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Summary 

In each of the north-western European countries conditions are suitable for grow­
ing wheat with good baking quality, however the appropriate varieties are to be 
chosen with care. For the breeder it is difficult to combine good baking quality with 
high yielding ability and yield stability. 

Seen within periods of time, it appears that varieties with a higher score for 
bread-baking quality generally tend to have a lower kernel yield. But from the ex­
amples presented it can be concluded that high yield potential and good baking 
quality can be combined into one variety, though the result may be attained less 
rapidly than with breeding for yield alone. 

Considering the occurrence of such examples of successful breeding, the ques­
tion has been raised whether their frequency can be increased. Knowledge of com­
ponents of baking quality would facilitate the choice of parental varieties and would 
make the breeding process more efficient. Identification of proteins of high molecu­
lar weight with electrophoresis is considered to be a tool to unravel the determinant 
components of quality. 

Introduction 

According to a definition which is at least valid for Dutch conditions, baking quality 
is the suitability for the preparation of a loaf with a large volume and with a light, 
fine and regular crumb structure. Definitions of bread-making quality in neighbour­
ing countries may be more or less different for the main criteria, dependent on, 
among other things, the main type of bread used in the country concerned. 

There is no doubt at all that it is possible to grow a wheat with a good baking qual­
ity in each of the north-western European countries. Fig. 1 presents a loaf baked 
from a breeding line with a very good baking quality, grown at a trial field in the 
Netherlands, and for comparison of loaf baked from a sample of the old commercial 
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Fig. 1. A loaf baked from a sample of a breeding line with a good baking quality (at the right) and, for 
comparison, a loaf baked from a sample of the old commercial variety 'Orca', both grown in a trial field 
in the Netherlands (photo IGMB-TNO). 

variety 'Orca' grown at the same field. 
This observation is the basis for this survey. Further discussions are needed, how­

ever, because of the difficulties involved in the combination of good baking quality 
with so many other characters the wheat variety must have for practical use, such as 
high yielding ability and reliability of yield (winter hardiness, resistance to diseases, 
stiff straw, etc.). 

The purpose of breeding wheat for better baking quality is: 
- the creation of varieties which are more appropriate to the technological process­
es of milling and baking than the current varieties; or 
- the creation of varieties of equal baking quality but, in comparison with the cur­
rent varieties, with improved productivity and reliability of yield. 

Speaking of baking quality of wheat, we have to realize that the term includes 
more than the characteristics which are important during the baking process itself. 
Baking quality in the broader sense is a complex of characteristics, involving the be­
haviour during the milling and dough-making processes, as well as during the bak­
ing process itself. But, on the other hand, this subdivision into three aspects of bak­
ing quality is only partially realistic, because characteristics in one category influ­
ence those in the other and conversely. 

The endosperm of the wheat kernel contains the most essential element for 
dough-making and baking processes, namely the protein, representing about 10-
13 %. Part of the proteins, the water-insoluble proteins or gluten, have a specific 
function in the processes: the gluten forms a skeleton around the starch particles 
and the endosperm cells. This skeleton holds the carbon dioxide which is formed 
during the fermentation process. The better the extensibility and the elasticity of 

216 Neth. J. agric. Sei. 33 (1985) 



BREEDING WINTER WHEAT FOR BREAD-BAKING QUALITY 

the gluten, the better it will hold the carbon dioxide enclosed in the dough and the 
more the dough will rise. When subsequently the dough is heated in the oven, the 
skeleton of gluten will be fixed and thereby the crumb structure and the loaf vol­
ume. 

Thus the gluten plays an essential role during the dough making and baking pro­
cesses. This role is determined by the amount of it and by its characteristics. It is a 
pity that no simple, direct tests for the gluten quality or quantity are available; 
therefore the quality of gluten during the dough making and baking processes has to 
be investigated indirectly. For this purpose many tests are available. 

A very logical test to demonstrate the baking quality is of course the baking pro­
cess itself. Therefore all the steps during milling, dough making and baking have to 
be in accordance with standardized recipes and procedures. The loaf will be judged 
by different criteria: the volume, the crust colour, the crumb structure and colour. 

Important information with respect to the baking quality is provided by the rela-

loaf volume 
ml per 100 g of flour 

protein content of 
the flour (DM) 

Fig. 2. The relation between loaf volume and protein content of the flour for three wheat varieties, with 
good, intermediate and low baking quality respectively (from: Belderok & Meppelink, 1977). 
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tion between loaf volume and protein content. This is explained in Fig. 2 (after Bel-
derok & Meppelink, 1977). Each of the three lines in this figure represents the rela­
tion between loaf volume and protein content for a certain variety. Samples of the 
Swedish spring wheat variety 'Ring' showed a larger loaf volume at a certain prote­
in content than those of the old German variety 'Peko', while the increase in loaf 
volume with increasing protein content was larger for 'Ring' than for 'Peko'; thus 
the baking quality of the former variety is considerably better than that of the latter. 

At the Institute for Cereals, Flour and Bread (IGMB) at Wageningen a micro 
baking test has been developed with only 10 g of flour. By contrast, in the standard 
baking test of the same institute loaves of 240 g of dry matter are baked. The results 
of the micro baking test agree fairly well with those of the standard baking proce­
dure. 

A baking test is too complicated and too expensive to be used by the breeder dur­
ing the early stages of his selection programme. Therefore quite a number of indi­
rect tests for the investigation of gluten quality were developed, of which some are 
of special interest for use by breeders: the Pelshenke or dough-ball test (Pelshenke, 
1933a), the Zeleny sedimentation test (Zeleny, 1947), the mixograph test (Finney 
& Shogren, 1972) and the SDS sedimentation test (Axford et al., 1978). These tests 
will not be discussed here, but an exception will be made for the Chopin extensi-
graph or alveograph, which has been used extensively in France, but not in many 
other countries. For this test a dough is made according to a specific procedure. 
This dough is extruded in the form of a sheet and disks are cut from this sheet. Such 
a disk 'is placed on a base plate and air is forced through a hole in the base plate un­
der the dough sheet. The latter forms an expanding bubble which finally ruptures'. 
The pressure in the dough bubble is recorded (by the alveograph) and the area un­
der the alveograph curve is proportional to the work of deformation (the W of Cho­
pin) (Bloksma & Hlynka, 1964). 

In the next part of this survey results of breeding work for baking quality in win­
ter wheat done in France, Great Britain, the Federal Republic of Germany and the 
Netherlands will be described. 

Baking quality in France 

The history of baking quality of winter wheat varieties in France can be traced back 
at least to the past century: land races with a better baking quality than others were 
available. An example of such a land race is the 'Blé seigle', described by Henri Vil­
morin (1880) in the book 'Les meilleurs blés'. The quality of this variety was de­
scribed by him as remarkably good. Incidently, this variety is one of the ancestors of 
several French quality wheats from the past 60 years. 

Thus, in France one was aware of baking quality. An important 'quality gene 
pool' was available which has been used intensively and with success by the French 
breeders during this century. 
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Development of kernel yield and baking quality during the past 35 years in France 

Yield figures from official yield trials in northern and central France were summa­
rized by Linais (1975); for the recent period additional figures have been added 
(Willm, 1981; Willm, 1983; Codron et al., 1984). These yield figures for five differ­
ent periods between 1961 and 1983 are presented in Fig. 3. These figures show a 
100 % increase in yield from the variety 'Vilmorin 27' during the period 1951-1957 
towards 'Fidel' during the period 1979-1983. 

Linais (1975) ascribed half of the yield increase during the period 1951-1974 to 
varietal effects and the other half to cultural methods. This effect of improved man­
agement has been indicated in Fig. 3, in which for a number of varieties which were 
grown during more than one of the periods mentioned here, the points indicating 
the yield of each individual variety during the earlier and the next period are con-
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Fig. 3. Yield figures and W values for some main winter wheat varieties in official trials in northern and 
central France during the indicated periods of years between 1951 and 1983. 
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nected by a dotted line. Besides, the varietal effect is also evident, as during each 
new peridd new and more productive varieties were grown, which were not yet 
available during the preceding period. 

Next the development of yield during this period with that of the baking quality is 
compared. For this purpose also the W values of the different varieties (Nuret, 
1955; Nuret et al., 1968; Simon, 1974; Willm, 1981) are presented in Fig. 3. 

It is interesting to compare for some pairs of varieties the increase in yield and the 
difference in baking quality (expressed in the W value after Chopin). The kernel 
yield of 'Cappelle Desprez' during the period 1951-1957 was 21 % higher than that 
of the older variety 'Vilmorin 27', while the W value of both varieties is 120. This is 
a good example of an increase in yield through breeding, in combination with an un­
changed quality. 

The yield of 'Capitole' during the period 1966-1970 was (Simon, 1968) only 1 % 
higher than that of 'Cappelle', but the W values differ by 50 points. This is an exam­
ple of an important increase in quality for the younger variety 'Capitole', in combi­
nation with a virtually unchanged yield level. 

Outstanding examples of a sharp increase in yielding ability compared with the 
existing varieties at the moment of their admission in France (1966 and 1973) were 
the varieties 'Joss' and 'Maris Huntsman', but the W values were very low, namely 
75 and 55. During the following period newer varieties with a better baking quality 
came up with the yielding ability of 'Maris Huntsman'. Among those varieties was 
'Fidel' with a W value of about 130. 

The variety 'Maris Huntsman', together with 'Clement' from the Netherlands, 
are examples of high-yielding varieties which would lead, within the European 
Common Market, to a new category of wheat varieties, namely those with sticky 
doughs, or in French 'des blés inmachinables'. The introduction of those varieties in 
France gave rise to the question whether it was possible to combine high yield and 
good baking quality into one wheat variety (Nuret, 1981). This had also been the 
subject of discussions in earlier years (Jonard, 1948). 

A comparison of kernel yield and baking quality (expressed in the W value) for 
six main varieties and the new and more productive variety 'Joss' during the period 
1966-1970 has been presented in more detail in Fig. 4a. Three main conclusions can 
be drawn: 
- the variation in W value is considerable; 
- varieties of low kernel yield as well as the highest-yielding varieties have a low W 
value; 
- the highest-yielding varieties tend to have a lower W value than the varieties with 
a relative yield of about 100. 

Fig. 4b shows the same values for nine main winter wheat varieties for the north­
ern and the central part of France during the period 1979-1983. Here again there is 
a tendency for the highest-yielding varieties to have a lower W value, although this 
tendency is less clear during this period than during the period 1966-1970, owing to 
the presence of the highest-yielding variety ('Fidel') with the relatively high W 
value of 120. 

From these examples of wheat breeding in France during the 20th century, we 
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Fig. 4. Comparison of kernel yield (in relative figures) and W value for the main winter wheat varieties 
for the northern and the central parts of France: 
a: the situation during the period 1966-1970; 
b: the situation during the period 1979-1983. 

may conclude that a high yield potential and good baking quality can be combined 
into one variety, though the result may be reached with a certain delay in compari­
son with the combination of the same yield and a lower quality level in another vari­
ety. 
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Breeding wheat with improved baking quality in Great Britain in the 20th century 

The situation of wheat production in England and Wales during the period from 
1880 until about 1920 has been outlined by Biffen & Engledow (1926). The home­
grown wheat was of low baking quality and therefore very high percentages of im­
ported high-quality wheat were used by the millers. 

The varietal situation is characterized by the following remarks. Flour milled 
from one of the main varieties gave a loaf of nearly 80 % of the volume generally 
accepted for bread making at that time and the variety with the lowest quality gave 
a volume of only 54 %. The Dutch variety 'Wilhelmina', when grown in England, 
could, in the words of Biffen, 'hardly be described as a bread wheat, except in the 
sense of the word as used by systematic botanists'. 

According to Biffen and Engledow, in the beginning of this century a great deal 
of research was done in England and Wales to answer the question whether or not it 
was possible to grow wheat of better strength there. The answer to this question was 
positive, but the yielding capacity of such foreign wheats with good quality was low­
er than that of the traditional varieties. 

Breeding experiments to combine the strength of certain Canadian wheats with 
the yielding capacity of English wheat varieties were started at the Plant Breeding 
Institute at Cambridge in the first decade of this century. In an early stage, namely 
in the F3 or F4, 'cultures', as Biffen called them, were compared for their quality by 
the chewing test. 'This test is based on the physical characteristics of the gluten 
when isolated by chewing some twenty or thirty grains for ten minutes or so. The 
starchy contents disappear . . ., thus leaving a pellet of gluten in the mouth. A 
shrewd idea of its toughness can be formed by stretching the pellet' (Biffen & Eng­
ledow, 1926). In this way they managed to find a combination of yield 'of the ex­
pected level at that time' (Bingham, 1962) and good quality in the offspring from a 
cross between the Canadian variety 'Red Fife' and the English variety 'Browick'. 
This variety, called 'Yeoman', was brought into cultivation in 1916. Biffen & Engle­
dow (1926) stated: 'The strength of Yeoman wheat is sufficient to produce a flour 
from which a marketable loaf can be made'. This variety found its place in British 
agriculture. 

This policy of breeding for a combination of good baking characteristics, high 
yield and reliability of yield continued to be part of the breeding activities at the 
P.B.I. As regards the indirect tests for baking or milling quality employed in the se­
lection procedure, the very simple test which was used about 1910 has been re­
placed by modern ones. In 1935 'Holdfast', derived from the cross of 'Yeoman' with 
the Canadian quality wheat 'White Fife', was released. 'Holdfast' and, through it, 
'Yeoman' played an essential role in the breeding programme performed at the 
P.B.I, during the past 30 years (Lupton, 1982). Private breeders in England carried 
out similar work towards the same end, using Scandinavian or French varieties as 
well as 'Yeoman' as sources of baking quality. 
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Improvement of kernel yield and baking quality of winter wheat varieties during the 
past 30 years in England and Wales 

Data for kernel yield and the bread making scores of 19 varieties were compiled 
(Bullen et al., 1955; Reiss, 1958; Proctor & Mann, 1961; Fiddian, 1967a,b, 1968; 
Mann, 1979, 1983). Each of these 19 varieties enjoyed a certain popularity in 
England and Wales for a shorter or a longer time (Fig. 5). 

A steady increase in kernel yield is apparent: from 3980 kg/ha during the period 
1949-1952 to 6770 kg/ha during the years 1978-1982, which means a yield increase 
of 70 %. 

During some periods a rather quick change in the pattern of winter wheat varie­
ties took place, during other periods this pattern was rather stable, for example dur­
ing the period from 1957 until 1970, when a considerable part of the winter wheat 
area was sown with the French variety 'Cappelle Desprez'. 
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Fig. 5. Yield figures and scores for bread-making quality for some main winter wheat varieties in official 
trials in England and Wales during the indicated periods of years between 1949 and 1982. 
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The increase in kernel yield is partly due to varietal effects and partly to im­
proved cultural methods; the varietal effect in the yield increase has been estimated 
at 50 % of the total effect (Silvey, 1978, for the period 1947-1975). 

For some varieties which were grown during more than one of the periods men­
tioned, the effect of improved cultural methods has been indicated in Fig. 5; for 
such varieties the values indicating the yield during the first and the next period re­
spectively are connected by a dotted line. Generally these lines point out an in­
crease in yield. Besides this effect of cultural methods on kernel yield, the varietal 
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Fig. 6. Comparison of kernel yield (in relative figures) and score for bread-making quality for the main 
winter wheat varieties in England and Wales: 
a: the situation during the period 1974-1978; 
b: the situation during the period 1978-1982. 
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effect also is evident, as during nearly each new period one or more new and more 
productive varieties have been grown which were not yet available during the for­
mer period. 

Moreover the score for bread-making quality for each of the varieties has been 
added to Fig. 5. This score varies from 1 to 9; a high score means that the variety has 
an excellent baking quality (according to British standards) (Anon., 1953, 1956, 
1962,1966,1975,1978). 

Looking at the results presented for a certain period, a variety with a higher score 
for bread-making quality generally has a relatively low kernel yield. Favourable ex­
ceptions are the varieties 'Dominator' and 'Milfast' during the period 1953-1956 
and 'Avalon' during the last period (1978-1982). 

The combination into one variety of good baking quality and a certain yield level 
which is below that of other varieties has often been taken over towards the next pe­
riod, when in a new variety the same or a higher quality level was combined with a 
higher yield potential. Some examples are 'Dominator' and 'Milfast' during the pe­
riod 1953-1956 in comparison with 'Bersee' during the preceding period; or 'Flinor' 
and 'M. Freeman' during the period 1974-1978 compared with 'Cappelle Desprez' 
in earlier periods, and 'Avalon' during the last period, compared with 'M. Hunts­
man' during the same and the preceding period. 

A comparison of kernel yield and baking quality for nine main varieties grown 
during the period 1974-1978 has been presented in more detail in Fig. 6a. From this 
figure it is clear that the highest-yielding varieties ('Maris Huntsman' and 'Hobbit') 
have a low score for bread-making quality, and that the varieties with bread-
making scores of 6 or 7 yielded less. 

In Fig. 6b the same values have been indicated for nine main varieties grown dur­
ing the period 1978-1982. Now the situation has changed, as among the four highest 
yielding varieties, one variety ('Avalon') has a breadmaking score of 6. 

The figures presented here illustrate the statement of Pushman & Bingham 
(1975): 'The yield of quality varieties lags behind varieties bred for yield alone, 
mainly because selection for the many components of quality is an additional com­
plication which slows down the work and greatly restricts the genetic variability that 
can be exploited in breeding for other characters.' 

Nevertheless during the past 30 years, and even during the first half century, in 
England very good results have been achieved in combining good baking quality 
and higher yield into new varieties. 

Development of wheat quality during the p'ast 100 years in pre-war Germany and the 
German Federal Republic 

The baking quality of the land races of wheat grown in Germany until about 1880 
was investigated by Pelshenke (1954). Quite a number of those land races were 
kept in collections, so that they could be sown in trials at Halle in the 1930s. Materi­
al harvested from these trials was tested for its baking quality and it appeared that 
the gluten quality of those land races was essentially better than that of the current 
varieties in Germany. In the opinion of Hoeser et al. (1979) one should not general­
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ize by saying that all these land races had a good baking quality, 'but that many of 
them had a quality level which was satisfactory for the demands at that time, which 
were essentially more modest than nowadays'. 

During the 1920s breeders in Germany were already active in improving yield, 
reliability of yield and also the baking quality. These activities were improved, 
when rather simple methods were developed to test quality characteristics of small 
wheat samples. These methods offered possibilities to select for quality characteris­
tics in an early stage of the selection procedure. 

It is interesting to mention that in Germany during the 1930s besides wheat varie­
ties of low baking quality and with, for that period, a high yield, wheat varieties of 
good (A or B) quality were also grown (Pelshenke, 1933). But in this respect there 
were great differences between the various parts of Germany: in Bavaria 40 % of 
the varieties had A or B quality, in contrast to Northern Germany where only 4 % 
of quality wheats were grown (Pelshenke, 1934). 

Already in those years, there were discussions about the extent to which it would 
be possible to combine high yield, reliability of yield and good baking quality into a 
wheat variety (Pelshenke, 1934; Vettel & Pelshenke, 1934). Investigations of Vet­
tel and Pelshenke contradicted the common opinion that this would not be possible. 

The combination of higher yield and better baking quality in winter wheat varieties 
during the past 50 years in pre-war Germany and in the German Federal Republic 

A good impression of the precarious success of breeding for improved yield and 
good baking quality during a longer period is obtained from investigations of Hoe-
ser et al. (1979). They tested nine German winter wheat varieties, which were im­
portant during certain periods between 1921 and 1975, in yield trials and the baking 
quality of the harvested samples was investigated. The kernel yield (in kg/ha) and 
the loaf volume (in relative figures) are presented in Fig. 7. Along the horizontal 
axis the varieties are arranged according to the year of release. 

The variety 'Carsten V' was released in 1921. It was an important variety in Ger­
many (and the Netherlands), but the baking quality was low. The variety 'Tassilo', 
which was released in 1930, was a product of deliberate breeding for yield and qual­
ity; it was selected from a cross between a German land race ('Traublinger Land-
weizen') and a French wheat ('Arras'). The loaf volume is considerably better than 
that of 'Carsen V', but its yield is 9 % lower. About ten years later the varieties 
'Walthari' and 'Taca' were released; they gave the same yield as 'Carsten V', while 
the former has the same loaf volume as '^Tassilo'. A considerable improvement of 
the productivity was shown by the variety 'Heine VII', which was released in 1950, 
but the baking quality was as low as that of 'Carsten V'. 

A combination of the yield level of 'Heine VII' and an improved baking quality 
was found during the 1960s in the varieties 'Schernauer' and 'Jubilar'. 

Again a great improvement in yield was achieved in the varieties 'Caribo' and 
'Disponent' (released in 1968 and 1975 respectively), the former with a loaf volume 
like that of 'Schernauer' and 'Jubilar', but the latter with 8 % more loaf volume 
than 'Tassilo'. 'Disponent' is now one of the main varieties in the German Federal 
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Fig. 7. Kernel yield and loaf volume (relative to 'Tassilo') for nine German winter wheat varieties re­
leased between 1920 and 1975 (after: Hoeser et al., 1979) and, for comparison, the mean kernel yield of 
winter wheat in official trials in the German Federal Republic (after: Schuster et al., 1982). 

Republic. 
It is interesting to verify whether the yield level of the varieties which were cho­

sen by Hoeser et al. (1979) was representative of the yield level of the German 
wheat varieties in general during this period. For this purpose a yield figure for each 
of five shorter periods has been presented in Fig. 7. These figures are taken from 
Schuster et al. (1982), who presented the yield figures of the official trials with win­
ter wheat in the Federal Republic. 

It is evident that the yield level of the official trials in the Federal Republic for the 
period 1951-1981 is lower than that of the yield trial of Hoeser et al. for the varieties 
which were released during this same period. But the trends of the yield increase for 
both series of varieties are in good agreement. Thus one may conclude that the 
yield increase for the varieties in the trial of Hoeser et al. is a good indication of the 
yield increase of winter wheat in the German Federal Republic. 

A survey of the actual situation for the combination of kernel yield and baking 
quality in winter wheat varieties in the Federal Republic has been presented in Fig. 
8. From this figure it may be concluded that: 
- a negative tendency between yield and baking quality is apparent, although this 
tendency is not valid for the lowest classes of the quality classification; 
- within most yield levels there is a rather wide variation in quality classes; 
- within the middle quality classes there is a rather wide variation in yield levels. 
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Fig. 8. Comparison of the scores for bread-making quality and kernel yield (according to the Official List 
of Varieties) for 10 main winter wheat varieties in the German Federal Republic during the period 1978-
1981. 

Breeding research on baking quality in the Netherlands in the present century 

On the baking quality of wheat varieties bred in the Netherlands during the first 
thirty years of the 20th century little is worth mentioning. 

The raw material for the production of flour for bread making was then mainly 
imported from North America. Thus from the side of the milling industry no stimu­
lant could be expected to improve the baking quality of home-grown wheat. During 
that period several main wheat varieties were bred in the Netherlands (such as 'Wil­
helmina' and 'Juliana'), but no attention was paid to the baking quality of these var­
ieties. 

Soon after the beginning of the economic depression in 1929 this situation 
changed. Governmental measures were taken with the aim to protect the wheat 
market in the Netherlands. One of these measures was to start research into the 
possibility of growing wheat varieties with better baking quality. It was in this re­
search project that Dr Feekes had a major input from 1934 to 1938. This project re­
mained restricted to an inventory of methods and varieties; breeding work for vari­
eties with better baking quality was not started at that time (Feekes, 1942). 

In the 1950s again there was a need to stimulate research in cereals and therefore 
in 1950 a foundation was formed, which in 1955 was changed into the well-known 
Foundation Netherlands Grain Centre (NGC). Dr Feekes fulfilled a very stimulat­
ing role as President of the NGC, together with Dr Broekhuizen as Secretary. 

Among other things, the NGC was intensively occupied in improving baking 
quality by stimulating research on methods, from which, for example, the micro-
baking test was developed at the IGMB (Belderok et al., 1960), and stimulating 
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breeding research by giving financial support to the Foundation for Agricultural 
Plant Breeding (SVP). Due to this financial support the breeding research in winter 
and spring wheat could be extended. The aim of these programmes was to release 
material, after adaptation by the SVP, to the Dutch breeding firms for further de­
velopment. 

During the past 30 years the Dutch breeding firms have given much attention to 
baking quality, but little has been published about these activities. Therefore, in 
this report some results are presented which have been attained at the SVP. 

In the SVP programme, varieties with good baking quality from different parts of 
the world, such as Scandinavia, Germany, France, Russia and North America, 
have been crossed with adapted, more productive varieties. In the offspring of 
these crosses lines have been selected for yield and baking quality. Subsequently 
the most promising lines have been crossed again with other lines from this pro­
gramme or with varieties, whereupon selection followed again. Besides baking 
quality and kernel yield some other characteristics were taken into consideration, 
such as winter hardiness, straw length and disease resistance. This survey will be re­
stricted to quality and yield. 
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Fig. 9. Kernel yield and loaf volume (in relative figures) for standard varieties of winter wheat and for 
five breeding lines from the SVP programme in each of four given years between 1969 and 1982, and, for 
comparison, the mean kernel yield in official trials during three different periods. 
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A survey of kernel yield and loaf volume of the best lines which were available in 
various years from the programme at the SVP is presented in Fig. 9. In addition the 
mean yield in official winter wheat variety trials on clay soils in the central part of 
the Netherlands during three succeeding periods of five years has been indicated in 
Fig. 9. 

When details of Fig. 9 are disregarded, some general remarks can be made: 
- in each of the succeeding years, the kernel yield was higher than in the preceding 
year; 
- the mean kernel yield in the official trials in 1969 and 1973 was considerably high­
er than in the SVP trials, although they were situated in the same environment; 
- in 1978 the yield level in the SVP trial approached that in the official trials and in 
1982 the levels were the same. 

Next the results of the single years will be examined. In 1969 the standard variety 
'Felix' yielded better than each of the five lines. In order to compare yield and qual­
ity, in Fig. 9, the loaf volume of each genotype has been added. These loaf volumes 
are relative to the mean volume of four standard varieties which were sown in the 
same trial. In 1969 the loaf volume of 'Felix' was 91 % and that of the SVP lines var­
ied from 110 to 118 %. 

In 1973 five other lines were compared with 'Clement' and 'Lely', but also with 
'Felix'. Each of the lines produced less than 'Lely' or 'Clement', but more than 
'Felix'. The mean loaf volume of 'Clement' and 'Lely' and also that of 'Felix' was 
97 %. The loaf volumes of the lines were considerably better, and varied from 118 
to 140 %. 

A comparison of the results in 1973 with those of 1969 shows that the lines under 
trial in 1973 were more productive than 'Felix' and that they were even better in 
baking quality than those in 1969. 

In 1978 again other lines were under trial which were compared with the standard 
varieties 'Arminda', 'Caribo' and 'Nautica'. The mean yield of these standard vari­
eties was 7400 kg/ha; one of the lines yielded slightly better and four lines slightly 
less. The mean loaf volume of the three standard varieties was 99 % and for the five 
lines it varied from 112 to 137 %. 

In 1982 the mean kernel yield of the standard varieties 'Arminda', 'Nautica' and 
'Okapi' was 8700 kg/ha and the mean loaf volume was 99 %. One line yielded 
slightly better and four lines gave kernel yields between 91 and 97 % of the mean of 
the standard varieties. The loaf volume of the lines varied from 108 to 120 %. 

It may be mentioned here that an increase in the loaf volume by 15-20 % will be 
of vital importance for the milling industry. 

The conclusion from the preceding figures is that the combination of a nearly nor­
mal yielding ability and an improved baking quality is apparent in the newest lines 
from the SVP. The question whether there are other features which are below a lev­
el which is needed in practive was investigated by the Dutch private breeding firms, 
after this material had been made available to them. 
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Concluding remarks 

In the introduction the fact is mentioned that it is possible to grow a wheat with a 
good baking quality in each of the north-western European countries, but that dis­
cussion is needed on the subject of the combination of good baking quality and nor­
mal yield. 

In the preceding surveys a number of examples of winter wheat varieties with a 
combination of high yield and good baking quality has been given for each country. 

Thus the subject of discussion should be changed from the question whether it is 
possible to the question whether the frequency of such varieties can be improved. 

In my opinion, the frequency can be increased when the parent varieties to be 
used in a breeding programme can be chosen more efficiently. The choice of parent 
varieties cannot be optimal at this moment, as the breeder has only information on 
the resultant of a quality test, but not on the components of it. Information on these 
components could be very useful for the interpretation of the resultant. This can be 
explained with the following simplified examples. Consider there are three varie­
ties: 
Variety A: with a loaf volume of 500 cm3, which is the resultant of the quality com­
ponents 1, 2, 3 and 4; 
Variety B: with the same loaf volume and the same quality components 1, 2, 3 and 
4; 
Variety C: with the same loaf volume, which is the resultant of the quality compo­
nents 5 and 6. 

From a cross between the varieties A and B, which have the same quality compo­
nents, no improvement of the quality may be expected, but without this additional 
information on the components, the breeder could not know this, and he would 
make a cross A x B. 

In a recombination of the components 1, 2, 3, 4 from variety A and 5 and 6 from 
variety C, an improved loaf volume may be expected, and this is what the breeder is 
looking for. Up to this moment the breeder will only have information on the value 
of combinations of varieties after examination of the offspring. It is on this specific 
subject of the parental choice, that we may expect an improvement of the proce­
dure. The following expatiation may explain this. 

In recent years a number of research groups in the world has investigated endos­
perm proteins of wheat in a very thorough way. One approach was to divide the en­
dosperm protein into different fractions. One of those fractions, called the gel pro­
tein, drew special attention because of the fact that a correlation was found be­
tween the amount of these proteins of high molecular weight and bread-making 
quality. 

A second step was to investigate the composition of the gel protein (Payne et al., 
1981; Moonen et al., 1982). After special chemical treatments, the proteins are 
subjected to electrophoresis, viz: the proteins are made visible after staining in 
characteristic patterns of bands according to their molecular weight. 

Comparison of the electrophoretic pattern of a number of wheat varieties with a 
broad variation in baking quality yielded a correlation between some specific bands 
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and loaf volume. 
A considerable number of protein bands has been detected but, up to now, only a 

few of them have been identified to be related with loaf volume. When more bands, 
either positively of negatively, related to baking quality have been identified, cross­
es can be restricted to varieties with complementary banding patterns. 

Thus, breeding for baking quality can be done more efficiently and the lag in 
yield between 'quality wheats' and 'non-quality wheats' can be closed more rapidly 
than it would be otherwise. 
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