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GENETIC IMPROVEMENT
OF QUALITY AND AGRONOMIC CHABACTERISTICS
OF DURUM WHEAT FOR ETHIOPIA

Melaku Worede, Ph.D.

University of Nebraska
1974

Advisor: Dr. V. A. Johnson

The T. durum segment of the U.S.D.A. World Wheat Collection
totalling 3399 lines was analyzed to study the variability that exists
for protein and lysine among durum wheats.

Substantial variability in protein content among these tetraploid
vheats was detected. Protein varied from 7.3% to 21.3% with a mean
and standard deviation of 12.75% and 2.86, respectively. Lysine (% of
sample) ranged from 0.26% to 0.60% with a mean of 0.39% and standard
deviation equal to 0,06, Lysine expressed as percent of protein
exhibited a range of 2.43% to 4,29% with a mean and standard deviation
of 3.15% and 0.27, respectively. These protein and lysine values
closely resemble the values for common wheats and other Triticum
species and genera related to wheat. The nature of the distribution,
amount of variability, and the relationship of protein and Iysine in
these two species also are similar. The magnitude of the correlation

between these two traits is, however, larger in durum vheats than in



the hexaploid wheats. The relationship of lysine (% of sample) with
protein content is strongly positive and curvilinear (r2 = ,92).
Lysine (X protein) is negatively correlated with protein with about
75% of ita variation being associated with protein variation. The
negative relationship of lysine (% protein) and protein content
diminishes as ptotein increases, and virtually disappears above 15%
protéin.

About 136 or 4X of the World Collection durums exhibit protein
contents exceeding 18.47% (two standard deviations above the mean pro-
tein percent)., Less than 1% of the World Collection durums show
significantly higher lysine (% protein) values than the mean lysine,
Wheats with such superiority over the ordinary durum wheat were
tentatively identified as potentially high lysine lines.

Two hundred entries that exhibited unusual properties of protein
»d lysine were grown at sites in Ethiopia and U.S.A. Seeds harvested
from these locations were analyzed for protein and lysine at the
University of Nebraska Wheat Quality Laboratory to determine whether
they are genetically superior to ordinary durum and to assess their
potential value for genetic improvement of wheats indigenous to Ethiopia.
Large effects of environment and genotype x environment interaction were
detected.

Varieties that exhibited high protein and normal lysine levels
over environments have been identified as high protein lines. These
include C,I., 7796 (Ethiopian source), P.I. 192711P, and P.I. 185754P.
The latter two varieties (Portugueaé—aource), however, showed poor

performance at'Awasa and Debre Zeit in Ethiopia.



The stability of C.I. 7796 in different environments was tested
using both the Yates-Cochran and Eberhart-Russell procedures. The
performance of this variety at the various locations fits the description
of a stable variety as determined by the Yates-Cochran procedure but
does not conform to that of Eberhart and Russell. It also fits the
description of a variety with broad adaptability (Finlay and Wilkinson).
This variety will be used as an immediate paremt for high protein and,
following further investigations on various agronomic and other char-
acteristics, might also be multiplied as a high protein line in Ethiopia.

A breeding program which utilizes back-crossing and magss selection
techniques for effective utilization of the superior germ plasm in
Ethiopia was initiated at Yuma, Arizona in 1973. This approach which
involves the use of chemical male gametocides to enforce genetic re-
combination will continue in Ethiopia using the seeds harvested from
Yuma as the female-parent population. The entries identified as high
protein lines (suspected to be also drought resistant) will form the

pollen donor lines.



INTRODUCTION

The Ethiopian farmer has been associated with wheat since time
immemorial. There has been little or no conscious effort on the part
of the farmer, however, to change the agronomic and other ch;racter-
istics of the wheat plant. Therefore the existing wheat populations
are, for the most part, a diversity of adapted genotypes which have
been evolving through natural selection on the highland regions where
they have been grown.

It wvas only recently that any organized effort took place to
improve the economic value of this important crop through modern plant
breeding procedures. As yet very little emphasis has been placed on
improving the nutritive quality of wheat although it is a major source
of nutrition in the country,

The situation as regards the nutritional improvement of wheat vas,
until recently, the same in the other areas of the world. Although
plant bre.eders in the various countries have had the means of deter-
mining protein content of wheat, breeding for improved protein content
and quality was not practiced. This was because known genetic differences
in protein content of wheat grain were small in relation to envirommental
effects (19).

It has since been dmgstrated that a soft winter variety, Atlas 66,
possesses genetic superiority over ord:'lnary wheat for protein content
and that the gene(s) controlling the high protein trait in this variety
could be transferred to other winter wheats (17, 19, 20, 22, 23?. The
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resulting increase in protein content was accomplished without adversely
affecting-yield (23, 36). Such development has clearly demonstrated '

that the protein content of wheat can be substantially improved by:

breeding.
In maize, it has been reported (42) that the opaque-2 gene has

significantly higher lysine .per unit protein than commoniy grown vari-
eties and hybrids. This suggests the possibility that such gene(s)

1

may also exist in wheat. The feagibility of such research has been
accentuated by the development.of amino aci& analyzers which makes it
poassible to screen large numbers of samples.

In 1973, a study was initiated to identify high pgotein and lysine
varieties among the durum segment of the U.S.D.A. World Collection with
the aim of incorporating genes for high quality and oth;t degirable
characteristics into wheats indigenous to Ethiopia. The results of the
study and ? bteeding)method for effective use of the germ plasm are

reported.



LITERATURE REVIEW

Variability of Grain Protein and Lysine !

The literature contains a substantial body of information regarding
the variability of protein and lysine content in different wheate.' Most
of the emphasis, however, has been on hexaploids and there is relatively
little work reported on spring durum wheat’(tetraploida).

Vogel et. al., (57) analyzed common wheats totalling 12,613 from
the U.S.D.A. World Collection for protein and lysine composition. The
protein content ranged from 6.9 to 22.0% with a mean of 12.97% and
standard deviation 2.019. This wide range of protein suggested signif-
icant genetic differences in protein content among the common wheats of
the World Collection. They tentativély identified over 500 wheats with
more than 17% protein as potentially high protein limes. Lysine content
expressed as percent protein ranged from 2.25 to 4.26 with a mean and
standard deviation of 3.16 and 0.231, respectively. Lysine content '
expressed as percent of sample ranged from 0.25 to 0.66 with a mean oé
0.40 and standard deviation equal to 0.049. The protein and lysine
ranges are in agreement with preliminary results that were previously
reported for these wheats. The range of va;iability in lysine and

protein among the common wheats of the World Collection is comparable

to that reported for various other Triticum species and for genera

related to wheat. |,
A systematic survey of the lyéine contents of the proteins of a

videly representative group of wheat varieties and related species and



genera has been reported by Lawrence et. al. (31). Over 230 wheat
varieties representing recognized market types and classes, 12 different
Triticum species other than I. aestivum and T. compactum, 6 varieties

of durum, 13 esamples of genera related to wheat and 15 hybrids of wheat
x Agropyron eiongatum were analyzed for their lysine and protein content.
The content of lysine expressed as percent of protein of the spring and
vinter wheats ranged from 2.46 to 3.84 with a mean of 3.10 percent. The
durums ranged 2.70 - 3,30% lysine (% protein). The spring wheat vari-
eties varied from 2.48% to 3.54% with an overall mean of 2.91%. Lysine
(X of protein) content of the Triticum species, genera related to wheat,
and the wheat x Agropyron elongatum hybrids showed a range of 2.21 to
3.98 percent.' The range in protein content of these species and hybrids
vas from 9.8% to 21.6Z. However, the wild emmer (T. dicocoids) sample
had a protein content as high as 29.6 percent,

Villegas et. al. (56) investigated the variability in the lysine
content of spring wheat, durum wheat, other wheat species, rye, and
Iriticale, The spring and du;um wheats included in the study were 12
varieties of hard red spring wheat and 28 lines or varieties of durum.
Spring wheat and durum wheat were found to be about equal in their
average lysine (% protein) content but slightly less than what has been
reported for these specie; by Lawrence et. al (31). The 64 different
Triticum species showed rénges of 8.6 - 24,2% and 2,09 ~ 3.99% in their
protein and lysine (X of protein) contents, respectively, on a 14%
moisture basis. Triticale and rye proteins were about 20 to 30% higher

+

than the aﬁring and durum vheats,



Lysine - Protein Relationship

An inverse relationship between protein content and lysine per unit
protein of the various wheats, rye, and Triticale has been{noted by
various inveséigators. Lawrence et. al. (31) observed tha% in common
wheats a negat%ve correlation existed between lysine expressed as a
percent of proéein and percent protein. They also showedlthat there was ,
no significant correlation of lysine (% protein) with protein content for
vheat with protein values exceeding 13.5 percent, but below this level
a highly significant negative correlation existed.

A similar relationship of lysine and protein among common wheats
has been reported by other researchers., Vogel et. ai. (57) observed
an inverse relationship between lysine content (Z protein) and protein
content for 12,613 hexaploid wheats. They showed that there is little
apparent correlation of lysine (% protein) with protein content for
vheats with more than 15% protein. However, this relationship is
clearly negative for wheats with less than 15% protein. Vagel et. al.
also noted that wheats with the highest lysine percent of sample do
in fact have the lowest lysine (% protein).

For the spring and durum wheats, a negative correlation between
lysine expressed as Z of protein and percent protein was reported by
Villegas et. al. (56). Simmonds (48) showed a negative relationship
between lysine (X protein) and protein content for six Australian
vheats and the flours milled from them. The trend among other amino '
acids was not so marked, except for glutamic acid which tended to
increase with increasing percent of protein. This finding was in
agreement with that of McDermott and Pace (39) who worked with flours

milled from different wheat varieties.
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With the objective of studying the nature of proteins responsible
for certain of the variations in amino acid composition, Simmonds (48)
analyzed extracts obtained from fractionation of two different flour
sanples for amino acid composition, He found the albumin and globulin
proteins to be higher in lysine content than the glutens. However
glutamic acid was higher in the gluten proteins. Similar results were
obtained by Mattern et. al. (37) who worked with the flour of a ;ard
red winter wheat variety.

It is also established that gliadin (alcohol soluble protein) is
relatively low in lysine and this component forms about 502 of the
total endosperm protein. One way to increase the lysine fraction
should then be to decrease the gliadin fraction and/or increase any
of the components that are higher than gliadih in lysine (personal
communication with Professor P. J. Mattern).

The analyses conducted on flour samples of 32 different wheats
by Pence et. al, {45) produced values ranging froﬁ 13 to 22% for the
albumin 9nd globulin content of the total flour protein. They also
observed a direct relationship of amount of these water soluble
proteins per sample with total protein content of the flour. However,
the relationship was negative when albumin - globulin content was
expressed as percent of protein. These results are in agreement with
the findings of Ulmer and Mattern (55).

McDermott and Pace (39) and Simmonds (48) attribute the variability
in lysine cﬁntent and the protein»r lysine (% protein) relationship to
variation ;n the proportion of soluble protein. .The increase in lysine

ag protein concentration decreases is considered to be a reflection of
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an increase in the albumin - globulin : gluten ratio. Wheats with low
protein content will have a higher proportion of the soluble proteins
and are, therefore, higher in lysine per unit protein. On the basis
of this explanation, Vogel et. al. (57) reasoned that the albumin -
globulin : gluten ratio of the common wheats which they have analyzed

gshould be relative1¥ stable at protein levels higher than 15 percent.

Variation in Protein and Lysine Composition of the Wheat Kernel

Variability in the protein/lysine content of various morphological
components of wheat has been studied by various workers. McMasters
et, al. (34) concluded on the basis of an extensive survey of literature .
that such variability does exist. The endosperm is generally lower in
protein content and in the lysine fraction per unit protein than the
germ and bran. Johnson et. al. (25) indicated that differences in
kernel morphology could alter the ratio of endosperm to non-endosperm

protein and thus affect the overall lysine content of the kernel.

Relationship of Lysine/Protein Content with Other Traits

McNeal et. al. (41) suggested in their study of quality response
of 5 spring wheat varieties that short plants are generally less capable
of translocating protein into their grains. They found short plant
height to be positively correlated with low kernel protein content,
Johnson et. al, (28) on the other hand found a significant negative
correlation of 0.24 between plant height and protein content in a cross
of Nap Hal with C.I. 13449, They indicated that this negative correla-

tion suggeats some association of shortness with high protein content.



Johnson et. al, (27) studied the effect of kernel size and plump-
ness on protein/lysine content of various wheats from the World
Collection. Kermel size alone did not appear to exert a significant
inf luence on either lysine or\protein content. Degree of plumpness
however was shown to strongly affect protein content and lysine percent
of sample., No effect on lysine per unit protein was detected.

Clark (5) studied the relation of awnedness to yield and protein
" content of the grain, Awned wheats exceeded the awnless varieties
by 21.4% in yield. The crude protein content was higher by 10.9% in
the awnless varieties. '

Yield and protein content have been reported to be frequently
but not always negatively correlated (9, 54). It has been possible
however to maintain high grain protein percentage without significant
yleld reductions over many environments as reported for the variety
Atlas 66 (23, 43, 52). The high protein of this variety has also been
transferred to other wheats, with high heritability values, without
affecting Fheir yield (20, 27). The amino acid composition also was
found to be not adversely affected by increase in protein content
(23, 36). There are numerous reports demonstrating that increase in

protein content while maintaining a high yield level is possible (22,
24, 26, 28).

Genetic Studies of Protein and Lysine
Studies involving two wheat varieties (Wichita and Atlas 66) have

produced evidence that protein is under polygenic control with no '

dominance present, Heritability values ranging from 68 - 83% were



observed for protein content. On the other hand, studies involving
various other crosses of wheat have provided evidence for the presence
of either dominant or recessive genes for protein expression (27).

Crosses made with Nap Hal and Atlas 66 at Nebraska (27) have
exhibited transgressive segregation for both high and low protein
content. Studies of populations derived from crosses of these vari-
eties indicated that different genes are involved. These findings
have suggested to Johnson et. al. that higher protein levels than what
was provided by Atlas 66 are possible. They also indicated that Nap Hal
possesses a heritable high lysine in combination with high protein.

In 1964, Mertz et. al. (42) discovered that maize homozygous for
the opaque-2 gene is significantly higher in lysine content of protein
than ordinary varieties and hybrids. This finding suggests the possi-
bility that such genes may also exist in wheat.

Amino acid analyses of lines derived from Atlas 66 have shown that
increase in protein content is possible without adversely affecting its
quality (362. These various findings suggest that protein content of

wheat can be significantly improved through breeding.

Effect of Environment on Protein/Lysine Content

Variation in protein quality and quantity of wheat is definitely
influenced by environment. Johnson et. al. (27) indicated in their
report on World Wheat Collection study that the effect of environment
is probably larger than the genetic effect, tending to mask genetic
differences. McElroy et. al., (40) reported significant lysine (percent
of sample) differences among samples of the hard red spring wheat

variety Marquis grown at 9 different locations in Alberta, Canada, during
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the same year. A range of 1.94 to 4.03% in percent nitrogen of sample
was observed for this variety grown at the nine locations. Johnson .
et. al. (19) have identified wheat varieties which ylelded significantly
higher lysine (% protein} than other varieties over a wide range of
environments.

Lawrence et. al. (31) reported that the lysine percent of prote%n
is not influenced by environment except as the latter affected the

protein content. (There is inverse relationship between lysine per

unit protein and percent protein).

Soil Fertility and Protein[Lzsine Content

The protein and lysine values of wheat have been shown to be
influenced by soil fertility levels. Haunold et. al. (17) attribute
the higﬁer protein content of the kernel of some wheats to more efficient
translocation of nitrogenous compounds through the plant. They suggest
that an internal protein-fixing threshold, representing the genetic
potential for grain protein content, is operative in wheat. A variety
vith a high' threshold will be expected to store more grain protein
with adequate soil nitrogen availability. On the basis of this assump-
tion they determined the protein threshold for Atlas 66 in their study
to be 3 percentage points higher than that of Wichita. Johuson et. al,
(27) obtained results from their study of Atlas 66 which suggested
that wheat with high protein content (14 - 17%) can be achieved from
genetically higﬁ proteiq cultivars grown under high soil fertility
levels,

The ARS~Nebraska wheat research program has developed winter wheats

with higher grain protein.potential than ordinary wheats. 'The research
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has also pointed to increased nitrogen translocation capacity as the
physiological reason for the higher grain protein content of these
lines. According to Johnson and Mattern (27), these findings provide
evidence for phenotypic expression of the high protein trait in a wide
range of soil fertility and production environments.

Hojjati (18) observed an inverse relationship betweea nitrogen
fertilization and lysine percent of protein. This is to be expected
since various reporters have indicated that protein content and lysine
per unit protein are negatively correlated. He also reported that
increasing potassium from 0 to 100 kg/Ha resulted in a 29% increase
in lysine percent of protein when no nitrogen was applied. High level
of nitrogen application reduced the effect of potassium application on
lysine. Wheat grown on soil with available phosphorous of 12.5 ppm or
more showed higher lysine per unit protein and higher yields, but also
resulted in low grain protein content.

According to Pisareu (46) and Waldron (58), moisture and geograph-
ical influences are important factors contributing to variability of
protein content in wheats. They observed that wheat grain protein is
higher in dry years. Pisareu reported that protein content increased
from about 14% in wet years to 20% in dry years. The kernel protein
also decreased from dry warm geographical regions toward cooler and

moister regions.,

Genotype x Environmental Interaction
Comstock and Moll (10) refer to genotype x environment interaction

as the interplday in effect of genetic and nongenetic factors on

development of the plant. They pointed out that genotype x environment
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interaction reduces the correlation between phenotype and genotype ‘with
the result that valid inference becomes more complicated. In addition
to the basic causes and effect of interaction, Comstock and Moll also
indicated that the magnitudes and the ways im which this factor
influenced genetic improvement efforts would determine whether the
breeder should aim at developing genotypes of narrow adaptability or
the ones of broad or general adaptability. Frankel (15) indicated that
the plant breeder's choice is limited to breeding either for closely
defined ecological conditions or for more extensive conditions that
require genotypes possessing adaptability to a broad spectrum of
environments. There are various other reports also discussing genotype
x environment interactions and their implications for applied plant
breeding (3, 16). They indicate that the plant breeder has to define
the most appropriate scheme for evaluation of genotypes according to
their response to environment.

Genotype x enwiéonment interaction estimates have been reported by
various researchers. First and second order interactions involving
variety, yield, and -location have been shown to be important sources of
variation in plant breeding problems (10). Estimates of genotype x
environment interactions have also been shown to vary from one area to
another. Baker (6), for instance, observed differences among estimates
of the ratio of genotype x environment interaction relative to experi-
mental error. These were estimates taken from experiments conducted in
Western Canada as well as those obtéined b; other researchers. He
attributed these differences to either wide envirommental differences

or differences in experimental technique.
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Miller et. al. (44) reported that important genotype x environment
interaction variations exist for lint yield i; cotton, but they are
less important for the various yield components and fiber traits.
Extensive studies were conducted by Abou-El=-Fittouh et. al. (1) on the
performance of 4:upland cotton varieties across the Cotton ?elt of the
Southern United §;ates. They reported that a 3~factor interaction was
the most important interaction variance for all traits except yield.
Anong the two-factor interactions, genotype x year interaction was shown
to be the least important for all traits other than seed index and lint
percent. They also indicated that gemotype x location interaction
should be expected to increase with the expansion of the reference base
of locations.

Variety x environment interactions were also reported for wheat by
Anand (5). Twelve varieties of wheat were grown at 4 locations for
three years in India. Analysis of variance of data from these trials
showed variety x location x year and variety x location interactions to
be significant, indicating that varieties performed differently in
different environments. The variances of the interactions were found
to decrease with increasing number of locations.

Significant two-factor and 3-factor interactions involving variety,
location, and yield have been reported for yield of fall rye tested in
Western Canada by Kaltsikes (30). By testing for three years in twenty
locations with four replications, Kaltsikes was able to detect yield
differences as low as 10% of the mean of the highest yilelding cultivar.
He pointed out that further reduction of the yileld difference detectable

would require more locations.
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In his study of yield stability of winter wheat grown in different
localities in Czechoslovakia, Smocek (49) observed that the experiments
involving one, two, and three years were inconsistent with res?ect to
variety ecovalence. There was significant agreement,'however, between
ecovalences from two and three year results. Smocek concluded that
genotype X year interaction is a main influence in the overall adapt-
ability of the varieties.

Genotype x environment interaction in different cereal species was
studied in Switzerland by Bieri (8). He reported that this factor was
an important source of variation in most of the cereals studied.
Location was found to be important for spring wheat and barley. With
winter wheat, genotype x year interaction was significant. In the case
of oats, however, both year and location appeared to be moderately
significant. These results indicate that the importance of each com=-
ponent of environmental variance with respect to genotype x environment

interaction varies among species.

Phenotypic Stability Measurements
Lewis (32) defines phenotypic stability as the ability of an

individual to produce a certain narrow range of phenotypes in different
environments. Various ways of measuring varietal stability have been
proposed in the literature.

Plaisted and Peterson (47) proposed a technique for evaluating
the consistency of yield of varieties over a number of locations and
seasons, They estimated variety x location interaction variances for
potato varieties tosted at different locations in the sa;e year. An

estimate of genotype x location interaction was determined for each

+
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pair of varieties on the basis of a combined analysis of variance. The
arithmetic mean of these estimates was use& to evaluate variety stability.
A variety with comparatively small genotype x location interaction vari- ’
ance would be regarded as relatively "stable."

Dracea and Saulescu (11) studied yield stability of five winter
wheat varieties during a period of six years in Romania. The best
measurement of stability of these varieties was obtained by finding the
total yield variance of each variety and calculating the regression of
yield on the average yield of the experiment.

Another approach, originally proposed by Yates and Cochram (59),
involves the use of regression of yield on environmental index. This
technique was applied by Finlay and Wilkinson (14) to evaluate the
stability of a set of varieties grown over locations and seasons. The
environmental index was measured by determining the mean yield of all
varieties per location/season and grading the environment accordingly.
Variety mean per location/season was then regressed on this index.

Beside pyoviding a quantitative grading, the mean yield of all varieties
per location/season would enable one to describe the environment. A
high mean yield per location/season, for example, would indicate a’ ¢
high yielding environment, Finlay and Wilkinson were able to obtain .
better linearity of the regression of individual means on location

means by transforming the yield data into a logarithmic scale.

Finlay and Wilkinson also clasgsified varieties with either specific
adaptability to high or low yielding enviromments or general adapt-
ability o£ poor adaptability to all environments. They were able to do

80 by using the regression coefficients of variety mean yields over all
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environments. The regression coefficients also provided a measure of
cultivar phenotypic stability. A regression coefficient of b = 1.0
indicated average phenotypic stability for the whole set of ;arieties
tested. Varieties with b<l.0 are above average and b>1l.0 below average,
in this respect. Complete phenotypic stability, i.e., a constant grain
yield in all environments, is indicated when b = zero. Finlay and
Wilkinson described the ideal genotype as one having maximum genetic
potential in the highest yielding environment as well as maximum pheno=--
typic stability.

From his study of 277 barley varieties in Australia, Finlay (13)
found that the variety with the highest mean yield over all environments
failed to fit the above mentioned description of an ideal genotype. He
also indicated that the hybrid populations were not only superior to
their homozygous parents in'average overall yield but also more stable
over all environments. The author noted that much of the phenotypic
stability of the hybrid populations can be due to heterotic effects
that would Pe accentuated in genotypes that are specifically adapted to
low yielding environments. :

Using a similar procedure, Johnson et. al. (21) ,studied the
general adaptation of 12 hard red winter wheat varieties for the Great
Plains of the United States.  They were able to show substantial pro-
gress in developing v8rietiéé with improved qtability performance and
high yield potential. ‘ I o - . '

The use of tegression'of a varietal yield on an environmental
index to measure stability among varieties ;as'proposed also by

31

Eberhart and Russell (12). .They further recognized a second parameter,
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i.e., deviations from the regression, as a secondary measure of cultivar
stability. The following model was used to define these param;ters:

. Yij -y, + Bin + Gij’
where Yij is the variety mean of the ith variety at the jth environment,
Uy is the mean of the ith variety over all environments, By 18 the
regression coeffic%ent that measures the ith variety response to varying
environments, Ij is the environmental index (mean of all varjeties at
the jth environment minus the grand mean), and 61j is the deviation from
regression of the gth variety at jth environment.

The environmental index (proposed by Eberhart and Russell) was
obtained as a coded deviation of each environment from the grand mean
over all environments. The regression of the mean of all varieties on
the environmental index will thus be forced to have unit slope (bi = 1).
They described a "stable variety" as one having a high mean yield, a
regression coefficient close to unity, and a non-significant deviation
mean square.

Stroike and Johnson (51) utilized stability parameters following
the Eberhdrt-Russell procedure to study environmental influence on
protein and lysine content of wheat. They computed variety mean per-
formance, regression coefficient, and regression deviation mean square
for each of these trdits. The deviation mean square is believed to
provide evidence of predictability of variety response to enviromment
according to the regression coefficient. The varieties studied showed
differences in their sensitivity to change in environment as well as
in predictability of response for both lysine and protein content.

)

However, a relatively high degree of repeatability of performance in dif=-

ferent environments was shown by the varieties in regard to these traits.
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A procedure similar to that of Eberhar? and Russell was used by
Tai (53) to study the atébility as well as predictability of potato
varieties over a range of environments. Wide variation in deviation
from the linear response, as well as unpredictability of these devia-
tions, was found to exist for each variety grown in different localities.
Tai, therefore, concluded that the deviation mean square was more
important Ehan the relatively predictable regression coefficient of the
linear response.

In his study of genotype x environment interaction with respect to
yield, Baker (7) proposed that variety stability is inversely propor-
tional to the sum of squares for genotype X enviromment interaction
ascribable to that particular variety. The magnitude of covariance of
genotype x environment effects with envirommental effects was considered
useful as a measure of variety stability -- a low covariance would
indicate a stable variety.

The yield stability of selected spring wheat varieties grown in
the Uniform Regional Spring Wheat Nurseries frpm 1959 to 1968 was
studied by Joppa et. al. (29). The use of regression analysis following
the Eberhart-Russell procedure was found to be useful in making

decisions with respect'to variety release.



MATERIALS AND METHODS

¥aterials
Durum wheats totalling 3399 that were previously analyzed at the
University of Nebraska Wheat Quality Laboratory were used to determine
the variability that exists in the World Collection for protein and
lysine content. These wheats were grown in different years gt Mesa,
Arizona as part of the World Collection accessions that are routinely
increased under irrigation.
The wheats that were grown at 6 different localities in Ethiopia
and the United States in this study were from this durum segment of
the World Collection. They were selected primarily on the basis of
combined high protein snd lysine values. Although these entries
(listed in Table A4).represent the various wheat growing areas of the
world, 71 were contributions from Ethiopia and 67 from Portugal. The
contributions from Ethiopia are listed in Table AS.
The 200 selected lines were inter-crossed with a composite of
durums from the following sources (listed in Table A6.1 - 7):
1. Sixty-nine indigenous wheats from Ethiopia representing
the various wheat growing regions (supplied by Dr. Taye
Bezunech of Debre Zeit Experimental Station, Ethiopia).

2, Eleven durums possessing various desirable agronomic
characteristics such as drought resistance, earliness,
and day length insensitivity (supplied by Dr. James

Quick, University of North Dakota).
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3, Fifty-three lines which were planted along with 147 other
,  World Collection durums at the University of NebrTska
farmgat Lincoln during the spring of 1973 and weré able
to a%rvive severe drought stress and produced se?d.
A chemical male gametocide, RH-531, was used to enforce hybrid-
ization of the compositelwith the 200 selected lines. A/new chemical
male gametocide, RB-532,‘13 presently under invaatigaiion as a possible

gsubstitute for RH-531.

Methods

Planting of Selected Durums

Seed samples of the 200 selected lines were obtained from the
U.S.D.A. World Collection, Washington, D. C. Seeds were classified as
to plumpness and size. Ten-gram samples of each of the selected lines

were planted in a single 10-ft. row at each of the following locations:

Location  Altitude (Meters) Planting Date
Debre Zeit (Ethiopia) ; 1860 Late July
Areka. " : 1775 Late June .,
Avasa o o 1680 ] "o
Kulunsa w2200 oo
Holletta " 2390 v
Alemaya " 2075 noom
Lincoln (Nebr., USA) 360 Mid May
Fort Collins (Colo., USA) 1225 Early May

The wheats grown at Awasa, Ethiopia received a 41-46-0 (kg/Ha)
fertilizer application during the growing éeaeon. This is a normal

rate of fertilizer application for wheats grown in that area. Field
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notes on germination, heading, and plant height were taken during the
growth period at each locality. Scores for s;em rust (P, gramminis
triticd) and Septoria tritici also were taken for the wheats grown at
Holletta due to a high incidence of the diseases in that area during
the growing season.

Wheats that were grown at Lincoln and Fort Collins were harvested
in the summer of 1973. Harvesting of the wheats grown at the various
localities in Ethiopia took place during early and late December, 1973.
A ten-gram sample of each of the wheats that were harvested was brought
to Lincoln, Nebraska. Seeds were then classified as to plumpness and
size at the Seed Laboratory of the University of Nebraska,

Laboratory Analysis

The durum segment of the World Collection totalling 3399 varieties
was initially analyzed for protein and lysine by routine analytical
procedures followed by the Wheat Quality Laboratory of the University
of Nebraska (4, 27).

Protein and lysine content of seeds of the selected lines grown at
sites in Ethiopia and the United States also were analyzed at the
University of Nebraska Wheat Quality Laboratory using the following
procedure:

Whole kernel 7-gram samples were ground, utilizing a newly-designed
Udy Cyclone Sample Mill and passed through a 0.04 inch screen. The
ground material was blended by brushing samples through two stacked
sileves after which they were placed in a controlled humidity cabinet
in order to maintain uniform moisture levels of approximately 11.25%

(35).
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Protein values were determined using the Macro-Kjeldhal procedure

AACC method 46~12 which is a modification of the Boric Acid method (4).
. All samples were determined in duplicate. The method for a single

sample was as'$ollows. One gram finely ground sample was wrapped in a
nitrogen-free ;aper and placed in a digesti&n flask. It was digested
for 60 minutes using a commercial catalyst preparation Kel-Pak-2P
(Curtin-Matheson Scientific Company) and 25 ml of concentrated sulfuric
acid. The flask was cooled and 250 - 300 ml tap water added (the Kel~-
Pak-2P contains ground pumice which provides antibumping capability in
the distillation). Fifty ml of 50% concentrated NaOH was added and the
flask connected to a condenser with tight fitting rubber stopper and
swirled. The ammonia was distilled into a 4% boric acid solution and
determined by appropriate titration with a standard acid solution. The
ammonia value is calculated as %N and converted to % protein by using a
conversion factor of N x 5.7. A blank determination was run for each
set of 12 samples using all ingredients except the sample. The blank
was subtracted from the sample titration before calculations were made.

Lysine values were determined by Dye-Binding Method utilizing the
Mossberg-Munk procedure (27). Crude protein value was determined by the
Kjeldhal Method. A ground wheat sample containing 65 mg of protein was
mixed with a 25 ml solution containing 1.3 mg/ml of dye (Udy Analyzer
Company commercial dye) in a 50 ml polycarbonate centrifuge tube. The
tubes were capped, shaken, and placed in an Eberbach reciprocating
shaker to be agitated in a horizontal position at 146 excursions per
minute for one hour. The tubes were then centrifuged for 15 minutes at

5000 rpm. The supernatant dye solution was read in a Udy colorimeter
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and ¥ light transmission recorded. Lysine values were calculated from
a standard curve which was a plot of % light transmission versus lysine

as determined by ion-exchange chromatography.

Initiation of Project at Yuma, Arizona

The recipient composite population and a bulk of the 200 selected
pollen donor lines were planted in alternating one hundred foot rows
at Yuma, Arizona in the Fall of 1973. The bulk of the donor lines was
formed by mixing mechanically 10-gram samples from the 200 lines. A
composite of 15-gram samples involving 133 lines formed the recipient
population.

The chemical male gametocide, RH-531, was applied to the foliage of
the composite recipient population at 4000 ppm at the early boot stage
to induce male sterility. Earlier, during the summer of 1973, the
effects of a new chemical male gametocide (RH-532) on wheat was studied
at the University of Nebraska farm in Lincoln. The effects at various
levels of application of this chemical on self-fertility and female

receptivity were also studied.

Statistical Analyses
Analysis of World Collection Durums - The data were computerized

for rapid statistical computations and permanent printouts. Means,
standard deviations, and frequency distributions of the 3399 durums
were determined for percent protein, percent lysine of sample and per-
cent lysine of protein. The frequency distributions of each of these
variables was tested for normality by plotting the relative frequencies

on probability graph paper (33).
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’

The correlations of protein content, lysine (% protein), and lysine
(¢4 sample)'were determined using simple r values. The following models
(50) were tested to determine more precisely the effect of protein on
either 1yaind3per unit protein or lysine expressed as percent of sample:
. 1a, Linear model: ’
| Yi-a+b1x1+e1
b, Quadratic model:
Yy = a +byXy + X2 + ey

¢. Cubic model:

Y, = a+byXy + b,X2 +bX] + ey
where Y; 18 %2 lysine of the 1th gsample; a is the intercept; xi is %
protein of the yth sample; ey is the residual error; and b values are
regression coefficients. The model providing the best fit for lysine/
protein relationship was chosen on the basis of a significant F test,
significant regression coefficients using the 't' test, and, finally,
the largest coefficient of determination (rz). The regression sums of
squares were partitioned to test the significance of the regression
coefficients.

The regression lines for protein and lysine (% protein/lysine
(X sample)) were plotted and deviations from regression calculated on
the basis of predicative values obtained by using the appropriate
regression equation.

Lysine per unit protéid values for the wheats were adjusted to the
mean protein value in order to have a more valid basis of comparisons
among samples differing in protein content. The following equation was

applied:
Yq adf, =¥y = by (K =) -b, (xF -%2)
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where Yi adj. 18 the ith adjusted lysine value; Yi is the observed
lysine per unit protein value of the ith sample; X; 1s percent protein
of the 1th sample; and b values are the regression coefficients.
The average error variance for an adjusted value was determined
from the following equation provided by Snedecor and Cochran (50):
2 - g2 2 2 2
S ady. sy-x 1+ 13 5x + sy 532 + C19 COV XX)
where 82adj = error variance for an adjusted lysine per unit protein
. g2
value; sy-x
elements of the inverse matrix of the independent variables used in

is the error mean square from regression; and ¢ values are

calculating the regression equation. The s2 and cov terms denote
variance and covariance, respectively, of the independent variables
used in the regression analysis,

The 95Z confidence interval about the mean lysine percent of
protein was calculated as X # t*o5'84 using standard error of a dif-
ference value derived from:

2
5 " 2sadj.

Analysis of Selected Durums - The data from the 200 selected lines

grown in various localities also were computerized. Lysine per unit
protein, lysine percent of sample, and protein content were determined
for each location. Lysine (% protein) values were adjusted to 13.5%
protein for a more valid basis of comparison of lines differing in their
protein contents.

The mean and standard error of a difference between two adjusted
values, 85 for 3399 World Collection durums were used to determine the
cut-off point with respect to high and low lysine levels. Wheats with

adjusted lysine (% protein) values equal to or larger than X + t os S
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are significantly higher than ordinary durum wheat. Those which showed
]
consistently such high lysine values over all environments would be

considered as potentially high lysine lines. ,

The standaﬁd used to determine the high protein 1evels]was dif-
ferent for each location, depending upon the limit set by the variation
in protein content and various other factors such as degree of
shrivelling. For wheats grown at Holletta, a significantly higher pro-~
tein value than the mean for the World Collection durum wheats was used
to identify the high protein lines. For wheats grown at each of the
other localities, a protein value higher than the mean for the World
Collection durums by either one or two or three standard deviations was
tentatively regarded as the cut-off point. Only lines with at least
normal lysine per unit protein levels were considered. Finally, lines
which performed relatively well according to these standards in all
environments would be regarded as potentially high protein lines.

Lines with shrivelled kernels and/or other defects were generally
disregarded. '

Stability parameters were computed following either the Yates~

Cochran or the Eberhart-Russell procedure to describe the performance

of a high protein - normal lysine variety over environments.



RESULTS

Analysis of World Collection Durum Wheats

Means; standard deviations, and range values for protein and lysine
content of 3399 U.S.D.A. World Collection durum wheats are shown in
Table 1. Frequency distributions of percent protein, percent lysine,
and lysine percent of protein are shown in Figures 1, 2, and 3,
respectively, The frequency of percent protein and lysine percent of
grain weight does not appear to be normally distributed. However, the
frequency distribution of lysine percent of protein does approximate
normal distribution.

Correlation coefficients for percent protein, lysine percent of
sample, and lysine percent of protein are given in Table 2. A high
positive correlation existed between protein content and lysine
expressed as percent of sample. The relationship of percent protein
and lysine percent of protein was highly negative. The same relation-
ship, though to a lesser degree, holds for lysine percent of sample and
lysine percent of protein.

The quadratic model provided the best fit for the regression of
lysine percent of sample on percent protein. The analysis of variance
for this regression is shown in Table 3. Regression coefficients,
standard errors of the regression coefficients, and the computed "T"
values are given in Table 4. About 92% of the total variation in lysine
percent of sample is ascribable to variation in protein content as

indicated by the coefficient of determination value (r2 = 0.92062).
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Table 1. Means, standard deviations, and the range for
% protein, X lysine, and lysine % of protein
for 3399 U.S.D.A. World Collection durum wheats.

Standard
Mean deviation Range
4 proteiul/ " 12,75 2,86 7.30 - 21.30
2 lysine 0.39 0.06 0.26 - 0.60
Lysine 2 of protein 3.15 0.27 2,43 - 4,29

!Jnty weight basis,
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Table 2. Simple correlaticn coefficients (r) for percent
protein, lysine percent of sample, and lysine
percent of protein for durum wheats of the U.S.D.A.

World Collection.

Lysine Lysine

(X of sample) (% of protein)
% protein 0.96%* =0,82%*
Lysine (X of sample) =0,63%%

*#*Significant. at the .0l level.
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Table 3. Analysis of variance for the regression of lysine
percent of aampli/on percent protein using the
quadrati¢ model.= .

Degrees of Sum of Mean
Source of variation freedom Squares Squares F value
Attributable to regression 2 12,37 6.18 19693, 5%%
Deviation from regression 3396 1.07 0.00031
Total (corrected for the mean) 3398 13.43

**Significant at the .01 level,

lJThe coefficient of determination (rz) using the quadratic model
equals 0.92079.



Table 4., Regression coefficients, standard errors of the regression
coefficients and computed T values for the regression of
lysine percent o{ sample on percent of protein for the
quadratic model.-j

34

Independent Regression S.E. of regression Computed
variable Coefficient coefficient T value
% protein by = 0.0095 0.00096 9,83862%*

(% protein)? b, = 0,00043 0.000035 12.10781%*

2

*¥kSignificant at the .01 level.

LY

!JIntercept = a = (0,19664,
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The linear regression of lysine percent of sample on percent protein
appears to be also significant with only a very slightly lower coef-
ficient of determination (0.91720). The slight curvilinear regression
of lysine percent of sample on percent protein is shown in Figure 4.

The quadratic and the cubic models were comparable with respect to
providing the best fit for the regression of lysine percent of protein
on percent protein. For this reason the quadratic model was chosen to
determine the relationship of these variables. The relevant analysis
of variance is shown in Table 5. Regression coefficients, standard
errors of the regression coefficients, and the computed "T" values are
given in Table 6. About 75% of the total variation in lysine percent
of protein is attributable to variation in protein content as indicated
by the coefficient of determination (rl = +7462). As shown in Figure 5,
the regression of lysine expressed as percent of protein on percent
protein is curvilinear and strongly negative. This negative relation-
ship appears to hold only among wheats with protein values less than 15%.
For wheats with more than 15% protein there is little or no apparent
effect of protein content on lysine per unit protein,

Lysine percent of protein values were adjusted to the mean protein
level (12.75%) to remove the large variability (75%) associated with
protein content. The frequency distribution of the adjusted lysine
values is shown in Figure 6. Although the mean of the adjusted and
unadjusted lysine percent of protein values is the same, their frequency
distributions are different, The frequency distribution of the un-
adjusted lysine per unit protein closely resembled that of protein

while the adjusted values appeared to be normally distributed following
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Figure 4, Curvilinear regression (quadratic model) of lysine
percent of dry weight on protein and the range of
dispersdl of lysine values about the regression
line computed from the analysis of 3399 durum wheats
from the U.S.D.A. World Collection.
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Table 5. Analysis of variance for the regression of lysine
expressed as a percent of gyotein on percent protein
using the quadratic model.l

Degrees of Sum of Mean
Source of variation freedom Squares Squares F value
Attributable to regression 2 190.65 95.32 4991, 3%%
Deviation from regression 3396 64,85 0.02
Total (corrected for the mean) 3398 255.50

**Significant at the .01 level,

l/The coefficient of determination (rz) using the quadratic
model = 0,74618,
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Table 6, Regression coefficients, standard errors of the
regression of lysine percent of E;otein on percent
protein for the quadratic model.=

Independent Regression S.E. of regression Computed
variable coefficient coefficient T value
% protein b1 = ~0,3137 0.0075 =41,76%%
(% protein)? b, = 0.0087 0.00028 31.49%%

**Significant at the ,01 level,

l-/Intercept: wam=5,66,
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Figure 5. Curvilinear regression (quadratic model) of lysine
percent of protein on protein and the range of
dispersal of lysine values about the regression
line computed from the analysis of 3399 durum
wheats from the U.S.D.A. World Collection.,
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a pattern which is independent of protein content. This is a direct
reflection of the removal of the variability in lysine values dﬂ: to
variation in protein content which thus provides a more valid ba

{
of comparison of lysine values between wheats differing in their protein

is

contents.
The average error variance (Sidj
adjusted lysine value (Sadj) for the 3399 World Collection durum wheats

+

are 0.01947 and 0.1395, respectively. The standard error of a dif-

) and the standard error of an

ference between two adjusted values which was computed as SD -‘JEEZSE;
is 0.1973%. Using this value, the 95% confidence interval for the
adjusted lysine values about the mean lysine per unit protein is 3.15
t.39. An adjusted lysine value equal to or greater than 3.54 can
therefore be regarded as significantly higher than the mean lysine (%
of protein) content of durum wheats,

The 3399 durum wheats analyzed from the World Collection were ranked
in descending order of protein and lysine values. The 40 highest and 10
lowest wheats for these traits are listed in Appendices 1, 2, 3, and 4,
respectively. Deviations of measured lysine per unit protein from
lysine per unit protein predicted by the curvilinear regression equation’

are also given in these tables.

Performance of Selected World Collection Durum Wheats

Data are available from only 4 sites in Ethiopia and from Fort
Collins, Colorado. Several of the wheats grown at the various locations
in Ethiopia failed to produce seeds. They were either day length
sensitive or exhibited winter growth habit. A large number of the

wheats that were harvested from these locations produced shrunken
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kernels probably due to the drought stress that prevailed in most of
these wheat growing areas during the growth period. Two entries, P.I.
220689f (Afghanistan source) and P.I, 262656P (Russian source), showed
winter growth habit at Fort Collins, Colorado. !

Protein and lysine values for wheat. grown at the various locations
in Ethiopia and U. 5. A. are listed in Tables A8 - Al2. Means,
standard deviations, and range values for protein and lysine content of
the wheats grown at the various sites and which produced seed are given
in Table 7. Protein values were highest for wheats grown at Awasa,
Alemaya, and Debre Zeit., The wheats grown at Holletta were generally
low in protein content and showed an average protein value lower than
the mean protein level of the World Collection of durum wheats. Similar
results were obtaineZ for the lysine (% of sample) content of the wheats
grown in the various localities. Average lysine percent of protein
values did not differ significantly from the mean lysine value for the
World Collection durum wheats.

Following the above criteria for sclecting high protein and lysine
lines, it was possible to identify only ome entry, C.I. 7796 (Ethiopian‘
source), which ghowed consistently good protein performance over all
locations. Two other entries, P.I, 192711P and P.I. 185734P, produced
high protein at most of these locations. Protein and lysine values for
the wheats that showed consistently good performance over the environ-
ments sampled among 200 selected World Collection durum wheats are
listed in Table 8. Protein and lysine values for two check varieties,

Ward and Leeds, are also included. The check varieties are relatively

low in their lysine content but showed generally high protein content.,
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Table 7. Means, standard deviations, and range values for percent protein,

sample, and lysine percent of protein for selected World Collectio
sites in Ethiopia and U.S.A. in 1973.

lysine percent of
n durums grown at

- Mean Standard deviation .Range
. . Number Adjusted Adjusted Adjusted
MR of 1/ ) 4 3/ 4 3/ lysinelal lysine/ lysine/
- Location entries~ Protein™ Lysine™ protein— Protein Lysine protein Protein Lysine protein
Alemaya 182 "20.43 0.51 2.94 1.60 0.03 0.13 15.2 to 0.42 to 2.63 to
- - .- 24.3 0.61 3.41
Awasa 95 21.47 0.56 3.05 2.03 0.05 0.11 17.2 to 0.46 to 2.85 to
- . . R ~ - 27.1 0.73 3.44
Debre Zeit 140 18.07 0.46 2.85 1.48 0.03 0.07 13.3 to 0.37 to 2.53 to
21.5 0.55 3.03
Holletta 184 12.70 0.37 2.93 1.99 0.05 0.13 8.9 to 0.29 to 2.60 to
. 19.9 0.53 3.46
Fort Collins 198 15.40 0.43 2.91 2.00 0.05 0.09 10.7 to 0.29 to 2.59 to
i 21.0 0.55 3.16
’Hbsagl 198 14.16 0.44 3.38 2.62 0.08 0.10 7.7 to 0.31 to 2.81 to
21.3 0.62 3.78
1/ :

= Entries that were able to produce seed.
g-,Growu under irrigation in different years.
-glbry welight basis.

é-,.Adjust:ed to 13.5Z protein using curvilinear equation.

£y



Table 8.

p—— e

Protein and lysine values of durum wheats that showed consistently good performance
over environments among 200 selected lines from World Collection durum wheats grown
at various locations in Ethiopia and U.S.A.

Seed characteristic

«7 o F C.I. or y 4 / ) 4 Lysine/ Adjusted
Location P.I. No. Source Proteinl- Lysine™~ protein 1lysine/prot and other remarks

Alemaya 7796 Ethiopia 22.00 0.55 2.52 2.98 Moderately plump
192711p Portugal 19.90 0.50 2.52 2.87 Plump
185734P Portugal 21.20 0.53 2.52 2,94 Plump
Ward U.S.A. 19.00 0.47 2,47 2.77 Plump
Leeds U.S.A. 19.00 0.47 2.47 2.77 Plump

Awasa 7796 Ethiopia  19.80 0.51 2.61 2,95 Plump
192711P Portugal - - - - Missing
185734P Portugal 22,90 0.56 2.47 2.98 Plump
Ward U.S.A. 17.20 0.46 2.70 2.90 Shrivelled
Leeds U.S5.A. - - - - Missing

Debre Zeit 7796 Ethiopia 18.60 0.48 2.61 2.89 Plump
192711P Portugal 18.70 0.47 2.52 2.80 Plump
185734P Portugal 19.00 0.46 2.42 2.72 Plump
Ward U.S.A. 18.00 0.45 2.52 2.76 Shrivelled
Leeds U.S.A. 17.40 0.43 2,52 2,73 Plump

Holletta 7796 Ethiopia 13.90 0.38 2.79 2.81 Plump
192711P Portugal 12.60 0.37 2,98 2.93 Plump
185734P Portugal 12.90 0.36 2.79 2.76 Plump
Ward U.S.A. - - - - Missing
Leeds U.S.A. - - - - " Missing

VA



Table 8. (Continued)

C.I. or y 4 1/ 4 1/ Lysine/ Adjusted 2/ Seed characteristic
. Location P.I. No. Source Protein=! Lysine~ protein 1lysine/protein® and other remarks
Port Collins 7796 Ethiopia 18.60 0.49 2.93 Plump

. 192711P Portugal 13.80 0.39 2.85 Plump

185734p Portugal 16.20 0.46 2,98 Plump

Ward U.S.A. 16.40 0.45 2.70 Moderately plump

Leeds U.S.A. 16.80 0.45 2.88 Moderately plump
Mesa 7796 Ethiopia 10.00 0.37 3.51 Plump

192711p Portugal 13.40 0.41 3.10 Plump

185734p Portugal 16.70 0.50 3.23 Plump

Ward U.S.A, - - - Not growm

Leeds U.S.A, - - - Not grown
Havelock 7796 Ethiopia 26.30 0.66 3.22 Shrivelled

192711p Portugal 22.40 0.57 3.05 Shrivelled

185734p Portugal - - - Missing

Ward U.S.A. - - - Missing

Leeds U.S.A. - - - Missing

/pey wetght basis.

zlAdjusted to 13.5Z protein using curvilinear equation.

sY
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These varieties also appear to have poor adaptability to the growing
conditions at Awasa, Ethiopia.

Analyses of variance for the regression of protein and lysine
contents of C.I. 7796 on environment index are given in Tables 9 to 14.
The stability parameters used to describe the performance of this

variety over environments appear in Table 15.

Yuma Harvest Results

Growth and development of the wheat planted at Yuma, Arizona were
excellent under the irrigated and disease and pest-free conditions in
that area. The apparent effect of the chemical male gametocide
(reduced plant height, widely open glumes, and yellowing of plot) was
observed shortly after spraying took place in early April, 1974.

The plots were harvested with a small-plot combine in the middle
of May. The plot sprayed with the chemical male gametocide appeared
to produce less amount of seed than the untreated male-parent plot.

It was not possible, however, to precisely determine the amount of
male-sterility and/or hybridization that had taken place (heads were

not bagged). It is, however, assumed that some degree of hybridization‘
occurred, on the basis of the substantial amount of seed produced.

From the sub=-experiment invdiving RH~532 conducted at Lincoln,
Nebraska, the following results were obtained. Application of the
chemical reduced plant height on the average by 29%. The best result
in the induction of male-sterility as well as improving female recep-
tivity was obtained from the plots treated with 6000 ppm of the chemical.

Self-fertility was reduced by 87,20% while over 33% (could amount to

about 38% considering natural hybridization) hybridization took place.
!



Table 9. Analysis of variance for the regression of protein content of C.I. 7796 on

environment index inyolving 200 World Collection durum wheats grown at 4 sites
in Ethiopia in 1973.

Degrees of

Source of variation freedom Sum of squares Mean squares F value
Due to regression ' 1 11.89 11.89 1.03 N.S.
Deviation from regression 2 23.15 11.58
Total (corrected for the mean) 3 35.04

1/

= Enviromment index computed either as the mean yield of all cultivars in a particular
environment (Yates-Cochran method) or as a coded deviation of each environment from
the grand mean of all environments (Eberhart-Russell method).

}
N.S. Not significant at the .05 level.

Ly



Table 10. Analysis of variance for the regression of lysine (X of sample) content of C.I. 7796
on enviromment index involving 200 World Collection durum wheats grown at 4 sites in
Ethiopia in 1973.1/

Degrees of -

Source of variation freedom Sum of squares Mean squares F value
Due to regression 1 .00195 .00195 .28 N.S.
Deviation from regression 2 .0138 .0069
Total (corrected for the mean) 3 .0158

;!Environment index computed either as the mean yield of all cultivars in a particular
environment (Yates-Cochran method) or as a coded deviation of each environment from
the grand mean of all environments (Eberhart-Russell method) .

N.S. Not significant at the .05 level.

8%



Table 11. Analysis of variance for the regression of adjusted lysine (Z of protein) content
of C.I. 7796 on environment index involving 200 World Collection durum wheats
grown at 4 sites in Ethiopia in 1973.%/

Degrees of

Source of variation freedom Sum of squares Mean squares F value
Due to regression 1 .00159 .00159 .21 N.S.
Deviation from regression 2 .01528 .0076
Total (corrected for the mean) 3 .01688 :

l“-lll'uv:lronment index computed either as the mean yield of all cultivars in a particular
environment (Yates-Cochran method) or as a coded deviation of each environment from
the grand mean of all environments (Eberhart-Russell method).

N.S. Not significant at the .05 level.

6%



Table 12. Analysis of variance for the regression of protein content of C.I. 7796 on
environment index involving 200 World Collection durum wheats grown at 5 sites
in Ethiopia and U.S.A. in 1973.1/

Degrees of

Source of variation freedom Sum of squares Mean squares F value
Due to regression 1 11.100 11.100 1.39 N.S.
Deviation from regression 3 23,988 7.996
Total (corrected for the mean) 4 35.088

l-/E:nvi.ronment: index computed either as the mean yield of all cultivars in a particular
environment (Yates-Cochran method) or as a coded deviation of each enviromment from
the grand mean of all environments (Eberhart-Russell method) .

N.S. Not significant at the .05 level.

0S



Table 13. Analysis of variance for the regression of lysine (X of sample) content of

C.I. 7796 on environment index involving 200 Wbéi? Collection durum wheats
grown at 5 sites in Ethiopia and U.S.A. in 1973.

Degrees of
Source of variation freedom Sum of squares Mean squares F value
Due to regression 1 .0020 .0020 43 N.S.
Deviation from regression 3 .0139 .0046
Total (corrected for the mean) 4 .0159

;!Enyitonment index computed either as the mean yield of all cultivars in a particular

environment (Yates-Cochran method) or as a coded deviation of each environment from
the grand mean of all environments (Eberhart-Russell method).

N.S. Not significant at the .05 level.

139



Table 14. Analysis of variance for the regression of lysine (X of protein) content of
C.I. 7796 on environment index involving 200 World Collection durum wheats
grown at 5 sites in Ethiopia and U.S.A. in 1973.

Degrees of

Source of variation freedom Sum of squares Mean squares F value
Due to regression 1 .0011 .0011 +«20 N.S.
Deviation from regression 3 0162 -0054
Total (corrected for the mean) 4 .0173

llKnv:lr:ox:nnent: index computed either as the mean yield of all cultivars in a particular
environment (Yates-Cochran method) or as a coded deviation of each enviromment from
the grand mean of all environments (Eberhart-Russell method).

N.S. Not significant at the .05 level.

(49



Table 15. Stability parameters for
in Ethiopia and U.S
Cochran procedure.

protein and lysine content of C.I. 7796 grown at sites
+A. using either the Eberhart-Russell procedure or the Yates-

S.E. of
1/ Regression regression Deviation
Mean— coefficient coefficient mean square Computed T value
4 2/ 5 3/ 4 5 4 5 4 5 4 5
Sites— Sites™ Sites Sites Sites Sites Sites Sites Sites Sites

Z Protein 18.58 18.58 .539 .503 532  .427 11.575 7.996 1.01 N.S. 1.18 N.S.
Z Lysine 0.48 0.48 .291 .270 .545 .413 .007 .005 .53 N.S. .65 N.S.
Adjusted lysine/

protein 2.91 2.91 .039 .028 .084 .075 .008 .005 .46 N.S. .37 N.S.
A!ﬁ = 200
2/

= Grown at 4 wheat growing sites in Ethiopia in 1973.

3/Grown at 5 wheat growing sites in Ethiopla and Fort Collins, Colorado in 1973.
B.S. Not significant at the .05 level.

%1
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The lower application levels, 2000 and 4000 ppm, resulted in 77% and
79% reductions in self-fertility and 22% and 23% hybridization,
respectively (these differences were not significant statistically).
Since RH-532 development is an improvement over RH=-531, especially with
respect to minimal interference with fem;Ie receptivity, it is assumed
that utilization of this chemical in future experiments would result

in a more efficient enforcement of hybridization.



DISCUSSION

World Collection Durum Wheats

Variability of Grain Protein and Lysine

A wide range of values for protein content of the U.S.D.A. World
Collection durum wheats was measured. The means, standard deviations,
and range values for protein and lysine closely resemble those obtained
for the World Collection common wheats (57). The frequency distribu-
tions of the protein and lysine values observed for these two wheat
species are also quite similar. In the much larger hexaploid wheat
population, however, protein and lysine/protein values approximated
normal distribution while this was not true in the case of the World
Collection durums. Means and range values for protein and lysine
reported for the relatively small durum wheat population are slightly
lower than those obtained for the World Collection of hexaploid wheats
(31, 56).

The wide range of protein values suggests that tremendous vari-
ability in protein content exists among durum wheats of the World
Collection., Since the grain of the World Collection wheats was pro-
duced under similar environmental conditions at Mesa, Arizona, we may
assume that a significant portion of this variability is genetic in
nature.

Comparison of the variability in protein content of these wheats
with the protein content of the hexaploid sector of the World Collection
(57) would indicate that durum wheats contain as much genetic vari-

ability for this trait as common wheats., About 136 of the World
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Collection durum wheats exhibit protein contents exceeding 18.47%, i.e.,
two standard deviations above the mean protein pércent. This group of
varieties exhibiting high protein content constitutes 4% of the totai
population and comp}res favorably with what has been reported for the
World Collection comon wheats (57). Durum wheats with protein content
falling within this range of high level values would represent the best
potential source of genes for high protein.

Very few of the durum wheats in the World Collection shqw lysine
per unit protein content that is significantly greater than the mean
lysine/protein value, Most varieties are within the 3.15 + .39 limit
and do not, therefore, differ in this respect from ordinary durum wheat.
There are 15 entries in the World Collection durum wheats (Table A3)
with adjusted lysine/protein above 3.54%. Only three of these wheats
are superior in protein content to ordinary durum wheat. The remaining
12 varieties, five of which are contributions from Ethiopia, exhibit
protein values significantly lower than the mean percent protein.

The variability in lysine/proteih values appears to be limited.
Further, it has beeq reported (27) that most varieties with high lysine
values based on analysis of samples from World Collection wheats grown
in Arizona were not genetically different for high lysine potential
when they were regrown at different sites in the United States, In
view of these factors it is difficult to tentatively identify potentially

high lysine/protein wheats.

Lysine ~ Protein Relationshig

The relationship between protein and lysine, either expressed ags

percent of protein or as percent of sample, is in agreement with other
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findings (27, 31, 57). The magnitude of their correlations, however,
is somewhat higher in durum wheats than in the hexaploid wheats and
other species (57),

There 1s a sﬁarp similarity with respect to the negative curvi-
linearity of the lysine/protein and protein content relationship between
the durums and the hexaploids in the World Collection (57). When
lysine/protein values are plotféd against protein, the'hegative rela-
tionship of these factors becomes less pronounced as protein increases,
and virtually disappears above 15% protein. The level beyond which
protein content is reported to have no influence on lysine/protein is
somewhat lower for a much smaller population of common wheats studied
by Lawrence et., al. (31). ,

About 75% of the lysine varistion is agsocilated with protein vari-
ation. This is a much stronger association of lysine/protein and
protein than that reported for World Collection common wheats, Since
this relationship largely disappears above 15% protein, the validity
of adjusted lysine/protein values on the basis of the curvilinear
regression of lysine on protein becomes questionable for protein values
above 15%.

In general, the apparent lack of protein influence on content of
lysine/protein beyond a certai; protein level, i.e., 152, appears to be
established for both common wheat and durums, This can be due to a
relatively gtable albumin-globulin : gluten ratio that may exist for
wheats with more than 15% protein (57). It would therefore be possible
to gelect for high protein content without adversely affecting the

amino acid composition.
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The relationship of lysine percent of sample to protein content
is strongly positive and linear (Figure 4). As much as 92% of the
variation in lysine percent of sample is due to variation in jprotein
content., As pr;:ein increases from 7.3 to 21,3 percent lysime also
increases from 0,29 to 0.59 percent on the basis of the quadratic
regression équation. Lysine expressed as percent of sample is, there-

fore, a direct measure of protein content. Improvement in lysine of

grain sample should be possible by selecting for higher protein content.

Effect of Envircnment on Protein and Lysine

Environment exerts a large influence on protein and lysine values

of wheat (27, 31, 57) and thus causes genotypes to vary rclative to one
another in different locations and seasons. Genetic expression of a
trait such as protein content must, therefore, be measured with reference
to a set of environmental conditions which, in practice, are usually
identified with l?cations and years. The joint action of genotype and
environment may be expressed in a linear fashion so that the phenotypic
expression of a ‘trait considered in this study may be represented as (2)

Prge = w8y * 1y + v+ (g + @)y + Dy + (Bl g + ey
Pijk is the phenotypic measurement made on the 1th genotype at :hevjth
location in the kth ygar; u and g are the population mean and the effect
of the 1th genotype; lj and ¥, are the direct effects of the j"i1 loca~
tion and the kth year, respectively; and 14k is a composite error term
of the remaining effacts (the micro-environmental effect at a location,

sampling error, and errors of measurement)., The interaction effects

are represented by (31)1j’ (8Y) 41 (yl)jk' and (gly) g4k
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Location and year effects may not be important since the wheats
analyzed were grown at Mesa, Arizona where the year to year variation
under irrigated conditions may be relatively small (57). As already
demonstrated by the various researchers (27, 57), however, genotype x
environment interactions will be expected to contribute substantially
to the amount of variation in protein and lysine values when these
vheats are grown over an array of environments.

Micro-environmental effect may also be important from the standpoint
of inter-genotypic competition that may exist among wheats with differing
backgrounds. The production environment in Mesa, Arizona (relatively
high fertilizer application level and irrigation) also may have adverse
effect on the yields of the World Collectiun wheats most of which have
weak straw and lodge easily (57). This in turn would influence the
variation in the protein content, with the lower yielding wheats tending
to be higher. Some of the wheats that were high im protein content may,

therefore, fail to perform the same way when grown in other environments.

Identification of High Protein and Lysine Sources

The strong influence of environment and genotype x eanvironment
interaction effects on protein and lysine levels does not permit heavy
reliance upon the high protein and lysine values appearing in Appendix
Tables 1 to 3. It is, however, possible to tentatively identify wheats
that are likely to be genetically superior in protein and lysine content.
Growing these wheats at several locations over a period of years can
firmly establish their gemetic uniqueness for high protein and high
lysine. The results of Stroike and Johnson (51) have shown that wheats

that are known to possess high protein genee were coneistently superior
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in their protein contents to ordinary wheats over a wide array of
environments. Such superior performance in a range of enviromments
for which the wheats are adapted will serve as a useful criterion for
the identification of varieties representing the best potentfal source
of genes for high protein and lysine.

Wheats with lysinc salues that are significantly higher than the
mean lysine value of the World Collection of durum wheats are the most
1ikely sources of genes for high lysine. These are wheats that shovw a
positive deviation of 0.29 or more in their lysine (% protein) from
lysine percent of protein predicted from the curvilinear regression
equation. These wheats also have the highest adjusted lysine values.
The lysine content of wheats can, therefore, be compared using lysine
values corrected on the basis of the linear regression of lysine on
protein.

Wheats that are consistently superior in their adjusted lysine
values over environments represent the best sources of high lysine
genes. In view of the low magnitude of the variability that exists
for this trait among the World Collection wheats, however, it may be
difficult to find varieties that show consistently higher lysine content
than ordinary wheats over emnvironments, The problem is further com-
pounded by the strong {nfluence of environment and genotype x environ-
ment effects on lysine level.

More than 99% of the World Collection durums show lysine per unit
protein values that are not significantly different from the mean lysine
(% protein). In identifying wheats that are gemetically superior in
protein and lysine values over environments the breeder will have to

select primarily on the basis of high protein content against a normal



61
lysine level background. In selecting for a specific region, lines
that show higher lysine and protein values than ordinary wheat in a
specific environment may be identified as high lysine and protein

sources with reference to that particular environment.

Performance of Selected Durums

A large number of the wheats harvested from the various locations
in Ethiopia produced defective kernels. This was particularly true for
Awasa where most of the wheat grains were shrivelled and relatively
small in size. The relatively high mean protein values obtained from
these regions are partly attributed to the shrunﬁen kernels. This
defect is believed to have been caused by the drought stress that has
prevailed in the wheat growing regions of Ethiopia.

The wheats harvested from Holletta were generally low in protein.
Part of this appears to have been influenced by disease. Comparison of
protein contents of the few stem rust (P. gramminis tritici) resistant
entries with the protein content of the susceptible entries provides
gome evidence that protein level may have been influenced by the disease.
Varieties P.I. 195717P, C.I, 7523, C.I. 3068, and C.I. 8455 which showed
very high resistance to rust, also showed relatively high protein values
ranging from 12.8 to 15.7%., The varieties which showed high degree of
rust susceprvibility were at the same time low in protein content ranging
from 10.3% to only 11.72. Since this relationship did not hold at the
other locations and the majority of the varieties were affected by rust,
it may be that part of the reason for low protein values is the rust
infection, The validity of.this comparison is, however, questionable

since Septoria tritici also occurred and, as it could also influence



62

protein content, perhaps counterbalance the rust effect (the rust sus-
ceptible varieties tend to be more resistant to the blight).

Environment definitely influences protein and lysine levels.‘ The
magnitudes of this influence can be demonstrated by comparing the pro-
tein and lysine values for a number of varieties grown over the various
locations. About 14 varieties had lysine per unit protein values that
were significantly higher than the World Collection population mean on
the basis of samples from Yuma-grown wheats. When these varieties were
regrown at sites in Ethiopia and the U.S.A. their lysine values did not
differ significantly from the mean lysine value for ordinary durum
wheats. They did, however, show a general tendency to approximate the
mean, relative to most of the other entries.

Another important influence of environment on lysine per unit pro-
tein occurred among varieties whose lysine values were relatively high
under Yuma conditions but were considerably lower than the mean lysine
value when regrown at the various other locations. The variety P.I.
185726P, for instance, had a lysine per unit protein content of'3.252
but this value dropped to 2.6% under Colorado growth conditions.

The effects of environment on protein content were pronounced
over most of the locations, especially with reference to Yuma versus
the other locations. A great number of the varieties that were low in
their protein content under Yuma conditions, for instance, produced
much higher protein contents in a number of the other locations at
which they were grown. C.I. 7528, for example, had protein values ‘
vhich varied from 7,7% to 21.6% under Yuma and Alemaya conditions,

respectively.,
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The effects of genotype x environment interactions have also been
noted (3, 15, 16, 57). In this study these interaction effects can be
demonstrated by cpmparins the protein content of two varieties‘c.l. 8493
and P,I. 185726P,: These two entries had protein contents of 15.32 and
20.9%, respectively, when grown at Yuma. The relationship was reversed
(21.2% and 16.0%, respectively) when the two varieties were Tegrown at
Debre Zeit, Ethiopia. The effects of genotype x environment interactions
among varieties grown at the various locations in Ethiopia appear to be
less pronounced. The general tendency of these varieties to be un-
usually high in protein content, which value was partly influenced by
kernel shrivelling, does not permit a valid assessment of the magnitude
of these interaction effects on pr;tein ontent. Moreover, since year
effects have not been considered in this study it is impossible to
fully explore the effect of genotype x environment on protein and
lysine (10).

Genotype x environment interaction effects on lysine per unit
protein are limited in magnitude and do not occur to the same extent
among the varieties as they do in the case of protein, This can be
illustrated by comparing lysine per unit protein content of entries
P.I. 191127P and 191145P. These varieties had lysine per unit protein
values of 2,992 and 3.10%, respectively, when grown at Alemaya. This
relationship changed to 3,16% for P.I, 191127P and 2.90% for 191145p
vhen the varieties were grown at Fort Collins. Genotype x environment
effects of larger magnitude have been reported (57). The generally
low magnitude of these interactions in this study may be due to the

fact that the varieties were initially selected on the basis of high
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lysine and normal protein levels. Since these values tend to approxi-
mate the normal lysine level, the difference among varieties would be
expected to be too small for important genotype x environment inter-
action to occur.

The variability that existed for lysine per unit protein among
the varieties was of limited magnitude. None of these varieties showed
lysine values exceeding the cut-off point for high lysine content, but
approached normal lysine level., The criterion for identifying wheats
with high nutritive value was, therefore, based on high protein and
normal lysine level.

The number of entries that could be identified as high protein
and normal lysine lines is limited. This is because several of the
high protein values were also influenced by shrunken kernels. Moreover,
values for several entries were missing at some locations and this
resulted in the exclusion of varieties that otherwise tended to do
well in a specific environment. A few examples may serve to demon-
strate this. The entry C.I, 177950P (Turkish source) had shown 23.5%
protein and 2.9% lysine at Alemaya. Similarly, high protein and lysine
values were obtained for this variety at Yuma and Debre Zeit. At the
two other locations in Ethiopia, however, this entry either failed to
produce seed (Awasa) or was very low in its protein content (Holletta).
Similar situations were observed also for entries P.I. 195099P
(Ethiopian source), P.I, 199995 (Ethiopian source), and P.I. 191640P
(Portuguese source) which had shown the highaest protein values at Debre
Zeit, Awasa, and Holletta, respectively,

The stability parameters used to describe the performance of C.I.

7796 indicate that the protein and lysine content of this variety has
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no relationship with the envirénment index, using either the Yates~
Cochran or Eberhart-Russell procedure (59, 12). This was true whether
the index involved four or five sites as in Ethiopia or Ethiopia and
U.S.A., respectively. Whether this variety can be described as a stable
variety is disputed by the differing interpretations provided by these
authors. The interpretations of the stability parameters for C.I. 7796
obtained in this study following the Eberhart-Russell procedure do not
conform to the description of a stable variety since the performance of
this variety while stable over environments is not predictable because
of the relatively large deviation mean square values.

The performance of C.I. 7796 at the various locations fits very
well the description of a stable variety as determined by the Yates~
Cochran procedure. It also fits the description of a variety with
broad adaptability as described by Finlay (13). The reliability of
the stability parameters is possibly influenced by the limited number
of locations and the fact that the experiment was not repeated over
years. Since this study is conducted with the aim of finding high
protein and lysinc lines for the wheat growing regions of Ethiopia,
it 1s assumed that the number and distribution of the experimental
sites adequately cover these areas. The additional predictive value
provided by the Eberhart-Russell model, the deviation mean square,
thus may not be necessary.

The results from the gub-experiment with RH-532 indicate a some-
what lower effect of the chemical in inducing self-sterility and/or
hybridization in wheat than what has been found in other studies
(personal communications with Dr. V. A. Johnson, the writer's advisor).

Ri-532 1is reportedly also more potent and usable in lower concentrations
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than RH-531 (usual rate is 4000 ppm for the latter), With 4000 ppm
rate of application, RH-532 produced 79% male sterility and, relative
to RH-53LLI, this effect appears to be low (at higher and lower con-
centration, however, RH-532 may be more effective).

One important asset of RH-532 is the fact that it produced little
effect on female receptivity (more so at higher concentrations) whereas
RH-531 tends to even cause female sterility,

The optimum level of application of RH-532 could not be determined
from this study since it 1s not known what the effects of this chemical

on wheat would be at concentrations higher than 6000 ppm.

Conclusion and Recommendations

There 1s a wide range of variability in protein level among durum
wheats. A large portion of this variability, however, appears to be
due to environmental and genotype x environment effects as indicated
by the results from this study. Although no definite conclusions can
be drawn with regard to the genetic uniqueness of most of the varietles
considered in this study, it was possible to identify a few entries
that were genetically superior to ordinary wheat in their protein content.
The 200 selected entries considered in this study did not show genetic
potential for high lysine content, but appear to be equal on the whole
to ordinary durum wheats.

The entry C.I. 7796, which is Ethiopian in origin, is identified
as a high protein - normal lysine level line with a broad range of

adaptability (suspected to be drought resistant also)., Tt is recommended

l/Unpublilhld information, University of Nebraska, Lincoln,
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that this variety be used as immediate parent for the genetic improve-
ment of the nutritional value of Ethiopian wheat. It is also recom=
mended that this variety be tested for yleld and various other character-
istics, including resistance to disease (especially to stem rust) for
possible future release as a high protein line.

A back-crossing program should be followed, employing chemical
male gametocides, using the 3 high protein (possibly also drought
resistant) lines as donor lines and the same composite population which
was used as female parent. The program can be initiated in Ethiopia
by planting seeds harvested from the female-parent rows (now largely
a hybrid population) along with the selected pollen donor lines
following the same procedure as at Yuma, Screening for yield and
other characteristics should be conducted following a series of such
back-crosses (five or six may be sufficient),

A fairly rapid improvement of the nutritional quality and agronomic
characteristics of the indigenous wheats can be effected through a mass
selection program following the incorporation of the genes for the
desired levels of protein and lysine. Lines with the best nutritional
potential would be identified according to the following procedure. For
the initial screening, total dye-binding capacity (DBC) will be deter-
mined through the Dye~Binding Method to identify high protein and/or
lysine lines., Linas exhibiting DBC values lower than the donor parents
would be discarded. The Kjeldhal Method would then be uged for protein
content for the smaller population, A high DBC and a high (or equal to
DBC) Kjeldhal would indicate low lysine. However, a high DBC and a

low Kjeldhal would indicate high lysine., This will differentiate
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between samples which are high in protein or in lysine. The DBC of a
sample containing 65 mg protein (based on Kjeldhal) would identify
lines with the best lysine potential since DBC is correlated (r = 0,80)
with lysine, Eventually lines which consistently indicate high lysine
potential should be verified using a standard analytical procedure
such as ion-exchange chromatography. The population thus formed would
then be put on yield trial as well as on observation for disease
resistance against an unimproved control population for further
screening.

This approach, which is conservative, has a number of advantages.
FPirst some degree of progress through release of improved varieties for
commercial production can be achieved in a relatively short period of
time. Second, as an initial step in the overall breeding program, it
will save much effort and time allowing provision for parallel breeding
program involving selection of superior pure lines as well as further
hybridization.

One most important asset of the breeding program proposed in this
study is that, as a mass selection procedure involving the indigenous
population, it insures effective utilization of the superior germ plasm
vithout any threat of losing the already existing, hitherto unexplored,
one represented by the indigenous population. The feasibility of this
approach which is expected to lead to a thorough exploration and maxi-
mum utilization of the germ plasm available in Ethiopia, as well as in
the U.S.D.A. Collection of Wheat, has been accentuated greatly by tbe
fact that a substantial number of the high protein and high lysine
lines found in the World Collection are contributions from Ethiopia,

Any breeding approach leading to the substitution of the natural
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composite of types growing in Ethiopia by a limited number of pure line
varieties, whether these are introduced or indigenous, without even
defining the available resources is, therefore, a risky undertaking
which involves the #hreat of losing a highly valuable source of ;gernm
plasm.

The production of wheat may, however, be extended into the low land
areas of the country where wheat has never been grown to any reasonably
large scale. In such areas (elevation below 1500 meters) it would be
possible under irrigation’'to produce wheats adaptable to the area with-
out any need of conservation of local types. Probably the most important
limitation associated with production of wheat in these areas is the
serious disease problem, particularly rust, which probably would occur
especially under large contiguous acreage of the crop.

The use of chemical male gametocide may have several advantages
over the conventional hand-crossing technique. It promotes hybridization
on a continual basis with minimal cost and effort. It also is rela-
tively easy to manipulate. This could lead to emergence of new unusual
genetic combinations that would be unlikely to surface under a control-
led manual hybridization systemvl/ It 1s, therefore, recommended that
a series of experiments be conducted on a continual basis to determine
the effects and optimum rate of application of new chemical gametocides

(including RH~532) in Ethiopia.

;/Project Review (Utilization), Improvement of the Nutritional
Quality of Wheat, Contract No. AID/CSD-1208, May 7, 1973, University
of Nebraska (page 21),



SUMMARY

The agronomfc and quality data from the T. durum segment of the
World Wheat Collection available at the University of Nebraska Wheat
Quality Laboratory were analyzed to determine the amount of variability
that eaisted for protein and lysine among the various entries.

A wide range of values for protein content of the U.S.D.A., World
Collection durum wheats was observed. Protein varied from 7.3% to
21.3% with a mean and standard deviation of 12,75% and 2.86, respectively.
Lysine (% of sample) had a range of 0.26% to 0.60%, a mean of 0.39% and
standard deviation equal to 0.06. Lysine expressed as percent of protein
showed a range of 2,43% to 4.29% with a mean and standard deviation
equal to 3.15% and 0.27, respectively, These protein and lysine values
closely resemble the values for common wheats. Protein and lysine
variability and the relationship of protein and lysine in these two
species also are similar.

Selected varieties that exhibited unusual properties of protein
and lysine were grown at sites in Ethiopia and U.S,A. Seeds harvested
from the varieties at each of these sites were returned to Lincoln and
analyzed for protein and lysine at the Wheat Quality Laboratory to
deternine whether they are genetically superior to ordinary durum
varieties and to assess their potential value for genetic improvement
of wheats indigenous to Ethiopia.

Varieties that exhibited high protein and normal ly;ine levels over

environments were identified as high protein 1lines.. On the basis of
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this criterion, with shrunken seed samples disregarded, only one
variety, C.I. 7796 (Ethiopian source), showed excellent performance
over all enviromments. Two varleties, P.I. 192711P and 185734P (both
from Portugal), showed good performance over most environqgnts but
appear to perform poorly at Awasa (did not produce seed) and Debre Zeit
{low lysine/protein value), réspectively.

The stability of C.I. 7796 in different environments was tested
by using both the Yates-Cochran and Eberhart-Russell procedures. The
performance of this variety fits very well the description of a stable
variety, as originally proposed by Yates and Cochran, and/or a variety
with broad adaptability (Finlay and Wilkinson). It is proposed that
this variety, which also is suspected of being drought fesistant. be
used as an immediate parent for the improvement of the nutritional -~
value of Ethiopian durums. Following further investigation on its
rust resistance, yield and other agronomic characteristics the variety
might also be multiplied as a high protein line.

A regionalized series of experiments on protein with the wheats
that have shown superior performance over most environments in Ethiopia
is proposed. It is also recommended that entries that exhibited
unusually high protein values but were disregarded because of kernel
shrunkenness be included in these experiments.,

An experiment was initiated at Yuma, Arizona in 1973 employing a
breeding technique considered appropriate for effective utilization of
the superior germ plasm in Ethiopia. This approach which involves the
use of chemical male gametocide to enforce genetic recombination, will’
be utilized to incorporate genes for high quality and other desirablé

characteristics into wheats indigenous to Ethiopia.
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Table Al. Protein and lysin: values for durum wheats in the World Collection with the
highest and lowecst protein values.

% y4 Lysine/ Adjusted Deviation

C.I. or P.7. No. Proteinl/ Lysinel/ protein lysine/proteing/ lysine/proteinéj
177950P 21.30 0.55 2.59 2.81 -0.34
185721p 21.10 0.62 2.95 3.18 0.03
185726F 20.90 0.62 3.01 3.25 0.11
177949P 20.70 0.56 2.72 2.97 -0.18
184541P 20.60 0.60 2.91 3.17 0.02
166728P 20.10 0.54 2.72 3.00 -0.15
185736P 20.10 0.58 2.91 3.19 0.04
192485p 20.00 0.51 2.59 2.87 -0.28
185729P 20.00 0.52 2.61 2.89 -0.26
185728Pp 19.90 0.58 2.91 3.19 0.05
185610P 19.90 0.58 2.96 3.24 0.10
184527p 19.90 0.59 3.01 3.29 0.15
185740P 19.90 0.57 2.87 3.15 0.01
134936P 19.80 0.52 2.65 2.94 -0.21
191528P 19.80 0.60 3.04 3.33 0.18
295036P 19.80 0.51 2.61 2.90 -0.25
184174P 19.80 0.54 2.76 3.05 -0.10
204011P 19.80 0.56 2.87 3.16 0.01
184540P 19.80 0.59 3.00 3.29 0.14
134935P 19.70 0.54 2.74 3.03 -0.12
185749P 19.70 0.56 2.86 3.15 0.00
191089P 19.70 0.60 3.09 3.38 0.23
185731pP 19.70 0.54 2.76 3.05 -0.10
185196P 19.70 0.55 2.82 3.11 -0.04
185765p 19.70 0.36 2.86 3.15 0.00
184535P 19.70 0.57 2.93 3.22 G.07
185738p 19.60 0.56 2.87 3.16 0.01
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Table Al. (Continued)

Z y 4 Lysine/ Adjusted Deviation
C.I. or P.I. No. Proteinl/ Lysinel/ protein lysine/proteing/ lysine/proteinéj

192733P 19.60 0.56 2.89 3.18 0.03
204038p 19.60 0.58 3.00 3.29 0.14
177947p 19.60 0.50 2,57 2.86 -0.29
191608p 19.60 0.52 2.69 2.98 -0.17
295042p 19.60 0.52 2,70 2.99 -0.16
192736P 19.60 0.54 2.75 3.04 -0.11
165117p 19.60 0.54 2,80 3.09 -0.06
165154P 19.60 0.56 2.87 3.16 0.01
166817P 19.60 0.56 2.88 3.17 0.02
185724P 19.60 0.56 2.89 3.18 0.03
166816P 19.50 0.54 2.81 3.11 -0.04
184534r 19.50 0.55 2.82 3.12 -0.03
185764P 19.50 0.56 2.89 3.19 0.04
177919p 8.80 0.29 3.36 2.93 -0.22

7189 8.80 0.33 3.77 3.34 0.19

7438 8.80 0.29 3.33 2.90 -0.25

7392 8.80 0.29 3.37 2.94 -0.21

2551 8.80 0.29 3.38 2,95 -0.20
176284p 8.80 0.29 3.39 3.58 -0.19
176293p 8.80 0.30 3.41 2,98 -0.17
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Table Al. (Continued)

y 4 y 4 Lysine/ Adjusted Deviation
C.I. or P.I. No. Proteinl/ Lysinel/ protein lysine/proteing/ lysine/proteinzl
7297 8.80 0.30 3.43 3.00 -0.15
7390 8.80 0.30 3.46 3.03 -0.12
9247 8.80 0.30 3.47 3.04 -0.11
l—,Dry weight basis.
Z/Adjusted to 12.75%Z protein using the quadratic regression equation.
éjneviation of observed lysine percent of protein from lysine percent of protein predicted

from curvilinear (quadratic) equation.
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Table A2. Protein and lysine values for durum wheats in the World Collection with the
highest and lowest lysiue pcrcent of sanple values.,

Z Z 1/ Lysine/ Adjusted Deviation
C.I. or P.I. No. Protein— Lysine— protein lysine/protein™ lysine/protein™
185726P 20.90 0.62 3.01 2.90 0.11
185721p 21.10 0.62 2.95 2.92 0.03
184541p 20.60 0.60 2.91 2.89 0.02
191089p 19.76 0.60 3.09 2.86 0.23
191528p 19.80 0.60 3.04 2.86 0.18
166838p 19.00 0.60 3.17 2.84 0.33
166837p 18.90 0.59 3.12 2.84 0.28
184527p 19.90 0.59 3.01 2.86 0.15
184540P 19.80 0.59 3.00 2.86 0.14
191127p 17.90 0.59 3.30 2.83 0.47
185610P 19.90 0.58 2,96 2.86 0.10
185728p 19.90 0.58 2.91 2.86 0.05
185736P 20.10 0.58 2,91 2.87 0.04
166729p 19.20 0.58 3.03 2.85 0.18
165113P 18.40 0.58 3.18 2.84 0.34
204038P 19.60 0.58 3.00 2.36 0.14
204015P 18.70 0.58 3.12 2.84 0.28
165119p 18.50 0.57 3.12 2.84 0.28
185740P 19.90 0.57 2.87 2.86 0.01
184535P 19.70 0.57 2.93 2.86 0.07
297852p 18.90 0.57 3.03 2.84 0.19
297855P 19.20 0.57 3.01 2.85 0.16
185609pP 18.90 0.56 3.00 2.84 0.16
185738p 19.60 0.56 2.87 2.86 0.01
177949p 20.70 0.56 2.72 2.90 -0.18
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(Continued)

Table A2.
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0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.55
0.55

19.70
19.50
19.60
19.70
19.30
19.60
19.20
19.60
18.00
19.80
19.30
19.60
18.40
18.00
18.60

185765P
185764P
185724P
185749p
150986P
166817P
165116P
165154P
1926&3P
204011P
192735P
192733p
192517P
192516P
192512P

7529

3.71
3.63
3.64
3.71
3.69
3.63
3.71

3.61
3.35
3.43
3.60
3.52
3.40
3.40

0.28
0.28
0.28
0.28
0.28
0.28
0.27

8.00
8.50
8.40
8.00
8.10
8.50
8.00

7852*%

7472
176285p
176292p
176289p
176296P
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Table A2. (Continued)

Y4 1/ Z 1/ Lysine/ Adjusted / Deviation /

C.I. or P.1I. No. Proteln~ Lysine= protein lysine/protein™ lysine/protein—
164510P 7.80 0.2/ 3.51 3.75 -0.24
18/512pP 7.50 0.26 3.47 3.80 -0.33
167562p 9.20 0.25 2.80 3.51 -0.71

*Contribution from Ethiopia.

2/pry weight basis.

ngdjusted to 12.75% protein using the quadratic regression equation.

éjDeviation of observed lysine percent of protein from lysine percent of protein
predicted from curvilinear (quadratic) equation.
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Table A3. Protein and lysine values for durua whcats in the World Collection with the
highest and lowest adjusted lysine percent of Protein values.

p4 Lysira/ Adjusted Deviation
C.I. or P.1I. No. Proteinl/ Lysinel/ protein lysine/proteing/ lysine/proteinil
193567p% 12.10 0.45 3.77 3.78 0.63
192129p 9.50 0.37 3.99 3.67 0.52
7528 7.70 0.33 4.29 3.67 0.53
192442P 14.70 0.50 3.41 3.63 0.48
212835p 14.90 0.50 3.40 3.63 0.48
7267 12.30 0.44 3.59 3.62 0.47
191127p 17.90 0.59 3.30 3.61 0.47
297838p* 10.50 0.39 3.79 3.61 0.46
192120P 10.80 0.40 3.74 3.60 0.45
192086P 8.00 0.33 4.15 3.59 0.44
8635 * 11.40 0.41 3.65 3.58 0.43
195089r% 9.90 0.38 3.84 3.58 0.43
192619P 10.20 0.38 3.79 3.57 0.42
196907p* 10.50 0.39 3.74 3.56 0.41
191145P 15.50 £.51 3.29 3.55 0.40
192107pP 10.50 0.38 3.71 3.53 0.38
193863pP 11.50 0.41 3.59 3.53 0.38
196090P 16.30 0.52 3.24 3.53 0.38
220704P 7.70 0.31 4.14 3.52 0.38
192201pP 12.70 0.43 3.45 3.52 0.37
7517 10.40 0.38 3.1 3.52 0.37
185300pP 16.30 0.52 3.22 3.51 “0.36 .
191827p 10.80 0.39 3.65 3.51 0.36
220689p 14.40 0.47 3.30 3.50 0.35
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Table A3. (Continucd)

Z Z , Lysine/ Adjusted Deviation
C.I. or P.1I. No. Proteinl/ Lysinel! protein lysinclproteing/ lysinc/proteingl

196098P 17.10 C.54 3.19 3.50 0.35
196097P 16.80 0.52 3.20 3.5¢C 0.35
166854P 15.00 0.49 3.27 3.50 0.36
165113p 18,40 ~0.58 3.18 3.49 0.34
196102pP 17.00 0.54 3.19 3.49 0.35
192618p 8.80 0.34 3.92 3.49 0.34
197473P 11.10 0.39 2159 3.49 0.34
153887p* 10.50 0.38 3.67 3.49 0.34
195081pr* 12.20 0.42 3.47 3.49 0.34
192114P 9.20 0.35 3.86 3.49 0.35
192130P 12 00 0.41 3.42_ 3.49 0.34
191051p 16.30 0.52 3.20 3.49 0.34
185608P 13.80 0.46 3.33 3.49 0.34

8123 * 10.30 0.38 3.70 3.49 0.34

7391 10.00 0.37- 3.74 3.49 0.34
265005P 9.10 0.35 3.87 3.49 0.34
170997p 10.90 0.31 2.91 2.78 -0.37
172562p 9.30 . 0.29 3.12 2,77 -0.38
167443p 12.80 0.34 -, 2.67 2.75 ~=0,40
167512p 9.70 0.29 3.03

2.74 -0.41
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Table A3. (Continued)

y 4 y 4 Lysine/ Adjusted Daviation

C.I. or P.I. No. Proteinl! Lysinelj protein lysine/proteingl lysine/proteinél
166893pP 14.60 0.36 2.52 2.73 -0.42
280462pP 13.40 0.34 2.60 2.73 -0.42
167579p 10.50 0.30 2.89 2.71 -0.44
166560P 11.30 0.31 2.79 2.7 -0.44

11496 13.50 0.32 2.43 2.56 -0.58
0.25 2.80 2.43 -0.71

167562 9.20

*Contribution from Ethiopia.
lJbry weight basis.
EIAdjusted to 12.75Z protein using the quadratic regression equation.

éﬁbeviation of observed lysine percent of protein from lysine percent of protein
predicted from curvilinear (quadratic) equation.

98



Table A4. Protein and lysine values for 200 lines selected from the World Collection durums
totalling 3399 on the basis of protein values and uniijusted lysinc per unit protein.

Z 1/ Z 1/ Lysine/ Adjusted 2/ Deviation 3/
No. C.IXI. or P.I. No. Source Protein— Lysine~ protein lysine/protein™ lysir.e/protein™

1 7528 Egypt 7.7 0.33 4.29 3.67*% 0.53

2 192086P Portugal 8.0 0.33 4.15 3.59% 0.44

3 192129p Portugal 9.5 0.37 3.99 3.67% 0.52

4 192618P Portugal 8.8 0.34 3.66 3.49 0.34

5 268456P Afghanistan 8.7 0.33 3.89 3.45 0.30

6 6880 Tunisia 8.2 0.31 3.88 3.35 0.290

7 265005P Yugoslavia 9.1 0.35 3.87 3.49 0.34

8 192119p Portugal 9.2 0.35 3.86 3.49 3.50

9 137744P Iran 8.1 0.31 3.84 3.29 0.15
10 195089P Ethiopia 9.9 0.38 3.84 3.58% 0.43
11 220129p Afghanistan 8.7 0.33 3.83 3.39 0.24
12 3068 Ethiopia 8.8 0.33 3.82 3.39 0.24
13 297838P Ethiopia 10.5 0.39 3.79 3.61% 0.46
14 8066 Ethiopia 9.1 0.34 3.78 3.40 0.25
15 193867P Ethiopia 12.1 0.45 3.77 3.78*% 0.63
16 7293 Egypt 9.0 0.33 3.76 3.36 0.21
17 192120P Portugal 10.8 0.40 3.74 3.60% 0.45
18 196907P Ethiopia 10.5 0.39 3.74 3.56* 0.41
19 195059P Ethiopia 9.5 0.35 3.73 3.41 0.26
20 7325 India 8.8 0.32 3.72 3.29 0.14
21 7517 Egypt 10.4 0.38 3.71 3.52 “0.37--
22 192107P Portugal 10.5 0.38 3.721 3.53 0.38
23 7796 Ethiopia 10.0 0.37 3.7¢ 3.45 0.30
24 8123 Ethiopia 10.3 0.38 3.70 3.49 0.354
25 4561 India 10.0 0.36 3.67 3.42 0.27
26 193887p Ethiopia 10.5 0.38 3.67 3.49 0.34
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Table A4. (Continued)

y 4 1/ 4 1/ Lysine/ Adjusted 2 Deviation
No. C.I. or P.I. No. Source Protein=— Lysine= protein lysine/protein—/ lysine/proteingl
27 8635 Ethiopia 11.4 0.41 3.(5 3.58* 0.43
28 191827p Portugal 10.8 0.39 3.65 3.51 0.36
29 3150 Tunisia 10.0 0.36 3.64 3.39 0.24
30 7506 Egypt 10.1 0.36 3.64 3.41 0.26
31 7267 Egypt 12.3 0.44 3.59 3.62% 0.47
32 193888P Ethiopia 12.1 0.42 3.47 3.48 0.33
33 195081p Ethiopia 12.2 0.42 3.47 3.49 0.34
34 191850P Portugal 12.0 0.41 3.46 3.46 0.31
35 191982p Portugal 12.0 0.41 3.45 3.45 0.30
36 192201P Portugal 12.7 0.43 3.45 3.52 0.37
37 192442p Portugal 14.7 0.50 3.4 3.63* 0.48
38 212835P Iran 14.9 0.50 3.40 3.63* 0.48
39 195095°P Ethiopia 12.4 0.42 3.39 3.43 0.28
40 195717P Ethiopia 12.6 0.42 3.39 3.485 0.30
41 191836P Portugal 12.2 0.41 3.38 3.40 0.25
42 7523 Egypt 12.6 0.42 3.37 3.43 0.28
43 192197p Portugal 12.8 0.42 3.31 3.39 0.24
&4 192620P Portugal 12.7 0.42 3.36 3.43 0.28
45 195099P Ethiopia 12.4 0.41 3.35 3.39 0.24
46 191848P Portugal 12.6 0.42 3.34 3.40 0.25
47 194037p Ethiopia 12.8 0.42 3.31 3.39 0.24
48 1911277 Spain 17.9 0.59 3.30 3.61% 0.47
49 220689P Afghanistan 14.4 0.47 3.30 3.50 0.35
50 191145pP Spain 15.5 0.51%* 3.29 3.55*% © 0.40.
51 166854P Turkey 15.0 0.49 3.27 3.50 0.36
52 191632P Portugal 13.5 0.44 3.27 3.40 0.26
53 193871p Ethiopia 13.1 0.42 3.27 3.37 0.22
54 195096P Ethiopia 12.6 0.41 3.27 3.33 0.18



Table A4. (Continued)

y 4 1/ 4 1/ Lysine/ Adjusted / Deviation 3/
No. C.I. or P,I. No. Source Protein— Lysine~ protein lysine/protein= lysine/protein=
55 195724Pp Ethiopia 13.8 0.45 3.27 3.43 0.28
56 194031P Ethiopia 13.8 0.45 3.26 3.42 0.27
57 272537p Hungary 14.0 0.45 3.26 3.43 0.28
58 193862P Ethiopia 13.6 0.44 3.25 3.39 0.24
59 193369P Ethiopia 12.4 0.40 3.25 3.29 0.14
60 8161 Peru 14.2 0.46 3.24 3.43 0.28
61 151205P Ethiopia 12.6 0.40 3.24 3.30 0.15
62 191970P Portugal 14.8 0.48 3.24 3.46 0.31
63 192006P Portugal 15.0 0.48 3.23 3.46 G.32
64 185300P Argentina 16.3 0.52*% 3.22 3.51 0.36
65 191819P Portugal 15.7 0.50 3.21 3.48 0.33
66 194830P Ethiopia 13.5 0.43 3.21 3.34 0.20
67 195711pP Ethiopia 13.6 0.43 3.21 3.35 0.20
68 196091pP Ethiopia 14.9 0.47 3.21 3.44 0.29
69 210911p Pakistan 12.0 0.38 3.21 3.21 0.06
70 7855 Ethiopia 13.5 0.43 3.20 3.33 9.19
71 196097P Ethiopia 16.8 0.53%* 3.20 3.50 0.35
72 113396P Egypt 14.5 0.46 3.19 3.40 0.25
73 134930p Portugal 13.2 0.42 3.19 3.30 0.15
74 177951P Turkey 13.6 0.43 3.19 3.33 0.18
75 184537pP Portugal 14.8 0.47 3.19 3.41 0.26
76 191239P Spain 13.2 0.42 3.19 3.30 0.15
77 195710p Ethiopia 14.0 0.44 3.19 3.36 0.21
78 196098P Ethiopia 17.1 0.54%*% 3.19 3.50 0.35
79 196102P Ethiopia 17.0 0,5 %% 3.19 3.49 0.35
80 165113p Turkey 18.4 0.58%% 3.18 3.49 0.34
81 185753p Portugal 16.6 0.52%* 3.18 3.48 0.33
82 192743p Portugal 16.1 0.51%* 3.18 3.46 0.31

60



Table A4. (Continued)

y 4 r 4 Lysine/ Adjusted

1/

1/ Deviation
No. C.I. or P.1I. No. Source Protein=— Lysine=

protein lysine/protein—/ lysine/proteingj

83 192835P Portugal 15.3 0.48 3.18 3.43 0.28
84 166838p Turkey 19.0%x 0.60*%* 3.17 3.48 0.33
85 7778 Ethiopia 16.0 0.50 3.16 3.44 0.29
86 8455 U.A.R. 14.5 0.45 3.16 3.35 0.20
87 145720pP Arabia 14.0 0.44 3.16 3.33 0.18
88 196089P Ethiopia 17.3 0.54%* 3.16 3.47 0.32
89 196103P Ethiopia 17.4 0.55%% 3.16 3.47 0.32
90 196908P Ethiopia 15.7 0.49 3.16 3.43 0.28
91 220426P Egypt 14.3 0.45 3.16 3.43 0.28
92 225310P Iran 15.6 0.49 3.16 3.42 0.27
93 191182p Spain 14.0 0.44 3.15 3.32 0.17
94 192683P Portugal 18.0 0.56%* 3.15 3.46 0.32
95 234861pP Ethiopia 14.9 0.46 3.15 3.38 0.23
96 273997p Ethiopia 14.8 0.46 3.15 3.37 0.22
97 7770 Ethiopia 14.4 0.45 3.14 3.34 0.19
98 113398pP Egypt 14.1 0.44 3.14 3.32 0.17
99 196092pP Ethiopia 16.3 0.51** 3.14 3.43 0.28
100 244342p Ethiopia 14.2 0.44 3.14 3.33 0.18
101 119326P Turkey 13.1 0.41 3.13 3.24 0.09
102 191412p Morocco 13.5 0.42 3.13 3.26 0.12
103 191971pP Portugal 13.5 0.42 3.13 3.26 0.12
104 192461P Portugal 13.4 0.42 3.13 3.26 0.11
105 192742pP Portugal 16.0 0.50 3.13 3.41 0.26
106 195100P Ethiopia 15.6 0.48 3.13 3.39 0.24
107 195106P Ethiopia 14.1 0.44 3.13 3.31 0.16
108 195698P Ethiopia 14.3 Q.44 3.13 3.32 0.17
109 273996P Ethiopia 15.6 0.48 3.13 3.39 0.24
110 7234 Russia 14.0 0.43 3.12 3.29 0.14
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Table A4. (Continued)

Z y4 Lysine/ Adjusted Deviation

No. C.I. or P.I. No. Source Proteinll Lyeinel/ protein lysine/protein—/ lyaine/proteingl
111 7239 Russia 13.5 0 42 3.12 3.25 0.11
112 1651197 Turkey 18.5%» 0.57*~ 3.12 3.43 0.28
113 166837p Turkey 18.9** 0.59%% 3.12 3.43 0:z8
114 191629P Portugal 14.6 0.45 3.12 3.33 0.18
115 196096P Ethiopia 16.7 0.52%% 3.12 3.42 0.27
116 204015P Portugal 18.7%* 0.58%=* 3.12 3.43 0.28
117 226573P Ethiopia 14.1 0.44 3.12 3.30 0.15
118 195701P Ethiopia 14.8 0.53%= 3.12 3.34 0.19
119 297841P Ethiopia 15.8 0.49 3.12 3.39 0.24
120 194028P Ethiopia 14.6 0.45 3.11 3.3Z 0.17
121 194035P Ethiopia 14.9 0.46 3.11 3.34 0.19
122 195729p Ethiopia 16.2 0.50 3.11 3.39 0.25
123 196093P Ethiopia 16.5 0.51** 3.11 3.40 0.26
124 166977P Turkey 13.9 0.43 3.10 3.27 0.12
125 191010P Spain 14.8 0.45 3.10 3.32 0.17
126 191958p Portugal 14.1 0.43 3.10 3.28 0.13
127 192019P Portugal 13.7 0.42 3.10 3.25 0.10
128 192841P Portugal 13.8 0.42 3.10 3.26 0.11
129 210946P Cyprus 13.7 0.42 3.10 3.25 0.10
130 7235 Russia 14.1 0.43 3.09 3.27 0.12
131 8493 Russia 15.3 0.47 3.09 3.34 0.19
132 094733P Ethiopia 13.9 0.43 3.09 3.26 0.112
133 191021P Spain 13.6 0.42 3.09 3.23 0.08
134 191087p Spain 14.0 0.43 3.09 3.26 0.11
135 191089P Spain 19.7%% 0.60%* 3.09 3.38 -~0.23
136 191186P Spain 14.5 0.44 3.09 3.30 0.15
137 191832P Portugal 14.8 0.45 3.09 3. 0.16
138 191952p Portugal 15.1 0.46 3.09 3.33 0.18
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Table A4. (Continucd)

y4 / b i/ Lysine/ Adjusted / Deviation /
No. C.I. or P.I. No. Source Protein™ Lysine~ protein  lysine/protcin™ lysine/protein™

139 192036P Portugal 13.6 0.42 3.09 3.23 0.08
140 192606P Portugal 14.3 0.44 3.09 3.28 -0.13
141 192711P Portugal 13.4 0.41 3.09 3.22 0.07
142 192741pP Portugal 16.5 0.51%% 3.09 3.38 0.24
143 262656P Russia 15.1 0.46 3.09 3.33 0.18
144 297837P Ethiopia 16.0 0.49 3.09 3.37 0.22
145 297849P Ethiopia 15.4 0.47 3.09 3.34 0.20
146 191400P Spain 15.0 0.46 3.08

147 192516P Poitugal 18.0 0.55%* 3.08 3.39 0.24
148 194034P Ethiopia 14.4 0.44 3.08 3.28 0.13
149 195728P Ethiopia 15.0 0.46 3.08 3.31 0.17
150 199995pP Ethioria 15.3 0.47 3.08 3.33 0.18
151 204021P Portugal 14.4 0.44 3.08 3.28 0.13
152 2040407 Portugal 15.9 0.49 3.08 3.35 0.21
153 204054P fortugal 16.8 0.51%* 3.08 3.38 0.23
155 274003P Ethiopia 14.6 0.45 3.08 3.29 0.14
155 8000 Ethiopia 15.2 0.46 3.07 3.31 0.17
156 191370P Italy 16.5 0.50 3.07 3.36 0.22
157 191471p Itzly 14.3 0.43 3.07 3.26 0.11
158 191616P Portugal 15.0 0.46 3.07 3.30 0.16
159 191635P Portugal 14.1 0.43 3.07 3.25 0.10
160 191805P Portugal 16.5 0.50 3.07 3.36 0.22
161 191955P Portugal 15.7 0.48 3.07 3.34 0.19
162 192505P Portugal 15.9 0.48 3.07 3.34 0.20
163 196087p Ethiopia 17.1 0.52%% 3.07 3.38 0.23
164 196095P Ethiopia 17.8 0.54** 3.07 3.38 0.24
165 204043P Portugal 15.4 0.47 3.07 3.32 0.17
166 177964P Turkey 16.1 0.49 3.06 3.34 0.19
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Table A4. (Continued)

Z 1/ y 4 1/ Lysine/ Adjusted / Doviation 3/
No. C.I. or P.I. No. Source Protein= Lysine=" protein lycine/proteir= ly-.ir~/protein=
167 185723p Portugal 15.5 0.47 3.06 3.32 0.17
168 191812p Portugal 16.1 0.49 3.06 3.34 0.19
169 191816P Portugal 17.6 0.53%* 3.05 3.37 0.22
170 192605P Portugal 14.8 0.45 3.06 3.28 0.13
171 193890P Ethiopia 14.4 0.44 3.06 3.26 0.11
172 195696P Ethiopia 15.9 0.48 3.06 3.33 0.19
173 195726P Ethiopia 16.1 0.49 3.06 3.34 0.19
174 254012p Unknown 14.3 0.43 3.06 3.25 0.10
175 185412p Portugal 15.6 0.47 3.05 3.09 ~-0.05
176 185734P Portugal 16.7 0.50 3.05 3.35 0.20
177 191788pP Portugal 16.7 0.50 3.05 3.35 0.20
178 192168p Portugal 14.7 0.44 3.05 3.27 0.12
179 195705P Ethiopia 15.0 0.45 3.05 3.28 0.14
180 196906P Ethiopia 18.0 0.54%* 3.05 3.36 0.22
181 297852p Ethiopia 18.9%*% 0.57%*% 3.03 3.34 0.19
182 185726P Portugal 20.9%*% 0.62*% 3.01 3.25 0.11
183 185721p Portugal 21, 1%* 0.62%* 2.95 3.18 0.03
184 177950P Turkey 21, 3%% 0.55%% 2.59 2.81 -0.34
185 7150 Russia 8.9 0.33 3.80 3.39 0.24
186 195719p Ethiopia 13.7 0.44 3.28 3.43 0.28
187 191941p Portugal 12.6 0.41 3.25 3.31 0.16
188 191988p Portugal 13.5 0.43 3.25 3.38 0.24
189 196090? Ethiopia 16.3 0.52%% 3.24 3.53 0.38
190 265007P Yugoslavia 13.9 0.44 3.23 3.40 0.25
191 274681pP Poland 13.7 0.44 3.23 1.38 0.23
192 191640P Portugal 14.1 0.42 3.04 3.22 0.07
193 192510p Portugal 15.7 0.47 3.04 3.31 0.16
194 264951pP Italy 16.9 0.51 3.04 3.34 0.19
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Table A4, (Continued)

Z 4 Lysine/ Adjustecd Deviation

No. C.I. or P.I. No. Source Proteinl/ Lysinel/ protein lysine/protein—/ lysine/proteinéj
195 192504P Portugal 15.1 0.45 3.03 3.27 T 0,12

.196 192734P Portugal 16.1 0.48 3.03 3.31 0.16

197 150380P Tunisia 15.5 0.46 3.02 3.28 0.13

198 185191P Portugal 16.0 0.48 3.02 3.30 0.15

199 Ward U.S.A.

200 Leeds U.S.A. 15.9 0.42 2.67 2.94 -0.20

*Significantly higher (.05 level of significance) than the mean adjusted lysine (Z of protein) value
for World Collection durum wheats totalling 3399.

**Two standard deviations higher than the mean protein/lysine (X of sample) value for World Collection
durum wheats totalling 3399.

l!Dry weight basis.
szdjusted to 12.75Z protein using the quadratic regression equation.

-éjneviation of observed lysine percent of protein from lysine percent of protein predicted from
curvilinear (quadratic) regression equation.
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Table A5. {(Continucd)
Lysine Lysine Adjusted Deviation

C.1I. or y4 Z of 1/ Z of Yvsine/ Deviation lysine % / Deviation 5/
P.I. No. Protein— sample— protein protein™~ protein 7~ of sample— lysine/protein™
194034P 14.4 0.44 3.08 3.28 1.65 0.05 0.13
195728P 15.0 0.46 3.08 3.31 2.25 0.07 0.17
199995¢p 15.3 0.47 3.08 3.33 2.55 0.08 0.18
274003p 14.6 0.45 3.08 3.29 1.85 0.06 0.14

8000 15.2 0.46 3.07 3.31 2.45 0.07 .17
196087P 17.1 0.52 3.07 3.38 4.35 0.13 0.23
196095P 17.8 0.54%* 3.07 3.38 5.05 0.15 0.25
193890pP 14.4 0.44 3.06 3.26 1.65 0.05 0.11
195696P 15.9 0.48 3.06 3.33 3.15 0.09 G.19
195726P 16.1 0.49 3.06 3.34 3.35 0.10 0.19
195705P 15.0 0.45 3.05 3.28 2.25 0.06 0.14
196906P 18.0 0.54%% 3.05 3.36 5.25 0.15 0.22
297852¢p 18.9%%* 0.57%% 3.03 3.34 6.15 0.18 0.19
195719p 13.7 0.44 3.28 3.43 0.95 0.05 0.28
196090P 16.3 0.52%% 3.24 3.53 3.55 0.13 0.38

*Significantly higher (.05 level of significance) than the mean adjusted lysine (Z protein) value for

World Collection durum wheats totalling 3399.

**Tyo standard deviations higher than the mean protein/lysine (Z sample) value for World Collection

durum wheats totalling 3399.
l/Dry weight basis.

zfAdjusted to 12.75Z protein using the quadratic regression equation.

éjneviation from mean X protein value, i.e., deviation from protein value for

ordinary durum wheat.
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Table AS5. (Continued)

R Lysine Lysine Adjusted Deviation
c.I. or z 1/ %z of % of lysine/2 Deviation / lysine 2 /
P.I. No. Protein sample— protein protein~ protein 7= of sample—

Deviation /
lysine/protein™

ﬁjDeviation from mean lysine percent of sample, l.e., deviation from 7 lysine value for
ordinary durum wheat.

-§/Deviation of observed lysine percent of protein from lysine percent of protein predicted
from curvilinear (quadratic) regression equation.
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Table A6.1.

List of spring durum vheats included in the compositc population for
Inter-crousing with 200 selccted donor lines from U.S.D.A. World Collection.

No. Entry Origin Source Known character
1 Wells North Dakota F73 Drought resistant
2 Wakooma Canada F73 Drought resistant, good quality
3 Rollette North Dakota F73 Early, rust resistant )
4 Ward North Dakota F73 Good quality, rust resistant
5 D6715 North Dakota F73 Good quality, rust resistant
6 D6721 North Dakota F73 Early, good quality, rust resistant
7 D6722 North Dakota F73 Good quality, rust resistant
8 D6647 North Dakota L72 Semidsrarf, rust resistant
9 -.DL1 North Dakota F70-DL1 Daylength insensitive
10 DL2 North Dakota F70-DL2 Daylength insensitive
11 Cocorit Mexico Daylength insensitive
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Table A6.2. List of indigenous Ethiopian durum wheats included in the composite

populaticn for inter-crossing with 200 selected donor iines from

U.S.D.A. Vorld Collection.

No. Entry No. Entry No. Entry
1 DZ01-19 24 DZ01-227 47 DZ01-601
2 DZ01-30 25 DZ01-244 48 DZ01-614
3 DZ01-31 26 DZ01-252 49 DZ01-622
4 DZ01-38 27 DZ01-267 50 DZ01-632
5 DZ01-47 28 DZ01-284 51 DZ01-634
6 DZ01-86 29 DZ01-289 52 DZ01-641
7 DZ01-91 30 DZ01-310 53 DZ04-649
8 DZ01-98 31 DZ01-317 54 DZ04-651
9 DZ01-108 32 DZ01-323 55 DZ04-655
10 DZ01-110 33 DZ01-331 56 DZ04-656
11 DZ01-111 34 DZ01-337 57 DZ04—-658
12 DZ201-117 35 DZ01-488 58 DZ04-659
i3 DZ01-118 36 DZ01-489 59 DZ04-667
14 DZ01-120 37 DZ01-496 . 60 DZ04-674
15 DZ01-121 38 DZ01-508 61 DZ04-678
16 DZ01-135 39 DZ01-511 62 DZ04-680
17 DZ01-179 40 DZ01-541 63 DZ04-684
18 DZ01-182 41 DZ201-557 64 DZ04-686
19 DZ01-190 42 DZ01-572 65 DZ04-689
20 DZ01-195 43 DZ01-579 66 DZ04-690
21 DZ01-206 44 DZ01-582 67 DZ04-691
22 DZ01-211 45 DZ01-584 68 DZ04-692
© 23 DZ01-212 46 DZ01-591 . 69 DZ04-693
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Table A7. List of 53 U.S.D.A. World Collection durum wheats included in the composite
population for inter-crossing with 200 selected donor lines (U.S.D.A. World
Collection).

No. C.I. or P.I. No. Source No. C.I. or P.I. No. Source
1 192129P Portugal 28 191632p Portugal
2 3068 Ethiopia 29 194037P Ethjopia
3 196907Pp Ethiopia 30 196097pP Ethiopia
4 192839P Portugal 31 195711pP Ethiopia
5 185753p Portugal 32 194030P Ethiopia
6 192683p Portugal 33 191819P Portugal
7 196908pP Ethiopia 34 192006P Portugal
8 196092p Ethiopia 35 196102P Ethiopia
9 195698P Ethiopia 36 196098P Ethiopia

10 195106P Ethiopia 37 192504P Portugal

11 194035P Ethiopia 38 264951pP Italy

12 194028P Ethiopia 39 192510P Portugal

13 297841pP Ethiopia 40 196090P Ethiopia

14 195701P Ethiopia 41 196906P Ethiopia

15 226573P Ethiopia 42 195726P Ethiopia

16 7235 Russia 43 195696P Ethiopia

17 195729p Ethiopia 44 193890P Ethiopia

18 8493 Russia 45 177964P Turkey

19 193888pP Ethiopia 46 196095pP Ethiopia

20 7267 Egypt 47 204021pP Portugal

21 193887p Ethiopia 48 274003P Ethiopia

22 7796 Ethiopia 49 204054P Portugal

23 7517 Egypt 50 195728P Ethiopia

24 194031pP Ethiopia 51 297849P Ethiopia

25 195724P Ethiopia 52 192741 Portugal

26 195096P Ethiopia 53 192711p Portugal

27 193871pP Ethiopia
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Table A8. Protein and lysine values for 200 durum wheats grown at Alemaya, Ethiopia in 1973.

4 1/ Y 4 Adjusted 2/

No. C.I. or P.I. No. Source Protein™ Lysine Lysine/protein lysine/protein=
1 7528 Egypt 21.50 0.51 2,38 2.82
2 192086P Portugal 22.60 0.61 2.70 3.20
3 192129P Portugal 22,20 0.57 2.56 3.04
4 192618P Portugal 20.70 0.55 2.65 3.05
5 2684567 Afghanistan 21.30 0.53 2.52 2.94
6 6880 Tunisia 20.20 0.50 2.47 2.84
7 265005P Yugoslavia 00.00 0.00 0.00 0.00
8 192119P Portugal 19.70 0.49 2.52 2.85
9 137744P Iran 16.80 0.42 2.52 2.70
10 195089P Ethiopia 21.70 0.53 2.47 2.92
11 220129P Afghanistan 00.00 0.00 0.00 0.00
12 3068 Ethiopia 21.60 0.51 2.38 2.82
13 297838P Ethiopia 20.30 0.51 2.52 2.89
14 8066 Ethiopia 19.90 0.52 2.61 2.96
15 193867P Ethiopia 21.50 0.54 2.52 2.95
16 7293 Egypt 20.30 0.50 2.47 2.84
17 192120pP Portugal 19.70 0.48 2.47 2.81
18 196907P Ethiopia 20.50 0.52 2.56 2.94
19 195059P Ethiopia 21.50 0.55 2,56 3.00
20 7325 India 18.90 0.45 2,42 2.72
21 7517 Egypt 19.60 0.48 2.47 2.80
22 192107pP Portugal 19.80 0.48 2.42 2.77
23 7796 Ethiopia 22,00 0.55 2.52 2.98
24 8123 Ethiopia 21.00 0.52 2.52 2,93
25 4561 India 18.80 0.547 2.52 2.81
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Table A8. (Continued)

p 4 / Z Adjusted

No. C.I. or P.I. No. Source Proteiny Lysine Lysine/protein lysine/protein—j
26 193887P Ethiopia 19.70 0.54 2.75 3.08
27 8635 Ethiopia 19.70 0.51 2.61 2.95
28 191827P Portugal 18.90 0.47 2.52 2.81
29 3150 Tunisia 00.00 0.00 0.00 0.00
30 7506 Egypt 18.40 0.50 2.75 3.01
31 7267 Egypt 20.60 0.55 2.70 3.09
32 163888p Ethiopia 20.20 0.50 2.52 2.88
33 195081P Ethiopia 20.30 0.53 2.61 2.98
34 191850P Portugal 23.00 0.56 2.47 2.99
35 191982p Portugal 21.00 0.51 2.42 2.83
36 192201P Portugal 21.30 0.53 2.52 2.9
37 192442p Portugal 19.90 0.49 2.47 2.82
38 212835P Iran 00.00 0.00 0.00 0.00
39 195095P Ethiopia 20.60 0.51 2.52 2.90
40 195717p Ethiopia 18.10 0.51 2.84 3.09
41 191836P Portugal 19.70 0.49 2.52 2.85
42 7523 Egypt 20.20 0.55 2.75 3.11
43 192197P Portugal 21.30 0.51 2.42 2.85
44 192620P Portugal 22.80 0.57 2.52 3.02
45 195099P Ethiopia 23.30 0.58 2.52 3.05
46 191848p Portugal 22.80 0.56 2.47 2.98
47 194037P Ethiopia 21.70 0.59 2.75 3.19
48 191127p Spain 19.70 0.52 2.65 2.99
49 220689P Afghanistan 00.00 0.00 0.00 0.00
50 191145P Spain 21.10 0.53 2,52 2.93
51 166854P Turkey 00.00 0.00 0.00 0.00
52 191632p Portugal 20.30 0.53 2.61 2.98
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Table A8. (Continued)

b4 Z Adjusted
No. C.I. or P.I. No. Scurce Proteinl/ Lysine Lysine/protein lysine/proteinzl
53 193871p Ethiopia 20.80 0.56 2.70 3.10
54 195096P Ethiopia 19.20 0.51 2.65 2,97
55 195724pP Ethiopia 19.10 0.56 2.93 3.24
56 194031P Ethiopia 18.70 0.54 2.88 3.17
57 272537P Hungary 00.00 0.00 0.00 C.00
58 193862p Ethiopia 20.90 0.56 2.70 3.10
59 193869P Ethiopia 20.50 0.57 2.79 3.17
60 8161 Peru 00.00 0.00 0.00 0.00
61 151205P Ethiopia 18.90 0.55 2.93 3.22
62 191970P Portugal 22.20 0.57 2.56 3.04
63 192006P Portugal 20.80 0.54 2,61 3.01
64 185300p Argentina 22.10 0.52 2.38 2.85
65 191819P Portugal 21.50 0.58 2.70 3.14
66 194830P Ethiopia 20.50 0.55 2.70 3.08
67 195711p Ethiopia 20.10 0.54 2.70 3.06
68 196091P Ethiopia 19.20 0.50 2.61 2.92
69 210911P Pakistan 20.40 0.50 2.47 2.85
70 7855 Ethiopia 21.20 0.53 2.52 2.94
71 196097P Ethiopia 20.00 0.53 2.65 3.01
72 113396P Egypt 19.80 0.54 2.75 3.09
73 134930P Portugal 19.80 0.49 2,47 2.81
74 177951p Turkey 21.80 0.49 2.29 2.74
75 184537P Portugal 24.30 0.57 2.38 2.97
76 191239P Spain 20.10 0.47 2.38 2.74
77 195710P Ethiopia 21.10 0.53 2.52 2.93
78 196098P Ethiopia 17.90 0.50 2.79 3.03
79 196102P Ethiopia 17.60 0.50 2.84 3.06
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Table A8. (Continued)

Z Z Adjusted
No. C.I. or P.I. No. Source Proteinl/ Lysine Lysine/protein 1ysine/proteingj
80 165113P Turkey 19.30 0.46 2.42 2.74
81 185753p Portugal 20.30 0.52 2.56 2.93
82 192743p Portugal 00.00 0.00 0.00 0.00
83 192839P Portugal 19.90 0.50 2.52 2.87
84 166838P Turkey 00.00 0.00 0.00 0.00
85 7778 Ethiopia 00.00 0.00 0.00 0.00
86 8455 U.A.R. 18.20 0.50 2.79 3.05
87 145720P Arabia 22.20 0.54 2.47 2,95
88 196089p Ethiopia 19.70 0.53 2.70 3.04
89 196103P Ethiopia 18.40 0.51 2.79 3.06
90 196908P Ethiopia 19.60 0.53 2.70 3.03
91 220426P Egypt 22.70 0.57 2.52 3.02
92 225310P Iran 00.00 0.00 0.00 0.00
93 191182p Spain 22.60 0.52 2.33 2.83
94 192683p Portugal 20.80 0.59 2.84 3.24
95 234861P Ethiopia 20.30 0.53 2.65 3.03
96 273997p Ethiopia 20.30 0.53 2,65 3.03
97 7770 Ethiopia 20.60 0.50 2.42 2.81
98 113398P Egypt 22.10 0.54 2.47 2.9
99 196092pP Ethiopia 18.50 0.50 2.70 2.97
100 2443427 Ethiopia 19.30 0.50 2.61 2,92
101 119326P Turkey 20.90 0.57 2.75 3.15
102 191412p Morocco 22.10 0.53 2.42 2.89
103 191971p Portugal 24.20 0.57 2.38 2.96
104 192461P Portugal 21.70 0.51 2.38 2.83
105 192742p Portugal 20.70 0.52 2.52 2,91
106 195100P Ethiopia 20.60 0.56 2.75 3.13
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Table A8. (Continued)

Z Z Adjusted

No. C.I. or P.1I. No. Source Proteinl/ Lysine Lysine/protein 1ysine/proteing/
107 165106P Ethiopla 15.20 0.43 2.88 2.98
108 195698P Ethiopia 18.10 0.52 2.88 3.13
109 2739567 Ethiopia 19.40 0.52 2.70 3.02
110 7234 Russia 22.10 0.50 2.29 2.76
111 7239 Russia 20.20 0.48 2.38 2.74
112 165119P Turkey 00.00 0.00 0.00 0.00
113 166837pP Turkey 00.00 0.00 0.00 0.00
114 191629P Portugal 18.90 0.45 2.42 2.72
115 196096P Ethiopia 17.60 0.49 2.79 3.02
116 204015P Portugal 18.80 0.48 2.56 2.85
117 226573P Ethiopia 21.40 0.56 2.65 3.09
118 195701P Ethiopia 18.40 0.53 2.88 3.15
119 297841P Ethiopia 16.50 0.53 3.25 3.41
120 194028P Ethiopia 19.00 0.54 2.84 3.14
121 194035P Ethiopia 17.30 0.50 2.93 3.14
122 195729P Ethiopia 00.00 0.00 0.00 0.00
123 196093P Ethiopia 18.60 0.52 2.79 3.07
124 166977P Turkey 18.40 0.46 2.52 2.78
125 191010P Spain 22.20 0.52 2.38 2.85
126 191958P Portugal 24.00 0.56 2.33 2.91
127 192019P Portugal 23.10 0.55 2.38 2.90
128 192841P Portugal 17.30 0.49 2.88 3.09
129 210946P Cyprus 22.00 0.53 2.42 2.89
130 7235 Russia 20.30 0.49 2.42 2.80
131 8493 Rusgsia 22.90 0.52 2.29 2.80
132 094733pP Ethiopia 19.90 0.48 2.42 2.77
133 191021p Spain 00.0C 0.00 0.00 0.00
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Table A8. (Continued)

Z / z Adjusted 2/

No. C.I. or P.I. No. Source Protein™ Lysine Lysine/protein lysine/protein™
134 191087p Spain 00.00 0.00 0.00 0.00 —
135 191089P Spain 20.40 0.50 2.47 2.85

136 191186p Spain 20.10 0.47 2.38 2.74

137 191832p Portugal 20.60 0.51 2.52 2.90

138 191952p Portugal 21.10 0.50 2.38 2.79

139 1920367 Portugal 20.50 0.50 2.47 2.85

140 192606P Portugal 20.80 0.50 2.42 2.82

141 192711°P Portugal 19.90 0.50 2.52 2.87

142 192741p Portugal 18.20 0.46 2.56 2.82

143 262656p Russia 21.30 0.50 2.38 2.80

144 297837P Ethiopia 18.50 0.52 2.84 3.11

145 297849P Ethiopia 17.90 0.53 2.98 3.22

146 191400P Spain 20.20 0.49 2.42 2.79

147 192516P Portugal 19.90 0.49 2.47 2.82

148 194034P Ethiopia 18.10 0.49 2.75 3.00

349 195728P Ethiopia 18.00 0.49 2.75 2.99

150 199995P Ethiopia 17.90 0.50 2.79 3.03

151 204021pP Portugal 00.00 0.00 0.00 0.00

152 2040407 Portugal 19.40 0.46 2.38 2.70

153 204054P Portugal 19.80 0.51 2.61 2.95

154 274003P Ethiopia 20.10 0.51 2.56 2.92

155 8000 Ethiopia 20.70 0.58 2.84 3.23

156 191370P Italy 20.00 0.51 2.56 2,92

157 191471P Italy 21.80 0.54 2.52 2,97

158 191616P Portugal 21.00 0.51 2.47 2.88

159 191635p Portugal 20.40 0.49 2.42 2.80

160 191805P Portugal 20.50 0.51 2.52 2.90
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Table AB. (Continued)

4 Y4 Adjusted

No. C.I. or P.I. No. Source Proteinl/ Lysine Lysine/protein lysine/proteingl
161 191955p Portugal 21.10 0.56 2.65 3.07
162 192505P Portugal 22,80 0.55 2.42 2,93
163 196087p Ethiopia 18.80 0.50 2.65 2.94
164 196095P Ethiopia 23.40 0.55 2.38 2.92
165 204043p Portugal 19.00 0.44 2.33 2.63
166 177964P Turkey 20.40 0.51 2.52 2.89
167 185723p Portugal 22.50 0.52 2.33 2,82
168 191812p Portugal 22.30 0.54 2.42 2.91
169 191816P Portugal 22.30 0.55 2.47 2.95
170 192609P Portugal 22.60 0.54 2.42 2,92
171 193890P Ethiopia 19.40 0.51 2.65 2.98
172 195696P Ethiopia 22.80 0.59 2,61 3.12
173 195726P Ethiopia 22.30 0.55 2.47 2.95
174 254012p Unknown 22.80 0.51 2.24 2.75
175 185412p Portugal 22.60 0.55 2.47 2.97
176 185734P Portugal 21.20 0.53 2,52 2.94
177 191788p Portugal 20.10 0.53 2.65 3.01
178 192168p Portugal 20.80 0.52 2.52 2.91
179 195705p Ethiopia 21.30 0.50 2.38 2.80
180 196906P Ethiopia 19.90 n.53 2.70 3.05
181 297852p Ethiopia 21.80 0.55 2.56 3.02
182 185726P Portugal 21.20 0.56 2.65 3.07
183 185721p Portugal 21.80 0.53 2.47 2.92
184 177950pP Turkey 23.50 0.56 2.38 2.92
185 7150 Russia 00.00 0.00 0.00 0.00
186 195719p Ethiopia 18.60 0.49 2.65 2.93
187 191941P Portugal 20.30 0.50 2.47 2.84
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Table A8. (Continued)

Z Z Adjusted
No. C.I. or P.I. No. Source Proteinl/ Lysine Lysine/protein lysine/proteing/
188 191988P Portugal 23.00 0.53 2.33 2.85
189 156090pP Ethiopia 19.90 0.52 2.61 2,96
190 265007P Yugoslavia 19.80 0.51 2.61 2.95
191 274681P Poland 19.50 0.48 2.47 2.80
132 191640P Portugal 22.30 0.53 2.38 2.86
193 192510pP Portugal 21.50 0.54 2.52 2.95
194 264951p Italy 21.00 0.51 2.47 2.88
195 192504P Portugal 20.80 0.51 2.47 2.87
196 192734P Portugal 17.40 0.46 2.65 2,87
197 150380p Tunisia 20.00 0.50 2.52 2,87
198 185191r Portugal 19.50 0.49 2.52 2.84
199 Ward U.S.A. 19.00 0.47 2.47 2,77
200 Leeds U.S.A. 15.00 0.47 2.47 2.77

l'-,DJ:y weight basis.

ngdjusted to 13.5Z protein using curvilinear equation.
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Table A9. Protein and lysine values for 200 durum wheats grown at Awasa, Ethiopia in 1973.

Z 1/ 4 Adjusted 9

No. C.I. or P.I. No. Source Protein= Lysine Lysine/protein lysine/protein—l
1 7528 Egypt 18.60 0.49 2.65 2.93
2 192086P Portugal 19.70 0.53 2.70 3.04
3 192129P Portugal 00.00 0.00 0.00 0.00
4 192618P Portugal 22.60 0.59 2.61 3.11
5 268456P Afghanistan 00.00 0.00 0.00 0.00
6 6880 Tunisia 00.00 0.00 0.00 0.00
7 265005P Yugoslavia 00.00 0.00 0.00 0.00
8 192119P Portugal 00.00 0.00 0.00 0.00
9 137744P Iran 00.00 0.00 0.00 0.00
10 195089P Ethiopia 00.00 0.00 0.00 0.00
11 220129P Afghanistan 00.00 0.00 0.00 0.00
12 3068 Ethiopia 21.00 0.53 2.56 2.97
13 297838P Ethiopia 22.10 0.57 2.61 3.08
14 8066 Ethiopia 22.70 0.61 2.70 3.20
15 193867P Ethiopia 00.00 0.00 0.00 0.00
16 7293 Egypt 20.90 0.56 2.70 3.10
17 192120P Portugal 00.00 0.00 0.00 0.00
18 196907P Ethiopia 00.00 0.00 0.00 0.00
19 195059P Ethiopia 00.00 0.00 0.00 0.00
20 7325 India 21.50 0.54 2.52 2.95
21 7517 Egypt 00.00 0.00 0.00 0.00
22 192107p Portugal 24.30 0.62 2.56 3.15
23 7796 Ethiopia 19.80 0.51 2.61 2.95
24 8123 Ethiopia 00.00 0.00 0.00 0.00
25 4561 India 18.30 0.48 2.65 2.92
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Table A9. (Continued)

4 Z Adjusted
No. C.I. or P.I. No. Source Proteinl/ Lysine Lysine/protein lysine/proteing/
26 193887p Ethiopia 00.00 0.00 0.00 0.00
27 8635 Ethiopia 00.00 0.00 0.00 0.00
28 191827p Portugal 00.00 0.00 0.00 0.00
29 3150 Tunisia 00.00 0.00 0.00 0.00
30 7506 Egypt 22.80 0.60 2.65 3.16
31 7267 Egypt 22.80 0.60 2.65 3.16
32 193888p Ethiopia 17.80 0.47 2,65 2.89%
33 195081P Ethiopia 00.00 0.00 0.00 0.00
34 191850FP Portugal 00.00 0.00 0.00 0.00
35 191982pP Portugal 23.60 0.57 2.42 2,98
36 192201P Portugal 00.00 0.00 0.00 0.00
37 192442P Portugal 00.00 0.00 0.00 0.00
38 212835F Iran 00.00 0.00 0.00 0.00
39 195095P Ethiopia 24.10 0.65 2.70 3.28
40 195717pP Ethiopia 18.50 0.48 2.61 2.88
41 191836P Portugal 00.00 0.00 0.00 0.00
42 7523 Egypt 23.40 0.57 2.47 3.01
43 192197P Portugal 00.00 0.00 0.00 0.00
44 192620P Portugal 23.60 0.61 2.61 3.16
45 195099P Ethiocpia 00.00 0.00 0.00 0.00
46 191848p Portugal 23.50 0.61 2.61 3.15
47 194037P Ethiopia 19.50 0.51 2,65 2.98
48 191127p Spain 00.00 0.00 0.00 0.00
49 220689P Afghanistan 00.00 0.00 0.00 0.00
50 191145Pp Spain 00.00 0.00 0.00 0.00
51 166854P Turkey 00.00 0.00 0.00 0.00
52 191632P Portugal 00.00 0.00 0.00 0.00
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Table A9. (Continued)

Z Z Adjusted

No. C.I. or P.I. No. Source Proteinl/ Lysine Lysine/protein lysine/proteingj
53 193871p Ethiopia 19.60 0.52 2.65 2.99
54 195096P Ethiopia 19.20 0.49 2.56 2.87
55 195724P Ethiopia 20.40 0.52 2.56 2,94
56 194031pP Ethiopia 20.50 0.54 2.65 3.04
57 272537p Hungary 00.00 0.00 0.00 0.00
58 193862P Ethiopia 22.30 0.59 2.65 3.13
59 193869P Ethiopia 21.50 0.58 2.70 3.14
60 8161 Peru 20.50 0.52 2.56 2,9
61 151205P Ethiopia 22,00 0.58 2.65 3.12
62 191970P Portugal 27.10 0.73 2.70 3.44
63 192006P Portugal .21.50 0.58 2.70 3.14
64 185300P Argentina 00.00 0.00 0.00 0.00
65 191819P Portugal 20.90 0.56 2.70 3.10
66 194830P Ethiopia 21.30 0.57 2.70 3.13
67 195711P Ethiopia 23.60 0.59 2.52 3.07
68 196091P Ethiopia 00.00 0.00 0.00 0.00
69 210911 Pakistan 00.00 0.00 0.00 0.00
70 7855 Ethiopia 21.30 0.54 2.56 2.99
71 196097P Ethiopia 21.20 0.55 2.61 3.03
72 113396P Egypt 00.00 0.00 0.00 0.00
13 134930P Portugal 00.00 0.00 0.00 0.00
74 177951k Turkey 00.00 0.00 0.00 -0.00_
75 184537P Portugal 00.00 0.00 0.00 0.00
76 T 191239P Spain 00.00 0.00 0.00 0.00
77 195710P Ethiopia - 00.00 0.00 0.00 0.00
78 196098P Ethiopia 19.90 0.52 2.61 2.96
79 196102pP Ethiopia 00.00 0.00 0.00 0.00
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Table A9. (Continued)

Y4 4 Adjusted
No. C.I. or P... No. Source Proteinl! Lysine Lysine/protein lysinelproteingl
80 165113P Turkey 23.90 0.59 2.47 3.04
81 185753P Portugal 23.60 0.61 2,61 3.16
82 192743p Portugal 23.50 0.62 2.65 3.20
83 192839p Portugal 00.00 0.00 0.00 0.00
84 166838P Turkey 20.00 0.53 2.65 3.01
85 7778 Ethiopia 20.30 0.54 2.70 3.07
86 8455 U.A.R. 00.00 0.00 0.00 0.00
87 145720pP Arabia 20.40 0.53 2.61 2.98
88 196089P Ethiopia 22,20 0.55 2.52 2.99
89 196103p Ethiopia 22.40 0.58 2.61 3.09
90 196908p Ethiopia 26.40 0.67 2.56 3.27
91 220426P Egypt 00.00 0.00 0.00 0.00
92 225310P Iran 00.00 0.00 0.00 0.00
93 191182p Spain 00.00 0.00 0.00 0.00
954 192683p Portugal 23.20 0.64 2.79 3.32
95 234861P Ethiopia 26.50 0.69 2.61 3.32
96 273997P Ethiopia 22.40 0.59 2.65 3.14
97 7770 Ethiopia 00.00 0.00 0.00 0.00
98 113398P Egypt 00.00 0.00 0.00 0.00
29 196092F Ethiopia 18.40 0.48 2.61 2.88
100 244342P Ethiopia 17.90 0.46 2.61 2.85
i[1) 8 119326P Turkey 19.60 0.50 2.56 "2.90-
102 191412p Morocco 00.00 0.00 0.00 0.00
103 191971p Portugal 00.00 0.00 0.00 0.00
104 192461P Portugal 00.00 0.00 0.00 0.00
105 192742p Portugal 24,10 0.61 2.56 3.15
106 195100P Ethiopia 00.00 0.00 0.00 0.00
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Table A9. (Continued)

3

z Z Adjusted

No. -~ C.I. or P.I. No. Source Proteinl/ Lysine Lysine/protein lysine/proteingj
107 195106P Ethiopia 18.30 0.47 2.61 2.87
108 195698P Ethiopia 22,50 0.58 2.61 3.10
109 273996P Ethiopia 20.80 0.55 2.65 3.05
110 - 7234 Russia 00.00 0.00 0.00 0.00
111 7239 Russia 00.00 0.00 0.00 0.00
112 165119P Turkey 00.00 0.00 0.00 0.00
113 1€6837p Turkey 00.00 0.00 0.00 0.00
114 191629P Portugal 00.00 0.00 0.00 0.00
115 196096P Ethiopia 00.00 0.00 0.00 0.00
116 204015pP Portugal 20.90 0.53 2.56 2.97
117 226573pP Ethiopia 21.90 0.58 2.65 3.1
118 195701p Ethiopia 23.90 0.61 2.56 3.13
119 297841pP Ethiopia 21.20 0.55 2.61 3.03
120 194028pP Ethiopia 18.00 0.49 2,75 2.99
121 194035pP Ethiopia 24.90 0.63 2.56 3.19
122 195729p Ethiopia 21.80 0.57 2.65 3.11
123 196093p Ethiopia 00.00 0.00 0.00 0.00
124 166977p Turkey 20.80 0.56 2.70 3.10
125 191010P Spain 00.00 0.00 0.00 0.00
126 191958p Portugal 00.00 ‘0.00 0.00 0.00
127 192019P Portugal 00.00 0.00 0.00 0.00
128 192841pP Portugal 00.00 0.00 0.00 0:00-- -
129 210946P Cyprus 00.00 0.00 0.00 0.00
130 7235 Russia 00.00 0.00 0.00 0.00
131 8493 Russia 19.80 0.54 2.75 3.09
132 094733P Ethiopia 00.00 0.00 0.00 0.00
133 191021p Spain 22.80 0.60 2.65 3.16

n



Table A9. (Continued)

Z y 4 Adjusted
No. C.I. or P.I. No. Source Proteinl/ Lysine Lysine/protein lysine/proteing!
134 191087¢ Spain 00.00 0.00 0.00 0.00
135 191089p Spain 00.00 0.00 0.00 0.00
136 191186P Spain 00.00 0.00 0.00 0.00
137 191832p Portugal 00.00 0.00 0.00 0.00
138 191952P Portugal 00.00 0.00 0.00 0.00
139 192036P Portugal 00.00 0.00 0.00 0.00
140 192606P Portugal 00.00 0.00 0.00 0.00
141 192711P Portugal 00.00 0.00 0.00 0.00
152 192741P Portugal 00.00 0.00 0.00 0.00
143 262656P Russia 00.00 0.00 0.00 0.00
144 297837¢ Ethiopia 20.90 0.56 2.70 3.10
145 297849P Ethiopia 19.00 6.52 2.75 3.05
146 191400r Spain 00.00 0.00 0.00 .0.00
147 192516P Portugal 00.00 0.00 0.00 0.00
148 194034P Ethiopia 20.00 0.51 2,56 2.92
149 195728pP Ethiopia 19.10 0.49 2.56 2.87
150 199995P Ethiopia 19.20 0.49 2.56 2.87
151 204021r Portugal 22.40 0.56 2.52 3.00
152 204040P Portugal 00.00 0.00 0.00 0.00
153 204054P Portugal 20.00 0.52 2.61 2.96
154 274003P Ethiopia 00.00 0.00 0.00 0.00
155 8000 Ethiopia 23.80 0.62 2.61 3.17
156 191370P Italy 20.80 0.55 2.65 3.05
157 191471p Italy 00.00 0.00 0.00 0.00
158 191616P Portugal 19.90 0.52 2.61 2.96
159 191635pP Portugal 00.00 0.00 0.00 0.00
160 191805p Portugal 00.00 0.00 0.00 0.00
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Table A9. (Continued)

z 4 Adjusted

No. C.I. or P.I. No. Source Proteinl/ Lysine Lysine/protein lysine/proteinzj
161 191955P Portugal 22.90 0.61 2.70 3.21
162 192505P Portugal 23.70 0.59 2.52 3.07
163 196087P Ethiopia 20.40 0.51 2.52 2.89
164 196095P Ethiopia 19.80 0.51 2.61 2.95
165 204043pP Portugal 00.00 0.00 0.00 0.00
166 177964P Turkey 00.00 0.00 0.00 0.00
167 185723p Portugal 00.00 0.00 0.00 0.00
168 191812p Portugal 19.00 0.53 2.79 3.09
169 191816F Portugal 00.00 0.00 0.00 0.00
170 192609P Portugal 00.00 0.00 0.00 0.00
171 193890P Ethiopia 21.30 0.55 2.61 3.03
172 195696P Ethiopia 22.20 0.60 2.70 3.18
173 195726p Ethiopia 22.20 0.58 2,61 ,3.08
174 254012P Unknown 00.00 0.00 0.G0 0.00
175 185412p Portugal 21.70 0.55 2.56 3.01
176 185734P Portugal 22.90 0.56 2.47 2.98
177 191788p Portugal 00.00 0.00 0.00 0.00
178 192168P Portugal 18.10 0.47 2.61 2.86
179 195705P Ethiopia 22.40 0.57 2.56 3.05
180 196906P Ethiopia 22.60 0.56 2.52 3.01
181 297852p Ethiopia 254.20 0.59 2.47 3.06
182 185726P Portugal 00.00 0.00 0.00 0.00
183 185721p Portugal 00.00 0.00 0.00 0.00
184 177950P Turkey 00.00 0.00 0.00 0.00
185 7150 Russia 00.00 0.00 0.00 0.00
186 195719P Ethiopia 21.00 0.53 2.56 2.97
187 191941p Portugal 22.00 0.56 2.56 3.03
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Table A9. (Continued)

Y 4 4 Adjusted
No. C.I. or P.I. No. Source Proteinl/ Lysine Lysine/protein lysine/proteingj
188 191988p Portugal 00.00 0.00 0.00 0.00
189 196090P Ethiopia 21.70 0.56 2.61 3.06
190 265007 Yugoslavia 00.00 0.00 0.00 0.00
191 274681r Poland 00.00 0.00 0.00 0.00
192 191640P Portugal 00.00 0.00 0.00 0.00
193 192510P Portugal 00.00 0.00 0.00 0.00
194 264951p Italy 00.00 0.00 0.00 0.00
195 192504p Portugal 00.00 0.00 0.00 0.00
196 192734P Portugal 22.70 0.61 2,70 3.20
197 150380p Tunisia 00.00 0.00 0.00 0.00
198 185191p Portugal 00.00 0.00 0.00 0.00
199 Ward U.S.A. 17.20 0.46 2.70 2.90
200 Leeds U.S.A. 00.00 0.00 0.00 0.00

l!bry weight basis.

2!Adjusted to 13.5% protein using curvilinear equation.
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Table Al0. Protein and lysine values for 200 durum wheats grown at Debre Zeit, Ethiopia in 1973.

Z 1/ Z Adjusted /

No. C.I. or P.I. No. Source Protein— Lysine Lysine/protein lysine/protein™

1 7528 Egypt 18.40 0.48 2.65 2.92

2 192086P Portugal 18.70 0.47 2.52 2.80

3 192129?p Portugal 18.10 0.45 2.52 2.77

4 192618P Portugal 17.10 0.46 2.70 2.90

5 268456P Afghanistan 00.00 0.00 0.00 0.00

6 6880 Tunisia 19.40 0.52 2.70 3.02

7 265005P Yugoslavia 00.00 0.00 0.00 0.00

8 192119pP Portugal 18.00 0.47 2.65 2.90

9 137744P Iran 00.00 0.00 0.00 0.00
10 195089P Ethiopia 17.90 0.47 2.65 2.89
11 220129P Afghanistan 00.00 0.00 0.00 0.00
12 3068 Ethiopia 18.20 0.48 2.65 2.91
13 297838p Ethiopia 17.70 0.47 2.6F 2.88
14 8066 Ethiopia 17.30 0.45 2.61 2.82
15 193867 Ethiopia 16.50 0.45 2.75 2.91
16 7293 Egypt 00.00 0.00 0.00 0.00
17 192120P Portugal 18.50 0.46 2.52 2.79
18 196907P Ethiopia 18.10 0.49 2.75 3.00
19 195059P Ethiopia 17.40 0.47 2.75 2.96
20 7325 India 00.00 0.00 0.00 0.00
21 7517 Egypt 18.40 0.48 2.61 . 2.88
22 192107P Portugal 17.70 0.45 2.56 2.79_
23 7796 Ethiopia 18.60 0.48 2.61 2.89
24 8123 Ethiopia 16.60 0.44 2.70 2.87
25 4561 India 20.10 0.48 2.42 2.78

8T



Table A10. (Continued)

4 y 4 Adjusted
No. C.I. or P.I. No. Source Proteinl/ Lysine Lysine/protein lysine/proteing/
26 193887p Ethiopia 19.60 0.51 2.61 2.94
27 8635 Ethiopia 20.80 0.52 2.52 2,91
28 191827p Portugal 19.90 0.50 2.52 2.87
29 3150 Tunisia 00.00 0.00 0.00 0.00
30 7506 Egypt 19.00 0.47 2.52 2.82
31 7267 Egypt 21.50 0.53 2.47 2.91
32 193888P Ethiopia 18.20 0.47 2.61 2.86
33 195081P Ethiopia 19.70 0.50 2.56 2,90
34 191850P Portugal 00.00 0.00 0.00 0.00
35 191982P Portugal 20.50 0.51 2.52 2.90
36 192201p Portugal 18.20 0.48 2.65 2.91
37 192442p Portugal 18.30 0.45 2.47 2.73
38 212835P Iran 00.00 0.00 0.00 0.00
39 195095P Ethiopia 16.40 0.42 2.61 2.77
40 195717p Ethiopia 14.40 0.39 2.75 2,79
41 191836P Portugal 00.00 0.00 0.00 0.00
82 7523 Egypt 16.90 0.46 2.75 2.93
43 192197p Portugal 17.90 0.45 2.56 2.80
44 192620P Portugal 18.30 0.47 2.61 2,87
45 195099P Ethiopia 20.20 0.50 2,52 2.88
46 191848p Portugal 00.00 0.00 0.00 0.00
47 194037p Ethiopia 00.00 0.00 0.00 0.00
48 191127p Spain 00.00 0.00 0.00 0.00
49 220689P Afghanistan 00.00 0.00 0.00 0.00
50 191145P Spain 00.00 0.00 0.00 0.00
51 166854P Turkey 00.00 0.00 0.00 0.00
52 191632P Portugal 19.80 0.50 2.56 2.91
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Table A10. (Continued)

) 4 ) 4 Adjusted
No. C.I. or P.I. No. Source Proteinl/ Lysine Lysine/protein 1ysine/proteingl
53 193871p Ethiopia 19.00 0.48 2.56 2.86
54 195096P Ethiopia 00.00 0.00 0.00 0.00
55 195724p Ethiopia 19.30 0.49 2.56 2.88
56 194031P Ethiopia 18.40 0.48 2.61 2,88
57 272537p Hungary 00.00 0.00 0.00 0.00
58 193862p Ethiopia 17.40 0.46 2.65 2,87
59 193869P Ethiopia 16.70 0.45 2,75 2.92
60 8161 Peru 00.00 0.00 0.00 0.00
61 151205p Ethiopia 17.50 0.45 2.61 2.83
62 191970p Portugal 21.00 0.54 2.61 3.02
63 192006P Portugal 19.50 0.50 2.61 2,94
64 185300P Argentina 00.00 0.00 0.00 0.00
65 191819p Portugal 18.70 0.49 2.65 2.94
66 194830p Ethiopia 18.00 0.48 2.70 2.95
67 195711p Ethiopia 18.10 0.48 2.70 2.95
68 196091p Ethiopia 15.80 0.44 2.79 2.92
69 210911pP Pakistan 18.90 0.47 2.52 2.81
70 7855 Ethiopia 19.10 0.48 2.52 2.82
71 196097P Ethiopia 18.30 0.46 2.56 2.82
72 113396P Egypt 17.60 0.49 2.79 3.02
73 134930pP Portugal 00.00 0.00 0.00 0.00
74 177951p Turkey 00.00 0.00 0.00 0.00
75 184537p Portugal 00.00 0.00 0.00 0.00
76 191239p Spain 00.00 0.00 0.00 0.00
77 195710P Ethiopia 17.00 0.45 2.70 2.89
78 196098p Ethiopia 14.90 0.40 2.75 2.82
79 196102p Ethiopia 14.20 0.40 2.84 2.88

oct



Table A10. (Coatinued)

% Y 4 Adjusted

No. C.I. or P.I. No. Source Protein;j Lysine Lysine/protein lysine/proteinz/
80 165113p Turkey 00.00 0.00 0.00 0.00
81 185753P Portugal 18.90 0.49 2.61 2.90
82 192743p Portugal 18.70 0.48 2.56 2,85
83 192839p Portugal 18.90 0.48 2.56 2.86
84 166838p Turkey 00.00 0.00 0.00 0.00
85 7778 Ethiopia 16.50 0.43 2,65 2,82
86 8455 U.A.R. 13.30 0.40 3.02 3.01
87 145720P Arabia 20.70 0.54 2.61 3.00
88 196089P Ethiopia 17.70 0.47 2.65 2.88
89 196103pP Ethiopia 16.30 0.44 2.70 2.85
90 196908P Ethiopia 17.20 0.44 2.61 2.81
91 220426pP Egypt 19.80 0.49 2.52 2.86
92 225310p Iran 00.00 0.00 0.00 0.00
93 191182p Spain 00.00 0.00 0.00 0.00
94 192683pP Portugal 16.80 0.46 2.75 2.93
95 234861P Ethiopia 15.50 0.37 2.42 2.53
96 273997P Ethiopia 15.60 0.42 2.75 2.86
97 7770 Ethiopia 00.00 0.00 0.00 0.00
98 113398p Egypt 17.50 0.44 2.56 2.78
99 196092p Ethiopia 17.20 0.44 2.61 2.81

100 244342P Ethiopia 17.10 0.45 2.65 2.85

101 119326P Turkey 17.20 0.44 2.56 2.76

102 191412p Morocco 00.00 0.00 0.00 0.00

103 191971p Portugal 00.00 0.00 0.00 0.00

104 192461F Portugal 00.00 0.00 0.00 0.00

105 192742p Portugal 17.70 0.43 2.47 2.70

106 195100P Ethiopia 19.20 0.49 2.56 2.87
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Table A10. (Continued)

y4 y 4 Adjusted

No. C.I. or P.I. No. Source Proteinl/ Lysine Lysine/protein lysine/proteing/
107 195106P Ethiopia 17.20 0.44 2.56 2.76
108 195698P Ethiopia 17.80 0.47 2.65 2.89
109 273996P Ethiopia 17.70 0.46 2.61 2.84
110 7234 Russia 00.00 0.00 0.00 0.00
111 7239 Russia 00.00 0.00 0.00 0.00
112 165119P Turkey 00.00 0.00 0.00 0.00
113 166837P Turkey 00.00 0.00 0.00 0.00
114 191629pP Portugal 18.70 0.47 2,52 2.80
115 196096P Ethiopia 17.50 0.45 2.61 2,83
116 204015P Portugal 19.40 0.48 2.52 2.84
117 226573p Ethiopia 19.40 0.48 2,52 2.84
118 195701P Ethiopia 18.10 0.48 2.70 2,95
119 297841P Ethiopia 17.00 0.46 2.75 2.94
120 194028P Ethiopia 17.40 0.46 2.65 2.87
121 194035P Ethiopia 17.40 0.45 2.61 2.82
122 195729P Ethiopia 18.30 0.46 2.56 2.82
123 196093P Ethiopia 17.60 0.46 2.61 2.83
124 166977P Turkey 00.00 0.00 0.00 0.00
125 191010P Spain 21.20 0.55 2.61 3.03
126 191958P Portugal 00.00 0.00 0.00 0.00
127 1920192 Portugal 00.00 0.00 0.00 0.00
128 192841p Portugal 00.00 0.00 0.00 0.00
129 210946P Cyprus 00.00 0.00 0.00 0.00
130 7235 Russia 20.00 0.49 2.47 2.83
131 8493 Russia 21.20 0.50 2.38 2.80
132 094733P Ethiopia 19.30 0.49 2.56 2.88
133 191021p Spain 00.00 0.00 0.00 0.00
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Table Al10. (Continued)

Z Z Adjusted

No. C.I. or P.I. No. Source Proteinl/ Lysine Lysine/protein lysine/proteingj
134 191087p Spain 00.00 0.00 0.00 0.00
135 191085P Spain 00.00 0.00 0.00 0.00
136 191186P Spain 00.00 0.00 0.00 0.00
137 191832p Portugal 18.20 0.47 2.61 2.86
138 191952p Portugal 19.00 0.47 2.47 2.77
139 192036P Portugal 00.00 0.00 0.00 0.00
140 192606P Portugal 20.20 0.49 2.42 2.79
141 192711p Portugal 18.70 0.47 2,52 2.80
142 192741P Portugal 17.70 0.43 2.42 2.65
143 262656P Russia 00.00 0.00 0.00 0.00
144 297837p Ethiopia 16.80 0.43 2.56 2.74
145 297849P Ethiopia 16.30 0.44 2.70 2.85
146 191400P Spain 17.20 0.44 2,61 2.81
147 192516P Portugal 00.00 0.00 0.00 0.00
148 194034P Ethiopia 19.90 0.50 2,52 2.87
149 195728p Ethiopia 16.90 0.43 2.56 2.75
150 199995pP Ethiopia 17.00 0.44 2.61 2.80
151 204021p Portugal 20.30 0.50 2.47 2.84
152 204040P Portugal 00.00 0.00 0.00 0.00
153 204054P Portugal 00.00 0.00 0.00 0.00
154 274003pP Ethiopia 15.60 0.42 2.70 2,81
155 8000 Ethiopia 17.00 0.45 2.65 2.84°
156 191370P Italy 18.00 0.47 2.65 2.90
157 191471pP Italy 00.00 0.00 0.00 0.00
158 191616P Portugal 19.30 0.47 2.47 2.79
159 191635P Portugal 19.60 0.47 2.42 2.76
160 191805P Portugal 19.60 0.48 2.47 2.80
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Table Al10. (Continued)

Z z Adjusted

No. C.I. or P.I. No. Source Proteinl/ Lysine Lysine/protein lysine/proteing/
161 191955P Portugal 18.70 0.48 2.61 2.89
162 192505P Portugal 15.60 0.42 2.70 2.81
163 196087P Ethiopia 00.00 0.00 0.00 0.00
164 196095P Ethiopia 16.10 0.44 2,75 2.89
165 204043P Portugal 19.40 0.48 2.52 2.84
166 177964P Turkey 00.00 0.00 0.00 0.00
167 185723p Portugal 19.80 0.49 2.47 2.81
168 191812pP Portugal 19.60 0.48 2.47 2.80
169 191816P Portugal 00.00 0.00 0.00 0.00
170 192609P Portugal 00.00 0.00 0.00 0.00
171 193890P Ethiopia 15.90 0.43 2.75 2.88
172 195696P Ethiopia 17.00 0.45 2.70 2.89
173 195726P Ethiopia 00.00 0.00 0.00 0.00
174 254012p Unknown 16.80 0.43 2.56 2.74
175 185412p Portugal 19.80 0.49 2.52 2.86
176 185734P Portugal 19.00 0.46 2.42 2.72
177 191788pP Portugal 19.10 0.48 2.52 2.82
178 192168p Portugal 18.40 0.46 2.52 2.78
179 195705p Ethiopia 19.00 0.47 2.52 2.82
180 196906P Ethiopia 17.70 0.45 2.56 2.79
181 297852p Ethiopia 19.00 0.48 2.56 2.86
182 185726P Portugal 16.00 0.44 2.75 2.88
183 185721p Portugal 17.10 0.44 2.61 2.80
184 177950P Turkey 18.90 0.47 2.52 2.81
185 7150 Russia 00.00 0.00 0.00 0.00
186 195719P Ethiopia 15.70 0.43 2.75 2.87
187 191941pP Portugal 17.50 0.44 2.52 2.73
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Table AlQ0. (Continued)

Z y4 Adjusted
No. C.I. or P.I. No. Source Protein-]-'-/ Lysine Lysine/protein lysine/proteing-/
188 191988Pp Portugal 00.00 0.00 0.00 0.00
189 196090P Ethiopia 16.30 0.42 2.61 2.76
190 265007P Yugoslavia 00.00 0.00 0.00 0.00
191 274681P Poland 00.00 0.00 0.00 0.00
192 191640P Portugal 00.00 0.00 0.00 0.00
193 192510P Portugal 17.10 0.43 2.52 2.71
194 264951pP Italy 17.30 0.45 2.61 2.82
195 1925047 Portugal 18.10 0.46 2.56 2.81
196 192734p Portugal 17.60 0.47 2.70 2.92
197 150380P Tunisia 19.30 0.49 2.56 2.88
198 185191Pp Portugal 17.10 0.45 2.65 2.85
199 Ward U.S.A. 18.00 0.45 2,52 2.76
200 Leeds U.S.A. 17.40 0.43 2.52 2.73

;JDry weight basis.

ngdjusted to 13.5Z protein using curvilinear equation.
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Table All. Protein and lysine values for 200 durum wheats grown at Holletta, Ethiopia in 1973.

% 1/ Z Adjusted 2/

No. C.I. Or P.I. No. Source Protein— Lysine Lysine/protein lysine/proteim™
1 7528 Egypt 12.50 0.34 2.79 2.74
2 192086P Portugal 11.00 0.33 3.02 2,88
3 192129p Portugal 12.00 0.34 2.84 2,75
4 192618p Portugal 10.70 0.31 2,98 2.82
5 268456P Afghanistan 11.10 0.33 2.98 2.84
6 6880 Tunisia 10.30 0.31 3.07 2,89
7 265005P Yugoslavia 00.00 0.00 0.00 0.00
8 192119P Portugal 10.50 0.33 3.16 2.99
9 137744pP Iran 12.30 0.35 2.88 2.82
10 195089pP Ethiopia 10.70 0.34 3.21 3.05
1 220129p Afghanistan 11.20 0.31 2.79 2,66
12 3068 Ethiopia 14.40 0.40 2.84 2.89
13 297838p Ethiopia 11.90 0.36 3.02 2.93
14 8066 Ethiopia 11.60 0.33 2.88 2.78
15 193867P Ethiopia 14.90 0.40 2.75 2.82
16 7293 Lgypt 10.30 0.30 2,98 2.80
17 192120p Portugal 10.50 0.31 2.98 2.81
18 196907p Ethiopia 14.20 0.39 2.79 2.83
19 195059P Ethiopia 12.30 0.36 2.98 2.91
20 7325 India 10.30 0.31 3.02 2.85
21 7517 Egypt 11.70 0.34 2.93 2.83
22 192107p Portugal 10.50 0.32 3.07 2.90
23 7796 Ethiopia 13.90 0.38 2.79 2.81
24 8123 Ethiopia 12.10 0.36 2.98 2,90
25 4561 India 10.00 0.31 3.1 2.92
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Table All. (Continued)

Z % Adjusted
No. C.I. or P.1I. No. Source Proteinl/ Lysine Lysine/protein lysine/proteinzj
26 193887pP Ethiopia 13.10 0.37 2.88 2.86
27 8635 Ethiopia 11.30 0.34 3.07 2.95
28 191827p Portugal 10.50 0.32 3.07 2.90
29 3150 Tunisia 10.60 0.29 2.79 2.63
30 7506 Egypt 11.40 0.34 3.02 2.91
31 7267 Egypt 12.50 0.36 2.88 2.83
32 193888r Ethiopia 12.70 0.37 2.93 2.88
33 195081p Ethiopia 12.90 0.37 2.93 2.90
34 1918507 Portugal 10.90 0.32 3.02 2.88
35 191982P Portugal 10.70 0.31 2,93 2.78
36 192201r Portugal 10.80 0.34 3.21 3.06
37 192442p Portugal 10.10 0.30 3.02 2.83
38 212835P Iran 00.00 0.00 0.00 0.00
39 195095P Ethiopia 10.40 0.31 3.02 2.85
40 195717p Ethiopia 14.00 0.38 2.75 2.77
41 191836P Portugal 10.00 0.31 3.16 2.97
42 7523 Egypt 12.80 0.41 3.21 3.17
43 192197pP Portugal 10.80 0.32 3.02 2.87
&4 192620P Portugal - 14.30 0.39 2.75 2.79
45 195099P Ethiopia 12.60 0.36 2,93 2.88
46 191848p Portugal 12.80 0.36 2.84 2.80
&7 194037P Ethiopia 13.70 0.40 2.98 2.99°
48 191327P Spain 10.40 0.34 3.34 3.17
49 220689P Afghanistan 00.00 0.00 0.00 0.00
50 191145P Spain 11.10 0.35 3.16 3.03
51 166854P Turkey 00.00 0.00 0.00 0.00
52 191632P Portugal 12.00 0.35 2.98 2.89
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Table All. (Continued)

Z z Adjusted
No. C.I. or P.I. Ne. Source Proteint/ Lysine Lysine/protein 1ysine/proteing/
53 193871p Ethiopia 13.90 0.40 2.93 2.95
54 1950967 Ethiopia 10.00 0.32 3.25 3.06
55 195724P Ethiopia 13.40 0.39 2.98 2.97
56 194031r Ethiopia 15.40 0.45 2.93 3.03
57 272537P Hungary 00.00 0.00 0.00 0.00
58 193862P Ethiopia 12.20 0.37 3.07 3.00
59 193869P Ethiopia 13.50 0.41 3.07 3.07
60 8161 Peru 00.00 0.00 0.00 0.00
61 151205P Ethiopia 15.10 0.46 3.07 3.15
62 191970P Portugal 14.00 0.46 3.30 3.32
63 192006P Portugal 00.00 0.00 0.00 0.00
64 185300P Argentina 9.80 0.35 3.67 3.46
65 191819P Portugal 12.10 0.42 3.48 3.40
66 194830P Ethiopia 16.40 0.48 2.93 ' 3.09
67 195711p Ethiopia 17.00 0.49 2.93 3.12
68 196091P Ethiopia 17.60 0.48 2.75 2.97
69 210911p Pakistan 12.80 0.39 3.07 3.03
70 7855 Ethiopia 14.50 0.43 2,98 3.03
71 196097pP Ethiopia 17.00 0.47 2.79 2.98
72 113396P Egypt 13.20 0.42 3.25 3.23
-73 134930P Portugal 8.90 0.31 3.57 3.32
-74 177951p Turkey 00.00 0.00 0.00 0.00
75 184537p Portugal 10.80 0.34 3.16 3.01
76 191239F Spain 11.10 0.33 2.98 2.84
77 195710pP Ethiopia 12.50 0.37 3.02 2.97
78 196098P Ethiopia 15.70 0.44 2.84 2.96
79 196102pP Ethiopia 12.30 0.37 3.07 3.00
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Table All. (Continued)

Z Z Adjusted
No. C.I. or P.I. No. Source Proteinl/ Lysine Lysine/protein lysine/proteing/
80 165113P Turkey 9.00 0.30 3.34 3.10
81 185753P Portugal 10.20 0.33 3.30 3.12
82 192743P Portugal 9.70 0.31 3.25 3.04
83 192839P Portugal 11.40 0.35 3.07 2.95
84 166838P Turkey 00.00 0.00 0.00 0.00
85 7778 Ethiopia 12.40 0.33 2.70 2.64
86 8455 U.A.R. 15.70 0.46 2.98 3.10
87 145720P Arabia 10.90 0.34 3.21 3.06
88 196089P Ethiopia 12.70 0.39 3.07 3.02
89 196103p Ethiopia 13.80 0.40 2.93 2,95
90 196908p Ethiopia 16.30 0.47 2.88 3.04
91 220426P Egypt 14.30 0.41 2.93 2.97
92 225310p Iran 9.80 0.31 3.16 2.96
93 _ 191182P Spain 11.00 0.34 3.11 2.98
94 192683P Portugal 12.00 0.39 3.25 3.17
95 234861P Ethiopia 12.60 0.38 3.02 2.97
96 273997P Ethiopia 14.30 0.42 2.98 3.02
97 7770 Ethiopia 10.40 0.32 3.16 2.99
98 113398¢ Egypt 15.90 0.46 2.93 3.06
99 196092P Ethiopia 15.20 0.43 2.88 2.98
100 244342P Ethiopia 13.70 0.39 2,88 2.89
101 119326P Turkey 00.00 0.00 0.00 0.00
102 191412p Morocco 10.00 0.31 3.16 2.97
103 191971p Portugal 12.30 0.34 2.84 2.77
104 192461P Portugal 10.20 0.30 2.98 2.79
105 192742p Portugal 12.20 0.35 2.88 2.81
106 195100P Ethiopia 13.10 0.37 2.88 2.86
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Table All. (Continued)

4 1/ 4 Adjusted 2/
No. C.I. or P.I. No. Source Protein— Lysine Lysine/protein lysine/protein=
107 195106P Ethiopia 13.20 0.38 2,88 2.87
108 195698pP Ethiopia 15.40 0.43 2.84 2.94
109 2739967 Ethiopia 14.70 0.42 2.88 2.95
110 7234 Russia 10.50 0.31 2.98 2.81
111 7239 Russia 11.10 0.34 3.07 2.93
112 165119P Turkey 10.00 0.32 3.25 3.06
113 166837p Turkey 00.00 0.00 0.00 0.00
114 191629P Portugal 11.30 0.35 3.11 2.99
115 196096P Ethiopia 9.70 0.32 3.30 3.09
116 204015P Portugal 15.40 0.43 2.84 2.94
117 226573p Ethiopia 14.30 0.41 2.88 2.93
118 195701p Ethiopia 14.60 0.42 2.93 2.99
119 297841Pp Ethiopia 14.10 0.42 3.02 3.05
120 194028p Ethiopia 14.10 0.42 2.98 3.01
121 194035P Ethiopia 15.00 0.43 2.88 2,96
122 195729pP Ethiopia 15.40 0.43 2.84 2.94
123 196093pP Ethiopia 17.40 0.47 2,70 2.91
124 166977p Turkey 11.00 0.35 3.21 3.07
125 191010P Spain 11.40 0.35 3.07 2.95
126 191958P Portugal 12.00 0.35 2.98 2.89
127 192019P Portugal 11.80 0.36 3.07 2.97
128 192841r Portugal 10.50 0.32 3.07 2.90
129 210946P Cyprus 11.70 0.36 3.1 3.01
130 7235 Russia 11.20 0.34 3.11 2.99
131 8493 Russia 11.60 0.34 2,98 2.87
132 094733p Ethiopia 11.60 0.34 2.98 2.87
133 191021p Spain 00.00 0.00 0.00 0.00
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Table All. (Continued)

Z y 4 Adjusted

No. C.I. or P.I. No. Source Proteinl/ Lysine Lysine/protein lysine/proteinzj
134 191087p Spain 11.50 0.34 3.02 2.91
135 191089% Spain 11.30 0.35 3.11 2.99
136 191186°P Spain 11.60 0.35 3.02 2.92
137 191832p Portugal 13.40 0.40 3.02 3.01
138 191652p Portugal 12.40 0.36 2.93 2.87
139 192036P Portugal 11.20 0.33 3.02 2.89
140 1926067 Portugal 12.00 0.34 2.84 2.75
141 192711P Portugal 12.60 0.37 2.98 2,93
142 192741P Portugal 11.10 0.34 3.07 2,93
143 262656P Russia 00.00 0.06 0.00 0.00
144 297837p Ethiopia 14.30 0.41 2.88 2.93
145 297849P Ethiopia 14.90 0.44 2.98 3.05
146 191400P Spain 11.30 0.34 3.07 2,95
147 192516P Portugal 11.30 0.33 2.98 2.85
148 194034P Ethiopia 15.10 0.43 2.88 2,97
149 195728P Ethiopia 15.80 0.44 2.84 2.96
150 199995P Ethiopia 13.90 0.40 2.93 2.95
151 204021P Portugal 11.90 0.36 3.07 2,98
152 204040P Portugal 11.30 0.33 2.93 2.81
153 204054P Portugal 11.70 0.35 3.07 2.97
154 274003P Ethiopia 16.30 0.44 2.75 2.90
155 8000 Ethiopia 14.00 0.41 2.93 2,96
156 191370P Italy 13.50 0.38 2.84 2.84
157 191471p Italy 11.90 0.35 2.98 2.89
158 191616P Portugal 11.80 0.34 2,93 2.84
159 191635P Portugal 11.80 0.35 3.02 2,93
160 191805P Portugal 12.00 0.35 2.93 2.85

TET



Table All. (Continued)

p 4 )4 Adjusted
No. C.I. or P.I. No. Source Proteinl/ Lysine Lysine/protein lysine/proteing/
161 191955P Portugal 15.00 0.44 2.93 3.01
162 192505P Portugal 12.40 0.36 2.93 2,87
163 196087P Ethiopia 18.90 0.51 2.70 2.99
164 196095P Ethiopia 19.90 0.53 2.70 3.05
165 204043P Portugal 11.90 0.36 3.02 2.93
166 177964P Turkey 12.60 0.36 2.93 2.88
167 185723p Portugal 10.00 0.33 3.30 3.10
168 191812P Portugal 12.60 0.36 2.93 2.88
169 191816P Portugal 12.40 0.36 2.98 2.91
170 192609P Portugal 11.40 0.35 3.11 3.00
171 193890pP Ethiopia 15.80 0.44 2.79 2.92
172 195696P Ethiopia 15.10 0.46 3.07 3.15
173 195726P Ethiopia 14.50 0.41 2.88 2.94
174 254012P Unknown 11.60 0.35 3.07 1 2.96
175 185412p Portugal 14.20 0.39 2.75 2.78
176 185734P Portugal 12.90 0.36 2.79 2,76
177 191788P Portugal 12.10 0.36 2.98 2.90
178 192168P Portugal 12.80 0.37 2.93 2.89
179 195705P Ethiopia 13.00 0.36 2.84 2.81
180 196906P Ethiopia 14.20 0.39 2.79 2.83
181 297852p Ethiopia 16.90 0.45 2.70 2.89
182 185726P Portugal 13.80 0.37 2.70 2.72
183 185721P Portugal 12.90 0.36 2.79 2.76
184 177950P Turkey 12.70 0.35 2.79 2.75
185 7150 Russia 12.60 0.33 2.65 2.60
186 195719P Ethiopia 15.30 0.44 2.88 2.98
187 191941P Portugal 11.90 0.34 2.88 2.80
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Table All. (Continued)

Y 4 Z Adjusted

No. C.I. or P.I. No. Source Proteinl/ Lysine Lysine/protein lysine/proteingl
188 191988p Portugal 12.40 0.34 2.75 2.68
189 196090P Ethiopia 13.90 0.39 2.84 2,86
190 265007p Yugoslavia 00.00 0.00 0.00 0.00
191 274681p Poland 13.50 0.36 2.70 2.70
192 191640P Portugal 15.60 0.41 2.65 2,77
193 192510P Portugal 13.70 0.37 2.75 2.76
194 264951P Italy 14.20 0.38 2.70 2.74
195 192504p Portugal 14.60 0.38 2.61 2.67
196 192734P Portugal 13.40 0.37 2,79 2.79
197 150380pr Tunisia 13.30 0.37 2.79 2,78
198 185191r Portugal 12.50 0.35 2.84 2.78
199 Ward U.S.A. 00.00 0.00 0.00 0.00
200 Leeds U.S.A. 00.00 0.00 0.00 0.00
1/

=~ Dry welght basis.

g-IArljt.xsted to 13.5Z protein using curvilinear equation.
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Table Al2. Protein and lysine values for 200 durum wheats g-own at Fort Collins, Colorado,
U.S.A. in 1973.

4 Z Adjusted
No. C.I. or P.I. No. Source Proteinl/ Lysine Lysine/protein lysine/proteing/
1 7528 Egypt 12.80 0.36 2.84 2.80
2 192086P Portugal 14.50 0.41 2.84 2.89
3 192129?P Portugal 15.90 0.43 2.75 2.88
4 192618p Portugal 13.00 0.37 2.88 2.86
5 268456P Afghanistan 12.50 0.36 2.93 2,87
6 6880 Tunisia 12.80 0.37 2.93 2.89
7 265005P Yugoslavia 12.30 0.36 2.98 2,91
8 192119? Portugal 13.00 0.39 3.02 2.99
9 137744P Iran 10.80 0.34 3.21 3.06
10 195089P Ethiopia 14.30 0.41 2.93 2,97
1 220129P Afghanistan 12.56 0.37 2.98 2,92
12 3068 Ethiopia 15.40 0.43 2.79 2.89
13 297838pP Ethiopia 16.40 0.45 2.79 2.95
14 8066 Ethiopia 16.70 0.46 2.79 2.97
15 193867P Ethiopia 16.60 0.47 2,84 3.01
16 7293 Egypt 16.70 0.45 2,70 2.87
17 192120p Portugal 15.70 0.43 2.75 2,87
18 196907P Ethiopia 16.60 0.47 2.84 3.01
19 195059P Ethiopia 14.90 0.43 2.93 3.01
20 7325 India 15.60 0.42 2.70 2.81
21 7517 Egypt 16.10 0.45 2,79 2.93
22 192107p Portugal 17.70 0.46 2.61 2.84
23 7796 Ethiopia 18.60 0.49 2.65 2.93
25 8123 Ethiopia 16.20 0.46 2.84 2.98
25 4561 India 15.20 0.41 2.75 2.84
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Table A12. (Continued)

Z y4 Adjusted
No. C.I. or P.1. No. Source Proteinl/ Lysine Lysine/protein lysine/proteing/
26 193887p Ethiopia 18.20 0.48 2,65 2.91
27 8635 Ethiopia 15.20 0.43 2,88 2,98
28 191827p Portugal 15.40 0.42 2.75 2.85
29 3150 Tunisia 15.20 0.41 2.75 2.84
30 7506 Egypt 14.70 0.42 2.88 2.95
31 7267 Egypt 13.70 0.38 2.79 2.80
32 193888p Ethiopia 15.00 0.43 2.88 2.96
33 195081p Ethiopia 16.60 0.46 2.79 2.96
34 191850P Portugal 13.50 0.40 2.98 2.97
35 191982p Portugal 13.30 0.39 2.93 2,92
36 192201P Portugal 16.60 0.44 2.70 2,87
37 192442P Portugal 14.80 0.41 2.79 2.86
38 212835p Iran 10.70 0.29 2.75 2.59
39 195095p Ethiopia 17.60 0.47 2.70 2.92
40 195717p Ethiopia 20.90 0.55 2.65 3.06
41 191836F Portugal 16.00 0.44 2.79 2.93
42 7523 Egypt 14.90 0.43 2.88 2.96
43 192197p Portugal 16.30 0.45 2.79 2.94
44 192620pP Portugal 20.00 0.50 2.52 2.87
45 195099P Ethiopia 17.90 0.50 2.84 3.08
46 191848p Portugal 17.10 0.46 2.70 2.90
47 194037p Ethiopia 19.80 0.53 2.70 3.04
48 191127p Spain 16.90 0.50 2.98 3.16
49 220689P Afghanistan 00.00 0.00 0.00 0.00
50 191145p Spain 15.90 0.43 2.75 2.88
51 166854P Turkey 15.20 0.43 2.84 2.93
52 191632p Portugal 18.10 0.51 2.84 3.09
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Table Al12. (Continued)

4 y 4 Adjusted
No. C.I. or P.I. No. Source Proteinl/ Lysine Lysine/protein 1ysine/proteinzj
53 193871pP Ethiopia 20.20 0.53 2.65 3.02
54 195096P Ethiopia 16.90 0.50 2.98 3.16
55 195724P Ethiopia 20.60 0.55 2.70 3.09
56 194031P Ethiopia 18.60 0.50 2.70 2.98
57 272537P Hungary 14.60 0.39 2.70 2.76
58 193862P Ethiopia 15.50 0.43 2.79 2.90
59 193869P Ethiopia 18.60 0.52 2.79 3.07
60 8161 Peru 13.10 0.35 2.70 2.68
61 151205P Ethiopia 17.50 0.45 2.61 2.83
62 191970P Portugal 16.40 0.47 2.88 3.04
63 192006P Portugal 15.10 0.43 2.88 2.97
64 185300P Argentina 16.50 0.45 2.75 2,91
65 191819P Portugal 16.30 0.47 2.93 3.08
66 194830P Ethiopia 17.10 0.46 2.70 2.90
67 195711p Ethiopia 17.00 0.45 2.70 2.89
68 196091P Ethiopia 16.50 0.43 2.65 2.82
69 210911P Pakistan 13.50 0.38 2.84 2.84
70 7855 Ethiopia 16.00 0.43 2.70 2.84
71 196097P Ethiopia 18.50 0.50 2.70 2.97
72 113396P Egypt 14.50 0.42 2,93 2.98
73 134930P Portugal 15.00 0.43 2.88 2.96
74 177951p Turkey 14.30 0.40 2.79 2.83
75 184537p Portugal 14.50 0.41 2.88 2.94
76 191239p Spain 14.00 0.41 2.93 2.96
7 195710P Ethiopia 16.50 0.45 2.75 2.91
78 196098P Ethiopia 16.10 0.43 2.70 2.84
79 196102P Ethiopia 14.10 0.40 2.84 2.87
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Table Al2. (Continued)

4 1/ Z Adjusted 2/
No. C.I. or P.I. No. Source Protein™ Lysine Ly sine/protein lysine/protein—
80 165113P Turkey 13.60 0.39 2.93 2.93
81 185753p Portugal 13.90 0.40 2.88 2,90
82 192743p Portugal 12.80 0.37 2.93 2.89
83 192839P Portugal 14.20 0.40 2.84 2.88
84 166838P Turkey 13.90 0.38 2.79 2.81
85 7778 Ethiopia 15.30 0.41 2.70 2.80
86 8455 U.A.R. 12.30 0.37 3.02 2.95
87 145720P Arabia 13.20 0.38 2.93 2.91
88 196089P Ethiopia 13.30 0.39 2.98 2.96
89 196103P Ethiopia 15.50 0.42 2.75 2.85
90 196908P Ethiopia 15.30 0.42 2.75 2.84
91 220426P Egypt 13.30 0.38 2.88 2,87
92 225310P Iran 14.30 0.40 2.79 2.83
93 191182p Spain 15.30 0.43 2.84 2.94
94 192683p Portugal 18.40 0.51 2.79 3.06
95 234861P Ethiopia 18.90 0.52 2.75 3.04
96 273997p Ethiopia 18.70 0.50 2.70 2.98
97 7770 Ethiopia 12.50 0.38 3.07 3.01
98 113398p Egypt 16.30 0.46 2.84 2.99
99 196092P Ethiopia 17.50 0.48 2.75 2.96
100 244342P Ethiopia 17.20 0.48 2.79 2,99
101 119326P Turkey 14.90 0.41 2.79 2.87°
102 191412P Morocco 14.10 0.40 2.88 2.92
103 191971P Portugal 14.40 0.40 2.84 2.89
104 192461P Portugal 15.00 0.41 2.75 2.83
105 192742p Portugal 14.90 0.42 2.84 2.91
106 195100pP Ethiopia 16.50 0.46 2.79 2.96
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Table A12. (Continued)

Z Y 4 Adjusted

No. C.I. or P.I. No. Source Proteinl/ Lysine Lysine/protein 1ysine/proteingj
107 195106P Ethiopia 15.60 0.42 2.70 2.81
108 195658p Ethiopia 18.10 0.48 2.65 2.90
109 273996P Ethiopia 17.80 0.49 2.79 3.03
110 7234 Russia 12.30 0.35 2.88 2.82
111 7239 Russia 11.30 0.34 3.02 2.90
112 165119? Turkey 13.80 0.39 2.88 2.90
113 166837p Turkey 12.20 0.35 2.88 2.81
114 191629P Portugal 13.90 0.39 2.84 2.86
115 196096P Ethiopia 14.90 0.42 2.84 2,91
116 204015P Portugal 13.90 0.40 2,93 2.95
117 226573p Ethiopia 16.90 0.45 2.70 2.89
118 195701p Ethiopia 17.60 0.48 2.75 2,97
119 297841pP Ethiopia 15.90 0.45 2.84 2,97
120 194028P Ethiopia 17.20 0.46 2.70 2.90
121 194035P Ethiopia 13.90 0.40 2.93 2.95
122 195729P Ethiopia 15.00 0.41 2.75 2.83
123 196093P Ethiopia 16.30 0.44 2.70 2.85
124 166977P Turkey 14.90 0.41 2.79 2.87
125 191010P Spain 14.70 0.41 2.84 2.90
126 191958P Portugal 13.10 0.39 2.98 2.95
127 132019P Portugal 12.70 0.37 2.98 2.93
128 192841p Portugal 13.30 0.39 2.93 2.92
129 210946P Cyprus 13.50 0.40 2.98 2,97~
130 7235 Russia 13.20 0.37 2.84 2.82
131 8493 Russia 12.60 0.34 2.75 2.70
132 094733p Ethiopia 14.20 0.41 2.88 2.92
133 191021P Spain 12.10 0.36 2.98 2.90
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Table A12. | sntinued)

Z Z Adjusted
No. C.I. or P.I. No. Source Proteinl! Lysine Lysine/protein lysine/proteing!
134 191087p Spain 15.00 0.41 2.79 2.87
135 191089P Spain 14.30 0.41 2.88 2,93
136 191186P Spain 14.10 0.40 2,84 2,87
137 191832p Portugal 14.30 0.40 2.84 2.88
138 191952P Portugal 13.60 0.39 2.88 2.89
139 192036P Portugal 15.30 0.41 2,70 2.80
140 192606P Portugal 13.40 0.38 2.88 2.88
141 192711p Portugal 13.80 0.39 2.84 2.85
142 192741p Portugal 13.70 0.37 2.75 2.76
143 262656P Russia 00.00 0.00 0.00 0.00
144 297837pP Ethiopia 16.70 0.45 2.70 2.87
145 297849P Ethiopia 18.70 0.50 2.70 2.98
146 191400P Spain 154.10 0.40 2.84 2.87
147 192516P Portugal 12.40 0.36 2.93 2,87
148 194034P Ethiopia 14.90 0.42 2.84 2,91
149 195728P Ethiopia 14.00 0.40 2,88 2.91
150 199995P Ethiopia 15.80 0.43 2.75 2,87
151 204021P Portugal 15.09 0.42 2,84 2.92
152 204040P Portugal 16.30 0.42 2.61 2.76
153 2040547 Portugal 13.20 0.39 2.98 2.96
154 274003P Ethiopia 15.30 0.42 2,75 2.84
155 8000 Ethiopia 13.00 0.38 2.93 2.90-
156 191370P Italy 15.50 0.43 2.79 2.90
157 191471pP Italy 14.90 0.42 2.84 2.91
158 191616P Portugal 14.60 0.41 2.84 2.90
159 191635P Portugal 15.30 0.42 2.79 2.89
160 191805P Portugal 13.30 0.37 2.84 2.83
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Table Al12. (Continued)

Z 4 Adjusted

No. C.I. or P.I. No. Source Proteinl/' Lysine Lysine/protein lysine/proteinZI
161 191955?P Portugal 15.80 0.45 2.88 3.01
162 192505P Portugal 14.20 0.39 2.79 2.83
163 196087P Ethiopia 19.30 0.49 2.56 2.88
164 196095P Ethiopia 19.30 .50 2.61 2.92
165 204043P Portugal 15.10 0.4l 2.75 2.83
166 177964P Turkey 15.10 0.42 2.84 2.92
167 185723p Portugal 15.90 0.43 2.70 2.83
168 191812p Portugal 16.50 0.43 2.65 2.82
169 191816P Portugal 16.80 0.46 2.75 2.93
170 192609P Portugal 15.60 0.45 2.88 N 3.00
171 193890P Ethiopia 16.70 0.45 2.70 2.87
172 195696P Ethiopia 15.80 0.45 2.88 3.01
173 195726P Ethiopia 17.30 0.46 2.70 2.91
174 254012pP Unknown 13.70 0.38 2.84 2.85
175 185412P Portugal 15.60 0.45 2.93 3.04
176 185734p Portugal 16.20 0.46 2.84 2.98
177 191788p Portugal 15.30 0.44 2.88 2.98
178 192168P Portugal 18.00 0.47 2.65 2.90
179 195705P Ethiopia 17.80 0.48 2.75 2.98
180 196906P Ethiopia 20.00 0.52 2.61 2.96
181 297852P Ethiopia 21.00 0.55 2.65 3.06
182 185726P Portugal 13.30 0.34 2.61 2.60
183 185721p Portugal 12.80 0.37 2.93 2.89
184 177950P Turkey 13.60 0.38 2.79 2.80
185 7150 Russia 14.00 0.40 2.88 2.91
186 195719p Ethiopia 16.60 0.44 2.70 2.87
187 191941pP Portugal 14.10 0.40 2.84 2.87

ot



Table A12. (Continued)

Z b4 Adjusted

No. C.I. or P.I. No. Source Protein—l—/ Lysine Lysine/protein lysine/ proteiugl
188 191988p Portugal 16.20 0.43 2.70 2,85
189 196090P Ethiopia 15.50 0.44 2.84 2,95
190 265007P Yugoslavia 11.90 0.34 2,93 2.84
191 274681P Poland 15.90 0.43 2,75 2.88
192 191640P Portugal 15.60 0.42 2.75 2.86
193 192510P Portugal 14.80 0.40 2.75 2.82
194 264951pP Italy 16.19 0.45 2.84 2,98
195 192504P Portugal 17.60 0.45 2.56 2,79
196 192734P Portugal 14.70 0.43 2,93 2.99
197 150380P Tunisia 16.90 0.50 2.98 3.16
198 185191P Portugal 18.20 0.44 2.42 2.68
199 Ward U.S.A. 16.40 0.45 2.75 2.90
200 Leeds U.S.A. 16.80 0.45 2.70 2.88

lIl)l:y welight basis.

hglAdjusted to 13.5Z protein using curvilinear equation.
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