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Chapter 1 Introduction

Wheat belongs to the tribe Triticeae of the grass family Poaceae and genus Triticum which

form a polyploid series with the basic chromosome number x=7 (Moris and Sears, 1967). The

bread (Triticum aestivum L. ssp. aestivum) and durum (Triticum turgidum L. (ThelI.) ssp.

durum (Desf.) Husn.) are the most important polyploid wheat species containing three

(AABBDD, 2n=6x=42) and two (AABB, 2n=4x=28) related genomes, respectively. The main

theory on the origin of the hexaploid wheat is that it evolved from the recurrent hybridizations

between a cultivated tetraploid (AABB, probably Tturgidum) and the wild diploid (DD),

Aegilops squarrosa (Mcfadden and Sears, 1946; Bonjean and Angus, 2001). Bread wheat is

unique because its flour alone has the ability to form dough that exhibits the rheological

properties required for the production of leavened bread, other foods such as flat bread,

biscuits and noodles (Gainibelli et al, 2001). Durum wheat is milled into semolina and has

larger kernel size, hardness and golden amber calor. It is widely known to produce superior

pasta products and couscous, medium-dense breads and other foods specific to certain regions

(Pella et aI, 2002). Wheat is grown on an area of over 200 million hectares and is now yielding

almost 600 million tones annually (Marshall et al, 2001).

The genus Triticum in Ethiopia is represented by seven species (Vavilov, 1929) i.e., T.

dicoccum, T durum, T .turgidum, T polonicum, T aestivum, T compactum and T pyrimidale.

Bread and durum are the two most widely grown important species. Bread wheat is an

introduced crop, relatively unknown, in Ethiopia as opposed to durum wheat which is

indigenous to the country (Hailu, 1991). The country is considered as a primary center of

diversity for tetraploid wheats (Vavilov, 1931) and currently it has the greatest diversity.

Ethiopia is the largest wheat producer in sub-Saharan Africa (Hailu, 1991) producing about

1.125 million tons occupying 750,000 hectares having aSS % level of self-sufficiency (Tanner

and Mwangi, 1991; Payne et al, 2001). Wheat, both durum and bread, ranks 4th in area of

production (1,139,720 ha) after tef, maize and sorghum; 3rd in total production (1,571,169

tons) after tef and maize; and 2nd in productivity (l.38 tons ha") after maize (eSA, 2001).

Other than pan bread, wheat is used for making injera (pancake type bread), local bread,

roasted and eaten in between meals.

1
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The improvement of wheat since its commencement prior to the 1930's (Tessema, 1988;

Hailu, 1991) has focused on improving yield and disease resistance. Since recently, the

selection of varieties for higher yield preceded that of quality. The cultivar release process

requires meeting agronomic superiority with relatively little emphasis on inherent quality

characteristics. Currently, due to the emerging agro-industries using wheat as a raw material,

industrial quality of wheat has become important (Bechere et aI., 2000) and an effective

strategy for wheat (bread and durum) quality improvement is required. The unsatisfactory

supplies of wheat grain in terms of quality and quantity have forced some industries to import

wheat from Australia and Canada (Tadesse, unpublished survey information, 2001). There is a

need to strengthen the quality breeding through further exploring the genetic and

environmental aspects affecting wheat quality under the wheat growing conditions of the

county to meet consumer and processor demands for quality of end use products. The

objectives of this study were to:

o Examine the bread making quality of widely grown commercial wheat cultivars and

advanced breeding lines, identify the major contributing factors of quality under the

growing conditions of northwestern Ethiopia, develop prediction models using indirect

and direct measurements of quality and recommend the minimum required quality

traits for possible use in the wheat breeding program of northwestern Ethiopia.

o investigate the high molecular weight, B-low molecular weight glutenins and )"-gliadin

composition of Ethiopian bread and durum wheat genotypes and their associations

with some physical quality traits

• study the combining ability, relative importance of additive and non-additive gene

effects, genetic association and inheritance of grain and flour quality traits tested at

different environments in northwestern Ethiopia

2



Chapter 2 Literature review

2.1 Technological quality of wheat

Wheat quality can not be expressed in terms of a single property (Finney et aI., 1987). Test

weight, lOOO-kernel weight, and flour yield are frequently used as indicators of milling quality.

Measurements of baking quality include wheat or flour protein concentration, mixing time,

water absorption, loaf volume, and crumb grain and color. Several of these traits have

moderate to high heritability (Braaten et al., 1962; Halloran, 1975; Loffler and Busch, 1982).

The most important food use of wheat is in the manufacture of flour for bread making,

biscuits, pastry products (Finney et aI., 1987) and breakfast cereals. Other uses of wheat

include separation of its flour into starch and gluten used for industrial products, as a feed and

ethanol production (Orth and Shellenbereger, 1988). Thus, the basic definition of wheat

quality usually varies from one class of wheat to another. The quality of soft red or soft white

wheat cultivars is its suitability for the production of cakes, cookies, and crackers. The quality

of durum wheat is its suitability for semolina and macaroni production and of hard red winter

and spring wheat is its specific properties that determine suitability for hard wheat milling and

bread production. Thus, quality of any kind of wheat depends on several milling, chemical,

baking, processing, and physical dough characteristics. End-use quality of any wheat genotype

is the summation of effects of soil, climate, and seed stock on the wheat plant and the kernel

components (Haunold et al.; 1962a, Finney et al., 1987).

Bread-making quality is an important but complex character of bread wheat (Pomeranz, 1988).

Bread-making technology varies around the world depending on the consumer demands, the

baker and technological differences (MacRitchie, 1984) and it is very difficult to formulate

applicable criteria for bread-making quality. However, laboratories always resort to the use of

several direct and indirect quality traits which include test weight, Zeleny or SDS-

sedimentation test, Pelshenke, mixograph, farinograph, alveograph, falling number, micro

baking, hardness, protein content etc. and different researchers have recommended various

traits for quality evaluations.

In their study of six baking methods, Baker et al. (1971) suggested that a quality screening

program should include a measure of protein content, some measure similar to farinograph

3
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development time and some indication of the factors that affect the gassing power. Branlard et

al (1991) have compared 125 European cultivars using 17 technological test giving 46

technological parameters during three years in 18 locations. The correlation studies revealed

that flour yield, test weight and falling number were generally weakly correlated to the other

tests; protein content affected many tests; Zeleny, micro-baking, mixograph, bread-making and

Pelshenke were strongly correlated (in descending order) to the other tests. The parameters

giving the greatest number of significant correlations were (in descending order) modified

Zeleny, alveograph strength, and mixograph height at seven min, farina graph weakening, and

micro-baking. Fowler and De La Roche (1975) studied 28 different wheat kernel and flower

measurements and recommended the use of kernel hardness, protein quantity and rate of

dough development to provide the basic information required for estimation of the bread

and/or pastry potential of a cultivar. O'Brien and Ronaids (1987) suggested that the most

effective early generation selection for quality is achieved when wheats are assessed using a

regime of tests that estimate grain hardness, flour protein content and some measure of

potential dough strength.

Kernel hardness is very often used as an important criterion to classify wheat quality (Aamodt

and Torrie, 1935; Symes, 1961; Meppelink, 1974) and related to milling and flour quality.

Wheats are generally divided into two classes, hard and soft. Hard wheat requires more force

to fracture kernels, maintain a larger particle size, it passes through sieves more easily, and has

more damaged starch in the resultant flour. Endosperm texture is variable, and environmental

factors exert modifying effects (MacRitchie, 1980; Mattem, 1988; Anjum and Walker, 1991).

Protein and moisture content are important, and factors such as interaction between protein and

starch, minerals, and moisture within the endosperm matrix play important roles. Bran may

also affect hardness (Green way, 1969). A vitreous (translucent or horn like) appearance is

generally associated with hardness and high protein content, and opaqueness (mealyness or

flouryness) with softness and low protein content (Hoseney, 1986). Hard wheats generally

have high protein and tend to be vitreous, but the cause for hardness and vitreousness are

different. Vitreousness is related to a lack of air spaces between granules of starch, whereas

hardness relates to protein-starch bond strength and protein matrix continuity between

granules. Air spaces make the opaque grain less dense and are formed during grain drying. The

protein shrinks, ruptures and leaves air spaces upon drying. In vitreous kernels, the protein

shrinks but remains intact (Hoseney, 1986). Low protein soft wheats are opaque or mealy, but

at higher protein, the grain is or can be translucent or vitreous. This change in appearance

within a cultivar does not change its kernel hardness significantly.

4



CHAPTER 2 LITERATURE REVIEW.......................................................................................................................................................

Test weight of normal (unshrivelled and undamaged) soft wheat grain is the combination of

two factors: the density of the kernel itself and a random volume occupied by the grain

(packing efficiency). It is also associated with shape of the grain (Yamazaki and Briggle,

1969). Kernel density reflects the environment in which the grain was grown and is dependent

on the volume of the air in the grain as well as protein content to some extent, which also

affects grain appearance. Low protein grain (mealy in appearance) has more or larger air

pockets than those of relatively high protein kernels (vitreous in appearance, which may have

no air pockets). Presumably, in the low protein dry wheat there is insufficient protoplasmic

(protein) material to fill the interstices between starch granules in the cells. Test weight

decreases with kernel deformation, especially by shriveling, and in these cases, there is an

obvious increase in the ratio of bran to endosperm and concomitant yield loss.

Weight of 1000 grains can give an indication of flour yield on the basis that large, well filled,

dense grain will contain a greater amount of endosperm compared with bran. However,

correlations with flour yield are not particularly high. In durum wheat, however, kernel size,

and therefore 1000 grain weight, is considered the best index for potential semolina yield per

unit of grain (Matsuo and Dexter, 1980).

Break flour is the portion of the kernel endosperm of flour fineness obtained without crushing

or reduction in the milling operation. Soft wheats fracture into significantly smaller particles

than hard wheats, reflected in the greater quantity of break flour in milling (Yamazaki and

Denelson, 1983). Flour yield has been shown to be a cultivar trait (Yamazaki and Andrews,

1982) and can range from 72-79 % on a products basis. Flour yield potential is better

expressed when the experimental milling technique is optimized for each wheat being tested,

rather than subjecting grains differing in milling response to a uniform procedure. Hard wheat

of good milling quality should have nomlal bolting or sifting properties and therefore should

be neither unusually hard nor soft. If, in addition, the wheat gives a normal yield of flour with

a normal quantity of ash, almost invariably it will be suitable as good milling hard wheat.

Wheat that is too hard usually requires more power and more than the normal number of break

and reduction operations. The flour from such wheat usually will have relatively high ash

content (Finney et al., 1987).

The amount of variation in loaf volume that can be explained by protein content varied from 1-

86 % (Weegels et aI., 1996). Improved bread making can be achieved by increasing protein

content or by improving protein quality or both (Finney and Barmore, 1948). Protein quality is

5
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determined by the composition of the storage proteins mainly dependent on genotype. Protein

content is strongly influenced by environment and growing conditions (Graybosch et al.,

1996). The glutenin content of flour could explain variation in loaf volume as well as, or better

than, protein content and could be even more important than protein content in determining

bread-making quality. O'Brien and Ronaids (1984) found a significant negative correlation

between grain yield and flour protein content. However, grain yield was not significantly

correlated with other quality measures, indicating that high yielding, good quality wheats

could be obtained from the population.

Sedimentation test is the measure of protein aggregative ability and effectively provides a

semi-quantitative determination of the amount of glutenin macropolymer based on the

flocculation of polymeric glutenin in SDS/lactic acid solution (Axford et aI., 1979; Weegels et

al., 1996). There is an excellent correlation between the amount of gel protein and SDS-

sedimentation volume (SDSS) and it indicates the bread-making quality of flours in a rapid

and simple way. Good bread-making quality is associated with large SDS volume. Axford et

al. (1979) have shown that sedimentation volume of 56 flours of 10 varieties correlated

strongly with the volume of loaves from the same flours both by a long fermentation baking

process and a mechanical development process. High correlations were confirmed between

the amount of SDS unextractable protein and the Chopin Alveograph Wand Pvalues

(Dachkevitch and Autran, 1989), and SDSS to protein content and loaf volume (de Villiers

and Laubscher, 1995). Lorenzo and Kronstad (1987) found that SDSS values were highly

influenced by variation in protein content of the grain as opposed to Blackman and Gill (1979)

and Presten et al. (1982) who found that SDSS values were not affected by variation in the

protein content in the grain. Nitrogen fertilization and locality affected SDSS volume as well

as the protein content and bread volume thereby affecting the relationship between them (de

Villiers and Laubscher, 1995).

Two important bread-making properties, mixing time and mixing tolerance are objectively

determined from the mixogram (Figure 1). Both the quality and quantity of proteins affect the

mixing (physical dough) properties of bread wheat flours (Finney and Shogren, 1972).

Mixograph mixing time is more highly correlated with experimental bake mixing time than is

Farinograph mixing time (Miller et al., 1956; Shellenberger et al., 1970). In general, the longer

the mixing time is, the better the mixing tolerance. A medium to medium-long mixing

requirement, corresponding to the time to the peak, generally is most desirable. Dough having

a short mixing time of 1.5 min almost invariably will be less stable, less elastic, and more

6



CHAPTER 2 LITERA TURE REVIEW........................................................................................................................................................

extensible than dough having a longer mixing time of 2.5 to 3 min. In general, as mixing time

increases, dough extensibility decreases and dough stability and elasticity increases (Grass et

al, 2001).

rn(lir:imum oond width

//~oo WId!11ot peok lesl~anoe
~.__»-:" ...r

40

m-l_r)
'(Jj
<1'1
II

rêststOn.ce brool:.dO'WI1

o

Time (seconds)

Figure 1. Mixograph measurements. The x-axis tracks the time since the start of mixing and
the y-axis measures the instantaneous levels of power required to mix the dough. The width of
the trace reflects the repeated stretching and rupture of the dough as it is mixed (Source: Grasa
et al., 2001)

As protein content increases within a cultivar, water absorption increases (Finney, 1945). The

water absorption at a given protein level varies between cultivars indicating it is a function of

quantity and quality of wheat flour proteins. Correlations between baking data and mixograph

characteristics were substantiated (Dong et al., 1992; Khatkar et al., 1996), and proved to be a

powerful tool to investigate indices of bread making quality (Martinant et al., 1998), and

mixogrpph characterstics are used as an official physical test in many countries. Dong et al.

(1992) found significant correlations between protein concentration and both ioaf volume and

absorption and between mixing tolerance and crumb grain score. No association was found

between total protein content and mixing properties. High molecular weight glutenin subunits

(HMW -GS) 5+ 10 had the most consistently positive effect on most of the quality

measurements. They concluded that using biochemical methods to identify wheat genotypes

with specific HMW glutenin and gliadin composition in parental and early generation

selection, but phenotypic quality traits must be considered as well.

7
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Alveograph is widely used to determine the bread-making quality of wheat. Itmeasures dough

resistance, elasticity and protein strength of bread wheats. Yamamotto et al (1996) after

investigation of four classes of soft wheats recommended the use of the alveograph and

mixograph as useful tools for evaluation of soft wheat quality for cake and cookie baking.

Farinograph is the most widely used physical dough testing instrument. It may be used to

estimate absorption, optimum mixing time, and mixing tolerance, provided the necessary

correlations have been established (Shellenberger et aI., 1970).

Loaf volume is a function of both the quantity and quality of flour proteins (Finney et aI.,

1987). A flour of good quality for bread-making should have a high water absorption, a

medium-long mixing requirement, a small to medium oxidation requirement, satisfactory

mixing tolerance and dough handling properties, and good loaf volume potential (considering

protein content) (Finney et aI., 1987). Also, it should yield a loaf that has good internal crumb

grain and color. Loaf volume at the 13 % protein level increases as mixing time increases up

to about 3 min. Beyond 3 min, loaf volume is approximately constant with increasing mixing

time. The lowest loaf volumes for mixing time greater than 3 min are considered to be barely

satisfactory. Thus, mixing time or requirement obtained from the mixogram is a reliable index

of loaf volume potential and protein quality, when selecting cultivars that have mixing

requirements of about 3 min or greater (Finney et aI., 1985).

The end-use quality of any wheat genotype can vary tremendously depending on the

geographical production environment, soil N availability, temperature during grain filling,

distribution of rainfall, and late season frosts (Haunold et aI., 1962b; Faridi and Finley, 1989;

Randam and Moll, 1990; Johnson and Marten, 1987; Graybosch et al., 1996). Peterson et al

(1992) found that genotype, environment, and interaction effects significantly influence the

variation in all quality parameters and variances of quality characteristics associated with

environmental effects were generally larger than those for genetic factors. It is known that

grain yield and protein concentration often are negatively correlated in cereal crops, especially

when soiI nitrogen is limiting (Haunold et aI., 1962b). Cox et al. (1989) after examining the

changes in quality of releases from 1874-1988 concluded that deterioration in quality may be

caused by nongenetic factors such as changes in the environment, milling practices,

commercial baking methods and formulations, or some combinations of these factors. In a

genotype by environment study of soft wheats, Basset et al. (1989) found significant effects of

cultivar and environment in flour yield, percent flour protein, hardness and sedimentation,

alkaline water retention capacity (AWRC) and cookie diameter. Genotypes by environment

8
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interactions were small, but significant. Among the variance components, years contributed

most to total variance for protein, sedimentation and AWRC. The year by site component was

greatest for flour yield, cookie diameter and hardness. Relatively large cultivar by environment

components for cookie diameter, hardness, and AWRC required their evaluation across

multiple site years.

2.2 Polymorphism and functional role of storage proteins

The unique properties of the wheat gram reside primarily in the gluten forming storage

proteins of its endosperm which gives its viscoelastic properties. The essence of elasticity is

that, following extension, a restoring force exists which tends to return the material to its

original dimensions. For most traditional uses, wheat quality derives mainly from two

interrelated characteristics: grain hardness and "protein quality". Quality is determined by the

molecular structure of the storage proteins of wheat, that in turn, controls the interactions of

the proteins during the bread making process (Payne, 1987; Bushuk, 1998; Gainibelli et al.,

200 I).

Based on their sequential extraction and differential solubility, Osborne (1907) classified

wheat proteins into four different groups, albumins (soluble in water and dilute buffers),

globulins (not soluble in water but soluble in saline solutions), prolamins (which are soluble

in 70-90 % ethanol), and glutel ins (which are soluble in dilute acid or alkali). Later on, Ch en

and Bushuk (1970) added a fifth fraction by dividing glutenin into two fractions: one soluble

in dilute acetic acid (O.OSM) and other insoluble in this solvent. However, each of these

fractions is a complex mixture of different polypeptides and that these polypeptides overlap

in their solubilities particularly the gliadin and glutenin proteins.

After the reduction of disulfide bonds, all gluten proteins are soluble in 70 % ethanol or

other alcohol such as n-propanol as individual polypeptide chains (Kreis et aI., 1985). They

have thus been classified as prolamins due to the existence of close similarity in structure

between low molecular weight glutenin subunits (LMW-GS) and gliadins (Shewry et al.,

1986). All gluten proteins are high in proline and glutamine contents, the name prolamins

being derived from the combined names of these amino acids. Within this group, further

differences between them are based on biochemical characteristics: sulfur-rich, sulfur-poor,

and HMW prolamins (Figure 2). While gliadins are single polypeptide chains (monomeric

9
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proteins), the glutenins are multi-chained structures of poly pep tides that are held together by

disulfide bonds. The very high molecular weight of these polymeric structures is responsible

for their partial insolubility and for their distinct contribution to functionality compared- with

that of the gliadins.

. .

: Wheat gluten proteins
.......................... ·········1····

Menomeric Aggregative
glutenins

I
gliadins

mHHHH1H'
: : HM\'\I
i i subunits

HM\'\I
prolanuns

S-poor
prolamiris

S-rich
prolamins

Figure 2. Comparison of the traditional (functional) and new (molecular) classification of
gluten proteins (Shewry et aI., 1986)

Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) is the procedure

most widely used to separate the reduced subunits of glutenin. In SDS-PAGE, SDS masks

protein charge, and thus separation depends only on size. This shows two groups of bands,

which have been called the high molecular weight (HMW, 80,000-130,000 Da) and low

molecular weight (LMW, 10,000-70,000 Da) subunits (Bietz and Wall, 1972; Payne et al.,

1980; Jackson et aI., 1983). True estimates calculated from derived amino acid sequences

indicate lower molecular weights for HMW-GS (Anderson et aI., 1989; Anderson and Green,

1989).

According to the scheme of Pay ne et al. (1979), HMW-GS were termed A subunits, LMW-GS

were further broken down into two groups, B-subunits (slower moving), and C-subunits (faster

moving) distantly related to 't: and o-gliadins. Finally, the D-group, also belonging to the

LMW-GS group, is highly acidic and related to o-gliadins (Jacks on et aI., 1983; Masci et aI.,

1993; Thompson et al., 1994).

10
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The HMW glutenin subunits of wheat protein are quantitatively minor but functionally

important group of gluten proteins in the process of bread making (Tatham and Shewry, 1985;

Shewry et al., 1992). They are encoded at the Glu-I loci on the long arm of the group 1

chromosome lA, lB, and ID at Glu-Al , Glu-Bl and Glu-Dl loci, respectively (Payne 1987;

Shewry et al., 1992; Figure 3). Each locus consists of two genes encoding a HMW x-type

subunit and a HMW y-type subunit (Payne et al., 1981). Most alleles at Glu-Bl and Glu-Dl

encode two high molecular subunits of glutenin named as x-type (lower mobility) and y-type

(higher mobility) in SDS-PAGE (Rogers et al., 1991); both types of subunits are important in

influencing bread making quality.

Long arm Short arm
Glu-l Gli-l/Glu-3

lA-------------I-----o----------------I----
IB-------------I-----o----------------I----
ID-------------I-----o----------------I----

Gli-2
o----------------I----6A
o----------------I----6B
o----------------I----6D

Figure 3. Chromosomal location of genes coding for gluten proteins (MacRitchie and
Lafiandra, 2001)

Appreciable polymorphism was found in the number and mobility of HMW -glutenin subunits

in both bread wheats (Lawrence and Shepherd, 1980; Payne et al., 1980) and pasta wheats

(Waines and Payne, 1987; Branlard et al., 1989). The polymorphism provides a basis for the

correlation of specific alleles with differences in bread making performance. Payne and

Lawrence (1983) summarized the range ofalleles at the Glu-I loci as three allelic forms (one

of which is null or silent) at the Glu-LA, 11 alleles (involving 14 different polypeptides) at the

Glu-LB, and six alleles (eight different polypeptides) at the Glu-Dl (Figure 4) which also

provides the chromosomal locations of the genes. Since the publication of this catalog of

alleles at Glu- 1 loci, more alleles that are novel have been identified (McIntosh et al., 1994;

Gainibelli et al., 2001).
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Figure 4. Allelic variation HMW glutenin subunits at three gene loci based on SDS-PAGE
fractionation and relationship to bread making quality (Payne et al., 1984a). Lowercase letters
refer to allele designations of Payne and Lawrence (1983) (Source: Gianibelli et al., 2001)

Bread wheat could, in theory, contain six different HMW glutenin subunits, but due to the

"silencing" of some of these genes, most common wheat cultivars possess three to five HMW-

GS (one to three subunits in durum wheats). Thus, all hexaploid wheats contain at least the

l Bx, 1Dx, and 1Dy subunits, while some cultivars also contain 1By and lAx subunits

(Gainibelli et al., 2001). It appears that the gene encoding the lAy subunit is always silent.

However, some bread wheats with six HMW-GS have been reported (Johansson et al., 1993;

Margiotta et al., 1996) and lAy subunits in A-genome diploid species (Waines and Payne,

1987) have been published. A particular feature of the HMW subunits (Shewry et al., 1989) is

that they contain very large amounts of glutamine (35 mol %) and significant amounts of

glycine (20 mol %) and proline (10 mol %). They are linear proteins, which consist ofC and N

terminal, which are largely alpha helical, separated by long domains of repeat sequences. The

evidence obtained from spectroscopic results has lead to the suggestion that hydrogen bonding

between the repeat regions of the HMW subunits is responsible for the elasticity of the gluten

(Belton, 1999). The length and nature of the repeat region in the HMW subunits will play a

role in the viscoelastic properties.

The relationship between HMW subunits and bread making quality were studied as the

presence and absence of subunits (Payneet al., 1984a; Payne et al., 1987; Pogna et al., 1987;

Lawrence et al., 1988) or as the quantity of one subunit is related to quality (Bran lard and

12



l

CHAPTER 2 LITERATURE REVIEW.......................................................................................................................................................

Dardevet, 1985; Ng and Bushuk, 1988) and the additivity or combined role of HMW and

LMW glutenin subunits in improving bread making quality (Payne et al., 1987; Gupta et al.,

1989; Shewry et al., 1992). Other grain components, such as lipids and carbohydrates also

affect bread making quality, possibly by interacting with the gluten proteins.

Genetic studies (Payne et al., 1981) and studies correlating HMW glutenin composition with

known quality characteristics of released varieties (Payne et al., 1987) have established the

presence of subunits with both positive (5+10) and negative (2+12) effects on bread making

quality (Graybosch, 1992). Other allelic variant pairs had similar results: Glu-BJ sub units

17+ 18 (strong) versus subunits 20x+20y (weak). These differences in dough strength were due

to differences in molecular size of glutenin polymers deduced from solubility measurements

(Gupta and MacRitchie, 1994). The origins of the allelic differences have not been established.

However, in comparing 5+ 10 and 2+ 12, an extra cysteine residue in Dx5 was suggested as a

possible explanation (Anderson and Green 1989; Kasarda, 1999). Recent advances in micro

scale mixing and protein-engineering systems have proved to be valuable in elucidating

structure and functional relationship in gluten proteins (Bekes et al., 1998). Branlard and

Dardevet (1985) reported that the alveograph parameters W (gluten strength) and P (tenacity),

and the Zeleny sedimentation value are correlated positively with subunits 7+9 and 5+ 10, and

negatively with bands 2+ 12, whereas subunit 1 is correlated to Wand subunits 2 * and 17+ 18

with G (extensibility). In general, a Null at Glu-AJ locus, subunit 4+8 encoded at Glu-BJ and

2+ 12 at Glu-DJ are negatively related to the quality parameters (Weegels et al., 1996).

Quantity of the glutenin macro-polymer content (gel protein) is statistically related to bread

making quality and dough properties than individual subunits (Weegels et al., 1996).

However, it is apparent that wheat flours from cultivars with HMW glutenin subunits 5+10

have larger glutenin macropolymer content. These subunits are indirectly related to good

bread-making quality. Glutenin subunits or alleles could be used, however, as indicators of

quality for breeding purposes, when only small amounts of material are available and fast

quality prediction is necessary.

Some cultivars have better quality than expected on the basis of their HMW subunit

composition, while the quality of others is unexpectedly low. In many cases, this is related to

the presence of translocated lBR/IRS translocation. However, available evidence indicates

that the HMW glutamines play an important role and directly limit quality in some cultivars.

Morguno et al. (1990) suggested adaptive values for particular alleles to the environmental
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conditions under which the varieties were bred. The patterns of high HMW glutenin subunits

amongst varieties with superior bread making quality showed few differences from from those

of bread making varieties of lower quality.

A scormg system for HMW-GS has been developed (Payne et aI., 1987) using major

subunits encoded at the A, B, and D genome in which individual subunit pairs are graded

with numbers based on bread making quality evaluations. A given cultivar can then be

assigned a Glu- i score, which is the sum of the contributions of each of the three HMW -GS

loci. Many breeding programs have characterized the HMW-GS composition of their

breeding and released lines/cultivars (Lawrence, 1986; Payne, 1987; Rogers et aI., 1989;

Morguno et al., 1990; Lukow, 1991; Lookhart et al., 1993; Igrejas et al., 1999; Nakamura,

2001) in relation to end-use quality and used it as a screening test to ensure that good bread

making alleles (1, 2*, 7+9, 7+8, 5+10) are incorporated into new cultivars (Lukow, 1991).

The HMW-GS score has more influence in some sets of wheats than in others (MacRitchie

et aI., 1990) and lines with poor banding combinations (2+12) produced a relatively high

volume (Lorenzo and Kronstad; 1987, Bedê et ai, 1995). This is likely to be due to the

complex interaction of factors that define wheat quality. These factors, in which HMW-GS

have a major role, also include LMW -GS, gliadins, and abiotic stresses. Nevertheless,

reference to HMW -GS composition has proved val uable in the segregation of lines in the

process of breeding for specific quality targets (Weegels et aI., 1996; Cornish et aI., 1999).

Studies indicated that variation in HMW subunits of genotypes accounts 20-60 % of the

variation in bread making quality (Payne et aI., 1987; Lukow et aI., 1989; Rogers et aI., 1989;

Kolster et aI., 1991). When protein content was below 9.2 %, no effect of allelic variation at

the Glu-Di locus was present (Kolster et al., 1991). Epistatic effects between Glu-i loci also

contributed to the variation in loaf volume of the lines; for example, the effect of allelic

variation at Glu-Al and Glu-Bl depend on the allele present at Glu-Dl. Branlard (1987) who

studied genotypes with a protein content varying from 10 to 19 % found effects of HMW

alleles on the bread making quality between 10 % and 15 % protein and no effects when the

protein exceeds 15 %. Therefore, the variation in HMW allele composition depends on the

protein content of the flour used in the baking test.

Lorenzo and Kronstad (1987) evaluated SDSS and SDS-PAGE to identify the protein quality

factors from different sources of high protein bread wheat selections. They concluded that
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electrophoresis analysis (SDS-PAGE) of HMW-GS was a reliable indicator of loaf volume at

specific protein levels. Bands 5+ 10 contributed from the D genome, with either bands 1 or 2*
from the A genome and bands 7 and 8 or 17 and 18 coded by the B genome were con-elated

with high volume. HMW glutenin banding patterns were independent of environmental factors

and could help in identifying good bread making quality in low protein environments but this

technique might not be as reliable in continental climates where loaf volume can be a function

of high protein content. The values of SDSS discriminated between wheat lines giving high or

low loaf volume, but SDSS values were found to be dependent upon variation in protein

content for the experimental material used.

Brunori et al. (1989) studied relationships of dough strength and mixing stability in relation to

flour protein content, glutenin/gliadin ratio, and high molecular weight subunits in bread wheat

progenies. They concluded that genotype selection based on HMW subunits of glutenins

would have a beneficial effect on dough strength (W). High W could be associated with a high

glutenin/gliadin ratio as well as with the presence of specific HMW subunits of glutenin. They

also suggested a reasonable breeding objective could be the development of wheat varieties

with medium expression of gluten quality sufficient for bread making purposes. Varieties of

this type may be expected to maintain a practically constant bread making quality through the

years, especially in respect to the expression of a balanced PIL ratio.

Kolster et al. (1991) studied 226 lines, which were not selected for quality, and found that 20

% of the total variation in loaf volume was accounted for by the variation in HMW glutenin

subunits. Most important was the allelic variation at the Glu-Dl locus, the glutenin allele

encoding the subunit 5+10 was superior to its allelic counterpart, encoding 2+12. The

difference in average of loaf volume between groups of lines containing 5+10 or 2+ 12 was

negatively correlated with protein content of the flours. When the protein was below 9.2 %, no

effect of allelic variation at the Glu-Dllocus was present.

Campbell et al. (1987) used a wide range of materials from very different breeding programs

chosen on the basis of agronomic characters rather than grain quality, to overcome previous

reports by others for small scale quality tests and for different sets of wheats. In their

biochemical study of HMW, using Payne and Lawrence's (1983) classification, consistent

prominence of Glu 5+ 10 (producing strong wheat) and Glu 2+ 12 (associate with poor quality)

was found consistent with previous studies (Payne et aI., 1981; Payne and Lawrence, 1983).

These proteins are associated with the D genome, the one that distinguishes bread wheat from
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durums. This probably explains why HMW glutenin subunits have not been associated with

dough properties in durum wheats (Du Cross, 1987). In the same study, they reported the

strong association of gliadins (58, 59, 60 67) with dough resistance. The associations have a

strong genetic basis and are thus valuable in breeding.

It was suggested (Payne et al., 1981), that bringing together those subunits which correlate

strongly with bread-making quality by conventional breeding using the SDS-sedimentation

test as a primary screen and SDS-PAGE as a secondary screen to test the desired subunits

provided the effects of the good-quality subunits from each of the alleles are additive then new

varieties with improved quality should result from this approach.

The determination of HMW glutenin proteins by SDS-PAGE has been evaluated as a

screening test for Canadian bread wheat (Lukow, 1991). The extensive use of the back

crossing method in western Canadian programs largely ensures that good bread making

alleles (1, 2*, 7+9, 7+8, 5+10) are incorporated in new cultivars. Therefore, SDS-PAGE

screening of early generation lines is a useful technique.

The LMW-GS (B-, C-, and D-subunits) represents about one-third of the total seed protein

and :::::60% of total glutenins (Bietz and Wall, 1973). Advances in characterization ofLMW

proteins are enhanced by recent SDS-PAGE (Singh et al., 1991a; Gupta and MacRitchie,

1991), RP-HPLC and capillary electrophoresis (Bean and Lookhart, 2000). Gupta and

Shepherd (1990) extensively described the major LMW-GS for bread wheat (T aestivum L.)

based on genetic analysis and on the chromosomal location of the encoding genes and by

Jackson et al. (1996). Nieto- Taladriz et al. (1997) described the allelic variation of the B-

type LMW-GS in durum wheat (T durum). Both systems are based on the relative

electrophoretic mobility of subunits in SDS-PAGE. The LMW -GS are controlled by genes at

the Glu-A3, Glu-B3, and Glu-D3 loci on the short arms of chromosome lAS, IBS, and IDS,

respectively. On the basis of screening a collection of 222 hexaploid wheats from 32

countries, Gupta and Shepherd (1990) detected 20 different band patterns (LMW-GS

blocks), six for the Glu-A3 locus, nine for the Glu-B3 locus, and five for the Glu-D3 locus.

Recently, two new LMW-GS with molecular weights of :::::30-31,000 Da (Glu-D410cus) and

32,000 Da (Glu-D5 locus) were reported (Sreeramulu and Singh, 1997). Some cultivars do

not exhibit any LMW-GS encoded by Glu-A3. On the other hand, there is extensive

polymorphism for LMW-GS encoded by chromosome lB. There is also evidence that some
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LMW-GS are controlled by genes on group-6 chromosomes (Lewet al., 1992; Gupta and

Shepherd, 1993).

Close linkage between the Glu-3 loci encoding LMW-GS and the Gli-I loci has been

reported (Payne et al., 1984b; Singh and Shepherd, 1984, 1988; Pogna et al., 1990). The Gli-

I multigene loci encode )'- and o-gliadins and some ,6-gliadins at the distal ends of the short

arms of Chromosomes lA, 1B, and ID. This close linkage (estimated as 2cM between Glu-

B3 and GIi-B I on the short arm of chromosome 1B in both bread and durum wheat) is useful

for identifying the Glu-B3 alleles and some of the Glu-D3 alleles in breeding programs.

Because the gliadin composition can be screened more readily than specific LMW-GS, the

gliadins are potentially useful as indicators ofLMW-GS alleles (Singh et al., 1991b; Jackson

et aI., 1996). Earlier studies identified the presence of )'-gliadins 45 and 42 as reliable

markers for good and poor pasta quality, respectively (Damidaux et aI., 1978; Kosmolak et

aI., 1980). The effect of )'-gliadins on pasta quality was related to genetic linkages with

LMW-GS (Payne et al., 1984b).

The allelic variation at the LMW-GS loci is associated with significant differences in dough

quality in bread (Gupta et aI., 1989, Gupta and MacRitche, 1994) and durum wheat (Pogna

et aI., 1990; Ruiz and Carrillo, 1993). LMW-GS have the ability to form large aggregates

that are related to dough strength. Payne et al. (1984 b) were the first workers to associate

LMW-GS with quality characters of tetraploid wheat. A preliminary study ranking LMW-

GS alleles in order of quality also has been reported by Gupta et al. (1989), Cornish (1995),

and Cornish et al. (1999). However, it has been suggested that the effect of these alleles on

quality will be more accurately assessed if they are considered in conjunction with the

HMW-GS (Gupta and MacRitche, 1994).

Gliadins are heterogeneous mixtures of single-chained polypeptides, which are, in their

native state, soluble in 70 % aqueous alcohol. In accordance with their mobility in acid-

PAGE (A-PAGE), they are divided into four groups: (Y.- (fastest mobility), ,6-, )'-, and w-

gliadins (slowest mobility). The molecular weight range is ::::::30,000 to 75,000 Da. Using

one-dimensional electrophoresis, gliadins of a single wheat grain can be separated into 20-25

components (Bushuk and Zillman, 1978; Autran et aI., 1979; Wrigley et al., 1982;

Metakovsky et al., 1984). Two-dimensional electrophoresis allows better separation with a

resolution of up to 50 components (Wrigley, 1970; Payne et aI., 1982; Pogna et aI., 1990).

Due to extensive polymorphism, these proteins have been widely used for cultivar

17



18

.9.I:I.~?!.;R.? ~rff:~~l'!.~.~.~.~YI.;w.

identification in hexaploid and tetraploid wheats. The )'-gliadins differ from (X- and ,6-gliadins

in the amount of aspartic acid, proline, methionine, tyrosine, phenilalanine, and tryptophan

(Bietz et aI., 1977). The w-gliadins differ in amino acid composition from other gliadins and

do not have cysteine. The w-gliadins are characterized by high levels of glutamine

(+glutamate) (40-50 mol %), proline (20-30 mol %), and phenylalanine (7-9 mol %), which

represent> 80 % of the total amino acid residues (Tatham and Shewry, 1995). All gliadins

are low in the ionic amino acids (histidine, arginine, lysine, and free carboxylic groups of

aspartic acid and glutamic acid). Glutamic and aspartic acids exist almost entirely as amides.

Also, gliadins can be classified according to their N-terminal amino acid sequence.

Based on electrophoretic mobility, the nomenclature of gliadins uses the letters cx, ,6, )' and w

to identify four different electrophoretic zones in acid-PAGE. An approach developed by

Bushuk and Sapirstein (1991), based on previous work (Sapirstein and Bushuk, 1985),

defines three arbitrary gliadin bands (40.4, 53.2, 68.6) of a reference wheat cultivar

(Neepawa) as limits for the determination of the four groups: w « 40.4), )' (40.4-53.2), ,6

(53.2-68.6), and (X (> 68.6). Nevertheless, genetic (Payne et aI., 1982) and chemical studies

involving amino acid analyses and N terminal sequences (Bietz et aI., 1977; Kasarda et aI,

1983) suggested that the gliadins can be arranged into three major groups of cxJ,6-, )'-, and w-

gliadins.

The genetic system of gliadin nomenclature uses two types of allelic designations. In one

case, each gliadin component is identified by the chromosome on which its encoding gene is

located. In the second, groups of genetically linked gliadin components are designated by an

allelic block identified by the chromosomes and block letters; this is the designation

currently used (Wrigley et aI., 1996).

Genes coding these proteins are located on the short arms of group 1 and 6 chromosomes

(Wrigley and Shepherd, 1973; Brown and Flavell, 1981). They are tightly linked genes

located at three homologous loci of the group 1 chromosome: Gii-Al, Gii-Bl, and Gii-Dl

and group 6 chromosomes: GIi-A2, GIi-B2, and GIi-D2 loci. Gli-l genes code for all the w-

and most of the )'-gliadins while Gli-2 genes code for all the (X-, most of the ,6-, and some of

the )'-gliadins. Each cluster codes for a number of poly pep tides (a block) that is inherited as a

Mendelian character, and multiple allelism has been established in both GIi-1 and Gli-2 loci

(Metakovsky et al., 1984; Metakovsky, 1991).
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Contemporary work has. indicated that the distribution of loci controlling w- and ')I-gliadins

on group 1 chromosomes is more complex than originally supposed (Redaelli et aI., 1992;

Nieto-Taladriz and Carrillo, 1996; Rodriguez-Quijano and Carrillo, 1996). Some researchers

have questioned the earlier conclusion of Metakovsky et al (1986), suggesting that gliadins

are controlled by gene clusters at the Gii-I, Gli-Z loci, and some other single genes separated

from them. There is, thus, the concept that the genetics of gliadins should be modified to

allow for the possibility that whole clusters of genes have been duplicated, as is now being

revealed at the Gii-A3 and GIi-B3 loci (Nieto- Taladriz and Carrillo, 1996). Allelic variants of

the blocks differ in the number, mobility, and intensity of their components and can be

characterized through A-PAGE or even SDS-PAGE. Metakovsky and eo-workers studied

this group of proteins in detail. The scope of their work covered the allelic composition of

gl iadins from hexaploid wheat, tetraploid wheat, and diploid species related to wheat

(Metakovsky et al., 1984, 1986; Metakovsky and Iakobashvili, 1990; Metakovsky and

Baboev, 1992).

Gliadins are generally considered to contribute to the viscosity and extensibility of gluten.

Although some authors have associated specific gliadin alleles with bread making quality, it

is now accepted that these proteins may not have a direct effect on wheat quality in terms of

dough strength (Gainibelli et al., 2001). This role may instead be due to the LMW-GS

because of their tight genetic linkage to the gliadins. The low lysine content (0.5 mol %) of

the gliadins is a major negative factor affecting the nutritional quality of the wheat proteins.

2.3 Combining ability of quality traits

Wheat quality depends on many genetic and non-genetic factors. Understanding of the

inheritance of wheat quality traits, joint inheritance and their association with the environment

is vital (Baker and Sutherland, 1991) to improve wheat quality. Combining ability analysis of

diallel crosses is useful to understand the nature of gene action involved in determining

quantitative traits (Griffing, 1956a,b; Baker, 1978) and identify crosses with superior

performance for use in a practical breeding program. An estimation of additive and non-

additive genetic components can be made from the experimental material in terms of general

(GCA) and specific (SCA) combining ability variances. The GCA effects represent the fixable

component of genetic variance (Sprague, 1966). Parents with good combining ability for a

specific character may be useful in a hybridization program for the improvement of that
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character. The SeA represents a non- fixable component of genetic variation, related to

heterosis. Therefore, combining ability indicates the value of varieties as parents, identifies

satisfactory hybrids and offers an indication of the mode of inheritance for the traits studied.

Quality traits are many and their inheritance is complex and shows a considerable degree of

genetic variation. It has been found that progress in breeding for grain yield has been slower

in the high quality bread making varieties (Shebeski, 1966; Bingham and Lupton, 1987). This

may partly be attributed to the logistical difficulties of selecting for the many additional

independently inherited characters of a top quality variety (Bingham et al., 1981). Edwards

(1987b) and Virmani and Edwards (1983) have observed that GCA is of greater importance

than SCA in wheat, although the latter appears to be more important in space plantings. Many

reports suggest that GCA is the principal source of improved grain yield in hybrids, as in line

varieties (Borghi et al., 1989; Morgan et al., 1989; Pickett, 1993) with small contribution from

SCA. Rodriguez et al. (1967) reported high-test weights in 45 hybrids where one parent was a

poor performer in this respect. Perenzin et al. (1987) and Edwards (1987a) reported mean test

weights that equal or are above the means of parents. Crosses between parents of different

texture have been found to produce variable results (Rodriguez et al., 1967; Edwards, 1987b).

Studies on flour extraction levels in wheat crosses vary from no heterosis (Bitzer and Fu,

1972), intermediate to parents (Edwards, 1987b) and high parent or higher levels than parents.

There are several quality tests, which examine the rheological and baking properties of flour

(Kent, 1983; Blackman and Payne, 1987). The SDS sedimentation test, which uses sodium

dodecyl sulphate as a solution, is widely used to indicate protein quality. Brears and Bingham

(1989) reported that most hybrids were intermediate in sedimentation. SDS sedimentation

volume correlated with dough strength measures, and it was suggested as a useful test to select

for dough strength (O'Brien et al., 1987). Quantity of protein is largely the result of

environment and has been shown to be under polygenic control (Haunold et al., 1962a; Stuber

et al., 1962). Protein levels in hybrids were shown to lie between parents, fall near to the lower

parent and lower than the high parent. It appears that higher values can be achieved by

selection of parents. Gyawali et al. (1966) found significant specific combining ability effects

for grain yield, kernel weight but not for flour yield. GCA effects were significant for grain

yield, kernel weight, pearling index and flour yield and they concluded interclass diversity is

not necessary for heterosis. Mou et al. (1994) found negative correlation between kernel

weight and protein concentration in two years and heritability estimates of 0.79 for kernel

weight. Matuz et al. (1993), in crosses of Hungarian and North American winter wheat

20
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varieties, found negative heterosis or intermediate inheritance for water absorption,

development time, stability of dough, loaf volume and protein content. Borghi et al. (1987)

suggested that genes for inferior dough quality acted dominant. He found crosses to be lower

in dough quality than parents, sometimes approaching the lower parent. Edwards (1987a)

reported that hybrids were generally intermediate in dough characteristics although there were

exceptions in both directions. Most researchers have concluded that breeding for bread

making quality is possible although it will be necessary to select parents carefully to achieve

this (Shebeski, 1966; Rodriquez et al., 1967; Wilson, 1968; Edwards, 1987b; Borghi et al.,

1987). According to review of Picket (1993), it appears that bread wheat quality is cross

specific.
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Chapter 3 Bread making quality of Ethiopian wheat
cultivars and prediction using direct and indirect quality
traits

3.1 Abstract

The bread making quality of Ethiopian cultivars were studied using 18 yield and quality traits

at low and high protein environments. Significant variation was observed between genotypes

with a broad range of milling, rheological and baking traits. Mean flour protein content, SDS-

sedimentation, hardness index, mixing time and loaf volume ranged from 6.6 to 14.6 %, 28.0

to 91.7 ml, 13.2 to 62.5,1.1 to 4.8 min and 731.3 to 1021 crrr', respectively. Cultivars Kariega,

SST 825, HAR 1868, and HAR 1685 had the highest bread volumes. These cultivars possess

higher SDS-sedimentation, gluten content and mixing time. The genotypic variance ratio was

consistently higher for SDS-sedimentation, mixing time and hardness index. Highly repeatable

traits, in descending order, were PIL ratio, breakflour yield, SDS-sedimentation, hardness

index, mixing time, loaf volume, gluten content and grain weight with values ranging from

0.63 to 0.91. Loaf volume was positively correlated with mixing time, SDS-sedimentation and

gluten strength. Three different quality prediction models were constructed explaining 48 to 73

% of the variation of mixing time and loaf volume, respectively. SDS-sedimentation alone

accounted for 56 % of the variation in loaf volume at the high protein environment. The

variability for mixing time due to protein content alone was 37 % at the low protein

environment. Both traits were common in the three models. Based on the genetic control of the

traits, correlations, repeatability and predictions made, SDS-sedimentation, protein content and

mixing time can be used as selection criteria where resources are limited. Hectoliter weight

and grain weight also contributed to the variation ofloafvolume and mixing time.

Key words: Bread wheat, breadmaking quality, prediction models

3.2 Introduction

Wheat quality refers to its suitability for the desired end product (Finney et aI., 1987; Wrigley,

2002). Bread making quality is an important and complex character and its potential is

determined by many direct and indirect traits including protein content, SDS-sedimentation,

flour yield, mixing time, water absorption and components of the grain such as carbohydrates
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and lipids and their interaction with proteins (Pomeranz, 1988; Kasarda, 1989). Genotype,

growing environment and their interaction also affect many of the quality traits (Lukow and

MeVetty, 1991; Peterson et aI., 1992; 1998). Increasing protein content or protein quality or

both wi II help to improve breadmaking quality (Finney and Barrnore, 1948). Protein content is

largely affected by environment and agronomic practice whereas protein quality, the

composition of storage proteins, is mainly dependent on genotype (Grayboscb et aI., 1996).

Protein content is highly correlated to mixing tolerance, water absorption, kernel weight, SDS-

sedimentation and loaf volume (Finney and Shogren, 1972; Peters on et al., 1992). SDS-

sedimentation is significantly correlated with loaf volume (Greenway et al., 1996; Wikstram

and Bohl in, 1996) and can give the best prediction. It is also significantly correlated with

protein, dough strength, extensibility, alveograph and farinograph parameters (Grager et aI.,

1997). Kernel hardness determines the milling and flour yield, it is affected by genotypic

rather than growing and environmental conditions (Fowler and DeRoche, 1975), and it is

correlated with loaf volume. Mixograph development time is highly correlated with

experimental baking time (Shellenberger et al., 1970; Dong et al., 1992; Khatkar et al., 1996)

and is used for official physical dough testing in many countries (Martinant et aI., 1998). Both

the quantity and quality of protein affect the mixing time (Finney and Shogran, 1972). Mixing

time increases at low protein levels and decreases as protein content increases. Flour water

absorption increases with increasing protein content. Loaf volume, the final product, is a

function of both the quantity and quality of flour proteins (Finney et aI., 1987). Due to various

genetic and non-genetic factors affecting wheat quality, understanding of the inheritance of

quality traits, their association and influence of environment is vital (Baker and Sutherland,

1971).

Wheat in Ethiopia is a major crop occupying more than 750,000 ha producing about 1.2

million tons annually (Tanner and Mwangi, 1991) and the country is the largest wheat

producer in sub-Saharan Africa (Hailu, 1991). The emerging wheat milling and baking

enterprises in Ethiopia, northwestem Ethiopia in particular, depend on domestic supply of raw

materials to satisfy their needs. They complained of the quality of local raw materials and lack

of consistent supply to produce end-use products of acceptable quality (Tadesse, 2001, Survey

supplementary to this study, unpublished). The need for improvement of grain quality in the

country has become more important, due to the increasing demands from agro industries,

which requires an effective strategy for quality improvement (Bechere et al., 2000; Galalcha et

aI., 2000). Until recently, the regional wheat breeding program focused mainly on high yield

and disease resistance with limited emphasis on end use quality. The current demand forced
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the consideration of breeding for both yield and quality. The objectives of these investigations

were to examine the differences in bread making quality of popularly grown commercial

cultivars and advanced breeding lines, quality prediction using some direct and indirect

measures of quality, identification of the contribution of factors affecting quality and

recommend the minimum required quality tests for the breeding program of northwestern

Ethiopia.

3.3 Material and methods

Thirty cultivars/lines were sampled from commercial varieties grown by Ethiopian farmers

and from advanced (fixed) breeding lines. The main criteria of selection were agronomic

performance. Two South African cultivars with excellent bread making quality were included

for comparison. The trials were grown at three environments: at Bainsvlei (South Africa) in

2000 and at Adet research center (Ethiopia) and Motta (Ethiopia) in 2001. RCB design with

three replications was used. The plot size was 4.5 m2 (six rows of 5 m length and 15 cm

spacing between rows) at Bainsvlei and 3 m2 (six rows of 2.5 m length and 20 cm between

rows) at Adet and Motta. The recommended fertilizer rate for high yield was applied i.e.,

92/46 kg N/P20s ha·l. All other recommended management practices were exercised for usual

wheat production. Data on yield and quality traits (Table 1) was collected and analyzed. The

normality of the data was investigated for outliers. ANOVA and estimates of variance

components were calculated using the restricted maximum likelihood method in SAS (1994)

2 (Mg-Me) .as follows: single environment, genotypic variance (a g) = ; more environments,
b

2 (Mg-Mi) bv envi . . . (2) (Mi-Me)a g= ; genotype y environment mteraction vanance a i = ; error
bl b

variance (a2e) = Me; b, block; I, environment; Mg, mean square of genotype; Mi, mean square

due to interaction; Me, error mean square (Singh et aI., 1993). Repeatability, bi, was calculated

?

bi = 2 CY -2
g

2' Three sets of independent quality traits were subjected to all possible
CYg+CYi+CYe

regression analysis (NCSS, 2001). The best sets out of all possible combinations were selected

describing the dependent variables. Multiple regression of the selected independent quality

traits was used to establish prediction equations of dependent variables using the following
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Yield
1000 grains weight
Hectoliter weight
Breakflour yield
Flour yield

AACC 26-21A
AACC 26-21At and
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simple-linear regression model: Y = bo+ (3,XI + (32X2+ (33X3+ ... + (3,/Xn; ba, the intercept; (3"/1,

the slopes of the regression plane; XI.n, independent variables; Y, dependent variable.

Coefficient of determination (R 2) is used to indicate the percent of variation in the dependent

variable explained by selected independent variables in the model. Phenotypic correlation was

calculated using Spearman's rank correlation. Genotypic correlations were computed from

Cov
covariance and variance matrices as: rg = .ry (Falconer and Mackay, 1996).

~ (J'2x(J'2 y

Table l. Methods, units and abbreviations of measurements of quality traits

Traits Abbreviations Unit
GYD ton ha'
TGW g
HLW kg hrl

BFLY %
FLY %

Methods of measurements

Junior Quadromat mill
Flour color FCL Kent Johns (C76)
Flour protein content FPC % AACC 39-11
Falling number FLN sec AACC 56-81B
SOS-sedimentation test SDSS ml AACC 56-70
Wet gluten GLUT % AACC 38-12A
Vitreous kernels VK % Sliced/counted
SKCS- hardness index SKHI AACC 53-31
SKCS-seed diameter SKDM mm AACC 53-31
SKCS-seed weight SKWT mg AACC 53-31
Mixograph development time MDT mm AACC 54-40A
Farinograph water absorption FABS % AACC 54-21
Alveograph PIL ratio PIL AACC 54-30A
Alveograph strength W cm' AACC 54-30A
Loaf volume LFV cm3 AACC 10-09
SKCS, Single Kernel Characteristics System; t, Biihler methodfor only blended samples;
AACC, American Association of Cereal Chemists (2000)

3.4 Results and discussion

The cultivarsilines showed large variability for quality. The mean and its range for yield and

quality traits at individual and combined environments are presented in Table 2 and 3. The

mean FPC ranged from 10.7-14.3 at Bainsvlei, 8.7-10.6 at Adet and 6.6-8.4 at Motta. Vitreous

kernels, SKHI and SDSS showed sequential increase with FPC. The highest mean value of

SKHI and number of vitreous kernels were at the highest protein levels (Hoseney, 1986) and

other environment effects also exert modifying effects on kernel hardness (MacRitchie, 1980;

Anjum and Walker, 1991). However, the MDT had an opposite trend with FPC i.e., it
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increased at lower protein levels (Johnson and Swason, 1942). The grain samples of all

environments were sound with a falling number of 375-410 sec. The lowest yielding

environment had high mean values for HLW, TGW and SKWT which is likely due to low

stand establishment and relatively less disease pressure which produced plump and larger

seeds (Table 3). The mean flour color value of most cultivars/lines was in the range for white

bread (0.7-5.9). The mean loaf volume ranged from 731.3-1007.3 crrr' at Bainsvlei, the higher

protein environment, and 793-1021 crrr' at Adet. The loaf volume of Adet was measured from

blended samples of the three replications. Cultivars such as HAR 604, Kariega, SST 825 and

HAR 1709 had longer MDT ranging from 2.6-4.1 min with mean protein content less than 10

% across environment. Kariega scored the highest mean loaf volume (1010.8 crrr') with the

highest SDSS value of 73.8 ml. The loaf volumes of SST 825 (981.3 crrr'), HAR 1868 (935.3

crrr') and HAR 1685 (934.3 cnr') were also high. These cultivars also had relatively higher

GLUT, SDSS and MDT values. Cultivar HAR 604 had the highest gluten strength (W),

protein content, SDSS and long MDT in the highest protein environment but with a lower

gluten amount. lts high gluten strength did not secure the highest LFV (Baker and Sutherland,

1971).
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Table 2. Mean of quality traits of selected cultivars/lines tested at the three environments (Bainsvlei, Motta and Adet) t

Cultivar GYO TGW HLW FLY FPC MOT SDSS VK SKHI SKDM SKWT BFLY FCL FABS PIL W GLUT LFVt
HAR 2457 4.1 37.5 75.6 65.2 9.7 2.4 45.7 63.3 44.7 2.4 34.6 22.9 2.3 66.2 1.2 28.8 37.2 787.8
HAR 2348 3.6 37.5 77.5 65.1 10.8 2.2 39.7 68.9 16.7 2.3 33.4 23.4 3.0 66.5 0.7 29.0 42.7 787.0
HAR 2807 4.0 34.9 78.3 65.9 10.0 1.9 44.1 76.4 55.6 2.2 33.4 20.3 2.0 66.2 0.7 27.6 41.9 837.5
HAR 2096 4.0 34.3 76.2 65.5 10.0 2.4 47.3 68.9 52.1 2.2 31.0 19.4 3.0 70.0 1.5 38.9 37.0 777.8
HAR 2562 3.9 36.0 78.8 66.1 10.4 2.8 46.7 78.7 58.4 2.4 35.2 21.5 3.4 64.6 0.9 31.8 36.6 812.0
ETI3A2 3.0 32.9 76.2 66.4 10.2 1.7 50.1 66.0 21.9 2.2 30.6 25.4 4.6 59.6 0.2 15.8 43.8 927.5
HAR 1709 3.5 32.7 77.0 66.2 9.9 2.6 56.4 71.0 47.4 2.2 30.3 25.0 5.3 66.8 0.8 47.1 44.2 877.5
HAR 1685 3.5 32.9 74.3 66.2 9.3 2.7 57.2 55.6 37.7 2.l 30.2 25.2 2.0 62.0 0.4 26.9 40.9 934.3
HAR 604 4.0 35.7 78.0 64.9 9.7 3.8 68.8 67.8 45.8 2.4 36.4 21.4 3.3 63.9 0.7 60.7 35.5 869.5
HAR 1522 3.3 29.8 78.5 64.2 9.5 4.3 53.8 68.7 56.9 2.0 25.7 22.1 2.3 62.4 0.6 41.5 33.0 872.8
HAR 1775 3.1 29.4 77.6 65.6 9.4 4.0 51.3 71.3 58.0 1.9 26.4 22.0 4.0 63.1 0.8 43.0 34.2 903.8
HAR 1868 3.9 32.4 74.4 65.8 9.0 3.4 61.4 57.8 38.2 2.1 29.5 24.3 1.3 60.9 0.4 28.3 37.3 935.3
HAR2505 3.9 35.4 75.7 66.8 9.5 2.9 55.1 61.1 39.7 2.2 30.5 23.2 2.4 63.5 0.6 42.6 40.3 917.8
Kariega 3.9 35.1 75.9 68.4 10.0 2.9 73.8 52.7 25.9 2.3 33.3 27.0 2.7 63.2 0.3 43.1 38.8 1010.8
SST 825 4.1 33.3 76.8 66.2 9.8 4.1 62.7 68.4 51.5 2.3 30.4 21.3 2.6 65.1 0.6 56.5 36.9 981.3
Mean 3.7 34.0 76.7 65.9 9.8 2.9 54.3 66.4 43.4 2.2 31.4 23.0 2.9 64.3 0.7 37.4 38.7 882.2
Maximum 4.1 37.5 78.8 68.4 10.8 4.3 73.8 78.7 58.4 2.4 36.4 27.0 5.3 70.0 1.5 60.7 44.2 1010.8
Minimum 3.0 29.4 74.3 64.2 9.0 1.7 39.7 52.7 16.7 1.9 25.7 19.4 1.3 59.6 0.2 15.8 33.0 777.8
CV(%) 16.0 7.1 1.7 2.0 6.9 12.0 6.8 11.9 10.8 5.3 6.6 3.2 40.2 3.5 17.6 10.2 5.3 5.3
LSD [0.052 0.5 1.9 5.5 1.0 0.5 0.3 2.8 5.8 4.5 0.1 2.0 0.8 1.7 2.9 0.2 5.3 2.7 61.3
t=30 cultivars at Bainsvlei and 15 (subset) at Adet and Motta; '. mean from 2 environments, one of which determined from blended samples; Yield (GYD),
1000 grains weight (TGW), Hectoliter weight (HLW), Breakflour yield (BFLY), Flour yield (FLY), Flour color (FCL), Flour protein content (FPC), Falling
number (FLN), SDS-sedimentation test (SDSS), Wet gluten (GLUT), Vitreous kernels (VK), SKCS- hardness index (SKHI), SKCS-seed diameter (SKDM),
SKCS-seed weight (SKWT), Mixograph development time (MDT), Farinograpb water absorption (FABS), Alveograph PIL ratio (PIL), Alveograph strength (W),
Loaf volume (LFV)
GYD to VK, mean of three environments; SKHJ to SKWT, mean of two environments; BFLY to GLUT, mean of one environment;
Varietiesgrown only at Bainsvlei:HAR 1918, HAR 2258, HAR 2566, HAR 2029, HAR 2408, HAR 1896, HAR 2530, HAR 1899, HAR 1847,
HAR 1920, HAR 2536, HAR 2501, HAR 2504, HAR 2192 and K6295-4A
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Table 3. Mean and ranges of quality traits for selected lines tested at three environments
(Bainsvlei, Adet and Motta)

Bainsvlei Adet Motta
Adet x Motta x

Adet x Motta Bainsvlei
Traits

GYO
HLW
TGW
VK
SKHI
SKOM
SKWT
BFL Y 21.0

FLY 75.9
FCL 2.8
FPC 12.6
SOSS 71.3
GLUT 38.8
FLN
MOT

Mean Range Mean

7.1 5.2 - 9.1 3.4
77.0 74.0 - 79.4 75.8
38.9 33.5 - 46.5 31.2
80.1 72.0 - 90.7 67.2

47.0
2.2

30.6
17.6 - 24.5 28.8

403.1
2.1

71.3 -78.4 61.1
0.7 - 5.9
10.7-14.3 9.6
52.7-91.7 52.4
31.9 - 46.8
341 - 410
1.1 - 3.2

410
2.9

FABS 64.3 59.5 - 70.0
PIL
W

LFV

Range Mean
2.6 - 4.0 2.0
72.1 - 78.3 77.6
26.0 - 35.0 33.2
53.3 - 76.7 53.6
13.2 - 62.5 39.7
1.8 - 2.3 2.3
24.5 - 34.9 32.2
24.3 - 34.6

59.0 - 63.8 60.8

8.7 - 10.6 7.3
38.3 - 77.3 36.8

410
1.8 - 4.8

Range Mean Range Mean Range
1.6-2.4 2.7 2.1- 3.1 3.7 3.0- 4.1

74.4 - 80.4 76.7 73.3 - 79.3 76.7 74.3 - 78.8
28.4 - 39.0 32.2
26.0 - 78.0 60.4

27.2 - 36.0 34.0
39.7 - 77.0 66.4

29.4 - 37.5
52.7-78.7

1007.3

18.5-59.6 43.4 16.7-58.3
2.0 - 2.6 2.2
26.9 - 38.2 31.4

1.9 - 2.4
25.7-36.3

58.9 - 63.8 61.0 59.3 - 63.6 65.9 64.2 - 68.4

6.6 - 8.4 8.4
28.0 - 52.3 44.6

9.0 - 10.8
39.7 - 073.8

7.7- 9.2 9.8
33.2 - 64.8 54.3

393.9 306.3-423.3
3.8 2.1-5.5 3.3

402.7 375.4-414.3
2.0 - 5.2 2.9 1.7 - 4.3

0.7 0.2 - 1.5
35.2 15.8 - 60.7
860.8 731.3 - 901.5 793.0 - 882.2 777.8-

1010.8

The analysis of variance was computed using data of Bains.vlei alone, Adet x Motta, and Adet

x Motta x Bainsvlei (Table 4). The combination of environments was based on type of

parameters measured and protein levels, low or high, as protein content was one of the most

important parameters affecting quality associated with most rheological and end-use products

which was also influenced by environment and agronomic practices (Finney and Barmore,

1948; Graybosch et. al., 1993). The three environments were different in discriminating

genotypes. The genotypes showed highly significant differences in all quality traits at

individual and combined analysis. The genotype by environment interaction was significant

for TGW, HLW, FLY, FPe and SKHI at either of the two or three environment combinations.

Vitreous kernels, MDT and SDSS were significant at all combinations.

1021.0
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Table 4. Mean squares of quality parameters tested at three environments (Adet, Motta and
Bainsvlei)

Bainsvleit Adet x Motta Adet x Motta x Bainsvlei
Genotype Genotype x

Genot~Ee Genot~Ee Env x Env Geno~Ee Env Env
GYO 1.8*** 0.5*** 44.9*** 0.3 1.1*** 163.1*** 0.5
TGW 36.1 *** 42.1 *** 91.8*** 8.1 52.3*** 462.1 *** 11.2*
HLW 4.3*** 19.2*** 80.3*** 1.6 18.2*** 40.3*** 3.6**
FLY 7.8*** 9.0*** 1.9*** 3.6 8.4*** 3240.4*** 5.9***
FPC 1.5* 1.3*** 126.3*** 0.6* 1.8*** 319.7*** 0.8
MOT 1.0*** 6.1*** 17.6*** 0.6*** 6.0*** 28.9*** 0.7***
SOSS 362.5*** 484.9*** 5640.0*** 42.7** 803.4*** 15451.6*** 44.1 ***
YK 83.1 *** 677.4*** 4202.5*** 136.2* 474.8*** 7003.3*** 204.5***
SKHI 1064.2*** 1171.0*** 103.0***
SKDM 0.1 *** 0.3*** 0.02
SKWT 54.3*** 57.7*** 5.7
BFLY 6.5***
FCL 5.0***
FABS 16.6***
PIL 0.3***
W 351. 7***
LFY 16091.3***
GLUT 41.6***
OF 29.0 14 14 14 28
=30 cultivars at Bainsvlei and J 5 (subset) at Adet and Motta; Env, environment
*, **, *** indicates significant at P<0.05, P<O.Ol and P<O.OOl, respectively

The variance components of genotype (a2 g), genotype x environment (a2 i) and error (a2 e) and

their ratios were given in Table 5. All traits were significantly affected by each component of

variation except a2
g for FPC at Bainsvlei, for FLY, FPC and GYD at Adet x Motta and for

GYD, TGW, HLW and FPC at Adet x Motta x Bainsvlei. The variance due to a2
i was

significant for SKHI at Adet x Motta and for FLY, MDT, SDSS and VK at Adet x Motta x

Bainsvlei. The genotypic variance ratio was consistently higher for MDT and SDSS at single

and combined environments and was also high for SKHI at two environment combinations.

Similarly, variances ofBFLY, PIL, W, GLUT and LFV were more genetical than other factors

of variation. All other traits i.e., TGW, GYD, FPC, VK and FLY showed mixed influence of

variances. The significances of genotypic variances showed that the cultivars differed with

regard to their quality traits. The traits with the lowest repeatability in this study were GYD,

FPC, VK and FCL (Table 5). Highly repeatable traits, in descending order, were PIL, W,

BFLY, SDSS, SKHI, MDT, LFV, GLUT and SKWT ranging from 0.63-0.9l. The quality

traits which are less affected by environment, highly repeatable and strongly correlated with

each other at each and combined environments will be vital for quality improvement (Baker

and Sutherland, 1971; Branlard et al., 1991).
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Table 5. Variance components and repeatability of quality parameters tested at three
environments (Adet, Motta and Bainsvlei)

Traits
GYO
TGW
HLW
FLY
FPC
MOT
SOSS
YK
SKHI
SKOM
SKWT
BFLY 2.1*** (7.0) 0.90(0.04)
FCL 1.1* (0.7) 0.30(0.17)
FABS 4.1** (0.9) 0.51(0.15)
PIL 0.08*** (4.0) 0.91 (0.04)
W 112.2***(7.4) 0.91(0.04)
LFY 4691***(2.3) 0.73(0.10
GLUT 12.6*** (3.2) 0.71(0.11)
(), numbers in parenthesis for variance components are ratios against error component (l.O)
( ), numbers in parenthesis for repeatability are standard errors (±SE) according to Becker
(l985); *, **, *** indicates significant at P<0.05, P<O.Ol and P<O.OOl, respectively

Flour protein content, MDT and SDSS correlated most with other parameters. Grain yield had

strong positive correlation with FLY, VK, SDSS and FPC (Table 6). It had weak negative

correlation with MDT and FCL. Protein content was weakly negatively and significantly,

correlated with MDT, SKDM, BFL Y and LFV. At lower FPC, the MDT increased which is

supported by negative correlation between them. Loaf volume was positively correlated with

MDT, SDSS and Wand negatively correlated with FPC, FABS and PIL. The negative

correlation between LFV and FPC at Bainsvlei (Figure 8) was due to the fact that the studied

cultivar sample was not originally used for simultaneous positive selection of both traits i.e.,

the cultivars used were not developed for quality.



Table 6. Phenotypic and genotypic correlations between direct and indirect parameters for quality traits tested at three environments (Ad et, Motta
and Bainsvlei)

++ GYO TGW HLW FLY FPC MOT SOS VK SKHI SKDM SKWT BFLY FCL FABS PIL W LFV GLUT+

GYO 0.85 -0.31 -0.14 0.38 0 0.24 -0.01 -0.01 1.02 1.23 -0.52 -0.91 0.76 0.56 0.45 -0.08 -0.61
TGW 0.51 *** -0.18 0.34 1.02 -0.67 -0.22 -0.04 -0.32 0.91 0.99 -0.11 -0.12 0.14 0.41 -0.18 -0.5 0.25
HLW -0.11 0.24** -1.14 0.83 0.24 -0.33 1.07 0.46 0.13 0.15 -0.32 -0.15 0.25 0.15 0.46 -0.04 -0.49
FLY 0.69*** 0.44*** -0.06 0.06 -0.52 0.78 -1.14 -0.43 0.21 0.14 0.14 -0.59 0 -0.19 0.28 0.42 -0.04
FPC 0.83*** 0.39*** -0.18* 0.71 *** -0.81 -0.6 0.54 -0.14 0.52 0.43 0.16 0.58 0.29 -0.04 -0.14 -0.51 0.81
MOT -0.56*** -0.42*** 0.14 -0.54*** -0.64*** 0.6 -0.05 0.57 -0.45 -0.62 -0.11 -0.14 0.05 -0.02 0.91 0.34 -0.7
SOS 0.77*** 0.29*** -0.27*** 0.67*** 0.75*** -0.30*** -0.76 -0.23 0.22 0.1 0.38 -0.04 -0.42 -0.45 0.68 0.84 -0.34
VK 0.59*** 0.33*** 0.15 0.45*** 0.73*** -0.41 *** 0.44*** 0.62 -0.04 0.03 -0.05 0.47 0.41 0.23 0.37 -0.6 0.37
SKHr 0.14 -0.26* 0.2 -0.35*** 0.30** 0.21* 0.03 0.65*** -0.31 -0.17
SKDM 0.03 0.72*** 0.29** 0.05 -0.23* -0.09 -0.14 -0.18 -0.40* 0.9
SKWT 0.18 0.75*** 0.26* 0.11 -0.11 -0.26* -0.11 -0.07 -0.29* 0.88**
BFLY -0.07 0.03 -0.24 0.21 * -0.34*** -0.1 0.21 -0.28 -0.59* 0.13 -0.06 0.41 -0.69 -0.75 -0.16 0.56 0.46
FCL -0.43* 0.01 -0.27 -0.61 *** 0.52** 0.67*** -0.08 0.17 -0.05 0.05 0.04 0.17 -0.12 0.39
FABS -0.11 0.22 -0.27 -0.38* 0.42* 0.42* -0.53** 0.38* -0.39* 0.32 0.93 0.28 -0.79 -0.03
PIL 0 0.22 -0.13 -0.3 0.09 -0.29 -0.57*** 0.40* -0.50** 0.07 0.76*** 0.14 -0.78 -0.32
W 0.1 -0.29 0.43* 0.13 -0.29 0.86*** 0.72*** -0.04 -0.21 0.03 -0.15 -0.14 0.24 -0.5

trv ' -0.13 -0.49** 0.18 0.1 -0.40* 0.45* 0.85*** -0.36*** -0.47 0 -0.2 0.31 ** 0.03 -0.61 *** -0.76*** 0.45* -0.08
GLUT -0.2 0.17 -0.42* -0.21 0.59*** -0.66*** -0.34 0.14 0.32 0.38** 0.33 -0.17 -0.17 -0.09

GYD TGW HLW FLY FPC MOT SOS VK SKHr SKDM SKWT BFLY FCL FABS PIL W LFY

n = i35for GYD to VK; n = 90for SKHI to GLUT; tt; Above diagonal, genotypic correlation; Below diagonal, phenotypic correlation;
GYD to VK, Correlations of three environments; SKHI to SKWT, two environments; BFLY to GLUT, one environment; *, **, *** indicates significant at
P<0.05, P<O.Oi and P<O.OOi, respectively
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End use quality of wheat depends on many direct and indirect traits with varied genetic

contribution and it is desirable to select the minimum number of efficient tests describing

quality (Branlard et al., 1991; Wrigley, 2002). Selection of appropriate independent variables

was done by all possible regression analysis using LFV and MDT as dependent variables. The

entry and stay of the predictor traits in the model during variable selection was set to P= 0.05.

Three different models were constructed using multiple regressions based on the traits

included, protein levels of the environments and their combination (Table 7). The data set was

tested for assumption of normality and multieolinearity using the methods of omnibus (based

on skewness and kurtosis) and variance inflation factor (VIF), respectively (NeSS, 2001). The

first model was from data of the high protein environment (Bainsvlei); five out of 15

independent variables were selected (Table 5 and 7). In the 2nd model, six out of 11 variables

were retained in the combination of low protein environments (Adet x Motta). The 3rd was a

combination of all environments and four out of eight traits were chosen to describe the

dependent variable. Loaf volume was the dependent variable for the first model and MDT for

the rest. Mixograph development time, as direct measure of quality, significantly varied

between tested genotypes, had higher genetic variance and was genetically correlated with

LFV (Shellenberger et al., 1970; Dong et al., 1992). The mean values, regression coefficients,

R2 and multicolinearity test (VIF) are presented in Table 7. All the three models and regression

coefficients of the selected traits in each model were significantly important to predict the

dependent traits.

Model I
LFV= 849.505 - (2.975*TGW) - (26.410*FPC) + (4.150*SDSS) - (61.256*P/L) + (5.309*GLUTEN)

Model Il
MOT=-1.805 + (0.114*HLW) - (0.587*FPC) + (0.035*SDSS) + (0.023*SKHI) + (2.874*SKDM)-

(0.241 *SKWT)

Mode III

MOT = -1.428 - (0.074*TGW) + (0.119*HLW) - (0.344*FPC) + (0.021 *SDSS)
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Table 7. Variables, regression coefficients and R2 values of prediction equations for quality
traits

R2 Variance
Regression Cumulative When Inflation

Variables Mean (Min -Max) Coefficient Seguential Alone omitted factor(VIF)
Model I (n=90); (Full model, R2= 0.73)

Intercept 849.505
TGW 38.9 (31.2 - 49.0) -2.975 0.16 0.16 0.71 1.2
FPC 12.5 (10.2 - 15.5) -26.410 0.33 0.18 0.65 1.4
SOSS 71.3 (51.0 - 93.0) 4.150 0.61 0.56 0.56 1.9
PIL 0.7 (0.18 - 1.5) -61.256 0.68 0.34 0.69 1.4
GLUT 38.8 (28.2 - 48.1) 5.309 0.73 0.01 0.68 1.5
LFY (DV) 860.8 {655 - 1058}

Model II (n=90); (Full model, R2= 0.59)
Intercept -1.805
HLW 76.7 (70.8 - 81.2) 0.114 0.04 0.04 0.55 1.54
FPC 8.4 (6.3 - I 1.2) -0.587 0.25 0.25 0.26 1.48
SOSS 44.6 (24.0 - 80.0) 0.035 0.33 0.00 0.50 1.61
SKHI 43.4 (9.8 - 66.2) 0.023 0.45 0.04 0.52 1.32
SKOM 2.2 (1.7 - 2.7) 2.874 0.49 0.02 0.55 5.97
SKWT 31.4 (22.2 - 41.3) -0.241 0.59 0.08 0.49 5.45
MOT{OY) 3.3{1.5 -6.0}

Model III (n=135); (Full model, R2= 0.48)
Intercept -1.428
TGW 33.9 (23.9 - 44.8) -0.074 0.17 0.17 0.42 1.40
HLW 76.7 (70.8 - 81.2) 0.119 0.26 0.03 0.44 1.22
FPC 9.8 (6.3 - 15.5) -0.344 0.43 0.37 0.28 2.48
SOS 54.3 (24.0 - 93.0) 0.021 0.48 0.11 0.43 2.31
MOT(OV) 2.9 (1.0 - 6.0)

D V. Dependent variable; R-, coefficient ofdetermination

In model I, TGW and SDSS contributed, respectively, the lowest and the highest R2
. All

selected independent traits (TGW, FPC, SDSS, PIL and GLUT) explained 73 % of the

variations in loaf volume. Protein content, GLUT, PIL and SDSS as measures of quantity and

quality of protein, and as the most important determinants of wheat quality could be used for

quality selection (O'Brien and Ronalds, 1987; Bushuk, 1998). SDS-sedimentation explained

56 % of the variation (Figure 5), followed by PIL (34 %) and FPC (18 %) when each was

regressed alone. Gluten content, TGW, FPC and PIL were negatively correlated with LFV and

SDSS positively, all significantly.

Hectoliter weight, FPC, SDS, SKRI, SKDM and SKWT explained 59 % of MDT variation in

the 2nd model. Protein content was important, expressing 25 % of the variation when regressed

alone. Protein content was also limiting as it was in the lowest range as compared to the first

model. As low protein content has a confounding effect on all the gluten parameters, optimum

protein level was necessary for expression of gluten components and LFV (MacRitchie, 1984).
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All three variables of SKCS were selected. However, SKDM had the lowest R2 contribution

and the highest VIF.

In a three environment combination of low to high protein levels, four out of eight quality

traits were selected to explain MOT variation i.e., HLW, TOW, FPC and SDSS. The protein

content of cultivars/lines ranged from 6.3 to 15.5 %, SDSS from 24 to 93 ml and MOT from 1

to 6 min. The model captured 49 % of the MOT variation. Protein, when regressed alone,

explained 37 % of the variation of MOT (Figure 6) indicating its importance at all

environments.

The residuals of actual and predicted values of LFV and MOT as percent error was generally

low (fable 8) and both values were highly correlated (Figure 7) excluding few cultivars with

high errors in model m. The same cultivars had the lowest MOT values in Model II and m.
Cultivars having both extremes of MOT values showed larger percent errors.
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Figure 5. Relationship of SDSS alone with LFV (Model I)
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Figure 8. FPC vs LFV relationship at Bainsvlei
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Table 8. Actual, predicted and percent errors of LFY and MDT using the three
regression models

No. NAME

Model [ Model II Model III
Error
(%)

LFV
Actual

LFV
predicted

Error
(%)

MDT MDT
Actual Predicted

Error
(%)

MDT MDT
Actual Predicted

HAR 2457I
2
3
4
5

HAR 2348
HAR 2807
HAR 2096
HAR 2562

6 ETI3A2

7 HAR 1709
8 HAR 1685
9 HAR 604
10 HAR 1522
II HAR 1775
12 HAR 1868
13 HAR 2505
14 Kariega
15 SST-825
16 HAR 2504
17 K6295-4A
18 HAR 1899
19 [-[AR2192
20 HAR 1918
21 HAR 2258
22 HAR 2566
23 HAR 2029
24 HAR 2408
25 HAR 1896

766.7
731.3
846.7
772.7
802.0
933.3
857.3
934.3
866.7
880.7
907.0
928.7
906.7
1007.3
994.3
965.0
950.3
907.3
887.7
806.0
733.7
823.7
775.3
828.3
849.3

778.9
752.1
853.3
797.2
792.0
906.9
907.5
922.0
908.1
892.5
886.5
943.2
875.4
963.3
946.1
934.3
939.3
948.9
915.4
794.9
722.6
801.3
819.6
799.3
857.6

1.6
2.8
0.8
3.1
1.2
2.8
5.9
1.3
4.8
1.3
2.3
1.6
3.4
4.4
4.9
3.2
1.2
4.6
3.1
1.4
1.5
2.7
5.7
3.5

26 HAR 2530 800.3 816.2 2
27 HAR 1847 874.0 879.6 0.6
28 HAR 1920 857.7 844.8 1.5
29 HAR 2536 801.0 774.3 3.3
30 HAR 2501 828.7 850.9 2.7

2.67 2.67
2.37 1.97
2.03 2.65
2.67 2.98
3.03 2.81
2.03 2.71
2.87 3.68
3.13 3.53
4.25 3.89
5.15 4.67
4.67 4.00
4.15 3.66
3.22 3.47
2.97 3.11
4.70 4.10

0.2
16.7
30.4
11.7
7.3
33.5
28.4
12.5
8.5
9.4
14.3
11.9
8.0
4.7
12.7

2.4 2.4
2.2 2.1
1.9 2.8
2.4 2.7
2.8 2.7
1.7 2.7
2.6 3.1
2.7 3.0
3.8 3.3
4.3 3.6
4.0 3.5
3.4 3.2
2.9 2.8
2.9 3.1
4.1 3.2

2.7
3.6

46.9
I 1.1

4
60.5
17.7
10.4
13.6
17.5
13
6.9
3.5
8.8

22.8

Mean 860.8 860.8 2.7 3.3 3.3 4.3 2.9 2.9 16.2
NO /-/5 were grown at three locations (Adel, Malta and Bainsvlei); NO. 1-30, only at Bainsvlei

In this investigation, significant variability was observed among tested cultivars/lines in all

traits measured at both lower and higher protein environments. Bainsvlei was the highest while

Motta was the lowest protein environment The lowest protein content of the cultivars at Adet

and Motta might be associated with growing conditions such as disease pressure, N-applied

and associated environment effects (Johnson et al., 1979; Johnson and Marten, 1987;

Graybosch et al., 1996). Cultivar 2348 had the highest protein content but the lowest SDSS,

SKHI and LFY whereas HAR 604 had the highest W but lower LFY. It indicates the

development of varieties with medium expression of gluten quality is sufficient for bread

making purposes (Brunori et aI., 1989) and with balanced PIL ratio which is necessary to help
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such varieties to maintain constant bread making quality through years. Kariega had the

highest mean loaf volume followed by SST 825, HAR 1868, HAR 1685 and HAR 2505. It had

higher SDSS and the lowest PIL. Generally, the mean loaf volume of the cultivars at Bainsvlei

(731-1007 crrr') and at Adet (793-1021 crrr') was high at mean protein levels of 10.7-14.3 %

and 8.7-10.6 %, respectively. Cultivars HAR 604, HAR 1522 and SST 825 were hard wheats

with minimum levels of proteins but with the highest MDT, SDSS, SKHI and W values.

Environmental effects, genotype and their interaction were important for most quality traits

(Branlard et al., 1991; Lukow and McVetty, 1991; Peterson et al., 1992; Peters on et al., 1998)

but the magnitude of genotype by environment interaction was smaller for important traits.

SDS-sedimentation, MDT, SKHI, W, BFLY, PIL, GLUT and LFV had higher genotypic ratios

in descending order ranging from 18.0 to 2.3. The same traits had the highest repeatability

(0.75 - 0.91) and simultaneous selection would be possible for those traits which are positively

correlated (Baker and Sutherland, 1971; Branlard et aI., 1991; Bushuk, 1998). The high

repeatabilities could be also due to the presence of hard genotypes and/or the lower magnitude

of genotype by environment interactions (Branlard et aI., 1991). Loaf volume had positive

significant correlations with SDSS, MDT, W, and BFLY and negatively correlated with PIL.

Genotypic correlations also gave identical trends between these traits. SKHI had a positive

significant correlation with FPC, MDT and VK i.e., the harder kernels had higher protein

content (Hoseney, 1986). Both SKHI and VK as measurements of kernel hardness were highly

correlated.

.9.Ij~f.!.;~}. ~~~~.QM~~('i.q.~~~MD~.Qf..~~.;(W.WI;IgAT.~!N~$

Prediction of LFV and MDT using the three models was very close to the measured values.

Protein content, SDSS and TGW (SKWT) were common components of the three and HLW

of the two prediction equations. The selected traits for prediction had positive or negative

correlations with dependent variables as quality end-uses of wheat is a complex character with

an interaction of various components (Pomeranz, 1988). The requirements of bread making

test are small sample size, good relationship with loaf volume, independent of growing

condition, in particular protein content, and simple procedure (Blackman and Gill, 1979).

Axford (1978) reported that SDSS will satisfy the demands. Fowler and De La Roche (1975)

and Q'Brien and Ronaids (1987) recommended the use of kernel hardness, protein quantity

and rate of dough development and some measure of potential dough strength to provide the

basic information required for estimation of the bread and/or pastry potential of a cultivar in

breeding programs.
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3.5 Conclusions

Based on the results of this study, FPC and SDSS should be used as main indirect measures for

wheat quality characterization. Among the direct measures studied, PIL and MDT which had

the highest correlation with LFY and highest repeatability were crucial in predicting quality in

these sets of materials. Although their contribution is lower, TGW and HLW were also

important. In a situation where laboratory facilities are limiting in the wheat breeding program

of northwestern Ethiopian, indirect measures (SKHI, SKDM, SKWT, TGW, HLW, SDSS, and

FPC) combined with less expensive direct measures (MDT) will be important for quality

characterization. In addition, the traits that are highly heritable and correlated with loaf volume

could be evaluated at few locations or from composite samples considering the low genotype

by environment interaction.

Although not deliberately selected for quality, most of the Ethiopian cultivarsilines produced a

reasonably good loaf volume under medium to high protein levels and further management

aspects should be recommended for wheat quality grain production. The causes of lower

protein levels of cultivarsilines at two Ethiopian environments grown under recommended

management for high yield needs further investigation in relation to quality traits and protein

environments with further testing and characterization of wheat growing environments of the

region. Breeding for good quality cultivars under medium protein environments would be

possible since some cultivars scored high loaf volumes at low to medium protein levels grown

at Adet research center. Protein and yield had positive genotypic and phenotypic correlations

for this set of cultivars and breeding for both should be considered. It will also be important to

consider separate selection for low and high protein environments. Generally, a quality

breeding strategy should be developed in the region.
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Chapter 4 Allelic variation of HMW glutenin subunits in
Ethiopian bread wheat cultivars and their quality scores

4.1 Abstract

In a number of studies, high molecular weight glutenins were found to be effective to identify

wheat genotypes with good baking quality. The high molecular weight glutenin subunit

composition of Ethiopian cultivars and advanced lines was investigated to determine their

influence on quality. Three alleles at Glu-Al, five at Glu-Bl and two at Glu-Dl and eleven

different banding patterns were identified. Few cultivars had biotypes at Glu-Al and Glu-Dl

loci. There were highly significant differences between genotypes and banding patterns for the

SDS-sedimentation test, mixograph development time, alveograph strength and loaf volume

but not for protein content. The frequency of subunits 5+10 among genotypes was 73 %. The

accumulation of high scoring alleles in Ethiopian germplasm was without deliberate selection

pressure towards high Glu-l scoring alleles during breeding efforts. Introductions from

CIMMYT are widely used and such materials might have gone through selection and

accumulation of such alleles at CIMMYT. Most of the studied materials had the required

subunits of high quality scores and better values of the quality traits than originally thought.

Therefore, the complaints of poor baking quality are unlikely to be due to Glu-l allelic

variations alone and other environmental and management factors should be investigated.

Key words: Allelic variation, baking quality, HMW-GS, SDS-PAGE, Triticum aestivum,

4.2 Introduction

Bread and durum wheat (Triticum aestivum L. ssp. aestivum and Triticum turgidum L. (ThelI.)

ssp. durum (Desf.) Husn.) are among the leading cereals in Ethiopia. The country is considered

as a primary center of diversity for tetraploid wheats (Vavilov, 1931) and contemporarily it has

the greatest diversity. The country is the second largest wheat producer in Eastern, Central and

Southern Africa producing about 1,125,000 tons occupying 750,000 hectares (Tanner and

Mwangi, 1991; Payne et al., 2001) and is 58 % self sufficient. Bread wheat is expanding in

area of production at the expense of traditional durum and emmer wheat crops because of its
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broader adaptability and yield advantage (Hailu, 1991; Payne et al., 2001). However, the yield

per unit area is low due to influences of various technical and socioeconomic constraints.

Wheat improvement in northwestern Ethiopia is mainly targeted to develop high yielding,

widely adapted and disease resistant varieties with inadequate emphasis on grain quality. It is

expected that the deterioration of milling and baking quality might occur during efforts to

develop varieties for high grain yield (Bingham and Lupton, 1987). The need for improved

qual ity of raw material for the wheat industry is increasing (Tadesse, 2001, survey

information, unpublished) and some milling enterprises and traders import grain and flour.

Improvement for both reasonable yield and quality must be given higher emphasis in the

breeding program to satisfy the growing needs.

A major prerequisite of quality is the presence of intrinsic protein quality. Proteins are useful

markers of quality (Payne, 1987). Studies indicate that 20-60 % of the variability between

varieties in bread making quality can be accounted for by variation in grain storage proteins

(Payne, 1987; Lukow et al., 1989; Kolster et al., 1991; Worland and Snape, 2001). In sodium

dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE), two groups of reduced

subunits of glutenin protein bands are separated: the high molecular weight (HMW) and low

molecular weight (LMW) subunits (Payne et al., 1980; Jackson et al., 1983). The HMW

glutenin subunits (GS) of wheat protein are quantitatively minor but functionally an important

group of gluten proteins in the process of bread making. They are encoded at the Glu-1 loci on

the long arm of the group 1 chromosome lA, 1B, and ID at Glu-Al, Glu-Bl and Glu-Dl loci,

respectively (Payne, 1987).

The relationships between HMW-GS and bread making quality were studied as the presence

and absence of subunits (Payne et al., 1987) or as the quantity of one subunit related to quality

(Ng and Bushuk, 1988; Weegels et al., 1996) and the additivity or combined role of HMW-

and LMW-GS in improving bread making quality (Payne et al., 1987; Gupta et al., 1989).

Other grain components, such as lipids and carbohydrates, also affect breadmaking quality,

possibly by interacting with the gluten proteins. Correlations and genetic studies of HMW-GS

(Payne et al., 1987; Pogna and Mellini, 1986) have established subunits with both positive

(5+ 10) and negative (2+ 12) effects on bread making quality. Other allelic variant pairs showed

similar results. In general, a null at Glu-Al locus, subunit 6+8 encoded at Glu-Bl and 2+ 12 at

Glu-DJ are negatively related to the quality parameters (Weegels et al., 1996).
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A scoring system for HMW -GS has been developed (Pogna and Mellini, 1986; Payne et al.,

1987) as the sum of the contributions of each of the three HMW-GS loci. Many breeding

programs have characterized the HMW-GS composition of breeding and released

Iines/cultivars (Payne et al., 1987; Morguno, 1990; Lukow et al., 1989; Igregas et al., 1999;

Nakamura, 2001) in relation to end-use quality and used as a screening test to ensure that good

bread making alleles (1, 2*,7+9,7+8,5+10) are incorporated in new cultivars (Lukow, 1991).

However, the HMW -GS score has more influence in some sets of wheats than in others

(MacRitchie et al., 1990; Bedo et aI., 1995). Nevertheless, reference to HMW -GS composition

has proved valuable in the segregation of lines in the process of breeding for specific quality

targets (Weegels et aI., 1996; Cornish et al., 1999) and as indicators of quality when only small

amounts of material are available and fast quality prediction is necessary (Weegels et al.,

1996),

Selection for these quality alleles will help to reduce the (expensive) cost of extensive field

evaluations of large amounts of material, which can sometimes end up with inferior quality.

Few lines/varieties selected for quality alleles will be included in the regional variety trials

(checked for their improved quality and authenticity). This study investigated the popular

commercial and advanced breeding lines from Ethiopia for their HMW protein composition

and HMW scores for quality and relationships with some physical measures of quality.
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4.3 Material and methods

Thirty wheat genotypes were sampled from two categories: from the widely grown

commercial (registered) cultivars and from advanced lines for possible release (Table 9). The

advanced lines were in a series of field trials, regional and national, for the last 7-8 years and

were selected for their agronomic superiority. The materials were grown in the same

environment, in South Africa, to avoid environmental variation and to see real varietal

differences. South African cultivars were included for comparison. A RCB design in three

replications was used and all agronomic practices were standard for wheat production in the

area.
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Table 9. List of cultivars and advanced lines used

Line Cultivar Line Cultivar
no. (line) no. (line)

HAR 2457 16 HAR 1709
2 HAR 1918 17 HAR 1685
3 HAR2258 18 HAR604
4 HAR2348 19 HAR 1522
5 HAR2566 20 HAR 1775
6 HAR2807 21 HAR 1868
7 HAR2029 22 HAR1847
8 HAR2408 23 HAR 1920
9 HAR 1896 24 HAR2536
10 HAR2096 25 HAR2501
II HAR2530 26 HAR2504
12 HAR2562 27 HAR2505
13 HAR 1899 28 HAR 2192
14 K6295-4A 29 Kariega
15 ET13 A2 30 SST-825

Polyacrylamide gel electrophoresis in the presence of Sodium Dodecyl Sulphate (SDS-PAGE)

of glutenins of the seeds was carried out using the procedure of Singh et al. (1991). Six seeds

were randomly sampled for each genotype. Each seed was crushed into fine powder. The

gliadins were extracted and removed in 70 % ethanol and 50 % n-propanol to avoid

contamination of glutenins. Glutenins were extracted and reduced from the residue 111

extraction buffer containing dithiothretol (DTT) and the protein was alkylated using 4-

vinylpyridin. Finally, SDS was added and incubated, complexing SDS with the reduced and

alkylated glutenin polypeptides. The separating gel of 10 % acrylamide concentration was

used for separation and Coomassie brilliant blue R-250 (0.05 g) for staining of proteins. The

HMW glutenin subunits were identified using the numbering system of Payne and Lawrence

(1983). The quality scores were calculated using the methods of Payne et al (1987) and Pogna

and Mellini (1986) (Table 10). The materials were studied for their variability in the

expression of protein content (FPC, %, AACC 39-11), mixograph development time (MDT,

min, AACC 54-, SDS Sedimentation test (SDSS, ml, AACC 56-70), alveograph strength (W,

cm2
, AACC 54-30A) and loaf volume (LFV, crrr', AACC 10-09). The analysis of variance was

carried out in general linear model (GLM) of NCSS software (2001) using varieties and

banding patterns as factors. Duncan's mean separation (NCSS, 2001) was applied for quality

traits showing significant differences between patterns. Rank correlation analysis was

calculated between quality parameters.
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Subunit Score
Locus (allele) SDSS (/, Wc
Glu-Al 2* (b) 3 5

1 (a) 3 3
Null (c) 1 2

Glu-Bl 17+18 (i) 3 6
7+8 (b) 3 4
13+16(f) 3 6
7+9 (c) 2 5
6+8 (d) 1 1
7 (a) 1 2
20 (e) 1 1

Glu-Bl 5+10 (a) 4 6
2+12 (d) 2 2
3+12 (b) 2 2
4+ 12 (c) 1

CHAPTER 4 HMW GLUTENIN SUBUNITS AND QUALITY, .

Table 10, HMW quality scoring methods based on the SDS-sedimentation test and alveograph
gluten strength (W) (Belderok et al., 2000)

Range 3-10 4-17
b, higher values indicate better quality effects;
a, Based on Payne et al. (1987); c, Pogna and Mellini (1986);
( ) = letters in parenthesis are allelic designations

4.4 Results and discussion

Three alleles at Glu-Allocus (a, b and c) of chromosome lA, five at Glu-Bl (a, b, c, I and f) of

chromosome 1B and two at Glu-Dl (a and d) of chromosome ID were identified. Rare alleles

were Glu-Alc, Glu-Blfand Glu-B1a. The frequency of each subunit (allele) at the three Glu-l

loci is given in Table 11. Glu-A1a (2*), Glu-Blc (7+9) and Glu-Dla (5+ 10) appeared with a

frequency of 74 %, 55 % and 78 %, respectively, as compared to other alleles at each locus.

The electrophoresis patterns of selected cultivars along with the standards are presented in

Figure 9.

The joint occurrence of different alleles from the three loci is important in the accumulation of

scores and also in determining quality (Payne et al., 1987). Twenty-one cultivars had subunits

5+ 10 and six cultivars had 2+ 12 at the Glu-D 1 locus (Table 12) and three varieties showed

within-line biotypes. Biotypes are groups of individuals with the same genotype within a

polymorphic line (Graybosch et aI., 1994) identified after analysis of their protein composition.

Generally, the presence of subunit 5+ 10 is considered vital for indication of quality (Payne et

aI., 1987; Kasarda, 1999) and a maximum score is allocated for its presence. Subunit 5+10

mostly appeared with 7+9 (55 %) and 17+18 (11 %) alleles of Glu-B1, which resulted in the
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accumulation of high scores for most of the varieties. The widely accepted Glu-D I d (2+ 12)

subunits, their presence causing deleterious effects on quality appeared together with subunits

Glu-Bl b (7+8) in three varieties out of six. Twenty six (96 %) of the varieties had five

subunits/alleles at the three Glu-I loci and no variety had six subunits as one of the allele at

Glu-A I was always silent. Some varieties have been reported to have six subunits (Payne and

Lawrence, 1983).

Table 11. Frequency of each allele (subunit) at different loci (Glu-Al, Glu-Bl , Glu-Dl)

Glu-Al Giu-Bl Giu-Dl
Subunit Naaf Subunit Naaf (Alleie) Naaf
(Allele) lines % (Allele) lines % Subunit lines %

(a) 6 22 7 (a) 2 7 5+10 (a) 21 78
2* (b) 20 74 7+8 (b) 5 19 2+12 (d) 6 22

N (c) 4 7+9 (c) 15 55

17+18 (i) 4 15

13+16(f) 4

HMW
A subunits

LMW
B subunits

LMW
C subunits

A=HARI709; B=HAR/522; C=HARI775; D=HAR2348; E=ETJ3A1; F &O=Chinese Spring; G=HAR/868; H=HAR2807;
1=HAR/685; J= HAR2562; K= HAR604; L=SST-825; M=Kariega;

Figure 9. SDS-PAGE patterns ofHMW of some lines and cultivars

Eleven different subunit combinations at the three Glu-l loci were identified in the 30 varieties

studied, one pattern as a biotype (Table 13). Three varieties were excluded showing mixed
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banding patterns due to the presence ofbiotypes. They showed variation at Glu-A1 and Glu-B1

loci. The most frequently appearing pattern was 2*,7+9,5+10 (37 %, alleles b,c,a), found in

11 varieties, followed by 0/2 *,7+8,2+ 12 (13 %, alleles c/b,b,d), observed in three varieties.

Table 12. Jointly occurring subunits of Glu-B1 and Glu-D1

No. of
Glu-B1 Glu-D1 lines (%)
7 5+10 2 7
7+8 5+10 1 4
7+9 5+10 15 55
17+18 5+10 3 11
13+16 2+12 1 4
7+8 2+12 4 15

17+18 2+12 4

Among 10 allelic combinations (patterns) at the three loci identified in the studied materials,

five of them were represented by single line/cultivar each.

Table 13. Mean of quality traits and Glu-1 scores of the banding patterns at the three loci

Subunit MDT W SDSS LFV SDSS W Line
combination Alleles (min2 2

(m12 {cm32 score" Score" No(cm2
1,7+8,5+10 a,b,a 2.9 56.4 88.3 994.3 10 13 30
2*,17+ 18,5+ 10 b.i,a, 2.8 44.5 79.7 858.7 10 17 12,13,18

2,5,7,8,9,10,
2*,7+9,5+10 b,c,a 2.0 33.8 66.0 827.9 9 16 16,20,23,24,25,
1,7+9,5+10 a,c,a 2.0 31.8 68.8 815.9 9 14 1,11,19
2*,7,5+10 b,a,a 1.9 27.6 77.5 931.5 8 13 17,21
N, 7+9, 5+10 c,c,a 1.7 22.2 54.0 733.7 7 13 3
1,7+8,2+12 a,b,d 2.6 39.1 81.0 887.7 8 9 28
1,13+16,2+12 af.d 1.6 27.6 64.7 846.7 8 11 6
0/2*, 7+8, 2+ 12 C/b,b,d 1.5 25.1 66.7 871.7 8 11 4,14,15
0/2*,17+18,2+12 c/b.i.d 2.6 43.1 91.7 1007.3 8 13 29
1,7,5+10 ta,a,a
t= biotype; a =Payne et al, 1987; b = Pogna and Mellini, 1986

HMW subunits and patterns with high quality scores were observed in the majority of the

cultivars and advanced lines (Table 13). The scores based on SDSS test ranged from 7 to 10.

Four of the cultivars had the maximum possible score of 10 i.e., two commercial, one

advanced line and one South African included for comparison. Fourteen of the varieties had a

score of 9. Generally, 26 out of 27 genotypes (96 %) had a quality score value ranging from 8
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to lO indicating most accumulated higher quality scoring subunits. The three varieties showing

biotypes were uniform at the Glu-D 1 locus, had 5+ 10 subunits (Glu-D 1d) while one variety

was heterogeneous at Glu-Al locus. As selection for the 5+10 subunits of Glu-D 1, for better

quality, is the most widely used (Lukow, 1991; MacRitchie et al., 1990; Cornish et al., 1999),

the sampled materials were dominated by the same allele (73 %). The accumulation of high

scoring alleles in the germplasm was during selection for yield, wide adaptation and disease

resistance. No selection pressure towards high Glu-l scoring alleles was made in the breeding

efforts. Introductions from CIMMYT are widely used and such materials might have gone

through selection and accumulation of such alleles at CIMMYT.

The score values using the method of Pogna and Mellini (1986) ranged from 9 to 17; 23

genotypes scored greater than 13 showing higher values which can be associated with quality

(Table 13). The low scores were obtained by varieties having null alleles at Glu-A1, and single

subunit allele at Glu-Bl combined with 2+ 12 of Glu-Dl allele.

The materials were studied for their variability in the expression of protein content (FPC, %),

mixograph development time (MDT, min), alveograph strength (W, crrr') and loaf volume

(LFV, crrr'), There was significant variability between genotypes in the quality traits studied

except for protein content (Table 13 and 14). The non-significant differences in their protein

contents will help to minimize the influence of protein on other parameters of quality.

Table 14. Mean squares of varieties and HMW banding patterns

Source
Varieties HMW banding patterns

Mean Mean
F-value

FPC (%) 1.5 1.52NS 1.4
MDT (min) 1.0 20.9*** 1.5
SDSS (ml) 374.0 47.5*** 603.7
W (crrr') 344.9 27.3*** 486.7

LFV(cm3
) 16318.4 6.6*** 27905.4

1.32 NS

6.5***
9.09***
6.56***
6.45***

*** indicates significant at P<O.OOl,. NS, non-significant

The genotype mean values of MDT ranged from 1.1-3.2 min, alveograph strength (W) from

15.8 to 60.7 crrr', and SDSS from 52.7 to 91.7 ml and LFV from 731.3 to 1007.3 crrr'. Three

genotypes having the highest possible quality scores i.e., cultivar no. 12, 13 and 18 varied in

their MDT, Wand SDSS performances. Cultivar 12 was significantly different from the two

others in SDSS, MDT and W but not protein. Similar variation was also observed in the rest of
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the genotypes having similar banding patterns. It showed that genotypes with similar HMW

patterns and high score alleles might not assure similarly higher values of quality parameters

as other factors and their interaction are also involved in determining quality (Payne et al.,

1987; Gupta et al., 1989). It was also demonstrated that contribution of HMW allelic

combination alone in grain quality could range from 20-60 % (Payne et al., 1987; Lukow et al.,

1989).

The mean FPC of the subunit patterns ranged from 12.1 to13.5 %, MDT from 1.5 to 2.9 min,

SDSS from 54.0 to 91.7 ml and loaf volume from 733.7 to 1007.3 crrr'. To determine the

effects of different patterns, an analysis of variance was carried out in GLM of NCSS using

subunit combinations as factors. The banding patterns significantly affected the traits studied

except protein content (Table 14) showing that selecting for better alleles and their

combinations is valuable. The l " and 3rd highest values of SDSS were achieved by patterns

0/2*,17+18,2+12 and 1,7+8,2+12, respectively. The 2nd and 4th highest values were,

respectively, by 1,7+8,5+10 and 2*, 17+18,5+10. To the contrary, Kariega with

0/2*,17+ 18,2+ 12 with lower quality score had high SDSS and LFV values and reasonably

high values of MDT and W. It was reported that the HMW glutenin score has more influence

in some sets of wheats than in others (MacRitchie et al., 1990) and lines with poor banding

combinations (2+ 12) produced a relatively high volume (Bedo et al., 1995). This is likely to be

due to the complex interaction of factors that define wheat quality. The two highest MDT and

W values were scored by the patterns or allelic combinations having the maximum score of 10

and 5+10 bands at Glu-Dl locus followed by two cultivars holding 2+12 with SDSS score of

8 (Figure 10 and 11). However, there was no significant difference between these four patterns

in MDT but pattern 1,7+8,5+ 10 was significantly different from the rest in W (Table 15). The

lowest values in MDT, SDSS and W were achieved by patterns having subunits 2+ 12. Pattern

N,7+9,5+10, with the lowest SDSS score of7, was a poor performer in all traits indicating the

null allele of Glu-Al should be avoided in selection (Payne et al., 1987, Weegles et al., 1996).

The three patterns 1,7+8,5+10; 0/2*,17+18,2+12 and 2*,7,5+10 had the highest LFV and their

differences were non-significant. There was no significant difference between varieties having

values of 800-1007 crrr'. Loaf volume was significantly and positively correlated to SDSS

(0.74***), MDT (0.32**) and alveograph W (0.33**). The most valuable allelic combinations

in these materials were 1,7+8,5+10 and 2*,17+18,5+10 in MDT, 2*,17+18,2+12 and

1,7+8,5+10 in SDSS, 1,7+8,5+10 and 2*,17+18,5+10 in alveograph W, and 2*,17+18,2+12

and 1,7+8,5+10 in LFV.
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Table 15. Mean separation of the subunit combinations

Subunit combination FPC MDT SDSS
{%) {min}* (ml) W{em2

} LFV{em3
}

1, 7+8, 5+10 12.3 2.9 a 88.3 a 56.5 a 994.3 a
2*, 17+18,5+10 12.4 2.8 ab 79.7 ab 44.5 b 858.7 be
2*,7+9,5+10 12.6 2.0 be 66.0 be 33.8 bed 827.9 bed
1, 7+9, 5+10 12.1 2.0 be 68.8 be 31.8 bed 815.9 bed
2*,7,5+10 12.1 1.9 be 77.5 ab 27.6 bed 931.5 ab
N, 7+9, 5+10 13.2 1.7e 54.0 e 22.2 d 733.7 d
1, 7+8, 2+12 12.6 2.6ab 81.0 ab 39.1 bed 887.7 be
1, 13+16,2+12 12.7 1.6 e 64.7 be 27.6 ed 846.7 bed
0/2*, 7+8, 2+12 13.5 1.5 e 66.7 be 25.1 ed 871.7 be
0/2*,17+18,2+12 12.6 2.6ab 91.7a 43.1 be 1007.3 a
mean 12.6 2.2 73.8 35.1 877.5

=li"=values with similar letters are not significaruly different at P< 0.05
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Figure 10. Mixograph development time (MD1) of 10 banding patterns
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Figure 11. Gluten strength (W) values of 10banding patterns
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4.5 Conclusion

In cultivars/lines studied, varieties having subunits 5+10 were more frequent and generally

gave better quality results. Genotypes having similar patterns had variable expressions in the

studied traits. There were also genotypes with subunits 2+12 in their patterns which gave

better results like cultivars Kariega and HAR 2192. Avoiding the null allele at Glu-Al is

important. For better results, breeding and selection using HMW glutenin subunits and Glu-I

scores (Wrigley, 2002) combined with one or more direct physical (MDT or W) and indirect

(SDSS, protein content) measurements of quality (Dong et aI., 1992) in parents and progenies

will have critical importance. Since higher yields are the main objective of the breeding

program, strategies for medium-high grain yielding with acceptable quality is necessary and

evaluation of quality at all stages of agronomic evaluation should be designed. It was shown

that most of the varieties had the required Glu-I alleles and high values of studied physical

measures of quality as opposed to what was originally thought. Therefore, this study has

confirmed that complaints of poor baking quality are unlikely to be due to Glu-I allelic

variations alone. However, the current study was a preliminary investigation of the trends of

HMW-GS in cultivars/lines of northwestern Ethiopian breeding program. Further studies must

be carried out to establish the contribution of HMW-GS and other factors affecting quality

such as LMW -GS, gliadins protein components, environmental and management aspects.

Many researchers have revealed that LMW-GS have influences in dough quality in bread

wheat (Gupta et aI., 1994; Cornish et aI., 1999). It was also suggested that quality would be

more accurately assessed if LMW-GS are considered in conjunction with the HMW-GS

(Gupta et al., 1994).
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Chapter 5 Combining ability analysis for quality traits in
crosses of bread wheat (Triticum aestivum L.) cultivars tested
in northwestern Ethiopia

5.1 Abstract

A diallel trial was conducted at two environments. Data on indirect and direct measurements

of quality were analyzed. There was significant variation between parents and all genotypes

for most traits studied. The general combining ability (GCA) effects of almost all traits were

significant. All traits had significant GCA effects in the combined analysis. The specific

combining ability (SCA) effect was significant for few traits; the significant GCA effect was

much higher for the same traits indicating the predominance of additive over dominance gene

effects. The GCA: SCA ratio ranged from 0.7 to 37. lts magnitude was lower in lower yielding

environments. The traits that interacted with environment also showed significant interaction

in combining abilities. The interaction was predominantly GCA by environment for hectoliter

weight, flour yield (FLY), SDS-sedimentation (SDSS) test and vitreous kernels (VK).

Hectoliter weight and flour yield are the only traits which showed SCA by environment

interaction indicating some specific crosses were sensitive to testing sites for the same traits.

Grain yield correlated negatively with protein content. Highly heritable traits were mixograph

development time (MDT), SDSS, hardness index, grain weight, FLY and protein content. The

range of positive heterosis was 0-11 % for most traits. In these sets of parents, utilizing the

additive genetic variance would be effective to improve MDT, SDSS, FLY, VK and thousand-

grain weight. The similarities of mean rankings, positive rankings for GCA effects,

heritabilities and correlations for the most important traits between the two locations will

facilitate the use of one of the two locations for preliminary evaluation and selections.

Key words: Bread wheat, combining ability, diallel analysis, GCA, SCA, wheat quality

5.2. Introduction

Bread wheat (Triticum aestivum L.) is the leading food crop in the world and mostly used for

pan bread and related products. lts end uses depend upon the inherent quality and quantity of

gluten proteins, specific to bread wheat, and other factors related to growing conditions;
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overall quality depends on many genetic and non-genetic factors. To improve wheat quality

understanding of the inheritance of wheat quality traits, joint inheritance and their association

with the environment is vital (Baker and Sutherland, 1991). Combining ability analysis,

general (GCA) and specific (SCA), of diallel crosses are useful to understand the nature of

gene action involved in determining quantitative traits (Griffing, 1956a) and to identify crosses

with superior performance for use in a practical breeding program. The GCA effects represent

the fixable component of genetic variance. The SCA represents a non-fixable component of

genetic variation, related to heterosis.

It has been found that progress in breeding for grain yield has been slower in the high quality

bread making varieties (Bingham and Lupton, 1987). This may partly be attributed to the

logistical difficulties of selecting for the many additional independently inherited characters of

a top quality variety. Edwards (1987a) observed that GCA is of greater importance than SCA

in wheat, although the latter appears to be more important in space plantings. Many reports

suggest that GCA is the principal source of improved grain yield in hybrids, as in line varieties

(Borghi et al., 1989; Morgan et al., 1989, Pickett, 1993) with small contribution from SCA.

Perenzin et al. (1987) and Edwards (1987b) reported mean test weights that equal or are above

the means of parents. Crosses between parents of different texture have been found to produce

variable results (Rodriguez et al., 1967; Edwards, 1987a). Studies on flour extraction levels in

wheat crosses vary from no heterosis (Bitzer and Fu, 1972), intermediate (Edwards, 1987a)

and higher levels than parents.

There are several quality tests, which examine the rheologcal and baking properties of flour

(Blackman and Payne, 1987). SDSS is widely used to indicate protein quality. It was

correlated with dough strength measures, and it was suggested as a useful test to select for

dough strength (O'Brien and Ronnalds, 1987). Brears et al. (1989) reported that most hybrids

were intermediate in sedimentation volume. Quantity of protein is largely the result of

environment and has been shown to be under polygenic control. Protein levels in hybrids have

been reported to lie between parents, fall near to the lower parent and lower than the high

parent. Higher values can therefore be achieved by selection of parents (Stuber et al., 1962).

Matuz et al. (1993) found negative heterosis or intermediate inheritance for water absorption,

development time, stability of dough, loaf volume and protein content. Borghi et al (1987)

found crosses to be lower in dough quality than parents, sometimes approaching the lower

parent. Edwards (1987b) reported that hybrids were generally intermediate in dough

characteristics although there were exceptions in both directions. Most researchers have
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concluded that breeding for bread making quality is possible although it will be necessary to

select parents carefully to achieve this. According to a review of Piekert (1993), it appears that

bread wheat quality is cross specific.

Genetic studies involving selected and adapted parents need more attention, because such

crosses are expected to offer desirable genetic variabilities. In addition, multi-location testing

of diallel trials is necessary to obtain reliable genetic information since interactions of genetic

effects (GCA, SCA, genetic variances) with environments are significant and should be

addressed (Beck et al., 1991). The objectives of this study were to investigate the combining

ability, the relative importance of additive and non-additive gene effects, genetic associations

and the inheritance of grain and flour quality traits in wheat crosses of adapted cultivars and

selected lines at different environments.

5.3 Material and methods

Six cultivars were crossed in all possible combinations according to method II of Griffing

(Griffing, 1956b). The six parents and their 15 F 1 's were grown in a RCB design with three

replications at two agro-climatically different locations (Adet and Motta) in Ethiopia. The plot

area was two m2 consisting of four rows of 2.5 m length. The inter and intra row spacing were

20 cm and 10 cm, respectively. The plots were fertilized with 92/46 kg ha-I of N/P20s,

respectively, in the form of ureaIDAP. The unpredicted incidence of hybrid necrosis

(dwarfness) was encountered in all crosses with one parent, Snack. The FI progeny of these

cross combination were unable to set seeds (Pfeffer and ZeIler, 1987), died prematurely and

crosses with Snack were rejected from the diallel.

The methods and characters measured were gram yield (g), thousand grains weight (g),

hectoliter weight (kg hrl), flour yield (Junior Quadromat mill, %), flour protein (AACC (2000)

39-11, %), mixograph development time (AACC 54-40A, min), SDS sedimentation test

(AACC 56-70, ml), falling number (AACC 56-70, sec), and vitreous kernels (sliced and

counted, %) were collected. Single kernel measurements i.e., hardness index, grain diameter

(mm) and weight (mg) were taken using the Single Kernel Characteristics System (SKCS)

(AACC 53-31). Bread loaf volume (AACC 10-09, crrr') and alveograph, PIL ratio (PIL) and

strength (W, cmi) measurements (AACC 54-30A) were determined from the blended samples

of the three replications for each environment.
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The analysis of variance and combining ability analysis were done using the DIALLEL- AS

program described by Zhang and Kang (1997). Mixed effects model was used with genotypes

a fixed, and locations and replications as random (Griffing, 1956b; Dhillon et al., 1990).

Based on the expectation of mean square (Table 16), estimates of GCA and SCA variances and

their interactions with the environment were obtained for each trait. The appropriate variance

components i.e., additive genetic variance (0'2 A), additive by environmental variance (0'2 AE),

dominance genetic variance (0'20), dominance by environmental variance (O'20E) and error

variance (O'2e) for individual and across location(s) from the expectation of mean squares

(Griffing, 1956b; Sughroue and Hallaur, 1997) were computed as: 2(dccA) = dA; 2(dcCAxE)

= dAE; dSCA=dD; dSCAxE=dDE; The narrow (h2,,) sense heritability was calculated for each

character for individual and combined environments as h2,,= O'2A/ (O'2A+O'20+O'2AE+O'20E +O'2E).

Spearman ' rank correlations for GCA estimates were computed to assess the significance of

genetic correlation of breeding values (Falconer and Mackay, 1996). The mid parent advantage

(MA), the increase of a hybrid for a given character above the mean of its' parents (MP), and

heterosis (H), the increase of a hybrid above the better parent (HP) for each character was

(
FI-MP)calculated (Morgan, 1998) as: MA = MP * 100 ;

Table 16. ANOV A giving expectation of mean squares

Mean Sguare eXQectations
Source MS MultiQle environment Single environment
GCA MSc ' d 2 de+ ds + k(n+2)1/eJe+k(n+2) cE+kl(n+2)t/J C

SCA MSs de+ kdSE + klt/J2s de+ t/J2s
GCAxE MScE de+ k(n+2)dcE
SCAxE MSsE de+ kdsE
Error MSe de+ de

K, replication,' I, location,' n, number of parents,' E, environment,' d and t/J 2, variance
components due to random and fixed effect respectively,' MS, mean square
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5.4 Results and discussion

The parents were significantly different in lOOO-grain weight (TGW), flour yield (FLY),

mixograph development time (MDT), SDS-Sedimentation volume (SDSS), vitreous kernels

(VK), hardness index of single kernel characterization system (SKHI), seed diameter of single

kernel characterization system (SKDM) and seed weight of single kernel characterization

system (SKWT) (Tables 17 and 18).

SST 57 had consistently higher values of MDT, SKHI and VK. The high protein parent was

SST 825 while Houtman had the highest hectoliter weight (HL W). Kariega out perfomled the

other parents at both environments in grain yield (GYD), lOOO-grain weight (TGW), SDSS,

SKDM and SKWT. This was supported by the highly significant variability found among

entries in most characters except GYD and TGW at the highest mean yielding location, Adet,

and GYD, FLY and SKDM at the lowest yielding site, Motta (Table 18).

Table 17. Mean yields and quality parameters of parents and their Fl 's across environments
(Adet*Motta)

PN& GYO TGW HLW FLY FPC MOT SOSS VK SKDM SKWT W LFV
crosses (g/~lot) {g} {kg hrl} (%) (%) {min} {mQ {%} SKHI {mm} {mg} PIL {10·4 J} {cm3'

I 503.6 36.8 76.3 64.7 9.6 2.5 72.7 46.7 31.7 2.4 35.8 0.3 18.7 1000
2 419.1 29.2 75.2 60.4 9.2 3.8 54.3 71.0 56.6 2.2 28.6 0.6 25.7 982
3 317.0 29.4 75.1 62.0 10.4 2.8 48.7 67.3 46.3 2.0 28.4 0.3 18.2 952
4 496.4 31.8 74.3 62.6 8.6 2.4 42.5 58.746.2 2.1 32.0 0.7 12.9 958
5 444.2 31.0 76.6 61.8 9.6 2.6 60.0 61.749.5 2.1 29.9 0.5 19.2 966
4x5 555.7 33.3 75.3 62.6 8.6. 2.4 45.8 57.744.5 2.1 32.0 0.7 13.8 954
3x5 390.3 30.4 75.2 62.2 9.8 2.7 55.3 62.746.1 2.0 28.6 0.4 14.5 944
2x5 406.5 31.4 73.7 60.2 9.6 3.0 59.7 70.348.8 2.1 30.1 0.6 21.0 954
1x5 447.6 31.8 75.1 62.1 9.2 2.5 62.3 54.3 40.8 2.2 32.5 0.5 16.4 944
3x4 392.3 31.5 72.9 61.0 9.1 2.5 45.5 55.039.2 2.0 29.7 0.4 12.3 958
2x4 395.2 30.9 73.7 60.5 8.9 3.2 49.3 71.3 50.0 2.1 29.7 0.6 16.2 926
Ix4 494.2 34.6 74.6 63.4 8.3 2.5 48.5 48.032.9 2.2 33.3 0.4 10.7 972
2x3 426.7 32.6 75.5 60.9 9.5 3.3 53.3 69.045.5 2.l 29.2 0.4 15.9 894
Ix3 401.8 32.1 75.0 62.9 9.2 2.7 57.7 50.0 33.7 2.l 31.1 0.3 14.1 964
Ix2 429.7 32.1 74.4 61.9 9.1 3.5 61.7 59.3 39.5 2.2 31.6 0.4 17.7 1002
Gra. mean 434.7 31.9 74.9 61.9 9.2 2.8 54.5 60.243.4 2.1 30.8 0.5 16.5 958
Mean Adet 466.0 28.8 73.4 61.7 10.6 2.9 64.2 69.3 47.1 2.0 27.9
Mean Motta 403.4 35.0 76.3 62.2 7.9 2.7 44.7 51.1 39.8 2.3 33.8
CV (%) 23.6 8.3 1.1 2.3 4.8 9.2 9.1 12.4 11.8 6.2 7.1
LSO{0.05) 99.2 2.6 0.8 1.4 0.4 0.2 4.8 7.2 5.0 0.1 2.1
PN=parent number, 1=Kariega, 2=SST 57; 3=SST 825; 4=Houtman; 5=Cracker

In a combined analysis, there was significant genotypic and environmental variation. However,

flour protein content (FPe), HL Wand VK were the only traits sensitive to environmental
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changes. The falling number values were ~41 0 sec for all plots; the analysis was stoped after

410 sec assuming all grains were sound. The presence of significant variation between

genotypes, parents and their crosses, in most characters permitted the analysis of combining

abilities (Griffing, 1956b).

Table 18. Mean squares for yield and quality traits at individual and pooled environment (s)

Source of variation
Entry {Qarents&crosses 2f Only Parents

Traits Adet Motta Combined Env Entry x Env (Combinedf
GYD 26666.3NS 9203.9 20744.3* 88247.2** 15125.9 34106.9NS

TGW 16.2 NS 14.8*** 22.2*** 864.3*** 8.8 NS 56.8*
HLW 6.7*** 5.7*** 5.8*** 193.3*** 6.7*** 5.3NS

FLY 10.2*** 2.1 NS 9.0*** 5.6 NS 3.3 NS 14.3*
FPC l.2*** 0.8** l.6*** 168.9*** 0.04* 2.4NS

MDT 0.6*** 0.6*** l.1 *** 0.4** 0.1 NS 1.9***
SDSS 295.0*** 142.2*** 389.4*** 8565.4*** 47.8* 797.9**
YK 110.2*** 468.1 *** 422.9*** 7434.7*** . 155.4** 527.1*
SKHI 158.5*** 165.0*** 296.8*** 1209.4*** 26.7 NS 492.4***
SKDM 0.05** 0.03 NS 0.05*** 1.7*** 0.03 NS 0.1*
SKWT 19.9*** 12.4* 25.5*** 790.7*** 6.9 NS 56.5**

+
0.04*PIL +

wt 29.3***
trv' 1450.3 NS

* ** *** indicates significant at P<O.05, P<O.01 and P<O.001, respectively; NS, non-
significant; En v, environment; I, estimated from blended samples; t= Degrees of freedom for
Entry, 14; environment, 1; Entry x En v, 14; Error, 56; §= Degree of freedomfor parents, 4;
Error,25

The mean squares of GCA of all measured traits were significant except TGW at Adet, and

GYD and FLY at Motta indicating most traits are controlled by additive gene action (Table

19). The SCA was significant for HLWand FPC at both locations, SDSS and VK only at Adet

but the magnitude of significant GCA, GCA: SCA was much higher for the same traits, which

showed the predominance of additive gene effects. Those traits, which interacted with the

environments also showed significant SCA by environment, SCA x E, or GCA by environment

interaction, GCA x E. GCA x E was observed for HLW, FLY, SDSS and vitreous kernels. The

magnitude of GCA effects was reduced in the low yielding environment (Motta) while MDT,

SDSS, SKHI, SKWT maintained high GCA: SCA in both environments i.e., the exploitation of

GCA might be high in high potential environments. HLW was the sole trait that was significant

for GCA, SCA, and GCA x E and SCA x E. It also had the lowest GCA: SCA ratio, less than

unity at Adet.

72



,9.I:f.~?!.~R.~ 9.Qm~!N~t-f.q.~.~!~.lnF.Q8.g!J.~.~1!X.fR~.lI$.

Table 19. Mean squares of combining abilities for separate and combined environments

GCAt SCA GCA:SCA
Traits Adet Motta Pooled Adet Motta Pooled GCA x Env SCA x Env Adet Motta Pooled

GYO 20152.1* 3335.4 49253.4** 4383.4 2961.0 9340.7 NS 21209.1 NS 12692,7NS 4.6 1.1 5.3
TGW 7.8NS 12.4*** 53.18*** 4.5 NS 2,0 9.9 NS 7.3 NS 9.4 NS 1.7 6.3 5.4
HLW 1,7*** 2.6*** 7.813*** 2.4*** 1.6*** 4.9*** 5.1*** 7.3*** 0,7 1.6 1.6
FLY 10.1*** 1,2 NS 25.9*** 0.7 NS 0.5 NS 2.3 NS 7.9** 1.4 NS 13.9 2.5 11.5
FPC 1.2*** 0.4*** 4.3*** 0.1** 0.2* 0.5** 0.4 NS 0.4* 11.2 1.9 7.8
MOT 0.7*** 0.6*** 3.7*** 0.0 NS 0.0 NS 0.1 NS O.INS 0.1 NS 35.3 17,7 36.9
SOSS 297.5*** 137.3*** 1233.2*** 18.7*** 11.4 NS 51.9* 71.3* 38.3 NS 15.9 12.0 23,8
YK 80.6*** 436.3*** 1292.9*** 19.2* 43.9 NS 75.0 NS 257.8** 114.4NS 4.2 9,9 17.2
SKHI 174.2*** 129.5*** 901.6*** 4.3 NS 25.2 NS 54.9* 9.4 NS 33.6 NS 40.5 5.1 16.4
SKDM 0.04*** 0.02* 0.2*** 0.0 NS 0.0 NS 0.0 NS 0.0 NS 0.0 NS 5.7 4.2 18.3
SKWT 19.4*** 9.6*** 83.4*** 1.6 NS 2.0 NS 2.3 NS 3.4 NS 8.3 NS 12.4 4,8 35,8
PILt 0.06** 0.01 NS 6.0
W! 36.3*** 5.8** 6.3
LFyt 927.1 NS 644.3 NS 1.4

* ** *** indicates significant at P<0.05, P<O.Ol and P<O.OOl, respectively; NS non-, , ,
significant; t = Degrees of freedom for GCA, 4; SCA, 10; GCA x Env, 4; SCA x En v, 10;
Error, 56; I,estimated from blended samples; DF, degrees offreedom; GCA, general
combining ability; SCA, Specific combining ability; Env, environment

At Adet, Houtman and Kariega had the highest positive GCA effects for grain yield and low

but positive effects for Cracker (Table 20). They had positive but non-significant SCA effects

between them, Houtman x Cracker and Kariega x Houtman. Thousand grain weight, FLY,

MDT, SKHI, SKDM and SKWT had non-significant dominance genetic variances. Kariega

contributed the highest positive gene effects for TGW (1.5), FLY (1.7), SKDM (0.1) and

SKWT (2.5). The highest contribution of positive gene effects for MDT (0.5) and SKHI (5.2)

was from SST 57. The two high mean protein parents varied in their SCA effects depending on

their combinations. Generally, the highest and lowest grain yielding hybrids/parents,

respectively, had the lowest and highest SCA gene effects for protein. The crosses with

Kariega had higher mean SDSS values than the rest of the crosses. There was a significant

contribution of genes with negative effects for this character, which showed a reduction of its

values in some combinations (Houtman x Cracker and Kariega x Houtman). Cross SST 57 x

Cracker had the highest positive SCA effect for VK (5.2).
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Table 20. General combining ability effect of parents at individual locations

GYO TGW HLW FLY FPC MOT SOSS YK SKDM SKWT
Location PN (g Qlor') {gl {kg hr'l {%) {%) {min) {mQ (%1 SKHI {mml (mgl
AOET I 28.3 1.5 0.7 1.7 -0.2 0.0 7.8 -5.0 -7.8 0.1 2.52 -37.6 -0.4 -0.5 -1.6 0.1 0.5 1.7 3.5 5.2 0.0 -1.23 -68.3 -0.9 0.3 -0.3 0.5 0.0 -2.1 1.3 -0.3 -0.1 -1.64 67.3 0.7 -0.5 0.5 -0.6 -0.3 -9.8 -1.8 -0.4 0.0 0.85 10.2 -0.9 0.0 -0.3 0.2 -0.2 2.4 2.0 3.3 0.0 -0.5SE Ci 24.1 0.6 0.2 0.3 0.1 0.0 0.8 1.0 0.6 0.0 0.4

Ci-Cj 38.1 1.0 0.3 0.4 0.1 0.1 1.3 1.5 1.0 0.0 0.7
MOTTA 1 20.9 2.1 0.1 0.6 0.1 -0.2 6.0 -11.0 -6.5 0.1 1.82 5.6 -1.3 0.1 -0.5 0.0 0.5 -0.1 11.0 5.2 0.0 -0.93 -35.5 -0.9 -0.4 0.1 0.3 0.0 3.0 1.6 -0.7 -0.1 -1.24 -3.9 0.0 -0.7 -0.2 -0.4 -0.2 -5.3 -1.6 0.0 0.0 0.25 12.8 0.1 0.9 0.0 0.1 -0.1 2.3 0.0 2.1 0.0 -0.5
SE Gi 14.9 0.4 0.1 0.3 0.1 0.1 1.1 1.8 1.3 0.0 0.4

Ci-Cj 23.7 0.6 0.2 0.5 0.2 0.1 1.7 2.9 2.0 0.0 0.7
SE, standard error; Gi, critical difference to test the significance of GCA effects of a parent;
Gi-Gj, critical difference to test the significance of GCA effects of selected parents

At Motta, genotypic differences were significant for all characters except for GYD, FLY and

SKDM). It was the lowest protein (7.3 to 9 %) and grain-yielding environment. The other

parameters with low mean ranges include SDSS, VK and SKDM. Mixograph development

time and FLY maintained similar mean ranges at both locations. Most parameters showed

additive gene effects except HLWand FPe, which showed dominant gene effects. All

combinations with the high HLW parent, Kariega, had significant negative SCA effects (-0.5 to

-1.1). Parent SST 57 contributed the significantly highest negative and positive SeA gene

effects depending on its combinations. Eight out of 10crosses showed negative SCA effects

for protein and the same crosses had positive SCA effects for grain yield showing similar

protein/yield gene action trend. However, only Kariega x SST825 had a significant negative

gene effect (-0.8) for protein. This cross was derived from a high mean protein parent,

SST825, at this location indicating high protein parents might not necessarily give high protein

additive gene effects. The significant additive gene action of most quality traits in this

environment will allow breeders to improve most of these characters by using parents with

high GCA effects. The low stand establishment and the space advantage has led kernel

measurements such as TGW, HLW, SKDM and flour yield to be higher at the low yielding

site, Motta. In a combined analysis, all traits showed significant additive genetic variance,

except loaf volume. Significant dominance gene effects were observed only for HLW, FPe,

SDSS, Wand SKHI as it was for separate environments. Therefore, additive and non-additive

gene actions were consistent in both individual and combined environments for most traits.
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Various researchers have reported the prevalence of GCA effects over SCA in the control of

most traits studied (Edwards, 1987a; Morgan et al., 1989; Le Gouis et al., 2000). The largest

negative (-52) and positive (32) GCA effect of GYD was observed for SST 825 and Houtman,

respectively (Table 21). However, the negative SCA variance of Houtman explained that its

high GCA effect was transmitted differently depending on the specific combination, the

highest effect (76) was for Houtman x Cracker. No negative GCA effect was desired for grain

yield but two parents having the highest negative GCA effect (SST 57 and SST 825) combined

to produce the 2nd highest increment of SCA effects (60NS) in yield. The two parents having

positive GCA effects for TGW, Kariega and Houtman, similarly had positive gene effects for

GYD, FLY and SKWT showing association in their effects. All hybrids scored below 10.5 %

mean protein content across these environments. Generally, the low protein could be

associated with the prevalence of leaf diseases during grain filling. The presence of significant

non-additive gene action and its interaction with environment for protein lead to select specific

advantageous crosses for specific environments. The mixograph value appeared entirely

controlled by additive gene effects and had the highest GCA: SCA and did not interact with the

environment. The highest average positive significant additive gene effect of MDT was for

parent SST 57 (0.5) and gave better results with Kariega (0.3). Cultivar Kariega was the

highest contributor of genes with positive effects in SDSS (7.0) followed by Cracker (2.3) and

combined to produce the highest SCA value (2.9), but not significant. Vitreous kernels and

SKHI measures hardness of a kernel. Both traits had similar GCA: SCA ratios and were

positively correlated. The lowest and highest additive genetic variances were observed for

Kariega and SST 57, respectively, for both traits (Table 21). The two traits showed similarities

in the SCA variances of the parents and SCA effects of the crosses. Other similar traits

measured by different methods, SKWT and TGW, expressed similarity in combining abilities

and variances. Parents SST 57 and Houtman had positive and significant GCA effects for PIL

ratio, and SST 57 for alveograph W value.

The two locations were different in the expression of all traits (Table 18) and the genotype by

environment component was predominantly GCA x E for a few traits (Table 19). The GCA x

E was significant for HLW, FLY, SDSS and VK and, SCA x E for HLWand FPC. The

significance of additive variance by environment interaction indicates that additive gene

effects of parents were affected by environment for indicated traits. The additive genetic

variances of GYD, TGW, FPC, MDT, SKHI, SKDM and SKWT were stable across

environments. On the other hand, the non-additive variance by environment interaction was
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observed for only HLWand FPC i.e., some specific crosses of these traits showed sensitivity

to testing sites. For these traits, which GCA was lower than SCA or SCA was highly

significant, specific combinations could be studied for better values of the traits (Baker, 1978).

Genetic and environmental causes of correlations combine to give the phenotypic correlation.

If a character has high heritability, then the genetic correlation is the most important. If both

characters have low heritability, the phenotypic correlation is determined by the environmental

correlation (Falconer and Mackay, 1996). GCA and correlation between their values can give

an indication about the possibility to use the means of the two parents to predict the value of

the cross (Le Gouis et aI., 2002). Significant negative genetic correlations were observed

between GYD vs FPC (-0.9*), TKW vs VK (-0.9*), FLY vs VK (-0.9*), FLY vs SKHI (-0.9*)

and SKHI vs SKWT (-0.4). Positive correlation was found between TGW vs SKWT (0.9*),

FLY vs SKWT (0.7), VK vs SKH! (0.7), HLW vs SDSS (0.8), MDT vs VK (0.7), TGW vs

FLY (0.7*) and GYD vs. TGW (0.9*). Grain yield alone showed negative genetic correlation

with FPC, MDT, SDSS, YK, and SK- HI but significantly only with FPC. Those parameters

positively correlated with grain yield (TGW, FLY, SKWT) had similar negative correlation

with the same traits negatively correlated with yield. Alveograph W had significant positive

phenotypic correlation with FPC (0.6**), MDT (0.6*), SDSS (0.7*), and SKH! (0.5*). The

narrow sense heritability of the traits at individual and combined locations was computed from

their respective variance components (Table 22).
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Table 21. General and specific combining ability effect of parents and their hybrids in a combined analysis (Adet*Motta)

PN CYD TCW HLW FLY FPC MDT SDSS VK SKDM SKWT W
(ge.lor') (g) (kg hf') (%) (%) (min) (m/2 (%2 SKHI (mm) (mg) PIL (10.4 J)

General combining ability of the Qarent
I 24.6 1.8*** 0.4** 1.2*** -0. I -0. I*** 6.9*** -8.0*** -7.2*** 0.1 *** 2.2*** -0.1 -0.5
2 -16.0 -0.9* -0.2* -1.0*** 0.0 0.5*** 0.8 7.2*** 5.2*** 0.0 -1.0*** 0.1 3.4
3 -51.9*** -0.9* -0.1 -0.1 0.4*** 0.0 -2.5*** 1.4 -0.5 -0.1 *** -1.4*** -0.1 -0.9
4 31.726* 0.3 -0.6*** 0.1 -0.6*** -0.2*** -7.5*** -1.7 -0.2 0.0 0.5* 0.1 -2.9
5 11.5 -0.4 0.5*** -0.1 0.1 * -0.2*** 2.3*** 1.0 2.7*** 0.0 -0.3 0.04 0.8

SEC; 14.2 0.4 0.1 0.2 0.1 0.0 0.7 1.0 0.7 0.0 0.3 0.02 0.4
Max mean 317.0 29.2 72.9 60.2 8.3 2.4 42.5 46.7 31.7 2.0 28.4
Min mean 555.7 36.8 76.6 64.7 10.4 3.8 72.7 71.3 56.6 2.4 35.8

SCA Variances of the parents
I 19.7 1.3 0.7*** 0.4 0.5*** -0.1* 4.3*** 2.5 2.6* 0.1 0.7
2 16.4 -1.0 0.8*** 0.6 0.0 -0.1 -1.8 -3.7* 2.8* 0.0 -0.1
3 -14.0 -0.8 0.4 0.2 0.3*** 0.0 -0.7 4.2* 3.9*** 0.0 0.3
4 -1.7 -0.8 0.6** 0.3 0.3** 0.0 3.1* 1.9 3.2* 0.0 0.1
5 -47.2 0.9 -0.9 -1.2 -0.9** 0.3 -3.1 -6.0 -11.0*** 0.1 -1.6

SE 28.9 0.8 0.2 0.4 0.1 0.07 1.4 2.1 1.5 0.04 0.6
Estimates ofSCA effects of the hx:brids

-SCA -7.4(2X5) -1.0(3X5) -1.4(3X4)*** 1.0(3X4)* -0.4(IX3)** -0.2(2X5)*** -5.4(IX4) -5.0(3X4)* -3.5(3X4)* -0.06(IX3) -0.7(2X4) -3.0(2x3) -0.1(lx2)
-55.3(2X4) -0.8(1X2) -0.7(2X5)* -0.5(2X4) -0.4(IX4)* -0.I(1X5) -1.2(IX3) -3.6(lX3) -3.1(IX4)* -0.03(IX2) -0.6(IX3) -2.2(1x4) -0.1(2x4)
-5.6(1X3) -0.7(IX3) -0.6(IX2)* -0.4(1X5) -0.1(2X3) -0.1(3X4) -0.6( IX2) -2.5(IX4) -2.7(2X3) -0.02(2X4) -0.4(1X2) -1.9(1 x2) -0.1 (3x4)
-3.5(lX5) -0.5(2X4) -0.4(2X4) -0.1(IX2) -0.1(3X4) -0.04(1X3) -0.3(4X5) -1.9(2X5) -2.1 (I X3) -0.02(3X5) -0.3(3X4) -1.9(3x5) -0.04(3x5)
-22.2(3X4) -0.3(IX5) -0.2(1X3) -0.1 (IX3) -0.I(1X2) -0.03(4X5) -0.I(lX2) -1.9(IX2) -0.01(3X4) -0.3(3X5) -1.2(1x3) -0.01(lx3)
-18.0(3X5) -0.2(2X5) -0.1(IX4) -0.04(2X5) -0.01(2X3) -0.01(1X4) -0.2(1 X4) -0.5(2x4)
-13.6(lX2) -0.5(4x5)

+SCA 76.1(4X5)* 2.4(2X3)** 1.2(4X5)*** 1.0(4X5)* 0.4( IX5)** 0.3(1 X2)*** 2.9(IX5) 5.6(2X4)* 4.5(1X5)* 0.04(IX5) 1.0(4X5) -0.2(2x5) 0.1(lx5)
59.9(2X3) 0.6(4X5) 0.9(2X3)** 0.7(3X5) 0.3(3X5)* 0.1(3X5) 1.6(2X4) 4.2(3X5) 4.3(3X5)* 0.04(2X3) 0.8(2X3) -0.3(3x4) 0.1(4x5)
3.1(IX4) 0.6(IX4) 0.3(3X5) 0.2(lX4) 0.1(2X5) 0.04(2X4) 1.I(3X4) 3.7(1X5) 1.9(4X5) 0.03(4X5) 0.4(IX5) 0.03(2x3)

0.1(3X4) 0.I(lX5) 0.1(2X3) 0.1(2X4) 0.03(IX4) 0.6(2X3) 0.1(2X3) 1.63(2X4) 0.01(2X5) 0.4(2X5) 0.2(2x5) 0.02(2x5)
0.1(4X5) 0.3(3X5) 0.0(4X5) 0.3(2X5)

0.6(2X5)
SE Sif 36.6 0.9 0.3 0.5 0.2 0.09 1.8 2.7 1.8 0.05 0.8 0.07 1.0
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Table 22. Narrow sense heritability estimates

Environments
Traits Adet Motta Adet x Motta ,

Mean( h-Il)
Grain yield 0.51 (0.10) 0.03 (0.03) 0.10 (0.05)
Thousand grains weight 0.18 (0.07) 0.60 (0.10) 0.22 (0.08)
Hectoliter weight 0.00* 0.14 (0.06) 0.04 (0.03)
Flour yield 0.79 (0.07) 0.29 (0.09) 0.25 (0.08)
Flour protein content 0.74 (0.07) 0.20 (0.07) 0.36 (0.10)
Mixograph development time 0.91 (0.03) 0.83 (0.06) 0.71 (0.08)
SDS Sedimentation volume 0.81 (0.06) 0.76 (0.07) 0.61 (0.10)
Vitreous kernels 0.48 (0.l0) 0.72 (0.08) 0.36 (0.10)
SK-Hardness index 0.92 (0.03) 0.54 (0.l0) 0.58 (0.10)
SK-seed diameter 0.57 (0.l0) 0.48 (0.10) 0.29 (0.09)
SK-seed weight 0.76 (0.07) 0.52 (0.10) 0.44 (0.l0)
Alveograph PIL ratio" 0.01 (0.02)
Alveograph strength t 0.50 (0.10)
Loaf volume t 0.00*

0.21
0.33
0.06
0.46
0.43
0.81
0.73
0.52
0.68
0.45
0.57

*; Negative heritability, adjusted to zero; t, estimated from blended samples
() =numbers in brackets are standard errors (± SE) according to Becker (1985)

Grain yield and HLW were the lowest heritable traits in either single or combined

environments (De La Roche, 1975; Branlard et aI., 1991). Traits with moderate to high mean

heritabilities were MDT (0.81), SDSS (0.73), SKHI (0.68), SKWT (0.57), VK (0.52), W (0.5),

FLY (0.46) and FPC (0.43) (Orth et aI., 1972; O'Brien and Ronalds, 1987; Fisher et al, 1989;

Branlard et aI., 1991; Barnard et al, 2002). The most stable traits with medium-high heritability

at each and combined environments were MDT, SDSS, VK and SKHI. The medium to highly

heritable traits (MDT, SDSS, VK, SKHI and FPC) had positive association between them

while most had negative associations with yield related traits.

In this study, significant variability was observed among genotypes in all measured traits. The

two locations were different and some of the characters interacted with environment, viz.

HLW, FPC, SDSS, and VK. The GCA was predominant over SCA for most traits in separate

and combined environments i.e. GCA: SCA ranging from 0.7 to 37. Many authors (Morgan et

al., 1989; Borghi et al., 1989; Labuschagne et al., 1996; Perenzin et al., 1998; Le Gouis et al.,

2002) have reported the greater contribution of additive over non-additive genetic variance for

many parameters in wheat. Therefore, the non-significant SCA effects of most characters

permit the prediction of performance of these traits in progeny based on GCA alone (Baker,

1978). Generally, the presence of significant dominance gene effects and interaction of

additive and non-additive variances with environment in some traits could be compensated by

the preponderance of additive gene effects. It was explained with small margin of mean
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differences between hybrids/crosses for those traits showing environmental sensitivity.

Mixograph development time was entirely independent of environment and has no

interactions. On the other hand, transgressive segregates could be expected from those crosses

and traits showing significant positive non-additive gene effects i.e. HLW, FPC, and SDSS.

Specific parent combinations with high SCA values for some traits could be exploited

(Perenzin et al., 1998).

There were significant positive genetic correlations between GYD, TGW and FLY and

negative correlations between GYD vs FPC, FLY vs VKlSKHI, SKWT vs SKHI. The

correlations of FPC with MDT and SDSS were not significant but positive in this study. The

absence of strong relationship between protein and mixing time (Khan et aI., 1989) should

not be surprising since mixing characteristics would be dependent on protein composition

and quality. The negative relationship between grain yield and protein was obtained in high

yielding crosses (Houtman x Cracker and Kariega x Houtman). However, simultaneous

Increase was observed for some specific combinations (Kariega x SST825, Kariega x

SST57) of high yielding and high protein parents. Therefore, selection of appropriate parents

for crossing to get high yield and protein lines could be possible (Costa and Kronstad, 1994;

Fabrizius et al., 1997). Kariega, SST57 and Cracker were good combiners i.e., Cracker for

HLW, FPC, SDSS and SKHI; Kariega for TGW, HLW, FLY, SDSS, SKDM and SKWT;

SST57 for MDT, VK, SKHI). In addition, Kariega is also a good specific combiner for FPC,

SDSS and SKHI i.e., SCA was significant for these traits. Hybrid Kariega x Cracker showed

similar increment in SCA effects for protein (0.4), SDSS (2.9), SKHI (4.5) but the two

parents had variable GCA effects for these traits.

Heritability of a character can be classified as low, 5-10 %, medium, 10-30 %, and high, 30-60

% (Dabholkar, 1992). High heritability estimates were found for most traits in the high

yielding environment and a similar class trend was observed for some traits in the low yielding

environment i.e. fluctuation of heritability was low for some traits. The heritability of MDT,

SDSS, VK, SKHI and SKWT was high in these sets of crosses and environments. Grain yield,

TGW and HLW had variable heritabilities. Therefore, selection using highly heritable traits is

desirable for selection gains. In general, characters that are controlled by genes in additive

fashion have higher values of heritability than the characters governed by genes with large

non-additive effects (Dabholkar, 1992).
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The range of positive heterosis was 0-11 % for most traits studied. There was no positive

heterosis for SDSS, MDT, SKHI and SKDM in these combinations. The highest positive

heterosis was achieved by the crosses Houtman x Cracker in GYD (11.9 %) and SST 57 x

SST 825 in TGW (10.9 %), the later cross also showing positive heterosis in HLW (0.4%) and

SKWT (2.1 %). The cross SST 57 x Cracker showed little advantages in FLY (0.6 %), TGW

(1.3 %) and SKWT (0.7 %).

5.5 Conclusion

In this study with these specific parents, utilizing the additive genetic variances would be

effective to improve the quality traits i.e., MDT, SDSS, FLY, VK and TGW, the same traits

had medium to high heritabilites, and phenotypic selection could be effective. The similarities

of mean rankings (MDT, FPC, and SDSS), positive rankings of GCA effects (FPC, MDT,

SDSS, VK, SKHI and SKWT), heritabilities and correlations for important quality traits across

both locations will facilitate the use of anyone of these locations for selection for both

locations. The protein level was generally low due to the influence of diseases. However, the

amount of nitrogen applied was higher to secure a better level of protein. Further research into

the management and environmental factors to enhance protein content is necessary.
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Chapter 6 Variability for quality traits and bread making in
Ethiopian durum wheat cultivars and advanced lines

6.1 Abstract

In Ethiopia, durum wheat is mainly used for local bread making and other food types as well

as pasta products. Fifteen advanced lines including three commercial cultivars were sampled

and tested at two environments, Adet and Motta, in northwestern Ethiopia. Grain yield and

thirteen quality traits were investigated. The mean flour protein content (FPC) of genotypes

ranged from 10.1-12.5 % and 6.7-8.1 % at Adet and Motta, respectively. The SDS-

sedimentation (SDSS), hardness index (SKHI) and vitreousness (VK) values were reduced and

the mixing time (MDT) increased at lower protein environment. The mean MDT of all

genotypes was 4 min at Motta and 2.8 min at Adet and SDSS ranged between 10.7-32.3 ml

across both locations. In a combined analysis, there were significant genotypic differences

only for FPC and VK. The large non-significant genotypic difference for the rest of the other

traits could be due to larger environmental variation. The repeatability was high for flour yield,

FPC, YK and SKHI. Flour protein content was negatively correlated with MDT but highly

positively correlated with VK and SKHI at both environments. The bread loaf volume ranged

from 483-730 crrr' at protein levels between 10.1-12.5%. Bread volume had strong positive

correlation with SDSS but was weakly associated with FPC. Higher loaf volumes could be

achieved by selection for higher SDSS and FPC genotypes. Stepwise regression was used to

select variables explaining the variability of MDT. Flour protein content, SDSS and seed

weight were selected and used in multiple regression analysis to establish the prediction model

and which explained 69 % of the variation for MDT. This preliminary study in the region

indicated the need to study management aspects for higher protein, establish quality criteria for

selection and incorporation in the current breeding strategy to help farmers grow go?d-quality

wheat for domestic markets.

Key words: Durum wheat, Ethiopian advanced lines, prediction models, quality traits

6.2 Introduction

Durum wheat (Triticum turgidum L. (Thell.) ssp. Durum (Desf.) Husn.) is the second most

cultivated wheat species in the world, next to common wheat, with 27 million tons of
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production (Pefia et aI., 2002). It is generally milled into semolina (coarse grits) and is widely

used to produce superior pasta products and regionally in the production of flat breads and

other important foods. Ethiopia is considered as a center of genetic diversity for durum wheat

species (Vavilov, 1931; 1951), and possesses huge diversity for genetic improvement

(Tessema, 1988; Demissie et aI., 1990) and thousands of accessions are collected and

preserved. The Ethiopian durum wheat accessions have shown the highest diversity index

(Negassa, 1986; Jain et al., 1975) and are important sources for rust resistance, long

coleoptiles, short culms, Iow tillering, early ripening, drought resistance and waterlogging

tolerance (Porceddu, 1976; Payne et aI., 2001). A protein content of 22 % for some accessions

was recorded (Demissie et aI, 1990). Most of the studies indicated the presence of genetic

diversity in many agronomic traits of indigenous materials for possible genetic improvement

(Tessema, 1988; Demissie et aI., 1990) and the breeding effort should be strengthened to

exploit the expected potential. The durum wheat breeding program of Ethiopa emphasized

improvement of the yielding ability oflandraces (Tessema, 1987).

Durum wheat lacks the gluten strength found in most bread wheats (Taestivum) due to the

absence of the D-genome. Chromosome ID carries major determinants of gluten strength and

baking quality (Schmidt et aI., 1966; Morris et aI., 1968). However, improvement is possible

through breeding, as substantial variability exists for gluten strength and baking performance

among durum wheats (Boggini and Pogna, 1989; Pen a et aI., 1994). In Ethiopia, durum wheat

is consumed largely in the form of whole-wheat fermented/leavened local bread (Dabo, dense

or raised) or as flat breads and other different forms of food such as roasted grain (Kolo),

boiled whole grain with beans or alone (nifro), and pan cake type bread (Injera). Traditional

fermented bread making process from whole-wheat flour is similar for both durum and bread

wheat. Most of the produce is consumed in the form of local fermented bread. There is a great

need to strengthen breeding for nutritive and processing quality (Bechere et aI., 2001) to

satisfy the increasing demands. Although the country is the origin and/or diversity of durum

wheat, some durum wheat processing industries depend on the importation of raw materials or

are unable to utilize available local produce. This may be due to easily resolvable/researchable

constraints i.e., the domestic supply of raw material is negligible (Dessalegn, 2001, Survey

information supplementary to this study, unpublished). Some cultivars released for agronomic

superiority offer variability and good processing quality (Bechere et aI., 2001). Northwestern

Ethiopia, which is among the major durum wheat growing regions, has endogenous diversity

and the potential for production and supply of raw materials. The aim of this study was to
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investigate the variability for grain yield and quality in some Ethiopian durum wheat cultivars

and advanced lines tested in northwestern Ethiopia and study the association between the

quality parameters, examine the causes of variations and correlations.

6.3 Material and methods

Fifteen genotypes including advanced lines with potential for release and three popularly

grown commercial cultivars were sampled. They were all originally bred for their agronomic

superiority with no firm selection for quality. The materials were grown at two environments

in northwestern Ethiopia viz., Adet research center and Motta, in a randomized complete block

design with three replications. The plot size was 3 m2 consisting of six rows, 20 cm apart and,

2.5 m length. Standard agronomic practices were followed. After harvest, grain yield and

quality parameters were measured (Table 23). Seeds of the three replications of each

cultivar/line were blended, cleaned, well mixed and a sample was taken to determine bread

volume. The normality was checked for values within the expected ranges using the Omnibus

test based on skewness and kurtosis (D' Agostino et al., 1990). The analysis of variance was

computed and the estimates of variances were obtained from the expectation of mean squares

(Singh et aI, 1993) and/or using RELM of SAS (SAS, 1994) as: single environment,

2 (Mg-Me) 2 (Mg-Mi)
genotypic variance (a g) = b ; More environments, a g= bl ; genotype by

. . . . ( 2) (Mi - Me) . ( 2) Lr b bl k Ienvironment mteraction vanance a i = ; error vanance a e = rae; , ocx. z,
b

environment; Mg, mean square of genotype; Mi, mean square due to interaction; Me, error

~ mean square. Phenotypic correlations (Spearmans' rank) were calculated using NCSS

software (NCSS, 2001) for each and combined environments. Repeatability (bi) of the traits

was calculated from their variance components (Becker, 1984; Singh et al., 1993) as: single
2. U g

environment, bi = 2 2; more environments,
Ug+Ue

2
U g

bi = 2 2 2'
Ug+Ui+Ue

The stepwise regression procedure was used to select the best

independent quality variables, which describe the selected dependent variable. The selected

independent variables were used in multiple regressions to establish the prediction equation

(NeSS, 200 I) using the linear model: Y = bo + fhXI + (32X2 + !33X3 +.....+ !3nXn; bo, the

intercept; !3'.n, the slopes of the regression plane; XI-n, independent variables; Y, dependent

variable. Coefficient of determination (R2) was calculated to indicate the percent of variation

86



.9.I:I.~n.~~J f}.~gf1fJ.fl!1.~.~!~(#'.Q!.!f1~!TX.»: fJ.l!B~M.Wt(~~T.M"!.~$.

in the dependent variable explained by selected independent variables in the model: R2 =

SSmodel . R2predict, which reflects the prediction ability of the model, was calculated as:
SS/oWl

R2prediCI = J - PRESS wherePRESS = L ï» -Yi.-,/; R2predicI must be closer to R2•

SS To/al

Table 23. Methods, units and abbreviations of measurements of quality traits

Traits Abbreviations Unit
Grain Yield GYD ton ha-'
1000 grains weight TGW g
Hectoliter weight HLW kg hl"
Break flour yield BFLY %
Flour yield FLY %

Methods of measurements

AACC 26-21A
AACC 26-21At and
Junior Quadromat mill

Flour protein content FPC % AACC 39-11
Falling number FLN sec AACC 56-81B
SDS-sedimentation test SDSS ml AACC 56-70
Vitreous kernels VK % Sliced/counted
SKCS- hardness index SKHI AACC 53-31
SKCS-seed diameter SKDM mm AACC 53-31
SKCS-seed weight SKWT mg AACC 53-31
Mixograph development time MDT mm AACC 54-40A
Loafvolume LFV crrr' AACC 10-09
SKCS, Single Kernel Characteristics System; f, Biihler method for only blended samples;
AA CC, American Association of Cereal Chemists (2000)

6.4 Results and discussion

Fourteen grain yield and quality traits were investigated (Table 23) at two environments. At

Motta, the mean protein content of the genotypes was very low (6.7 to 8.1 %). This resulted in

overall longer MDT, lower SDSS volume and lower vitreousness or hardness index (Table

24). The average mixing time of all varieties was 4 min. SDSS ranged from 10.7 to 27.7 ml

(mean of 19.9 ml). The strongest lines were C096486 (MDT of 5.3 min), D21652 (5.3 min)

and 02900 (4.7 min). They also had the highest SDSS volume. 021640 had the lowest

vitreousness (and hardness index) and protein content but had the highest value of MOT and

SOSS. On the other hand, D21748 had the highest vitreousness, FPC and SOSS with

relatively shorter mixing time. Therefore, it showed that there should be an optimum balance

between values of these parameters. The yield of all genotypes was very low (1.9-2.7 ton ha")

as opposed to the potential of the area (Dessalegn and Wondale, 1998). The leading cultivar in
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yield, DZ1748, had the highest TGW, HLW, SKDM and SKWT. This was caused by

waterlogging which retarded overall performance. Most of the genotypes had 1000 grain

weights greater than 35g. The hectoliter weight and flour yield showed less variability and

ranged between 75.3-77.8 kg hl' and 56.4-59.6 %, respectively. The flour yield (Quadromat

flour mill) was higher at the lowest yielding site. Generally, higher mean flour yields were

obtained from higher yielding cultivars/lines.

Table 24. Mean yield and quality traits of genotypes grown at Motta

NAME GY TGW HLW FLY FPC MOT SDSS YK SKHI SKDM SKWTCD 96486 1.9 36,7 75.9 60.1 7.2 5.3 21.3 43.3 47.2 2.5 34.2CD 6630 1.3 38.0 77.5 60.8 8.1 3.4 19.3 62.7 56.4 2.6 37.1CD 95294-1 Y I.7 37.2 76.7 60.9 7.2 4,1 20.0 47.3 48.9 2.4 34.4DZ 2023 1.5 36.0 76.8 63.8 7.2 3.9 19.7 36.0 41.2 2.6 36.6YILMA 1.3 36.6 76.4 62.4 7.4 4.7 27.7 54.0 52.1 2.5 36.1DZI721 1.4 36.7 74.3 61.9 7.5 2.6 10.7 48.7 48.0 2,6 36,2DZ 2212 1.1 35.8 79.2 60.0 7.6 3.6 20.3 58.7 49.4 2.5 35,7DZ 1924 1.1 36.2 76.6 61.9 7.4 3.0 15.0 54.0 52.3 2.5 35.8BICHENA 1.3 36.4 74.0 61.8 7.2 4.1 21.7 51.3 43.4 2.5 36.5LO 357 1.3 31.2 75.6 61.8 7.1 3.7 15.0 38.0 45.4 2.3 30.6DZ 1640 1.9 36.1 75.9 62.7 6.7 4.8 21.0 28.0 35.0 2.4 33.9DZ 1691 1.5 37.3 77.2 61.2 7.8 3.1 18.3 44.7 50.4 2,5 36,2DZ 1652 1.4 33.1 76.6 59.9 7.4 5.3 23.7 43.3 45,7 2.3 32.2DZ 1748 1.9 40.1 77.1 60.5 8.1 3.7 23.7 64.7 55,5 2.8 40.4DZ 900 1.9 35.8 76.4 61.2 7.0 4.7 21.0 35,3 50.1 2.4 32,7Grand mean 1.5 36.2 76.4 61.4 7.4 4.0 19.9 47.3 48.1 2.5 35.3CV (%) 26.5 9.1 I.7 3.4 8.3 36.5 32.4 31.2 16.5 6.8 8.5LSD (0.05) 0.6 4.6 1.8 2.9 0.9 2.0 9.0 20.5 11.0 0.2 4,1

On the other hand, at Adet, cultivars/lines scored higher protein contents of up to 14 % (plot

basis) and the mean protein content ranged from 10.1-12.5 %. They had relatively shorter

mixing time, higher SDSS and vitreousness (hardness index) than at Motta (Table 25). Lines

with the strongest gluten strength were DZ 1721, CD96486, DZ 1924 and CD6630 i.e., with

longer MDT and higher SDSS values. The same lines had a higher percentage of vitreousness

and hardness index with above average loaf volume. DZ 2212, CD 6630 and DZ 1748

obtained the highest mean number of vitreous kernels and similar lines had the highest SKHI.

Generally, the mean SKWT, TGW, MDT and SKHI were higher than for the bread wheat

genotypes grown simultaneously as durum wheat is known to have the hardest, most vitreous

and heaviest grain of all wheats (Liu et aI., 1996). Buhler flour yields were higher and gave

more precise results than Quadramat milling yield since the method uses larger samples
(Simmonds, 1989).
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Table 25. Mean of yield and quality traits of genotypes grown at Adet

NAME GYD TGW HLW FLY FPC MDT SDSS VK SKHI SKDM SKWT LFV BFLY FLY' FPe'

CD 96486 2.7

CD 6630 2.5

CD 95294-1 Y 3.2

DZ 2023 3.6

YILMA 2.9

DZ 1721 3.3

DZ2212 2.9

DZ 1924 3.2

BICHENA 3.4

LO 357 3.4

33.4 77.2 54.6 10.8 3.3

36.1 74.4 52.5 12.5 2.8

38.2 77.3 54.1 11.4 3.0

38.4 75.3 55.3 10.0 2.7

37.4 75.2 54.8 12.5 2.7

36.5 76.8 54.0 10.7 3.8

38.8 76.4 53.4 11.9 2.4

38.6 77.7 54.0 11.9 3.0

40.5 76.5 54.6 10.5 2.7

36.7 75.5 56.1 10.1 2.7

32.3 76.0 63.4 2.4

24.3 89.3 69.6 2.5

23.3 87.3 71.2 2.6

24.3 80.7 65.5 2.6

22.7 85.3 72.0 2.5

26.7 80.7 67.1 2.5

24.3 97.3 71.1 2.6

26.7 90.7 71.1 2.6

23.0 87.3 66.5 2.8

18.0 66.7 63.7 2.6

730 14.6 67.7 11.5

678 14.4 68.7 I 1.3

615 13.1 66 11.0

683 16 70.5 10.8

561 13 66 11.1

672 14.2 67.8 10.2

606 12.7 66.4 11.1

661 12.5 66.2 11.1

679 13.7 66.9 9.9

555 19.3 72.3 10.0

34.5

36.0

37.3

37.9

35.9

36.2

37.2

36.9

41.7

36.8

DZ 1640 3.5 37.4 76.1 56.0 10.1 2.8 19.7 78.7 62.9 2.6 35.9 549 14.2 67.3 10.4

DZ 1691 2.7 36.6 76.5 55.9 11.4 2.6 23.7 84.7 67.5 2.6 35.5 567 14.1 67.5 11.2

DZ 1652 2.7 33.8 76.4 52.7 11.2 2.6 20.7 90.0 68.7 2.5 36.2 621 i3 67.2 11.1

DZ 1748 2.9 36.0 75.9 55.5 10.9 2.7 28.0 86.7 67.1 2.5 35.0 671 14.2 67.5 10.1

DZ 900 3.5 40.6 76.1 55.4 11.0 2.3 18.3 73.3 67.2 2.6 38.2 483 16.5 69.8 10.8

Grand Mean 3.1 37.3 76.2 54.6 11.1 2.8 23.7 83.6 67.6 2.6 36.7 621.1 14.4 67.9 10.8

CV (%) 19 14.1 2.6 3.1 10.9 29.3 36.4 14.9 9.1 10.6 13.5

LSD(0.05) 0.8 7.3 2.8 2.4 1.7 1.1 12.0 17.3 8.6 0.4 6.9

LFV, SFLY, FLy2 and FPC were determined from blended samples; SFLY and FLy2, from Biihler flour
extraction method

Loaf volumes were determined from blended seed obtained from the highest protein site, Adet.

Higher bread loaf volume (661-730 cm') was achieved from genotypes with a mixing time of

2.7-3.8 min, SDSS of 24.3-32.3 ml, and protein levels of above 10 % (Table 24). Advanced

line CD 96486 scored the highest loaf volume (730 crrr') having the highest SDSS (32.3 ml)

and a mixing time of 3.3 min. A high SDSS volume was associated with large loaf volume

(Figure 12). The lowest loaf volume (483 crrr') was achieved by DZ900 with the lowest SDSS

and MDT values.

The average mixing time of all genotypes at both locations was high: 4 min at Motta, 2.8 at

Adet and 3.4 min when combined (Table 26). Cultivars such as CD95294-1 Y, CD96486,

LD357 and DZ900 had the longest mixing time (plot basis) of more than 6 min at the lowest

protein site. The mean SDSS sedimentation of lines/cultivars was generally lower (10.7-32.3

ml) across both locations. Lower SDSS is an indication of poorer gluten strength in durum

wheats (Finney et aI., 1987) and was also affected by the level of protein content of the

genotypes. Cultivars/lines grown at the highest protein environment, Adet, expressed shorter

mixing time, higher SDSS volume, higher vitreousness percentage and hardness index than the

lowest protein environment, Motta. The alpha-amylase activity, an important grading factor,

was very low for all genotypes at both locations with a falling number greater than 410 sec.
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In a combined analysis, there was a significant difference between the two sites i.e., the

environmental variation was high as the environment plays an imoportant role in the

expression of many quality traits (Rharrabti et aI., 2003). The tested genotypes showed

differences only in FPC and VK. The non-significant differences between genotypes in most

traits could be due their closer genetic backgrounds, lower genetic variances and high CV

values (Table 26 and 27). Negative variances were obtained for genotypes and genotype by

environment interaction variances for some traits which can be caused by sampling variation

and the trials must be repeated over seasons and years to overcome the probability of negative

variances (Dudleyand Moll, 1969). The repeatability of the traits was higher for FLY, FPC,

VK and SKH! in the Adet x Motta combination. Negative repeatabilities, which were caused
by negative variances, were adjusted to zero.
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Table 26. Mean of cultivarsiIines for yield and quality traits studied across environments

NAME GYD TGW HLW FLY FPC MOT SDSS YK SKHI SKDM SKWT
CD 96486 2.3 35.1 76.5 57.3 9.1 4.3 26.8 59.7 55.3 2.48 34.4
CD 6630 1.9 37.1 75.9 56.6 10.3 3.1 21.8 76.0 63.0 2.57 36.6
CD 95294-1 Y 2.5 37.7 77.0 57.5 9.3 3.6 21.7 67.3 60.1 2.55 35.8
DZ 2023 2.5 37.2 76.1 59.6 8.6 3.3 22.0 58.3 53.3 2.60 37.3
YILMA 2.1 37.0 75.8 58.6 9.9 3.7 25.2 69.7 62.1 2.55 36.0
DZI721 2.4 36.6 75.5 58.0 9.1 3.2 18.7 64.7 57.6 2.57 36.2
DZ 2212 2.0 37.3 77.8 56.7 9.8 3.0 22.3 78.0 60.2 2.54 36.5
DZ 1924 2.1 37.4 77.2 58.0 9.7 3.0 20.8 72.3 61.7 2.57 36.3
BICHENA 2.4 38.5 75.3 58.2 8.9 3.4 22.3 69.3 55.0 2.67 39.1
LD357 2.4 34.0 75.5 59.0 8.6 3.2 16.5 52.3 54.5 2.45 33.7
DZ 1640 2.6 36.8 76.0 59.3 8.4 3.8 20.3 53.3 48.9 2.48 34.9
DZ 1691 2.1 36.9 76.9 58.5 9.6 2.9 21.0 64.7 59.0 2.55 35.9
DZ 1652 2.1 33.5 76.5 56.4 9.3 4.0 22.2 66.7 57.2 2.43 34.2
DZ 1748 2.4 38.0 76.5 58.0 9.5 3.2 25.8 75.7 61.3 2.63 37.7
DZ900 2.7 38.2 76.3 58.3 9.0 3.5 19.7 54.3 58.7 2.55 35.5
Grand mean 2.3 36.7 76.3 58.0 9.3 3.4 21.8 65.7 57.8 2.5 36
CY(%) 21.8 1l.9 2.2 3.3 10.4 34.9 35.0 20.9 12.3 8.9 11.4
LSD(0.05) 0.5 4.2 1.6 l.8 0.9 1.1 7.4 13.2 6.9 0.2 4
R2 0.83 0.26 0.39 0.87 0.87 0.47 0.37 0.78 0.79 0.32 0.33

33.4- 74.4- 52.5- 10.0- 18.0- 66.7- 62.9- 34.5-
Adet, Range 2.5-3.6 40.6 77.7 56.l 12.5 2.3-3.8 32.3 97.3 72.0 2.4-2.8 41.7

31.2- 74.0- 59.9- 10.7- 28.0- 35.0- 30.6-
Motta, Range 1.1-l.9 40.1 79.2 63.8 6.7-8.1 2.6-5.3 27.7 64.7 56.4 2.3-2.8 40.4

33.5- 75.3- 56.4- 16.5- 52.3- 48.9- 33.7-
Combined 1.9-2.7 38.5 77.8 59.6 8.4-10.3 2.9-4.3 26.8 78.0 63.0 2.4-2.7 39.1
Thefalling number was more than 410 sec for all cultivars and lines; DF of error =56; Range, mean basis
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Table 27. Analysis of variance, variance components and repeatability of quality traits

Mean sguare Variance estimates Repeatability

Source
Gen
X Env Error Gen Motta

Gen X AdetX
Env Gen Env Error Adet Motta

GY
TGW

I-ILW

FLY

FPe

57.50*** 0.33 (0.1 T

0.09 (0.1 T
0.64 (0.13:

-0.23 (0.10

0.20 (0.17:

0.40

13.00

2.90

5.50

1.80*

0.28 0.27 0.01

11.70 19.20 0.22

4.20 2.80 -0.22

1.90 3.60*** 0.60

0.70 0.90*** 0.18

0.03 0.29

-2.50 19.20

0.45 2.80

-0.57 3.60

-0.07 0.90

0.08 (0.07)

0.10 (0.07)

-0.45 (0.17)

0.65 (0.10)

0.61 (0.10)

0.25 (0.17)

-1.17 (0.45)

-0.74 (0.13)

0.26 (0.17)

0.25 (0.17)

24.90

0.60

1045.20***

314.30***

MOT 32.30*** 1.00 1.50 1.40 -0.08 0.03 1.40 -0.50 (0.20) -0.75 (0.14) -0.02 (0.15

SOSS 332.50* 42.80 49.90 58.10 -1.18 -2.7358.10 -0.17(0.02) -0.74(0.13) 0.17(0.17:

VK 29666.20** 422.70** 89.10 186.7*** 55.60 -32.53 186.70 0.79 (0.07) 0.14 (0.17) 0.34 (0.1 T
SKI-I! 8619.60*** 89.70 27.60 50.6*** 10.35 -7.67 50.6 0.69 (0.09) -0.43 (0.03) 0.30 (0.17:

SKOM 0.10 0.02 0.04 0.05 -0.003 -0.003 0.05 -1.00 (0.62) -2.50 (2.16) 0.40 (0.1 T
SKWT 50.00 11.90 13.60 16.8 -0.28 -1.07 16.8 -0.14 (0.01) -1.78 (1.10) 0.46 (0.16:

*, ** *** indicates significant at P<O.05, P<O.01 and P<O.001, respectively; Env,
environment; DI degrees of freedom; Gen, genotype; Df for environment, 1; Genotype by
environment, 14; error, 56;
(J, numbers in brackets are standard errors (±SE) according to Becker (1985)

The correlations between grain yield and quality traits varied at low and high levels of protein

environments. Thousand grains weight was strongly and positively correlated with SKWT and

SKOM, moderately to SKHI and weakly and negatively with MOT and SDSS (Table 28). The

relationship of vitreousness (SKHI or VK) to HLWand TGW was stronger at the lower

protein site, Motta. Similarly, FPC was positively related with TGW and HLW. Flour yield

was negatively correlated with FPC, VK and SKHI i.e., the harder grains produced less flour

due to less starchy kernels. Flour protein content was negatively correlated with MOT but its

negative association weakened when the protein levels increased. It was also strongly and

positively correlated with VK and SKHI at all environments, single or combined. Hard wheat

had higher percentages of vitreousness (less yellow berry) related to higher protein contents.

Mixing time had positive correlation with SOSS i.e., strong grains with higher flour protein

content resulted in higher SDSS volume. Vitreous kernel percentage and SKHI were highly

correlated as they measure the same parameter. Similarly, SKWT and SKDM were also highly

correlated, as larger seeds will have higher weights and diameter. Flour yield was strongly

related to BFLY (0.91). BFLY was negatively and weakly correlated with vitreousness. Loaf

volume did not show a strong relationship with FPC or VK but was weakly associated with

SOSS volume.
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Table 28. Phenotypic correlation of the studied quality traits

GY TGW HLW FLY FPC MOT SOSS VK SKHI SKOM VK2 BFLY FLy2 FPC2

TGW Adet 0.65*
Motta 0.25

combined 0.30*
HLW Adet -0.06 0.07 VK2

, BFLV, FLV2
, FPC2

, from blended samples of the three reps;
Motta -0.10 0.27 FLV2

, BFLV, Buhler extraction method;
combined 0.05 0.00 LFV and BFLV correlations from mean values (n = 15);

FLV Adet 0.48 0.09 -0.24 GVD-SKDM from raw data (n = 90)
Motta -0.05 -0.11 -0.40

combined -0.61 *** -0.16 0.01
FPC Adet -0.68* -0.01 0.03 -0.54*

Motta -0.32 0.58* 0.62* -0.40
combined 0.61 *** 0.22* 0.14 -0.78***

MDT Adet -0.02 -0.33 0.38 -0.20 -0.11
Motta 0.48 -0.31 -0.30 -0.15 -0.59*

combined -0.35*** -0.28* 0.05 0.34** -0.46***
SDSS Adet -0.38 -0.34 0.33 -0.37 0.15 0.49

Motta 0.29 0.00 -0.04 -0.28 -0.07 0.76**
combined 0.22* -0.05 0.10 -0.24* 0.24* 0.57***

VK Adet -0.46 0.10 0.20 -0.74** 0.64* -0.08 0.29
Motta -0.50 0.55* 0.42 -0.32 0.82*** -0.50 0.08

combined 0.54*** 0.21* 0.16 -0.77*** 0.87*** -0.37*** 0.28*
SKHI Adet -0.43 0.20 0.08 -0.55* 0.89** -0.16 0.04 0.69*

Motta -0.20 0.55* 0.55* -0.31 0.71 * -0.45 -0.03 0.72*
combined 0.58*** 0.16 0.21* -0.76*** 0.90*** -0.43*** 0.21* 0.88***

SKDM Adet 0.62* 0.82** 0.15 0.31 -0.25 -0.33 -0.44 0.04 -0.06
Motta -0.04 0.64* 0.32 0.11 0.65* -0.52* -0.10 0.59* 0.41

combined 0.29* 0.70*** 0.24* -0.06 0.29* -0.28* -0.04 0.25* 0.23*
SKWT Adet 0.61* 0.81 *** 0.10 -0.18 -0.16 -0.26 -0.35 0.16 0.14 0.71 *

Motta -0.10 0.70* 0.36 0.15 0.65* -0.50 -0.03 0.63* 0.40 0.92***
combined 0.30* 0.80*** 0.19 -0.15 0.31 * -0.26* 0.05 0.31 * 0.26* 0.93*

LFV 0.74*** 0.13 0.04 0.11 0.14
BFLV -0.43 1 0.91 ** -0.26

* ** *** indicates significant at P<O.05, P<O.OI and P<O.OOI, respectively
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Mixing time, as a powerful physical dough test, was selected to predict the gluten strength

(Bendelow, 1967; Martinant, 1998) and further selection of the best traits describing MDT was

made by stepwise regression analysis. The assumption of normality was acceptable. The

statistical significance level of 0.05 was used for inclusion of the variable in the prediction.

The ANOVA of multiple regression of the linear model and coefficients of its components

were significant (Table 29) and the coefficients were within acceptable confidence limits

(0.05). Flour protein content, SDSS and SKWT were selected to describe MDT and explained

69 % of the variation using the following prediction equation:

MDT = 6.899 - 0.384*FPC + 0.107*SDSS - 0.063*SKWT

Flour protein content and SDSS equally contributed to the variation of MDT as their values of

partial R2 and R2 values was similar during omission of each separately (Table 29). Similarly,

their partial correlations with MDT (effects adjusted for the rest of the traits) were equally

strong. The contribution of SKWT was lower. The variance inflation ratio and condition

number were the minimum which indicate the data has no multicolinearity problem i.e., near

linear relationship between independent variables was absent which can cause inaccurate

estimates of regression coefficients and degrade predictability. The predictability of the model

was assessed using the closeness of R2 with calculated PRESS R2
. The MDT was predicted

using the model and compared with the actual values. The prediction error varied between 0.1

to 13.6% (in both directions) with only some lines showing sensitivity (Figure 13). Generally,

the model under-predicted higher and over-predicted lower values ofMDT.

Table 29. Regression coefficients, R2 and tests of multi eolinearity

Multicollinearity
R2 Section Section

Partial
Independent Regression Cumulative (Adj.for When Partial Variance Condition
Variable Coefficient Sequential Rest) Omitted Correlation Inflation Number
Intercept 6.899***
FPC -0.384*** 0.28 0.53 0.34 -0.73 1.14 1.0
SDSS 0.107*** 0.65 0.54 0.32 0.74 1.07 1.4
WEIGHT -0.063** 0.69 0.10 0.65 -0.32 1.07 2.1
R2 (full model) 0.69
PRESS R2 0.66
Model
(ANOVA) 33.4***
**, ***, the regression coefficient is significant at 0.05 and 0.001
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Figure 12. Relationship between SDSS and LFV at higher protein environment
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Figure 13. Actual and predicted values ofMDT using selected variables in the model

Significant genotypic differences were observed in FPC and VK. The non-significance

differences between genotypes for other traits could be due to predominance of environmental

and error variation within the sites, or their narrow genetic backgrounds (or both) or the

genotypes were not originally selected for differences in quality. Approximately 24 % of the
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durum wheat produced worldwide, and up to 70-90 % in some middle-Eastern countries, is

used in small bread baking operations (Quaglia, 1988). The bread making quality of durum

wheats is very important in Ethiopia as the local produce is consumed in the form of local

bread where the fermented dough is baked on traditional hot clay or metal plates. Any variety

intended for this use must fit this system of baking in addition to pasta products. Bread

volume, color, texture and overall appearance are taken as criteria. Higher loaf volumes (671-

730 cm3) were achieved at protein levels of above 10 %, SDSS volume of greater than 23 ml,

and mixing time of over 2.7 min. The mixing time increased with decreasing levels of protein

as it was shown with negative correlations between the two traits. Therefore, optimum protein

levels should be determined for required mixing time to achieve intended end use. Generally,

the higher the SDSS volume the higher loaf volume, as they were positively correlated (0.74).

Protein content showed weaker but positive association with loaf volume in the analysis using

blended samples.

Associations between quality parameters are of great interest in defining optimal values of

grain quality for a particular region and to help breeders to produce varieties with good quality

(Rharrabti et aI., 2003). The difference between the two sites in protein content level was high.

Overall site mean of SKHI was much lower at Motta (48.1) than at Adet (67.6). Vitreousness

or SKHI had a strong relationship with FPC and selection of varieties maintaining higher

percentage of vitreous kernels could be an option to obtain higher FPC. Hardness index was

strongly correlated to FPC than VK and only SKHI can be used as a measure of grain

hardness. Reduced vitreousness or presence of starchy kernels (yellow berry) reduces semolina

(not flour) yield and negatively affects end use quality because starchy parts of the kernels

have less protein content than vitreous kernels (Matveef, 1963; Pefia et aI., 2002) which occurs

in a low protein environment. Therefore, a high percentage of vitreousness is required for

production of pasta products. Grain hardness is also associated with the milling properties of

wheat (Miller et aI., 1982; Finney et aI., 1987), with water absorption of flour/semolina and

with baking quality of the resulting dough. The flour yield was higher at Motta than at Adet

because the vitreousness of the grains was very low i.e., more starchy kernels which yielded

more flour (Matveef, 1963). Seed diameter, SKWT and TGW had strong positive association

with each other at separate and combined environments. SDSS and MDT were positively

correlated 111 both environments but the relationship was stronger at the lower protein

environment.
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The three selected traits for the model for explaining MDT were weakly correlated to each

other indicating their independence and their true separate contribution to explain MDT in this

model. There is universal agreement that protein content is the primary factor of quality and

gluten strength is the secondary factor in durum wheat (D'Egidio et aI., 1990). SDS-

sedimentation is an effective rapid indicator of gluten strength (Dexter et aI., 1980). The model

captured both FPC and SDSS as the major contributors for MDT variation. The third trait,

SKWT, had a relatively small effect but contributed more than the rest of the characters. Under

medium to very low protein levels and associated effects, the model explained 69 % of the

variation of MDT and these parameters could be used for selection. The baking test is

considered as the final and most reliable test of bread making. The bread loaf volume of

Ethiopian durum wheat genotypes was relatively high at the current protein level indicating

that even higher bread volume can be achieved through selection in the future i.e., the protein

content must be ::::13% for leavened bread making (Quaglia, 1988).

Crop management by quality interaction is of critical importance, and agronomic practices

suitable for both visual field selection and identification of quality attributes must be employed

(Pefia et aI., 2002). The low protein content at Motta was caused by agronomic factors and

needs investigation of optimum agronomic management to increase the protein levels of

genotypes.

6.5 Conclusion

It appears that increasing protein content to optimum level could lead to increased gluten

strength and quality under both environments. At the low protein environment, vitreousness

was significantly reduced, the mixing time increased and the SDSS was reduced which

indicated that low FPC affected most quality related traits and optimum protein levels should

be determined for intended end products and should be bred accordingly for possible use in an

area. The relationship of MDT vs. FPC; FPC vs. VK/SKHI; MDT vs. SKHI; and VK/SKHI

vs. FLY were maintained at the low and high protein environments. The absence of G x E

interaction for traits was rewarding to make similar selections for both locations. However,

sufficient number of sites (years) and genotypes must be sampled and studied for

characterization of environments in the region and establish quality criteria for bread and other

pasta products. Therefore, the breeding strategy should combine agronomically important traits

such as high yield, disease resistance, better adaptability and quality criteria. Releasing a

quality variety fulfilling the current demands of consumers and processors will benefit the
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predominant small scale wheat growers, encourage domestic production of raw materials for

agro industries which can fetch good market prices and enhance self sufficiency using the

existing potential. Generally, the region or the country must give emphasis to both agronomic

and quality breeding,
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Chapter 7 B-LMW glutenins and v-gliadin compositions of
Ethiopian durum wheat genotypes and their association with
some quality traits

7.1 Abstract

Thirty advanced lines and cultivars were investigated for their specific B-LMW glutenins

(LMW-I and LMW-2) and ')'-gliadin (')'-42 and ')'-45) composition by SDS-PAGE analysis and

their relationship to SDS-sedimentation volume (SDSS), mixograph development time (MDT)

and bread loaf volume (LFV). The proportion of lines and cultivars with LMW-2/ ')'-45 type

subunits was much higher than LMW-I/ ')'-42 types. Lines possessing LMW-2 / ')'-45 type

compositions achieved higher SDSS, MDT and LFV values. The highest bread volume (730

ml) was recorded by line CD96486 having subunits N, 7+8 and LMW-2 / ')'-45. It had better

expression of SDSS and MDT than the rest of the genotypes. The high proportion of LMW -2 /

')'-45 type compositions in the advanced lines, which is genetically related to good grain

quality, is an advantage to select suitable genotypes for intended products. Selection for higher

values of SDSS and MDT would be necessary to achieve better bread volume. Further studies

should also include selecting genotypes suitable for pasta products to meet the domestic

demands. Screening of genotypes using genetic markers of wheat storage proteins related to

quality will help to devise an effective breeding program for the region and to build a database

for variety identification and diversification.

Key words: B-LMW glutenins,Durum wheat, ')'-gliadins, quality traits, SDS-PAGE

7.2 Introduction

Durum wheat (Triticum turgidum L. (Thell.) ssp. Durum (Desf.) Husn.) is a widely grown

ancient crop in Ethiopia. It is commonly used for traditional food recipes in addition to pasta

products. The breeding effort in the country placed greater emphasis on high yield and disease

resistance. However, the feedback from producers, processors and consumers indicated the

need to strengthen breeding for improved nutritional quality (Bechere et al., 2001; Tadesse,

unpublished survey information, 2001). The quality of durum wheat refers to its suitability for

the intended end use (Troccoli et aI., 2000) and criteria depend on the various aspects of

growth and utilization. Pasta product quality depends on gluten quality and protein content
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(Feillet et al., 1989; Troccoli et al., 2000) with the effects of genotype, environment and GxE

interaction on these parameters. Durum wheat semolina for bread making needs to have gluten

that is less elastic and more extensible (Boggini and Pogna, 1989; Liu et aI., 1996) and some

varieties have better bread making quality than others. Variations in gluten strength is usually

attributed to differing aggregative behavior among glutenins i.e., high molecular weight

(HMW) or A subunits coded at Glu-l locus and low molecular weight (LMW) glutenins or B

and C subunits coded at Glu-3 (MacRitchie, 1992). Genetic markers of quality are used to

evaluate and select lines in early generations. Consistent relationships were found between the

presence of specific LMW proteins and gluten quality (Payne et al., 1984; Pogna et aI., 1990).

Two subunits were designated as LMW -1 and LMW -2 related to poor and good gluten

strength, respectively. The presence of ')'-42 and ')'-45 gliadins bands at the Gli-B 1 loci were

used as genetic markers of poor and good quality, respectively (Kosmolak et al, 1980).

However, these gliadin bands were not directly responsible but markers tightly linked with

LMW glutenins, LMW-l and LMW-2, which had direct effects on quality (Payne et aI., 1984;

Ruiz and Carrillo 1993). The HMW-GS of durum wheat has little effect on gluten quality

(Pogna et al., 1990) although some significant variation has been detected at Glu-B 1 encoded

proteins.

Northwestern Ethiopia has the potential for extensive and intensive durum wheat production

and it is among the leading durum wheat producing regions of the country (Dessalegn and

Wondale, 1998). The objective of this study was to investigate the presence of genetic markers

of HMW -GS, LMW -GS and gliadin components in a group of Ethiopian advanced lines and

cultivars tested in the region and its relationship with grain quality ..

7.3 Material and methods

Thirty genotypes were analyzed using the one-step one-dimensional sodium dodecyl sulphate

polyacrylamide gel electrophoresis (SDS-PAGE) separation as described by (Singh et aI.,

1991) on 10 % polyacrylamide gels. Six randomly picked seeds from a well mixed grain

sample were analyzed for each cultivar/line and compared with standards of known bands

from Canada and Spain. The standards were Mexicali (LMW-2, ')'-45), Langdon (LMW-l, ')'-

42), Alaga (')'-44) and Marquis (R50) and Chinese Spring (7+8; 2+12). The presence ofLMW-

1/ ')'-42 and LMW-2/')'-45 variants was checked for those genotypes showing uniformity in

HMW glutenin subunits. The nomenclature of Pay ne et al. (1983) was used to identify the high

molecular weight subunits. LMW and gliadin variants were identified as described by Carrillo

et al. (1991) and Bushuk and Sapirstein (1991), respectively. The subset of 15 genotypes (3
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cultivars and 12 lines) were grown in a RCB design in three replications at two locations (Adet

and Motta) in northwestern Ethiopia and some physicochemical and rheological traits were

investigated (Table 30).

Table 30. Methods, units and abbreviations of measurements of quality traits

Traits Abbreviations Unit Methods of measurements
Flour protein content FPC % AACC 39-11
SDS-sedimentation test SDSS ml AACC 56-70
SKCS- hardness index SKHI AACC 53-31
Mixograph development time MDT mm AACC 54-40A
Loaf volume LFV cm3 AACC 10-09
AACC, American Association of Cereal Chemists (2000); SKCS, Single Kernel Characteristics
System

7.4 Results and discussion

The uniformity of each genotype was checked at the Glu-1 locus and five advanced lines

which showed polymorphism within samples were not considered for further analysis ofLMW

and gliadins (Table 31). The heterogeneity was at Glu-B 1 and each cultivar had 2-5 different

subunit mixtures. Generally, two and seven alleles were identified at Glu-A 1 and Glu-B 1 loci,

respectively, in all studied genotypes (Table 32). At Glu-A1, 98 % of the genotypes had the

null subunit as most varieties in durum wheat posses the same allele (Branlard et aI., 1989).

Subunit 7+8 (48%) was dominant at Glu-B1 followed by subunit 20 (32 %) and 6+8 (16 %).

Subunits 7+9 and 20 were found in single cultivar each. The rest of the subunits (7; 14+15 and

13+16) were observed in advanced lines having mixtures,
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Table 31. Patterns and allelic compositions of HMW, B-LMW and -y-Gliadins of Ethiopian
genotypes and standards

HMW(Glu-1) LMW
subunits -y-Gliadins models

No Name Al Bl (Gii-Al) (GIu-B3)
1 CD96486 N 7+8 45 LMW-2
2 CD6630 N 7+8 45 LMW-2
3 CD95294-1Y N 7+8 45 LMW-2
4 DZ2023 N 6+8 45 LMW-2
5 Yilma N 20 42 LMW-1
6 DZl721 N 20 45 LMW-2
7 DZ2212 N 20 45 LMW-2
38 DZI924§ N 6+8;14+15
9 Bichena N 20 45 LMW-2
10 LD357 N 7+8 42 LMW-l
Il DZ1640 N 7+8 42 LMW-1
12 DZ1691 § N 17+18;

6+8;7+9
13 DZ1652 N 7+8 45 LMW-2
14 DZ1748 N 7+8 45 LMW-2
15 DZ900 N 6+8 45 LMW-2
16 CD94022-4Y N 20 42 LMW-l
17 CD94545 2* 20 45 LMW-2
18 CD95526 N 7+9 45 LMW-2
19 CD95437 N 7+8 45 LMW-2
20 DZ1928-1 N 7+8 45 LMW-2
21 CD95759- N 7+8 45 LMW-2

IIM
22 DZ2234 N 6+8 45 LMW-2
23 CD95731 N 6+8 45 LMW-2
24 CD96643-5Y N 7+8 45 LMW-2
25 CD95294-2Y N 20 45 LMW-2
26 CD95324 N 20 45 LMW-2
27 CD96643-3Y N 7+8 45 LMW-2
28 CD9643-6Y§ N 7;6+8
29 CD2101§ N 7+8;

l3+16
30 DZ1838§ N 6+8;

14+15;
7+8; 7+9

I'
'I, heterogeneous at Glu-Bl locus
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Table 32. Frequency of glutenin and gliadin subunits composition

No. of Frequency
Locus Allele Subunit genotyl2es {%)
Glu-A 1 c null 24 96

b 2* 1 4

Glu-B 1 b 7+8 12 48
e 20 8 32
d 6+8 4 16
c 7+9 4
a 7
h 14+15
f 13+16

Gli-B lIGlu-A3 LMW-2/ )'-45 22 88
LMW-lI )'-42 3 12

Standards SlLangdon; S2, Mexicali; S3,Alaga; CS, Chinese spring;
Numbers 1-15 are test entries
Figure 14. SDS-PAGE subunit patterns ofHMW and B-LMW glutenins
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Figure 15. SDS-PAGE patterns of gliadin in some of the genotypes

Twenty fiveout of30 genotypes were analyzed for B-LMW and -y-gliadin compositions (Table

31). Twenty two genotypes (88 %) possessed LMW-2/-y-4S type subunits and three (12 %)

with LMW-1I-y-42 subunits. The two LMW-models (LMW-l and LMW-2) and -y-gliadin

variants are shown in Figure 14 and 15.

A subset of 15 genotypes i.e., 11 with LMW-2 (-y-4S), two with LMW-l (-y-42) and two

heterogeneous genotypes (mixed HMW patterns) were grown at two locations for their gluten

strength and bread making quality. The result of the measured traits is presented in Table 33.
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Table 33. Mean of some quality traits of studied lines and cultivars across two environments

HMW (Glu-I)
subunits LMW "(-

No Name Al Bl Models Gliadins FPC MDT SDSS SKHI LFVt

I CD96486 N 7+8 LMW-2 45 9.1 4.3 26.8 55.3 730
2 C06630 N 7+8 LMW-2 45 10.3 3.1 21.8 63.0 678
3 C095294-1 Y N 7+8 LMW-2 45 9.3 3.6 21.7 60.1 615
4 OZ2023 N 6+8 LMW-2 45 8.6 3.3 22.0 53.3 683
5 Yilma N 20 LMW-2 45 9.9 3.7 25.2 62.1 561
6 OZI721 N 20 LMW-2 45 9.1 3.2 18.7 57.6 672
7 DZ2212 N 20 LMW-2 45 9.8 3.0 22.3 60.2 606

6+8;
8 DZI924§ N 14+15 9.7 3.0 20.8 61.7 661
9 8ichena N 20 LMW-2 45 8.9 3.4 22.3 55.0 679
10 L0357 N 7+8 LMW-I 42 8.6 3.2 16.5 54.5 555
11 OZI640 N 7+8 LMW-l 42 8.4 3.8 20.3 48.9 549

17+18;
12 DZ1691 § N 6+8;7+9 9.6 2.9 21.0 59.0 567
13 DZ1652 N 7+8 LMW-2 45 9.3 4.0 22.2 57.2 621
14 OZI748 N 7+8 LMW-2 45 9.5 3.2 25.8 61.3 671
15 OZ900 N 6+8 LMW-2 45 9.0 3.5 19.7 58.7 483
CV (%) 10.4 34.9 35.0 12.3
LSO{0.05) 0.9 1.1 7.4 6.9
I, measuredfrom blended samples of the highest protein site, Adel

Table 34. Mean values of quality traits for glutenin and gliadin patterns

Patterns FPC MDT SDSS SKHI LFY
Null; 7+8 9.2 3.6 22.2 57.2 631.3
Null; 20 9.4 3.3 22.1 58.7 629.5
Null; 6+8 8.8 3.4 20.9 56.0 583.0

LMW-2/)'-45 9.4 3.4 22.3 58.8 632.8
LMW -11 )'-42 8.5 3.5 18.4 51.7 552.0

The studied Ethiopian cultivars and advanced lines had a high frequency of LMW-2/)'-45

related glutenin/gliadin subunits as in most durum genotypes in many breeding programs (Lin

and Shepherd, 1996). There was no deliberate selection for accumulation of such specific

bands (Bechere et aI., 2001) and the frequencies were random during selection for

agronomically superior genotypes, which was expected to have no effect on the observed

frequencies. The frequency of LMW-1I)'-42 related subunits was very low (12 %). Cultivars

possessing LMW-2/)'-45 subunits had a higher mean FPC, SDSS, SKHI and LFY than those

with LMW-II)'-42 subunits and similar expression of MDT. However, the values of LMW-

2/)'-45 ranged from intermediate to high due to lines having )'-45 exhibiting different alleles

(a,c,d,e,f,and g) at Glu-B3 loci (Neito-Taladarez, 1997). Many studies confirmed that the

presence of LMW -2/)'-45 was related to better gluten strength and suitability to various end
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uses (Payne et aI., 1984; Carrillo et aI., 1991). Generally, the mean protein content of the trials

was low (8.4-10.3 %) but the expected genetic expression of the two LMW-models was

maintained.

In durum wheats, HMW glutenin subunits were not found to have a strong effect on pasta

quality (Autran and Galterio, 1989). However, it was reported that certain subunits such as 7+8

at Glu-B 1 is associated with better gluten strength than 6+8 or 20 (Pogna et aI., 1990). In this

study, the mean MDT, SDSS and LFV were slightly higher for genotypes with 7+8 than those

with 6+8 and 20 subunits (Table 34). Line CD96486 possessing N; 7+8 and LMW-2 / -y-45

combinations which could be due to additive effects ofHMW and LMW gluten ins (Fares et aI,

1997) had the highest LFV (730 ml). The same cultivar had the highest MDT and SDSS

values. The two heterogeneous lines at Glu-BI locus did not show any advantage over pure

lines for most quality traits.

7.5 Conclusion

The polymorphism was low at Glu-A 1 locus and higher at Glu-B I in these set of genotypes.

Most of the cultivars had LMW-2/'y-45 which would facilitate selection for better performance

of required gluten strength. Selection for higher values of SDSS and MDT would be necessary

to achieve better bread volume and further studies should include selecting genotypes suitable

for pasta products to meet the domestic demands. The proportion of heterogeneous advanced

lines (17 %) was large and attention should be given to fix genotypes for promotion in

advanced trials. Screening of genotypes with better quality using markers of wheat storage

proteins related to quality will help to devise an effective breeding program for the region and

to build a database for variety identification and diversification. In addition, other factors such

as genotypic and environmental conditions affecting endues quality should be also

investigated.
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Chapter 8 Summary and recommendations

Summary

• Ethiopian cultivars and advanced lines of bread and durum wheat, originally selected

for agronomic superiority, were studied for their grain quality parameters under

different environments. Direct and indirect measures of quality were used to establish

prediction equations of quality to recommend the minimum quality tests to be used in

the breeding program of northwestern Ethiopia.

• The HMW-GS of bread and durum wheat, the B-LMW and -y-gliadin of durum wheat

protein subunit compositions were identified and their associations with quality traits

were studied. The combining ability, relative importance of additive and non-additive

gene effects, genetic associations and inheritance of grain and quality traits were also

investigated.

Bread wheat

• Genetic variability was detected among genotypes studied in most important quality

traits. The loaf volume, which is the final product, ranged between 882.2 to 1010.8 crrr'

with protein levels of 10.7-14.3%. The protein content levels of genotypes at the two

Ethiopian sites were relatively lower. The mean mixing time increased (up to 5.5 min)

with decreasing protein content of genotypes i.e. genotypes grown at the lowest protein

site had the longest mixing time.

• Among 15 independent grain yield and quality traits studied, flour protein content,

SDS-sedimentation test, PIL ratio, gluten content and thousand grain weights explained

73 % of the variation in loaf volume under the higher protein (10-14 %) environment.

The variation of mixograph development time due to protein content alone was 37 % at

the lower protein environment.

• Highly repeatable traits were PIL ratio, break flour yield, SDS-sedimentation volume,

hardness index, mixing time and loaf volume ranging from 0.63 to 0.91.
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• Loaf volume had a significant positive correlation with mixograph development time,

SDS-sedimentation volume and alveograph gluten strength.

• In a combining ability analysis, most studied traits showed significant additive gene

effects. The ratio of GCA: SCA was 0.7 to 37. Heritability of mixograph development

time (0.81), SDS-sedimentation volume (0.73), hardness index (0.68), grain weight

(0.57) and flour yield (0.46) was higher than the rest of the traits. In studied sets of

parents, utilizing additive genetic variance would be effective to improve mixing time,

SDS-sedimentation volume, flour yield, vitreous kernels and thousand grain weights.

• Eleven banding patterns of HMW glutenin subunits i.e., three at Glu-A 1, five at Glu-

Bland two at Glu-D 1 were identified in Ethiopian bread wheat genotypes. The

frequency of subunits 5+ 10, the high quality scoring alleles, was 78 %. Banding

patterns showed significant differences in SDS-sedimentation volume, alveograph

gluten strength, and loaf volume. Pattern 1, 7+8, 5+ 10gave the best results in the

studied genotypes.

Durum wheat

The loaf volume ranged from 483-730 crrr' at protein levels of 10.l-12.5 %. Higher

loaf volumes could be achieved by selecting for higher SDS-sedimentation volume and

protein genotypes. Flour protein content, SDS-sedimentation volume and seed weight

explained 69 % of the variation ofmixograph development time.

• The frequency of the B-LMW glutenin and )I-gliadin (LMW-2/ y45) subunit

combination of proteins with better gluten strength and loaf volume was high in the

studied genotypes. The highest bread volume (730 crrr') was recorded by line

CD96486 possessing subunit combination of N/7+8 at Glu-AlIBj loci and LMW-2/ y

45 at Glu-A3 and Gli-Blloci, respectively.
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Recommendations

Breeding for quality

o Genetic markers of protein are important in pre-determining lines of good or poor grain

quality at early and/or late generations and help to accelerate breeding procedures.

Introduction and use of protein markers i.e., HMW, LMW and gliadins, which could

be separated by SDS-PAGE analysis, could be an advantage to select genotypes

possessing good alleles indicating better gluten strength. Further studies of protein

composition under different environmental (climatic, soil, altitude, etc.) conditions of

the region is required to identify which alleles of gluteninlgliadins, more than others,

are genetically associated with grain quality.

• Direct and indirect physical quality tests are vital at early and/or advanced stages of

selection depending on the availability of seed required for testing. Based on the

genetic control of the traits, observed correlations, heritabilities and predictions,

measurements of gluten strength (SDS-sedimentation test, mixing time), protein

content and grain hardness (hardness index), among the rest, could be introduced as

minimum selection criteria, where resources are limited, in the northwestern Ethiopian

wheat-breeding program.

• Protein content can be largely influenced by environment. Therefore, the crop

management necessary to maintain protein levels required for specific products should

be further studied based on the domestic requirements. Concurrently, varietal breeding

for quality should be targeted for the end use product. The wheat growing

environments should be characterized according to the grain type and protein levels

achievable in each environment. More years and location should be investigated to

make efficient predictions of quality, which accommodate location and seasonal

effects.

• Ethiopia and/or the region lack complete standards of quality parameters (flour, dough,

end-use products, ete), which could be used as a target for all entrepreneurs, involved

in wheat industry. Therefore, priority should be given to set the standards of quality
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based on local consumer demands, milling and baking requirements, producers and

international standard requirements.

• Building a wheat quality laboratory is a prerequisite for any wheat-breeding program in

order to understand the enduses of a variety. It will be necessary to measure important

direct and/or indirect traits of quality which fulfil the requirments of producers, millers,

bakers and end-users.
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Hoofstuk 8 Opomming en aanbevelings

Opsomming

• Ethiopiese cultivars en gevorderde teellyne van brood en durum korings wat

oorspronklik geselekteer is vir agronomiese meerderwaardigheid, is vir graan- kwaliteit

in verskillende omgewings bestudeer. Direkte en indirekte metings van kwaliteit is

gebruik om voorspellende vergelykings van kwaliteit op te stel, om 'n aanbeveling te

maak betreffende die minimum kwaliteitstoetse vir gebruik in teelprogramme in die

noordweste van Ethiopië.

• Die HMG van brood en durum koring, die B-LMG en Y-gliadiene van durum koring

proteïen subeenhede samestelling is geïdentifiseer en hul assosiasies met kwaliteits-

eienskappe is bestudeer. Die kombineervermoë, relatiewe belangrikheid van additiewe

en nie-additiewe gene effekte, genetiese assosiasies en oorerflikhede van graan en

kwaliteitseienskappe is bestudeer.

Broodkoring

• Genetiese variabiliteit is gevind tussen genotipes vir meeste van die belangrikste

kwaliteitseienskappe. Die broodvolume, wat die finale produk is, varieer tussen 882.2

tot 1010.8 cnr' met proteïenvlakke van 10.7 - 14.3%. Die proteïenvlakke van die

genotipes by die twee Ethiopiese lokaliteite was relatief laer. Die gemiddelde mengtyd

het toegeneem (tot 5.5 min) met 'n afname in proteïeninhoud van die genotipes bv.

genotipes verbou in die lokaliteit met die laagste proteïenvlak, het die langste mengtye.

• Van die 15 onafhanklike graan en kwaliteitseienskappe wat bestudeer is, het

proteïeninhoud, SDS-sedimentasie toets, PIL verhouding, gluteninhoud en duisend-

korrelmassa 73% van die variasie vir broodvolume in die hoë proteïen omgewing

verklaar. Die variasie in miksogram ontwikkelingstyd a.g.v. proteïeninhoud alleen,

was 37% in die lae proteïen omgewing.
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• Eienskappe met hoë herhaalbaarhede was PIL verhouding, breekmeelopbrengs, SDS-

sedimentasie volume, hardheidsindeks, mengtyd en broodvolume. Die

herhaalbaarheid varieer tussen 0.63 en 0.91.

• Broodvolume het 'n betekenisvolle korrelasie met miksogram ontwikkelingstyd, SDS-

sedimentasie volume en alveo-gluten sterkte.

• In 'n kombineervermoë ontleding, toon meeste van die bestudeerde eienskappe

betekenisvolle additiewe gene effekte. Die verhouding van GCA:SCA het gevarieer

tussen 0.7 en 0.37. Oorerflikhede vir mixogram ontwikkelingsytd (0.81), SDS-

sedimentasie volume (0,73), hardheidsindeks (0.68), graangewig (0.57) en

meelblomopbrengs (0.46) was hoër as die res van die eienskappe. In die bestudeerde

stelouers, is die benutting van die additiewe genetiese variansie effektief om

eienskappe soos mengtyd, SDS-sedimentasie volume, meelblomopbrengs,

horingagtige korrels en duisendkorrelmassa te verbeter.

o Elfbandpatrone van HMG glutenien subeenhede bv. drie by GIu-AI, vyfby Glu-BI en

twee by Glu-D 1 is geïdentifiseer in Ethiopiese broodkoring genotipes. Die frekwensie

van subeenhede 5 + lO, die hoë kwaliteitstelling allele, was 78%. Bandpatrone

veroorsaak betekenisvolle verskille in SDS-sedimentasie volume, alveograaf

glutensterkte en broodvolume. Bandpatrone I, 7+8, 5+10 het die beste resultate

gelewer in die bestudeerde genotipes.

Dururn koring

• Die broodvolume varieer van 483-730 crrr' by proteïenvlakke van 10.1-12.5%. Hoër

broodvolumes kan verkry word deur seleksie vir hoër SDS-sedimentasie volume en

proteïen genotipes. Meelblom proteïeninhoud, SDS-sedimentasie volume en

saadgewig het 69% van die variasie in miksogram ontwikkelingstyd verklaar.

• Die frekwensie van die B-LMG gluteniene en V-gliadien (LML-21Y45) subeenhede

kombinasie van proteïene met beter gluten sterkte en broodvolume was hoog in die

bestudeerde genotipes. Die hoogste broodvolume (730 crrr') is verkry vanaf lyn CD
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96486 wat oor die subeenhede kombinasies van N/7+8 by Glu-AI/B 1 loci en LMG-

2!Y-45 by Glu-A3 en Gli-Blloci, respektiewelik.

Aanbevelings

Veredeling van kwaliteit

o Genetiese merkers van proteïen is belangrik vir die voorafbepaling van lyne wat oor

goeie of swak kwaliteitskenmerke beskik in vroeëre en latere generasies en help om

teelprosedures te versnel. Introduksie en die gebruik van proteïenmerkers bv., HMG,

LMG en gliadiene, wat geskei kan word deur SDS-PAGE ontledings, hou voordele in

om genotipes te selekteer met voortreflike allele met 'n beter glutensterkte. Verdere

studies betreffende proteïen samestelling in verskillende omgewingstoestande (klimaat,

grond, hoogte, ens.) van die gebied word benodig om te identifiseer watter allele van

gluteniene/gliadiene geneties geassosieer is met graankwaliteit.

• Direkte en indirekte fisiese kwaliteitstoetse is noodsaaklik by vroeëre en gevorderde

stadia van seleksie, afhangende van die hoeveelheid saad wat benodig word vir

toetsing. Eienskappe soos waargenome korrelasies, oorerflikhede en voorspellings,

meting van glutensterkte (SDS-sedimentasie-toets, mengtyd), proteïeninhoud en

graanhardheid (hardheidsindeks), kan aangewend word as minimum seleksiekriteria,

waar hulpbronne beperk is, in die noordwestelike Ethiopiese koringteelprogram.

• Proteïeninhoud word grootliks deur die omgewmg beïnvloed. Gevolglik behoort

gewasverbouingsaspekte om die nodige proteïenvlakke vir spesifieke produkte te

verkry, bestudeer te word. Huidiglik behoort kwaliteitsverbetering gerig te wees op die

eindverbruik van die produk. Die koring produserende gebiede behoort

gekarakteriseer te word in ooreenstemming met die graantipe en die proteïenvlakke

wat haalbaar is in elke omgewing. Meer jare en lokaliteite behoort bestudeer te word,

om effektiewe voorspellings van kwaliteit te maak, wat die lokaliteit en seisoenale

effete akkommodeer.

• Ethiopië beskik nie oor die nodige standaarde vir kwaliteitsontledings (meelblom, deeg

en eindgebruik produkte), wat gebruik kan word as norme vir alle belanghebbendes in
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die koringindustrie. Gevolglik sal prioriteit verleen en standaarde gestel moet word vir

kwaliteit, gebaseer op die plaaslike behoefte, maal- en bakvereistes, produsente en

internasionale behoeftes.

• Die oprigting van 'n kwaliteitslaboratorium IS 'n voorvereiste vir emge

koringteelprogram om die kennis te verhoog van enige variëteit en die potensiaal vir 'n

spesifieke eindgebruik. Dit is gevolglik noodsaaklik om die minimum direkte en

indirekte eienskappe te meet wat benodig word, om variëteite t.o.V. kwaliteit te toets,

ten einde behulpsaam te wees om in die behoeftes te voorsien van produsente,

bemarkers, meulenaars, bakkers en eindgebruikers.
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