very sLicky and Ehe very, very st.icky dough classes.
The last two classes of the remix dough stickiness (very sticky and very,
very sticky) were significantly different from each other. Hence, thiE
confirmed the findings of Noguchi eE a7. li"g76) Ehat doughs with increased
stickiness had a reduced ratio of reÉistance to extenEion.

In general, very sticky doughs were poor in breadmaking quality as

indicat.ed by their poor gluten quaJ-ity (SDS- and Ze l eny- sedimentati on

volume) and weak dough strength, The 1atter characteristic was observed

from the farinograph parameters (development time, mixing tolerance index,
arrival time, stability, departure time, time to breakdolrn and band width
at 5 mín after peak) and from the mixograph parameters (development.,

energy to peak and after peak, slope to pêak and after peak, total energy,

band width energy, band width at. 2 min after peak) . In addítion, the
extensigraph resistance and the ratio of resistance to ext.er¡sion were low
and loaf volume was sma11 for very sticky samples,

3. Rank Correlation of SËickíness to Qualíty Charac Èerj. s lics
Rank correlation of the dough stickiness of the first mix and the

remix stages to the guality parameters lras performed (?able L4a_b) ,
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Results supported che previous findings by showing the negative
relationships beLween che dough stickiness at the tlro mixing stages and

certain parameters of ttre farinograph, mixograph, extensigraph and the
remíx bake. Dough stickiness at the first mix of the remix bake v¡as very
highly significant correlated (lrl > 0.5, p = O.O0l_) to the rati.o of
resistance to extension at 45 min and the remix dough stickiness. Only the
remíx dough stickiness !¡as very highly significant correlat.ed (lrl > 0.5,
P = 0.001) t.o farinograph total breakdo!'n cime and the rat.io of resistance
to extension at 135 min. There rrere very highly significant correlations
(lrl > 0.5, p = O.OOL) bet!¡een dough stickiness at both mixing stages and

farinograph properties (development Lime, stability, departure time) ,

míxograph properties (development time, energy to peak, band width
energy) , extensigraph resistance at both time periods and the remix loaf
volume. The predictive capability of gualjty characteristics to evaluate
dough stickiness wouLd be row, since none of the correration varues of the
quality parameters !¡ere greater than 0,9.
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V. GENERÀIJ DISCUSSION

Polyacrylamide gel electrophoresis and monoclonal_ antíbody a6say

were fast and effective rnethods t.o ident.ify the presence of the l_BL/LRS

translocation. In chis study, a1I the salnples of a supposedly normal line,
84L7-4,f05c, were discarded since they were found t.o be a 50:50 míxture of
1BL/1RS wheat. ar¡d normal wheat. The identity of the remaining thirteen
línes lras confirmed.

very lit.t.le variability in overall HMw glut.enin subunits encoded by

chromosomes 18 and 1D was found bet!¡een the lBI/1RS wheats and the normal

wheats. The major difference was in the alleles encoded by chromosome 1À.

The most conunon 1À allele in the 1BL/lRS !¡hêats was thê poor quality nult
allele whereas in the normal \,¡hêats, subunit 1 waÉ found in the highest
frequency. Às a consequence, the IBI/I-RS group had lower cl_u-1 scores than
the control group which indicated potentially poorer breadmaking guality.

The cult.ivars were evaluat.ed individually for milling and baking
guality. Stat.Ístical analyaes were performed llith two main objectives.
Firstly, cultivars \,¡ere compared to identify specific similarities and

differences in quality between them, whether or not the 1EI/lRS

translocaiion was present. Secondly, data were cornbined and the guality of
1BL/1RS group was compared to that of the control_ group Lo identify
general differences between them.

Of the thirteen culbivars, the control wheat, 9417-ÄVO6D, was most

similar in overall milling and bakíng quality to the Canada Western Red

Spring !¡heat standard, Neepawa. None of the 1BL/1RS translocation wheacs

fit ínLo the Canada tqestern Red Spring class; their quality was

significantly poorer than Neepawa.

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

cont.rol cultivars Biggar, Oslo and cenesis. The t-Bt/lRS lines 8416-eO6E,
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8417-B,l03A and 8417-BJ03D r,,¡ere very simitar in guality to Biggar. Their
overall milling, chemÍcal, rheological and baking propertÍes !¡ou1d make

them suitable for the Canada prairie Spring wheat class.
Environnìenc had a significant effect on the majoriLy of quality

characteristics chat were measured for each of the 1Br/1RS and control
wheats. Remix dough stickiness was one characteristic that was unaffected
by environnent indicating that this property \,¡as dependent largely on

cultivar differences. This makes the remix dough stickiness an effective
test to use Eo evaluate and compare cultivars grown in any environment.

I,lhen the group (1BL/I-RS and control) compa.risons !¡ere performed, it
ryas found that envirÕnmer¡t rather than group differences produced the
variation in flour yield, farinograph absorpt.ion, dough development time,

and mixograph development time, energ-y to peak, stope afLer peak and band

r,¡idth energy. Environmental condit.ions had no effect on remix dough

sEickiness. The significantly greater remix dough stickiness shown by t.he

1BL/1RS group as compared to lhe control group was due exclusively to the
genoty'pes. The majority of the meaEured quality characteristics were

affected significantly by group differences.
The lBL/1RS group was characterized by signì.ficantly denser and

larger kernels than the cont.rol group. In addítion, the flour had

significanLly 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 between the dough stickiness class and che measured

guality characteristics was exanined. Dough stickiness of the remíx stage
was assocj-ated with greater changes i.n quality characteristics than dough

sLickiness measured at the first mix stage. As the degree of stickiness
increased, overall breadmaking quality decreaEed. Very, very sticky doughs

were characterized by poor gÌuten guality, weak dough mixing strength,
reduced resistance to extension and Lolr 1oaf volume. Very highly
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significant negative correlat.ions beLween dough stickiness and quality
characteri st.i cs were noted, specificalty, with dough mixing strength and

loaf volume. The correlation values were noL large enough to permit the

uÉe of quality paralneters as a predictíve tesc for dough stickiness,



VT. CONTRIBUTIONS TO KNOWI,EDGE ÀND RECO¡SfENDÀTTONS

1. Polyacrylamide gel electrophoresis and monoclonal antibody assay

were t!¡o technj.ques Ehat were effective in identifyinq the 1BL/lRS

LranslocaÈion in wheat.

2. The 1BL/1RS wheaLs used in thiÊ study generally had a higher
frequency of HMvf glutenin subunits that are known to be associated with
poor breadmaking gualicy than the controf wheats.

3. Genêral1y, the 1BI/1RS wheats were poorer in breadmaking guality
than Ehe control wheats as determined by physical, bíochemical,

rheologicat and baking characteristics. The different genetic

backgrounds of Èhe individual cultivars may or may not have contributed
to these differences. The cultivars used in bhis study were a random

sampling of lBL/lRS r,¡heats. Isogenic 1ines, with and without the lBLi/1RS

translocat.ion, would be the best naterial to studv the effects on

guality.

4. None of bhe 1B],/1RS cultÍvars had guality characterístics that would
make them suitable for registration in Lhe Canada I,¡estern Red Spring
!¡heat class. 'Ihree lBL/1RS cultivars (9416-ÄV06D, 8412-B¡lO3A and 8417_

B,l03D) had guality characteristics that !¡ould make them suitable for
registration in the Canada prairie Spring wheat. class.
5. Variations in most of the measured guality characteristics were

caused by both the enviror¡ment and the cultivars. Cultivar by

environment. interactions were relatively mínor.

6 - varíaÈion in remix dough stickiness was caused exclusively by

culLivar differences rather than environmencs. This finding reguires
confirmation ín a greater nunber of varied environments. Since the dough

stickinesÉ evaluation used in this study was largely subjective, an

objective measurement. of dough stickiness uLil-izing an rnstron universal
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Testing Instnxnent should be considered in future studies.
'7. Very, very sLicky doughs nere associated with poor gluten qualiLy,
weak dough mixing strength, reduced resistance t.o extension and lov loaf
volume. Further investigation should examine the effecÈ of amount of
endogenous enzl¡me (protease, amylase and 1ipase) and starch damage on

dough sÈickiness.
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.APPENÐIX I. The SÀS StatementE for .Analysis of Variance of eualityParafieters in Each Environment (TÃBLÍì 5)

IIBN.AME ÞERM ' IDFENN] I;
PROC SORT DATÀ=PERM. CREATE OIIT=TEMP; BY LOCYR;
PROC SUMMARY N}TAY DATÀ=TEMP; BY LOCYR;
vÀR Twr rKI{r cRT Fr,Y PRor ASH FN sDs zs F.AB DDT Mrr ÃRT srA DEp rBD Fw MDTPKH ETP EAP FMs PBI'' sap rEc E'{E Br'rD EXFR EXFL ExFR-r, ExsR EXSL pxsp ¡ -FSTICK SSTTCK RIV;
CLASS VÀRIETY GROUP;
OUTPTIT OI,]'T=MEÃN= ;
PROC PRINT DÀTA=MEÀN;
TITLE / MEANS' ;
PROC SUMMARY DÀTÀ=MEAì,I; By LOCYR.
vAR TIrr rKh'T GRT Fr,Y PRor ÃsH FN sDs zs F.AB DDT r'ffr .ART srA DEp rBD F!,¡ MDTPKII ETP EÀP FMs PBf{ sÀP TEG BI'¡E B'oD EXFR E'FL ExFR-r, ExsR EXS' sxsR L--FSTICK SSTTCK RIJV;
OUTPUT OUT=RÀNGE=;
PROC PR]I T DÀTA=R.ANGE ;
TITLE 'RÀNGE OF MEANS';
PROC SORT DATA=PERM. CREÀTE OIIr=TEMP; By LOCYR;
PROC GI-M OIITST-A,T=OÌITSTAT; By LOCYR;
CI.ASS VARIETY REP;
MoDEr' TI{f rKwr cRT FrY PRor ÂsH FN sDs zs F.AB DDT MTr ÃRT srÀ DEp rBD Fr,¡¡4DT PKH ETP EÄP FMs PBw s-AP TEc Bt'¡E Br,¡D EXFR ExFrJ EXFR-L ExsR ExsL ExsR rFST]CK SSTICK RT,V=VÀRIETY REP;
ME,ANS VÀRIETY/I,SD ;



.APPENDIX II. The SAS Output of Ànalysis of Variance of Flour protej.n
Content at Swift Current in 19g9 (TÃBLE 5)

ME.ANS

GROUP 
-TYPE_ -FREQ_

10
1L
t2
13

LOCYR

s89
s89
s89
s89
s89
s89
s89
s89

s89
s89
s89
s89

SPEC
sÞEc
SPEC
SPEC
NORM
SPEC

SPEC
NORM
NORM
NORM
NORM
NORM

VÀRTETY

8416 - BZ10A
8415 - BZ 10C
8416 - Q0 6Ã
8416-Q05E
I417 -AVo6D
8417 -BJo3A
8417-B¡to3D
BR 23
CEP 14
HY 355
HY 368
NP
ost o

R.ANGE OF ME.ANS

LOCYR 
-TYPE_ _FREQ_

S89 0 13

3
3
3

3
3
3
3

PROT

2.41939703 9.08
2.24224359 8.22

2.47939103 9.08
t t Á1t La Ê,o

PROT

12 .8'75
L2 .600
14 .400
13.450
73 .925
12.350
14.400
13.100
t3 .925
t4 . 625
r3 .975

F value Pr > F
8.91 0.0001

0.0001
0.0003

0.0001
0.0003

OBS

1

Source
ModeI
Error

Corrected Total

Source

VARlETY
REP

Source

Vå.RIETY
REP

D!' Sr,ün of Squares Mean Square15 36.4'7942308 2 - 4319 615436 9.82516923 0.27293803

51 46.30519231

R-Square C.V.

0.787804 3.802184

DF qæe I SS

12 29.'t526923r
3 6.72673077

DF Type III SS

12 29.75269237
3 6.7267307.1

Root. MSE PROT Mean

0.52243472 13.7403A462

Mean Square F value pr > F

Mean Square F Value pr > F
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APPENDIX II (cont.) . The SAS Output of Ànatysis of Varíance of FlourproLein Content at Swift Curienr in fg8ô (TABLE 5)

' - - - - - - -LOCYR=S89 _ _ _ _ _ _ _ -

ceneral Línear Model-E procedure
T tests (r,SD) for variable: pRoTEfN

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

Àlpha= 0.05 df= 35 MSE= 0.27293g
Crit.ica] Val_ue of T= 2.03Ieast Significant Differenc.e= 0.7492

Means with the sane letter are not significant.Ly different.
T crouping Mean N VARIETy

À, 14.6250 4 84]-6 _BZLOC
A
A 1,4.6250 4 NP
A
A 14 .4000 4 CEP 14
À
A 14 .4000 4 8417-AV06D
A
À 14 .3 750 4 A416_BZLOA
A

B .A 13 .9?50 4 osl,oBA
B A !3.9250 4 8417_BL]O3DB.A
B A 73.9250 4 HY 368
B
B C 13 .4500 4 8417 _B,J03A

c
D C 13 .1000 4 HY 355DC
D C E 12.8750 4 8416_QO6ADE
D E 12.6000 4 8416-QO6E

E
E 12 .3500 4 BR 23
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ÀPPENDIX III. The SAS Statemenbs _for .ArìaLysis of Variance of QuatiLyPara$eters Over Environments (TÃBIE 6)

]JIBN.AME PERM ' IDFENN] I;
PROC SORT DÄT'À=PERM. CREATE_OUT=TEMp; By VÀRIETY; Ì{HERE LOCYR NE ,S90,;
PROC SUMMARY NWAY DÀ.TÀ=TEMP; BY VÃRIETY;
vÃR Ttfr rKl'l'r cRT Fr,Y PRor À.sH FN sDs zs FAB DDT rvffr ART sr.A DEp rBD Fi,¡ MDTPKH ETP EAP FMS PBÌ.¡ SÀP TEG BI,¡E Bi{D EXFR EXFT EXFR-L EXSR EXSL EXSR ],FSTICK SSTTCK RLV;
OTITPITT OT}T=MEÃN ME.AN= ;
PROC PRT¡TT D.ATÀ=I,,ÍEÀI,I;
TTTIE 'MEÃNS' ;
PROC SI'MMARY DÄTÀ=T.EAI,I.
VÃR TI,IT TKI.¡T GRT FLY PROT ASH FN SDS
PKH ETP EAP FMS PBW SÀ.P TEG BI{E BI,TD
FSTICK SSTTCK RI,V;
OUTPIIT OTIT=RÀNGE R.A.NGE = ;
PROC PRTNT D.A,TÀ = RJU,JGE ;
TITTE 'RÀNGE OF MEANS' ;

ZS FAB DDT MTI ÀRT STÀ DEP TBD F!.¡ MDT
EXFR EXFI EXFR_L EXSR EXSL EXSR IJ

PROC SORT DATA=PERM. CREATE;By vÂRrETy; !^IHERE IJOCYR NE ,S90,;
PROC GLM OTITSTAT=OI]TSTAT ,

CI,ASS VAR]ETY REP;
MODEI TWT TKWT GRT FLY PROT .ASH FN SDS ZS F.AB DDT MfI .ART STA DEP TBD FI,¡MDT PKH ETP EAP FMS PBW SÀP TEG BWE BI,¡D EXFR EXFL EXFR L EXSR EXSL EXSR LFSTICK SSTICK RLV=VARTETY REP;
¡ÍE.ANS VARIETY/IrSD;



t72

ÀPPENDIX lV. The SAS Output Ànalysis of Variance of Flour protein ConÈentOver Environments (T"AB],E 5)

OBS VÄRTETY

1 8416 - BZ 10Â
2 8416 -BZa1c
3 84r_6 -Q06À
4 84L6 -Q06E
5 84 L7 --AVo6D
6 8417 - Bü03À
7 8417 -BJo3D
8 BR 23
9 CEÞ L4

10 HY 355
L1 HY 368
12 NP
13 0SI,O

oBs

1

-FREQ- PROT

L2 13.3167
72 l_3.3583
!2 L2.6250
L2 12.1s00
!2 13 .4583
1"2 L2.J,9L1
12 12 -44!7
L2 11.5500
12 12 .4500
L2 11.7083
L2 L2 .3583
L2 14 .216'7
L2 12.8333

ME.ANS

0
0
0
0
0
0
0
0
0
0
0
0
0

RANGE OF MEANS

-TYPE- _FREQ- PROT

0 13 2 .66661

General Linear Models procedure

Dependent Variable : PROT

Source

ModeL

Error 140 155.2999?179

CorrecLed Total 155 242.AO993S9O

DF Surn of Squares

15 87 .0200641_0

R-Square C.V.

0.358388 8.328470

ÐF Type I SS

12 8r -12243590
3 5 .29162821

DF T'ype III SS

L2 A!.'72243590
3 5.2976282!

Mean Square F Value pr > F

5.80133761_ 5.2L 0. oo01

L . 772'7 4480

Root MSE PROT Mean

1.05488615 12.66602s64

Source

VARIETY
REP

Source

VÀRIETY
REP

Mean Square

6 .8L020299
L .7 6587 607

Mean Square

6 .8LO20299
r .7 6557 607

F Value pr > F

6.L2 0.0001
1.59 0.1-953

F Value pr > F

6.t2 0.0001
r..59 0 . 1953
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ÀPPENDIX IV (cont) . The S.AS Output of -Analysis of Variance of FlourProt.ein content over Environirents (TÀBLÉ ¿t

General Linear Models procedure
T tests (LSD) for variabte: PROT

NOTE: This test. contrô16 lhe tlæe I comparisonwise error rate not. lhee)<perimentwise error rate,
Àlpha= 0.05 df= 140 MSE= 1.11_2785

Criticat Value of T= 1.9gLeast Significant Difference= 0.8514
Means with the same letter are not significant.Iy different.
T Grouping Mean N VÀRIETY

A 1,4.276V 12 NP
A

B A 13.4583 72 8417_.AVO6D
B
B 13.3583 L2 A416 _BZaOC
B
B i_3 .3157 L2 8416_8210Ä
B
B C L2.8333 L2 oSLOBC
B C 12.6250 72 8416_Q06À

D C 12 .4500 12 CEP 14DC
D C L2.44r7 12 8417_B,J03DDC
D C E 12 .3583 12 HY 368DCE
D c E !2.!917 12 8417_B,JO3ADCE
D C E 12 .1500 t2 8416 _Q06E
DE
D E 11.7083 12 HY 355

E
E 11.5500 !2 BR 23
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APPENDIX V. The SAS SLatements of .Ar¡alysis of Variance of Environments(TÃB¡E 7)

LIBNAME PERM ' IDFENN] ';
ÞROC SUMMARY NWAY DÀTÀ=PERM. CREATE; I{HERE LOCyR NE ,S90,;
VAR TIfT TKWT GRT FTY PROT ASH FN SDS ZS FÃB DDT MTT .ART STA DEP TBD Fi.¡ ¡4D'I
PKH ETP EAP FMS PBI,¡ SÀP TEG BI.¡E BI,¡D EXFR EXF], EXFR ], EXSR EXSL EXSR T,
FSTICK SSTICK RLV;
CI,ASS IOCYR;
OI]TPI]T OT]IT=MEAN MEAN= ;
PROC PRI},II DATA=MEÀN;
TTTLE 'I4EÄNS' ;
PROC SL'MMARY ÐATA=MEÃN;
VAR TI{T TKWT GRT FLY PROT ASH FN SÐS ZS FÃB DDT MTT ÀRT STA DEP TBÐ Ff,¡ MDT
PKH ETP EAP FMS PBW SAP TEG BWE BWD EXFR EXFI EXFR I, EXSR EXSI EXSR L
FSTTCK SSTICK RLV;
OU-TÞIII OIII=RÂNGE RANGE= ;
PROC PRII{'T DATA=RANGE;
TTTLE 'RÃNGE OF ME.ANS' ;
PROC SORT DÀTÀ=PERM. CREATE OII|=TEMP; By ÌOCyR;I{HERE LOCYR NE ,S90,;
ÞROC GLM OI]ISTAT=OUTSTÀT.
CI,ASS I,OCYR REP;
MoDEL Twr rKrr¡T cRT FrY PRor ASH FN sDs zs FÀB DDT r'frr ÀRT srÀ DEp rBD Fr.¡
¡4DT PKH ETP EAP FMS PBW SAP TEG Bf¡¡E BI¡¡D EXFR EXFI, EXFR L EXSR EXST EXSR L
FSTICK SSTICK RTJV*/=LOCYR REP (I,OCYR) ;
MEÀNS IOCYR/LSD;



APPÐNDIX VI . The SÀS Oulput of Ãr¡alysis of Variance of Environments(TAB],E 7 )

MEÃNS

OBS LOCYR 
-TYPE- -FREQ- PROT

1 S89 L 52 L3.74042 w89 r 52 L2.45963 w90 L 52 11.7981

RANGE OF ¡4EÂNS

OBS _TYPE- _FREQ_ PROT

1 0 3 1.9423a

ceneral Linear Models procedure

Dependent Variable I PROT

Source DF Sum of Squares Mean Square F Value pr > F

Model 11 ar2.32S32OS| rO.2Mg2i1 r.t .27 O.0OO1

Error r44 130.48461539 0.90614316

Corrected Total 155 242.90993590

R-Square C.V. Root MSE PROT Mean

0.462606 ?.515503 0.95L9L552 72 .66602564

Source DF Type I SS Mean Square F Value pr > F

r,ocyR 2 70r.409.14359 50.70487L79 55.96 0.ooo1
REP (LOCYR) 9 10 .9!557692 r -2L284t85 !.34 O.222r
Source DF Type III SS Mean Square F Value pr > F

LOCYR 2 LOr.409.74359 50.704A1:-79 55.96 0.0001
REP (LOCYR) 9 r0.9a557692 L.2L2A4!88 7.34 0-222L

General Linear Models procedure
T tests (LsD) for variable: pRoT

NOTE: This test. controls the type I comparjsonwise error rate noc Eheexperimentwise error rate.

Alpha= 0.05 df= 144 MSE= 0.906143
Criticaf value of T= l-.99

T,east Significant Difference= 0.369



APPENDIX vI (cont) . The SAS Ourput of .Analysis of Variance ofEnvironment.s (TÀB]-E 7)

Means lriEh Lhe same

T Grouping

Iet.ter are not significanbty different
Mean N LOCYR

73.'1404 52 SB9

L2 -4596 s2 w89

11.7981 52 W90

À

B

c
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.APPENDIX VlL The SAS Statements of ..Ana1ysis of Variance of eualityParaneters of CulÈivars (TABLE g)

TIBNÀME PERM ' IDFENN] /;
PROC GLI{ DATÀ=PERM. CREATE; I{HERE LOCYR NE ,S90,;
CL,ASS LOCYR VÄRIETY REP;
MODET TWI TKWT GRT FLY PROT Ä.SH FN SDS ZS F.AB DDT MII ÀRT STÀ DEP TBDFW MDT PKH ETP E.AP FMS PBI,¡ S.AP TEG BWE BWÐ EXFR EXF¡ EXFR I] EXSR ;XSLExsR_¡ FsrrcK ssrrcK Rr.v=LocyR REp (r,ocyR) vÀRrEii lõövì_îaei¡lv;-TEST H=IOCYR E=REP (IOCYR) ;
RÃNDOM REP (TOCYR) /TEST;



.APPENDIX VIII. The SÀS Statements of Analysis of Variance of FlourProtein Content of CultivarE (TABIE g)

General Linear Models procedure

Dependent Variable : PROT

Source

Model

ErrôT

Corrected Total 155

Surn of Squares

223 . L030!282

19.70692308

242.80993590

DF

4'7

r_08

Mean Square F Value pr > F

4.7468',7263" 26 - 01, 0.0001

o.r824',7L5r

R- Square

0.9r_8838

c

3

V. Root. MSE PROT Mean

372540 0.42.7L66A4 12 .66602564

Source DF Type I SS Mean Square F vatue pr > F

LOCyR 2 70!.40974359 50.104A7179 2.t1 .88 o.0oo1
REP (LOCYR) 9 lo .9Ls57692 1.2L2s4tgg 6 .6s o. ooóivÀRIETy 12 8r.72243590 6.8LO202g9 37 .32 0.0oo1ITOCYR*VÀRIETY 24 29.05525641, 1.21063568 6.63 0.0001
Source DF Type III SS Mean Square F value pr > F

II,OCYR 2 10L.40974359 50.1048.71.79 27.7 .A8 o. oo01
REP (rOCyR) 9 LO.gL557692 t.2r284aAA 6.65 0.0001VARIETY L2 8I .72243590 6.8L020299 37 -32 o. o0o1r,ocyRxvARIETy 24 29 .05525641 1- 21063558 6.63 0.0001
Test6 of Hypotheses using the Tl.tr)e III MS for REp(IOCYR) as ar¡ error terrn
Source DF T.yI)e III SS Mean Square F Value pr > F

LOCYR 2 r)L.40974359 50.704811,.79 41.81 0.0001

Source

LOCYR

REP (LOCYR)

VARIETY

I,OCYR*VÀRIETY

General LÍnear Modets procedure

'Iype III Expected Mean Square

Var(Error) + 13 Var(REp(tOCYR)) r e(tOCYR, LOCYR,,VARIETY)

var (Error) + 13 Var (REÞ (IOCYR) )

Var {Error) + Q (VÃRIETy, LOCYR*VARIETY)

var (Error) + Q (¡ocYR*vÃRtETY)
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.APPENDIX VIII (conL) . Tle- S+S Statements of .Analysis of Variance of FlourProtein Content of Cultivars (T.ABLE-gt

General Linêar Models procedure
Tests of Hl¡trlotheses for Mixed Model Ànalysis of Variance

Dependent Variable: PROT

Source: LOCYR *
Error: MS (REp (LOCYR) )

Denominator DenominatorDF Type IIr MS DF --ùõ F vaLue pr > F2 50 -704871'795 9 1.212841880ã 41 .80? o. oool* - This test asEumes one or more other fixed effect.s are zèyo.

Source: REÞ (LOCYR)
Error: MS (Error)

Denominator DenomÍnaÈorDF Type III MS DF -ù5 F Val_ue pr > F9 !.21,284raao3 1os 0.1s2471;i 5 .647 o. oool

Source: VÀRIETY *
Error: MS (Error)

Denominator DenominatorDI' TYpe rII MS DF MS F vat-ue pr > F!2 6.ato2o2gsas 1Os o .rg247r;l 37 .322 0.000r'r - This test assumes one or more other fixed effects are zero.

Source: LOCYR*VARIETY
Error: MS (Error)

Denominator DenominaEorDF Type rrI MS DF -Mê F Vatue pr > F24 1.21063s6s38 1os o .rg24¡r51 6. 63s 0.0001



r20
.APPENDIX Ix. The S-AS Sratements for croup .AnatysiE of Variance of eualityParameters in Each Environrnent (TÂBr; tt' '-

IIBNÀME PERM ' IDFENN] ';
PROC SORT Ð.ATÀ=PERM. CREÀTE OüT=TEMp; By tOCyR;
PROC G],M DATÀ=TEMP;
CI,AS S GROUP VARIETY REP;
MODEI, TWT TKfiT GRT FLY PROT ÀSH FN SDS ZS F.AB DDT I,ffT ÂRT ST.A. DEPTBD FW MDT PKH ETÞ EÀP FMS PBW SÀP TEG B!¡E ET,¡D N*¡N EXFL EXFR ¡, ¡iSN ¡XSI,EXSR_I FSTTCK SSTICK RLV=GROUP vARtETy (cRoup) REp;



APPENÐIX X. The SAS OutpuE for croup Ãnalysis of Variance of Flourprotein Content at Swift Current in L9-g9 (TÃBLE 9)

ceneral Linear Modets procedure

Dependent Variable : PROT

Source

Mode i-

Error

Source DF

GROUP 1
VARIETY (GROUP) ]. ].
REP 3

Source DF

GROUP 1
VÀRIETY (GROUP) 11
REP 3

DF Sum of Sguares

l-5 36 .47942308

35 9.82576923

R-Square C.v.

0 -787804 3.802184

Type I SS

4.86703755
24 - 88565416

6.72673077

Type III SS

4.86703755
24 - 8A56547 6

6.72673077

Mean Square F Value pr > F

2.43196754 8.91 0.0001

o.27293803

Root MSE PROT Mean

0.52243472 13.74038462

Mean Square F Value pr > F

4.86703755 17.83 o.0oo2
2.26233225 8.29 0.oooL
2.24224359 8.22 0. ooo3

Mean Square F Value pr > F

4.86703755 1?.83 0.0002
2 -26233225 8.29 0.0001
2.24224359 L22 o . 0oo3

Corrected Total 51 46 .305!9231



!22
APPENDIX XI . The SÀS Statements of Ãnalysis of Variance of eualityParamebers of GroupE { T,ABLE 10)

I.IBNÃME PERM ' IDFENN] ';
PROC GLM DATÀ=PERM. CREÀTE;I¡HERE IOCyR NE ,S90,;
CLASS I,OCYR GROUP VÃRTETY REP;
MoDEr' Tl{r rKlfr cRT FrrY ÞRor AsH FN sDS zs FÃB DDT MTf .ART srÀ DEp rBD Fr¡IMDT pKH ETp EAp FMs pBw s^p r'c BwE BrfD EXFR E*FL EXFR_, ExsR uxs¡, uisn- r,FsrrcK ssrrcK Rrv=r,oCyR REp (LocyR) cRoup cRoup;LocyR; -
TEST H=TOCYR E=REP (LOCYR) ;
RANDOM REP (LOCYR) /TEST;
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APPENDIX XII. The SAS Output of Ãnalysis of Variance of Flour protein
Content of croups (TÀB],E 10)

General Linear Models procedure

Dependent Variable : PROT

Source

ModeI

Error

DF SuIn of Sguares Mean Square F Value pr > F

14 1,20 .2543AL87 8.58959870 9 . 38 o. oo01

L4L l_22.55555403 o.86918833

ceneral Linear Models procedure

Type lfl Expected Mean Square

Var(Error) + L2.923 var(REp(LOCYR)) + e (t OCYR, LOCYR*GROUP )

Var(Error) + 13 var (REp (LOCYR) )

Var (Error) + Q (cROUp, LOCYR*GROUP)

Var (Error) + Q (t OCYR*GROUP)

corrected Total 155 242.80993590

R-Square C.V. Root MSE PROT Mean

0.495261, 7 .360657 o.93230270 A2.66602564

DF fype Ì SS Mean Square F Value pr > F

2 r0r .409'74359 50 .704A7:-79 58 .34 o .00019 LO .91557692 L.2r284r8} a.40 o.19551 3 -93L66209 3.93:-66209 4.52 0.03522 3 -99739927 r.99869963 2 -30 0.1041

DF Type III SS Mean Square F Value pr > F

2 7O3 .51124542 5r .75562271 59 .54 O. OO019 10.9L55'1692 L.2L284!A8 1.40 O.t-9551 3 .93).66209 3.93766209 4.52 0.03s22 3.99739921 L.99869963 2 -30 o.1041

Test.s of Hl¡potheses using the Type IIf MS for REp (LOCYR) as an error term
Source DF :Iype III SS Mean Square F Va1ue pr > F

Source

IOCYR
REP (I,OCYR)
GROUP
],OCYR*GROUP

Source

T,OCYR
REP (I,OCYR)
GROUP
I,OCYR"GROUP

Source

LOCYR

REP (],OCYR)

GROUP

f,OCYR*GROUP

LOCYR 2 103 .5Lr24542 5r-755622'71, 42.67 0.0001



APPENDIX XfI (cont). The SÀS Output of Àna1y6j.s of Variance of FfourProtein Content of croups (TÃBLE 10)

ceneral Linear Models procedure
TesLs of Hlæotheses for Mixed Model .Ana]ysis of Variance

Dependent Variable: PROT

Source: LOCYR *
Error: 0.9941*MS(REP(LOCYR) ) + 0.0059*MS (Error)

Denominator Denominator
DF Type III MS DF MS F Value pr > F2 5L.7556227L1 9.08 r.2IOBOS4214 42.74s O.0OO1* - Thi-g t.e6t assr¡mes one or more other fixed effects are zero.

Source I REP (LOCYR)
Error: MS (Error)

Denominator Denominator
DF Type IIf MS DF MS F Value pr > F9 !.2!284]-AAO3 141 O. 9691993264 1.395 0.1956

Source : GROUP *
Error: MS (Error)

Denominator DenominaÈor
DF TVpe III MS DF MS F Value pr > F1 3 ,9316620479 L4L 0.A691883264 4.523 0.03s2* - This Lest asEumes one or nore other fixed effects are zero.

Source: ¡OCYR'*GROUP
Error: MS (Error)

Denominator Denominator
DF Tf,T)e ITI MS DF MS F Value pr > F2 r .998699633'Ì 141 O .9691893254 2.300 0.1041




