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In the country of Chile, high yielding cultivars have been developed which lack the

milling and baking desired quality for French bread. The objective of this investigation was

to determine if the cultivars with good pan bread quality could be integrated with

agronomically superior Chilean cultivars to enhance potential French bread quality. These

two gene pools were hybridized, and F1, F2, and backcrosses of three crosses were

evaluated as new sources of genetic variability for kernel weight, grain hardness,

sedimentation volume, quality and quantity of protein, and grain yield.

Differences were observed among parents, Fl, F2, and backcrosses within crosses

for all traits. The coefficients of variation for the measured traits were low in all three

crosses, except for grain hardness and grain yield. However, large genotype x environment

interactions were observed for most traits, except sedimentation volume.

Due to the quantitative nature of inheritance and the predominancy of non-additive

gene action for most traits (kernel hardness, grain protein content, and grain yield), selection

would have to be delayed until F5 or F6 generations.
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The genetic variation associated with kernel hardness appeared to be under the control of 
we& 

non-additive gene action, except for the cross Karl x Temu-INIA where this trait appear to be 

influenced by genes which behave in a additive manner. Sedimentation volume was also 

control by genes which respond in an additive manner in all three crosses. 

When evaluating the contribution of the different high molecular weight glutenin 

subunits, it was observed that the allele 1 in genome A, and alleles 7+8 for the B genome 

were associated with higher sedimentation volume and grain protein content. Those plants 

found to have bands 2* and 7+8 exhibited characteristics close to the profile for French type 

bread elaboration. Populations generated by crossing Karl x Temu-INIA represented more 

closely the profile for French type bread quality. 

The integration of germplasm derived from crossing a cultivar with good pan bread 

quality into agronomic superior Chilean cultivars is a promising approach to enhance French 

type bread. However, as shown by other investigations using different germplasm, traits 

associated with milling and baking quality are quantitatively inherited and are influenced to 

a large degree by the environment. These factors must be taken into consideration when 

determining selection strategies. 
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GENETIC POTENTIAL TO ENHANCE FRENCH BREAD BY INTROGRESSING 
SUPERIOR PAN BREAD QUALITY IN SELECTED WHEAT CULTIVARS 

(Triticum aestivum L.) 

1. INTRODUCTION 

In many wheat breeding programs the major emphasis has been on enhancing grain 

yield with less focus on improving milling and baking quality. For countries with an 

increasingly hungry population this remains a realistic approach. However, as the standard 

of living has increased in many countries, eating habits have turned to more convenience 

type foods such as sandwiches. Thus, milling and baking properties have become more 

important. It is equally true that in the so-called developed countries, consumers are 

demanding a greater array of higher quality end products. With the signing of the General 

Agreement on Trade and Tariffs, whereby subsides will be phased out, there will be greater 

competition for export and domestic markets with milling and baking quality being a key 

factor. Such competition will not only exist among traditional exporting countries, but 

countries like Chile where millers and bakers have the option to import higher quality wheat 

rather than purchase domestically produced grain could negatively impacting the Chilean 

wheat producer. 

Chilean cultivars are currently regarded as being inferior to North American wheat 

with regards to their bread making properties. In general, even for the traditional French 

bread type loaf consumed in Chile, the bread flour requires strengthening with higher quality 

imported wheat or flour to obtain dough properties required for acceptable processing. 

Thus, the question is whether Chilean wheat breeders can enhance the milling and 

baking properties of future cultivars by introgressing high quality U.S. Great Plains 

germplasm into otherwise agronomically superior Chilean genetic cultivars. 



2 

A positive aspect of this approach is that there are new tools for the breeders 

whereby more promising parents and progeny can be identified with superior milling and 

baking properties. 

In the past, methods employed to select for bread making quality (Mixograph , Zeleny 

and SDS-sedimentation tests, micro-baking test, NIR spectroscopy, etc.), required a 50-100 

g aliquot of wheat kernels. This prevented the use of these tests until the F3 or F4 generation 

when more seed was available. At that stage of breeding, the chance that progeny with 

good genetic characters associated with good bread making quality could have been omitted 

from the program is considerable. 

Using electrophoresis, it is possible to examine the banding pattern of the high and 

low molecular weight subunits of gluten protein which provides a measure of bread making 

quality. This procedure has the added advantage of requiring only half a kernel, thus 

thousands of samples can be evaluated in a short period of time. Also, since the embryo is 

not sacrificed, desired parents and progeny can be regenerated. 

It was the objective of this study to determine the feasibility of combining Great Plains 

germplasm with superior pan bread quality with agronomically superior Chilean materials to 

enhance quality attributes associated with French type bread required by the Chilean 

consumer. 
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2. LITERATURE REVIEW
 

Wheat is the staple food for 35 percent of the world's population and was one of the 

first major food crops to be domesticated some 10,000 years ago. The importance of wheat 

is reflected in its wide adaptation, ease of storage and transport, and the many end use 

products which can be made from flour (Ing lett and Anderson, 1974). The unique property 

of wheat flour is due to its protein composition, which gives the dough a cohesive and 

viscoelastic property and, as a result, CO2 is retained during fermentation to yield leavened 

product. 

2.1 Defining "Bread Baking Quality" 

Cereal scientists and technologists have been trying for many years to define, 

understand, and measure wheat quality. The quality of wheat products is determined by a 

variety of characteristics which may be assigned different levels of importance depending on 

the desired end use or type of end product. 

According to Tipples et al. (1994) wheat is unique among cereal grains in that flour 

milled from it is capable of making a light, palatable, well-risen loaf of bread when processed 

into fermented dough. It is the insoluble storage proteins, collectively called "gluten", that 

give wheat its functional properties. Kolster et al. (1991) suggested that variation in amount 

and composition of the storage protein among wheat genotypes contribute to the variation 

in bread making quality. They point out that protein quality depends on the genetically 

determined composition of the storage proteins. These proteins consist of a number of 

fractions: the High Molecular Weight (HMW) glutenin subunits, the Low Molecular Weight 

(LMW) glutenin subunits, and the gliadin (Shewry et al., 1986). Each of these fractions 
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contribute to bread making quality of wheat. Halverson and Zeleny (1988) add that the 

criteria of wheat quality is at least as varied as it uses. Wheat suitable for one particular 

product may possess certain qualities that render it unsatisfactory for another. Good quality 

wheat for making breads and specialty rolls must have a strong, extensible gluten, whereas 

good quality wheat for baking cakes or cookies has only minimal gluten. Tipples et al. (1994) 

pointed out that the presence or absence of specific proteins may well determine whether 

a cultivar has "good" or "poor" baking quality. To become more discerning and match 

suitability for bread-making with wheat quality, they first consider the three basic quality 

factors which include: grain hardness, gluten strength and protein content. In general, soft 

wheats with weak gluten and low protein content are not suitable for bread making; hard 

wheats with strong gluten and high-protein content are preferred. 

To summarize, Tipples et al. (1994) noted that high-quality bread wheat has the 

following properties: "1) a protein content consistent with the needs of the miller, 2) hard 

rather than soft kernels so that target starch damage levels can be easily achieved by the 

miller, 3) desirable balance of gluten strength, strong enough to produce bold loaves of high 

volume potentially, but not so strong as to require long mixing or cause bulky dough, 4) 

potential for producing flours with water absorption consistent with the needs of the baker, 

5) no excessive enzyme activity, and 6) produce a good bread over a wide range of 

processing conditions". 

A clearer understanding of the genetic control of flour and bread-making quality 

would increase the probability of identifying superior genotypes and make possible the 

subsequent development of improved cultivars. Thus, improved flour quality is a goal in 

most wheat breeding program. 
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2.2 Types of Bread 

Bread provides more nutrients than any other single food source (Kent and Evers, 

1994). Pomeranz and Shellenberger (1971) point out that bread consumption varies widely. 

In Europe, consumption is highest in the southern and southeastern countries (Italy, Greece, 

Romania, Bulgaria, Hungary and Yugoslavia). On the American continent, bread provides 

about 50% of the nutritional requirements of Mexico, Chile, Peru, and Venezuela, and is less 

important in the diets of people in the United States, Canada, Paraguay and Colombia. 

A long-time wheat producer, Chile has the highest per capita consumption of wheat 

products in the hemisphere. Per capita flour consumption totaled 83 kg in 1985 compared 

to the record high of 109 kg in 1973 (Robutti and De Sa Souza, 1995). They pointed out that 

this consumption level is substantially higher than that of most other South American 

countries. Another factor influencing the bread making quality of a wheat cultivar is bread 

type. According to Faridi (1988), bread types consumed around the world are many, and 

they may be grouped with respect to their density. Therefore, to classify the baking quality 

of a wheat cultivar it is important to take into consideration type of bread and type of bread 

making process involved (Pena, 1994). 

The daily bread of city dwellers of Chile differs little from that consumed in most 

western countries. It is produced mainly from wheat in modern bakeries and consumed 

within a day or so after baking. There are many types of bread, but the most popular are 

French bread and a flat bread called "hallulla" (Pomeranz and Shellenberger, 1971). 

According to Faridi (1988), breads may be divided into three groups with respect to 

their density: "1) those with high specific volume, such as the western white pan bread, 2) 

those with medium specific volume, such as French type bread, and 3) those with low 

specific volume, found in Flat type bread". 
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2.3 French Type Bread 

French bread is characterized by a long, thin, crusty loaf and is known in 

France as pain ordinaire (every day). It is thought to have originated in Austria and been 

acquired by the French during the Napoleonic wars (Tweed, 1983). Siebel (1995) pointed 

out that, in France, the quality of the wheat is based on those flour quality attributes desirable 

for production of popular baguette-bread. According to Pomeranz (1987), in contrast to their 

North American counterparts, French consumers display an insatiable demand for fresh 

bread, making purchases two or three times each day from small bakeries. 

Chilean millers and bakers are quality conscious and have shown a strong preference 

to import hard wheats with strong dough properties. These types of wheats are preferred 

by millers since they give higher flour extraction rates and better flour properties than soft 

wheats. Hard wheats mixed with soft wheats are well suited to the production of French 

bread and similar hearth bread products which account for approximately 55% of flour usage 

in Chile for bread elaboration (Hewstone 1995, Personal Communication). Pena (1994) 

noted that the quality of wheat for French bread must have hard or semihard grain and 

medium to strong extensibility of the gluten. Protein content for French bread must be 

around 11-13.5%; a sedimentation volume around 35 ml. to 60 ml, and about 750 to 850 ml 

of dough volume. He pointed out that for pan bread, the protein content should be around 

14 percent, a sedimentation volume of 55 to 85 ml, and around 850 to 1000 ml of loaf 

volume. Similar profiles for French bread quality have been proposed by Tweed (1983), 

Salovaara (1986), Kent and Evers (1994), Martin (1995), and Siebel(1995). 
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2.4 Proteins and Bread Making Quality 

The main inherent factors that contribute to the bread making quality in wheat flour 

are protein "quantity" and "quality", both which can vary widely between wheat cultivars. 

Mailhot and Patton (1988) point out that the quantitative expression of crude protein is 

related to total organic nitrogen in the flour, whereas quality evaluations relate specifically 

to physicochemical characteristics of the gluten-forming component. Protein quantity in 

wheat is largely affected by growing conditions. It is well recognized that yield increases are 

achieved by a increased rate of starch synthesis and, consequently, dilution of protein levels 

in the grain. Therefore, a compromise in breeding for protein quantity and grain yield must 

be reached (Mac Ritchie, 1984 and Payne, 1987). Mac Ritchie (1984) presented 

comprehensive summaries of current knowledge relative to quality in wheat protein and flour. 

He pointed out that gluten protein is essential for bread production because of its elasticity 

and extensibility properties which are considered most important in bread making. Also 

glutenin appears to contribute to mixing time, strength and elasticity, whereas gliadin protein 

contributes to extensibility and stickiness. They concluded that bread making performance 

can be affected by changes that might occur in the field due to environmental conditions, in 

storage, and during the milling operation used to convert grain into flour. 

Wheat proteins are complex and the determination of the structure of gluten, the 

protein complex responsible for the dough forming capacity of wheat flour, has been 

described as one of the most formidable problems ever faced by the protein chemist (Wrigley 

and Bietz, 1988). 

One means of classifying plant proteins is that which Osborne (1907) classified on 

the basis of solubility. Water soluble protein was described as "albumins", saline soluble as 

"globulins", aqueous alcohol soluble as "prolamins" and those that remained insoluble as 
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"glutenins". Wrigley et al (1982) postulated that this type of classification can obviously lead 

to ambiguity because a given protein could be assigned to different classes depending on 

the order in which the solvents are used. Other extraction conditions, such as temperature, 

mechanical treatment during extraction, solvent/endosperm ratio, number of extractions with 

a given solvent, and particle size of the milled endosperm, could also affect this 

classification. 

2.4.1 Storage Protein 

Most of the protein in wheat is storage protein, and the variation in amount and 

composition contributes to the variation in bread-making quality between genotypes (Kolster 

et al. 1991). The protein constituents of gluten are gliadin, glutenin and the residue protein. 

Gluten is the primary storage protein in the wheat caryopsis and it is composed of two 

proteins: gliadin and glutenin, which affect dough functionality and quality (Masci et al., 

1991). These proteins are essentially limited to the endosperm in wheat and are not found 

in the pericarp or germ (Hoseney, 1986). 

2.4.2 Protein Quantity 

According to HoSeney et al. (1988), wheat grain like all biological materials, varies 

widely in its chemical composition. The variation in composition is quite noticeable in protein 

content. Wheat protein varies from less than 6 percent to more than 27 percent protein, 

although most commercial samples are between 8 and 16 percent protein. The wide 

variation is the result of both environmental and genetic effects. 

Genetic differences in protein content between cultivars are generally small 

compared to the influence of crop nutrition and especially nitrogen fertilizer levels. 

Furthermore, cultivars differences tend to be inversely related to yield, and this has been a 
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major problem for plant breeders (Blackman and Payne, 1987). Kettlewell (1989) found that 

the application of nitrogen fertilizer has a considerable effect on protein content and a 

response is obtained well beyond the optimum amount of nitrogen for yield. The magnitude 

of the response to nitrogen is less at very high application rates. He concluded that it is 

difficult to provide data which will indicate the amount of nitrogen to apply to a particular crop 

to achieve a minimum of 11 percent protein needed for bread making, as the grain protein 

content cannot be predicted. Thus, the availability of nitrogen is of major importance 

throughout the growing period. An excess of nitrogen early in the growth cycle produces an 

increase in yield, whereas an excess of nitrogen later in the cycle (after flowering) results in 

increased protein content (Hoseney et al. 1988). 

Tipples et al. (1994) concluded that protein content is important in bread making 

because, other things being equal, high protein flours have high loaf volume potential, high 

water absorption, and produce loaves with good keeping quality. These factors are generally 

controlled genetically by cultivar, although protein content may vary widely for a given cultivar 

according to location, soil fertility, rainfall, etc. 

2.4.3 Protein Quality 

According to Kettlewell (1989) the quality of the protein, ie. the chemical composition 

of the gluten, which determines the physical characteristics and the loaf quality. Hoseney 

et al. (1988) indicated that wheat proteins, and more specifically the gluten proteins, are 

believed to be primarily responsible for the ability to form a strong, cohesive dough that 

retains CO2 and produces a light baked product. 

It is known that the amount and type of protein are important in functional uses of the 

flour. For example, protein content is probably the most important factor in bread flour 

quality. In this sense, Graybosch et al. (1994) found that flour protein concentration was the 
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primary factor contributing to variation in both dough strength and loaf volume. However, 

Kent and Evers (1994) suggested that protein per se is not a factor determining milling 

quality, but the protein content of the endosperm, its quality, and its chemical structure are 

more important in determining baking quality. 

Stewart (1982) postulated that protein quality is inherited, and can be controlled by 

the plant breeder. Some wheat cultivars produce dough with high elastic properties. This 

type of dough produces good bread, providing the protein is present in sufficient quantity. 

Other cultivars give rise to dough which is non-elastic but very extensible. This type of 

dough is undesirable for the production of bread but suited for biscuit manufacture. 

2.5 Inheritance of Protein 

Inheritance studies on protein content in wheat indicates that several genes are 

involved. Stuber et al. (1962) pointed out that grain protein content is governed by a complex 

polygenic system with genes distributed on all chromosomes. However, Johnson and 

Mattems (1979) indicated that there are a number of major dominant genes for high protein 

content. Halloran (1975) suggested that in the presence of major genes, many minor genes 

could influence the intensity of expression of protein. 

Further evidence of the presence of minor genes comes from the work of Klepper 

(1975). He was able to select high protein lines from parents with intermediate protein 

levels. Lawrence and Shepherd (1981), and Moonen and Zeven (1984) concluded that the 

major storage proteins in wheat, glutenin and gliadin, are regulated by genes on the 

homeologous chromosomes 1 and 6. Regarding chromosome 1, they point out that the short 

arms contain genes for the alpha and beta gliadins and genes on the long arms influence the 

high-molecular-weight subunits of glutenin. 
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Other authors suggested that protein content in wheat is controlled by genes which 

are additive (Hsu and Susulski, 1969 and Knauft, 1980). 

2.5.1 Inheritance of Glutenin Protein 

Bietz et al. (1973) points out that glutenin forms a complex of proteins having high 

molecular weights and are made up of numerous polypeptidic subunits. They generally 

represent about 30 to 40% of the total flour protein and are considered the most important 

contributors to the strength and viscoelastic properties of wheat dough. Glutenin apparently 

gives dough its property of resistance to extension. Glutenin has a broad spectrum of 

molecular weights, ranging from about 40,000 to over several million, with mean values from 

150,000 to 3,000,000 (Jones et al. 1961, and Nielsen et al. 1962). 

The HMW glutenin constitutes a small fraction of the storage proteins contained in 

the seed of Triticum species. Variation in HMW glutenin composition among common 

wheat cultivars is known to have a profound effect on their bread making properties (Shapiro 

et al., 1967; Khan and Bushuck, 1977; Burnouf and Bouriquet, 1980; Moonen et al., 1983, 

and Shewry et al., 1992). Singh et al. (1991) found that LMW subunits of glutenin comprise 

about one-third of the total seed proteins in wheat, and are the second most abundant class 

of storage proteins after gliadin. 

Two dimensional (2D) electrophoresis, combining isoelectric focusing in one 

direction with SDS-PAGE has been used to increase resolution among HMW glutenin (Cole 

et al. 1982). All wheat cultivars, according to Laemmli (1970), possess differences in their 

HMW glutenin banding patterns and up to 20 different bands have been identified using a 

discontinuous system of SDS-PAGE. Payne et al. (1979), Masci et al. (1991) and 

Benedettelli et al. (1992) classified the glutenin subunit groups on the basis of their mobilities 

in SDS-PAGE and their isolelectric points. 
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Research on glutenin has centered on hexaploid wheat. In this species (genome 

AABBDD) the HMW subunits of glutenin were shown to be coded by three complex loci (Glu-

Al , Glu-B1, and Glu-D1), located on the homeologous chromosomes of group 1 (Lawrence 

and Shepherd, 1981 and Wrigley, 1994). 

Masci et al. (1991), Benedettelli et al. (1992) and Wrigley (1994) reported that gene 

coding for HMW glutenin subunits (HMW-GS), which comprise the Glu-1 loci, are located on 

the long arms of chromosomes 1A, 1B and 1D. While, LMW-GS are coded by genes on the 

short arms of chromosomes 1A, 1B and 1D. They pointed out that low molecular weight 

glutenin subunits (LMW-GS) represent a kind of link between the actual gliadins and the 

glutenin polypeptide. They concluded that their aminoacid compositions are very similar to 

those of alpha, beta and gamma gliadins, but they tend to have higher molecular weights, 

are associated through disulphide bonds, and can be extracted both with alcoholic solutions 

and dilute acid or alkali solvents. 

Through fractionation by sodium dodecyl sulphate polyacrylamide gel electrophoresis 

(SDS-PAGE), Payne and Lawrence (1983) identified three different alleles coded by Glu-Al , 

11 by Glu-B1, and six by Glu-D1 in about 300 common wheat cultivars. Later studies by 

Payne et al. (1984) permitted detection of further HMW variants and established that each 

common wheat cultivar contains one or two subunits coded by Glu-D1. 

Bietz and Huebner (1980) postulated that the genes controlling the 20 different 

bands are located on the long arms of chromosomes 1A, 1B and 1D. Chromosome 1D 

controls two closely linked HMW bands and four different allelic forms of this pair of loci have 

been identified. Chromosome 1B was found to control either one or two major HMW 

subunits. Recently, Rogers et al. (1991) and Andrews and Skerritt (1994) indicated that the 

high molecular glutenin subunits fall into two categories, x-types (lower mobility) and y-types 

(greater mobility). 
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2.5.2 Glutenin Protein and Bread Making Quality 

A major objective of research on wheat proteins has been to define the molecular 

basis of variation in bread making quality. According to Schofield (1994) much of the interest 

in bread making quality has centered around the effects of a specific polypeptide of the 

gluten protein complex, especially the HMW subunits of glutenin. This interest stems from 

the work of Payne et al. (1979), who has noted correlations between the presence of 

particular HMW subunits of glutenin and bread making quality in wheats from a number of 

collections from different countries. He has also evaluated progeny from crosses between 

different cultivars (Payne et al.,1981). 

Gliadin and glutenin protein, according to Marchylo et al. (1992), Benedettelli et al. 

(1992) and Pena et al. (1994) interact in the presence of water to form gluten, the protein 

complex responsible for the viscoelastic properties that make tetraploid wheat (Triticum 

turgidum) important for pasta and hexaploid wheat (Triticum aestivum) important for bread 

making. 

Manley et al. (1992) suggested that there are indications that the HMW glutenin 

subunits have a role in determining bread making quality. They point out that bread making 

quality, as determined by indirect methods such us the SDS-sedimentation test, is strongly 

correlated with the proportion of gluten proteins present in HMW glutenin subunits, and 

genetic studies have shown a strong correlation between the presence of specific HMW 

subunits and good or poor bread making quality. 

Payne (1987) was the first to observe that HMW glutenin-D subunits 5 and 10 were 

preferentially found in good bread making quality wheats, whereas HMW glutenin-D subunits 

2 and 12 occurred mostly in poor bread making quality wheats. 

It is becoming clearer that both high molecular weight (Glu-Al, Glu-B1, Glu-D1) and 

low molecular weight (Glu-A3, Glu-B3, Glu-D3) glutenin subunit loci are important in 
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determining dough strength (elasticity) of hexaploid wheat flours (Gupta and Mac Ritchie, 

1994). Reports published by Kolster et al. (1991) and Gupta et al. (1994) indicated that 

these loci interact with each other in the expression of dough strength. Therefore, a given 

allele may not necessarily show its superior effect in all the genetic backgrounds. In this 

context, Bekes et al. (1994) observed that the dough mixing characteristics of flour and the 

rheological properties of the resulting dough are determined largely by the proteins of the 

flour, and the evidence indicates that the HMW subunits play an important role in determining 

the functional properties of flour and can directly influence quality in some cultivars. 

Masci et al. (1991) and Roger et al. (1991) suggested that the glutenin subunits with 

the highest molecular weight play a major role in controlling bread making quality even 

though they are present in small amounts, i.e. about 1% of the dry weight of the seed. 

Andrews and Skerritt (1994) indicated allelic differences in genes encoding the HMW 

glutenin subunits, especially those of the 1D genome, which have been associated with 

differences in dough strength, with alleles 1Dx5 and 1Dy10 being associated with wheat 

cultivars with stronger dough and alleles 1Dx2 and 1Dy12 being associated with weaker 

dough. 

In view of these findings, Kolster et al. (1991) and Wrigle (1994) concluded that the 

quality of individual alleles of the HMW loci has generally been suggested as a selection 

criterion in breeding programs for bread making quality. 

For French bread, only limited information is available describing the protein subunits 

that are related to quality. Pena 1995 (Personal communication) suggested that it seems 

that glutenin subunits 1 and 2* in genome A, glutenin subunits 7+8, 7+9, 17+18, and 13+16 

in genome B, and glutenin subunits 5+10 in genome D, are related to French bread quality. 

Recently, Branlard et al. (1992) indicated that the subunits 2*, 13+16 and 5+10 account for 

the highest quality coefficient score, and concluded that breeding based on the HMW 
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glutenin subunits profile may lead to the elimination of lines which are not acceptable for 

some specific types of bread. 

2.6 Chemical and Physical Characteristics that Determine Wheat Quality 

2.6.1 Sodium Dodecyl Sulphate Sedimentation Test (SDSS) 

The Sodium Dodecyl Sulphate Sedimentation (SDSS) test was developed as a quick 

procedure to predict bread making quality when only small flour samples are available 

(Axford et al., 1978). Kent and Evers (1994) defined the SDSS as a "process in which the 

gluten proteins are hydrated and swell in water and in solutions of chemicals, and the volume 

of the swollen or agglomerated flour particles is used as a measure of gluten quantity and 

quality". According to Kettlewell (1989), the quality of the protein, i.e., the chemical 

composition of the gluten which determines the physical characteristics and the loaf quality, 

can be tested quickly by millers using the sodium dodecyl sulphate (SDS) sedimentation 

test. Barnes (1989) indicated that a flour sample with good protein quality gives a high 

volume of sediment after a fixed time. He pointed out that the test gives some indication of 

the amount of HMW proteins and thus of baking quality. According to Preston et al. (1982), 

SDSS values are highly correlated with loaf volume, being independent of the environment, 

and in particular, variations in protein content. Peterson et al. (1992) studied the relative 

contribution of genotype (G), environment (E), and G x E interaction on the variation in quality 

characteristics of hard red winter wheat. They observed that the magnitude of G x E effects 

were similar to genetic factors for mixing tolerance and kernel hardness, but were smaller 

for flour protein content, mixing time, and SDSS sedimentation value. They noted that the 

most significant relationship was a linear decline in flour protein quality, as measured by the 

SDSS test, with increasing temperatures during grain filling period including 30 hard red 
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winter wheats in 10 different locations in Nebraska. However, in contrast to these results, 

Lorenzo (1985) reported that SDSS values were found to be highly influenced by variations 

in protein concentrations (percentage). When protein contents were low (below 13%), an 

increase in protein content resulted in an increase in SDSS values, but when protein level 

was higher (above 14%), SDSS values were negatively correlated with the concentration of 

protein in the grain. He concluded that this phenomena could be due to the concentration 

of SDSS in the test since was not enough to dissolve the higher amount of protein present 

in the flour sample. Also, the additional protein synthesized at the higher protein levels may 

not contribute to the viscoelastic properties of the dough, resulting in lower SDSS values. 

Muller (1970 and 1973) reported that sedimentation is related to the granularity of the flour 

and that the sediment is an agglomeration of the coarse particles rather than swollen protein. 

He contends that sedimentation is an indication of hardness rather than of the strength of 

the wheat. 

2.6.2 Kernel Hardness 

Rogers et al. (1993) reported wheat hardness has no universally accepted definition, 

but hardness tests generally classify wheats based on differences in grinding characteristics 

or on physical properties of ground samples. Davis et al. (1961) pointed out that extreme 

hardness or softness can reduce flour yield. For example, they postulated that very hard 

wheat requires more power for milling and a longer milling time, while, the endosperm 

particles in very soft wheat tend to adhere together and need more sifting time. 

It is also known, according to Kent and Evers (1994), that kernel hardness affects the 

end products of wheat. Hard wheats generally have a strong gluten, therefore they are used 

for bread making while soft wheats have weak gluten and short mixing times which are 

preferable for pastry flours. 



17 

Carver (1994) pointed out that while quantitative measurements of wheat kernel 

hardness are important for market classification of cultivars, their genetic relationship to end-

use quality in breeding populations is not well established. Similarly, Fowler and De La 

Roche (1975) reported that kernel hardness in wheat plays an important role in determining 

most of the quality measurements for end products such as bread loaf volume, cookie width, 

farinograph tolerance index, mixograph peak area, etc. 

According to Barnes (1989), Yamazaki and Donelson (1983), and Malouf and 

Hoseney (1992), grain hardness is genetically determined and is associated with the 

presence (soft) or absence (hard) of a specific protein on the surface of the starch granules. 

Literature reviews on possible mechanisms for phenotypic expression of endosperm texture 

have been suggested by Simmonds et al. (1973), Hoseney (1987), and Hoseney et al. 

(1988). 

The studies of Morris et al. (1966) indicated that chromosomes 1B, 4B, 7B and 

possibly 1A, with lessor effects from 4D, 5D and 7D, contributed to kernel hardness. Symes 

(1965 and 1969) suggested that endosperm texture in common wheat is controlled by one 

major gene with modifying other genes. Schumaker (1980) found that kernel hardness was 

controlled by few genes which responded in an additive manner in a cross between the 

cultivar "Yamhill", a soft wheat and "Inia 66", a hard wheat. Yamazaki and Donelson (1983) 

and more recently Anjum and Walker (1991), pointed out that hardness is inherited simply 

with one or perhaps two major genes and one or more minor genes involved in the process. 

Lukow et al. (1989) investigated the nature of hardness in three wheat cultivars with 

medium kernel hardness and in seed mixtures consisting of soft, medium, and hard wheats. 

Their results indicated that there was no single gene conferring medium hardness in spring 

wheat. They concluded that medium hardness is a result of an accumulation of one or more 

genes. The work of Baker and Sutherland (1991) on the inheritance of kernel hardness in 
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five spring wheat crosses showed significant genetic variation between the hard and very 

hard cultivars. They found two gene differences between the very hard and soft cultivars, 

while hard and soft cultivars differed by only one gene. 

Hoseney (1987) reported that hardness is not affected greatly by environment but is 

determined almost entirely by genetics. Also, Miller et al. (1984) and Pomeranz et al. (1985) 

suggested that environment during growth has only a minor influence on endosperm texture. 

Czamecki and Evans (1986) concluded that differences in precipitation during the crop year 

and in temperature during grain maturation may also influence kernel hardness. Peterson 

et al. (1992), studying the relative contributions of genotype, environment, and G x E 

interaction to variation in quality characteristics of hard red winter wheat, found that the 

magnitude of G x E effects were similar in magnitude to genetic factors for mixing tolerance 

and kernel hardness, but were smaller for flour, protein content, and sedimentation volume. 

Williams (1986) studied the influence of polyploidy level on kernel hardness. He 

observed that diploid type (DD) were soft, tetraploid wheats (AABB) were hard, and 

combinations of AABB genome with the DD genome in hexaploid wheats resulted in a 

complete spectrum of kernel hardness. 

Baker and Kosmolak (1977) found genotype and environment interactions to be less 

important in kernel hardness than in strength analysis, such as mixograph development time. 

Also, Svensson (1981) and Slaughter (1989) found that kernel hardness varies with cultivars 

and location. They noted that hardness scores may not be representative of a cultivar when 

grown at different locations. 

Studies regarding the relation between protein and hardness have yielded conflicting 

results. Pomeranz et al., (1985) noted that protein contents of hard red winter wheats had 

no significant effect on kernel hardness. Also, Miller et al. (1984), Malouf et al. (1992), and 

Monsalve-Gonzalez and Pomeranz (1993) reported that within a cultivar, total protein content 
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usually does not correlate with grain hardness. They concluded that kernel hardness is a 

cultivar trait. However, Baker et al. (1971) and Obuchowski and Ushuk (1980) reported a 

negative correlation between protein and hardness. Among authors who reported a positive 

association between hardness and protein of the wheat grain were Anderson et al. (1966) 

and Fowler and De La Roche (1975). Pomeranz and Williams (1990) attributed this 

confusion to the strong cultivar, seasonal, and location interactions. 

Continuity of the starch-protein interface, indicated by endosperm translucence may 

also influence kernel hardness. Stenvert and Kingswood (1977) proposed that this continuity 

bestows endosperm hardness. However, for Hoseney (1987), this proposal is incorrect by 

the existence of opaque hard wheats and translucent soft wheats. Hoseney at al. (1988) 

indicated that regardless of the chemical basis of the genetic difference, the importance to 

the cereal processor lies in the physical properties of hard and soft wheat. The most 

frequently used test is based on a laboratory mill. Alternative tests involve the rate at which 

material is removed by abrasion from a sample of grain in a laboratory pearling machine, or 

indirect assessment by measurement of near infra-red reflectance (NIR) on a instrument 

calibrated against one of the direct methods. 

Recently, Carver (1994) pointed out that selection for high hardness score (NIR), 

increased kernel protein concentration, and decreased SDS sedimentation volume adjusted 

for flour protein concentration in both hard red winter populations. 

2.7 Broad and Narrow Sense Heritability Estimates 

Heritability may be defined as that proportion of the total variability which is due to 

genetic causes (Allard, 1960). It can also be referred to as the degree to which 

characteristics of a plant are repeated in its offspring (Briggs and Knowles, 1967). 
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Lush (1940) postulated that heritability can be regarded in two ways: " 1) broad sense 

which measures the total genetic variance including both additive and non-additive gene 

action, and as such is not an index of transmissibility, and 2) narrow sense which measures 

the additive genetic variance and may be considered as an index of transmissibility, 

especially in self-pollinated crops where only additive gene action can be fixed in succeeding 

generations". 

2.7.1 Heritability Estimate for Quality Traits 

Broad sense heritability estimates of grain protein were determined by Davis et al. 

(1961), Stuber et al. (1962), Haunold et al. (1962), and Sunderman et al. (1965). They 

determined heritability estimates using the components of variance method and found values 

varied from 0.25 to 0.83. They collectively suggested that early generation selection for high 

protein content would be effective. 

Lebsock et al. (1964) studied the inheritance of grain protein using progeny from 

crosses where the parents represented extreme in protein content. They found that the F1 

plant mean was slightly below the mid-parent value, indicating low protein is partially 

dominant. Also, broad sense heritability estimates from the regression of F5 on F3 lines and 

of F6 on F3 lines were 0.37 and 0.70, respectively. Sunderman et al. (1965) examined 66 F2 

and F3 progeny from winter crosses looking for sedimentation values, and found broad sense 

heritability estimates ranging from 0.44 to 0.64. They concluded that selection of the 34 F2 

plants with the highest sedimentation values would result in retention of 90 percent of the F3 

lines with high gluten strength. Similar results were obtained by Lebsock et al. (1964) 

working with early generations of spring wheat. Broad sense heritability estimates were 

found ranging from 0.42 to 0.80 in a diallel crossing system involving four spring wheat 

cultivars by Hsu and Sosulski (1969). Johnson et al. (1969) found protein increases from 
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0.15 to 0.25 without reduction in grain yield using the cultivar "Atlas 66" as the high protein 

parent. High protein from "Atlas 66" is reported to be inherited as an incompletely dominant 

trait with more than a single gene involved. The ease with which high protein lines were 

recovered from crosses of "Atlas 66" with "Comanche" and "Wichita" suggested that of a 

relatively small number of genes were involved. Logfren et al. (1968) and Hsu and Sosulski 

(1969) concluded that the quality characteristics studied in Hard Red wheats, protein content 

and sedimentation volume, were highly heritable. This suggests that selection for these 

quality traits in early generations would be effective if populations are the progeny of diverse 

parents. 

Chapman and McNeal (1970) found that low protein was influenced by dominant 

genes. However, Brock and Langridge (1975) reported that grain protein in wheat was 

under multi genic control and found a broad sense heritability estimate of 0.70 for protein 

content in F2 populations of intervarietal crosses. Ram and Srivastra (1975) reported a 

narrow sense heritability estimate of 0.55 for protein in a diallel study with eight bread wheat 

cultivars. Diehl et al. (1978) studied protein in a cross between high protein parents. Results 

of that study indicated that low protein was dominant to high protein and probably several 

genes were involved. F1 means were near or below the low protein parent. The F2 mean 

values for protein approximated the midparent values suggesting additive gene action. They 

concluded that high protein appears to be inherited by the accumulation of favorable 

recessive genes, and the low F1 values may be associated with heterotic effect for plant 

yield. Schumaker (1980) determined narrow sense heritability estimates for protein content, 

grain hardness, and sedimentation volume in winter x spring crosses using F2 and 

backcrosses. The estimates that she obtained for the traits were high with protein and kernel 

hardness being 1.10 and 0.90, respectively. The narrow sense heritability estimates for 

sedimentation volume was 0.58. She found that the F1 mean lower than the low protein 
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parents with the F2 mean being intermediate between the parents in a cross between a low 

protein winter wheat and a high protein spring wheat. Transgressive segregation was 

observed in the F2 generation for both low and high protein content, suggesting that early 

generation selection for grain protein may be effective. 

Broad sense heritability estimates were measured by Lorenzo (1985). He found that 

heritability estimates for protein yield showed the lowest values. Estimates for grain protein 

content were intermediate, while grain hardness, and sedimentation volume had high broad 

sense heritability estimates. Costa (1989), using the variance of the parents, Fl, F2, and 

back crosses, studied the narrow and broad sense heritability estimates for three crosses 

of hard red winter wheat. He found medium values for grain hardness and protein content. 

When the values were expressed in terms of narrow sense estimates, traits like protein 

content showed low values. 

Albahouh (1992) obtained narrow sense heritability estimates using the parent-

offspring regression method. He found high estimate values for kernel hardness (NIR Score) 

(0.68), and low values for protein content. Clarke et al. (1993) compared prediction of gluten 

strength in early generations by means of the SDS sedimentation test in three single crosses, 

and determined a narrow sense heritability range from 0.57 to 0.68 for all crosses. 

2.7.2 Heritability Estimates for Agronomic Traits 

Kronstad and Foote (1964), using a diallel analysis in winter wheat, found narrow 

sense heritability estimates from the regression of F1 on the mid-parent for plant height, 

kernel weight, and grain yield per plant to be 0.83, 0.47, and 0.26, respectively. Reddi et al. 

(1969) estimated narrow sense heritability by regression of F4 means on the F3 mean for 

plant height in two winter crosses. The heritability values were 0.17 and 0.81, respectively. 

Heritability values for kernel weight was determined by Bhatt (1972). He found high broad 
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sense heritability estimates and high narrow-sense heritability for kernel weight. Broad-

sense heritability was calculated by Sun et al. (1972) in six wheat crosses for kernel weight. 

The estimates that they reported were high, ranging from 0.51 t to 0.85 in five crosses. 

Similar results were found later by Brajcich (1980), when he studied the nature of genetic 

variability for some agronomic characters in populations resulting from winter x spring 

crosses. Narrow-sense heritability was estimated for two traits by Ketata et al (1976) using 

the variances of F2 and back cross populations. Estimates were high for kernel weight 

(0.60), and low for grain yield (0.30). The parents, Fl, F2 and backcrosses derived from two 

Hard Red wheat cultivars were used by Sidwell et al. (1976) to estimate heritability, using 

variance component estimates. Broad sense estimates were high for kernel weight and 

moderate for grain yield. Narrow sense estimates were medium for kernel weight and low 

for grain yield. Broad sense heritability estimates were measured by Lorenzo (1985). He 

found that for grain yield, heritability estimates showed the lowest values (0.60), while kernel 

weight had high heritability estimates (0.93). Costa (1989) using the variance of the parents, 

F1, F2, and backcross generations, studied the narrow and broad sense heritability estimates 

for three crosses of winter wheat. He found broad sense heritability values for grain yield 

ranged from 0.39 to 0.61. When the values were expressed in terms of narrow sense 

estimates, traits like grain yield showed low values (0.29). Albahouh (1992) obtained narrow 

sense heritability estimates using the parent-offspring regression method. He found low 

values for grain yield and kernel weight (0.37 and 0.16, respectively). High narrow sense 

(0.79) heritability estimates for kernel weight was studied in parents and F1 generations 

resulting from a 4 x 4 diallel by Mou and Kronstad (1994). They concluded that selection in 

early generation for kernel weight should be effective. 
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3. MATERIAL AND METHOD 

Five wheat genotypes selected for this research represented two diverse sources of 

genetic materials differing in growth habit, agronomic and qualities traits, and yield potential. 

The parental material consisted of two lines developed at Kansas State University (Karl and 

RS-4), and three cultivars (Dalcahue, Kona, and Temu) from the breeding program at the 

Institute de Investigaciones Agropecuarias (INIA) in Chile. 

Kansas materials were selected based on good pan bread making quality, while the 

Chilean cultivars were selected for their French-type bread quality. A description of the 

material, including pedigrees, is provided in Appendix Table 1. 

To determine the feasibility of introgressing the milling and baking qualities of the 

Kansas material into Chilean germplasm, it was necessary to conduct three experiments. 

Since the two sources of germplasm were developed under different environments, it was 

necessary to evaluate how they would respond for the desired traits when grown in western 

Oregon (Experiment 1). Experiment 2 represents a genetic study of the feasibility of 

combining high quality pan bread germplasm with the Chilean material by evaluating parents, 

F 1 , F2, and backcrosses populations for agronomic and quality attributes. To access the 

environmental influence on the inheritance of protein quality, and the role of the HMW 

subunits of glutenin, in F3 populations when grown under controlled conditions in the 

greenhouse constituted Experiment 3. 
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3.1 Experiment 1 

Evaluation of the Performance for Agronomic and Quality Parameters 

Since none of the experimental populations were developed under the growing 

conditions found in the Pacific Northwest, it was first necessary determine how these 

materials respond when grown in Oregon. 

Two cultivars from Kansas and three from Chile were planted on October 25th, 1994, 

at Hyslop Agronomy Farm, near Corvallis, Oregon. The populations were planted in plots 

six rows wide, and five meters long with the two central rows being harvested. The spacing 

was 30 cm between rows. Four hundred and fifty seeds were sown in each row. The 

experimental design was a completely randomized block with three replications. 

At the Hyslop site, the soil type is a Woodburn silt loam. Prior to planting, 40 kg-1 of 

urea (46-0-0), 200 kg/ha of ammonium sulfate, and 60 kg/ha of phosphorus were applied. 

A total of 55 kg of nitrogen ha' and 10 kg sulphur ha' were later applied in the form of 30 -0

0-6 fertilizer (ammonium nitrate-sulfate) in later tillering ( Feekes stage 4 and 5). 

Weeds were controlled with a fall application of Diuron (dichlorophenyl), and Finesse 

(chlorosulfuron) at a rate of 0.80 kg a.i. and 0.20 kg a.i. per hectare, respectively. Plants 

were protected from foliar diseases by three applications of the fungicide Tilt (propiconazole) 

at a rate of 0.23 kg a.i. ha'. Climatological records for the Hyslop site are given in Appendix 

Table 2. Each plot was hand-sickled and threshed with a "Vogel" thresher on July 19th, 

1995. Data were obtained from clean seed from each plot. Grain yield was obtained by 

weighing the total amount of seed produced per plot. Twenty gram samples were ground 

in a Udy cyclone mill using a 0.1 mm mesh sieve. The wholemeal flour produced was 

utilized to determine the grain protein content and hardness by Near-Infrared Reflectance 

Spectroscopy using a Technicon Infralyser 400. 
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The following measurements were collected from each plot: 

Days to heading: number of days from 90 percent plot emergence to 50 percent of the plot 

headed. 

Days to physiological maturity: number of days from emergence to complete loss of green 

color of all the peduncles in each plot. 

Grain filling period: days to physiological maturity minus days to heading per plot. 

Plant height: measured from the soil surface to the tip of the spikes for each plot. 

Biological yield per plot: total weight of the above grown portion of the plot. Plots were 

sickled and each sample was weighed for the measurement. 

Grain yield per plot: bundles were threshed using a "Vogel" thresher and the harvested 

seed weighed to determine total grain yield per plot. 

Harvest index: grain yield per plot divided by total above grounds biomass. 

Kernel weight: weight of kernels in grams determined by weighing 300 kernels randomly 

selected from each plot. 

Grain hardness: measured by Near-Infrared Reflectance-Spectroscopy (NIR) using Udy 

ground wholemeal flour (0.1 mm mesh sieve) 

Percent grain protein content: measured by Near Infrared Reflectance Spectroscopy (NIR) 

using Udy ground wholemeal flour (0.1 mm mesh sieve). 

Gluten strength: was evaluated by the "Sodium Dodecyl Sulfate Sedimentation Test" (SDSS 

Test), described by Axford et al. (1978), and modified by Dick and Quick (1983) as a "Sodium 

Dodecyl Sulfate Microsedimentation Test" (MST). This modification requires a smaller 

amount of material (1g of ground sample) and less solution (Dodecyl Sulfate). It is fast, 

simple to perform, selective, and reproducible when used to screen for gluten strength. 

Glutenin protein: was determined using sodium dodecyl sulphate polyacrylamide gel 

electrophoresis (SDS-PAGE) and the experimental procedure was adapted from the method 
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described by Laemmli (1970) with modifications proposed by Fullington et al. (1980), Hames 

(1981), Payne et al. (1981b) and Vieira (1985). Protein was extracted with 0.062 M Tris-HCL 

buffer (ph 6.8) containing 2% (W/V) SDS, 5% (V/V) 2-mercaptoethanol, 0.001% (W/V) 

bromophenol blue and 10% (V/V) glycerol. Samples were placed in a hot water bath (95

100°C) for 3-5 min and stored at 4 °C until used. The Bio-Rad dual slab system is used for 

SDS-PAGE. Electrophoresis was carried out in vertical slab gels (160 x 140 x 1.5 mm) with 

15 wells. The separating gel contained 10% (W/V) acrylamide, 0.13% (W/V) bis-acrylamide, 

0.1% (WN) SDS and 0.375 M Tris-HCL (ph 8.8). The stacking gel contained 3.75% (W/V) 

acrylamide, 0.1% (W/V) bis-acrylamide, 0.1% (W/V) SDS and 0.125 M Tris-HCL (ph 6.8). 

Both gels were polymerized with TEMED and ammonium persulphate. Each column was 

loaded with 25 ul of sample. Gels were stained for one day with 0.02% Coomassie blue and 

were destained with 10% TCA (Lawrence and Payne, 1983). 

The following statistical analyses were performed for Experiment 1: 

1.	 Analysis of variance was used to determine if differences existed for each trait. 

Fisher's protected Less Significant Difference (LSD) test was used to identify 

significant differences between means. 

2.	 Mean and standard deviation were calculated for each trait measured. 

3.	 Phenotypic correlation coefficients ("r") between traits were computed. 

3.2 Experiment 2 

Nature of Inheritance and Associations of Selected Quality and Agronomic Traits 

This experiment was conducted to study the feasibility of combining Great Plains pan 

bread quality with Chilean germplasm to enhance potential French bread quality on 

sucessives generation (F1, F2, and backcrosses). Reciprocal crosses between Kansas and 
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Chilean materials were made in the spring of 1993 at Hyslop Agronomy Farm, Corvallis, 

Oregon, with F1 seed harvested during the summer of 1993. The seed was used to establish 

two preliminary experiments at the Hyslop Agronomic Farm on October 28th, 1993. These 

preliminary experiments included the parents, the Fl, and reciprocals. In one study, Karl was 

crossed with the Chilean cultivars. The second study involved an elite line from Kansas (RS

4) crossed with the same Chilean cultivars. 

Plots were three meters long with one row for each parent and two rows for the Fl. 

In order to identify individual plants, the spacing between rows was 0.30 m. with a distance 

between plants being 0.30m., resulting in 10 plants per row. 

A total of 50 kg/ha of urea and 60 kg/ha of phosphorus were applied prior to planting. 

A total of 60 kg of nitrogen per hectare and 12 kg of sulphur per hectare were applied in two 

split applications, one at tillering ( Feekes stage 3-4), and the second at the late jointing 

stage (Feekes stage 6-7). Weeds were controlled with a fall application of Diuron (0.80 kg 

Al/ha) or by hoeing. 

Agronomic data were obtained by selecting five plants per row in each replication. 

Individual plants were sickled and threshed on July 23th, 1994. A sample of grain from each 

plot and cross was used for preliminary bread-making analysis (sedimentation volume, grain 

protein, glutenin, and grain hardness) (Appendix Table 3). The remainder of the seed was 

used to obtain the next generation during the following season (Fall, 1994-95). In the spring 

of 1994, singles crosses and backcrosses were made for both preliminary experiments. The 

hybrid seed were harvested and planted on October 28, 1994, at the Hyslop site. 

As both Kansas parents were similar in their agronomic and quality performance, it 

was decided to continue only with the population involving Karl. In the fall of 1994, parents, 

F1, backcrosses, and F2 populations of the three crosses were space planted at Hyslop 

Agronomy Farm (Experiment 2). The five generations were planted using a split plot of a 
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randomized complete block design with four replications. Crosses represented main plots 

while parents and progenies were the sub-plots. Each main plot consisted of eleven rows 

of ten plants each. Parental cultivars, Fl, and backcrosses were represented by one row 

each and the F 2 population consisted of six rows. Plants were space planted with 30 cm 

between and within rows. 

Randomization was performed separately for main plots for generations. Each plant 

was individually identified per cross and per replication and harvested separately at maturity. 

Cultural practices were the same as in the previous experiment. Except for HMW 

subunits of glutenin protein which were not evaluated in this experiment, the traits measured 

were the same as the previous year. 

The following statistical analyses were performed: 

1.	 Analysis of variance of generation means for each trait was used to analyze the data. 

Fisher's protected Less Significant Difference (LSD) test was used to detect 

significant differences among means values. Standard deviations were calculated 

for each trait measured as well. 

2.	 Genetic variances were computed for all three crosses by subtracting the variance 

within the F2 populations (phenotypic variance) from the environmental variance. The 

environmental variance was obtained by pooling the variance computed for parent 

1, parent 2, and the Fl, according to the proceeding suggested by Allard (1960). 

Genotypic variances were used to compare the populations in terms of the genetic 

variability generated for all traits. 

3.	 Broad sense heritability estimates were calculated for each cross, using the variance 

of the parents and the F1 as a measure of environmental variance, and thg F 

variance as a measure of both environmental and genetic variance (Allard, 1960). 
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4.	 Narrow sense heritability estimates were also calculated using the variance of 

backcrosses and F2 generations to calculate the additive genetic component of 

variance (Warner, 1952). 

5.	 Expected gains from selection (G.S.) were calculated for the same traits in all three 

crosses following the method proposed by Allard (1960), using k = 2.06 (most 

desirable 5% of the F2 plants). 

6.	 Frequency distribution in F2 and potential transgressive segregation for each trait in 

each cross was determined. 

7.	 Phenotypic correlations were used to estimate associations among traits for each 

cross, utilizing F2 individual plant data. 

3.3 Experiment 3 

Evaluation of the Performance of F, Generation Grown Under Controlled Conditions 

To evaluate F3 grain, F2 plants were advanced one more generation in the 

greenhouse, using a single seed descent procedure. The objective of this study was to 

identify and evaluate the effect of HMW glutenin in some specific traits associated with 

French bread making quality, when the experimental material was grown in a controlled 

environment. 

Sixty F2 plants from each cross and parents were planted in a greenhouse after 

vernalization for six weeks on 18th March 1995, in a randomized complete block design with 

three replication. Individual plants were grown in 15 cm pots of silt loam amended with 11 

g of lime and 5 g of Peters fertilizer (20-20-20). 

The greenhouse temperatures varied between 17-23 °C and the daylenghth was 

maintained at 14 h. The duration of light was increased to 18 h and temperature raised to 
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26-30 °C at jointing stage (Feekes scale 6-7). Pots were fertilized twice with a total of 5.5 

g of Peters fertilizer 20-20-20. Plants were harvested on 21th August 1995 and the F3 grain 

from individual F2 plants ground in a Udy cyclone mill (0.1 mm mesh sieve). 

The traits measured in this experiment were: kernel weight, grain hardness, 

sedimentation volume, grain protein content, grain yield per plant, and high molecular weight 

subunits (HMW) of glutenin, using the same methodology described in Experiment 1. 

The statistical analyses performed were: 

1.	 Analysis of variance of parents and F3 plants for each cross and trait. Fisher's 

protected Less Significant Difference (LSD) test was used to detect significant 

differences among mean values. 

2.	 Means and standard deviations were calculated for each trait measured. 

3.	 Phenotypic correlations were used to estimate associations among traits for each 

cross, utilizing F3 individual plant data. 

4.	 Frequency distribution in F3 and potential transgressive segregation for each trait in 

each cross were determined. 

5.	 Quality parameters (grain hardness, sedimentation volume, and protein content) 

were compared between parents and crosses. Crosses were grouped by their allelic 

composition at the Glu-Al and Glu-B1 (locus) and the mean of each group was 

compared. 
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4. EXPERIMENTAL RESULTS
 

To address the objective of enhancing French bread quality experimental results are 

divided into different sections involving the three experiments. Information presented 

include: i) analyses of variance including mean values and standard deviations for the traits 

under investigation, ii) relationships between the different agronomic and quality traits for 

each cross, iii) presence of transgressive segregation, iv) estimates of the genetic 

variances from the different crosses and for each trait, v) narrow and broad sense heritability 

estimates for each trait, vi) genetic gain observed for agronomic and quality parameters, and 

vii) estimates of the genotype x environment interactions. 

4.1 Experiment 1 

Evaluation of the Performance for Agronomic and Quality Parameters 

The observed means squares for quality and agronomic traits measured are 

presented in Tables 1 and 2, respectively. The analyses of variance presented in both tables 

indicates that significant differences were found among the cultivars from Chile and Kansas 

for all the traits except for grain filling period and harvest index (Table 2). The highest 

coefficient of variation (C.V.) values were found for grain hardness (14.83%), grain yield 

(15.84%), and harvest index (19.99%). The remaining traits showed low C.V. values (< 6%). 

A comparison of the mean values for the quality traits and grain yield is provided in 

Table 3. Temu-INIA had the highest 300 kernel weight (13.83 g). For grain hardness, 

Dalcahue-INIA, RS-4 and Karl had the hardest grain (61.4; 60.1, and 52.2, NIR Score values, 

respectively). The softest kernels were found with Temu-INIA (32.57 NIR Score). 

When the mean value for sedimentation volume per cultivar was considered, Kansas 

materials had the highest sedimentation values (> 6.0 ml.), followed by Kona-INIA (4.4 ml.). 



Table 1. Observed mean squares from analysis of variance for 300 kernel weight, sedimentation volume, grain hardness, grain 
protein and grain yield for cultivars grown on the Hyslop Agronomy Farm, Corvallis. Oregon, in 1994-95. 

Mean Squares 

Source of variation df 300 Kernel Grain Sediment. Grain Grain 
weight 
(g) 

hardness 
(NIR Score) 

volume 
(ml) 

protein
(%) 

yield 
(qq/ha) 

Replications 2 0.13 162.66 0.30 0.91 31.72 

Cultivars 4 1.26* 473.30* 7.19 ** 3.31** 199.29* 

Error 8 0.09 53.60 0.05 0.08 53.49 

Coefficient of variation (%) 2.39 14.83 5.02 2.50 15.84 

Mean 12.73 49.35 4.60 11.15 46.18 

Standard deviation 0.66 13.75 1.45 9.59 9.59 

*, ** Significant at 0.05 and 0.01 probability level, respectively. 



Table 2. Observed mean squares from analysis of variance for heading date, physiological maturity, grain filling period, harvest 
index, plant height, and grain yield for cultivars grown on the Hyslop Agronomy Farm, Corvallis, Oregon, in 1994-95. 

Mean Squares 

Source of variation df Heading Physiological Filling 
date maturity period 
(days) (days) (days) 

Replications 2 0.80 22.87 31.27 

Cultivars 4 292.57** 265.27** 13.43 

Error 8 0.47 4.62 5.68 

Coefficient of variation (%) 0.33 0.87 5.61 

Mean 202.40 244.87 42.47 

Standard deviation 9.16 9.03 3.40 

*, ** Significant at 0.05 and 0.01 probability level, respectively. 

Harvest 
index 
(%) 

32.50 

24.31 

31.73 

19.99 

28.18 

5.45 

Plant 
height 
(cm) 

61.67* 

856.67** 

5.42 

2.16 

107.67 

16.02 



Table 3. Comparison of the mean performance for 300 kernel weight, grain hardness, sedimentation volume, grain protein and grain 
yield for cultivars grown on the Hyslop Agronomy Farm, Corvallis. Oregon, in 1994-95. 

Mean values 

Parents 300 Kernel Grain Sediment. Grain Grain 
weight hardness volume protein yield 
(g) (NIR Score) (ml) (%) (qq/ha) 

Kona-INIA 12.49 b* 40.43 de 4.37 g 10.30 k 52.20 I 

Temu-INIA 13.83 a 32.57 e 2.57 10.20 k 51.50i I 

Dalcahue-INIA 12.80 b 61.43 c 3.80 h 10.70 k 52.56 I 

Karl 12.27 b 52.23 cd 6.30 f 12.23 j 38.38 m 

Kansas line (RS-4) 12.37 b 60.10 c 5.97 f 12.33 j 36.20 m 

* Means with the same letter are not significantly different at the 0.05 level using Fisher's protected LSD test. 
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The lowest sedimentation volume value was observed for Temu-INIA (2.6 ml.) For protein 

content, the Kansas materials were higher, exceeding 12%, while the Chilean cultivars were 

less than 10.7%. No difference were observed within the Chilean or Kansas of germplasm 

for this trait. Chilean cultivars were higher yielding than Kansas material. No differences for 

grain yield were observed within Chilean or within Kansas gene pools. 

Differences in heading date were observed for all cultivars (Table 4). Kona-INIA was 

the latest in heading at 218 days, while RS-4 from Kansas was the earliest at 192 days. A 

similar response was observed for physiological maturity, where again Kona-INIA, was the 

latest to mature, and the cultivars from Kansas were the earliest. RS-4 was the tallest 

cultivar at 140 cms, while Karl and Temu-INIA were the shortest, being 95 cm. No 

differences were found among cultivars for grain filling period and harvest index, even though 

for the latter trait extremes were 23.83% to 30.87% for RS-4 and Kona-INIA, respectively. 

Phenotypic correlations among selected traits are presented in Table 5. Kernel 

weight was positively correlated with grain filling period and grain yield. A negative 

correlation was observed between kernel weight with grain protein, and sedimentation 

volume. Grain hardness was positively correlated with sedimentation volume, and negatively 

associated with harvest index. There was a negative association between sedimentation 

volume and physiological maturity. Grain protein content was positively associated with 

plant height, grain hardness, and sedimentation volume, while negative correlations were 

found with heading date, grain protein, and grain yield. Positive associations were noted 

between grain yield with heading date and physiological maturity, however grain yield and 

sedimentation volume were negatively associated. 

Electrophoretic banding patterns for from Kansas and Chile cultivars are shown in 

Table 6. The numbering system used to identify the HMW glutenin subunits is the same 

employed by Payne and his associates at the Plant Breeding Institute, in Cambridge, (Payne 



Table 4. Comparison of the mean performance for heading date, physiological maturity, grain filling period, harvest index, and plant 
height for five cultivars grown on the Hyslop Agronomy Farm, Corvallis. Oregon, in 1994-95. 

Mean values 

Parents Heading Physiological Filling Harvest Plant 
date maturity period index height 
(days) (days) (days) (%) (cm) 

Kona-INIA 218.33 a* 258.60 f 40.27 30.87 106.60 k
 

Temu-INIA 201.33 c 247.33 g 46.00 30.33 97.671
 

Dalcahue-INIA 203.33 b 245.67 g 42.34 27.07 103.30 k
 

Karl 196.67 d 234.00 37.33 28.83 95.00 I
i 

Kansas line (RS-4) 192.33 e 238.67 h 46.34 23.83 136.60 j 

* Means with the same letter are not significantly different at the 0.05 level using Fisher's protected LSD test. 



Table 5.	 Phenotypic correlations coefficients of ten selected traits for cultivars from Chile and Kansas grown at the Hyslop 
Agronomy Farm, Corvallis, Oregon, in 1994-95. 

Correlation Coefficients 

300 Kernel Grain Sedimentation Grain Grain 
Variable 1 weight hardness volume protein yield 

Variable 2 (g) (NIR Score) (ml) (%) (qq/ha) 

Heading date -0.01 -0.37 -0.44 -0.69** 0.54* 

Physiological Maturity 0.26 -0.35 -0.57* -0.66** 0.69** 

Filling period 0.70** 0.04 -0.34 0.08 0.36 

Harvest index 0.22 -0.47* -0.28 -0.28 0.41 

Plant height 0.44 0.46 0.42 0.48* -0.38 

Kernel weight 1.00 -0.37 -0.81** -0.49* 0.48* 

Grain hardness 1.00 0.53* 0.62** -0.14 

Sedimentation volume 1.00 0.87** -0.68** 

Grain protein 1.00 -0.57** 

Grain yield 1.00 

*,** Significant at the 0.05 and 0.01 probability levels respectively. (N=6). 
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Table 6. Electrophoretic banding pattern of the high molecular weight (HMW) glutenin 
subunits protein in selected cultivars from Kansas and Chile. 

High Molecular Glutenin Subunit (HMW) 

Cultivars Genome AA Genome BB Genome DD 

Karl 1 7 + 8 5 +10 

RS-4 1 7 + 8 5 +10 

Kona-INIA 2* 7 + 8 5 + 10 

Temu-INIA 2* 7 5 + 10 

Dalcahue-INIA 1 13 + 16 5 + 10 
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et al. 1981). Bands 5+10 were found in all of the cultivars studied. The main differences 

were noted for genomes A and B, where the cultivars contain different alleles. In genome 

A, HMW protein band 1 was found in Karl, RS-4, and Dalcahue-INIA, and band 2* in Kona-

INIA and Temu-INIA. In genome B, bands 7+8 were identified in Karl, RS-4, and Kona-INIA. 

While, bands 13+16 and 7 were observed in Dalcahue-INIA and Temu-INIA, respectively. 
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4.2 Experiment 2 

Nature of Inheritance and Associations of Selected Quality and Agronomic Traits 

Analyses of variance were conducted to test for differences among parents, Fl, F2, 

and backcrosses for the traits measured in each cross. Because the main objective of this 

study was to evaluate the feasibility to enhance potential French bread quality, the results 

presented in this section will focus only on 300 kernel weight, grain hardness, sedimentation 

volume, grain protein, and yield grain per plant. 

For the cross Karl x Dalcahue-INIA, differences were observed among generations 

for all five traits (Table 7). Coefficients of variation ranged from a high for yield per plant 

to a low for kernel weight. 

From Table 8, differences can be noted among generations for all selected traits for 

the cross Karl x Kona-INIA. Coefficients of variation were high for grain hardness and for 

yield per plant, with the lowest C.V. observed for kernel weight. 

Significant differences were noted for all selected traits (Table 9). Grain hardness, 

sedimentation volume, and yield per plant had the highest C.V., while kernel weight and grain 

protein had lower values. Observed means square for the additional traits measured from 

each cross are presented in Appendix Table 4 through 6. 

Mean values for generation within the crosses were analyzed using the Fisher's 

protected LSD test (FPLSD). Generation means of the selected traits for the cross Karl x 

Dalcahue-INIA are shown in Table 10. For kernel weight, there were significant differences 

between parents and generations. F1 was superior to both parents with the backcross 

Dalcahue-INIA x F1 being similar to Fi. The backcross Karl x F, was not different from the 

parents. F1, F2, and Karl x F1 backcross generations tended to favor Karl, the softest parent. 



Table 7.	 Observed mean squares for 300 kernel weight, grain hardness, sedimentation volume, grain protein, and yield per plant 
involving parents, Fl, F2, and backcrosses generations from Karl x Dalcahue-INIA, grown at the Hyslop Agronomy Farm, 
Corvallis, Oregon, in 1994-95. 

Mean Squares 

Source of variation df 300 Kernel Grain Sediment. Grain Yield per 
weight hardness volume protein plant 
(g) (NIR Score) (ml) (%) (g) 

Generations 5 3.27** 524.35** 4.36** 0.98** 135.02* 

Replications 3 4.38** 264.69** 0.57** 2.11** 296.98* 

Error 15 0.57 35.79 0.20 0.39 112.18 

Coefficient of variation (%) 4.75 9.52 7.52 5.59 17.12 

Standard deviation 1.28 13.10 1.07 0.86 11.68 

*, ** Significant at 0.05 and 0.01 probability level, respectively. 



Table 8. Observed mean squares for 300 kernel weight, grain hardness, sedimentation volume, grain protein, and yield per plant 
involving parents, Fl, F2, and backcrosses generations from Karl x Kona-INIA, grown at the Hyslop Agronomy Farm, 
Corvallis, Oregon, in 1994-95. 

Source of variation 

Generations 

Replications 

Error 

Coefficient of variation (%) 

Standard deviation 

Mean values 

df 300 Kernel 
weight 
(g) 

Grain 
hardness 
(NIR Score) 

Sediment. 
Volume 
(ml) 

Grain 
protein 
(%) 

Yield per 
plant 
(g) 

5 

3 

15 

4.49** 

0.55 

0.32 

180.08* 

166.10 

75.91 

3.32** 

1.68** 

0.20 

2.25** 

1.84* 

0.47 

147.12* 

21.74 

99.20 

3.53 

1.12 

16.15 

10.50 

7.68 

1.03 

6.08 

1.01 

16.37 

9.97 

*, ** Significant at 0.05 and 0.01 probability level, respectively. 



Table 9. Observed mean squares for 300 kernel weight, grain hardness, sedimentation volume, grain protein, and yield per plant
involving parents, Fl, F2, and backcrosses generations from Karl x Temu-INIA, grown at the Hyslop Agronomy Farm, 
Corvallis, Oregon, in 1994-95. 

Mean Squares 

Source of variation df 300 Kernel Grain Sediment. Grain Yield per 
weight hardness volume protein plant 
(g) (NIR Score) (ml) (%) (g) 

Generations 5 3.27** 486.07** 7.54** 0.50* 127.00* 

Replications 3 2.45* 130.79* 0.25 1.38 401.51* 

Error 15 0.63 46.82 0.67 1.48 93.53 

Coefficient of variation (%) 5.00 16.87 16.72 10.76 15.45 

Standard deviation 1.20 12.37 1.45 1.12 11.87 

*, ** Significant at 0.05 and 0.01 probability level, respectively. 



Table 10. Comparison of the mean performance for parents, Fl, F2, and backcross generations for 300 kernel weight, grain hardness, 
sedimentation volume, grain protein, and yield per plant from Karl x Dalcahue-INIA using Fisher's protected LSD (FPLSD). 

Generation 300 Kernel Grain Sediment. Grain Yield per
weight hardness Volume protein plant 
(g) (NIR Score) (ml) (g)(%) 

Karl 14.8c* 62.8d 7.4g 12.0j 50.85m 

Dalcahue-INIA 15.2 c 79.8 e 4.8 i 11.3 jk 65.00 1 

F1 17.1 a 65.0 d 6.2 h 11.1 k 66.70 I 

F2 16.0 be 68.9 d 6.0 h 11.0 k 60.40 1
 

Karl x F1 15.8 c 59.1 d
 6.4 h 11.0k 63.081
 

Dalcahue x F1 16.9 ab 44.4 f
 4.6 i 10.6 k 65.15 I 

* Generation means displaying the same letter within the same column are not significantly different at the 0.05 probability level. 
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Dalcahue-INIA x F1 backcross had the softest kernels. For sedimentation volume, 

Karl had the highest values with F1 and F2 being intermediate to both parents. Generations 

Fl, F2, and backcross Karl x F1 showed sedimentation values significant higher than the low 

parent (Dalcahue-INIA). For grain protein, the Fl, F2, and backcrosses values were close to 

the Chilean parent. The highest grain protein content was found in Karl, and the differences 

were significant when compared to other generations. There were no differences between 

generations for grain yield, except for Karl which had the lowest yield. 

Generation means of the selected traits for the cross Karl x Kona-INIA are shown in 

Table 11. For kernel weight, the highest values were found for the F1 , and backcross Kona-

INIA x Fl. The F2 and Karl x F, backcross showed values similar to Kona-INIA. F2 and Karl 

x F1 backcross were closer to Kona-INIA, but different from Karl. For grain hardness, F1 and 

Kona-INIA x F1 backcross values were close to the softest parent (Kona-INIA), with all 

generations being different from Karl. Intermediate values between parents were found in 

F1 and F2 for sedimentation volume. The highest value was with Karl with Kona-INIA being 

the lower. For grain protein content, all generations were close to the lowest parent (Kona), 

and differed from Karl. The highest yields were found for Kona-INIA and the F1 generation, 

and the lowest with Karl. 

Mean values of the selected traits for the cross Karl x Temu-INIA are shown in Table 

12. Differences were detected for all traits under studied. For kernel weight, the Fl, F2, and 

backcross Temu x F, values were similar to the best parent (Temu-INIA). Intermediate 

values were found in the F1 and F2 generations for grain hardness. Also, differences were 

noted between Karl and all the others generations, except for Karl x F, backcross mean 

value. For sedimentation volume intermediate values were found in F1 and F2. The highest 

value was with Karl and the lowest with Temu-INIA. There were differences for yield per 

plant. 



Table 11. Comparison of the mean performance for parents, Fl, F2, and backcross generations for 300 kernel weight, grain hardness, 
sedimentation volume, grain protein, and yield per plant from Karl x Kona-INIA using Fisher's protected LSD (FPLSD). 

Generation 300 Kernel Grain Sediment. Grain Yield per 
weight hardness volume protein plant 
(g) (NIR Score) (ml) (%) (g) 

Karl 14.6 c 63.5 d 7.6 f 12.7j 51.0 m 

Kona-INIA 15.3 be 47.7 e 5.0 i 11.4 k 67.81 

F1 17.1 a 47.9 e 5.8 gh 11.1 k 68.6 I 

F2 15.6 b 55.7 de 5.7 gh 11.8 k 61.8 Im 

Karl x F1 16.1 b 59.5 de 6.0 g 10.5 k 57.9 Im 

Kona x F1 17.3 a 49.7 e 5.2 hi 11.0k 59.8 Im 

* Generation means displaying the same letter within the same column are not significantly different at the 0.05 probability level. 



Table 12. Comparison of the mean performance for parents, Fl, F2, and backcross generations for 300 kernel weight, grain protein, 
grain hardness, sedimentation volume, and yield per plant from Karl x Temu-INIA using Fisher's protected LSD (FPLSD). 

Generation	 300 Kernel Grain Sediment. Grain 1/ Yield per
weight hardness Volume protein plant 
(g) (NIR Score)	 (ml) (%) (g) 

Karl 14.6 c 57.9d 7.0 h 12.9 I 56.3 o
 

Temu-INIA 16.2 ab 28.4 g
 3.0 k 11.0 m 59.3 no
 

F1 17.0 a 40.0 de 5.1 i 11.6 m 71.5 n
 

F2 15.9 ab 39.2 e 4.8 ij 11.2 m 66.0 n
 

Karl x F1 15.2 bc 47.5 d
 5.7i 10.9 m 58.7 no
 

Temu x Fi 16.7 a 30.2 fg 3.9 jk 11.3 m
 63.9 no 

* Generation means displaying the same letter within the same column are not significantly different at the 0.05 probability level. 
Indicate that FPLSD was not conducted, as means were not statistically different. 
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The F1 and F2 generations yielded more than the other generations, with the latter 

being similar. However the two backcrosses and the parent Temu-INIA were not significantly 

different. Karl yielded less than the other generations. 

When all crosses were considered, the F1 and backcrosses with the Chilean parent 

were greater for kernel weight than either parent or the segregating generations. When grain 

hardness was considered in all crosses, the F1 and F2 values were close to the softest 

parent, except for the cross Karl x Temu-INIA, in which the F1 and F2 approached the mean 

parent. For sedimentation volume the F1 and F2 approached the mid-parental values, with 

Karl having the highest values. Mean values for grain protein of the different generations did 

not show a consistent pattern among crosses. For all three crosses, the protein values for 

the generations were similar to the lowest parent. In crosses Karl x Kona-INIA and Karl x 

Temu-INIA there was difference between parents and no differences among the resulting 

generations. When grain yield is considered, the F1 mean values were equal or greater than 

that of either parents and of the segregates generations. 

In general, for all of the crosses considered, the backcrosses tended to approach the 

value of their recurrent parent. The exception was found for yield per plant where the 

backcross Karl x F1 tend to be higher than that of the recurrent parent for all three crosses. 

Means and standard deviations for the additional traits measured for each cross 

are presented in Appendix Table 7 through 9. 

4.2.1 Frequency Distribution of Traits Measured for Each Cross 

Frequency distributions and standard deviations for kernel weight, grain hardness, 

sedimentation volume, grain protein, and yield per plant for the parents, Fl, F2, and back 

crosses generations are presented for the cross Karl x Dalcahue-INIA in Tables 13 to 17, 

respectively. Continuous distribution was observed in the F2 generations for most traits. For 



Table 13.	 Frequency distribution and standard deviations (S.D.) of 300 kernel weight for the parents, Fl, F2, and backcross 
generations for the cross Karl x Dalcahue (1994-95). 

300 Kernel Weight (g) 

10.0- 11.0- 12.0- 13.0- 14.0- 15.0- 16.0- 17.0- 18.0- 19.0- 20.0- 21.0- S.D. 
10.9 11.9 12.9 13.9 14.9 15.9 16.9 17.9 18.9 19.9 20.9 21.9 

Generation	 Number of plants per class 

Karl	 1 2 9 8 0.87
 

Dalcahue-INIA 4
 1 1 6 5 3 1.76
 

F1 1 1 7 6 5 1.06
 

F2 1 3
 6 10 26 33 16 13 12 1.72
 

Karl x Fl
 1 1 1 2 5 6 4 1.58
 

Dalcahue-INIA x F1 1 1 6 3
 2 1 3 1 1 1.83 



Table 14. Frequency distribution and standard deviations (S.D.) of grain hardness for the parents, Fl, F2, and backcross generations 
for the cross Karl x Dalcahue-INIA (1994-95). 

Grain Hardness (NIR Score) 

10.0 
20.0 

21.1 
30.0 

30.1 
40.0 

40.1 
50.0 

50.1 
60.0 

60.1 
70.0 

70.1 
80.0 

80.1 
90.0 

90.1 
100.0 

100.1 
110.0 

S.D. 

Generation Number of plants per class 

Karl 

Dalcahue-INIA 

Fl 

F2 

Karl x F1 

Dalcahue-INIA x F1 1 

1 1 

8 

18 

2 

6 

7 

4 

15 

9 

2 

12 

6 

12 

44 

6 

3 

1 

2 

4 

20 

3 

10 

13 

2 

6 2 

5.74 

13.07 

6.35 

14.04 

8.13 

15.43 



Table 15. Frequency distribution and standard deviations (S.D.) of sedimentation volume for the parents, F1, F2, and backcross 
generations for the cross Karl x Dalcahue-INIA (1994-95). 

Sedimentation Volume (ml) 

3.0 
3.5 

3.6 
4.0 

4.1 
4.5 

4.6 
5.0 

5.1 
5.5 

5.6 
6.0 

6.1 
6.5 

6.6 
7.0 

7.1 
7.5 

7.6 
8.0 

8.1 
8.5 

8.6 
9.0 

9.1 
9.6 

S.D. 

Generation Number of plants per class 

Karl 

Dalcahue-INIA 

F1 

F2 

Karl x Fi 

Dalcahue-INIA x F1 5 

4 

1 

4 

6 

3 

6 

5 

2 

4 

3 

5 

18 

1 

3 

3 

3 

6 

23 

3 

3 

5 

26 

6 

1 

2 

1 

20 

5 

4 

3 

8 

3 

9 

4 4 

1 1 0.77 

0.58 

0.64 

0.83 

0.86 

1.04 



Table 16. Frequency distribution and standard deviations (S.D.) of grain protein content for the parental, Fl, and F2, and backcross 
generations for the cross Karl x Dalcahue-INIA (1994-95). 

Grain Protein Content (%) 

7.0
8.0 

8.1
9.0 

9.1
10.0 

10.1
11.0 

11.1
12.0 

12.1
13.0 

13.1
14.0 

14.1
15.0 

15.1
16.0 

16.1
17.0 

S.D. 

Generation Number of plants per class 

Karl 

Dalcahue-INIA 

F1 

F2 

Karl x Fi 

Dalcahue-INIA x F1 

1 

1 

1 

4 

3 

5 

1 

1 

2 

15 

3 

5 

4 

7 

11 

34 

4 

4 

7 

3 

29 

5 

7 

6 

2 

2 

21 

3 

3 

3 

2 

2 

10 

2 

1 

3 3 1 

1.69 

1.43 

1.03 

1.51 

1.47 

1.47 



Table 17. Frequency distribution and standard deviations (S.D.) of yield per plant for the parents, Fl, F2, and backcross generations 
for the cross Karl x Dalcahue-INIA (1994-95). 

Yield Per Plant (g) 

20- 31- 41- 51- 61- 71- 81- 91- 101- 111- S.D. 
30 40 50 60 70 80 90 100 110 120 

Generation Number of plants per class 

Karl 

Dalcahue-INIA 

F1 

F2 

Karl x Fi 

Dalcahue-INIA x F1 

10 

4 

1 

22 

3 

7 

3 

4 

10 

7 

3 

4 

5 

4 

23 

2 

3 

5 

5 

1 

21 

4 

3 

4 

6 

14 

3 

2 

4 

7 

3 

8 

1 

7 

1 

2 4 

18.36 

21.25 

18.51 

28.88 

19.42 

22.83 
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kernel weight the frequency distribution of F2 values was skewed toward the highest parent. 

For grain hardness, a more normal distribution was observed with plants favoring the parent 

with hardest kernels. For sedimentation volume and protein content, the F2 distribution 

favored the low parent. A wide distribution was noted for grain yield with most plants being 

similar to the parental distribution. 

Transgressive segregation for cross Karl x Dalcahue-INIA in the F2 was noted for 

most traits. The parameter kernel weight and yield per plant showed the highest number of 

transgressive segregants, with many plants exceeding the best parent. Low transgressive 

segregation was observed for the traits sedimentation volume, grain hardness, and protein 

content. The standard deviation were low for most of that traits except for grain hardness 

and yield per plant. 

The frequency distribution and standard deviations for the same traits and 

generations are presented in Tables 18 to 22 for the cross Karl x Kona-INIA. Similar 

distributions as for the cross Karl x Dalcahue-INIA was observed in the F2 generations for 

most traits. The difference was for the grain hardness, were the F2 distribution was skewed 

toward the distribution of the high parent (Karl). The distribution for the trait yield per plant 

suggested a bimodal distribution with peaks at 41-50, and 61-70 g. The range of the F2 

distribution indicated that transgressive segregates in both directions were present in all 

traits, especially kernel weight, and yield per plant. For the other traits, the number of plants 

that exceeded the best parents were low. The standard deviations were low except for grain 

hardness and yield per plant. 

Frequency distribution of F2 for all studied traits for the cross Karl x Temu-INIA is 

shown in Tables 23 through 27. Transgressive segregants were noted for kernel weight, 

grain protein, and yield per plant, while few transgressive segregants were observed for grain 

hardness and none for sedimentation volume. The range of the F2 values in all three crosses 



Table 18. Frequency distribution and standard deviations (S.D.) of 300 kernel weight for the parents, Fl, F2, and backcross 
generations for the cross Karl x Kona-INIA (1994-95). 

300 Kernel Weight (g) 

10.0
10.9 

11.0
11.9 

12.0
12.9 

13.0
13.9 

14.0
14.9 

15.0
15.9 

16.0
16.9 

17.0
17.9 

18.0
18.9 

19.0
19.9 

20.0
20.9 

21.0
21.9 

S.D. 

Generation Number of plants per class 

Karl 

Kona-INIA 

F1 

F2 

Karl x Fi 

Kona-INIA x Fi 

2 2 

1 

1 

5 

6 

4 

10 

1 

6 

2 

2 

7 

2 

6 

6 

1 

23 

4 

4 

1 

5 

7 

31 

6 

4 

2 

6 

24 

6 

7 

2 

12 

2 

3 

1 

2 

1 

2 

1 

0.99 

1.36 

1.41 

1.90 

1.67 

1.49 



Table 19. Frequency distribution and standard deviations (S.D.) of grain hardness for the parents, Fl, F2, and backcross generations 
for the cross Karl x Kona-INIA (1994-95). 

Grain Hardness (NIR Score) 

10.0 
20.0 

21.1 
30.0 

30.1 
40.0 

40.1 
50.0 

50.1 
60.0 

60.1 
70.0 

70.1 
80.0 

80.1 
90.0 

S.D. 

Generation Number of plants per class 

Karl 

Kona-INIA 

F1 

F2 

Karl x Fi 

Kona-INIA x Fi 

1 

1 

7 

3 

8 

8 

14 

18 

5 

13 

6 

3 

2 

36 

9 

1 

11 

5 

4 

28 

6 

6 

3 

19 3 

7.34 

25.39 

11.63 

15.14 

10.41 

18.15 



Table 20. Frequency distribution and standard deviations (S.D.) of sedimentation volume for the parents, Fl, F2, and backcross 
generations for the cross Karl x Kona-INIA (1994-95). 

Sedimentation Volume (ml) 

3.0
3.5 

3.6
4.0 

4.1 
4.5 

4.6
5.0 

5.1 
5.5 

5.6
6.0 

6.1 
6.5 

6.6
7.0 

7.1 
7.5 

7.6
8.0 

8.1 
8.5 

8.6
9.0 

9.1 
9.6 

S.D. 

Generation Number of plants per class 

Karl 

Kona-INIA 

F1 

F2 

Karl x Fi 

Kona-INIA x Fi 

3 

2 

1 

2 

3 

3 

3 

3 

1 

7 

1 

4 

1 

1 

3 

18 

2 

3 

4 

18 

4 

2 

5 

6 

27 

1 

3 

1 

2 

4 

15 

2 

2 

3 

1 

1 

19 

3 

1 

1 

1 

4 

6 

1 

10 

4 

1 

4 

1 1 1 

0.79 

1.13 

0.69 

1.68 

1.30 

1.30 



Table 21.	 Frequency distribution and standard deviations (S.D.) of grain protein content for the parental, Fl, and F2, and backcross 
generations for the cross Karl x Kona-INIA (1994-95). 

Grain Protein Content (%) 

7.0- 8.1- 9.1- 10.1- 11.1- 12.1- 13.1- 14.1- 15.1 - 16.1- S.D. 
8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 

Generation Number of plants per class 

Karl 

Kona-INIA 

F1 

F2 

Karl x Fi 

Kona-INIA x Fi 

1 

1 

1 

2 

14 

4 

1 

4 

5 

12 

2 

3 

3 

4 

6 

26 

6 

9 

2 

1 

6 

21 

4 

2 

2 

7 

1 

14 

1 

4 

7 

1 

1 

10 

2 

1 

3 

1 

9 

2 

1 

9 1 

1.77 

1.80 

1.30 

2.10 

1.72 

1.20 



Table 22. Frequency distribution and standard deviations (S.D.) of yield per plant for the parents, Fl, F2, and backcross generations 
for the cross Karl x Kona-INIA (1994-95). 

Yield Per Plant (g) 

20
30 

31
40 

41
50 

51
60 

61
70 

71
80 

81
90 

91
100 

101
110 

111
120 

S.D. 

Generation Number of plants per class 

Karl 

Kona-INIA 

F1 

F2 

Karl x Fi 

Kona-INIA x F1 

2 

7 

6 

11 

1 

5 

4 

26 

5 

5 

5 

2 

3 

16 

3 

3 

3 

4 

6 

28 

5 

3 

2 

5 

2 

8 

1 

3 

1 

2 

5 

4 

2 

1 

2 

12 

2 

3 

6 

2 

2 

2 

22.21 

27.29 

17.62 

24.86 

24.13 

22.73 



Table 23. Frequency distribution and standard deviations (S.D.) of 300 kernel weight for the parents, Fl, F2 , and backcross 
generations for the cross Karl x Temu-INIA (1994-95). 

300 Kernel Weight (g) 

10.0
10.9 

11.0
11.9 

12.0
12.9 

13.0
13.9 

14.0
14.9 

15.0
15.9 

16.0
16.9 

17.0
17.9 

18.0
18.9 

19.0
19.9 

20.0
20.9 

S.D. 

Generation Number of plants per class 

Karl 

Temu-INIA 

F1 

F2 

Karl x Fi 

Temu-INIA x F1 

1 

2 1 

1 

1 

1 

1 

7 

1 

2 

8 

3 

1 

4 

6 

1 

5 

3 

2 

15 

5 

1 

3 

8 

6 

35 

2 

7 

5 

7 

29 

3 

5 

4 

22 

1 

3 

4 

1 

3 

1.33 

1.15 

1.09 

1.55 

1.71 

1.44 



Table 24. Frequency distribution and standard deviations (S.D.) of grain hardness for the parents, Fl, F2, and backcross generations 
for the cross Karl x Temu-INIA (1994-95). 

Grain Hardness (NIR Score) 

10.0 
20.0 

21.1 
30.0 

30.1 
40.0 

40.1 
50.0 

50.1 -
60.0 

60.1 
70.0 

70.1 
80.0 

80.1 
90.0 

90.1 
100.0 

S.D. 

Generation Number of plants per class 

Karl 

Temu-INIA 

F1 

F2 

Karl x Fi 

Temu-INIA x F1 

1 

11 

10 

2 

20 

11 

9 

8 

34 

7 

4 

3 

7 

31 

7 

3 

5 

3 

9 

2 

2 

11 

8 

4 

1 

3 3 1 

10.19 

4.88 

7.53 

16.33 

17.28 

11.91 



Table 25. Frequency distribution and standard deviations (S.D.) of sedimentation volume for the parents, Fl, F2, and backcross 
generations for the cross Karl x Temu-INIA (1994-95). 

Sedimentation Volume (ml) 

3.0
3.5 

3.6
4.0 

4.1 
4.5 

4.6
5.0 

5.1 
5.5 

5.6
6.0 

6.1 
6.5 

6.6
7.0 

7.1 
7.5 

7.6
8.0 

8.1 
8.5 

S.D. 

Generation Number of plants per class 

Karl 

Temu-INIA 

F1 

F2 

Karl x Fi 

Temu-INIA x Fi 

18 

1 

15 

7 

2 

3 

15 

2 

3 

10 

2 

6 

3 

6 

23 

1 

1 

3 

4 

26 

1 

2 

2 

12 

7 

4 

11 

4 

2 

1 

2 

2 

5 

1 

7 

1 

3 1.32 

0.43 

0.86 

1.18 

0.99 

1.30 



Table 26.	 Frequency distribution and standard deviations (S.D.) of grain protein content for the parental, Fl, and F2, and backcross 
generations for the cross Karl x Temu-INIA (1994-95). 

Grain Protein Content (%) 

7.0- 8.1- 9.1- 10.1- 11.1- 12.1- 13.1 - 14.1 - 15.1 - S.D. 
8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 

Generation Number of plants per class 

Karl 

Temu-INIA 

F1 

F2 

Karl x Fi 

Temu-INIA x F1 

1 7 

1 

1 

2 

2 

18 

2 

4 

4 

9 

5 

34 

8 

5 

7 

5 

5 

24 

6 

7 

3 

4 

8 

18 

3 

2 

5 

9 

2 

7 2 

2.53 

0.79 

1.02 

1.59 

1.02 

1.28 



Table 27. Frequency distribution and standard deviations (S.D.) of yield per plant for the parents, Fl, F2, and backcross generations 
for the cross Karl x Temu-INIA (1994-95). 

Yield Per Plant (g) 

20
30 

31
40 

41
50 

51
60 

61
70 

71
80 

81
90 

91
100 

101
110 

111
120 

S.D. 

Generation Number of plants per class 

Karl 

Temu-INIA 

F1 

F2 

Karl x Fi 

Temu-INIA x F1 

3 

5 

1 

8 

11 

3 

4 

4 

5 

21 

6 

7 

2 

4 

5 

20 

2 

3 

3 

2 

5 

23 

3 

1 

7 

1 

3 

7 

6 

4 

1 

2 

13 

5 

9 5 6 

18.08 

16.79 

15.53 

29.08 

18.51 

19.67 
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indicates more transgressive segregation for grain protein and yield per plant, and less for 

grain hardness. 

The most striking feature of the F2 distributions was that the transgressive 

segregation occurred in both directions in all the crosses, and for most traits. Also, 

continuous distributions (with some exceptions) were observed in the F2 generations in the 

three crosses, with the exception for yield per plant, where the distribution, were skewed 

toward the low parent and tended to be bimodal. 

Among the three crosses, the highest expression of transgressive segregation in 

sedimentation volume was observed for the cross Karl x Kona-INIA. The highest number of 

transgressive segregates plants in F2 for grain hardness was found in the cross Karl x 

Dalcahue-INIA. The highest number of transgressive segregants for grain kernel weight, 

and grain protein was observed when Temu-INIA was crossed with Karl. Finally, for yield per 

plant, all crosses showed the same magnitude of transgressive segregation, with the cross 

Karl x Temu-INIA the highest. 

In this context, the F2 distribution shows that it would be possible to recover progeny 

with values at least equal in magnitude to the best parental cultivar. In general, high 

standard deviations were associated with grain hardness and yield per plant. 

4.2.2. Variability Generated in the F2 Populations 

Genetic variances for the traits measured for each F2 plants population resulting from 

each of three crosses are presented in Table 28. For kernel weight, the lowest genetic 

variance was observed in Karl x Temu-INIA. For grain hardness, the highest values were 

observed for Karl x Temu-INIA. The largest variability for sedimentation volume was found 

for Karl x Temu-INIA, and the lowest for the Karl x Kona-INIA. The greatest variability for 

protein content was generated in the cross Karl x Kona-INIA, while the other two crosses 
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showed very similar of variability levels. In terms of yield per plant, the largest genetic 

variability was found in the F2 resulting from the cross involving Karl and Dalcahue. The 

other two crosses also had high values for this trait. 

These populations were also characterized by notable differences in the variability 

for maturity, harvest index, and plant height (Appendix Table 10). 

4.2.3 Broad and Narrow Sense Heritability Estimates 

Broad sense heritability estimates for kernel weight ranged from a low of 0.31 for Karl 

x Temu-INIA, to a moderate (0.60) for the cross Karl x Dalcahue-INIA (Table 29). In the 

crosses where the parents were Dalcahue-INIA and Temu-INIA, the grain hardness 

heritability estimate was higher than when Kona-INIA was a parent. The sedimentation 

volume heritability estimate presented a pattern that complicated the interpretation. This trait 

showed moderate heritability estimates for the cross Karl x Temu-INIA, low for the cross Karl 

x Dalcahue-INIA, and even lower for the cross Karl x Kona-INIA. Heritability estimates for 

grain protein were low in all crosses. Grain yield per plant heritability estimates ranged from 

the moderate value in the crosses Karl x Kona-INIA and Karl x Temu-INIA to high in the 

cross Karl x Dalcahue-INIA. When crosses were compared, it can be noted that the broad 

sense estimates were higher for cross Karl x Dalcahue-INIA for most traits, than with the 

estimates obtained by the crosses Karl x Kona-INIA and Karl x Temu-INIA. The latter two 

crosses showed similar patterns for all the traits, except sedimentation volume and grain 

hardness. Broad sense heritability estimates for the other measured traits are presented in 

Appendix Table 11. 

To determine the proportion of the total variance that was due to additive gene action, 

narrow sense heritability estimates were determined for each trait. Narrow sense heritability 

estimates are displayed in Table 30 for five traits. The lowest value observedwas for grain 



Table 28. Magnitude of the genetic variance generated in three F2 populations from crosses between Chilean and Kansas cultivars 
grown in Corvallis, Oregon, 1994-95. 

Genetic Variance 

Kernel Grain Sedimentation Protein Grain 
Cross weight hardness volume content yield 

(9) (ml) (%) (9) 

Karl x Dalcahue-INIA 1.8 154.8 0.4 0.5 702.9 

Karl x Kona-INIA 1.4 126.8 0.1 0.8 293.4 

Karl x Temu-INIA 1.1 216.9 0.8 0.5 414.1 

Average 1.4 166.2 0.4 0.6 470.1 
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Table 29.	 Broad sense heritability estimates for kernel weight, grain hardness, 
sedimentation volume, protein content, and yield per plant from the parents, 
F1 , and F2 generations for the three crosses. 

Broad sense heritability (%) 

Crosses 

Traits Karl x Karl x Karl x 
Dalcahue-INIA Kona-INIA Temu-INIA 

Kernel Weight 0.60 0.38 0.31 

Grain Hardness 0.78 0.54 0.81 

Sedimentation Volume 0.35 0.16 0.57 

Grain Protein 0.32 0.28 0.29 

Yield Per Plant 0.84 0.47 0.49 
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protein content in the cross Karl x Kona-INIA, being only 0.15. The highest narrow sense 

heritability estimate observed was for grain hardness in cross Karl x Temu-INIA. Heritability 

values for kernel weight were moderate among the crosses (0.26 to 0.46). For kernel 

hardness, the heritability estimates were high for the cross Karl x Dalcahue-INIA and for 

cross Karl x Temu-INIA. A lower but similar pattern was observed for sedimentation volume, 

in this particular case, the narrow sense heritability estimates were moderate for the crosses 

Karl x Dalcahue-INIA and Karl x Temu-INIA. The lowest heritability estimate for 

sedimentation volume was for the cross Karl x Kona-INIA . For grain protein, the narrow 

sense heritable estimates were low in all three crosses, being the highest for cross Karl x 

Dalcahue-INIA, and the lowest for cross Karl x Kona-INIA. Narrow sense heritability 

estimates for yield per plant were moderate in cross Karl x Dalcahue-INIA, and Karl x Temu-

INIA, with the lowest value being observed with Karl x Kona-INIA. 

The largest genetic gain per trait was predicted for yield per plant in all the crosses 

(Table 30). While the highest genetic advance per cross was observed in Karl x Temu-INIA 

for grain hardness. A lower genetic gain estimate was found for kernel weight for all three 

crosses. The highest value was shown by the cross Karl x Dalcahue-INIA with 10.18%. 

Grain hardness gain estimates showed a similar pattern among crosses as it was high for 

cross Karl x Temu-INIA. Moderate genetic advance estimates were found for crosses Karl 

x Dalcahue-INIA and Karl x Kona-INIA. For sedimentation volume, a moderate genetic gain 

estimate was observed in most crosses, except in cross Karl x Temu-INIA where the genetic 

advance for this trait was high. 

Even though the narrow sense heritability estimate for grain protein content was low 

for all three crosses, the predicted genetic gain for this trait was moderate. For grain yield, 

the predicted genetic advance was in general high, especially for Karl x Dalcahue-INIA 

(45.31%), and Karl x Temu-INIA (37.21%). 



Table 30. Narrow sense heritability estimates and expected genetic advance for kernel weight, grain hardness, sedimentation 
volume, grain protein and yield per plant from the parental, F1 and F2 generations for the three crosses. 

Crosses	 Karl x Dalcahue-INIA Karl x Kona-INIA Karl x Temu-INIA 

Traits	 Narrow Genetic* Narrow Genetic Narrow Genetic 
sense	 advance sense advance sense advance 

(%)(%)	 (%) (%) (%) (%) 

Kernel Weight 0.46 10.18 0.36 2.30 0.26 5.22 

Grain Hardness 0.59 24.78 0.47 26.34 0.60 51.48 

Sedimentation Volume 0.33 9.33 0.18 10.87 0.40 20.20 

Grain Protein 0.20 5.43 0.15 5.50 0.18 5.40 

Yield Per Plant 0.46 45.31 0.22 18.24 0.41 37.21 

* Genetic advance represents the expected percent increase in the F3 above the F2 mean when the best 5% of the F2 plants are selected. 
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The narrow sense heritability and estimates of genetic advance for heading date, 

physiological maturity, grain filling period, harvest index, and plant height are presented in 

Appendix Table 12. 

4.2.4 Association Between Traits 

Simple correlation coefficients between five traits in the F2 generation for the three 

different crosses are shown in Table 31. Significant positive correlation was found between 

yield per plant and kernel weight, grain hardness, grain protein, and sedimentation volume 

in all three crosses, except in cross Karl x Dalcahue-INIA for sedimentation volume. 

However, the correlation coefficients ("r") were low and cannot be considered as indicators 

of strong association, except for cross Karl x Kona-INIA, where the association between 

grain yield with sedimentation volume and grain protein showed moderate "r" values (0.49** 

and 0.55**, respectively). For protein content, highly significant positive correlations were 

detected with sedimentation volume in all crosses. The coefficients were high and similar 

for the crosses. The correlation among grain hardness and kernel weight and sedimentation 

volume followed a similar pattern as yield per plant. They were highly significant, but low 

for the association with kernel weight and moderate for sedimentation volume. 



Table 31.	 Correlations coefficients between traits within F2 populations generated from three crosses grown under space-planted 
conditions in Corvallis, Oregon (1994-95). 

Correlation Coefficients
 

Variable 1 Yield per Plant Grain Protein Grain Hardness
 

Variable 2 Kernel Grain Sediment. Grain Kernel Grain Sediment. Kernel Sediment. 

Crosses 
Weight Hardness Volume Protein Weight Hardness Volume Weight Volume 

Karl x Dalcahue-INIA 0.43** 0.35** 0.18 0.18* 0.36** 0.37** 0.75** 0.39** 0.52** 

Karl x Kona-INIA 0.18* 0.42** 0.49** 0.55** 0.56** 0.56** 0.75** 0.35** 0.52** 

Karl x Temu-INIA 0.44** 0.21* 0.23* 0.31** 0.47** 0.31** 0.73** 0.47** 0.31** 

Overall 0.43** 0.21** 0.22** 0.36** 0.47** 0.31** 0.62** 0.31** 0.58** 

*,** Significant at the 0.05 and 0.01 probability levels respectively. (N=120). 
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4.3 Experiment 3 

Evaluation of the Performance of F3 Generation Grown Under Controlled Conditions 

Results of this experiment involved four parents and F3 seed from individual F2 plants 

representing three different crosses (Karl x Dalcahue-INIA, Karl x Kona-INIA, and Karl x 

Temu-INIA). The experiment was grown under controlled conditions. Evaluation of the 

parents and F3 plants from each cross was made for kernel weight, grain hardness, 

sedimentation volume, grain protein, and yield per plant. The distributions of F3 plants were 

examined in terms of their potential transgressive segregation for the traits measured. 

Phenotypic correlations between the traits were also determined. 

Observed mean squares for the traits measured are presented in Table 32. 

Differences were found for all the traits at the 0.05 or 0.01 levels of probability. Coefficient 

of variation values were low for all traits, with the exception of grain hardness, where a 

coefficient of variation of 29.07% was observed. 

Mean values for these traits are presented in Table 33. For kernel weight, the parent 

Temu-INIA had the highest value. In general, parents had a higher value for kernel weight 

than the F3 generation. No differences were observed among generations (F3) for this trait. 

Dalcahue-INIA had the highest grain hardness mean value. Kona-INIA, Karl and the F3 

generations Karl x Dalcahue-INIA and Karl x Kona-INIA had high hardness mean values, as 

well. For sedimentation volume, Karl had the highest mean value with the lowest being 

Temu-INIA. In general, F3 generation means values showed a sedimentation volume close 

to the low parent, except for cross Karl x Temu-INIA, where the F3 progeny was similar to the 

midparent value. For protein content, the F3 generation from the cross Karl x Kona-INIA had 

the highest value at 18.88%. The lowest percentage was observed for the other two 

Chileans cultivars, with Temu-INIA being the lowest with 15.07%. In all three crosses the 



Table 32. Observed mean squares from analysis of variance for 300 kernel weight, grain hardness, sedimentation volume, grain 
protein, and yield per plant for parents and F3 generation grown in a greenhouse. Corvallis, Oregon, 1994-95. 

Mean Squares 

Source of variation df 300 Kernel Grain Sediment. Grain Yield per 
Weight 
(g) 

Hardness 
(NIR Score) 

Volume 
(ml) 

Protein 
(%) 

Plant 
(g) 

Replications 2 0.20 214.65 0.05 0.32 1.41 

Cultivars and crosses 6 1.18** 1095.63* 4.60 ** 5.97** 21.11** 

Error 12 0.08 386.47 0.11 0.38 0.71 

Coefficient of variation (%) 5.23 29.07 5.96 3.70 5.75 

Mean 5.51 67.62 5.49 16.68 14.64 

Standard deviation 0.28 19.66 0.33 0.62 0.84 

*,** Significant at 0.05 and 0.01 probability level, respectively. 



Table 33. Comparison of the mean values for 300 kernel weight, grain hardness, sedimentation volume, grain protein and grain yield 
for parents and F3 generation grown in the greenhouse. Corvallis, Oregon, 1994-95. 

Mean values 

Parents 300 Kernel Grain Sedimentation Grain Yield per 
F3 Generation Weight Hardness Volume Protein Plant 

(g) (NIR Score) (ml) (%) (g) 

Karl 16.80 b* 70.00 de 7.40 f 17.10 j 12.20 pq 

Dalcahue-INIA 17.55 ab 92.83 d 5.10 g 15.43 k 16.60 m 

F3 Karl x Dalcahue-INIA 14.70 c 87.50 d 5.20 g 17.53 j 13.40 op 

Kona-INIA 16.35 b 60.33 de 5.55 g 15.90 k 17.901 

F3 Karl x Kona-INIA 14.49 c 75.83 de 5.20 g 18.88 i 11.60 qr 

Temu-INIA 18.60 a 42.67 e 3.90 h 15.07 k 15.40 mn 

F3 Karl x Temu-INIA 15.00 c 46.57 e 5.00 g 17.37 j 14.10 no 

* Means with the same letter are not significantly different at the 0.05 level using LSD test. 
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F3 generations were superior to their parents for this trait. Kona-INIA was the highest 

yielding entry in the experiment, followed by Dalcahue-INIA, Temu-INIA, being the lower Karl. 

When the F3 progenies were compared with their parents, no differences were found for 

grain hardness between the Chilean parent and the corresponding F3 generation. For Karl 

x Temu-INIA, the F3 was softer than the harder parent (Karl). In cross Karl x Dalcahue-INIA, 

the progeny tend to be closer to the hardest parent (Dalcahue-INIA). A similar situation 

occurred for sedimentation volume. In cross Karl x Dalcahue-INIA, and Karl x Kona-INIA, the 

F3 were close to the low parent, and in cross Karl x Temu-INIA, thg F was near the 

midparent value. No differences were detected among Chilean parents for protein content, 

and the F3 was significantly superior to these parents and similar to Karl. For yield per plant, 

the response was different between parents and generations. In general, Chilean cultivars 

yielded more than the F3 generations. 

Transgressive segregation of F3 plants whose performance exceeded the best parent 

for a given trait are presented in Tables 34 to 38, respectively. For kernel weight, the F3 

distribution had different patterns, depending of the cross involved. Most of the F3 plants 

values for all three crosses were close to the lower parent. For grain hardness, in cross Karl 

x Dalcahue-INIA and Karl x Kona-INIA, the F3 distribution approached the highest parent, 

with many transgressive segregants for high grain hardness for the latter cross, while, for 

cross Karl x Temu-INIA, the distribution of the F3 progeny was skewed to the softest parent 

(Temu-INIA). The distribution for sedimentation volume tend to be skewed for low values for 

all three crosses. For protein content, the F3 distribution was close to the highest parent 

(Karl), and transgressive segregation for high protein content was found in all crosses. 

For the cross Karl x Dalcahue-INIA, the high number of F3 progenies that exceeding 

the best parent (Karl) were found for grain protein. No transgressive segregates were found 

for yield per plant, sedimentation volume, and kernel weight. For the cross Karl x Kona-INIA, 



Table 34.	 Frequency distribution and standard deviations (S.D.) for 300 kernel weight for the parents and F3 generations grown under 
greenhouse conditions, Corvallis, 1995. 

300 Kernel Weight (g) 

10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0 S.D. 
10.9 11.9 12.9 13.9 14.9 15.9 16.9 17.9 18.9 

Generation	 Number of plants per class 

Karl 3 5 4 3 0.32
 

Dalcahue-INIA 1 3 4 7 0.39
 

F3 (Karl x Dalcahue) 3 5 7 15 7 5 0.47
 

Kona-INIA 1 2 5 5 2 0.51
 

F3 (Karl x Kona) 1 2 5 11 10 12 1 0.44
 

Temu-INIA 6 4 5 0.31
 

F3 (Karl x Temu) 1 2 3 7 6 11 7 3 0.70
 



Table 35. Frequency distribution and standard deviations (S.D.) for grain hardness for the parents and F3 generations grown under 
greenhouse conditions, Corvallis, 1995. 

Grain Hardness (NIR Score) 

20.0 
29.9 

30.0 
39.9 

40.0 
49.9 

50.0 
59.9 

60.0 
69.9 

70.0 
79.9 

80.0 
89.9 

90.0 
99.0 

100.0 
109.9 

110.0 
120.0 

S.D. 

Generation Number of plants per class 

Karl 

Dalcahue-INIA 

F3 (Karl x Dalcahue) 

Kona-INIA 

F3 (Karl x Kona) 

Temu-INIA 

F3 (Karl x Temu) 

1 

10 

3 

6 

13 

2 

3 

2 

5 

5 

4 

1 

3 

4 

3 

7 

6 

2 

7 

4 

2 

3 

6 

2 

6 

1 

4 

4 

5 

2 

6 

12 

7 

2 

3 

14 

10 

1 

1 

2 

1 

6.86 

12.45 

17.45 

13.27 

21.64 

6.42 

22.38 



Table 36. Frequency distribution and standard deviations (S.D.) for sedimentation volume for the parents and F3 generations grown 
under greenhouse conditions, Corvallis, 1995. 

Sedimentation Volume (ml) 

4.0 4.6 5.1 5.5 6.1 6.6 7.1 7.6 S.D. 
4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 

Generation Number of plants per class 

Karl 1 4 4 6 0.43 

Dalcahue-INIA 1 9 5 0.32 

F3 (Karl x Dalcahue) 4 5 9 17 4 1 2 1 0.62 

Kona-INIA 3 5 5 2 0.47 

F3 (Karl x Kona) 2 12 11 11 4 2 2 0.58 

Temu-INIA 6 6 3 0.30 

F3 (Karl x Temu) 5 14 5 9 1 1 0.72 



Table 37. Frequency distribution and standard deviations (S.D.) for grain protein for the parents and F3 generations grown under 
greenhouse conditions, Corvallis, 1995. 

Grain Protein (%) 

14.0 
14.9 

15.0 
15.9 

16.0 
16.9 

17.0 
17.9 

18.0 
18.9 

19.0 
19.9 

20.0 
20.9 

21.0 
21.9 

S.D. 

Generation Number of plants per class 

Karl 

Dalcahue-INIA 

F3 (Karl x Dalcahue) 

Kona-INIA 

F3 (Karl x Kona) 

Temu-INIA 

F3 (Karl x Temu) 

4 

6 

3 

3 

8 

6 

5 

7 

9 

3 

3 

11 

3 

5 

5 

12 

6 

10 

9 

10 

6 

7 

8 

6 

6 

11 

3 

2 

10 2 

0.66 

0.70 

1.56 

0.67 

1.70 

0.64 

1.37 



Table 38.	 Frequency distribution and standard deviations (S.D.) for yield per plant for the parents and F3 generations grown under 
greenhouse conditions, Corvallis, 1995. 

Yield per Plant (g) 

4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0 22.0 S.D. 

Generation Number of plants per class 

Karl 5 6 4 1.67 

Dalcahue-INIA 1 9 1 1 2 1 2.92 

F3 (Karl x Dalcahue) 1 1 3 10 8 7 9 2 3.16 

Kona-INIA 1 3 1 7 3 2.54 

F3 (Karl x Kona) 1 5 4 4 14 8 4 3 2 3.26 

Temu-INIA 1 1 6 4 3 2.38 

F3 (Karl x Temu) 1 2 3 6 9 6 4 5 6 3.80 
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a high number of transgressive segregates were found for grain hardness and grain protein, 

while, no trangressive segregation were found for kernel weight, sedimentation volume, and 

grain yield. F3 plants that exceeded the best parent in the cross Karl x Temu-INIA were 

found for grain hardness and yield per plant, and lower than the best parent for grain protein. 

No transgressive segregation was observed for high sedimentation volume in cross Karl x 

Temu-INIA and in cross Karl x Kona-INIA. Also, a similar situation was found for high kernel 

weight in all three crosses. 

Simple correlation coefficients between traits are shown in Table 39. Significant 

correlations were found between traits in all crosses, however, most of these associations 

were low. A positive correlation between grain protein and grain hardness was detected 

in all populations. For the cross Karl x Temu-INIA, significant correlations were detected 

among yield per plant and kernel weight (positive) and grain protein (negative). Also, a 

positive association was detected between grain protein and grain hardness in cross Karl x 

Kona-INIA. In general low "r"-values were observed for most traits. 

Electrophoretic banding pattern of F4 seed from each cross are shown in Table 40. 

From cross Karl x Kona-INIA, F4 seed containing the allele 1 on A genome, and alleles 7+8 

in B genome, showed the highest values of grain protein content and grain hardness in 

contrast to those plants from the same cross that carried the allele 2* in A genome, but the 

same alleles in B genome. F4 seed that contained alleles 1 and 7+8 in A and B genome, 

respectively, were higher than both parents in grain protein content and grain hardness. 

While, seeds F4 with alleles 2* and 7+8 were superior only to the Chilean parent in both 

traits. When Karl was crossed with Dalcahue-INIA, F3 plants with different alleles were 

classified only for the B genome. Those F4 seeds from these plants that contained the 

alleles 7+8 showed the higher grain protein values than those that contained alleles 13+16. 

No differences were detected for grain hardness and sedimentation volume. Those F4 seed 



Table 39.	 Correlation coefficients between traits within F3 populations generated from three crosses grown under greenhouse 
conditions in Corvallis, Oregon (1994-95). 

Correlation Coefficients
 

Variable 1 Yield per Plant Grain Protein Grain Hardness
 

Variable 2 Kernel Grain Sediment. Grain Kernel Grain Sediment. Kernel Sediment. 

Generation 
Weight Hardness Volume Protein Weight Hardness Volume Weight Volume 

Karl x Dalcahue-INIA 0.24 0.39* -0.12* -0.26 0.25 0.32* -0.17 0.08 - 0.03 

Karl x Kona-INIA 0.06 0.26* 0.32* -0.30* 0.25 0.51** -0.42** 0.01 0.14 

Karl x Temu-INIA 0.37" 0.17 0.03 -0.55** -0.27* 0.32** 0.06 0.05 0.22 

Overall 0.23** 0.11 0.03 -0.43** 0.04 0.44** -0.08 0.09 0.20* 

*," Significant at the 0.05 and 0.01 probability levels, respectively. (N=60). 



Table 40. Characterization of the parents and F4 seeds per cross for grain protein content, grain hardness, and sedimentation 
volume grown under greenhouse conditions (Corvallis, 1995). 

Cultivar / Grain protein Grain hardness Sedimentation HMW glutenin 
Cross (%) (NIR Score) volume (ml) AA BB DD 

Karl 17.10 b* 70.00 h 7.50 I 1 7+8 5+10 

Kona-INIA 15.40 de 60.33 hi 5.55 m 2* 7+8 5+10 

Karl x Kona 1 19.10 a 84.40 fg 5.50 mn 1 7+8 5+10 

Karl x Kona 2 15.90 bcd 66.67 gh 5.40 mn 2* 7+8 5+10 

Dalcahue-INIA 15.43 cde 92.83 f 5.10 mn 1 13+16 5+10 

Karl x Dalcahue 1 19.50 a 89.95 f 5.20 mn 1 7+8 5+10 

Karl x Dalcahue 2 17.17 b 86.52 fg 5.11 mn 1 13+16 5+10 

Temu-INIA 15.07 e 42.67 jk 3.50 q 2* 7 5+10 

Karl x Temu 1 16.80 be 33.11 k 5.04 no 1 7+8 5+10 

Karl x Temu 2 16.86 b 41.07 jk 3.90 p 1 7 5+10 

Karl x Temu 3 16.61 bcd 54.80 ij 5.44 mn 2* 7+8 5+10 

Karl x Temu 4 17.09 b 50.30 ijk 4.77 o 2* 7 5+10 

* Treatment means with the same letter are not significantly different at the 0.05 probability level. 

1121314 Contain different alleles in A or B genome. 
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that had the alleles 1 and 7+8 were higher in grain protein than both parents. F4 seeds 

derived from the cross Karl x Temu-INIA showed different patterns according to the alleles 

involved. Values of sedimentation volume were lower in seed that carried allele 7 than other 

F4 seed without that allele. A similar situation was found for grain hardness. For this cross, 

the highest values in F4 seed for all traits measured were when allele 2* and 7+8 were 

present in both genomes. All parents contained alleles 5+10 from the D genome. 

To capture the essence of relationships between these specific traits and the alleles 

in each genome, a regression analysis, using indicator variables was done (Appendix Table 

13). The presence of the allele 2* in A genome for grain hardness had a negative effect in 

cross Karl x Kona-INIA (p<0.05). For cross Karl x Temu-INIA, the evidence suggested that 

there is a direct effect of alleles 7+8 in the B genome for sedimentation volume (p<0.001). 

Grain protein in cross Karl x Dalcahue-INIA was associated with allele 7+8 in B genome 

(p<0.01). 

The values from progenies that contained the alleles 7+8 were larger than those that 

contained the allele 7 in B genome for sedimentation volume (95% confidence interval: 1.75 

to 2.14 ml), in cross Karl x Temu-INIA. More protein in the grain was found in F4 seed that 

had the allele 7+8 in the A genome, than those with alleles 13+16 (95% confidence interval: 

0.36 to 3.33), in cross Karl x Dalcahue-INIA (Figure 1 to 3, respectively). 
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Figure 1. Frequency of distribution of grain hardness values measured on individual F4 
seed from Karl x Kona-INIA that carried different alleles in genome AA, grown 
under greenhouse conditions. Corvallis, Oregon, 1996. 
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Figure 2.	 Frequency of distribution of sedimentation volume values measured on 
individual F4 seed from Karl x Temu-INIA that carried different alleles in BB 
genome, growing under greenhouse conditions. Corvallis, Oregon, 1996. 
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Frequency distribution of grain protein content values measured on individual 
F4 seed from Karl x Dalcahue-INIA that carried different alleles on genome 
BB, growing under greenhouse conditions. Corvallis, Oregon, 1996. 
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5. DISCUSSION
 

A complete evaluation of the quality characteristics of a breeding line can only be 

achieved when near homogeneity is attained and environmental effects are estimated. 

Nevertheless, breeders can capitalize on various tests performed on limited amounts of seed 

to screen early segregating progeny for promising quality attributes. Consequently, the 

probability of producing good quality advanced lines can be maximized, making breeding 

programs more efficient. 

The country of Chile has supplied most of its own wheat needs and has been a 

significant exporter in the past. However, severe problems have been encountered by 

millers and bakers as a result of wheat cultivars that are inconsistent, resulting in 

unacceptable quality. This is why many Chilean millers would prefer to grind imported wheat 

to be used in blends with domestic wheats to achieve desired quality. 

Chilean people have long appreciated good bread, thus local millers have been 

careful to supply the bakers with flour that meets their specifications. While Chilean bakers 

attach some importance to flour color, more attention is paid to dough strength and protein 

percentage, which more directly affect the quality of French bread. This type of bread 

accounts for approximately 55% of flour usage in the country. 

The main objective of this investigation was to determine if Great Plains cultivars with 

good pan bread quality, when crossed to adapted Chilean cultivars, could enhance the 

genetic variability for quality traits, thus providing an opportunity to improve French bread. 

To evaluate this potential opportunity, three experiments were conducted. The first was to 

determine how these two diverse gene pools responded in term of specific quality and 

agronomic traits when grown in a common environment. Secondly, to determine the nature 

of inheritance and possible association within and between quality and agronomic traits when 
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these two genes pools were integrated. Lastly, information was obtained to identify and 

evaluate the effect of the high molecular weight glutenin protein subunits as to their influence 

on quality traits. The latter study also considered the possible genotype x environment 

interactions of the traits measured. 

5.1 Selection and Evaluation of Germplasm Grown in Corvallis, Oregon 

To achieve high yield and desirable quality properties for French bread, there must 

be adequate usable genetic variability. Genetic variability can be created by crossing diverse 

cultivars within specific gene pools or between different gene pools. In this study, 

introgressing germplasm from Chile with Kansas material was employed to evaluate the 

possibility of enhancing usable genetic variability for traits associated with important quality 

traits. 

Five cultivars selected for this study represented two diverse sources of genetic 

materials differing in growth habit, agronomic, and quality traits. The parental material 

consisted of two cultivars from Kansas State University and three cultivars from Chile. 

Kansas material was selected based on their good pan bread making quality, while the 

Chilean cultivars were selected for superior agronomic characteristics when grown in Chile 

and currently are used for French bread. 

Dalcahue-INIA, Kona-INIA, and Temu-INIA are spring, winter, and facultative wheat 

cultivars, respectively, that are currently being grown in southern Chile (37° south latitude), 

an environment similar to western Oregon. Karl is a winter wheat cultivar grown in the Great 

Plains of the United States, and RS-4 is an advanced line with quality and agronomic traits 

similar to Karl. Based on the analysis of variance and differences between cultivar means 

for agronomic traits, genetic differences did exist for heading date, physiological maturity, 
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plant height, kernel weight, and grain yield, but not for grain filling period and harvest index. 

In general, Chilean materials were later in maturity and yielded more than Kansas cultivars. 

For bread quality, genetic differences were observed for kernel hardness, sedimentation 

volume, and grain protein. For these traits, Kansas materials were superior to Chilean 

cultivars. Even though genetic differences did exist for most traits, the coefficient of variation 

(C.V.) values for kernel hardness, harvest index, and grain yield suggested that considerable 

non-genetic variation exists. For grain hardness, these findings are in agreement with the 

work of Sampson et al. (1983), where similar C.V. values for grain hardness using NIR 

spectroscopy were reported in spring wheat cultivars. According to Albahouh (1992), there 

are several possible sources contributing to non-genetic variation for kernel hardness. The 

precision and repeatability of NIR spectroscopy may not have been adequate, or the Udy 

Cyclone mill may also have contributed to this variation. The high C.V. observed for harvest 

index and grain yield were expected, as such traits are often subject to large environmental 

influences. 

The main differences observed between the two gene pools were: (i) days to 

maturity, (ii) sedimentation volume, (iii) grain protein, and (iv) grain yield. The three Chilean 

cultivars had the highest grain yield. Considering that western Oregon and the Southern 

Chile environment are similar in terms of temperatures and moisture, the Chilean cultivars 

were able to express their potential for agronomic traits, especially for kernel weight and 

grain yield. 

Nevertheless, at Corvallis, some stresses were observed during the growing season 

including caused by low winter temperatures, high precipitation in the fall, limited spring 

moisture, and "take all", (Gaeumannomyces graminis var tritici), a fungicidal disease, which 

was present during the physiological maturity and grain filling period. The latter condition 

influenced plant development and grain yield, especially in Chilean cultivars, by hastening 
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maturity, and could have been the reason that no differences were observed for grain filling 

period and harvest index. 

Results obtained in this study indicate that there were positive associations, even 

though somewhat low, between kernel hardness and protein content, and sedimentation 

volume with protein content. A negative association was found between sedimentation 

volume and kernel weight, and between grain yield with sedimentation volume and with grain 

protein. Since these relationships were low, direct selection for any of these traits should not 

greatly influence breeding progress in other traits. 

5.2 Nature of Inheritance of Successive Generations Obtained by Crossing Selected 
Cultivars. 

Since RS-4 and Karl were found to be similar in quality and for most agronomic traits, 

only those crosses where Karl were employed. From these crosses, it appears that useable 

genetic variability can be enhanced for many of the traits studied. To take advantage of this 

variability, the question is if a particular trait is qualitatively or quantitatively inherited and, if 

the latter, the nature of the gene action involved. 

For self-pollinated species such as wheat, the breeder can only utilize that portion 

of the total genetic variability that responds in an additive manner. This information also 

determines if selection can be effective in early generations when non-additive gene action 

is still present and it is not possible to use replications to estimate environmental variation. 

Results from this study for the populations employed suggested that substantial 

genetic variability existed and was quantitative in nature, justifying a further analysis of the 

type of gene action controlling the expression of each trait. In general, greater genetic 

variation was observed for grain hardness and grain yield in all three crosses, and less for 

sedimentation volume and grain protein. 
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Differences among Fl, F2, and backcrosses generations were observed for the 

selected traits in all crosses, except for grain protein in cross Karl x Temu-INIA. The C.V.'s 

were low for most traits. However, the high C.V.-value for grain hardness in all crosses 

suggests that non-genetic variation exists as well. The high C.V. for sedimentation volume 

in the cross Karl x Temu-INIA may have result from sampling error in preparing the samples 

for analysis, including the size of sample, and/or the amount of the SDS solution. The high 

C.V. observed for yield per plant in all crosses was expected, as that trait is often subject to 

large environmental influences. Kernel hardness in cross Karl x Kona-INIA and Karl x Temu-

INIA may also fall in to this category as well, since similar magnitudes of environmental 

variation were noted for this trait. As expected backcrosses to either parent shifted the 

population toward the recurrent parent, except for grain yield when Karl was the recurrent 

parent and the values shifted to the high yielding Chilean parents. 

5.2.1 Nature of Gene Action 

Since breeders of self-pollinating species are confined to the additive portion of the 

total genetic variability, estimates of narrow sense heritability are useful criteria in the 

selection of individual plants. 

In this study the large environmental variation influencing all traits and the continuous 

distribution of the plants in segregating populations made it impossible to classify plants into 

discrete classes, suggesting a quantitative mode of inheritance influencing the expression 

of these traits. 

The mean kernel weight of the F1 population was superior in all three crosses to both 

parents, indicating that non-additive gene action was involved. With respect to F2, the mean 

value for all crosses was significantly lower than the Fl, but similar to the best parent. This 

further supports non-additive gene action, as with selfing inbreeding depression occurred. 
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Also, the low narrow sense heritability estimates and the low expectation of genetic advance 

under selection further suggested the lack of additive gene action. This finding is in 

agreement with those of Ammar (1990). He observed mainly non-additive gene action 

controlling the expression of kernel weight in a population studied of Durum wheat. Similar 

results were reported by Johnson et al. (1969), Sayed (1978) and by Schmidt et al. (1978) 

in hard red winter wheat. 

Dominance effects were also observed for protein content and grain yield. The 

cultivar Karl and crosses involving Karl expressed high protein, except when Karl was 

crossed with Temu-INIA and no difference was observed. For the other two crosses, mean 

values of grain protein content for the different generations showed a consistent pattern. 

The mean grain protein content of the F1 population was similar to the lower parent in the 

cross Karl x Dalcahue-INIA and Kari x Kona-INIA, indicating dominance for low protein. The 

low protein of the F1 populations may be associated with the heterotic effect for plant yield 

as this generation had plant yields higher that the high yielding parent. This dominance 

relationship is supported by the low values detected for narrow sense heritability estimates, 

indicating that only a small portion of the genetic variance for grain protein content was of 

the additive nature. These results agrees with the finding of Sunderman et al. (1965), 

Johnson et al. (1969) and Costa (1989). They found moderate-to-low narrow heritability 

estimates for protein content, and concluded that only half or less of the genetic variance for 

grain protein was of the additive nature. In contrast, Stuber et al. (1962) and Schumaker 

(1980) found mainly additive gene action. On the other hand, the F2 mean values for these 

crosses were not significantly different from that of the F1 and low grain protein content 

parent. This would suggest that environment did not play a major rule in influencing protein 

content in these populations, as supported by the low C.V. calculated for protein content. 

In contrast, Schumaker (1980) concluded that protein was greatly influenced by the 
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environment, as was evidenced by the mean of the F1 in relation to the F and parental 

population, and the high CV value observed. In the present study, differences in the genetic 

variance in the F2 were not striking and no conclusion could be safely drawn as to which 

cross generated the maximum genetic variability for protein content. This could be explained 

by the fact that the parental cultivars were relatively similar in protein content, and that the 

environmental variation masked possible genetic differences. Contrasting conclusions have 

been reported regarding the genetic nature of grain protein content. Partial dominance for 

low protein was noted by Lebsock et al. (1964), Chapman and McNeal (1970), Diehl et al. 

(1978), Halloran (1981) and Sampson et al. (1983). Mandloi et al. (1974) and Corpuz et al. 

(1983) observed dominance for high grain protein content. Brock and Langdrige (1975) 

reported that protein content was under multigenic control and found narrow sense 

heritability estimate over 0.70 in the F2 population of intervarietal crosses. 

In all three crosses, parents from Chile yielded more than Karl. The mean yield per 

plant of the F1 was similar to that of the mean of the Chilean parent, indicating dominance 

for this trait, except for the cross Karl x Temu-INIA where the F1 was superior to both 

parents. The F2 mean values for all the crosses was not significantly different from that of 

Fl, suggesting that there was a greater environmental variation influence on the F2, as one 

would have anticipated some inbreeding depression. Similar findings with respect to 

dominance effects for grain yield in hard red wheat were found by Quick (1978) and Schmidt 

et al. (1978). In contrast, Ammar (1990) suggested a moderate predominance of additive 

gene action in the control of grain yield. 

For kernel hardness and sedimentation volume, the nature of gene action was 

different. In this study, the Chilean parents were selected based on their extreme values for 

softness (Temu-INIA), and hardness (Dalcahue-INIA), with the Kansas material being hard. 

Differences among generations for grain hardness were noted in all three crosses. Based 
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on the analysis of variance and differences among population means, genetic differences did 

exist for kernel hardness. However, the high C.V. and the wide dispersion of samples, as 

noted in the frequency distribution within the parents and F1 generation, suggest that 

considerable non-genetic variation existed as well. Generations involving Karl and Dalcahue-

INIA expressed the higher values of grain hardness, and differed from other parents and 

generations. The mean values for grain hardness content of the F1 populations were similar 

to the lower parent in Karl x Dalcahue-INIA and Karl x Kona-INIA, indicating dominance for 

low kernel hardness. In the cross Karl x Temu-INIA, the latter being the softest cultivar, the 

F1 mean value was intermediate between both parents, suggesting that the genes were 

additive in their action. This result is supported by the high narrow sense heritability 

estimates detected in this cross, indicating that an important amount of the genetic variation 

for this trait in this particular cross was of additive nature. This agrees with findings of Symes 

(1965,1969) and Schumaker (1980). They observed that kernel hardness appears to be 

influenced by a number of genes which reflected an additive type of gene action. Yamazaki 

and Donelson (1983), Lukow et al. (1989), and Anjum and Walker (1991) also pointed out 

that hardness is controlled by one, or perhaps two, major genes and one or more minor 

genes. 

For sedimentation volume, differences among generations in all three crosses were 

also observed. Parents, Fl, and F2 generations differed significantly for this trait. The mean 

values in F1 and F2 populations were close to the midparent value in all three crosses, 

suggesting that this parameter in these populations is controlled mainly by genes functioning 

in an additive manner. The F2 progenies of the three crosses showed continuous variation 

in sedimentation volume, suggesting a quantitative explanation for the inheritance pattern. 

It would appear possible, based on these results, to effectively select for progeny with the 

desired gluten strength in early generations. Because of its effectiveness in weeding out 



98 

weak gluten types from breeding populations, this test would allow breeders to work within 

a gene pool with acceptable gluten strength. These results are in agreement with those of 

Dexter and Matsuo (1980), Dick and Quick (1983), and Ammar (1990), where they suggested 

that the SDS sedimentation test could be adopted to efficiently screen early generation 

material for gluten strength. 

5.2.2 Transgressive Segregation and Selection 

Individual F2 progeny did exceed both parents in some traits, suggested that 

transgressive segregation was involved. However, the large environmental influences 

observed for most traits may have complicated these results. The F2 progenies of the three 

crosses showed a skewed variation for high kernel weight. As shown by the frequency 

distributions, transgressive segregants (performance of the F2 plants that exceeds the best 

parent), for kernel weight was also observed in the F2 populations of the three crosses. 

Unfortunately, environmental effects on the parents and progenies, and residual non-additive 

gene action, may have contributed to the frequencies of F2 plant exceeding the best parent 

for kernel weight. The fact that kernel weight is largely controlled by non-additive gene action 

influenced by the environment as well as other yield components (Quick, 1978 and Joppa 

and Williams, 1988) may explain the skewed distribution favoring higher kernel weight. From 

these results we can conclude that, due to a large environmental influence plus what 

appears to be non-additive genetic variance, it may be necessary to delay selection for kernel 

weight in these populations until later generations (F3 or F4). 

Also, for protein content and grain yield, large environmental influence and non-

additive gene action were observed in all three crosses. As shown by the frequency 

distribution, it appears that transgressive segregation of grain protein content was observed 

in the F2 populations in all three crosses. Unfortunately, because the expression of protein 
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content is largely affected by the environment, a reliable identification of the high protein 

segregants in early generations, when the environmental effect cannot be assessed, is not 

possible. For this reason the high frequency of F2 plants exceeding the best parent in protein 

content should be considered with caution when making inferences concerning potential 

transgressive segregation. The latter is likely to be confounded with non-additive type action 

and with environmental effects. 

A similar situation was observed for grain yield. The F2 progenies of the three 

crosses showed continuous variation, where the distribution did not reflect a clear pattern, 

but did appear to favor the high-yielding parent. As shown by the frequency distributions, 

transgressive segregation for yield per plant was observed in the F2 populations in the three 

crosses. As superior segregants were observed in populations of all three crosses, there 

appeared to be adequate genetic variability for improvement of grain yield. However, due 

to the quantitative inheritance of grain yield, the large environmental variation, and the 

dominant gene action involved, realistic data regarding which segregants were genetically 

superior would have to be delayed until the F5 or F generation. At this time, genetic 

homogeneity is reached and replicated trials can be established to evaluate the 

environmental influence. 

With respect to grain hardness, in the cross Karl x Temu-INIA the distribution of the 

F2 progenies tended to be more similar to the low hardness level. For cross Karl x Dalcahue-

INIA and Karl x Kona-INIA, the distribution was skewed to high and low values, respectively. 

In this particular case, based on the F2 distribution for cross Karl x Dalcahue-INIA and Karl 

x Kona-INIA, it appears that hard and soft kernel texture is dominant, depending on the cross 

involved. As shown by the frequency distributions, transgressive segregants of grain 

hardness was observed, for both soft and hard kernel types, in all three crosses. This 

indicates that effective selection for high and low grain hardness could be made within each 
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cross. Nevertheless, intermediate F1 and F2 mean values, the high narrow sense heritability 

estimate, and the ease of recovering parental types in the backcross suggest that 

generation in the cross Karl x Temu-INIA, selection for this trait can be done in early 

generation (F2, F3). Also, it appears that this cross could be the most promising to selection 

for this trait as reflected by it high predicted genetic gains that was found. For the other two 

crosses, even though moderate to high narrow sense estimates were detected, it seems that 

non-additive gene action appears to account for much of the variation found for grain texture. 

Consequently, selection among progeny of these two crosses will be more effective in 

subsequent generations when non-additive gene action is reduced (F4, F5). 

Low transgressive segregation for sedimentation volume was observed in the F2 

population of the cross Karl x Dalcahue-INIA and Karl x Kona-INIA, while no transgressive 

segregation was noted in the cross Karl x Temu-INIA. Because non-additive type gene 

action was limited for gluten strength in these populations, and this trait is not strongly 

affected by the environment, the frequency of samples exhibiting a higher sedimentation 

volume than the best parent can be seen as an indication of transgressive segregation. The 

data suggest that for the cross Karl x Temu-INIA, the intermediate F1 and F2 mean value, the 

magnitude of the narrow sense heritability estimate, and the potential genetic gains 

observed, substantial progress from selection for the desired gluten strength for enhanced 

French bread can be made. Karl is a cultivar with high pan bread quality, reflected in a high 

sedimentation volume values, and no transgressive segregation were detected in this cross. 

Nevertheless, the possibility to select progenies with adequate sedimentation volume values 

for French bread is high. 
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5.2.3 Associations 

Particular attention should be given to the positive associations between grain 

protein and sedimentation value that were found in all crosses. These were the only two 

traits where a association justify the use of direct selection for both traits. The presence of 

a relationship between these two traits is further supported by the fact that the parental lines 

under the environmental conditions of this study, resulted in a broad range of protein (14.5% 

to 21.5%). F2 populations in all three crosses produced plants that also varied in their 

sedimentation volumes. Similar findings have been reported by Preston et al. (1982). They 

found a high association between protein content and sedimentation volume in samples sets 

with the lowest average of protein content. Nevertheless, they concluded that the fairly low 

association suggested that the SDS sedimentation volume test was, in large part, measuring 

protein quality rather than differences in protein content. Lorenzo (1985), reported that 

sedimentation volume values were found to be highly influenced by variations in protein 

content. He found that, when protein contents were low ( below 13%), an increase in protein 

content resulted in an increase in SDSS, but at higher protein level (above 14%), SDSS 

values were negatively associated with the concentration of protein in the grain. 

Grain yield was weakly associated with grain protein content, as measured by the 

phenotypic correlation coefficients in the crosses. Thus, simultaneous selection for high 

grain protein content and high grain yield should be possible in these populations. This is 

particularly true for the cross Karl x Kona-INIA, where moderate and positive "r" values were 

found between these traits. Halloran (1981), found that grain protein content and grain yield 

were not associated in randomly derived F4 lines. Also, Hazar (1982), when studying winter 

x winter and winter x spring wheat crosses involving F3 and F4 generations in western 

Oregon, concluded that it is possible to obtain high yielding and high protein progeny. 
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5.2.4 General Statement 

For all traits and for each cross analyzed in this study, it seem to be that progenies 

derived from cross Karl x Temu-INIA seem to be more related to the profile for French bread 

described by Tweed (1983), Salovaara (1986), Pena (1992), Martin (1995), and Siebel 

(1995), than the other crosses. This profile considers intermediate values for sedimentation 

volume (4.0 to 6.0 ml), protein content (11.0 to 13.0%), and kernel hardness (45.0 to 60.0 

NIR Score) compared with those for pan bread quality . 

Advances in grain hardness and sedimentation volume can be done in these 

progenies. Even though no transgressive segregants were detected for the latter trait, the 

performance of the F2 progeny suggest the feasibility of selecting plants with acceptable 

values for French bread. Also, it should be possible to select for kernel hardness and 

sedimentation volume in early generations due to the additive nature of the gene action 

involve. In term of yield, the cross Karl x Temu-INIA also showed segregants that performed 

better than the parents. Since no association between grain yield and protein content was 

found, simultaneous selection for increased grain yield and grain protein should be possible 

in this population as well. 

5.3 Potential Influences of HMW Glutenin Subunits 

Differences in bread-making potential among cultivars can in part be explained by 

differences in protein quantity and quality. Both factors can vary widely among wheat 

cultivars. The HMW glutenin constitutes a small fraction of the total storage proteins 

contained in wheat, however, differences in HMW glutenin composition among common 

wheat cultivars is known to have a profound effect on their bread making properties (Shapiro 

et al., 1967; Shewry et al., 1992). 
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Different among subunits were found for the A and B genomes in all of the cultivars, 

but not for the D genome where subunits 5+10 were identical in the parents. The cultivar 

Karl and Kona-INIA contain the alleles 1 or 2* and 7+8 from the A and B genome, 

respectively. These alleles are correlated with pan bread baking quality (Payne et al. 1981, 

Pena 1994). In the cross Karl x Kona-INIA, the F3 progeny that contain the allele 1 instead 

of the allele 2* in genome A was superior in grain protein and kernel hardness, however, no 

difference was observed for sedimentation volume. When Karl was crossed to Dalcahue-

INIA, the alleles 7+8 in B genome of the F3 progeny were superior to alleles 13+16 for 

Dalcahue-INIA for grain protein and grain hardness, with no difference observed for 

sedimentation volume. Low values obtained for all studied quality traits were associated with 

the allele 7 in genome B, especially for sedimentation volume in the cross Karl x Temu-INIA. 

Thus, for these particular crosses, allele 2* and 7+8 were associated with medium grain 

hardness and medium sedimentation volume values, while F3 progeny with alleles 1 and 

13+16 had higher protein content and grain hardness values. Taking in to account the profile 

for the quality traits described before, it seems that the best combination for French bread 

is when the alleles 2* and 7+8 are present. These observations are in agreement with the 

findings of Shewry et al. (1992), Pena (1994), Martin (1995), and Siebel (1995). They 

reported that for French bread elaboration, allele 2* and 7+8 give the best results. 

When the relative importance of individual subunits was evaluated, subunit 1 was 

superior to subunit 2* for grain hardness in cross Karl x Kona-INIA. Subunits 7+8 proved 

better than bands 13+16 and 7 from the B genome, in crosses Karl x Dalcahue-INIA and Karl 

x Temu-INIA for protein content and sedimentation volume, respectively. These results are 

in agreement with those reported by Lorenzo (1985). He found that bands 1 and 7+8 were 

superior to bands 2* and 17+18 to predict pan bread quality using sedimentation volume 

values as a measurement of loaf volume. 
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The work described in this section suggests that some combinations of the HMW 

glutenin subunits might be more effective than others in conferring good protein quality flour 

for French bread. Because the expression of protein quantity is controlled by a complex 

polygenic system with genes distributed in all chromosomes (Stuber et al., 1962), and is 

largely affected by the environment (Paine et al., 1981), a reliable identification of the high 

protein segregants in early generations is not efficient. However, through new techniques 

like electrophoresis, desirable HMW glutenin subunits combinations that have an important 

role in determining bread making quality in wheat can now be identified in early generations. 

This technique offers several advantages: i) it is simple to perform, ii) interpretation of results 

is independent of the environment, iii) the genotypes are readily obtained and plants for 

specific bands can be easily distinguished, iv) the amount of sample required is less than 

for other methods for testing gluten strength, v) it is a non-destructive method, and vi) 

desired parents and subsequent progeny can be easily identified. 

5.4 Agronomic and Quality Traits in F3 Generation 

Concerns regarding possible genotype x environmental interactions under field 

conditions prompted a study to be conducted under greenhouse conditions. 

Significant differences using the same parental combinations were found among the 

parents and F3 generations for kernel weight in all three crosses. The F3 mean generation 

performed below the mean value of the parents, and there were no significant differences 

among the F3 generations. Distributions for this trait tended to favor the parent with high 

kernel weight, especially from cross Karl x Kona-INIA and Karl x Temu-INIA. No 

transgressive segregants were observed for high kernel weight in the three crosses. The 

data suggest that non-additive gene action is still important, thus selection for high kernel 
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weight in the populations studied should be delayed to later generations, as one half on the 

non-additive gene action will be lost with each selfing generation. The best cross for this trait 

would be Karl x Dalcahue-INIA, but only 12% of the F3 showed values similar to the best 

parent (Dalcahue-I N IA). 

Based on the analyze of variance and differences between population means, genetic 

differences did exist for kernel hardness. However, the high C.V.-values and the wide 

dispersion of samples, including parents, suggest that considerable non-genetic variation 

exists. 

Based on the F 3 distributions, it appears that grains are harder in progeny of crosses 

Karl x Dalcahue-INIA and Karl x Kona-INIA, where many plants performed above the hardest 

parent Karl, while, for the cross Karl x Temu-INIA, 14% of the progeny in the F3 performed 

above Karl. Unfortunately, with non-genetic variation, it may be necessary to delay selection 

until later generations (F4 or F5). 

Most of the parents differed significantly in sedimentation volume, and the F3 means 

were close to the low parent value, except for cross Karl x Temu-INIA where the F3 tended 

to be near the midparent value. The F3 distribution favored the low sedimentation parent 

(Chilean parents), the range observed for each cross was not more than 8 ml., and no less 

than 3.9 ml. No transgressive segregants were observed for high sedimentation volume in 

cross Karl x Kona-INIA and Karl x Temu-INIA. Only one F3 plant was able to perform similar 

to the best parent (Karl) in cross Karl x Dalcahue-INIA. Additive gene action was observed 

for the cross Karl x Temu-INIA, while mainly non-additive genetic effects were observed for 

the crosses Karl x Dalcahue-INIA and Karl x Kona-INIA. Also, because of the high 

sedimentation volume values displayed by Karl, few or no transgressive segregants were 

observed for the three crosses. 
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Karl, the source of high grain protein, and the F3 mean values for all crosses 

expressed high grain protein under greenhouse conditions. Differences were significant with 

respect to the Chilean materials, with the values in general being higher than those obtained 

in the field condition. For the cross Karl x Dalcahue-INIA and Karl x Temu-INIA, the F3 

distribution ranged from 14.9 to 20.5% and 14.1% to 19.5%, respectively. For the other 

cross (Karl x Kona-INIA), the distribution ranged from 16.3 to 21.5%. Progenies that 

performed beyond both parents were observed for grain protein content for the F3 

populations in the three crosses, suggesting that selection for either high or low protein 

levels may be made. However, since this trait is quantitatively inherited, it would necessary 

to delay selection until later generations. One major difference between the greenhouse and 

field trails was the large negative association between protein content and grain yield in the 

greenhouse. 

The largest variation for grain yield was observed in the cross Karl x Temu-INIA 

where many of the F3 progeny exceeded the yield of the best parent (Temu-INIA). Superior 

segregants were observed only in this cross. Whereas transgressive segregants was not 

observed above the high-yielding parent in some of these crosses, segregates from Karl x 

Temu-INIA were superior to those in Karl x Dalcahue-INIA and Karl x Kona-INIA. Therefore, 

in these populations, there appeared to be adequate genetic variability for improvement of 

grain yield. However, due to the quantitative inheritance of this trait, realistic selection would 

have to be delayed until the F5 or F6 generation. 

As previously noted, grain protein content was negatively correlated with yield per 

plant. This was especially true when the data were analyzed for the cross Karl x Temu-INIA. 

It is known that the association between protein content and yield per plant under controlled 

conditions shows a strong negative association (Davis et al., 1961; and Loffler et al., 1985). 

Therefore, direct selection for grain protein content may tend to reduce yield. Falconer 



107 

(1960) postulated that indirect selection could be used in these situations by selecting for a 

related trait of high heritability associated with grain protein and grain yield. Unfortunately, 

neither kernel weight nor sedimentation volume showed enough association to make indirect 

selection effective to improve protein content without sacrificing yield. The exception could 

be grain hardness where a positive association was detected with grain protein in the three 

crosses. A small positive association between grain hardness with grain yield was also 

observed in Karl x Dalcahue-INIA and Karl x Kona-INIA populations. 

In summary, kernel weight, kernel hardness, protein content, and grain yield were 

found to be quantitatively inherited. This, plus the large environmental influences, requires 

that selection be delayed until F5 or F6 generations when the non-additive gene action has 

been reduced and estimates of the environmental influences obtained. The one exception 

was sedimentation volume where the major type of gene action was additive with less 

environmental variation. The great environmental influence was further demostrated by the 

population x environment interaction observed between the field and in the greenhouse for 

grain yield and protein content. By delaying selection for kernel weight, protein content, and 

grain yield to the F5 or F6 , near homogeneity is obtained and replicated trials can be 

established to evaluate the environmental influence. Also, the environmental effects and 

different population sizes when comparing the parents and F2 progenies, may have 

contributed to the apparent transgressive segregation observed. 

Since the quality profile for French bread does not require extreme values for the 

traits measured, it would appear that the desired improvement could be achieved as the 

result of the genetic variability created in the populations studied. The most obvious 

compromise will be between grain yield and protein content where negative associations 

were found both, in the field and greenhouse studies. 
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6. SUMMARY AND CONCLUSIONS
 

It was the objective of this investigation to determine the feasibility of combining 

Great Plains germplasm for pan bread quality with cultivars adapted to Chile to enhance 

French bread quality. Selected winter, spring, and facultative germplasm were evaluated as 

new sources of genetic variability for kernel weight, grain hardness, sedimentation volume, 

and quality and quantity of protein. 

To study the inheritance and associations of protein content, sedimentation volume 

(gluten strength), and kernel hardness, a good pan bread making quality wheat from Kansas 

(Karl) and selected wheats from Chile were hybridized. A portion of the F1 generation were 

then backcrossed to both parents. Parental lines, Fl, F2, and backcross populations were 

grown at Hyslop Agronomy Farm in Corvallis, Oregon, in 1994. The F3 progeny derived from 

F2 plants representing each cross were obtained using single seed descent in the 

greenhouse. 

In evaluating the potential of developing agronomically superior cultivars for French 

bread quality, the following experiments were conducted: 1) agronomic performance and 

quality parameters of selected wheat germplasm when grown in Oregon. 2) performance of 

sucessive generations obtained by crossing Karl with Chilean materials and identifying of the 

inheritance patterns influencing the milling and baking properties and selected agronomic 

traits, and 3) evaluating the F3 generation for kernel weight, grain hardness, sedimentation 

volume, grain protein, and grain yield under greenhouse conditions and determine the role 

of HMW glutenin subunits in potential French bread quality. 

To determine if significant differences existed for the traits measured, an analysis of 

variance was used. Fisher protected LSD was used to compare population mean values. 

Frequency distributions were prepared for each generation in Experiments 2 and Experiment 
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4 

3. Broad and narrow sense heritability estimate, and expected gain were calculated using
 

the methology proposed by Warner (1952) and Allard (1960). The possible associations
 

between the traits were determined.
 

From these studies the following conclusions were made:
 

1.	 Differences among cultivars were noted for most quality and agronomic traits studied 

when grown under the western Oregon environment. The exception were for grain 

filling period and harvest index. Chilean germplasm yielded significantly more than 

Kansas materials. The latter were superior in terms of sedimentation volume and 

protein content. 

2.	 Protein glutenin subunit 1 and 7+8 were found in Kansas wheats, and band subunits 

1, 2*, 7+8, 7, and 13+16 in Chilean germplasm. All cultivars had the 5+10 bands in 

common. 

3.	 Analysis of variance indicated that significant differences existed among generations 

for each cross for most traits analyzed, except grain protein content in the cross Karl 

x Temu-I NIA. 

Crossing gemplasm from Kansas and Chile does not appear to produce adverse 

effects for the traits measured in this study. A backcross to either parent shifted the 

resulting population distribution back to the recurrent parent for protein content, 

sedimentation volume, and grain hardness. 

5.	 Early generation selection for high kernel weight appears to be difficult, as it is largely 

under the control of non-additive type gene action and the influence of the 

environment. Selection for kernel weight for this germplasm should be delayed until 

later generations. 

6.	 Based on the intermediate F1 and F2 mean values, high narrow sense heritability 

estimates, and ease of recovering parental types in the backcrosses generation in 



110 

cross Karl x Temu-INIA, kernel hardness appears to be under the control of genes 

which respond in an additive manner. Thus, transgressive segregation in the F2 

generation for both kernel hardness and softness suggest that substantial progress 

from selection would be possible. However, because a high coefficient of variation 

was detected, selection for kernel texture must be delayed until later generations. 

For the other two crosses, this trait appears to be influenced by non-additive gene 

action, and selection also should be delayed. 

7.	 Significant differences were observed between the Chilean parents and Karl for 

sedimentation volume. F1 and F2 mean values indicate that the genes involved 

reflect mainly additive type action for gluten strength. Limited transgressive 

segregation was observed in the F2 for high sedimentation volume. This trait can be 

used to efficiently select for appropriate gluten for French type bread quality in early 

generations. 

8.	 The mean value of the F1 and F2 , and the low narrow sense heritability estimate 

suggest that genes influencing protein content and grain yield are mainly non-additive 

in their action. Thus it appears to be a difficult trait to select for in the early 

generations, especially when the environmental effects are not assessable. 

9.	 Grain protein was found to be positively associated with sedimentation volume as 

measured in the generation F2 in all three crosses, suggesting that simultaneous 

increases in grain protein content and sedimentation volume should be possible in 

these populations. 

10.	 Differences among parental lines and F3 population were noted for mean values for 

all studied traits under greenhouse conditions. Transgressive segregants were 

observed for grain hardness, grain protein, and grain yield, depending on the cross. 
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11. Grain yield and grain protein content appear to be negatively associated in the three 

crosses as measured in the F3 generation, suggesting that simultaneous increases 

in grain protein content and grain yield would not possible in these populations. 

13.	 Contribution of the different glutenin subunits was studied for grain hardness, 

sedimentation volume, and grain protein in the F3 generation. The 1 and 7+8 glutenin 

protein subunits in the A and B genome were always associated with higher 

sedimentation volume and higher grain protein content. 

13.	 Those individuals in F3 generation found to have the desired high molecular weight 

subunits in the A and B genome (2* and 7+8, respectively) can be planted with the 

resulting progeny assumed to have some desired quality for French bread according 

with the quality profile established by many authors. 

14.	 According to these results, crossing a good pan bread cultivar like Karl with a soft 

pan bread wheat like Temu-INIA should produce the desired genetic variability to 

improve French bread quality. 

15.	 The results obtained in the field and in the greenhouse for most traits suggest that 

environmental influence is important. Therefore, a further investigation based in later 

generations would be necessary to determine the effect and magnitude of non-

genetic factors on some traits. 
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Appendix Table 1. 

CULTIVAR 

Kona-INIA 

Dalcahue-INIA 

Temu-INIA 

Karl 

RS-4 

Pedigrees and description of the wheat cultivars used in the study. 

DESCRIPTION 

(Alba/Huenufen//Naofen). A winter wheat cultivar released by 
INIA-Chile. Good bread making quality properties. High yielding 
potential. 

(Temu 36-79/3/Kavkaz/Tanori 71//Tito "S"). A spring wheat 
cultivar released by INIA-Chile. High spike fertility, grain 
hardness, and very high yielding potential. 

(Kavkaz/Ciguena//Alba). A semi-dwarf facultative wheat cultivar 
released by INIA-Chile. Low bread making quality. 

(PlainsmanV/3/Kaw/Atlas 50//Parker*5/Agent). A semi-dwarf 
Hard red winter wheat developed cooperatively by the Kansas 
Agricultural Experimental Station and the USDA-ARS. Excellent 
milling and bread-making quality. 

(Hamlet/5*Karl). Selection number 3900175. Elite advance 
winter line from Kansas Agricultural Experimental Station. 
Excellent milling and bread-making quality. 



Appendix Table 2. Summary of meteorological data for Corvallis, Oregon (1994-95).* 

Month Average Temperature, °C Precipitation Evaporation 

Max. Min. Mean mm mm 

September 26.5 9.6 15.3 22.6 139.7 

October 17.8 4.4 9.2 97.5 63.5 

November 8.8 0.9 6.2 229.4 

December 8.9 2.1 4.5 159.0 

January 9.0 3.5 3.2 251.5 

February 12.5 3.5 5.6 108.9 

March 13.6 3.0 7.4 120.4 

April 14.9 3.9 12.5 134.6 70.1 

May 20.9 7.5 13.6 46.5 135.6 

June 21.5 10.1 15.8 59.9 146.6 

July 26.6 12.9 19.5 13.2 192.0 

August 26.5 10.0 18.9 20.8 169.4 

September 25.5 10.0 17.5 79.6 117.6 

* Observations were taken from Hyslop Field Laboratory. 



Appendix Table 3. Milling and bread making attributes of cultivars selected for the study, growing in Oregon during 1993-94. 

CULTIVAR Class * Test Grain Grain Flour Mixing Loaf 
weight hardness protein yield time volume 

(NIR) (%) (%) (min.) (cc) 

Kona-INIA SRW 61.0 37 13.4 67.2 2.1 945 

Dalcahue-INIA HWW 61.8 91 11.4 70.0 2.5 720 

Temu-INIA SRW 61.6 34 12.7 70.4 1.7 790 

Karl HRW 62.6 64 13.1 70.9 5.3 925 

RS-4 HRW 63.2 63 12.9 70.7 3.5 910 

* SRW (Soft Red Wheat), HWW (Hard White Wheat), and HRW (Hard Red Wheat). 



Appendix Table 4.	 Observed mean squares for heading date, physiological maturity, filling period, harvest index, and plant height 
involving parents, Fl, F2, and backcrosses generations from Karl x Dalcahue-INIA, grown at the Hyslop 
Agronomy Farm, Corvallis, Oregon, in 1994-95. 

Mean Squares 

Source of variation df Heading Physiological Filling Harvest Plant 
date maturity period index height 
(days) (days) (days) (%) (cm) 

Generations 5 28.14** 26.60** 5.34 13.62* 36.34** 

Replications 3 11.59* 128.30** 144.04** 1.64 85.49** 

Error 15 2.03 2.68 4.41 5.22 4.72 

Coefficient of variation (%) 0.76 0.69 4.31 7.56 2.48 

Standard deviation 2.99 4.92 4.78 2.73 4.70 

*, ** Significant at 0.05 and 0.01 percent probability level, respectively. 



Appendix Table 5.	 Observed mean squares for heading date, physiological maturity, filling period, harvest index, and plant height 
involving parents, Fl, F2, and backcrosses generations from Karl x Kona-INIA, grown at the Hyslop Agronomy 
Farm, Corvallis, Oregon, in 1994-95. 

Mean Squares 

Source of variation df Heading Physiological Filling Harvest Plant 
date maturity periods index height 
(days) (days) (days) (%) (cm) 

Generations 5 84.54** 84.94** 13.10* 9.07 42.84* 

Replications 3 0.59 16.48** 16.94* 19.63** 35.60 

Error 15 1.50 5.65 5.08 4.41 18.13 

Coefficient of variation (%) 0.64 1.01 4.87 6.76 4.91 

Standard deviation 4.40 4.92 2.89 2.72 5.08 

*, ** Significant at 0.05 and 0.01 percent probability level, respectively. 



Appendix Table 6.	 Observed mean squares for heading date, physiological maturity, filling period, harvest index, and plant height 
involving parents, Fl, F2, and backcrosses generations from Karl x Temu-INIA, grown at the Hyslop Agronomy 
Farm, Corvallis, Oregon, in 1994-95. 

Mean values 

Source of variation df Heading Physiological Filling Harvest Plant 
date maturity period index height 
(days) (days) (days) (%) (cm) 

Generations 5 16.34** 36.80** 21.04* 25.19* 18.64* 

Replications 3 2.04 49.67** 59.38* 10.77 63.04** 

Error 15 2.40 7.53 8.91 8.65 4.91 

Coefficient of variation (%) 0.82 1.16 6.18 9.87 2.62 

Standard deviation 2.32 4.40 4.25 3.53 3.93 

*, ** Significant at 0.05 and 0.01 percent probability level, respectively. 



Appendix Table 7.	 Comparison of the mean performance for parents, Fl, F2, and backcrosses generations for heading date, 
physiological maturity, filling period, harvest index, and plant height for the cross Karl x Dalcahue-INIA using 
Fisher's protected LSD (FPLSD). 

Heading Physiological Filling 1/ Harvest Plant 
Generation date maturity period index height 

(days) (days) (days) (%) (cm) 

Karl 185 b* 232 e 47 30.4 fg 82 h 

Dalcahue-INIA 192 a 240 c 48 27.1 g 90 i 

F1 187b 237d 50 29.8 fg 86i 

F2 186 b 237 d 51 30.5 fg 88 i 

Karl x Fi 185 b 235 d 50 32.9 f 88 i 

Dalcahue x F1 190 a 237 d 47 30.7 f 91 i 

* Generation means displaying the same letter on the same column are not significantly different at the five per cent 
probability level. 

li Indicate that FPLSD was not conducted, as means were not statistically different. 



Appendix Table 8.	 Comparison of the mean performance for parents, Fl, F2, and backcrosses generations for heading date, 
physiological maturity, filling period, harvest index, and plant height for the cross Karl x Kona-INIA using 
Fisher's protected LSD (FPLSD). 

Heading Physiological Filling Harvest 1/ Plant 
Generation date maturity period index height 

(days) (days) (days) (%) (cm) 

Karl 185 d* 229 g 44 i 33.0 81 k 

Kona-INIA 197 a 241 e 44 i 29.1 89 j 

F1 187 dc 235f 48h 31.6 88j 

F2 188 c 235 f 47 hi 32.2 86 jk 

Karl x Fi 184 e 230 g 46 hi 30.9 88 j 

Kona x Fi 192 b 241 e 49 h 29.7 90 j 

* Generation means displaying the same letter on the same column are not significantly different at the five percent probability level. 

ll Indicate that FPLSD was not conducted, as means were not statistically different. 



Appendix Table 9.	 Comparison of the mean performance for parents, Fl, F2, and backcrosses generations for heading date, 
physiological maturity, filling period, harvest index, and plant height for the cross Karl x Temu-INIA using 
Fisher's protected LSD (FPLSD). 

Generation Heading Physiological Filling Harvest Plant 
date maturity period index height 
(days) (days) (days) (%) (cm) 

Karl 186 c* 231 f 45 h 33.6 i 81 m 

Temu-INIA 191 a 240 d 49 g 27.2 k 84 Im 

F1 187 be 237 de 50 g 29.9 ijk 83 Im 

F2 187 be 237 de 50 g 28.7 jk 85 I 

Karl x Fi 186 c 234 of 48 gh 31.8 ij 85 I 

Temu x F1 189 b 238 de 49 g 27.6 jk 85 I 

* Generation means displaying the same letter on the same column are not significantly different at the five percent probability level. 



Appendix Table 10.	 Magnitude of the genetic variance generated in three F2 plants populations from crosses between Chileans and 
Kansas cultivars grown in Corvallis, Oregon, 1994-95. 

Genetic Variance 

Cross Heading Physiological Filling Harvest Plant 
date maturity period index height 

(days) (days) (days) ( %) (cm) 

Karl x Kona 18.8 51.4 47.0 8.8 56.4 

Karl x Dalcahue 15.4 38.9 42.2 25.3 234.0 

Karl x Temu 10.0 28.1 33.6 26.3 25.9 

Average	 14.7 39.5 40.9 20.1 105.7 
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Appendix Table 11.	 Broad sense heritability estimates for heading date, physiological 
maturity, filling period, harvest index, and plant height from the 
parentas, F1 and F2 generations of the three crosses. 

Broad sense heritability (%) 

Crosses 

Traits	 Karl x Karl x Karl x
 
Dalcahue-INIA Kona-INIA Temu-INIA
 

Heading date 0.69 0.66 0.81
 

Physiological maturity 0.48 0.73 0.79
 

Filling period 0.15 0.46 0.91
 

Harvest index 0.61 0.24 0.58
 

Plant height 0.84 0.61 0.34
 



Appendix Table 12. Narrow sense heritability estimates and expected genetic advances for heading date, physiological maturity, 
filling period, plant height, and harvest index from the parental, F1 and F2 generations of the three crosses. 

Crosses Karl x Dalcahue-INIA Karl x Kona-INIA Karl x Temu-INIA 

Traits Narrow Genetic* Narrow Genetic Narrow Genetic 
sense advance sense advance sense advance 
(%) (%) (%) (%) (%) ( %) 

Heading date 0.69 3.16 0.66 3.23 0.81 3.04 

Physiological maturity 0.48 2.73 0.73 4.79 0.79 3.95 

Filling period 0.15 4.40 0.46 14.81 0.90 23.72 

Harvest index 0.61 24.56 0.24 6.92 0.58 25.92 

Plant height 0.84 31.53 0.61 11.74 0.34 5.11 

* Genetic advance represents the expected percent increase in the F3 above the F2 mean when the best 5% of the F2 plants are 
selected. 



Appendix Table 13. Relationship between grain protein content, grain hardness, sedimentation volume, and hight molecular weight 
glutenin subunits for F3 progenies generated by crossing Chilean and Kansas germplasm. 

Cross F Intercep Glu 1 Glu 2* Glu 7+8 Glu Glu 7 P-value Interval estimate 
13+16 (0.95%) 

Karl x Kona' 0.05 83.85 0.55 -17.18* 0.050* -38.20 to 3.86 

Karl x Dalcahue2 0.01 17.30 1.85* 0.07 0.016** 0.36 to 3.33 

Karl x Temu3 0.01 3.23 1.95* 1.28 0.001** 1.75 to 2.14 

* Statistical signifinant p-value. 1/ Hardness 21 Protein content 31 Sedimentation volume. 




