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Analysis of the 12,000 common wheats of the USDA World Wheat
 

Collection indicated significant differences among wheats for grain
 

protein and lysine content (Vogel, Johnson, and Mattern, Nebr. Res.
 

Bull. 285. 1973).
 

Six hundred wheats were selected from the World Wheat Collection
 

which represented the range of protein and lysine that existed therein
 

to test the validity of the World Collection results and to develop
 

selection criteria for protein and lysine. These wheats were grown
 

at Yua, Arizona in 1972 and 1973.
 

Only 10% of the total variation within a nursery could be attribu

ted 6o yield, test weight, and 1000-kernel weight. Most of the variation
 

for percent protein was due to genetic differences among the wheats
 

tested. ..4eats with the highest mean protein percentages were five
 

percentage points higher in protein than the low protein wheats.
 

Lysine (%of sample) was positively correlated to percent protein
 

but lysine (%of protein) was negatively correlated to percent protein.
 

The correlation between lysine (%of sample) and lysine (%of protein)
 

was not significant. In order to make valid lysine comparisons among
 

wheats difforing in protein content, lysine values were adjusted to
 

nursery mean protein percentages. After adjustment, both lysine values
 
J 



provide the same relative measure of the lysine content of wheat.
 

Test weight had some influence on lysine content because bran pro

teins are higher in lysino content than endosperm proteins. Yield and
 

kernel weight had no significant effect on lysine content after account

ing for the effect of protein and test weight. Results indicate that
 

significant genetic differences exist among wheats for lysine that are 

independent of percent protein and test weight. Adjusted lysine values
 

are useful as a selection criterion but unadjusted lysine values are not.
 

Most societies eat only the ground endosperm or flour of wheat. 

Almost all of the genetic research involving the protein and lysine 

content of iheat has been done using whole grain samples. Whole grain
 

and endosperm protein and lysine percentages were compared to determine
 

the validity of this practice.
 

A modified milling procedure was used to separate endosperm and
 

bran (including the germ) portions of the wheat kernel. 
The 300 wheats
 

studied were from the USDA World Wheat Collection and the parents and
 

progenies of three crosses of high protein and/or high lysine lines.
 

Grain protein'and endosperm protein percentages are highly corre

lated. Crain protein content can be used as a selection criterion for
 

endosperm protein content. The combined effects of percent endosperm
 

and bran protein and lysine content on grain lysine (%of protein) was
 

as great as the effect of endosperm lysine (%of protein). Wheats with
 

high grain lysine content did not always have high endosperm lysine
 

content. Significant differences existed among wheats for endosperm
 

protein and lysine content.
 

On the basis of whole kernel analysis, the variety Atlas 66 had
 



been identified as a high protein line, Nap Hal, PI 176217, as a high
 

protein/high lysine line, and CI 13449 as a high lysine line.
 

The high protein of Nap Hal resides in both endosperm and bran.
 

Atlas 66 shows the high protein effect only in its endosperm. Trans

gressive segregates with endosperm protein values as high as 23% provide
 

evidence that the genes for ondosperm protein of Nap Hal are different
 

from those of Atlas 66. The parents averaged 19% protein.
 

The high grain lysine content of Nap Hal is due to both the high
 

lysine content of its endosperm proteins and to the high protein and
 

The high lysine of CI 13449 is largely due
lysine content of its bran. 


to the high lysine content of its endosperm proteins.
 



GENERAL INTRODUCTION
 

Common wheat, Triticum aestivum L. em. Thell, is the main staple
 

food for over one billion people and provides almost 30% of t|he total
 

food calories for the people of the world (Reitz, 1967). Wheat isalso
 

an important source of protein for humans. The total estimated world
 

wheat production for 1972 was 307.2 million metric tons (Agr. Statistics,
 

1973). In most production areas of the world the protein content of
 

wheat ranges from 10-13%. Using the 10% protein value, the total
 

estimated production of wheat protein for 1972 was 30.72 million metric
 

tons. Considering that the average person of the world's 3.8 billion
 

people requires a minimum of 70g of protein per day, the current annual
 

worldwide protein requirement for man is 97 million metric tons (Levin,
 

1974). Although not all wheat is used for human consumption, wheat still
 

contributes substantially to the total protein requirements of man even
 

thougn it is not as high in protein content as meats, fish, and legume
 

secds.
 

The nutritive value of a food cannot be determined solely by its
 

protein content because, if calories are deficient, protein will be used
 

as an energy source. In human nutrition, the quality as well as the
 

quantity of protein is important. The quality of a protein is dependent
 

upon its capability to supply amino acids in the same proportion as
 

required by the body. The quality or biological value of a protein is
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limited by the amount of essential amino acid in shortest supply. The
 

limiting amino acids in wheat grain protein are lysine, tryptophan, and
 

mothion.ne (Bressani et al. 1960). Isoleucine, valine, and threonine
 

may also be in limited supply. Lysine is the most limiting amino acid
 

inwheat and other cereals.
 

The lysine requirements of man vary with body size, sex, and age
 

(Clark, 1971; Clark et al., 1960; Hegsteds 1973). Adult men require
 

approximately 800mg of lysine per day while adolescent boys require
 

1600mg lysino per day (Clark, 1970). Lysine supplementation of diets
 

in vhich wheat flour protein was the main source of protein, as compared 

to unfortifed diets, significantly improved weight gain and nitrogen 

retention in small children (Graham, 1969; Bressani et al., 1960). 

However, evidence exists that wheat, if eaten alone and in sufficient
 

quantity to meet calorie requirements, can meet the protein requirements
 

of adult men (Aykroyd and Doughty, 1970).
 

Since nutritional diseases affect children mor. severely than
 

adults, the lysine requirements of children should be used as the 

reference base for determining the lysine inadequacies of wheat protein. 

The biological value of whole wheat protein is only 70% that of whole 

eggs (Aykroyd and Doughty, 1970). The biological value of white flour
 

is 50% that of whole eggs. The mean lysine content of wheat protein of
 

the common wheats in the USDA World Wheat Collection was 3.16% (Vogel,
 

Johnson and Mattorn, 1973). Since the biological value of a protein is
 

determined by the amino acid in shortest supply, the biological value of
 

wheat protein indicates that the lysine content of wheat protein should
 

be a minimum of 4.5%. 

http:mothion.ne
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Wheat with 13% protein and 4.5% lysine (%of protein) would pro

vide 586mg of lysino per lOOg whereas wheat of the same protein level 

with 3% lysino (%of protein) would provide 390mg of lysine per 100g. 

Lysine increases of this magnitude would greatly improve the nutritive 

value of whca: and, by doing so, directly improve the diet and health of 

over ona billion people. Lysine content of wheat can be increased by 

aithor increasing the protein content or the lysine content of protein 

or both. Protein and lysine content of diets consisting mainly of wheat
 

can be improvea by the addition of higher quality animal and fish pro

tcn to the dict, addition of synthetic lysine, or by improving the
 

protein ana ly,ine content of wheat grain by the genetic modification
 

of the %shcat plant.
 

Inmany of the under-developed nations of the world where wheat is 

grown, improving the diet by the addition of animal protein is not possi

ble because available food supplies are needed for direct human consump

tion. The direct fortification of wheat by lysine is possible (Ferrel, 

Shopard, and Guadagni, 1970) but this requires a technological sophisti

cation that is not available in many of the rural areas of underdeveloped
 

nations. Another d3sadvantage of direct fortification is the need for
 

fortification of each wheat crop. Improving the quality of wheat by

brooding would provide the best solution to the nutritional inadequacy
 

of whcat. High lysine wheat varieties could be grown and utilized with

out any alternation in production and traditional processing and usage
 

practices by people throughout the world. The main cost involved in
 

producing more nutritious wheat varieties is the cost of.the breeding
 

program. 
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Section I. Re-evaluation of common wheats from the USDA World Wheat
 

Collection for Protein and Lysine Content.
 

INTRODUCTION
 

The protoin and lysine content of wheat can be altered by breed

ing only if genetic variability exists for these traits. Results of the
 

protein and lysine analysis of the common wheats of the USDA World Wheat
 

Collection Indicated that genetic variability does exist for these
 

traits (.'ooel, Johnson, and Mattern, 1973). The purpose of this study
 

was to ro-evaluate selected lines from the World Wheat Collection to
 

provide furthcr verification of genetic variability for protein and
 

lysino content incommon wheats and to identify high protein and high
 

lysino lines that may be of use to wheat breeders.
 



S
 

LITERATURE REVIEW
 

Breeding for increased protein content of wheat grain was not
 

practiced on a systematic basis prior to the early 19S0's because known
 

genetic differences in protein content of wheat were small in comparison
 

with environmental effects (Johnson ot al., 1963). Then Middleton, 

8odo, and Loylos (1l54) reported that the soft red winter variety 'Atlas 

66' prod-ated grain significantly higher in protein content than commonly 

grown cultivars while maintaining yield at a high level. 

The Zones controlling the high protein trait of Atlas 66 have
 

been transferred to winter wheats adapted to the Great Plains of the
 

U.S. resulting in an improvement in the protein content of the derived 

lines over the parent winter wheat varieties by as much as three per

centago points of protein (Johnson et al., 1968; Johnson et al., 1969). 

Selections from the second breeding cycle of Atlas 66-derived lines of 

hard red winter wheats have averaged 20-24% higher in protein than the 

nain conriorcial varieties in Nebraska (Johnson, Mattern, and Schmidt, 

1972b, Johnson et al., 1972c). Some high protein selections have yielded 

as much as 15'a more grain than currently grown commercial varieties. 

1oeritaoility estimates as high as 0.65 obtained by the regression of
 

F3 progeny rows on F2 plants were reported by Haunold, Johnson, and
 

Schmidt (1962) for crosses of Atlas 66 with conventional winter wheats.
 

Stuber, Johnson, and Schmidt (1962) reported heritability estimates
 

ranging from 0.68 to 0.83 depending on the method of computation for
 

the cross 'Atlas 66' x 'Wichita'. This research demonstrates that the
 

nutritive value of wheat can be significantly improved through breeding.
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Identification of additional genetic sources of high protein would allow
 

breeders to make additional progress in improving the protein content of
 

wh at. 

In addition to improving the protein content, the nutritive value
 

of wheat could also be improved by increasing the lysine content of wheat
 

protein. Genetic variability must exist for a trait before this trait
 

can be altered by breeding. Genes for significantly higher than normal
 

lysine (%of protein) wore identified in maize (Mertz, Bates, and Nelson,
 

1964), sorghum (Singh and Axtell, 1973) and barley (Munch et al., 1970).
 

The com7on wheats of the USDA World Wheat Collection were analyzed for
 

protein and lysine content to determine the variability that exists for
 

these traits and to identify potential high protein and high lysine lines
 

(Vogel, t al., 1973).
 

Protein values of the 12,613 wheats of the World Collection ranged 

from 6.9 to 22% with a mean of 13%; lysine (%of sample) ranged from 0.25 

to 0.66% with a mean of 0.40%; lysine (%of protein) ranged from 2.25 to 

4.26% with a mean of 3.16% (Vogel et al., 1973). Interpretation of the
 

lysine results was complicated by high positive correlation between
 

lysine (%of sample) and percent protein and by a negative curvilinear
 

relationship between lysine (%of protein) and percent protein. The
 

effect of protein on lysine (% of protein) was strongly negative up to
 

15% protein but was negligible for wheats with higher protein content.
 

Lawerenco et al. (1958) and Villegas, McDonald, and Giles (1970) obtained
 

similar relationships between protein and lysine although their results 

were based on a much smaller number of wheats. World Wheat Collection 

lysino (%of protein) values were adjusted to the mean protein level 
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using the curvilinear relationship between protein and lysine (%of
 

protein) to make valid lysino comparisons among wheats with different
 

protein contents. Adjusted lysine (%of protein) values ranged from
 

2.28 to 3.71j with a mean of 3.16%.
 

Tne high correlation between lysine (%of sample) and percent
 

protein results from lysine being a constituent of protein; as total
 

nrotein content increases, lysine (%of sample) content also increases.
 

Lecause of the high correlation of lysine (% of sample) and percent
 

protein Vogel et al. (1973) contended that lysine (%of sample) values
 

per se were more a measure of protein content than protein quality.
 

7he inverse relationship between lysine (%of protein) and percent
 

protein has also been reported in flour samples of different wheats
 

(Sizonds, 1962, McDermott and Pace, 1960). Glutamic acid exhibits a
 

recrse trend, i.e., increasing with increase in protein content.
 

Protcias of wheat belong to four classes based upon their solu

bility: albumins, globulins, gliadins, and glutenins (Osborne, 1907). 

,ehatr gluten consists of the gliadens and glutenins. Albumins and 

globulins arc higner in lysine content than the gluten proteins while 

the gluten proteins are higher in glutamic acid (Simmonds, 1962; Mattern, 

Salom, and Volkmor, 1968). Peice, Weinstem, and Mecham (1964) reported 

the albumin and globulin content of the flour of 32 wheats ranged from 

13 to 22'. The amount of these proteins increased directly with percent 

total protein when expressed as a percent of sample but decreased when 

expressed as a percent of protein. Ulmer (1973) obtained similar results. 

The inverse relationship between lysine (%of protein) and percent protein 

can be attributed to differences in the albumin-globulin:gluten ratio 
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ax.ong wheats and flours (Simmonds, 1962; McDermott and Pace, 1960).
 

Micats with a low protein content have a higher proportion of albumin
 

and globulin proteins and, hence, are higher in lysine (%of protein)
 

than wheats with higher protein content.
 

Ioats inthe World Wheat Collection analysis were grown at Mesa,
 

Arizona but not all were grown during the same year (Vogel et al., 
1973). 

Since cnvironment can affect both protein and lysine content (McElroy 

et al., 1949), much of the variability for protein and lysine may have 

Even so, the large range in protein and
bccn non-genetic in origin. 


lybine values would indicate significant genetic difference among wheats
 

Because of possible genotype x environfor protein and lysine content. 


ment interactions, the high protein and high lysine lines from the World
 

Wheat Collection analysis were only tentatively identified as being
 

possible sources of genes for high protein and high lysine.
 

Environment exerts a strong influence on the protein content of
 

wheat. The correlation of a variety's yield with its protein content for
 

nine varieties grown in an international array of environments varied
 

with variety but was usually slightly negative (Johnson et al., 1973b).
 

Any environmental factor affecting yield can be expected to influence pro

tein content. Protein content of wheat cultivars grown under different
 

levels of nitrogen fertility is lower under higher yielding conditions
 

than under low yielding conditions (Terman et al., 1969). Protein con

tent of wheat can usually be significantly increased by nitrogen fertili

zation (Ilujjati and Maliki, 1972; Hunter and Standford, 1973; Johnson,
 

Dreier, and Grabouski, 1973a). Lodging and high temperatures during the
 

poriod of grain filling can affect grain size (plumpness) and degree of
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shrivelling. Kernel plumpness and degree of shrivelling can affect grain 

protein content (Johnson et al., 1973b; Johnson et al., 1972c). 

Although environment strongly affects protein content, genetically 

high prot)in varieties can maintain a protein advantage over similarly 

adapted conventional lines when grown in the same environment. In a 3

year tast in Nebraska, CI14016, an Atlas 66 x Commanche-derived line, 

maintained a consistent 2% protein advantage over Lancer, a well adapted 

co,,ti:rcial variety, at S different fertility levels (Johnson, Dreier and 

GraoouL~li, 1973a). Atlas 66 and Atlas 66- or Frondoso-derived lines 

naintained their genetic superiority for grain protein content in com

parison to conventional varieties in an international array of environ

rents (Stri.e and Johnson, 1972). When compared with wheats with similar 

yield5 in the International Winter Wheat Performance Nursery, the high 

protein lines ranged from 0.7 to 3.1 percentage points higher in protein 

content (Stroike and Johnson, 1972). Because of the effect of environ

munt on protein content, valid comparisons of the protein levels of 

whect can be made only with wheats grown in comparable environments. 

Since lysine is a constituent of protein, any environmental factor 

a.f-ct, i protein can also be expected to influence lysine content. 

Lawerence et al., (1958) using data from six varieties grown at three 

locations for three years reported no influence of environment on lysine 

(%of protein) except as environment affected the percent of protein, 

i.e., higher lysine content could be attributed to lower protein content. 

McElroy ct al. (1949) reported the nitrogen percent of the variety 

'Marquis' ranged from 1.94 to 4.03% over nine locations in Alberta, 

Canada and lysino content varied inversely with nitrogen content. Other 
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research demonstrates that as the protein content of a wheat variety,
 

increases due to increasing applications of nitrogen fertilizer, the
 

lysine percent of protein decreases (Hujjati and Maleki, 1972; Gunthardt
 

and McGinnis, 19S7). Stroike and Johnson (1972) reported an inverse
 

relationship between pr9tein and lysine (% of protein) for wheats grown
 

in an international array of environments.
 

Since lysine percent of protein varies inversely with protein
 

content, Vogel et al. (1973) suggested the following procedure to identify
 

and select high lysino wheat lines: "For each environment (year-location)
 

the regression of lysine percent of protein on percent protein should be
 

calculated. Lysine values should then be adjusted to the mean protein
 

content for that particular environment with the specific regression
 

equation for that environment. Wheats with adjusted lysine values that
 

are consistently greater than the mean lysine percent over environments
 

could be considered as being genetically superior in lysine content of
 

protein."
 

The bran, including the aleurone layer and germ of wheat kernels,
 

ishigher in both protein and lysine content than the endosperm (Waggle,
 

et al., 1967; MacMasters, Hinton and Bradbury, 1971). Large dense kernels
 

have a larger proportion of endosperm per sample than smaller less dense
 

kernels (Zelcny, 1971). Wheats with small shrivelled seeds could have a
 

higher lysine content than large, plump seeded wheats when measured on a
 

uholc kernel basis because of the greater proportion of bran and the
 

higher protein and lysine content of the bran, even if there were no dif

ferences in endosperm protein and lysine content. Johnson et al. (1972c)
 

measured the protein and lysine content of large, medium, and small seeds
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of four different varieties and could not demonstrate an affect of seed
 

size on protein or lysine content. However, within a size class, wrinkled
 

seeds with open creases were reported to have higher protein contents than
 

plup kernels with closed creases (Johnson .t al., 1972c, Johnson et al.,
 

1975b).
 

Test weight (lbs/bu or kg/hl) and kernel weight arg used as ixdexes
 

for cstimating milling yield of wheat (Zelqny, 1971). Optimum milling
 

yield of wheat is determined by the percentage of endosperm of a sample
 

of whect. Test weight and kernel weight may also be useful in providing
 

a% estimate of the effect of seed size and density on the protein and
 

lysino contont of wheat grain. The usefulness of test weight and kernel
 

weiSht in estimating milling yield is dependent upon the class of wheat
 

being measured. Correlations of milling yield with test weight and
 

kcrncl weight are much higher for hard wheat than for soft wheat classes
 

(Baker and Golumbic, 1970).
 

Test weight is determined primarily by kernel density and the
 

packing efficiency of the grain in the test container (Hlynka and Bushuk,
 

1959, Yam-rzaki and Briggle, 1969). Kernel size has little effect on test
 

weight but kernel shape may affect packing efficiency (Hlynka and Bushuk,
 

l5%9). Kernel weight consists of two factors, kernel size and density.
 

Since kernel weight and test weight have only one factor in common, the
 

corzelation between the two measurements can not be expected to be high
 

(lHlynke and Bushuk, 1959). Harris and Sibbett (1942) obtained a correla

tion of r .56 for test weight and 500-kernel weight in hard red spring
 

wheats. Ghaderi and Everson (1971a) obtained an estimate of heritability
 

for test weight on a line mean basis of 0.94. Sun, Shands, and Forsberg
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(1972) reported broad sense heritability estimates for kernel weight
 

ranging from 0.51 - 0.85 over crosses and years with one exception of
 

0.09 for six spring wheat crosses.
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MATERIALS AND METHODS
 

Materials
 

The hexaploid wheats used in this study were obtained from the
 

World Wheat Collection maintained by the U. S. Department of Agriculture,
 

Agricultural Research Service. Over 600 wheats were selected using the
 

results of the protein and lysine analysis of the World Wheat Collection
 

(Vogel et al., 1973) to represent the range of protein and lysine that 

exists thcrein. Spring, winter, and intermediate types and all market 

classes of co-mon wheat were represented among the wheats chosen. These 

wheats were grown in the 1971-72 (1972 nursery) and 1972-73 (1973 nursery) 

growing seasons at the University of Arizona Experiment station, Yuma, 

Arizona. The Yuma, Arizona site (32040'N, 1140N'W) was chosen because 

both spring and winter wheats can be grown in the same nursery from fall 

seeding. In the 1972 nursery, 641 wheats were seeded and 636 were 

harvested. Seed from the 636 wheats was planted in the 1973 nursery 

and 635 were harvested. Plots were not harvested due either to planting 

error or because the plot was smothered by lodging in an adjacent row. 

Six check varieties, 'Nap Hal', 'Atlas 66', 'Centurk', 'Inia 66', 

'Triumph 64', and 'Scout 66' were included in the 1973 nursery. Some
 

of the World Collection wheats were not pure lines. Variability in
 

plant and kernel characteristics were observed in these lines.
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Methods
 

Nursery Procedures
 

Wheats were grown in 1.829m (6 ft.) single row plots spaced 51 cm
 

(20 in)apart. Five grams of seed were seeded per plot. The nurseries 

were planted during the second week of November and harvested the last 

week of May. Wheats in the 1972 nursery were planted in their CI or PI 

numerical sequence. Six check varieties replicated four times were in

cluded in the 1973 nursery with the World Collection Wheats in an aug

mented randomized complete block field design (Federer, 1956). The 

nursery was divided into four blocks; the check varieties were assigned 

to plots at random within a block; the World Collectioh Wheats were then 

assigned to plots at random over the entire nursery. Borderrrows were 

planted around the nurseries. In 1972, 168.2 kg/ha (150 lb/A) and, in 

1973, 112.1 kg/ha (100 lb/A) of nitrogen was applied. The nurseries 

were irri-gated. 

Many of the World Collection wheats are of poor agronomic type
 

and lodge easily. Lodging was severe in 1972. A lower rate of nitrogen
 

fertilization and better irrigation practices greatly reduced lodging in
 

the 1973 nursery. There was considerable bird damage in 1972 but it was
 

negligible in 1973. The plots were threshed using a Vogel-type plot
 

thresher. Yield was measured as grams of seed per plot.
 

Test Weight and 1000-Kernel Weight 

Seed was cleaned using a Clipper cleaner with a .17 x 1.27 cm (I/15 

x 1/2 in)screen. Bushel weight was measured using a 0.5 pint (.246L) 

bucket with a standard drop. Bushel weight was converted to kg/hl by 
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multiplying by the factor of 1.29. 
Some plots did not produce enough
 

seed for test weight measurement. Seed for 1000-kernel weight measure

rpent was hand cleaned to remove cracked kernels. Thousand-kernel samples
 

were counted using an electronic seed counter. 
In 1972, some samples had
 

considerable araounts of cracked seed. 
Because of the excessive amount of 

time involved in hand cleaning the samples, 1000-kernel weight was 

measured on only 569 of the 636 samples. In 1973, 1000-kernel weight 

was measurcd on all samples. 

Laboratory A,,alyses 

Whole kernel samples were analyzed for protein and lysine content. 

Sa ples wce ground using a Udy Cyclone Sample Mill. Ground samples were
 

brought to uniform moisture levels in a controlled humidity cabinet
 

(Mattern and Bishop, 1973). Samples were then weighed on a 
dry matter 

basis for protein and lysine analysis. Macro-Kjeldahl procedure AACC 

method 46-12 (AACC Approved Methods) was used to determine nitrogen con

tent of the samples. Protein content was calculated as percent N x 5.7. 

Ion exchange chromatography was used to determine lysine content of the 

s-aples (.Latern, Sclidt, and Johnson, 1970). In this procedure,
 

samples a:e acid hydrolyzed prior to lysine analysis in an automatic 

amino acid analyzer modified with four short columns. The analyzer is
 

programmed so that only the lysine peak is recorded and integrated. 

Lysino (' of protein) values were calculated by dividing lysine (%of 

sample) values by percent protein. 
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Statistical Analyses
 

An IB4 360 computor was used for much of the data analysis. The
 

Statistical Analysis System (SAS) programs (Service, 1972) were used ex

tensively. Statistical procedures and interpretation were based on
 

standard methods detailed by Snedecor and Cochran (1967) and Steel and
 

Torrie (1960).
 

F.cqucncy distributions of percent protein, percent lysine of
 

sample, porcent lysine of protein, and kernel weight were tested for
 

normality by plotting the relative cumulative frequencies on probability
 

graph paper (Li, 1964).
 

Simple correlation coefficients (rvalues) were calculated each 

year for percent protein, lysine (%of sample), lysine (%of protein), 

yield, tcst %.,oght, and 1000-kernel weight to provide a measure of the 

degree of association of these factors with each other. 
The correlation
 

of a line with itself over years provides a measure of the repeatibility 

of a tiz=it. Correlations over years were calculated for percent protein, 

lysine L'O of sample), lysine (%of protein), adjusted lysine values, 

yield, test weight, and kernel weight using the results of the original 

hotld Wheat Collection analysis and the data from the 1972 and 1973 Yuma
 

nurseries. 
 Plots with yields less than 100 grams were not included in
 

any statistical calculation involving yield. Yields of less than 100
 

grams were attributed to poor stands within plots.
 

Regression analysis was used to determine more precisely the rela

tionship of protein content to yield, test weight, and kernel weight.
 

Regrossion analysis also was used to study the effects of percent pro

tein, yield, test weight, and kernel weight on lysine percent of sample
 



17
 

an ly.ino percent of protein. Separate regression analyses were calcu

1-ted frcn each year's data. First, second, and third degree polynomial
 

rod s aad nultipie regression models were tested. The regression model 

chosen to 2.J.cnt a particular relationship was selected on the basis 

of a si; iT.ant F-test, significant partial sum of squares for regression, 

signifccant regression coefficients using the "t" test, and, with those 

critcria met, a maximum coefficient of determination. 

Rcgression lines for the regression of lysine (%of sample) and
 

lysine (%of protein) on percent protein were plotted each year. Lysine
 

(%of sa7.,?c) and l1sine (% of protein) values for each year were adjusted
 

to the rcn protcin level for that year to permit comparisons among wheats 

with ddfe:cnt protein contents. Lysine values also were adjusted to the 

mcan protein and test weight values for each year for wheats on which 

tcst weight was measured. Lysine values were adjusted using the regres

sion coefficients developed by regression analysis. As an example, the 

adusv.ent equation used for adjusting lysine (%of protein) for percent 

protein ana test weight was: 

Yi ad) = Yi - b, (Xi - X) - b2 (Zi - 7) - b3 (Z12 - Z1 2 ). 

7he b valu s are the partial regression coefficients; Yi, the observed 

lysine (tof protein) of the ith sample; Xi, the protein percent of the 

ith s=apie, and Zi, the test weight of the ith sample. 

Standard partial regression coefficients or path coefficients were
 

calculated for the more pertinent regression equations. Standard partial
 

regresson coeficients are the partial regression coefficients when each
 

variable is ia standard measure and, as such, give an indication of the
 

relative irneortance of the independent variables (Steel and Torrie, 1060).
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The World Collection wheats were analyzed using analysis of 

variance procedures in which years were used as replications to determine 

if significant difference exist among wheats over years for protein and 

lysinc content. Me World Collection wheats were not replicated within 

ycarb. Cocficicnts of variation (CV) and LSD values were calculated. 

Analys., of v: iance procedures were used to analyze the check varieties 

in the 1973 nu:scry to determine if there was any significant within

nurbcsy environmental variation for protein and lysine contcnt. 

Compa:ative rankings of wheats using the protein and lysine values 

of thiz study with those of the original World Wheat Collection analyses 

wcc used alon- with the correlations over years to determine if adjusted 

lysino valu are a better selection criterion than unadjusted lysine 

values. Tho comparative rankings and correlations over years also were 

used to evaluate the utility of the World Wheat Collection analyses (Vogel 

ct al., 1973) as a guide for selecting lines likely to be genetically 

superior inprotein and lysine content. 
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RESULTS
 

Table 1 lists the mean, standard deviations, and range values of
 

>.rccnt protein and percent lysine of the wheats selected for growing at
 

Yuna, Arizona and those of the entire World Wheat Collection. Protein
 

and lysina valueb are from the original World Wheat Collection analyses.
 

T.'n an,,
range values of the selected wheats approximate those of
 

the liorld Collectzon and indicate that the wheats selected for re

cvaluaLion are reprosntative of the entire World Wheat Collection.
 

H s standard deviation, and range values for percent protein, 

lyszno , of ample), lysine (% of protein), adjusted lysine values, 

y.cid, tust wignt, and 1000-kernel weight for the wheats grown in the 

i.72 nx .973 nurseries are listed in Table 2. Values for the
 

ch.-c cnt:.cs :.a the 1973 nursery are not included. Yield values are
 

not inciudd for plots that produced less than 100 grams of seed.
 

Table 1. 	hans, standard deviations, and range values for % protein,
 
lysinc (" of sarple) and lysine (% of protein) for 12,613
 
conon %-c.ts of the USDA World Wheat Collection and for 635
 
%,,,cats of the World Wheat Collection grown at Yuma, Arizona
 
in 172 and 1973.+
 

No. of Standard
 
lines Mean Deviation Range
 

r -rotcln 	 12,613 12.97 2.019 6.90-22.00
 
2:Oin 635 3.65
12.98 	 6.90-22.00
 

% Ly,.-c (5 of iample) 12,613 .40 .049 .25- .66 
L , ,-r,., of bamPle) 635 .40 .10 .25- .66
 

Ly .nc ( of ?:otlon) 12,613 3.16 .231 2.25- 4.26 
% Lysine C'(5of protein) 635 3.16 .41 2.25- 4.26 

+ Prcz..n 	and lysine values from original World Wheat Collection
 

http:6.90-22.00
http:6.90-22.00
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Table 2. Means, standard deviations, and range values for % protein,
 
% lysine (%of sample), % lysine (%of protein), yield, test
 
weight (kg/hl) and 1000 kernel weight for the 1972 and 1973
 
orld $hat Collection Special Study nursery.
 

No. of Standard
 
Varable Year lines Mean Deviation 


Protein 	 1972 636 17.78 1.411 

1973 635 16.33 1.552 


% Lysine (%of sample) 	 1972 636 .49 .036 

1973 635 .47 .040 


%Lysine (%of sample 1972 636 .49 .021 
adjusted for '.protein) 1973 635 .47 .020 

% Lyainc (%of protein) 	 1972 636 2.77 .133 

1973 635 2.89 .136 


% L. ( of pcoteLn 1972 636 2.77 .118 
.djuzed for ' p:otean) 1973 635 2.89 .120 

Yild (on plots lOOg 1972 609 318.19 132.02 

yir.-) 1973 598 360.45 140.73 


lO0-lcrnol woight (g) 	 1972 569 38.14 6.752 

1973 635 40.60 6.655 


Taz: iseght (kg/h!) 	 1972 435 75.69 4.310 

1973 494 77.75 3.305 


%Lys"-' (%of sample 1972 435 .48 .018 
aduuud :or 'o ?ro-Oin, 1973 494 .46 .0182 ) k-/nl, ,1n) 

C Lyb.n,; :o sZ'.pe 1972 435 .48 .033 
for aov, . .t) 1973 494 *.46 .037 

. Ly.no " o. nrotain 1972 435 2.78 .102 
adUi3t :or- protein, 1973 494 2.90 .110 
kg/hl, and (kg/nl)2) 

% Lysino VO of protein 1972 435 2.78 .135 
for aoove set) 1973 494 2.90 .137 

Range
 

13.80- 22.10 
12.10- 21.00 

.38- .61 

.37- .60 

.42- .55 

.41- .54 

2.40- 3.23 
2.51- 3.27 

2.40- 3.13 
2.57- 3.31 

100.00-1042.00
 
106.00- 764.00
 

21.80- 57.00
 
24.00- 57.90
 

61.92- 83.85
 
66.44- 84.50
 

.41- .54 

.40- .54 

.38- .60
 

.37- .60
 

2.34- 3.16
 
2.54- 3.34
 

2.44- 3.23
 
2.51- 3.27
 

http:100.00-1042.00
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.Vanprotein and lysine (%of sample) percentages were higher in 

1972 than in 1973. The 1973 lysine (%of protein), yield, 1000-kernel 

.. jht, and test weight mean values were higher than in 1972. The per

can:tacs of protein and lysine (%of sample) were higher while the lysine
 

percent of protein values were lower for the wheats grown in the Yuma
 

nurscrics than for the same wheats in the World Collection analysis.
 

:,e rAuquency distribution of percent protein, lysine (%of protein) and
 

1000-.,%cr-cl %%cignt approximated normal distributions. The frequency
 

Qi,.rb-tion of lysine expressed as a percent of sample only roughly
 

appro\in~tod a normal distribution.
 

Cor.elation coefficients (r)for yield, test weight, 1000-kernel 

ic.g,'t, percent pcotein, lysine percent of sample, and lysine percent of 

p:otein for the 1972 nursery are listed in Table 3. The same correlltions 

,or the 1973 nuiscry are listed in Table 4. The correlation coefficients 

ror tno 1972 and 1973 nurseries are similar. Many of these relationships 

have been rcpor:ed previously, but not for wheats representing such a 

largc range of agronomic type, seed size, and protein and lysine content, 

all g-o n at the same location. 

Test ucight and 1000-kernel weight were positively correlated with 

ycela although the correlations are small. The correlation of test weight 

%iLn 1000-Xernel weight was positive but low. Protein and lysine (%of 

sample) arc negatively correlated with yield, test weight, and 1000-kernel 

wr.g.it. The correlation coefficients, however, are small. Lysine (%of
 

protein) was not significantly correlated with yield or 1000-kernel weight. 

Test weght had a small, negative influence on lysine (%of protein). 

Lysino (%of sample) was highly positively correlated with percent protein. 
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Table 3. 	Correlation coefficients (r)for yield, test weight (kg/hl), 
1003-kernol weight (g), % protein, % lysine (%of sample), 
% lysino (%of protein) for the 1972 World Wheat Collection 
Spccial Study Nursery grown at Yuma, Arizona. 0 

Tes,t.-,ight 1000-kernel Lysine-(V- Lysine (V 
\'~la_.b1e ]v-/hl wt (g) % Protein of sample of protein) 

Y:eld + 0.202** 0.276** -0.223** -0.184"* 0.084* 
435 550 609 609 609 

Test %,t. 0.103* -0.170"* -0.370** -0.263"* 
k_/hl 390 435 435 435 

1000-Kernel -0.278** -0.266** 0.046 
wt. (g) 569 569 569 

Pr ot in 	 0.804** -0.458"* 
636 636
 

1 lysine 	 0.154" 
(%of saIrplo) 	 636
 

* 	 ind:catos significance at the .05 level of probability. 
-cdIdcates significance at the .01 level of probability. 

Y~lclcs on lines ;;ithtl00g yield/row. 
Taio nL,,oor of observations are listed below the correlation
 
cocfficients.
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7Tble 4. 	Coirolation coefficients (r)for yield, test weight (kg/hl),

lO00-kornel weight (g), % protein, 9 lysine (%of sample),

0 lysine (% of protein) for the 1973 World Wheat Collection
 
Special Study Nursery grovm at Yuma, Arizona. ±
 

wc t 	 lO00-kernel Lysine (3-10 Lysine (%
,iI 1 5 1,-/IlI - wt (g) %Protoin of sample) of protein) 

Yicld - 0.429** 0.384** -0.356** -0.377** 0.068 
511 621 621 621 621
 

Test w:t. 	 0.211"* -0.181"* -0.319"* -0.192"*k/ 	 515 515 515 515
 

I00-kc,,rnal 
 -0.326"* -0.379** -0.010 
V:. (.) 659 659 659
 

%P.otein 
 0.871"* -0.474"*
 

659 659
 

t Iys~.ne (% 	 0.013 
of S.mpic) 	 659 

* 	 :nd.c.tez sign~ficance at the .05 level of probability. 
T ndic-t, s.Zn-ficance at the .01 level of probability. 
/Ylc-s on iith lOOg yield/row.w:ncz Z 
'h n. ocr of observations are listed below the correlation
coc.Z~ci~nts.
 
Si . hcc cultivars replicated 4 times are included in the

cor'*Oiatlons.
 



24
 

A siagnficant negative relationship existed between lysine (% of protein) 

and percent protein. Lysine (%of sample) was not correlated with lysine 

(%of protcin) in 1973 but a small positive correlation existed between 

these traits in 1972.
 

A sum..mary of the regression models tested for the 1972 nursery is 

givn in Table S. Table 6 contains a summary of the regression models 

tc:tcd for the 1973 .ursery. The coefficient of determination (r2) value 

for tne multiple regression of protein on kernel weight, yield, and test 

weight uas 0.11 in 1972 and 0.12 in 1973. Coefficient of determination
 

values are the proportion of the sum of squares of the dependent variable
 

that cai be attributed to variation of the independent variables. Thus,
 

only aoout 10% of the total within-year variation for protein in this set
 

of u.hcats can be attributed to the combined variation of yield, test
 

weight, and kernel ucight. 

Regrebsion models that provided the best fit for lysine (% of
 

samplc) ana lysine (%of protein) were the same in 1972 and 1973. Con

sidcr.ng only the effect of protein, the linear regression of lysine 

('of sample) on percent protein gave the best fit (Models 72-1 and 73-1). 

,, cooefricientz oZ determination for the linear regressions of lysine
 

(%of sc.apie) on yield, test weight, and 1000-kernel weight were small. 

In 1972, test weight was the more important of these factors while in
 

197z kernel weight and yield accounted for slightly more variation of
 

lysine (%of sample) than did test weight. 

The model (72-32 and 73-29) that gave the best overall fit for 

lysino (%of sample) was the regression on percent protein, test weight, 

and test weight squared. The coefficients of determination for these 

http:sidcr.ng
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T.bic 5. 	Sxnriary of regression models tested for the World Wheat
 
Collcction Special Study Nursery grown at Yuma, Arizona,

1971-1072.v
 

S.rpic Voccl Sanple Dep. 
 Coefficient 
r cr1 1on N!ber Size Var. Independent Variables of determin. 

All 1in ~ 	 72- 1 636 LS P** 0.6459
harvcst.d 	 72- 2 636 LS p p2 0.6469
 

72- 3 636 LP P** 
 0.2096
 
72- 4 636 LP 
 p** p2** 	 0.2206
 
72-,5 
 636 LP p p2 p3 	 0.2230
 

Lines on 	 72- 6 569 P KWT** 
 0.0773

%,h;chiZT 	was 72- 7 569 LS KWT** 0.0707
 
rcasured 	 72- 8 569 LS P** 
 0.6328
 

72- 9 569 LS P** KWT 
 0.6349
 
72-10 569 LP KIVT 
 0.0022
 
72-11 569 LP P** 
 0.1945
 
72-12 569 LP P** KWT* 
 0.2007
 
72-13 569 LP p** p2** 
 0.2061
 
72-14 L69 LP p** p2* KWr 
 0.2100
 

Lines with 	 72-15 609 P Yield** 
 0.0499

yiclds 2 lOOg 	 7-16 609 LS Yield** 
 0.0345
 

72-17 609 LP Yield* 
 0.0071
 
72-IS 609 LS P** 
 0.6466
 
72-19 609 LS P** Yield 
 0.6467
 
72-20 609 LP P** 
 0.2244
 
72-21 609 LP P** Yield 
 0.2344
 
72-22 609 LP p** p2** 
 0.2344
 
72-23 609 LP p** p2** Yield 
 0.2345
 

Lincs on which 	 72-24 435 P kg/hl** 0.0287 
1,2/al wv 	 72-25 435 P kg/hl* (kg/hl)2* 
 0.0432
 
mcasurod 	 72-2b 435 LS kg/hl** 0.1367
 

72-27 435 LS kg/hl** (kg/hl)2 *  0.2037
 
72-28 435 LP kg/hl** 0.0694
 
72-29 435 LP kg/hl** (kg/hl)2 * 0.1016
 
72-30 435 LS P** 
 0.6128
 
72-31 435 LS P** kg/hl** 0.6706
 
72-32 435 LS P** kg/h** (kg/hl)2 * 
 0.6999
 
72-33 435 LP P** 0.2366
 
72-34 435 LP p** p2** 
 0.230
 
72-35 435 LP P** kg/hl** 0.3597
 
72-36 435 LP P** kg/hl** (kg/hl)2 * 0.4208
 
72-37 435 LP P** P kg/hi"* 0.3650
 

*
72-33 435 LP P*" P2* kg/hl** (kg/hl)2 0.4272
 

inos w-..h 72-39 390 P Yield kg/hl** KWT** 0.1072
yliclds Z i00g 	 72-40 390 p kg/h** KWT** 0.1030
 
and on which 	 72-41 390 P KhWT** 0.0291
W-17 ar kZ/hl 72-42 390 P kg/hl** 0.0829 
uore neasurod 	 72-43 390 LS P* Yield kg/hl* KWT 0.6740
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Table 5. (cont.)
 

Sodel Sample Dep. Coefficient 

Descri1Ttiol Niuber Size Var. Independent Variables of determin. 

P** kg/hl** 	 0.6716
Linos with 72-44 390 LS 

0.5906
yielda 1 10Og 72-45 590 LS P** 


and on whca 72-46 390 LS kg/hl** 0.2438
 
K,.- and kg/hi 72-47 390 LP p** p2* Yield kg/hl** KWT 	 0.3838
 

0.3820
wre 	measured 72-43 390 LP p** p2* kg/hl** 

72-49 390 	 LP P** kg/hl** 0.3724
 

LP P** P 0.2300
72-SO 390 

0.2116
72-51 390 LP P** 


72-52 390 LP kg/hl** 0,0633
 

* 	 indicatcs significance at the .05 level of probability of the partial 
roression coefficient and the partial sum of squares for regression. 

,* Indico.t sannlfcance at the .01 level of probability. 
/ 	 P =% P:ocin LS = Lysine (%of sample) LP - Lysine (%of protein) 

KWT7 = 1000 kernel weight (g). 



27
 

Table 6. Sunmary of regression models tested for the World Wheat
 
Colloction Special Study Nursery grown at Yuma, Arizona,
 
1972-73. +0
 

1-1C 1:oc.,c 

i.riiition Nabor 

All i.,,o 	 73- 1 

harvested 	 73- 2 


73- 3 

73- -1 


7o- 5 


Lines on 	 75- 6 

wnich KX'T was 	 73- 7 

r-asu-cd 	 73- 8 


73- 9 

73-10 

73-11 


Lines witn 	 73-12 

yie,. 2 100g 	 73-13 


73-14 

73-15 

73-16 

73-17 

73-13 

73-19 

73-20 


Lines on which 73-21 

k,/h was 73-22 

measured 73-23 


73-24 

73-25 

73-26 

73-27 

73-28 

73-29 

73-30 

73-31 

73-32 

73-33 

73-34 

73-35 


Linc with 73-36 

yIcld5 2.lOOg 73-37 

Ln- on waich 7.-38 

T7 and Xg/hi 73-39 


i.e:o neasured 	 73-40 

73-41 


Sample 

Size 


659 

659 

659 

659 

659 


659 

659 

659 

659 

659 

659 


621 

621 

621 

621 

621 

621 

621 

621 

621 


515 

515 

515 

515 

515 

515 

515 

515 

515 

515 

515 

515 

515 

515 

515 


512 

512 

512 

512 

512 

512 


Dep. 


Var. 


LS 

LS 

LP 

LP 

LP 


P 

LS 

LS 

LP 

LP 

LP 


P 

LS 

LP 

LS 

LS 

LP 

LP 

LP 

LP 


p 

P 

LS 

LS 

LP 

LP 

LS 

LS 

LS 

LP 

LP 

LP 

LP 

LP 

LP 


P 

P 

P 

P 
LS 

IS 


Coeff1i'fe"
 

Independent Variables of determin.
 

P** 0.7579
 
p* p2 0.7580
 
P** 0.2247
 
p** p2** 0.2335
 
p p2 p3 0.2349
 

KWT** 0.1063
 
KWT** 0.1437
 
P** KWT** 0.7680
 
KWT 0.0001
 
P** KWT** 0.2549
 
p** p2** KVT** 0.2635
 

Yield** 0.1271
 
Yield** 0.1424
 
Yield 0.0046
 
P** 0.9504
 
P** Yield** 0.7557
 
P** 0.2392
 
P** Yield" 0.2522
 
p** p2** 0.2443
 
p** p2* Yield** 0.2574
 

kg/hl** 0.0324
 
kg/hl (kg/hl)2 0.0367
 
kg/h** 0.1019
 

*
kg/hl* (kg/hl)2 " 0.1149
 
kg/h** 0.0369
 
kg/hl (kg/hl) 2 0.0436
 
P** 0.7352
 
P** kg/hl** 0.7633
 

*
P** kg/hl** (kg/hl)2 0.7669
 
P** 0.2546
 
p** p2* 0.2609
 
P** kg/hl** 0.3374
 
P* kg/hl** (kg/hl)2** 0.3514
 
p. p2 kg/hl** 0.3406
 

*
p* p2 kg/hl** (kg/hl)2 0.3541
 

Yield" kg/hl XWT** 0.1194
 
Yield** KWT** 0.1173
 
Yield** 0.0863
 
KWT** 0.0706
 
P** Yield kg/hl** KWT** 0.7689
 
P** kg/hl** KWT** 0.7687
 

1
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Table 6. (cont.)
 

Sanpl Model Sample Dep. Coefficient
 
D C-c-Iptlon Number Size Var. Independent Variables of determin.
 

Lines ;tn 	 73-42 512 LS P** KWT* 0.7457 
yields 2 3WOg 	 73-3 512 LS P** kg/hl** 0.7622
 
and on wviicn 	 73-44 512 LS P** 0.7338LW" and >g/hl 	 73-45 512 IS K~T* 0.0361 

wexo muas:rad 	 73-46 512 LS kg/hl** 0.1020
 
73-47 512 LP p** p2 Yield kg/hl** KWT** 0.3570
 
73-48 512 LP p** p2* 0.2582
 
73-49 512 LP P** kg/hl** KWT** 0.3519
 
73-50 512 LP P** kg/hl** 0.3350
 
73-51 512 LP P** KWT** 0.2832
 
73-52 512 LP P** 0.2514
 
73-33 512 LP kg/hl** 0.0378
 
73-54 512 LP KVT 0.0015
 

* 	 indicates signUL-cance at the .05 level of probability of the partial 
re-2,sion coef'icicnt and the partial sum of squares for regression. 

** Indicatcz s:gnificance at the .01 level of probability. 
, P A 1 Prctcin LS = Lysine (% of sample) LP a Lysine (% of protein) 

., I' = 1000 kernel woight (g)
 
Sanpl1 include 6 check cultivars replicated 4 times.
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regression models were r2 a 0.70 and r2 - 0.77 for 1972 and 1973 respec

tively. Oz th same set of samples, the coefficients of determination
 

ior the lincar regression of lysine (%of sample) on percent protein were
 

12= 0.61 (Xodel 72-30) and r2 = 0.73 (Model 73-27). Including test
 

ueivght ii the regression model improved the predictability of lysine
 

('.oi :,aplc). After accounting for the variation in lysine (%of
 

s=plc) attributabl. to percent protein and test weight, yield had no
 

efL^ect. Xcrnel weight had no effact in 1972 and only a very slight
 

effcct in 197..
 

r:ults of the regression analysis indicate percent protein and
 

6st w . at af2Fcted the lysine (%of protein) content of the wheats 

aaii:cd. <c , 1 
_leight and yield had no significant effect on lysine
 

('of protcin). Firt, second, and third degree polynomial models were
 

tested for t.,o regression of lysine (%of protein) on percent protein.
 

T1 scznd dogroe polynomial models (Model 72-4 and Model 73-4) gave the
 

bct :it consioor:ng only the effect of protein. The models (Model 72-36
 

and 73-33) for the regression of lysine (%of protein) on percent protein,
 

test weight, and tcst weight squared gave the best fit of all the models
 

tcsted. 7ha coefficients of determination for these regressions were
 
2 
_2 0 0.42 and r a 0.35 for 1972 and 1973 respectively. The coefficients
 

of dctorm:nation for the regression of lysine (% of protein) on percent 

protein and percent protein squared were r2 - 0.2S (Model 72-34) and r2 

0.26 (,odcl 73-31) for the same group of samples. These results indicate
 

that botween 35-42% of the variability within years for lysine (%of pro

tein) of the wheats studied can be attributed to variation of percent
 

protein and tcst weight with percent protein having the greater influence.
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The means of the independent variables, regression coefficients,
 

't'valucs from the 't'test of the regression coefficients, intercept
 

valucs, and tio standard partial regression coefficients for the regres

sion of lysine (%of sample) and lysine (%of protein) on percent protein
 

and on percent protein and test weight are given in Tables 7 and 8. The
 

standard partial regrcssion coefficients for test weight and test weight
 

are larger in magnitude than the standard partial regression 

coefici.:,,Ls for percent protein. However, the standard partial regres

bcr.io ¢ icic:s for test weight and test weight squared are opposite in 

sion. 7no not cz cct of test weight on lysine (% of sample) and lysine 

(%of protoein) is less than that of percent protein. The net effect of 

tct weicht on both lysine (% of sample) and lysine (%of protein) is 

negative, i.e., as test weight increases lysine content tends to decrease. 

Rcgression curves for the regression of lysine (%of sample) on 

pcrcont jirote i, are shown in Figure 1 for the 1972 and 1973 Yuma nurseries 

and for Lr. cnizio USDA World Wheat Collection. The World Collection 

curve is froi Vogel et a!. (1973). The increase in lysine (%of sample) 

w.za incrc"sc in protein content is clearly illustrated. The similarity 

of tne cu~vcs and their closeness indicates that this relationship is 

fairly constant over environments. The length of the curves corresponds 

to tl.o ranoc of protein values for each set of samples. In the World
 

!!heat Collection analyses, the wheats grown at Yuma in 1972 and 1973 

reprcsented the entuae range of protein values in the World Collection.
 

Ile noan protein percent of the wheats in the World Collection analyses
 

w.s 12.97%. The mean protein percentages for the 1972 and 1973 Yuma
 

nurseorcs were 17.78% and 16.33% respectively. The heights of the
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Var,,a.b C\Vr1 

!~::n of 
IIIJ 1 , 

,bl 
l 
Cooeffir ct 

t 
V- 1L Irt -_c_,_)t 

-
rcf1c-s3c1 
cocf cacnt 

72- 1 Lysire (" of 
sapple) 

% Protein 17.73 b1 = .020277 31.03 1 0.12722 

72-32 Lysine (% of 
sample) 

%Protein 
kg/hl 
(kg/hl)2 

17.55 
75.69 

5747.80 

b1 
b2 
b3 

= 

= 

.017912 

.03139 
-.000225 

26.69** 
6.11** 

- 6.48** 

- .91459 0.720 
4.054 
-4.305 

72- 4 Lysine (%of 
protein) 

Protein 
(% of Protein) 

17.78 
318.195 

b1 
b2 

= -.224173 
.005049 

- 3.70** 
2.99** 

5.15102 -2.373 
1.918 

72-36 Lysine (% of 
protein) 

% Protein 
kg/hl 
(kg/hl)2 

17.55 
75.69 

5747.80 

b1 
b2 
b3 

= 
-
= 

-.058055 
.183306 

-.001315 

-l5.41** 
6.35** 
6.74** 

-2.52088 -0.578 
5.858 

-6.224 

• * Indicates significance at the .01 level of probability. 



Table 8. Means, regression cccfficicnts, 't' vnhle5 for thc rfgrcssaon cocfficicyts, and intercept4values 	 or the regression ro'-is used in ,dIju:tinr the lysine (" of sanple) and lysine (%
of protein) values for the 1973 Yi.-i. 1:orld 1heat Collccti,A SPZcla Sl , Nursery. 

Standard 
Mcean of 
 partial


Dependent Independent Indep-ndent Regression 
 't' 	 regression

Model Variable 
 Variable Variable Coefficient Value Intercept coefficient
 

73- 1 	 Lysine (% of % Protein 16.34 b, = .022451 45.35** .10090 
sample) 

73-29 	 Lysine (%of %Protein 16.10 b, = .020898 37.81** - .64270 0.823 
sample) kg/hl 77.82 b2 " .021912 2.59** 1.908
 

(kg/hl)2 6067.56 b3 = -.000154 - 2.82** -2.079
 

73- 4 	 Lysine (%of % Protein 2 16.34 bI = -.167233 - 3.63** 4.59330 -1.922
 
protein)- (%Protein) 269.636 = .003836b2 2.74** 1.451 

73-33 Lysine (% of % Protein 16.10 bI = -.051978 -15.57** -1.86802 -0.565 
protein) kg/hl 
 77.82 b2 = .157792 3.09** 3.794 

(kg/hl)2 6067.56 b3 - -.001100 - 3.33** 	 -4.090
 

** Indicates significance at the .01 level of probability. 
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regression curves are in inverse order of the mean protein rank.
 

Rc3ression curves for the regression of lysine (%of protein) on
 
percent protoin are shown in Figure 2 for the 1972 and 1973 Yuma nurseries
 

and for the entire USDA World Wheat Collection. The regression curves for
 
the whoats groim in the 1972 and 1973 Yuma nurseries indicate that lysine
 

( of ploteain) is negatively related to percent protein for protein 

levels groater than 15%. 
 The slopes of the regression curves are slightly
 

diffcrent for the 1972 and 1973 Yuma nurseries indicating that the magni

tude of the inverse relationship between percent protein and lysine (%of 

protein) varies with environments. 
The heights of these regression
 

curves also are in inverse order of the mean protein rank.
 

Since the regression analysis indicated that percent protein and
 

test h,:ght have an effect on lysine content, lysine (%of sample) and
 

iysinc (%of protein) values for each Yuma nursery were adjusted to the
 

nursery mean pcotain and test weight values in order to make valid
 

lysine comparisons among wheats having different protein contents and
 
test 6cights. Lysine values also were adjusted only for percent protein 

to mj. :o=?ariSons with the adjusted lysine values of the original World 
Collection in which lysine values had been adjusted only for percent pro

tein. 
7he mean, range, and standard deviation of the adjusted lysine
 

values a.c 
listed in Table 2. Removing the variation attributable to
 

percent protein and test weight reduced the standard deviations. The 

regrossion coefficients and mean of the independent variables used in the 

adjustment equations are listed in Tables 7 and 8. 

Six check varieties were grown in 
an augmented randomized complete
 

block design with the World Collection Wheats in the 1973 Yuma nursery to
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Figure 1. Regression lines for the regression of lysine (% of sample) on 6 protein for 
the USDA World Wheat Collection (W.W. Coil.), 1972 Yuma nursery, and the 1973 
Yuma nursery. 
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Figure 2. Regression curves for the regression of lysine (% of protein) on % protein for 

the USDA World Wheat Collection (W.W. Coll.), 1972 Yuma nursery, and the 1973 
Yuma nursery. 
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test for within nursery environmental variation. Protein and lysine con

tents of the check varieties were analyzed using analysis of variance pro-


Means, F ratios, coefcedures for the randcmized complete vlock design. 


ficients of variation, and LSD values for the analysis of the 1973 Yuma 

9. Although the check varieties
chc'N varieti.C are listed in Table 

lysine
difcred ;ignificantly for percent protein, lysine (%of sample), 

(%o: protein), and kernel weight; the F ratios for blocks were not signi

ficant for protein or lysino content. The F ratio for blocks for kernel 

at the .05 but not at the .01 level of probability.weizat ioaz sijnificant 

I.ccpt for yield, the coefficients of variation are small. Analysis of 

variance for tczt weight was not conducted because 3 of the 24 check 

plots -idnot produce sufficient seed for test weight measurements. 

I'cas, coefficients of variation, and LSD values from the analysis 

of variancc, coa:.dcr.ng years as replications, for the World Collection 

whcats in the 1972 and 1973 Yuma nurseries are listed in Table 10. Range 

valu.s for thQ traits studied also are listed. Results of unweighted 

analysis of variance are given for yield, kernel weight, test weight, and 

for ly5-ne content adjusted for percent protein and test weight since
 

yield, kcrnel woght and test weight were not measured on all wheats in
 

both years.
 

Coefficients of variation were low for all variables except for
 

yield. Yield measurements on single row plots analyzed over years are 

subject to largo experimental error. The low coefficients of variability 

for percent protein, lysine (%of sample), lysine (%of protein), kernel 

woi,!.t, and c: weight indicate that single row plots are suitable for
 

testing these variables in the Yuma environment.
 

http:coa:.dcr.ng


I.-,I 
(g/plot), '. piotcin, Isline (, of sanplc), .,nd 1> iwnr (" of prot( in) 

Table 9. ' 1-%s), - Psd cocfficicnts of vai-t lou for 10OU lerncl eight (r), yicld 
for the chlccl 

vallct 1( in ti e 1973 Iorld Ihaat Col lcct1(o) Spccl.,l Study nu scIv 

xx 
1000 Yernel 

-wcht 
x 

yield protcin 

x 
lysine 

(% of sanple) (% 

x 
lysine 

of protl, ) 

CHECK LINES 

Atlas 66 
Triumph 64 
Scout 66 
Inia 66 
Centurk 
Nap Hal 

34.7 
40.1 
42.2 
50.S0 
36.0 
26.4 

386 0 
251.5 
377.25 
427.75 
466.25 
318.0 1 

19.05 
17.45 
14.55 
16.40 
13.92 
18.48 

.52 

.49 

.43 

.46 

.43 

.57 

2.76 
2.83 
2.99 
2.83 
3.12 
3.09 

STATISTfCS 

'F' ratio for blocks 
'F' ratio for lines 
Coefficient of variation (%) 

LSD .OS 
LSD .01 

3.31* 
140.02** 

3.S6 
2.06 
2.84 

.93 
2.61 

25.20 
142.75 
198.13 

2.81 
18.36** 
5.83 
1.463 
2.023 

2.04 
19.35** 
3.00 
.04 
.05 

2.57 
12.00 ** 
2.91 
0.13 
.18 

** Indicates significance at the .OS and the .01 level respectively. 

/ Yield measured on 3 plots. 
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The F ratios from the analysis of variance over years were signi

ficant at the .01 level of probability for years and lines for all traits
 

tested. There were significant differences among wheats for lysine (%of
 

sample) and lysine (% of protein) even after lysine values were adjusted
 

to the mean protein and test weight values for each year indicating that
 

genctic diffcrcnces do exist among the wheats used in this study that are
 

indopcndunt oZ tne protein content and test weight of the wheats. Although 

years had a significant effect, the variability attributable to lines was 

of much greater magnutude for all traits. 

Protein ana unadjusted lysine values for the wheats that had the 

highc.t and ov'cst mean protein values over years are listed inTable 11. 

The h-gh pioteln siheats are five percentage points higher in percent 

protein than the low protein wheats. 

,oats with the highest and lowest mean values over years for 

lysine (Sof protein) adjusted for percent protein are listed in Table 12. 

Whats that had the highest and lowest lysine (%of protein) values ad

justed for ?arcent protein and test weight are listed in Table 13. In

cluding test weight in the adjustment equation changed the rankings of 

the waeats. 

The effect of adjusting lysine (%of protein) values for percent
 

protein was to adjust the lysine values up if protein percent was greater
 

than the mean protein level and down if protein percent was less than the
 

mean. The not effect of the adjustment for test weight was to adjust
 

lysino (. of protein) values up if test weight was greater than the mean
 

test weight and do,n if test weight was less than the mean. A 0.4 to 0.5
 

percentage point spread exists between the wheats with the highest and
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Table 10. 	 Means, coefficients of variation, LSD values, and range values

from the analysis of variance considering years as replica
tions for the 1972 and 1973 Yuma, Arizona World Wheat Collec
tion Special Study Nurseries.
 

Range of

Varible Man CV LSD .05 LSD .01 Means
 

*.;
Protein 	 17.058 6.61 2.91
2.21 14.10- 20.95 

Lysine of sample) 0.478 5.76 0.05 0.07 .38- .59 

Lv:- (% of sample) 0.478 3.18 0.04 .540.03 	 .43-

aaustcd for % protein
 

Lys nr (,of -protein) 2.832 3.69 	 0.27 3.13
0.21 	 2.50-


Ly',;,- (% o: Pro'tLcn) 2.832 3.11 0.17 0.23 2.54- 3.19

ad;Lstci o.- %protein 

Y.' ,d ( - ith _ 339.13 36.01 239.8 315.6 127.0 -719.0 

1000 Xc.nol %%oight (g) + 39.43 6.48 	 6.615.02 24.10- 56.85 

Tczt '.c:iht (%-/h1) + 76.78 2.22 3.35 4.41 66.76- 84.17
 

Lysx:,o {' o) .' !o) .471 
 3.13 0.03 0.04 .43- .51 
djuL.cc -for% protein, 

ooe -I 1) 	 for .471 5.72 0.05 0.07 .41- .56
abo.v o.' i.'ioats + 

Lv .n (u c- }:r=toin) 2.842 2.50 	 0.18 3.040.14 	 2.59-
,.Ja.,¢ .. P.otoin, 

Lyz:'e (5 o2 plrot.in) 2.842 3.09 	 0.22 3.060.17 	 2.56-

for "oovc s t of wheats + 

+ Results 	oF unwaighted 	ANOVA since all wheats not represented in both 
yoazs. 
 Range of mcans values are for wheats represented in both years.
 

/ F ratios for years and lines were significant at the .01 level for all
 
variables.
 

http:plrot.in
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lowest mean adjusted lysine (%of protein) values.
 

Wheats with the highest and lowest mean values over years for 

lysine ( of saiple) adjusted for percent protein and test weight are 

listed in Table 14. The effect of adjusting lysine (%of sample) values 

for perccrt protoin was opposite that of adjusting lysine (% of protein) 

vaub. Lysine (%of sanple) values were adjusted down when percent pro

tc;n w:s s:iaer than the mean and up when less than the mean percent 

protain. The not effect of the adjustment for test weight on lysine (% 

af S=l) %.a., the as for lysine (%of protein). The correlation 

of ly:e.nc (# o. s=plc) and lysine (%of protein) after both were adjusted 

ior porctnt piotoin ani test weight was r w 0.98 for both 1972 and 1973. 

Thirt cn of the 15 linos that had the highest lysine (% of protein) values 

afte: zuju:,;n for test weight and percent protein were among the top 15 

lines that had the hi-hest lysine (%of sample) values after adjustment 

for tho s=- factors. 

The s51'?ol correlation coefficients for protein, lysine, test 

weight, L.ernol ,.wight, and yield of individual lines correlated over years 

azo listed in Table 15. The simple correlation coefficient for a trait 

over ycars providos a measure of the repeatability of that trait. A cor

rcaltion , r = 1.0 would indicate a completely heritable trait, i.e., 

not inflLcncod by year to year environmental variation. 

Ad3u:tin- ly;1no (%of sample) for percent protein slightly de

creascd the co : ltions over years as compared to unadjusted lysine (%
 

of zsplo). Adjusting lyzino (% of protein) improved the correlation of
 

lysino ("Sof protcin) over years. The correlation coefficients over
 

years of iysin. (%of samplo) and lysine (%of protein) adjusted for
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Table 11. 	 Protein, lysine, and 1000 kernel weight mean values for the
 
wheats that had the highest and lowest mean protein values
 
:or the comon wheats of the World Wheat Collection Special
 
$tudy. * 

lO00-kernel 
Rank CI/PI wt. g P LS LP 

1 6225 25.50 20.95 .58 2.80 
2 11028 24.75 20.20 .54 2.70 
3 173438 24.50 20.20 .55 2.76 
4 631 28.20 20.15 .56 2.78 
s 174690 31.75 20.10 .56 2.84 
6 298580 43.65 20.05 .52 2.62 
7 236000 29.20 19.95 .54 2.70 
8 234666 34.70 19.90 .54 2.76 
9 166788 28.50 19.85 .54 2.75 
10 263542 40.60 19.75 .52 2.66 
11 7695 32.05 19.75 .52 2.64 
12 
13 

135349 
9173 

49.20 
28.75 

19.75 
19.75 

.52 

.52 
2.§6 
2.66 

14 2SSa8O 40.35 19.70 .55 2.80 
15 192014 52.85 19.70 .54 2.76 

632 231308 37.70 14.40 .41 2.90
 
633 304390 39.10 14.30 .44 3.09
 
634 166182 39.50 14.30 .43 3.00
 
635 6336 41.10 14.20 .43 3.06
 
636 131276 50.95 14.10 .42 3.06
 

"1' = L Pro~c2.n 
LS = Lysina (%of saple) 
LP = Ly .nc ( of protein) 
CI = Cereal Investigation number 
P1 Plant 	Introduction number
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Table 12. 	 Protein, lysine, and test weight mean values for wheats that 
had the highest and lowest mean lysine (% of protein) values 
adjusted for percent protein for the common wheats of the
 
Wo:ld Wheat Collection Special Study.*
 

Test weight 	 AdjustedRan% CI/PI kg/hl P LS LP LP
 

1 176217 
 74.8 19.4 .60 3.10 3.18
 
2 245604 ---- 17.8 .54 3.12 3.15 
3 1200S 71.0 17.3 .54 3,12 3.14

4 6616 71.0 17.1 .53 3.13 3.14 
S 174702 72.2 17.0 .52 3.08 3.09
 
6 166859 72.2 16.8 .51 3.06 3.05
 
7 25-6829 76.8 17.2 .52 3.04 3.04
 
8 192,1J 73.5 16.8 .51 3.06 3.04 
9 298587 75.1 16.8 .51 3.06 3.04 

10 13563 ---- 18.4 .54 2.98 3.04 
11 165946 78.4 16.8 .51 3.04 3.04
 
-2 Z0%513 76.4 16.2 
 .SO 3.05 3.03
 
1. 254077 ---- 19.2 .56 2.94 3.02
 
14 272427 78.0 18.1 .53 2.96 
 3.02
 
15 29&568 71.0 17.5 .52 2.99 3.01
 

632 16.501 81.9 16.7 .42 2.58 2.58
 
6.3 	 9041 80.6 18.8 .47 2.50 2.57
 
6,34 90,19 81.9 16.4 .42 2.59 2.57
635 9050 82.6 14.6 .38 2.68 2.55 
636 9047 81.5 14.7 .38 2.66 2.54
 

P - Prot:-in
 
LS = %Lys:no (%of sample)
 
LP - ' Lysine (4 of protein)
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Table 13. 	 Protein, lysine, and test weight (kg/hl) values for the wheats

that had the highest and lowest mean lysine (%of protein)
valucs adjusted for % protein and test weight for the common
2hcats of tno Vtorld Wheat Collection Special Study.+ 

Ran% CI_/?T / 1/ P LS LP LSAD LPAD
 

1 1 , 73.37 16.85 .51 3.04 .51 3.052 7.3.,43 17.20 .52 3.04 .51 3.03
3 
 7,.6 18.25 .53 2.94 .50 3.03
 
S0£3/ 79.01 17.55 .52 2.97 
 .50 3.03
5 ,z,30.62 15.55 .47 3.04 .50 3.02
6 %'S37 7:.!4 16.80 .50 3.06 .50 3.01
7 	 7J.37 15.50 .48 3.08 .50 3.02
1 7703 77.08 17.50 .52 2.98 .50 3.00
9 :Z/03 /J.21 19.15 .56 2.92 .50 2.99
10 -33 30.3O 14.70 .44 3.06 .49 2.99
2. , 
 7C. ,3 16.25 .50 3.05 .50 2.99 

1('Z 'J 79.65 18.25 .52 2.88 .50 2.99
io !1375 75.43 16.10 .49 3.05 
 .50 2.99

73.04 17.25 .51 2.96 .50 2.99
15 10).;63 70.01 15.70 .47 3.02 .50 2.99
 

354 041 C0.52 18.85 .47 2.50 .44 2.66331 9040 51.92 16.45 .42 2.59 .44 2.6635o 5047 1.59 14.70 .38 2.66 .44 2.62.J7 6477 74.82 18.55 .47 2.56 .43 2.6233. 225223 6S.05 16.95 .44 2.64 .43 2.59
 

+ ? 'N P-te.n LS - Lysino (%of sample) 
L? u Lyaine (^ o: proten)
LSAD , Lybno ('4 of sample) adjusted for % protein, kg/hi, (kg/hl)2 L2AD - Lys-., (%of protein) adjusted for %protein, kg/hI, (kg/hl)2 
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Table 14. 	 Protein, lysino, and test weight (kg/hl) values for the wheats 
that had the highest and lowest mean lysine (% of sample) 
vz-1ucs adjusted for % protein and test weight for the common 
whoats of the World Wheat Collection Special Study.+
 

Fi7 - Cmu ± 	 P LS EP LS .... 

1 ,1129 76.43 17.20 .52 3.035 .51 3.04 
2 1(' 6 78. 7 15.85 .51 3.04 .51 3.05 
3 1700 77.08 17.50 .52 2.98 .50 3.00 
4 1927S6 78.69 18.25 .53 2.94 .50 3.03 
5 1554.33 80.52 15.55 .47 3.04 .SO 3.02 
6 1O07 79.01 17.55 .52 2.97 .50 3.03 
7 336513 76.43 16.25 .50 3.05 .50 2.99 
e 1,,846 78.37 15.50 .48 3.08 .50 3.02 
9 185330 73.21 19.15 .56 2.92 .SO 2.99 

10 1247,,; 73.04 17.25 .Sl 2.96 .50 2.99 
11 293537 75.14 16.80 .SO 3.06 .50 3.01 
12 11375 76.43 16.10 .49 3.05 .50 2.99 
13 i'053 f3 79.66 18.25 .52 2.88 .50 2.99 
14 119316 76.10 16.70 .SO 3.02 .SO 2.98 
15 176223 72.56 18.4 .54 2.94 .50 2.97 

354 164501 81.92 16.70 .42 2.58 .44 2.66 
355 139329 75,14 18.30 .48 2.64 .44 2.69 
356 9041 80.62 18.85 .47 2.50 .44 2.66 
357 6177 74.82 18.55 .47 2.56 .43 2.61 
358 225223 63.05 16.95 .44 2.64 .43 2.59 

+ P - % Protein 
LS a Lysino (J of s-raple) 
a, :4% Ly. nc (%of protein) 
LSAD - '0 LyzLnu (uof sample) adjusted for % protein, kg/hi, (kg/hi)2 

LPAD - % Lysine ('aof protein) adjusted for t protein, kg/hI, (kg/bl)2 
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percent protein are of similar magnitude. The coefficients for the
 

coirclation of the 1972 and 1973 Yuma protein and adjusted lysine values
 

~ 
the rrotcin and adjusted lysine values of the World Wheat Collection
 

aralys 
 a.e aioximately the sane as the coefficients for the correla

tion of Zhc 1972 and 1973 Yuma data. The size and similarity of the cor

rclatio4s 
over years for protein and lysine adjusted for percent protein
 

suggcats that the rank relationship among wheats for these traits over
 

cnvironents are asonably similar.
 

T2st w :ch aad thousand-kernel weight were not measured on the
 

nAct snI~cs uszd in the World Wheat Collection analysis. The correla

t.ons over yars 
o: test weight and kernel weight are high indicating
 

tha these trn.ts 
:c:o highly heritable under the Yuma conditions. Re

hovl of he variation attributable to test weight and percent protein
 

by Zd.,ang thc lysine values decreased the correlation over years for
 

both ly ,inc (%of sanlo) and lysine (%of protein).
 

7he correlations over years for yield was low. 
This was probably
 

duo in uzrt 6o tne experimental error of measurement for the single row
 

plots aad pantiy bccause yield is 
a trait that is considerably influenced
 

by year to year cnvron;ontal variation.
 

Tne protein values and rank of the wheats inthe 1972 and 1973
 

Yuma nursaries with 4he highest and lowest mean values and the protein
 

values and rank oZ the same 636 wheats using World Wheat Collection analy

sis, resul.s are listed in Table 16. 
 With the exception of PI173438 and
 

CISGSl, wheats with hagh and low protein content of grain in the Yuma
 

nearsrics rnkcd similarly in the World Wheat Collection analyses even
 

thougn the protein range was much greater in the World Collection analysis.
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Table 15. 	 Corrolation coefficients (r)for percent protein, lysine (%of 
santlo), lysine (%of protein), Yield, 1000 kernel weight, and 
test weight (Xg/hl) over years for wheats grown in the World 
1h(heat Collection Special Study at Yuma, Arizona in 1972 and 
1973 a.id for thc initial USDA World Wheat Collection analysis
results.+ 

11.Vt. Collection W. W. Collection
 
analysis analysis Yuma 72
 

vs vs vs
 
vvri hlo Yuma 1972 Yuma 1973 Yuma 73
 

PercCnt ProtLin .................. .330**9*0* * .424**
 
, -, 635 634 635
Ly,si ( of sample!) ............. . 492** .......... . .449"* .. . . .47 "**
 

635 	 634 635

Ly:..rc, of ---11c) ......... . . 404** ... 0. aa. * 00. .246" * *** * 4 0**
 
auu'tc f;: . ,,-oetLn 635 634 635
 
L/ino (%oZ proto-n) ............ .349"* ............ .096* ...... .398**
 

635 634 635
 
o: rjop Ln) ........... .413** .. se..* .252 * ..... .448*
 

-"juot-c1 j: 0 1.jotoin 635 634 635
h ; lOOg 

yield) 

Yi.c!Li (iins i,,i ........... . . . . . . . . . .• . . . . .194"*
 

575
 

1000 kernol weight (g) . ................ . . .... . ............. . .853**
 
568
 

Tcst wai-fht ('A%/hl) ........ .. . . . . . . ... .. . . . ... .707"*
 
358
L)'s1 r ( o^ sa ,plc) ..... . . . . . . . . . . . . . . . . . ... . .263"*
 

adju:~u i o: '. protein, 358
 

Lh :.n3e (%o s !c) for ...... ............. .. .. .432**
 
aDov OLc ,at! 358
0c. 1 J 
L/&..:. (o oo ,:ccc..n) ............. . .. ... ... ... . . ... .253"*-.~udit~ o. [ pro~e~n, 	 358
 

: p.o';..n) 

above s..t of w..czts 358
 
Lyilne ( e. for ................ ................. 	 .407**
 

+ 4.- o: lines correlated are listed below the r values. 
,"* .. ctcs si-nificance at the .05 and .01 levels of probability,


reospxct: vcly. 
Ad~uzzcd lysine values for the World Wheat Collection analysis
data adjusted using regression coefficients in: Vogel, Johnson, 
Mattorn, 1973. 
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dhe' s groan at Yuma with the highest and lowest mean lysine (%of 
protein) and lyino (Sof protoln) adjusted for percent protein values 
ard "La 1y i. values and rank of the same wheats using World Collection
 

aialysi iezulta aro given in Tables 17 and 18. 
 The adjusted lysine
 
vaILL. 
-.J thair rzlative rank are in much better agreement than the un

:tJ lsino valucs. On the basis of the lysine values obtained at 
Yu- , lys.1 (C'o1 protein) values adjusted for percent protein would be 

t.1 b,t.C 5 z ion criterion for selecting wheats genetically superior 

tor 1/n contcnt from the World Wheat Collection.
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lable 16. 	 Protein values of the wheats in the 1972-73 Yuma tests with
 
the highest and lowest mean values and the protein values and
 
ran!, of the same 636 wheats using World Wheat Collection
 
analvsis results.
 

W. W. W. W.
 
L'I/1PI Yuma Yuma Collection Collection
 
nuiber rank % Protein % Protein rank
 

o225 1 20.95 	 19.5 
 26
 
2 	 20.20 18.5 67
 
3 	 20.20 9.0 535
 

,,; 4 20.15 13.20 297

107LO 5 20.10 20.6 
 9
 

231 3 632 14.40 9.1 514
 
.j'.,O 0.3 14.30 8.8 559
 
........ 634 14.30 	 13.9 
 231
 

635 14.20 	 9.12 
 513

.31276 636 14.10 
 8.8 	 574
 

"can protein % 17.058 
LSD .05 2.21 

iu)Iu 17 
 Lysine values (% of protein) of the wheats in the 1972-1973 
Yima tests with the highest and lowest mean values and the 
Ivsino values and rank of the same 636 wheats using World 
i-neat Collection analysis results. 

w. W. W. W. 
CI/1PI Yuma Yuma Collection Collection 
nu' ber rank % Lysine %Lysine rank 

U016t 1 3.13 
 2.98 	 411
 
2 	 3.125 3.15 259


2. JC4 3 3.120 3.04 	 356 
26.349 4 3.115 	 3.97 
 8

142.521 5 3.105 3.29 	 206 

6;77 632 2.56 
 2.44 628
 
9053 633 2.56 2.71 
 548
 
9393 634 2.56 	 2.78 
 528
 
9045 635 
 2.56 2.75 536
 
9041 636 2.50 2.60 
 606
 

LSD .05 = .21 
Lybino (" of Protein) "u 2.832 
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Tablc 13. 
 Lvsine (%of protein) values adjusted for percent protein intc 1972-73 Yuma tests with the highest and lowest mean values 
.,the adjusted lysine (% of protein) values of the same 636

%,,cats usinq World 'heat Collection analysis results. 

1'1.
W
 
"f , Collection IV.IV. W. W.
 

% Lys.nc % Lysine Collection Collection
 
*__, d~wu~di (ad)usted) % Lysine rank
 

-17 1 °
3 IC 3.27 3.06 150
 
2 S.is 3.23 
 3.04 208

3 3.14 3.36 
 3.15 S1
 

3.14 3.19 2.98 
 267
 .,.... S5 3.09 
 3.25 3.04 
 180
 

! 4Su. 632 2.58 
 2.71 3.29 
 S28
63. 2.57 2.66 2.60 
 553
 
J, U, 2.57 2.56 2.69 
 601

j020 0=5 2.66 2.28 
 2.60 636
 
0,7 6,6 2.54 2.51 2.99 
 620
 

1i72-7 t'us,,cd lysine X 2.832
 
LSD .35 .21
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DISCUSSION
 

The 1972 Yuma moan protein percent was higher than the mean 1973
 

Yu'.a protein percent. 
The higher rate of nitrogen fertilization used in
 

1972 coatribatcd to the higher protein content in 1972. 
This effect of
 

n,.--o.cn -crtzll-zation upon protein content agrees with the results of
 

,j: aiand .aliki (1973), Hunter and Standford (1973), and Johnson et 
.1. (i973a). 

,Aa hi-h rate of nitrogen fertilization in 1972 resulted in pro

,.;Ic vwgitazivc groath. Severe lodging resulted when the wheats were
 

irr<..z. lo in the growing season. 
Because lodging hindered normal
 

.ain fillin-, the yield, test weight, and kernel weight were lower in
 

1D72 t.-an in 1973. The small negative correlation between percent pro

tcin and yield, test weight, and kernel weight obtained in this study
 

tt,,t tnesu factors also contributed slightly to the higher pro

tcin co fo.:4. the 1972 nursery. This conclusion is supported by the
 

=au :. o: T ,an c 
al. (1969) and Johnson et al. (1973b) who reported
 

tha.. t!he p-ot n content 
of wheat grain tends to be lower under high
 

yi(idn- coiltions 
t;an under low yielding conditions. Johnson et al. 

(.7b, :972c) ='portcd that plump kernels tend to be higher in protein 

coazc-., tan .'Ai.ivoled kernels. Ghaderi et al. (1971b) reported a low
 

pot.ve co:.....on (e  0.11) of protein content and test weight. 
This
 

poZIZvc corrolazion, however, was obtained using low protein soft winter
 

w:hoats that did not differ greatly in protein content. 

Tho ,varag, protein content of the wheats in the Yuma nurseries 

was much h,,.hr than the average protein content of the same group of 

http:n,.--o.cn
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, in t',c World Collcction analysis but the range in protein values 

.ilr. Tho h:gh protein percentages of the Yuma nurseries can be 

1. :Zl.iz-.io,, absence of diseases, and irrigation. The 
. .'vluc :as larger for the World Collection analyses 

'.o .i: uih,;ts had been grown during the same year. Much of the 

, ?-A -- cont-2n reported by Vogel et al. (1973) for the 

,Id .ctjoa, thus was non-ganocic in origin. 

,ho :,.! 21a ec-rsc.3ioa of percent protein with yield, kernel 

, z..~rt.~~ .c~-~-'I.. indicated that only about 10% of the variability 

:o: . , within a nursery could be attributed to varia

.-c a o .. oo; these factors. This indicates that variation for 

:az .-'c..t a.o, -s in the same environment is not influenced 

.='a : . x.c. by sccd size or percent endosperm of samples. 

-z r t- cont.t 'fora given wheat over-L-Ln 
 environments is 

p...:L1y ;1u~;c~d by th.se factors. 

in bot.h the 1972 and 1973 Yuma nurseries, high positive correla

teow. ly..ine (%of sample) and percent protein. This 
: 2-.o~.h.J 'aa otcd by Vogelwa 
 at al. (1973) for the entire World 

CoIll;,cn a.-d is to be expected since lysine isa constituent of
 

c_ Tn :,an for lysine (% of sample) was higher in the 1972 nursery 

za-:, :oz t.o 1973 nursery and the mean lysine (% of sample) of both 

fU: :.eZ .;ro r.,ch higher than for the same wheats in the World Collec

t.cn analy.s. Te Loan lysino (' of sample) values ranked in the same 

o;:c a. th potein rans for the three sets of data indicating that the 

iysl'I (.0o: plc) values of whoats will be higher in high protein than 

o;iprotcin cnvizonmonts. However, the ordinates of the regressionlva 


http:Zl.iz-.io
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curvos at common protein levels are in inverse order of the mean protein
 

levels. This means that the average lysine (% of sample) for wheats that
 

h, d1% prozein was lower for the wheats of the 1972 Yuma nursery than
 

lor vh-,ats of tho 1973 Yuma nursery that had 18% protein. This incon

st. ,y can be cxplz.incd if proportionately more gluten proteins aTe
 

pro"ui.d in high protein environments than in low protein environments. 

71e results oZ Ulmer (1973) show that more gluten proteins are produced
 

un : hgh protein than under low protein environments by the same
 

",,o iauvrse rolationship between protein and lysine (% of protein)
 

zon: wheats of the Yuma nurseries was similar to that of the entire 

horld l,o~. Coilccaion. This relationship was also reported by Lawrence 

ct .. 
 9), Villegas etal. (1970), Simmonds (1962), and McDermott and
 

?ace (1960) a:.J probably exists among wheats in all environments. The
 

Yu.a rczuIus differed from those of the World Wheat Collection in that
 

thv curvilinearity was not as pronounced and the negative relationship
 

btw, ac protean and lysine (% of protein) existed for wheats with more 

tha.i 15' protuin. Those differences were probably due to the high mean
 

pdotcin lovuls oZ the Yuma nurseries and to the narrower protein range. 

The inverse relationship between lysine percent of protein and 

pecrcent p:,ein for wheats within a nursery can be attributed to high
 

prcen w~ic,-,eas having proportionally more gluten proteins on the average 

tnan low p:otoin wheats, (Simmonds, 1962; Mattern et al., 1968; Pence et 

al., 1964; Ulrc:, 1973; McDermott and Pace, 1960). The relative heights 

and slopc3 o. the rorossion curves for the regression of lysine (%of
 

p:otin) vary with environment indicating that there is an environmental
 



53
 

cffcct on the al'ur.in-globulin:gluten ratio of wheat proteins. The 

ordintcs for tho rcgression curves at common protein levels are in in

vrsj o:tdI of tc noan protein levels for the regression curves in 

F~u.i 2. T.. ican lysino (%of protein) values are also in inverse 

or r of the coah Protc n levels. McElroy et al., (1972), HojJati and 

Y'a:.i (1972), Guntanardt and McGinnis (1957) and Stroike and Johnson 

k!972) Zavw; :o:tc, an invezse relationship between percent protein and 

i,,no C'. of p:-otcn) for a given variety over environments. This sug

trt?rxo-oruonally more gluten proteins are produced by a wheat 

%zrict Ln a ,,i§.,,.otein environment than in a low protein environment. 

',.:nv = c ' protein on lysine (% of protein) cannot be attribu.:; e , 

t zo -t propor-tions of bran and endosperm. Higher protein con

. . %voiId result in higher, not lower, lysineo .j.. would 

(Lof p otcn) valucs bccauso the non-endosperm proteins are much higher 

in lysin. coacnt tz,.n the endosperm protein. 

Althouzh yield and kernel weight were negatively correlated with
 

1is~no pcrcent of zraplo, the regression analysis indicated that these
 

factors c-d no- have any significant effect on either lysine (%of sample)
 

o: ly:no (0of protcin) among wheats within a nursery after accounting 

ic. tzro vaiaton ttributable to percent protein and test weight. Yield 

p.-olbly iadrcctly Lnfluoncos lysine content by its effect on percent 

protcin a-nd tc,. wcai-,t. 

,c ot al. (1971) have reported that the endosperm contains
 

evo: 70% of the protein of 9he wheat kernel but only S0% of the lysine. 

On Lac b..;is o2 those data, percent endosperm of sample would be expected 

to influcnca the lysino content of wheat. Test weight and kernel weight 
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can both be used as indexes inestimating endosperm percent of a sample
 

better measure of the percent
of hLxat. Test weight probably provided a 

,t procin in a multiple regression analysis.
larly %,LIiuz.i 

ondof.3or- 3f z1- thani kernel weight for the wheats analyzed and conse

q'ently ,iad o:a :nflu.ncc on lysine content than kernel weight, particu-

The 

.:c corx !Ltion cocfficicnts and standard partial regression coeffi

cl .z ir:icz'Uo that although test weight, i.e., percent endosperm of 

s ,,plo, contrb.t.s .othe variability among wheats for lysine content, 

JtJ Lfcc,: much is than that of percent protein. 

A",'u~ . iy.n values to the mean protein content of each 

nwc.y .,:'.its co:zpanisons to be made among wheats differing in protein 

cc,'C:. t. is not pozsiblc to make valid comparisons among wheats dif

,irnz in perc.nt p:o.cin for lysine content because of the strong influ

. 0:c 0:oZLIA, on 3/SinIc. Adjusting lysine values to the mean protein 

p¢=c~; .-. tot w,iht allows valid lysine comparisons to be made among 

So . both protein and test weight. Because en-Lo. content 

vi~o,.:;,. aJ~c: the relationship of protein to lysine, lysine values 

for oac:, year w,.rc adjusted using regression coefficients and means from 

the -- ,-,on analyzis for that year. Using a common adjustment equa

tion Lo adjut lysino values of wheats grown indifferent environments 

is s5at.6caly unsound and may result indistorted lysine values for 

wh cats in sone yx:ars. 

Upz'.a)J3td lysino (%of sample) and lysine (%of protein) values 

wu:c not corclatcd in 1973 and only slightly correlated in 1972. The 

usO of lysinc ('of samplo) as a selection criterion would produce re

selectionsults inconsistent with the use of lysine (%of protein) as a 
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criterion. The use of either lysine (%of sample) or lysine (%of pro

tein) adjustea for percent protein and test weight would produce the same
 

results because, after adjustment, their correlation is r - +.98 and they
 

both provide tne same relative measurement of lysine content of wheat
 

grain. however, adjusted lysine expressed as a percent of protein pro

vides a more nagnifiod display of lysine differences among wheats. 

The results of the analysis of variance for the protein and lysine
 

content of th2 check varieties in the 1973 nursery indicate that there
 

was no si;nificant within nursery environmental variation for these
 

t.aits in 1973. lWitnin-nursery environmental variation also was probably
 

n s ,tn..ca.t in 1972 because the nursery did not cover a large land 

area a..-d fcrtilized and irrigated uniformly. Consequently, within

hL , o .... valation probably did not contribute significantly 

to the diffc:onces found for protein and lysino content among wheats 

within a nLrsery. 

Only 10' oi the total variation for percent protein within a nur

5sey was attiibutaj'.e to variation in yield, test weight, and kernel 

weight. Since the within-nursery environmental variation for percent pro

tein .as not z.gnificant, within-nursery variation for percent protein 

must have been due largely to genotype and genotype x environment inter

action cf:c2s. 

Al,,roxxmiatoly 40% of the variability for lysine (%of protein) and 

70% of the variability for lysine (%of sample) within a Yuma nursery could 

b,attributed to variation inprotein content and test weight. Adjusting
 

the lysine values for protein content and test weight removed this varia

bility. Within-nurscry variation for adjusted lysine also must have been
 

la.goly duo to genotype and genotype x environment interaction effects.
 



56
 

The analysis of variance over years for protein and adjusted lysine 

ohowed that, even though the effect of years was significant, most of the 

vlrliation for p.otcin and lysine content was duo to differences among the 

lines tctecd. 7Tis indicates that significant genetic differences exist 

,-ong tr, WX .0-LStested for protein and lysine content. Part of the var

i uyi,wnc.ts for protein and lysine content is due probably to 

tne difforont dcgec of adaptability of the wheats to the Yuma environ

men: (g'o:ype location interaction effects). 

The gctic Lources for high protein that have been identified to 

Gate, i.e., the Atla: 66 materials, are capable of maintaining their pro

tcin sup.-riority over years and locations (Johnson et al., 1968, 1969, 

1073a, StroLXe and Johnson, 1972). The wheats with the highest mean pro

tcin icve.s in Zhe Yu;-a World Collection nurseries had protein levels 

(,uival.nt to that of Atlas 66 and they maintained these protein levols 

over a to-ycar period. Although testing in different locations may in

dicate that sonIC of the wheats are high in protein content because of 

sncci.iic al..-It.b±licy to the Yuma environment, it seems reasonable to 

a.ao L:.at -t l..ast soLe of the wheats may possess genes for high pro

tein content o, whcat grain and these may be different from those of
 

Atlas t6. If so, considerable improvement in the protein content of
 

wnoat can be cpocteu to be made by wheat breeders.
 

The w',o- with the highest adjusted lysine values also maintained 

their sepcriorit/ over the two years of the test. The wheats with the 

highest adjusted lysine values were two LSD values higher in lysine con

twnt than the ',Xats with the lowest adjusted lysine values. This 

strongly ,uggosts that wheat brooders should be able to use these lines 

http:uival.nt
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re: .,p:ovin- the lysino content of wheat. Those wheats are diverse in 

.... and th.y may contain different genes for high lysine. In that 

cac, :ij-' x high lysine crosses should result in transgressive 

r.. hi hihar ly,lno content JohnsonT;...C than either parent. 

cz_ .. 7Zb) havo r portod evidence of transgressive segregation for 

1: 	 . l,.y.na ofect is due to an alteration of the albumin

' n -.. o.ly zmall numbers of genes may be:o, 	 involved. 

S.3 12 .-,h !y.a no effect is duo to the gluten proteins having 

o-.. th, noa,..l, then many genes would be involved, each 

' : . ct. "oth bituaLions probably exist. Because 

, .: i .- dcaLtful that single genes difference for 

n cc.,c ....- .. corn (,/ctrtz ot al., 1964), sorghum (Singh and 

- , .73), . L.-:Icy (.,unch cc al., 1970). 

Co...... .o o- a hczozygous line with itself provides a mea

,..J o ... oiya trait such as protein content. The corre

. v. ... ; for ,:,cc t protein were fairly high considering the 

. .... ~ ... ,L c.. ,Avo or. protein content. 

~ c :..-cie,%ts for unadjusted lysine (%of protein) are 

.. ....., , oi p:oteln) adjusted for percent protein. Adj,, 

.. c .:: :otoin some of the environmental variationL %Mnoved 

::.r... C. c.T,1,i-oin). kdjusting lysine (% of sample) values 

: .... , , cc.ad the corrolation over years. After adjust

.: .o: x',a *:o.cin,). lyaino (f. of sample) correlations over years 

o:.. . ;,n.i. udo a tho correlation for adjusted lysine (% of 

p. t r.n), . ,.;;no (% o- se..plo) measures both lysine (%of protein) and 
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porccnt protein. Adjusting lysine (%of sample) values removed the
 

offoct of prote.n and provided a more valid estimate of the lysine con. 

tc.,t of teZL. .. o that was independent of percent protein and this 

causcd the rc luction in the correlation over years. 

76 co,:Iaton co-Aficients for lysine adjusted for percent
 

. . . . ;l%!y lower or of the same size as the correlation 

c. 	 ovw yez..-s for percent protein. This indicates that the 

ctnv..c,aifl o:.. adusted lysin, is as large or slightly larger 

t .. iL oi:ocz on p:otoin. Heritability values for adjusted lysine, 

t,"At b k ., to at.c most as large as for percent protein. The 

. oZ.6 uIL6 D;-hl (1974) and Kuhr (1974) support this contention. 

,.-=- -cv fortnat seven different crosses the heritability of 

-idjo iy~r.in (% of protein) was almost as high as for percent protein. 

Ta. co,-clations over years for test weight and kernel weight were 

vc:y hiLh .un; that they are nighly heritable traits. The herita

b ility . of G a-aoi and Everson (1971a) for test weight and Sun 

C: z-. (1572) for .. umi eight were high. The low correlation obtained 

lA r.c > n '., l weight and test weight indicates that these 

. - 1..j~y idr ,:ent of each other. Ghaderi and Everson (1971d) 

.-c correlation between these traits..ic 
 A low genetic cor

,,. be . , eso trait! would be expected because density is the 

L.:/ i..ctor hcy h.vc in comnon. 

'no cor--'.a'.on over years for lysine adjusted for percent protein 

and tcst wcil,',,-,eo loa'r than the unadjusted lysine values. Both 

ly3ino (". of -.,?1c)and lysino (% of protein) are influenced by test 

wcig.a'. 7Ta ,:olght in the Yuma environment was highly heritable. 

http:cor--'.a'.on
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Rc-oval of the lysine variation due to this heritable trait would 

bLe _'-ctcd to 1o0cr the correlation coefficient between years and this 

.s ,h hn.?Pcncd. Adjusting for test weight did not remove all of the 

ivne v-iability 
mong wheats duo to different percentages of endosperm
 

.
 the utiliy of test weight as an index for estimating percent of 

c, va.,ics with wheats. Because most wheat-eating societies eat
 

t..¢ cndoz-.- potzion of the kernel, protein and lysine analysis of endo

177rctio,5 s-ouid be tested to determine the relationship between 

v . ,lai anJ cndozpc-i protein and lysine content. 

Tho :iz. and si.milarity of the correlations over years for protein 

a *,y z.,LSzcdzy;rne ,orpercent protein suggest that the rank relationship 

the .'..ots in the World Wheat Collection analyses are similar to 

rO.3=.?~ of the same wheats grown at Yuma over a two year 

*).: od. z .naon of Tables 16 and 17 show that with a few exceptions 

t,., th hd hash and low protein and adjusted lysine values in 

, Y,. n .; . ruznLod in the top and bottom one-third respectively in 

.' l , ColI!,ct:.on analyses. Because of the large effeattof protein on 

... , (c , pco-oin), there is no similarity in the rank 

.- tho:.= o *he un.du;tcd lysine (% of protein) values of the Yuma 

r: ri with tho.o of the World Collection analyses. Unadjusted lysine 

Va*kL, ar . not u~uable as a selection criteria for identifying high lysine 

Mo.-z of the wheats that had high protein and adjusted lysine
 

valuea in Lh;) World Mheat Collection analysis were not included in this 

st=./. Tho favorable comparison of protein and adjusted lysine values of 

the w4o~ti gromn at Yuma with the protein and adjusted lysine values of 

http:ColI!,ct:.on
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thc sa n. whcitb in the World Collection analysis indicates that wheat 

bro(dcrs ca.a u:c the results of the World Collection analyses 
with 

rczon~blc jasurzance of selecting at least some lines genetically 

-or p:o-Ioin content and for lysine content if adjusted lysine! 

values arc uscd. However, some of the high lysine lines may be high 
in 

' .O 


•e~i7uuc uto ol. test weights. 

Scvcral hundred of the wheats that had high protein and 
adjusted 

ly!,.nc 	v..±uL,5 in the Wo:ld Wheat Collection analyses which were not in

nould be regrown to specifically identify those
C.L.. in thi study 

nrog:.-1. hio high prot6in and high lysine 

,c.. tiat -.c -c.natically superior for pvotein and lysine content and 

o olivin- hoc that are not before they are used in any breeders 

lines of the Yuma tests should 

w,c becdors with usable germ plasm for improving the nutritive 

qu.lty(of i.hoat. 
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SLhMARY
 

Tae analysis of the 12,000 common wheats of the USDA World Wheat
 

Co.loction indca~cd significant differences among wheats for grain pro

teir. and i'ysi-e comtrnt (Vogel et al., 1973). 
 Lysine is the limiting 

x ;-o ac-d in%.'.catprotein. Much of the variation for protein and 

yinc coi., nt :a.o non-genctic in originsince the wheats analyzed were 

rot a14zron during tho same year. 

la orde- to test the validity of the World Wheat Collection re

L-t, zazd to d:velop selection criteria to use in selecting high protein 

.r. iy3rnj lines in a breeding program, over 600 wheats were selected 

-.o:-
 te Lorld V.,aeat Collection which represented the range of protein
 

. . lyra zna 
cistcd Lziong the common wheats. These wheats were 

'-nat YL,:, A-Lzcna in 172 and 1973. The Yuma nursery was used
 

o zse 
,.:in- a,.d w.ntur wheats could be grown in the same nursery.
 

Pro.,in content was slightly influenced by yield, test weight,
 

:,i ico0-xrncl :cht. Ina multiple regression analysis only 10%
 
o to toe"I variation for percent protein could be attributed to those
 

.,C.ora. -c _uin protoin content of the 1972 nursery was higher than
 

3roz.,n con.ont of the 1973 nursery. Although the effect of 

. , sn.."s, ..o.c of the variation in percent protein was due
 

to nacuztc c:Ce3 arioaong the wheats tested. The wheats with the 
;-3 : :,:zn, percentages were five percentage points higher in 

7ro t.1_- LhC, ILa , otuin %.heats. Wheats that should be useful to 

,,: z cn ic bourccs for high protein were identified.
 

Lizine oxpicsbua a!, a percent of sample was positively correlated
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to Tcrc.nt prot%.n but lysino expressed as a percent of protein was 

r,,.davcly cor:jlated to percent protein. Selection for lysine using
 

Joth crtL.L.a w:.ud produce conflicting results. 

u..ts cf oth~r :osoarchers indicate that the complex relation

.. ? b=' 7 .r~.. .ud protc;in is due to high protein wheats having 

Sl.- _.ich a-e low in lysine than low protein wheats. 

. r o ,- lvl lysino comparisons among wheats differing in 

ubL tn con~c-t, l)in values were adjusted to nursery mean protein 

v,.u, u_- .sion procedures. After adjustment for percent pro

,ta t. corr%.i.tion of lysine (%of sample) and lysine (%of protein) 

- ~.G=',-j t Loth adjusted lysine values provide the same 

rca.Avt. r-azaur oZ lysno content of wheat protein. 

° iz h,.d sot.c influence on lysine content. This is due to 

L.. p.)t,1nz ba-rch 7!c:.Cr in lysine than endosperm proteins. 

: :, 'c.-l iZg.;. had no significant effect on lysine content 

.: acca,-,t.nz zfthc Lysine£ cf:cct of protein and test weight. 


V.
:u.. C acd '6o pcccnt protein and test weight and compared 

ovL.: ..uc. of the variation for adjusted lysine was due to genetic 

- the iinc tosted. Results indicate that significant 

, ex.s am,ong wheats that are independent of percent 

?.Oin . t~. ; . Coparison of the results of the Yuma 

,Wu. -it , -Lult:. of the World Wheat Collection analyses 

i,.dic~. t,,t -i.,ccd lysino values are a useful selection criteria 

but und u:,td lyzino values are not. 

http:acca,-,t.nz
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.'zonII. Protein and Lys,.ao Content of Whole Grain, Endosperm, and 

ivan of Triticun aestivum L. em.Thell Lines Differing in 

Prot.in and Lysino Content. 

INTRODUCTION
 

br.:n a.ad germ are higher in protein and lysine content than 

t'-x., .,crn (,'-c,.Zrs, ,Hinton, and Bradbury, 1971). Variability for 

., n ,1 l L co.tc.it a.zong whcats could be due to some wheats 

v.. ., :oo:o, of bran in their seed than other wheats. 

of Lci. . I of this !tudy, "Re-evaluation of Common Wheats 

t. .~-a',o~ ,, Collcctioa for Protein and Lysine Content", show 

...... 1/.ine content of whole grain samples. 

S.... ... 6... v-..L..ility for percent endosperm does contribute 

.,-.y o ca only the endosperm of wheat. It is necessary 

tj .. 6y L,,; variability among wheats is due to variation in 

c ., t.' o . or to variation in the lysino content of the 

. .. o" tLc uccding and g.netic research involving the 

a.- content o: wheat has been done using whole grain 

. . o of the protein and lysine content of whole grain 

,..~. :~~ .2..-.plcs :ould determine the validity of this practice. 

,.c.lly .upueior in endosperm protein and lysine content 

Wiould. nod; uLL.:.l to wheat brooders in improving the nutritive quality 

C11na: 

http:co.tc.it
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hh:at Lndosperm is separated commercially from the bran and germ 

ov rull.n,,. haste flour is finely ground endosperm. It is impossible to 

obtain a conolete scpa:ation of the endosperm from the bran by milling 

6.1- to tl.o _'ato;.1cal structure of the wheat kernel. It is also diffi

Cult.o o'.-.a a u. o0, searation of bran and ondosperm by milling in 

t .'..:v ,, in 1.6rncbs espccially where small lots of seed are in

v\. .... varying in kernel hardness mill differently. Hard wheats 

L:u11y 
,L.v, h.Sj,,r r;.ring yields than soft wheats. 

Ua'.oi-s. x ±- on o4 bran and endosperm is essential for endo

,%-. x. zv , lya:-.1 .ralyscs. The outer portion of wheat endosperm 

.c.. .,n t,.c4- j,:rctr t.an interior of the kernel (McDermott and 

P 3, -41_.1 ly:bie variation in flour milled from different 

6S, i. Cld bC LC, to QIL':,,ncos in milling and not to differences 

a-on, f,,*.:oto;.n and iysine content of endosperm. 

'.Io2 c~.n oe used to separate the endosperm from the 

Lran c ,..,_I 1971). All have some disadvantages. The most 

-. o .ualll dissect the wheat kernel. This is extreme

a ,s.v ol. 5_11 of seed can be analyzed in any reasonable 

p- . :i'- .-. , ,,tlod uscd in this study is a modified milling 

, , KX ... ,.ii,.<, the endosperm remnants adhering to the bran 

.. : . :.. , , ..-.- , w:th a 80:20 (v/v) ethanol:acetone solution, dried, 

atC) 6t .I !' :lo,, to reconstitute the endosperm. 

, and bran s..ples of wheats differing in whole grain pro

tein and lyzIn contcnt ware analyzed for protein and lysine. The wheats 

studdid , :c., USDA Wheat the parents andJ', Worid Collection and 

proi& ot z.,:co cross of high protein and/or high lysine lines. 
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7..c pur,)oso of this study was to identify the within-kernel site of pro

tcln -,. ly inc variation among wheats and to determine if the protein
 

Ivaine conzcnt of wheat grain and endosporm can be improved by
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LITERATURE REVIEW
 

The structure and composition of the wheat kernel has been studied
 

ctcn irely and the literature on the subject is voluminous. Comprehen

bive rcvicws are ava~lable. The most recent is by MacMasters, Hinton, 

"nd Bradury. BIradbury et al. (1956a, b, c, d) made an extensive study 

of the anato-.y of tac %heat kernel. The wheat kernel is botanically 

clasif.d as a car/opsis. The fruit coat or pericarp of the wheat cary

os ; o ta zoed. The seed consists of the endosperm and embryo 

or ;c cnclosced by the nucellar epidermis and seed coat. The
 

coz con.it 
of the alourone layer and the starchy endosperm. The 

yonc ,.%iz aad tno !cuttelum (cotelydon) comprise the embryo.L: The 

bxn o2 tnc flouz miller consists of the poricarp, seed coat, nucellar 

Lple.-±s, anU tho alourono layer. The aleurone layer in wheat is one 

c611 thick. Sozme starchy cndosperm tissue adheres to the aleurone layer 

and Forns pa.i o: the mill bran. Germ forms part of the bran in the 

initial nilling steps but is usually separated from the bran in later 

sp, of co',.orcial milling operations (Kent, 1966a; Ziegler and Greer, 

h 0 Lpplies a crushing and tearing stress to the wheat kernel 

Zic, xraU Gic:, 1971). The bran (including the aleurono layer), be

cz..e of zo ,,acss and resiliancy, largely withstands the crushing 

,and uicaconof thec milling rolls. Because of its friability, the 

ondospc,. , 1: sncar.d away from the bran and crushed. The germ is also 

rore toLgh than the endosperm and is flattened by the milling rolls
 

(Sanzon, 19,3, Ziogler and Greer, 1971). 
 Bran and germ flakes are
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rcroved from ti,c crushed endosperm by sifting. 

7here is no natural cleavage line between the aleurone layer and 

te szarchy cadospc-n (Mactasters et al., 1971). The amount of starchy 

.,osic , ieCo/ad with the bran in the milling process depends upon the 

..... it y oZ :no endosperm. The endosperm of hard wheats is more 

br.ttle and ±,zs :iliant than the endosperm of soft wheats. More endo

-s s .ea~d azay from the bran of hard wheats than soft wheats. 

T.e= ar- lirnes of cleavage between the gern and starchy endo

sx7r; . c.-2,. ani bran (MlacYasters, et al., 1971). The germ breaks away 

. i.c-, zr c Cospjrm in milling. Particles of germ may break off-

a-d be mi\cU nzo the flour by the milling process (Kent, 1966a). 

Variouz nthceds have been used to separate the structural parts of 

.,c ',ea: Lkrnol o: chemical analyses. They include manual dissection 

of t:;o unt:Qac , ernal, dissection after the kernel has been soaked in 

%_t:,1%..!-of un'.nted payts by insect feeding, and by a combination 

o. a...c chc'incal treatment of whole kernels and mill products 

.z.. c., "K., 1971). For methods other than manual dissection, 

ts.-:e _.-; : .. vodaabi contamination of one structural part with 

. For . .Lhds involving chemical reagents there is also some 

,a .. .. .o. " . z.. che-mical conposition. It is possible to analyze more 

or tos of seed with non-dissection methods, thus re

a t. igc-ro:. The results obtained depend on the method 

v :xcisz c',a.ined, and the environmental conditions under 

which t.cy uoro grown. Reasonable agreement does exist among the 

pablizh.d data. 

Tro rcportod range values for orcent of kernel contributed by the
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nain kernel components on hand-dissected samples are: bran (including
 

alct.rono layci), 10.4 to 21.4%, starchy endosperm, 74.9 to 86.5%, and
 

grm, 2.5 to 3.6% (Hinton, 1953, 1959; MacMasters et al., 1971; Farrand
 

and Hinton, 1974). The aleurone layer comprises slightly less than 50%
 

o-1 the . n. The results of the non-dissection methods are similar 

'Pack[a -.. %I., 1971). Median range values would be: bran 13 to 

17',cnop 73 6o 84%, and germ 2.5 to 3.5%. 

Par: o: thc vaziation inbran and endosperm percent can be attribu

tid to a2mcnccaon- wheats inthe thickness of the bran layers. 

Bates ( :9.5)o. d diffcrences among hard red winter wheat varieties grown 

in t.-, n .ecry for bcan layer thickness. He also reported that the 

picn of t!,,: ..o55-soctional area of wheat kernels occupied by the 

szai,/ cndo:-u7., rariecd with variety. The cross-sectional area occupied 

by tarch/ 6,o, was 77.5% for the variety 'Tenmarq' and 69.9% for 

t o variy '.!zc:hall'. Tcnmarq had large kernels and thin bran while 

•iach..:: hac uall kernels and thick bran. Larkin et al. (1951) report

#I sni~lcan. difcrcnces among Pacific Northwest wheat varieties for 

lur -u./i ij'ickness. Differences in pericarp layer thickness were 

not as appai-et. Crcteo and Jones (1951), however, found no difference in 

mcan bran Lhickncss in nine wheats which represented a variety of kernel 

Aluron ccllz within the wheat kernel vary in thickness and the 

inner surf,.ce of the alcurone can be irregular. This irregularity may 

contribute .o thl di:ficulty of obtaining clean separation of the starchy 

4ndo~p4r, fon the bran by milling (Macasters, et al., 1971; Crewe and. 

J.,.s, I51I). Variation also exists among wheats in the thickness of the 

http:surf,.ce
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alci.roic cell w;alls and the amount of space occupied by the alourone cell
 

contents (Cobb, 1905). 
 Cobb (190S) reported that the amount of space
 

ocupiJ by the alcurone cell contents varied from about 55 to 78% of the
 
a.ca of a .adial section among 50 Australian wheat varieties. This vari
atlon in aicurono cell space does not effect the proportion of the kernel
 

t,,.t .. b:an bat it probably contributes to differences among wheats in 

l,,c cn=oi:c . cc,-.oosition of wheat bran. 

Tio porccntaqc of endosperm of wheats is influenced by the environ

ncnz :.n %2:uch U.-cy aru grown. Evidence for this is based on milling 
yields, test wci-ht, and kernel weights of wheats grown in different en

v:7onients. Litozaturc pertaining to the relationship of endosperm per
coat o 
 .7l!and mm;lling yield, test weight, and kernel weight isdis-


CI.Zo .nScction I of this study. 
Some of the environmental factors 

61a caa 1.,ILCnCO tozt weight, kernel weight, and milling yield are the 
22 ¢ or abScnca of diseases, lodging, variation in available moisture, 

oziodt! ar. e b~a.oon the formation and ripening of the kernels, and 

tao t--D.7a..uO 
durin r-ipcning (Leonard and Martin, 1963). 
 Although 

k n~l ' ~hL and tost weight of a wheat variety are influenced by en
v;.ronn..nt, %.4oat varieties do differ genetically for kernel size (Ausemus,
 

c~ca:, and ScIziidt, 1967) and, thun, also for percent endosperm.
 

lie pzotcin and lysine content of the bran and germ are higher in
 
.otn Z:OLn and lysine content than the endosperm. This has been
 

cStablihLd oy pcotoin and lysine analysis of the products of milling
 

and by analyzc, of dissected samples.
 

Tjc protCn and lysino content of the mill products of the major
 

cor.n'rcia! ciassos of wheat grown in the United States are reported in
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ii,,c Mfillfoed Manual (1967). The ranges in protein percentages are: 

%.ho.e w eat 9.2 to l3.8°, 
bran 13.3 to 16.9%, germ 23.9 to 27.0%, and 

i ito floui 8.35 to 12.65%. The reported range values for lysine (%of 

protf-;n) arc: I,.olv wheat, 2.25 to 3.17%, bran, 3.55 to 4.44%; germ, 

L.37 to 7.4J,, and flour, 1.63 to 2.29%. Bran and germ protein percent

-s w--e czculatcu as 
")N x 6.25; wheat and flour protein percentages 

w,:c ca:cala~cd as ')N x ;.7. The extraction rate for the wheats studied 

,a.ca foco.i 72..% to 77.0%. Similar results have been reported elsewhere 

Z...Y, Y..thcr, and Stone, 1946; W1aggle et al., 1967) for the pro

tc~n a;d lysinc content of the bran and geri,, White flour is lower in 

pzot in a,.d lysino contcnt than the whoat from which it was milled. 

V.uuun, C..laoun and 1radloy (1960) have reported that there is 

lcsb iy.,i , gt>c:nc, aiginine, alanine, and aspartic acid in flour pro

tein but ro:c in t1e millfccd protein than in whole wheat protein. There
 

is no:x. S z acid, profine, and phenylalanine in flour protein but 

u s In 16.h :.locd p:otcin than in wheat protein. Pomeranz, Pinney, 

and U._6y 6.) and 11epburn, Lewis, and Elvehjem (1957) reported 

s'-c- r'~uts. The:.e results can be easily explained if the endosperm 

.. d non-cr. os~ ~p~ortions of th,) wheat kernel contain different proteins 

or n pioportions of the same proteins. Teller and Teller (1932) 

h.v . "tIan Lfhcro aru relatively more albumins, globulins, and 

rlutOn5 
 n ora . than in flour. Gliaden nitrogen often comprises half 

of tnoe tota .titrogen in the ondosperm, but, in the bran, it is not more 

t",n one-o±2hth of the total nitrogen (Teller and Teller, 1932). Albumins 

4nd globulins are nigher in lysine content than the gliadens and gluten

in., (Sir..monus, 1i62, I'lattorn, Salem, and Volkmor, 1968). Gliadens have
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.o0c: lysino coazents than the other wheat proteins.
 

Farrand an 
 H1inton (1974) hand dissected two varieties of wheat
 

% tcr:r cd the nitrogen content of each component. The ranges in
 

cc.LrC. (.'N x 5.7) for the kernel components were: embryo, 33.2
 

to .tIcA4:u,
_c.jt 27.4 to 28.9%; pericarp-testa, 4.7 to 6.2%; aleurone 

. to 2Z.3%, starchy endosperm, 7.1 to 11.8%. The range values 

to. t:L.n LaL. as percent of total nitrogen in grain were: 

..j:'o, L.0 to 4.V.; scuttlelum,,.7 to 4.7%; peiicarp-testa, 3.1 to 4.2%; 

-.cuoo . r 0A.2 to 13.9'; and starchy endosperm 72.6 to 79.2%. 

.. v:;i , Alc.ndor, and Pascoe (1946) have reported similar results for 

zp:otr contort of bran and endosperm. The protein values for germ 

I, ct . (1946) ranged from 24.3 to 26.8%. The above 

.
 :s "d not determine the lysino content of the dissected kernel
 

%,7,cl co.ponenc lysine values from hand-dissected samples are not 

...... Sivens, M.cDori.ott, and Pace (1963) isolated aleurone cell 

ccJ z-a~ ;z.l t., t(cchniques of air classification and differential cen

n ncn-acqueous media. The isolated material had 5.45% 

....n f1.;5 and 5.0t lysine expressed as a percent of nitrop:o;.n) 

Z,.:o~ v4 ,l.ls arc probably high because only the aleurone cell con

:znts and not tno cn,,irc cells were analyzed. These results and the 

v .xj o. ai;occed s-iplcs indicate that the high protein and lysinei 

co.t of whoat bean (excluding the germ) is due to the high protein and 

lyzine conzknt o£ the alourono layer. MacMasters et al. (1971) have 

.ed tha*t zbout 500 of the total lysine in the wheat kernel is 

lccatcd in .starchyhe ondosperm and about 30% is located in the aleurone 

Ia, cr. 
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7ace isa protein gradient in the endosperm of wheat. The outer
 

portions of tic endospern, are higher in protein content than the interior 

of tl.c kcrncl. This has been demonstrated by researchers using a variety 

of rtl,odb. Fc:rand and Hinton (1074) peripherally dissected the endo

bpirm of tvo varieties of vhoat. The outer layers were significantly 

nu , : in p'o. in han tne inner layers. Farrand and Hinton (1974) re

iportc t!,a thQ protein gradient between the inner and outer endosperm 

. cor t witn the protein content of the wheat. The higher the 

protc:in contcn of the wheat, the steeper was the gradient. McDermott 

, I ".orris ct (1946, 1945) have obtained similar results?Co (1), al. 

u:;--., d..sct.on p:occdures. Normand, Hogan, and Diebold (1965) using 

a;..: l ab asion process showed that the protein content of the 

o 	 ,d.creased as the outer layers were ground off. Pomeranz and 

bi z&: (1161) used histochemical methods to map the distribution 

of pn:o.cin , h~ the wheat kernel. The outer endosperm portions showed 

a hi,:-.or d'.-bindinz capacity, indicating a higher protein content than 

i. ro:.ions of the kernel. In flour milling, the protein content 

a .aU' Increasis ro., tne first to the last break flour reflecting the 

p:otcin wraawithin the (Ziegler and Greer, 1971).int endosperm 

S:ica i/z;nc is a component of protein, it would be expected that 

h ~ a a in gradient within the wheat endosperm. McDermotta-0.1 


aia 	Pace (!iLO) u.cd a micro drilling technique to obtain samples of 

vltr~oa, inter.,Lehato, and mealy endosperm from single grains of the 

sana whcat varicty, 'Hybrid 461. Mealy portions were located inthe 

of thc ]crnols and vitreous portions in the exterior of the
 

kurnel".11c vitreous endosporm had the lowest lysine content while the 

intcr.or 


http:intcr.or
http:hi,:-.or


73
 

"'!v 2Josp.rm had tho highest lysine content expressed as a percent of 

prot._,. Lvcospcr.n intermediate in hardness was intermediate inprotein 

4 d, n content. nhese results indicate that the gradient for lysine 

of protin) is opposite that of percent protein. 

3u. loroae c.iaospor= or peripheral endosperm cells are a single 

.x c: ze., u. inside the aleurone layer (Maciasters et al., 1971). 

.-iaEv e (b9c)obtained particles of these subaleurone cells by 

. sad:lontation inmixtures of carbon tetrachloride and ben

:c.. Tc-pzotcin contcnt oi these subaleurone cell particles was 55.5% 

. :h. ly n ('of protein) content was 1.59%. The protein content of 

c.. .. ztic2. fron the inner endosperm was 9.5% and the lysine (%of 

co-tent was 2.51".. Although whole cells were not analyzed, 

t :. :.u, !uggcst that the proteins in the extreme exterior of wheat 

i. ac lovcc in lysine content than the proteins in the interior 

Fulche:, O'Brien, and Simmonds, (1972) used the Sakaguchi reaction 

to 7n tc.. dis,'ribution of proteins rich in arginine in the seeds of 

,h a id other coccals. In the wheat, the protein bodies of the aleurone 

,. zc.-to.iar pa:enchma, and scutellar epithelium were intensely 

:'in. y tne Sa,,ad¢uchi reaction. Wheat endosperm was largely unstained 

t cid conz.in a fcw distinct regions intensely stained by the Sakaguchi 

r cion particularly in the subaleurone layer. The inclusions in the 

subalcarono cclls that btained intensely for arginine resembled small 

prozt-In oodiei or were tnin strands of material resembling the endo

,2 .tr cult.u, in appearance. Large areas of the subaleurone cells 

:ere n : staind by Sakaguchi reaction. 

http:2Josp.rm
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The proteins of wheat that are high in arginine content are also
 

These are the albumins and globulins (Simmonds,
h1_1 in lysino content. 


The protein bodies of the aleurone layer,
1"62, Matto:n et al., 1968). 

the inclusions of the subaleurone layer that are intensely-cu~oell1, and 

;=-ancd by .,,c Sanaguchi reaction probably consist mostly of albumin and 

Teller and Teller (1932) have demonstrated that branglibu!O n f.otcis. 


,:G~oinub arhi ta.,cr in albumins and globulins than endosperm proteins.
 

T'. u , in tno subaleurone cells that stain positively for arginine
 

al-o ai-c:oxbUy h:gh in lysine content.
 

S..t al. (1953) reported a higher protein and lysine (%of 

:o) con:cnt in an C4.9% extraction flour than in a 71.5% extraction 

flour, wure milled from the same sample of wheat. Although
_.vu:. Dt6'. 


1-, . 1ys.no (% of protein) values can be computed using the pro

..- iy1uin7n (%of %anpla) values of Horn et al. (1958). Lysine (% of 

for the 84.9% than for the 71.5% extractionproti,) values are higher 

flou:. Lc.. ~results indicate that either the outer portions of the 

zai chy ondosper contain proteins higher in lysine content than the 

in the irerior of the kernel or that the 84.9% extractionp:otir.. foun'.d 

:lcr cont..ns o, bracn. Ziegler and Greer (1971) state that if the 

:.our ~id c..ccods 80O in ordinary milling, that the flour contains 

so. ncn-endo.;pcrn particles. 

11c o,%_, of protein content on the lysine content of wheats and 

flou:s Qifferi.- in protein content is discussed in Section I. Inbrief, 

1/tinc (0 o1 sa-,plo) is positively correlated and lysine (%of protein) 

iL noe- tvely corelatcd with percent protein. The results of MacDermott 

and Pa(. (1OoO) and Kent and Evers (1969) indicate that this relationship 
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Uso Cx!ts %,ith-n the endosperm of a kernel of wheat. The results of 

2 1,:: ct al. (1972) and Horn et al. (1958), however, suggest that the 

b.ilcuuione 
 clls nay contain proteins high in lysine content. 

So of t.,Q mochznical and chemical methods that have been used to 

:z tc ... u olle conponents of the wheat kernel have been mentioneda,-

~z~ 969, Stcvcns et al., 1963). Shetlar et al. (1947) used.
 

:- .c..l_ cn:..ical treatnents to separate the bran layers of wheat. 

.a %5:uc, their nhotbds are similar to the method used in this 

,	.v rc,'ovod the epidermis by suspending the wheat in water and 

_. a blcnd.r. The dried peeled wheat was soaked in a 95% 

,< :zcl .olutron nLarly !atucated with sodium hydroxide. After soaking, 

.'...... l,,uid was poured off. The testa layer was then removed 

z), - .. inrxo
enzi a 95% ethanol solution with a blender. The 

z ;'~x. W.-.Z ias dried aad then milled to obtain samples of endosperm 

C.r tC. ,cr., No attempt was made to remove the endosperm adh6ring 

to tac alcuronj layer. Instead, corrections were made to the results of 

tA.Q c,. .:c=i analyses of the alcurone layer based upon its starch content. 

;c rzhod uscd in this study to separate endosperm from mill bran 

v.2.v'U ia Xin. bran with a 80:20 (v/v) ethanol:acetone solution. Wheat
 

,. 	 a:c. che only w:oat proteins that are soluble in strong alcohol 

C . 1907).(O.borna, Gliadens dissolve in dilute alcohol solutions. 

-ol"L-.1.ity in alcohol solutions increases with increasing concentra

tion o: a.cohol until a maximum solubility isreached at about 70% 

alcol"ol, , olubi.ity accreases (Osborne, 1907). Wheat gliaden is 

,.:.olly insolubl. in absolato ethanol. 

Lipoprok'ins are present in small amounts in wheat flour and they 
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,.ro solublo in acetone. The amount of other-extractable lipoproteins in 

floar oi orn-o, h:eats ranges from 20 to 78 mg per 100 g of flour (Mecham, 

1h71). The1,pd content of mill bran ranges from 3.1 to 6.25% depending 

on .. u.cd 1971). Mill bran contains six¢czolcv.= (,,.c_,cotrs et al., 

peicent acCLO,,C Lxtactaole lipids (MacMasters et al., 1971). 

.- . ,dprogcntcs of three crosses were analyzed in this study. 

T'... L 1_C " Hall x 'Atlas 66', 'Nap Hal' x 'CI 13449', and 'Nap 

!.all 'CL..:YT ;156'. Nap Hal, PI 176217, is a soft red wheat of spring 

v)c 1 iL,.n old Indian variety that was first identified as a high 

pro~in \, t by Watbon et al. (1966) and as a high lysine line by 

jol:, ,a,X,.t=.n ind Schmidt (1971). Atlas 66, CI 12561, is a high pro

ta.n Lo.t rcU siZe" wheat that was developed at North Carolina State 

Urt.:;.. /y ,,;it was first identified as a high protein line (Middle

to, ard Bayles, 1954). It has been used extensively in breeding 

a r..rjh ,zotoin parent (see Literature Review in Section I). 

CIL.43 ,d z.%c . . djustcd lysine value of any wheat in the USDA 

..... d *... Collction (Vogel ot al., 1973). It is a low protein, soft 

:utc ~ rwnea, se.lccted from a Normn lO-Brevor x Brevar sib cross 

(Jol,ai.on .nd '1.)tei, iD72a). CIWYT 8156 is a semi-dwarf red spring 

v., ff. ,.h4CI,.NT program in Mexico. It is neither a high protein 

or h-,, lyaino ine. Itwas crossed with Nap Hal because of superior 

1,holo grain protein and lysine content of the parents and progenies 

of :, c cro:s N.p Hal x Atlas 66 have been reported (Johnson et al. , 1972a, 

c, 1973). F2 prog&ny bulk rows were grown inthe P3 and F4 generation 

at Y"_., A.iona in 1971 and 1972 respectively. Significant transgressive 

http:Jol,ai.on
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s~r. aon 
xcisted for both low and high protein which was attributed to
 

, mcns in NXai Hal and Atlas 66 for high protein. The Nap Hal x 

,~ ,c,;gatcdfor lysine (%of protein) but there was no 

' ,cCo :.zn.o:cfv segregation. The progeny population mean in 

ea '.r .: o' cd Lh rmid-parent value. Some of the progeny bulk 

: c:u.l o \,a IaL in lysine content. 

Ga.n protz n and lysine (%of protein) values for the parents and 

t2 V:.~cz,/ .V of the Nap Hal x CI 13449 cross have also been re

(Jc -so. c.. z2=., 1973b). F2 progeny bulk rows were grown in the 

c3 :,. at Yuma, Arizona in 1972. Nap Hal had means of 20.2% pro

t,:. an 3.23% ac.,ustcd lysine (%of protein). CI 13449 had means of 

5.5 roza- and 3.35% adjusted lysine (%of protein). The progeny bulk 

..,,nfor percent protoin was 16.7% which suggest partial domi

n_.cc :oz lo,. ,:tczin. 'o poogeny row had a protein value greater than 

t NA-p h- .n;an protcn parcent. Eleven percent of the progeny bulk. 

S...a2 
 , 
d lysna levels outside the parent range indicating trans

lx...v.. sc=:,.ion Lo. lysine (' of protein). The F2 progeny bulk 

oc-o -,,an for adjusted lysine (%of protein) approximated the mid
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ATERIALS AND METHODS
 

Materials
 

TI,c whcats used in this study were grown at the University of 

A.±:ona c.v ,.ntal station at Yuma, Arizona in the 1972-1973 (1973 

nutcr') =:c,'aj scason. The World Collection wheats analyzed were the 

..... . W°:heat.old Collection Special Study nursery that were
 

L.1 	 -61 c.: s tcp or botom 30 for percent protein, lysine (%of protein), 

('o ca,, adjusted for percent protein, or for lysine (%,of 

prct,-i.) .daiacd for pcrc,.nt protein and test weight. Some of the 

, a -rora than one of these categories. Including the check 

L.TIn:a, 	 I ->-, plc:were analyzed for whole grain, starchy endosperm, 

:,I L: I/slnu content. There were six check varietiestLin and 

rli; d fo". times. The 1973 World Wheat Collection Special Study 

vur~ry "..dicribud an detail in Section I. 

l :woxe sclectcd from Nap lial x Atlas 66 F2 progeny bulk rows 

iow,- in 6ho F, -cnoration and from Nap Hal x CI 13449 and Nap Hal x 

CI.Y' oA pio°g n/ bulk rows grown in the F3 generation at Yuma,r2 

Ariz:or.a .i, 172. Eadb :ere selected at random from the bulk rows. Seed 

f.or, t', ,-cctcd heads %as planted in 1.37m (4.5 ft) rows spaced 51cm 

(20 a.) 	 .. art: in the 1973 Yuma head row nursery. Head rows from a pro

n, . ;:: i.nd in the same block. Parents and the check variety 

'GL..nt:\' w:ro pl..ntcd at the ends of each block of rows. The head row 

... : ry 	wa oral zcd with 112.1 kg/hl (100lb/A) of nitrogen and was 

irrigated. 

Head rows were selected for harvest on the basis of agronomic type 

http:pcrc,.nt
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,,.	tho prozoin and lysine content of their parent F2 progeny bulk row in
 
h, year. 
Selected head rows were cut by hand and threshed us

a 'OL1-Zy x plot thresher. Whole grain protein and lysine content 
". .n.d alloni tLe harvested rows.
 

i z.s that reprcetcd the range of grain protein and lysine
 

, .-.
.o:n-,a,ong the head rows for a particular cross wore selected
 
o. 
 , 
 .,an 
 protein and lysine analyses. Ninety-four rows
 
,-rc ~~ ~,.ta
~E 
 Nap Hal/Atlas 66 population, including three rows 

-1 ox. t.. parernt and check varieties. Sixty-four rows were selected 
-. the \.p I',I/Ci 13449 population and 18 from the Nap Hal/CIMYT 8156
 

* .on. 
7..o ro,.s each of the parent and check varieties were in
c.Lca. in 
trc 	laxtcr -roups. 
 CI 	13449 rows in the head row nursery con
t.n~ a nixtu 7a of %,ncatsdue to accidental contamination of the seed
 
sourcC Lsd fo 
 ?lan- ng. These rows were not analyzed. CI 13449 seed
 
from 
naZhcr plot in the 1973 Yuma nursery was used instead.
 

Largo field plots of Atlas 66, Nap Hal, Centurk, and Bezostayja
 
icrc g.o,-n aL Yixa 
in 	1973 for nutrition studies. 
Large lots of these
 
w.,ats wurc M'llud on 	the Kansas State University pilot mill. 
Centurk
 
and lo.tayia ore 
milled at 
a 70% extraction rate. 
The 	soft wheats,
 
At._ 
 66 and Nap hal, did not yield 70% white flour. The millfeeds, ex-

c:LC, 
 tho 	Mill bran, of Nap Hal and Atlas 66 were pin milled. Flour 
Aaon the pin milled samples was added to the mill flour in sufficient
 
h-"ntity to obtain 70% 	extraction flour samples for these wheats. 
Grain
 
70' 	extraction flour, and mill bran protein and lysine data for Atlas 66,
 

Nap L.al , and Bozostayia and samples of their mill bran were
obtaincd from Professor P. J. Mattern for use in this study. 
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Methods 

Labaiatorv Procedurcb 

A'.d2..cd milling procedure was used in this study to obtain 

0ndeS c,--1 ai1l~ Average moisture content of the whole grain samples 

;.i. t. ud. ,c';nty gram samples of wheat were then tempered to 14.5% 

d-0 2.2 , bororo z-lling,. The tempered wheat samples were milled on 

I , ,. Q;u.aplcx experimental mill. This mill and its operation 

i! x.cribcd oy Slhcllcnbcrgor and Ward (1967). The sifter on the mill 

.. oi. Bran a.,d ground endosperm were collected in the same tray. 

L i,,,, flour by sifting for 90 secondsthen s-.'tcd from the mill 


oi n 'nc~h shal,,r using sieves.
.l standard 

, U.S. Sz".da.d Tsting Sieve No. 35 was used to sift bran from 

,or :o: th h.d r:ow sxiples and a No. 50 sieve was used for the World 

,...t Co1J..Cton ,, Mesh openings for the No. 35 and No. SO sieves 

.7.L,0 a-nd 2D7 n.icrons respectively. The head row samples were pro

ces,. . 2,'r was a small amount of bran contamination in the 

fiourz o: th. hard wheats, Centurk and CIMMYT 8156, after sifting with 

thu M . :3 s.ove. Tpa other head row samples were relatively soft wheats 

znd ,. l .tte, bra, contamination of the flours of these wheats. 

- kr A-si sicve was used for the World Collection wheats because 

oj 't. j o . blty oi bran contamination of flours of hard wheats sifted 

on the li-,: mush sievc. The mill flour and mill bran were weighed 

a , ifzin ,. Millin, yield was calculated as follows: Milling yield 

ynill floar w:./nili flour wt. + mill bran wt.) x 100. 

",e,, oif washing the bran with an alcohol:acetone solution
 

:as devloicd by Gene 1I.Lenser of Con Agra, Inc. Itwas obtained from
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hin by ?orsonal conaunication via Prof. P. J. Mattorn. The method used 

in t, s Ltudy is basically Lenser's proceduie with some minor modifica-


Tc %,ashing solution was a 80:20 (v./v.) absolute ethanol:acetone 

.olut.on. All of ti'.c bran obtained from milling a 20g sample of wheat 

%,Ls Izc:a in a small 1,'aring blender jar. Fifty ml. of the washing 

s -o.-, ,asadded -rd the mixture was stirred for one minute at slow 

54 c" on a Oarlzr- bleader. The endosperm adhering to the bran is washed 

o:. .rd is suspendcd in the washing solution. After stirring the flour 

- ts" ca. antcd into a beaker. A piece of a 70GG silk sifting 

-,,,LX' k w,., i opcnin= 236 microns) was fitted over the top of the beaker 

to st:...n ou. biaiparticles. Fifty ml. of the washing solution was 

tto tha bran in the blender jar and the process was repeated. After 

.Xaan~=t:,rZ fltuu.- suspension, the bran was washed out of the blender 

)ar iitr. t',h. solution onto the 70GG screen.washing 

T1ho screen ,nd washed bran were placed on a watch glass and dried 

ia a S5°C oven for 12 hours. Suspended endosperm particles were filtered 

.:-c, the washi: solution using vacuum filtration. A Gilman type E fiber 

lao> f'iter was used. The bran flour and filter were placed on a watch 

6i and c::ed for 12 hours in a 55OC oven. 

After drying, the bran flour was removed from the filter with a 

Lall s,?atula and then ground with mortar and pestle. The ground bran 

flour and rill flou,: samples ware placed in a humidity controlled cabinet 

for 72 hours to tring all the samples to a uniform moisture level. The 

sary,-:c ware tn-n wc.-ghed and their average moisture content determined. 

Sa,p'e dry weights were calculated using the average moisture percentage. 
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After weighing, the bran flour was added to the mill flour to reconsti

tute to endosperin. Samples were thoroughly blended by shaking.
 

':Icr dr-ing, the head row nursery bran samples were ground using 

a U~y Cyc.onr S pl Mi111. The ground bran samples were then placed in 

the hLziidi/t cibinc Alor 72 hours and weighed. Sample dry weights were 

calui-.ted u±n,,n tcc average moisture content of the samples. Some loss 

L). occurxcd during grinding. 

the prccL.J.: w;as altored for the bran samples of the World Collection 

1ott . T. bran ,arplos wore placed in a humidity controlled cabinet 

for 72 nours, w ±hcd and tncn ground. 

Thc iccoistitutcd endosperm samples and the ground bran samples 

wore then Aaly.c" fo. protein and lysine content using the procedures 

dczc,.bd in S.ction I. The bran samples from the wheats milled at 

Kanas Stant Univtsity also were washed. The washed bran and bran flour 

obtaincd from thcec bran samples were analyzed for protein and lysine 

content. A-1 protcin pcrcentages were calculated as %N x 5.7. Labora

torv ._r. Ly for perccnt protein is 10.2 of a percentage point, 

Laboratory vriaoility for lysine (%of sample) is t.01 of a percentage 

pont.
 

Endospern porccntages, sample recovery percentages, and other 

, .-tinent daa wore calculated using the equations listed below. Bran 

refers to :ashcd bran samples and the abbreviation, dwt, indicates dry 

weigat. Kornol component weights, and protein and lysine (%of sample) 

pcrccntazc,.# wore u~cd to calculate the amount (grams) of protein and 

lysina in the cndosporm and bran. 

o l.n pe Because of the grinding loss, 

http:dczc,.bd
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I. Endosperm (dwt) = mill flour 	 (dwt) + bran flour (dwt) 

2. Sample recovery % = endosperm (dwt) + bran (dwt) 100-- -- r i-n-- cdw t). . . . 0 

3. % endosperm of sample = endosperm (dwt) x 100 
endosperm (-t) + b ETt xT 1

4. 	 Calculated grain protein % = (cndospcrm roteln (g)+bran protein (g))xlOO 
endosperm (dwt) + bran (dwt) 

S. CalculateJ rain = (cndospeim lysine (g) +.bran lysine (g)) x 100
l0in (% ot1 sanple) endosp--)-rm (dwt) + bran (dw-) 

6. % of Xc2nul protein = (endospcrm- protein (g) ) x 100in cndospcm onaosperm protoln7gT + biaiFprotein (g)
 

7 %of 1,er'e! Ivs1no + (enospcrm lysine (g) 
 x 100in enuc ;rm endospeirm lysiT -T-'sine 
-

(g) 

k-t istical Methods 

Sta-zstxcal procedures and interpretations are based on standard 

methods detailed by Snedecor and Cochran (1967) and Steel and Torrie 

(1)u 7. Comp.pator analyses using the Statistical Analysis System (SAS) 

programs (Service, 1972) were used extensively.
 

Means, ranges, and standard deviations were calculated for most
 

of the variables. 
 Simple correlation coefficients were calculated for 

prain ' piotein, endosperm %.protein, bran % protein, grain lysine, 

c,tdo' .prn !ysino, bran lysilne, and % endosperm to provide a measure of 

ti.e degrce or absoci-tion of these variables with each other. Correla

tionb involving other variables also wore calculated.
 

I'egression analvsi% 
was used to detormine more precisely the
 

relationship of protein and lysine in whole grain, endosperm, and bran 

balples Separate regression analyses were calculated for the World 

Collcction 'heats, the Nap IHal/Aklas 66, Nap Hal/Cl 13449, and the 

.Nap 1Ial/CIG\IYT 8156 head rows. Multiple regression analyses were 
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used to determine the effoct of ondosperm and bran protein and lysine
 

content and percont ondosporm on whole grain protein and lysine content. 

Tho rcgrLshion model chosen to represent a particular relationship was 

selccted on the basis of a significant F test, significant regression
 

coefficicnts uin- the "t"test, and with those criteria met, a maximum
 

coefficient of dotermination.
 

Woaid .0hcat Collection grain, endosporm, and bran lysine values
 

were adj1u3td to population mean protein levels. Lysine values of the
 

NPp iWUl/Atla 66 and Nap 1lal/CI 13449 samples were adjusted to mid-parent
 

protein levels u5:ng the regresbaon coefficients calculated in the re

groSsion analysis. As an example, the equation used for adjusting endoo
 

sperm lysine (%of protein) to the mid-parent protein level was:
 

Yi adj r YI - b (Xi - 1PX). 

The b value isthe regression coefficient, Yi, the measured lysine (% of 

protein) of the ith sample, Xi, the protein content of the ith sample, 

and MPR, the mid-parent protein value. 

World 1heat Collection grain lysine (%of protein) values were
 

also adjusted for percent protein and % endosperm of sample and for per

cent protein and test weight. The latter adjustment was calculated '
 

using the adjustment equation developed inSection I for the 1973 Yuma
 

World Wheat Collection nursery. Correlations between the various ad

justed lysine values also wore calculated.
 

Standard partial regression coefficients were calculated for some
 

of the regression equations. Standard partial regression coefficients
 

give an indication of tho relative importance of the independent
 

variables (Steel and Torrie, 1960).
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Most of the wheats analyzed were not replicated. The parent and
 

chcck varioties were replicated in the head row nursery. 
The 1973 World
 

Whcat Collection nu.lsery was an augmented randomized complete block
 

design wth four blocks. Check varieties were planted in each block.
 

,ho parCe: and check varioties of the head row nursery and the check 

varictics of -hc World Collection Special Study nursery were analyzed 

using, analy,., of va;anco procedures to obtain estimates of experimental
 

error atd zo zo'.anddrd error of a treatment mean. The World Collection 

chcc., 
va:..ctcs wcre analyzed using analysis of variance procedires for
 

the rando ,i-cd ccrplete block design. 
The head row nursery checks were
 

analyzcd u5ing procedures for a completely randomized design.
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RESULTS 

Xcrnel 1'ractionation
 

I1our wheat varieties were grown in large field plots at Yuma, 

Arizona in 1973. Grain from these wheats was milled on the Kansas State 

Univorsity pilot mill. Grain, 70% extraction flour, mill bran, wathed 

bran, a'd bran flour protein and lysino ('%of protein) values for these 

%heats are l.sted in Table 1. Mill bran ishigher in protein and lysine 

content than %,aolc grain samples. Grain samples are higher in protein 

and lwiae than 70% extraction flour. Lysine differences between grain 

and flour samplfs are of greater magnitude than the protein differences. 

The bran '41u,.r bmplcs are much highcr in protein content than the 

washed bran :"ples, but they are louer in lysine (%of protein) content. 

The bran flour sar'ples are considerably higher in both protein and lysine 

content than the 70'a extraction flours. 

Atlas 66 inu Nap Hal have significantly higher protein content 

than Lenturx or rFzostayra in both grain and 70% extraction flour. The 

grain lysine (%of protein) percentage of Nap Hal is higher than the 

grain 'lysine( of protein) values of the other wheats. Lysine (%of 

prot cn) of Nip Hal 70'0 extraction flour is only slightly higher than 

the flour ly ino ('of protein) percentages of the other wheats. 

Miller's terminology is used in the results and discussion. The 

tcm endospcrm refers to the starchy endosperm. Morphologically, the 

alcurone layr is also endosperm tissue. The term bran refers to the
 

non-starchy ondosperm portionsof the wheat kernel. 
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Table 1. Mole grain, 70% extraction flour, bran, bran flour, and washed

bran protein and lysine (%of protein) percentages for four
 
cultivvrs grown at Yuma, Arizona in 1973.
 

Cult ivars
Variab I s Atlas 66 Centurk Nap Hal Bezostaya 

Wholi c -n " protein 
Vriolc ,,ain lysinc (0 of protein) 

17.2 
2.86 

15.0 
2.90 

18.5 
3.05 

13.2 
2.80 

701 extraction"1 flcurrot en 17.2 12.4 16.S 11.1 
i lyine (%of protein) 2.12 2.18 2.20 1.99 

Bran 
Bran 

Floor 
Flou: 

piotcn 
lyine (% of protein) 

26.6 
3.31 

26.4 
4.22 

28.3 
3.12 

23.2 
4.12 

Bi.an '0p:otuin 
Bran iy'1;.c (% oZ piotein) 

19.3 
4.00 

18.9 
4.46 

23.9 
4.04 

16.10 
4.57 

.z.hc2 Lr.-
hashed br.n 

'i p:otcin 
1>' anc (" of protein) 

18.0 
4.38 

17.8 
4.67 

23.3 
4.71 

14.2 
4.85 

iurI iL a photograph of the bran of the hard red winter wheat, 

Scout 65, :o:o :.nd after washing. Figure 2 is a photograph of the bran 

of tho soft wnter ,,at Atlas 66. The bran samples were obtained by 

rnllins 20, ZQIc.s fro.i check rows in the World Collection nursery. 

There is o cndooprn adhering to the mill bran of Atlas 66 than to 

the i:l b:cn oi Scout 66. After washing there is no visible difference 

b.6wc~n t,- brans of tha two wheats for endosperm content. Although the 

washc. bran sa~lo of both wheats still contain some endosperm, both 

arc cl,4ncr Lhan bc=oro washing. The average endosperm content inthe 

World Collicton nursery on a weight basis was 40.0% for Atlas 66 bran 

and 30.4'1 fo. SLout 66 bran. Those photographs show that it is possible 

to obtain a nero uniform separation of bran and endosperm among wheats 

differing inmilling quality by using the bran washing procedure than by 

sinply milling the wheats.' 



I CcCO 

Figure 1. Bran of the hard red winter wheat 'Scout 66- before (left) and after (right) 

washing with an 80:20 ethanol:acetone solution. 



A -

Figure 2. 	Bran of the soft red winter wheat 'Atlas 661 before (left) and after (right)

washing with an 80:20 ethanol:acetone solution.
 

4 
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Exnmination of the washed bran samples with a dissecting micro

scope rcvc-lcd that the bran, including the aleurone layer, was still 

largcly intact Lvun though pieces of washed bran are smaller than pieces 

o mill 01-. It 15 pozsiblo that very small pieces of bran or germ 

brokc olXT :r th uasning process and went into suspension with the endo

sp: pt;.clcz arn wcre separated with the ondosperm. If this did 

ozci.ur, it w. to a vary limited cyrent only. The bran flour did not 

ccn=ain any viziblc bran contamination. In a simple milling and sifting 

ccration such ab thj one used in this study, almost all of the germ 

rT.-in. w!t.i the br.n.
 

Mans, r..ngcs, and standard deviations for milling yield, flour 

weiht, brz lcur w:aght, bran weight, and endosperm and sample recovery 

pcrccnta-o:.: liscd in Table 2 for the wheat samples fractionated 

ircm t,'c : acw The mean millingrxd .d Lorld Collection nurseries. 

yi.cid - . for tno head row nursery than for the World Collection 

nursery but ;hc a.out oZ lour removed from the bran was smaller. These 

diArcncoz can bc attri:Luted to the different sieve sizes used in sift

inn flour foz thc two groups of wheats from the bran. 

Tno peiccnt cndosperm of sample for the head row samples was 

larrr th.n that of tho World Collection wheats. The mean sample recovery 

percent of tne World Collection wheats was higher than that of the head 

rows. 7ho i.cad :ow bran samples were ground before weighing and some 

grinding loss occurred. This reduced the sample recovery percentage and 

resulted in the nigher endosporm percentage for the head row samples. In 

c.. .,arison to the World Collection fractionation results, the endosperm 

porcentaGz of the head row samples are inflated about 2 to 3 percentage 
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Table 2. Mean, range, .ind standard deviations for kernel components and

kernel rccovory percentages from the fractionation of 20g

sxarplcs of 176 rows 
from the 1973 Yuma head row nursery and
 
for 153 rows from the 1973 World Wheat Collection Special Study
 
nur cry.
 

Standard-

Variables Mean 	 Range deviation 

1973 Yuma head row nursery*
 

100 :3c:.e. wt () 3.04 2.17- 3.95 .405 
N!111.r-F v2ld(g) +(%) 75.1.4-t,' 	 70.7 -83.2 2.60
13.73 12.82-15.89 
 .517 

zr.n ...ur vL Cg) + 1.26 .52- 1.77 .232 
a br n wt (g) + 2.80 2.06- 3.54 .266 

e,d- 84.2 80.0 -88.5 	 1.54

S. ;1e r c , 96.8 94.3 -99.2 	 1.16
 

LJ, ~o,.d 1,at Collection Special Study nursery** 

Tc:,'t 	 '.:,., ( :/> ) 77.89 70.05-83.85 3.279 
00 . .t & ) 40.63 24.95-57.94 7.351

l-7 /L (.) 71.2 63.1 -78.8 3.18 
- , L 1.60 .92- 2.50 .390 . .. 	 .. i ({) + 3.15 2.56- 4.77 	 .309 

5.,c 	 '... 81.9 72.8 -85.5 	 1.77

S .-2 1t "cc;, ./ % 98.1 96.3 	-99.2 .50
 

* 	 Averw w hti:/ of whole grain samples = 18.38g 
Avei,.j.. dry w: .ht of whole grain samples a 17.79g 

+ D-y wei:ght ba az 
~ E:cluding 15,8121ows and 19,046 which had sample recovery pereen-

ta-Us of 107.0 and 102.2% respectively. 

http:24.95-57.94
http:70.05-83.85
http:12.82-15.89
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points. The two sample recovery percentages of more than 100% are due 

to more than 20t of sample having bnen milled. 

The raivcs and standard deviations for percent endosperm oC sample 

arc smaller than those of milling yield. The range in percent endosperm 

of sample for the,World Collection wheats was 72.8% to 85.5%. 

Mcans ana thc results of the analysis of variance of the parent 

and chec% r:, o: the Lead row nursery and the checks of the World 

Colecton nar, or ke rnel weight, milling yield, flour weight, bran 

ilou: wcj:%z, %a~hcd bran weight, sample recovery percent and percent 

ndoor arc liztcd inTables 3 and 4 respectively. The parent and
 

check variticL dif:cr significantly for all factors except for sample
 

recovcry yxw:cent. Inthe World Collection nursery, replications had a
 

srail Ofect on .1 variables except for sample recovery percent. Sample
 

recovery pc:cenz w:as indcpcndent of the wheat variety processed. Co

efficients of vawiation were small for all variables.
 

The parnt and check varieties Centurk, Nap Hal, and Atlas 66 were
 

in both nurseric;. The cndosperm purcentages for these wheats are higher
 

in the head ro.a nurscry than in the World Collection nursery for the
 

reason explained proviously. However, the relationship of these varieties
 

to each otner nithin a nursery is the same. Centurk is 3 to 4 percentage 

points hig,..r than Atlas 66 and Nap Hal is about one percentage point 

higher than Atlas 66 in endosperm percent of sample. 

There are largo differences among the wheats for milling yield
 

that are almost entirely due to kernel texture. In the World Collection 

nursery, the mean milling yield of Triumph 64, a hard red winter wheat, 

is eight percentage points greater than that of Atlas 66. Triumph 64, 



Table 3. Mens, coefficients of variation, F ratios, and LSD values for ]er"el components 
and h'm~el recovery porcentages for check cultivars in the ]973 L.orld Uhevt 
collection spccial stt,Jy i.zcry. 

c-,n oi chc-cl, ci Itivars r F ratio I ratio 
Variable Sc-,t h i Centurk X.p I 1 CVcv for for 

66 ( 6 65 - cultivatf relpicitons LSD.05 

1000-kernel ut. 34.7 40.1 42.2 50.5 36.0 26.4 3.56 140.0" 3.31* 2.06 
Milling yield % 65.8 74.2 76.3 75.9 74.5 6S.8 .57 419.0o** 

' 
4.47- 0.63 

Flour wt. (g) 11.74 13.22 13.62 13.57 13.25 12.27 .79 225.41l 3.21* 0.15 
Bran Flour wt (g) 2.26 1.19 1 18 1.08 1.30 1.86 4.69 l&5.43 -* 11.20** 0.10 
Washed bran wt (g) 3.37 3.04 2.70 2.87 2.88 3.27 2.65 40.52** 3.20* 0.12 
% endosperm 80.59 82.56 84.56 83.63 83.44 81.23 .55 44.42** 3.17* 0.68 
Sample recovery % 97.67 98.11 98.43 98.50 98.02 97.82 .54 I.5Z 1.31 0.80 

* Indicates significance at the .05 and .01 levels respectively.
 
+ Average dry weight of whole grain samples fractionated = 17.79 g. 



Table 4. Means, co-cficients of v.riatic,n, F ratios, and er, r variances fro-i the analysis
of varxar for kcinel cc, porrnts and Ic(rvel izco-. ,F2centagcs for parent and 
check cultivars in tue 1973 Yi . 1,.ad xoi nurs.ry 

Cozfficient F Error 

Variable Ccnturkl Atls 66 k'rp lI C1 13, 9 Ci', of ratio rean 
n=7 n=3 n=7 n-2 8156 

rn=2 
vari-tion squ-re 

100 kernel wt. 3.61 3.63 
 2.62 2.21 3.92 3.90 113.6** .0154
 
Milling yield % 81.8 74.3 75.5 72.0 
 82.1 1.43 58.3"*1.2380
 
Flour wt. (g) 14.96 13.57 13.75 13.15 15.47 1.94 
 39.4** .0764
 
Bran flour wt. .68 1.20 1.20 
 1.63 .55 9.78 60.1"* .0097
 
Washed bran wt. 2.25 3.01 2.76 
 3.02 2.32 5.76 22.73**.0226
 
Sample recovery % 97.37 96.53 96.41 97.06 98.02 .78 
 2.74 .5539

%endosperm 87.4 83.1 84.4 83.0 87.4 1.03 22.73**.7766
 

*,* 	Indicates significance at the .05 and .01 levels respectively.
 
Average dry weight of whole grain sample fractionated = 18.38 g.
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however, is only 2 percentage points higher inendosperm percent* 
Atlas
 
66 had almost twice as much endosperm adhering to the bran as Triumph 64.
 

00e 
aain protein and lysine percentages were calculated using

endosp :r
atd brin woVists and protein and lysine percentages. The means,
 
rages, ,ana standara deviations for measured and calculated protein and
 
lysine (% cf 5a ?le) 2percentags are listed in Table S. Calculated protein and 2:'sinc muan, rang,, and standard deviation values are almost
 
identical to the 
 ecasurcd values. 
The correlations between the calculated
 
an. ,easu.0 protein and lysine values are very high.
 

The v'poats aaalyzed in this study, particularly those from the
 
Vorld Collcction, represent a large range of kernel types and differ
 
widely for kLrncl weight, test weight, milling quality, and endosperm
 
purclA Te correlations for these traits are listed in Table 6. In
 
tie eed 
 :nuscry 100-kernel weight was not correlated to percent
 
endozpazm. 
A lc'z but significant correlation existed between 100-kernel
 
weight and nilling yield. 
 In the World Collection nursery, the correla
tions of test weight with both milling yield and percent endosperm were
 
highcr than those of lO00-kernel weight. 
The correlation of both test
 
weight arnd 1O 
 -karnel weight with percent endosperm were low but sig
nificant. 
 Test waight provides a 
better index of milling yield and
 
percent endosporm than 1000-kernel weight. 
The correlation between test
 
weight and kernel weight is low.
 

Inboth nurseries, milling yield was strongly correlated with per
cent ondosperm. 
 In both nurseries, there was a high negative correlation
 
between nilling yield and bran flour weight. 
As milling yield increased
 
the aaount of endosperm remaining on the bran decreased.
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Table 5. Mcans, ranges, and standard deviations for % protein and lysine

(%o: samplc) Zor grain samples obtained by whole kernel
 
analysis and by calculation using endosperm and bran protein

and lysinc percentage for 176 rows from the 1973 Yuma head row
 
nurscry and for 153 
 ows from the 1973 World Wheat Collection
 
Specal StuJy nursery.
 

Standard
Variable 
 Mean Range deviation
 

1073 Yuma head row nursery
 

Grain %protein 17.98 11.60-24.20 3.15
 
Calculated grain % protein + 18.11 11.75-23.98 3.09
 

G.ain lysilno (%of sanplo) O.SS 0.38- 0.68 0.068
 

Calculated _ lysino 
off.1c) / 
 0.54 0.38- 0.68 0.065
 

1'73 I'o;ld 1heat Collection Special Study Nursery 

Grazn (%p~zoc:n) 16.39 11.20-21.00 2.29
Calculatcu L,.-n (%protein) + 16.60 11.36-21.16 2.32
 

Grain 1yz:n (%of sample) 0.47 0.37- 0.60 
 0.059
 

Calcul.tcd gz-n lysine 
(Lof uztc) A 0.47 0.36- 0.59 0.056
 

+ Te ccl. lac~or of calculated grain % protein and grain % protein a 
r . - for t, head row samples and r a .98** for the World Wheat 
Collecton sapl,( . 

& The corrcl.ton of calculated grain lysine (%of sample) and grain
lyslnro (%o" snp~c) - r = 0.96** for the head row samples and r 
0.95** for the Wlorld Wheat Collection samples.
 

http:11.36-21.16
http:11.20-21.00
http:11.75-23.98
http:11.60-24.20
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Table 6. Correlation coeffi:ients for kernel traits for 176 rows from
the 1973 Yuma head row nursery and for 153 rows from the 1973
W.orld 'WheatCollection Special Study nursery.
 

Correlaiton
coefficient
Traits correlated 


r
 

1973 Yuma head row nurserx
 
100 kcinc. w 
(g) Milling yield
100 l :t .210*.. ~l1 %endosperm of sample .06
illing y... endosperm
Millin- yield .89**
 

Bran flour wt (g) 
 -.83"*
 

1973 1.'orl 'cat Collection Special Study Nursery 
Test w... (',g/nl) Milling yieldTh.Ct 1:c2<,h (kg/hi) .41"*% endosperm of sample1000 ne1 w. (g) .23*Milling yield
1000 ,or-ol'Q (g) .26**%endosperm of sample,,:ling yacla .20*% endosperm of sample1'1l114i y-'id .70*

Bran flour wt (g)Tc56 waegh6. (kg/hl) -. 83*1000 kernel wt (g) .26"*
 

* ** Indicates significance at the .05 and .01 levels respectively.
 

On the average, 80% of the protein in wheat grain is endosperm
 
protein while only an average 68 to 71% of the total lysine resides in
 
endospejii proteins. 
The means, ranges, and standard deviations for these 
variable ar.- listed in Table 7. The percentages of kernel protein and
 
lysine in tne endosperm are slightly larger for the head row nursery than
 
for t'he VTorld Collection nursery. 
This can be attributed to the larger
 
endospern percentages of the head row samples (Table 2). 
 The range
 
values are large for percentages of both protein and lysine that are
 

endosperm in origin.
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Table 7. Means, ranges, and standard deviations for percentage of whole
kernel protein and lysine that is endosperm protein and lysine
for 176 rows from the 1973 Yuma head row nursery and for 153
rows from the 1973 World Wheat Collection Special Study

nursery./
 

Standard
.ariable 
 Mean 
 Range Deviation
 

1973 Yuma head row nursery
 

t of kernel protein in
endosper,.i 
 80.5 
 75.S-85.9 


' 	of kernel lysine in 
2.12
 

endosperm 
 70.7 
 64.7-77.9 
 2.55
 

1973 World Wheat Collection Special Study nursery, 

% 	of ernel protein inendosperm 
 79.3 
 70.5-84.9 

% 	of krLcl lysine in 

2.47 
endosperm 
 68.0 
 58.8-74.8 
 2.94
 

of kernel protein in endosperm - (endosperm protein (g)/total

protein (g)) x 100.
 

# 	% of kernel lysine in endosperm . (endosperm lysine (g)/total lysine
(g)) x 100. 
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Wor.d Collection Wheats
 

The mean protein, lysine (%of protein), and lysine (%of sample) 
percentages of the bran samples of the World Collection wheats were con
siderably higher than those of the endosperm and whole wheat samples 
(Table 8). IVrholo grain samples were higher in protein and lysine content 
than the endosperm samples because of the high protein and lysine content 
of the bran. The mean difference of whole grain and endosperm protein '
 
percentages is small. The lysine mean differences of grain and endosperm 
were relatively larger than the protein mean differences. 

Correlation coefficients for grain, endosperm, and bran protein
 
and lysine values for the World Collection wheats are listed in Table 9.
 
Endosperm percent protein was highly correlated with whole grain percent
 
protein. 
Grain and endosperm protein percentages were correlated with
 
bran percent protein but these correlations were lower than the correla
tion of grain and endosperm protein. 
The correlation of grain percent 
protein with percent endosperm of sample was negative, i.e., as percent 
endospern of sample increased the protein content of the whole grain 

sample decreased. F 

Grain lysine percentages were positively correlated with endosperm 
and bran lysine percentages. The correlations of 'grain lysine percentages 
with the endosperm lysine percentages were higher than the correlations 
with the bran lysine percentages. The correlations of grain lysine values 
with endosperm lysine values are lower than the correlation for percent 
protein. Grain lysine (%of sample) was negatively correlated with per
cent endosperm. 
Grain lysine (%of protein) was not correlated with per

cent endosperm.
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Table 8. Moans, range values and standard deviations for whole grain,
endosperm, and bran protein and lysine values of wheats grown
in the World Wheat Collection Special Study nursery at Yuma,
Arizona in 1973. +
 

Variabe 
 Mean Standard.Ran
 e deviatin
 

% Protein
 

h'holo grain 
 16.4 
 11.2 -21.0
Erdospe, 2.29
1 , 
 16.1 
 10.8 -21.0
Bran 2.43
19.0 
 13.1 -25.1 
 2.40
 

Lysine (% of sample)
 
Whole grain .47 .37- .60EnDosperm .059.39 
 .29- .SO
Bran .050
.83 
 .46- 1.14 
 .107
 

Lyz;.e (%of protein) 

blWole grain 2.90 
 2.52- 3.37
Endosperm .214
2.45 
 2.14- 3.08
Bran .166
4.40 
 3.23-4.97 
 .286
 

+ Bran includes the germ
Results are for 129 World Collection Wheats plus 6 checks replicated

4 timu.
 

http:3.23-4.97
http:Erdospe,2.29


Table 9. 
Correlation cofficients for whole grain, cnaosperir, 
 and bran p-otein and lysine
percentag"s for 135 ilhc-Its gro in in the horld Iflicat Collection Special Study nurseryat lumia, Aiiz. in 1973 + *L


Wlhole ker,,e1LS ---- LV- Endospern LS P BranLP S ' EN 

Whole kernel% protein .85** 
 -.49** .98** .89** -.S4** 
 .75** .55** -.34**
Lysine (t of sample) -.3S**
.04 .82** .91** -.15*S 
 .72** .59**
Lysine (%of protein) -.22** -.41**
-.48** -.17* .78** -.23** 
 -.07 .28** -.03
 

•protein
.90** -.55** .67** .49** -.32**
Lysine (% of sample) -.14 .64** .48** -.30**
Lysine (% of protein) 
-.3l** -.23** .14
 

Bran

-Trotein 


.87**
Lysine (%of sample) -.21* 
* 21* 

• 29* 

,* 
Indicates significance at the .05 and .01 levels of probability respectively.
+ Results are for 129 World Collection wheats plus 6 checks replicated 4 times.# Abbreviations: P = % protein; LS = lysine (% of sample); LP = lysine (% ofprotein); % End = percent endosperm.
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Within each group of samples, i.e., whole grain, endosperm, and
 

bran, lysine (%of sample) was positively correlated with percent protein
 

and lysine (Sof protein) was negatively correlated to percent protein.
 

groupWithin cach of samples, the correlation of lysine (%of sample) and 

lysino (1of protein) was either not significant or low. 

Table 10 contains a summary of the regression models tested for
 
the regression of lysine on percent protein for the whole grain, endosperm,
 

and bran sanpls of the World Collection wheats. Models for the regression 

of grain protein and lysine on percent endosperm also are listed. Within 

each group of samnples, i.e., grain, endosperm, and bran, the linear models 

for the regression of lysine (%of sample) and lysine (%of protein) on 

percent p:otoin gave the best fit. The coefficients of determination for
 

the regresBion of lysine (%of sample) on percent protein were higher
 

than those for lysine (%of protein). Eighty-one percent of the vari

ability that existed among wheats for endosperm lysine (%of sample)
 

coul. be attributed to variation for endosperm protein while 31% of the
 

variation for endosperm lysine (%of protein) could be attributed to endo

s~annn protein variation. 
The coefficient of determination for the re
gression of bzan lysine (%of protein) on bran percent protein is very low.
 

The coc ficient of determination for the regression of grain
 

lysine ('of sample) on grain percent protein and percent endosperm is 

slightly lar-er than the coefficient of determination for its linear 

regression on grain percent protein. Percent endosperm has a small but
 

significant effect on grain lysine (% of sample) after taking into
 

account variability due to variation in percent protein. 
Although the
 

correlation of percent endosperm and grain lysine (%of protein) was
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Table 10. 	 Sunmiary of regressions models tested for whole grain endosperm

and bran protein and lysino content for wheats grown in the
Worc Micat Collection Special Study nursery at Yuma, Arizona
 
in 1973. Results are for 129 World Collection Wheats plus 6
 
check varieties replicated 4 times. +
 

Podel 
 Saple 	 Dependent Indopendent Coefficient

nluTrr si-e 
 variable 
 variable of determination
 

C73- 1 153 
 ELS EP** 
 .8098

C73- 2 153 ELS EP EP2 
 .8099

C73- 3 153 
 ELP EP** 
 .3088

C73- 4 153 ELP 
 EP* nP2 	 .3199
 

C73- 5 153 BLS 
 BP** 
 .7570

C73- 6 153 BLS 
 BP** BP2 	 .7586

C73- 7 153 
 BLP BP** 
 .0464

C73- 3 153 BLP BP BP2 
 .0559
 

C73- 9 1S3 GP 
 % End** 	 .1227

C73-10 153 
 GLS % End** 	 .1670
 

C73-11 153 
 GLS GP** 	 .7206

C73-12 15S GLS GP GP2 
 .7209
C73-13 153 
 GLS GP** % End** .7348
 

C76-14 153 
 GLP 
 % End 	 .0009

C73-15 153 GLP P** 
 .2364
C73-16 153 GLP p* p2 
 .2471
C73-17 153 
 GLP P** % End** .2823
 

* 	 Indicates significance at the .05 and .01 levels of probability 
respectively of the partial regression coefficient. 

Abbrevic.tions.
 
G = 1Zho1 grain
 
E = Endo.pcr
 
B =Brn
 
' End --'-Endosperm
 
P = , Pzotcin
 
LS = Lysino ( of sample)
 
LP = Lysine C%of protein)
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not significant, percent endosperm did have a significant effect on grain
 

lysine (% of protein) when included in a multiple regression model with
 

grain percent protein.
 

The regression lines for the linear regression of lysine (% of
 

protein) on percent protein for whole grain, endosperm add bran samples
 

of the World Collection wheats are shown in Figure 3. The lengths of the
 

regression lines correspond to the range in protein values for each group
 

of samples. There was more variation among wheats for bran protein con

tent than for endosperm or grain protein content. 
The slope of the bran
 

regression line is slightly less than the slopes of the grain or endo

sperm lines. 
The gentle slope of the bran regression line illustrates
 

that bran protein content did not have much effect on bran lysine (% of 

protein). The slope of the grain regression line is slightly steeper 

than the slope of the endosperm regression line. The similarity between 

the curves reflects the very high correlation of grain and endosperm per

cent protein and their reasonably high lysine (% of protein) correlation.
 

Standard partial regression coefficients are the partial regression
 

coefficients when each variable is in standard measure and, as such, give
 

an indication of the relative importance of the independent variables.
 

The standard partial regression coefficients for the regression of grain
 

percent protein on endosperm and bran percent protein and percent endo

sperm are listed in Table 11. Percent endosperm has very little effect
 

on grain protein content. In comparison with endosperm protein content,
 

the effect of bran percent protein on grain protein content is small.
 

The standard partial regression coefficients for the regression
 

of grain lysino (% of sample) on endosperm and bran percent protein and
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Figure 3. 
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Linear relationship of % protein and lysine (% of protein) for whole grain 
endosperm, and bran of wheats from the 1973 World Wheat Collection Special 
Study nursery. 
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Table 11. Standardized partial regression coefficients for whole grain

protein and lysine content from the regression analysis of
 
wheats grown in the 1973 Yuma World Wheat Collection Special

Study nursery. 
Results are for 129 World Collection wheats
 
plus 6 check varieties replicated 4 times.
 

Dependent 
variables 

Independent 
variables 

Standardized partial 
regression 

Coefficient of 
determination 

coefficients for regression 
model 

Whole grain 1.Endosperm .8717** .9792 
% Protein % protein

2. Bran % protein
3. % Endosperm 

.1599** 
-.0099 

Whole grain 1.Endosperm .8866** .8679 
lysine 
(%of 

% protein
2. Endosperm lysine .3961** 

sample) (% of protein) 
3. Bran % protein .2458** 
4. Bran lysine (% of .1333** 

protein) 
5. % Endosperm -.1161 

',* 
 Indicates significance of the partial regression coefficients at 
the .05 and .01 levels of probability respectively. 

lysine (% of protein) and on percent endosperm (Table 11) show that endo-,
 

sperm protein content has as much effect on grain lysine content as all
 

the other factors ccmbined. The effect of endosperm lysine (% of protein) 
on -rain lysine (%of sample) is greater than the effects of bran protein 

or bran lyzine (%of protein). Percent endosperm has the smallest effect, 

on grain lysine C%of sample) of the factors tested. 
Grain, endosperm, and bran lysine (%of sample) and lysine (%of 

protein) values were adjusted to their respective mean protein levels so 

that valid grain, endosperm, and bran lysine comparisons could be made
 

among wheats differing in protein content. 
Grain lysine values also were
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adjusted for grain percent protein and grain percent endosperm. Indepen
dent variable means and the regression coefficients used in these adjust

men: oquations are given in Table 12. Some of the regression models
 

listcd in Table 12 were summarized inTable 10.
 

Correlation coefficients of adjusted grain, endosperm, and bran
 
lysine values for the World Collection wheats are listed inTable 13.
 
The grain lysino values adjusted for percent protein and test weight were
 
adjusted using tno adjustment equations from Section I for the 1973 Yuma
 
nurscery. The correlation of adjusted grain lysine (%of sample) with
 
adjusted grain lysino (%of protein) was high (r
- .99) for all three 
grain lysine ad-ustment equations. Coefficients for the correlation of 
adjusted endosperm and bran lysine (%of sample) values with their re

spective lysine ('of protein) values were r - .99. After adjustment,
 

lysine (%of sample) and lysine (%of protein) provide the same relative
 

measure of protein quality.
 

The coefficients for the correlation of adjusted endosperm lysine
 

(%of protein) with grain lysine (%of protein) adjusted for percent pro
tein and test weight, percent protein and percent endosperm, and percent
 

protein were r = 0.64, r -
0.66, and r - 0.70 respectively. The coeffi

cient for the correlation of unadjusted grain lysine (%of protein) with
 

unadjusted endosperm lysine (%of protein) was r a 0.78 (Table 9). 
 Re
moval of the effect of percent protein on lysine content by adjusting
 

lysine values for percent protein decreased the correlation between grain
 
and ondosperm lysine percentages. Including percent endosperm or test
 

waiglt in the grain lysino adjustment equations with percent protein
 

resulted in 
an additional decrease in correlation of grain and endosperm
 



Table 12. fleans, reression coefficients, 't' values for the regression coefficients, and intercept
values for the regres. )on of lysine (% of sample) and 1,,sine ('a of pcotein) for vhole grain,
endospern, and bran sr~iples for the whcats f±actionated frori the Lorld I'ncat Collection 
Special Study Nursery groi~m at Yuwa, Arizona in 1973.+ 

Model number Dependent Independent Independent Repression tt' Intercept Dependcnt Coefficient of
 
variable variable 
 variable Coefficient value variable determination
 

mean 
 mean
 

C 73-1 ELS EP 16.09 .0186 25.3S** .0880 .388 .8098 
C 73-3 - ELP EP 16.09 -.0380 -8.21** 3.0658 2.454 .3088 
C 73-5 BLS BP 18.96 .0386 21.68** .0976 .830 .7579 
C 73-7 BLP BP 18.96 -.0256 -2.71** 4.8914 4.406 .0464 
C 73-11 GLS GP 16.39 .0218 19.74** .1096 .468 .7206 
C 73-13 GLS GP 16.39 .0207 17.92** .4743 .468 .7348 

% End 81.93 -.0042 -2.83** 
C 73-15 GLP GP 16.39 -.0455 -6.84** 3.6434 2.898 .2364 
C 73-17 GLP GP 16.39 -.0530 -7.67** 6.0288 2.898 .2823 

% End 81.93 -.0276 -3.09** 

* Indicates significance at the .01 level of probability.
 
+ Abbreviations: G = whole grain; E = Endosperm; B = Bran; % End = % Endosperm; P = % Protein; 

IS = lysine (% of sample) ; LP = Lysine (% of protein). 



Table 13. 	 Correlation coefficients of whole grain, endospern, and bran adjusted lysine villues for
wheats gro,,i in the borld IMiaat Collection Specia] Stud, nursery at Yun-i, Arizona in 
1973. Results are for 129 Vorld Collection Wheats plus 6 chcck varieties rc.l)icatcd
 
4 times.
 

GLP GLS GLP GLS GLP ELS ELP BLS BLP
(GP KG/HL) 	 (GP " End) (GP % End) (GP) (GP) (EP) (P) (W) (BP)
73-33 	 C73-13 C73-17 C73-11 
C73-15 C73-1 C73-3 C73-5 C73-7
 
Section I
 

GLS (GP KG/HL) .99** .95** .93** .97** .96** .65** .63** .14 .13 
73-29 (Section I)

GLP (GP KG/HL) .94** .94** .96** .97** .64** .64** .15 .14

GLS (GP % End) 	 .99** .97** .96** .66** .64** .31** .29**

GLP (GP % End) .96** .97** .66** .66** .31** .30**
 
GLS (GP) 
 .99** .70** .68** .19* .17*

GLP (GP) 
 .70** .70** .18* .17*

ELS (EP) .99** .01 .01
ELP (EP) 
 .01 .03

BLS (BP) 
 .99** 

*,* 
 Indicates significance at the .OS and .01 levels of probability respectively.
 
* 	Abbreviations: G = whole grain; E = Endosperm; B = Bran; % End = % endosperm;


P = % Protein; LS = Lysine (% of sample); LP = 
 Lysine (% of protein).
Factor used to adjust lysine values given in partentheses. Regression model used for 
adjustment equation listed below adjustment factors. 

C) 
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lysine. The correlation of grain lysine (%of protein) adjusted for per

cent protein and test weight with grain lysine (% of protein) adjusted for
 

percent protein and percent endosperm was high (r a 0.94). Adjusted endo

sperm lysine values were not correlated with adjusted bran lysine values.
 

Means, F ratios, coefficients of variation, and LSD values for
 

grain, endotperm, and bran protein, lysine and adjusted lysine percent

ages for the check varieties of the World Collection nursery are listed
 

in Table 14. 
 There were highly significant differences among the check
 

varieties for all variables tested. 
The F ratio for replications was 

significant at the .01 level of probability only for unadjusted endosperm 

and br"i lyzine () of protein) and adjusted bran lysine (%of protein). 

Atlas 66 and Nap Hal were higher in grain and endosperm protein
 

content than the other varieties. Nap Hal had significantly higher bran
 

protein content than the other wheats. 
Nap Hal also was significantly
 

higher than the other varieties for adjusted grain lysine (%of protein).
 

Nap Hal had the highest adjusted endosperm lysine (%of protein), but
 

the degree of its superiority in comparison with the other varieties was
 

less than for grain adjusted lysine. 
Atlas 66 had significantly lower 

adjusted bran lysine (%of protein) than the other varieties. There was 

no difference among the other varieties for adjusted bran lysine., 

Centurk had relatively high grain and endosperm adjusted lysine per

centages.
 

Grain, endosperm, and bran protein and lysine percentages of the
 

World Collection wheats with the highest and lowest endosperm protein
 

percentages are listed in Table 15. 
 The wheats that had the highest and
 

lowest grain lysino (% of protein) values adjusted for percent protein
 



Table 14. Means, coefficien of variation, r ratios, and LSD values for ulhole grain, endospern,
and b-ra pioi-cn caid lysine values for check cultures in the 1973 I-orld h~eat Collec
tion Spocial Study nurs.ry. + 

Variables 
Atlas 
66 

M1can of check 
Trirrlh Scout 

64 66 

cultiv- f r=4 
Inia Centurk 
66 

Nap 1 I CV 
r 

ratio 
for 

F 
ratio 
for 

LSD.05 

checks reps 
GP 
EP 
BP 
GLS 
ELS 
BLS 
GLP 

19.0 
19.2 
19.5 

.52 

.44 

.81 
2.76 

17.4 
17.5 
18.3 

.49 

.41 

.85 
2.83 

14.5 
14.4 
16.8 

.43 

.36 

.79 
2.99 

16.4 
16.6 
17.3 

.46 

.38 

.79 
2.83 

13.9 
13.5 
17.0 

.43 

.35 

.76 
3.12 

18.5 
17.8 
24.0 

.S7 

.45 
1.11 
3.09 

5.83 
6.00 
5.54 
5.08 
5.34 
5.89 
3.00 

18.36t* 
19.12** 
27.57** 
19.35** 
15.81"* 
26.58** 
12.00** 

2.81 
4.10* 
3.91* 
2.04 
1.10 
1.06 
2.57 

1.46 
1.49 
1.57 
.04 
.03 
.08 
.13 

GLP a4 for 
P & % E 
GLP adj for P 
ELP 
ELP adj for P 
BLP 
BLP adj for P 

2.86 
2.87 
2.32 
2.44 
4.20 
4.22 

2.90 
2.88 
2.36 
2.42 
4.68 
4.67 

2.97 
2.91 
2.51 
2.44 
4.76 
4.71 

2.88 
2.83 
2.32 
2.34 
4.59 
4.54 

3.04 
3.01 
2.64 
2.53 
4.48 
4.44 

3.18 
3.18 
2.54 
2.61 
4.64 
4.76 

2.27 
2.36 
3.79 
3.15 
3.12 
3.05 

12.94** 
14.08** 
8.22** 
6.06** 
7.75** 
8.67** 

1.46 
1.74 
5.87** 
4.28* 

10.69** 
9.28** 

.10 

.10 

.14 

.12 

.21 

.21 
%of Kernel P 
in E 

%of Kernel 
80.4 81.9 82.5 83.1 79.9 76.2 .72 73.56** .86 .87 

L in E 69.3 69.3 71.2 71.2 69.9 63.7 1.62 24.64** 3.77* 1.69 

Indicate significance at the .05 and .01 levels of probability respectively.
* Abbreviations: G = grain; E = endosperm; B - bran; P = % Protein; LS = lysine
(%of sample); LP = lysine (%of protein). 
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and percent endosperm are listed in Table 16. The wheats that had the
 

highest endosperm lysine (%of protein) values adjusted for percent pro

tein are libted in Table 17. The wheats listed in these tables were not
 

replicated. LSD values from the analysis of variance of the check
 

varictics can be used as estimates of statistical differences among,
 

the W¢orld Collection wheats for protein and lysine content.
 

There are significant differences among the World Collection
 

wheats for endospo-m protein content. Wheats with high endosperm per

centages differ by seven percentage points from those with low endosperm 

protain percentages. The wheats with high endosperm protein percentages 

are cqjal to Atlas 66 in endosperm protein content. Some of the endo

spcam protein value, are slightly higher than whole kernel protein per

contagoas. The differences, however, are within the range of laboratory 

cxporlmcintal error. 

There are also significant differences among the World Collection
 

ihoats for grain lysine (%of protein) adjusted for percent protein and 

porccnt endosperm and for endosperm lysine (% of protein) adjusted for 

percent protein. Seven wheats are in the top 15 of each group. The 

range between the top 15 and bottom 5 wheats for adjusted grain lysine 

('of protein) is 0.6 of a percent. The range between the top IS and 

botton. 5 wneats for adjusted endosperm lysine (%of protein) is 0.4 of 

a percent. Mheats with the highest adjusted grain lysine percentages 

have adjusted grain lysine values as high or higher than the adjusted
 

grain lysine percentage of Nap Hal. World Collection wheats with the
 

hi-host adjusted cndosporm lysine percentages have higher adjusted
 

endosperm lysine percentages than Nap Hal.
 



Table 1S. Miole Lerncl, e'dosperm, PA bron protein 
nd lysine values of World Collection

hheats from the 197, luna nursery that had thc. hig'cst and lo'est eneosperm prot'n

content cf the sheats fractioprated. + 

Iihole k,:'nMl EndosperrI Bran 
adj adj adjCI/PI Rank lysiA, lysine lysine lysine 
 lysine lysine


%of % of % of % of % of % of
protein protein protein protein protein protcin 
protein protein protein
 

9053 
 1 20.9 2.54 2.64 21.0 2.34 2.53 21.7 3.23
6225 2 19.8 2.86 3.01 2.42 
3.30
 

20.9 2.60 20.5 4.63 4.67
192014 3 2.8621.0 3.08 20.8 2.20 2.38 21.2 
 4.13 4.19
5022 4 20.1 2.66 2.84 20.8 2.23 
 2.41 19.8 4.35 4.37
285812 5 20.3 2.79 2.97 20.2 2.39 23.0
2.55 4.32 4.42
8681 6 19.8 2.89 3.02 20.2 2.39 
 2.55 21.5 4.20 4.26
166788 7 2.8120.0 2.92 20.0 2.30 2.4 20.6 
 3.95 3.99284666 8 20.2 2.83 19.9
3.01 2.46 2.60 21.5 4.20 4.26
191961 
 9 19.2 2.83 2.98 19.8 2.35 2.49 19.5 4.73 4.74295350 10 19.6 2.93 
 3.01 19.7 2.42 2.56 
 21.2 4.16 4.22
166875 
 11 20.0 2.62 2.76 19.6 2.31 2.44 24.4 3.89 
 4.03
167680 12 19.8 2.75 2.88 2.22
19.5 2.35 22.6 4.18 4.27
192290 
 13 19.5 2.64 2.81 19.5 2.16 2.29 22.4 4.34

298580 14 19.1 2.60 19.4 

4.43
 
2.75 2.14 2.26 20.5 4.28 4.32
254077 15 19.1 3.07 
 3.23 19.3 2.70
2.58 20.3 4.43 4.46
 

166292 125 13.4 2.96 2.79 2.42
12.3 2.28 18.1 4.82 4.80
142521 126 12.1 3.23 3.00 12.0 
 3.08 2.92 4.09
13.6 3.95
135044 127 12.3 3.14 2.92 11.9 2.55 2.39 
 15.2 4.64 4.54135076 128 12.5 2.96 2.79 11.8 2.53 2.37 4.6518.6 4.64268449 129 12.4 3.27 3.14 11.6 2.77 2.60 16.5 4.72 4.66 

Whole kernel adjusted lysine adjusted for grain % protein and % endosperm.
Endosperm adjusted lysine adjusted for endosperm % protein.
Bran adjusted lysine adjusted for bran % protein. 



Table 16. Mhole Iernel, cndosper, -,,id br.,n pro cl- and ly ine v1tes of 1'orld CollectionVineats fro, thL 1973 Yuna nursLrj that h2d the higLcst and lowest grain lysine (% ofplotein) vzlucs adjt..ted for v protcin and - endosperm of the vihez-ts fractlonated.+ 

I'hole I erncl Endosperm 
 Bran
adjCI/PI Ran. lysine lysLne adj adjlysine lysine 
 lys-ne lysine


%of %of 
 of %of

protein protein protein protein protein 

%of %of 
protein protein protein protein


10907 
 1 17.2 3.27 
 3.30 16.9 
 2.37 2.40 
 18.7
176217 4.20 4.19
2 18.2 3.21 
 3.29 17.1 
 2.49 2.52 
 24.4
162008 3 16.8 3.24 3.25 16.6 
4.54 4.68
 

2.56 2.58 
 20.6 4.85
6616 4.89
4 16.7 3.25 3.24 
 16.4 2.73 
 2.74 19.7
245604 5 4.73 4.74
15.9 3.27 
 3.23 15.2 
 2.86 2.83 19.8
254077 6 19.1 3.07 4.28 4.30
3.23 19.3 
 2.58 2.7u 20.3
283832 7 16.4 3.17 4.43 4.46
3.15 16.5 
 2.65 2.67 18.4
225244 4.41 4.40
8 15.6 3.16 
 3.14 15.1 
 2.54 2.50
109368 9 14.6 3.19 19.0 4.56 4.56
3.14 14.0 
 2.60 2.52
268449 20.3 4.64 4.67
10 12.4 3.27 
 3.14 11.6 
 2.77 2.60 16.5
166859 4.72 4.66
11 16.5 
 3.16 3.14 15.4 2.38 2.35
3342 21.2 4.23
12 15.9 3.12 4.29
3.14 15.5 
 2.70 2.68 
 19.3
272427 4.60 4.61
13 17.0 3.09 3.13 
 16.6 2.62 2.64
13792 14 19.1 2.93 18.8 4.31 4.31
3.12 18.1
6192 15 2.55 2.63 24.3 4.13 4.27
14.0 3.15 
 3.12 13.3 
 2.54 2.43 18.4 
 4.73 4.72
 
182563 
 125 16.4 
 2.62 2.62 16.3 2.29 2.30
151202 126 14.5 18.6 4.49 4.48
2.65 2.60 14.1 2.35 2.27 
 16.3 4.76
9393 127 4.69
17.5 2.56 
 2.58 17.4 2.25 
 2.30 21.0
125387 128 15.7 2.59 4.44 4.49
2.57 15.4 
 2.41 2.38 18.6
9050 4.34 4.33129 13.7 2.71 
 2.53 13.6 
 2.50 2.40 
 13.8 3.84 
 3.71
 

Whole kernel adjusted lysine (% of protein) adjusted for grain % protein and % endosperm. 
Endosperm adjusted lysine (% of protein) adjusted for endosperm %protein.Bran adjusted lysine (% of protein) adjusted for bran % protein. 



Table 17. lhole IcTtec e,.o-n, iond bran protein and lysine values of World Colle:tion
Wncats fro, the 1973 Yula nursery t at h.i.d the highest and low-st endospern lysine(% of protein) vrlu .z ,,justc for enJoLp-rn % r--otoin iicatsof the fiactionated. 

U i imc ]ciac i Endos przrn _ _ _ _r_ _ _ _ _ _
adj 

_ 

adj 
_ _ _ 

adjCI/PI Rank lysiie ly n - lyslr.2 lysine lysine
%of C of %of %of %of 
 %of
protein protein prot- iot ptotejc p ,tein protein protcin protein
 

142521 1 12.1 3.23 3.00 12.0 
 3.08 2.92 13.6 4.09 
 3.95
245604 2 15.9 3.27 
 3.23 15.2 2.86 2.83 19.8 4.28 4.30
298587 3 14.6 3.27 14.5
3.05 2.86 2.80 16.4 3.90 
 3.83
254829 4 15.5 3.16 
 3.04 14.8 2.82 2.77 18.5 4.45 4.446616 5 16.7 3.24
3.25 16.4 2.73 2.74 19.7 4.73 
 4.75
254077 6 19.1 3.07 
 3.23 19.3 2.58 2.70 
 20.3 4.43 4.46
3342 7 15.9 
 3.12 3.14 15.5 2.70 
 2.68 19.3 
 4.60 4.61
174702 8 15.5 
 3.20 3.12 15.1 2.71 
 2.67 18.7
283832 9 16.4 3.17 3.15 16.5 
4.56 4.55
 

2.65 2.67 
 18.4 4.41 4.40
272427 10 17.0 3.09 
 3.13 16.6 2.62 2.64 18.8 4.31 4.31
192738 11 17.7 3.04 2.86 17.9 
 2.57 2.64 19.3 3.49 
 3.50
10003 12 17.7 2.99 
 3.07 17.5 2.58 2.63 
 18.2 4.29 4.27
13793 13 19.4 
 2.81 2.99 19.0 
 2.52 2.63 23.6 4.18 
 4.30
13792 14 19.1 2.93 
 3.12 18.1 2.55 2.63 
 24.3 4.13 4.27
306513 
 15 15.2 3.15 3.08 14.4 2.69 2.63 18.1 4.41 4.39
 

166474 125 15.8 2.70 2.70 
 15.9 2.23 2.22 19.3 
 4.35 4.36
6523 126 17.4 
 2.56 2.66 17.1 2.18 
 2.22 18.5 
 4.34 4.33
7514 127 17.4 2.67 2.70 16.4 2.20 2.21 19.6 
 4.20 4.22
166877 128 13.6 2.93 2.83 12.7 
 2.34 2.21 16.6 4.66 
 4.60
245539 129 15.8 2.70 2.71 15.9 2.19 2.18 18." 4.39 4.38
 

Whole kernel adjusted lysine (% of protein) adjusted for grain % protein and % endosperm. 
Endosperm adjusted lysine (% of protein) adjusted for endosperm % protein.
Bran adjusted lysine (% of protein) adjusted for bran % protein.
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Parents and Pro nies of High Protein and/or High Lysine Crosses
 

Grain, endosperm, and bran protein and lysine mean and range values
 

for the parents and progenies of three high protein and/or high lysine
 

crosses are listcd in Table 18. The relationships among grain, endosperm,
 

and bran sariples for protein and lysino content are the same as for the
 

World Collection wheats. The mean grain, endosperm, and bran protein and
 

lysine values of the parent and progeny rows are higher than those of the
 

World Collection wheats listed in Table 8.
 

Corrolation coefficients for grain, endosperm, and bran protein
 

and lysine for the parent and progeny rows are listed in Table 19. The 

relationships are similar to those of the World Collection wheats with 

a few cxccptions. Grain lysine (%of sample) and endosperm lysine (%of 

sanple) are nc-atively correlated to their respective lysine (% of pro

tein) values for the parent and progeny rows. In the parent and progeny 

rows, tho negmtive correlations of percent endosperm with grain percent 

protein rand grain lysine (% of sample) are larger than for the World 

Collection wheats. The correlation of percent endosperm with grain 

lysine C5 of protein) is positive for the parent and progeny rows. 

Mhe standard partial regression coefficients for whole kernel
 

protein and lysine content for the parent and progeny rows listed in
 

Table 20 arc similar to those of the World Collection wheats. Endosperm
 

lysinc (% of protein) had a larger effect on grain lysine (% of sample)
 

for the World Collection wheats than it had for the head rows. 
Althotigh
 

the correlation of percent endosperm with lysine (% of protein) for the
 

parent and progeny rows was positive, its standard partial correlation
 

coefficient is negative.
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Table 18. 	 M1cans, Range values, and standard deviations for whole grain,

endosperm, and bran protein and lysine percentages for 176
 
parcnt and pro eny rows of three crosses from the 1973 Yuma,
 
Ariz. nursery.
 

Variable Mean Range Standard 
deviation 

s Protein 
Whole grain 18.0 11.6 - 24.2 3.16 
Endospcrm 
Bran 

17.4 
22.1 

10.5 
15.1 

- 23.6 
- 26.7 

3.34 
2.10 

L',~:ie (' of sample) 
L,o6J gran 
Enoosper'n 
Bran 

.55 

.45 
1.00 

.38 

.33 

.71 

- .68 
- .58 
- 1.20 

.068 

.060 

.088 

Lysinc (% of protein) 

1wholc gr.1n 
Endosp3im 

3.10 
2.65 

2.63 
2.23 

- 3.66 
- 3.26 

.235 

.227 
Bran 4.53. 3.91 - 5.09 .220 

+ Bran includes the germ. 
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Table 19. 	 Correlation coefficients for whole graiii, endosperm, and bran
 
protein and lysine percentages for 176 parent and progeny

rows of three crosses from the 1973 Yuma, Ariz. nursery.*
 

Variable 
 Wholc kernel Endosperm 
 Bran
 
LS LP P LS LP P 
 LS LP END
 

1'4hola ternclI 
o protcin .94** -.82** .99** .94"* -.82"* .71** ,47** -.54* -.71** 
Lysinc (1
of sz.-plc) -.S8** .92"* .93"* -.68"* .80"* .63** -.44"* -.74"*
Lyine (% 
of p:otein) 
 -.83"* -.69** .85"* -.36** -.08 .58** 
 .44"*
 

Endo,,ncrr 
p~otc~n .94"* -.84"* .67"* 
.43"* -.54**
 

Lysino (%

of sample) 
 -.60"* .71** .48** -.54"*
 

Lysine (,

of protein) 
 ,44** -.24"* ,44"*
 

Bran
 
protein 
 .86"* -.40**
 

Lysin,. ()
of sample) 
 .11
 

*,** Indicates significance at the .05 and .01 levels respectively.
 
+ Abbreviations: P a % protein; IS x lysine (%of sample); 

LP a lysine (% of protein); % End - % dndosperm. 
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Table 20. Standardized partial regression coefficients for whole keznel
 
protein and lysine content and the coefficients of determina
tion from the regression analysis of 176 parent and progeny
 
rows of three crosses grown at Yuma, Ariz. in 1973.4
 

Depenaent 
variables 

Independent 
variables 

Standardized 
partial 

Coefficient of 
determination 

regression for regression 
coefficients model 

whole kernel % endosperm % protein .9274 .9914 
p:otein bran % protein .0705 

% endosperm -.0280 

whole kernel endosperm % protein .8768 .9415 
lysine (' of 
sumplc) 

endospermlysine (% 
of protein) 

.1755 

bran % protein .2752 
bran lysine (%of .1188 
protein) 
endosperm -.1088 

whoiu kernel endosperm % protein -.6310 .8453 
lysine (% of endosperm lysine (% .4005 
protein) of protein) 

bran % protein .2452 
bran lysine (%of .2122 
protein) 
% endosperm -.1269 

+ All partial regression coefficients are significant at the 

.01 level. 
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Correlation coefficients for grain, endosperm, and bran protein 

and lysine percentages for the parent and progeny rows of the Nap Hal x, 

Atlas 66 population and for the parent and progeny rows of the Nap Hal X 

CI 1o449 population are listed in Table 21. In general, protein and 

lysine correlations within each population are similar and they corre

spond to the protein and lysine correlations of ihe World Collection 

vhcat.s and to the entire set of head row wheats. However, the correia

tions of the Atlas 66 x Nap Hal population differ in magnitude from the 

correlations of the Nap Hal x CI 13449 population. 

Protaein and lysine relationships within the Nap Hal x Atlas 66
 

population differed from those within the Nap Hal x CI 13449 population.
 

Decause of these differences, each of the three sets of parent and pro

geny rows were analyzed separately using regression procedures. The
 

second degree polynomial model provided a slightly better fit than the
 

linear rodcl for the regressions of grain lysine (%of sample) and grain
 

lysine ('of protein) on grain percent protein for the Nap Hal x Atlas 66
 

population. However, there was no practical difference between the two
 

models. Excluding the Nap Hal x 8156 group, the linear regression models
 

for the regression of grain, endosperm, and bran lysine (%of sample) and
 

lysine ("of protein) values on their respective protein percentages pro

vided the best fit. The linear regression of bran lysine (%of protein)
 

on percent protein was not significant for the Nap Hal x Atlas 66 group.
 

The Nap Hal x CI1IYT 8156 group consisted of only twelve progeny 

rows and six parent and check rows. This is a limited sample for re

grossion analysis. The regressions of lysine (4of sample) values on 

their respective protein percentages were significant but the regressions 
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Table 21. 	 Correlation coefficients for whole kernel, endosperm, and bran
 
protcin and lysine percentages for 94 parent and progeny fows

of the Nap Hal x Atlas 66 populations (a)and for 64 parent

and progeny rows of the Nap Hal x CI 13449 populations (b)
 
gro,.n at Yuma, Ariz. in 1973. 

whole Xcrnol endosperm bran 
Variable a elysn to Me Of *0Of I of ,% ofoi: %o£ lysine 	 lysine 

sample protein protein sample protein protein sample 2rotein
 

WI'olc co~ncl 

a 
b 

protein .9O** 
.91** 

.53** 
-.67** 

.98"* 

.99** 
.88** 
.94** 

-.47"* 
-.66** 

.60** 

.86** 
.46** 
.61"* 

-.36"* 
-.64** 

a 
b 

lysine (% 
of ba:plo) 

-.11 
-.31* 

.86*0 

.880* 
.86"* 
.89** 

-.25** 
-.480* 

.760* 

.870* 
.60"* 
.76** 

-.21" 
-.45" 

a 
b 

lysine (-
of protcn) 

-.56** -.34 
-.69** -.56** 

,57** 
.68"* 

...09 .13 
-.41"* -.04 

.40** 

.66*0 
Endos~ce 

a 
b 

5 protein .89** 
.94** 

-.48** 
-.69"* 

.600* 

.84"* 
.38"* 
.58** 

-.36"* 
-.64"* 

a lysine ( 
b of sarple) 

-.04 
-.410* 

54** 

.86"* 
.31"* 
.65"*, 

-.36"w 
.58* 

a lysine (% 
b of protein) 

-.31"* -.24* 
-.46** -.21 

.09 

.52** 

Bra-i 
a 
b 

4protein .85* 
.83** 

-.17 
-.58"* 

a lysine (%
b of sample) .36** 

-.03 

*0 ** Indicates significance at .05 and .01 levels respectively.
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for lysine (%of protein) were not. The means of the independent and 

dependent variables, regression coefficients, and intercept values for
 

the linear regression models for all three sets of parent and progeny
 

rows are listed in Table 22.
 

The regression coefficients listed in Table 22 were used to adjust
 

grain, endosperm, and bran lysine values of the hap Hal x 
Atlas 66 and
 

Nap Hal x CI 15449 sanples to the mid-parent protein level for each 
'
 

group. Nap Hal x Atlas 66 bran lysine (% of protein) values were not
 

adjusted. The mid-parent values were used instead of mean values because
 

the progeny rows of each group included segregates for grain, endosperm,
 

and bran protein content. The Nap Hal x CIMMYT 8156 parent and progeny
 

row lysine values were not adjusted for percent protein because the
 

limited size of their sample precluded precise regression analysis.
 

Whole kernel lysino values were not adjusted for percent endosperm.
 

The correlation coefficients for grain, endosperm, and bran pro

tein and adjusted lysine values for the Nap Hal x Atlas 66 and Nap Hal x.
 

CI 13449 populations are listed in Table 23. 
The coefficients for the
 

correlation of grain and endosperm adjusted lysine (%of sample) values
 

with their respective adjusted lysine (%of protein) values were large,
 

(r = 0.99 to 0.96). The coefficient for the correlation of Nap Hal x
 

CI 13449 bran adjusted lysine (%of protein) with bran adjusted lysine 

(% sample) was r - 0.99. The coefficient for the correlation of adjusted 

bran lysine (%of sample) with unadjusted bran lysine (%of protein) for 

the Nap Halx Atlas 66 samples was r a 0.98. 

Correlations between grain and endosperm protein percentages were 

high (r- 0.98 and 0.99) for both the Nap Hal x Atlas 66 and the Nap Hal 



Table 22. 	 Means, repression cocfficients, 't' values for the repressioa coefficients, and 
inteicept values for the legiession of lysine (% of sarplc) and l)sinc (% of 
protein) on %protein for parent and propcny rows of the cro%ses Nap Hal x Atlas 
66, Nap 1al Y CI 13449, pnd %ap liii x CIULNY1 81S6 

Population Dependent Indej ndent Mcan Regression 
 't' Interccpt Dependent Coefficient
 
variable variable Indeppdent Cocfmcicnt ialue 
 vaiiable of determi

variable mean nation (r2 )
 

Nap Hal x GLS GP 20.33 .0226 19.52** .1325 .59 .80S5
 
Atlas 66 
 GLP GP 20.33 -.0341 -6.06** 3.6299 2.94 .2851
 
n=94 	 ELS EP 19.89 .0197 19.02** .0964 .49 .7972
 

ELP EP 19.89 -.0269 -S.28** 3.030 2.48 .2327
 
BLS BP 22.84 .0406 15.66** .0846 1.01 .7271
 
BLP BP 22.84 -.0197 -1.74 4.9043 4.45 .0322
 

Nap Hal x GLS GP 15.26 .0236 17.25** .1417 .50 .8275
 
CI 13449 GLP GP 15.26 
 -.0628 -7.18** 4.2882 3.33 .4541
 
n=64 	 ELS EP 14.49 .0212 21.44** .1032 .41 .8812
 

ELP EP 14.49 -.052A -7.61** 3.6364 2.87 .4828
 
BLS BP 21.66 .0311 11.57** .3165 .99 .6836
 
BLP BP 21.66 -.0685 -5.64** 6.0917 4.61 .3398
 

Nap Hal x GLS GP 15.21 .0287 8.73** .0420 .48 .8265
 
CIMMYT 8156 
 GLP GP 15.21 -.0176 -.82 3.4413 3.17 .0408
 
n=18 	 ELS EP 
 14.56 .0299 16.29** -.0381 .40 .9431
 

ELP EP 14.56 .0143 .94 2.5496 2.76 .0525
 
BLS BP 19.99 .0492 15.27** -.0575 .92 .93S8
 
BLP BP 19.99 .0190 1.15 4.2638 4.64 .0769
 

Abbreviations: G = Whole grain; E = Endosperm; B = Bran; P = % Protein; 	LS = Lysine 

(%of sample); LP = Lysine (%of protein).
**Indicates 	significance at the .05 and .01 levels of probability respectively.
 



Table 23. Corrclation cocffickcnts fcr i:,,oIc Llcnel, cldospcrn, Pand bran protein and adjusted
lysine pcrcenta cs for ,4 parcat and prorcny roas of the Nap Ial x Atlas 66 popula
tio. C.) and for 61 parcnt and prc.geny ro 's of the Nap Hal x Cl 13149 populat ion
(b) gio n at 'u-.a, Ariz. an 1973. 

;hole lCrnol endospein bran unadi. 

Variable 
adjusted lysane

of of 
sarple protein protein 

adjusted lysine
of % of 

sWple protein protein 

adjusted lysir.e
%of % of 
sample protcin 

lysine
% of 
protein 

whole kernel 
% protein (a) .00 .00 .98** .01 .01 .69** -.25* 

(b) 
adj. lysine (a) 
(% of sample)(b) 
adj. lysine (a) 
(%of proteinXb) 

.00 .00 
.99"* 
.98** 

.99"* 
-.04 
-.04 
-.04 
-.03 

.05 

.42** 

.35"* 

.42** 

.38** 

.04 

.41** 

.35"* 

.41"* 

.41** 

.86** 

.32** 

.20 

.33"* 

.24 

-.18 
.32** 
.56** 
.32"* 
SS** 

-.17 

.54"* 

54** 

.25* 

.26* 

endosperm 

%protein (a) .00 .00 .60"* -.26"* -.36"* 
(b)

adj. lysine (a) 
(% of sample)(b) 
adj. lysine (a) 
(% of proteinXb) 

.00 .00 
.98** 
.96** 

.84** 

.01 

.19 
-.02 
.18 

-.20 
-.09 
.22 

-.11 
.22 

-.19 

.24 

.25* 

-.08 

-.09 

bran 
-rotein (a) 
 .00 -.18


(b) 
 .00 .00

adj. lysine (a) 


( of Ia(b) 
.98* 

na.jTs 99* 

,~Indicates 
 significance at the .05 and .01 levels respectively.
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x CI 13449 populations. The coefficient for the correlation of grain
 

lysine (% of sample) with endosperm lysine (% of sample) was r a 0.86 for 

the Nap 1Il x Atlas 66 samples and r a 0.89 for the Nap Hal x CI 13449
 

samples (Table 21). The coefficients for the correlation of grain and
 

endosperm ad3usted lysine (% of sample) was r a 
 0.42 for the Nap Hal x
 

Atlas 66 samples and r = 
0.35 for the Nap Hal x CI 13449 samples. Adjust

ing lysine (% of protein) values also decreased the size of the correlation 

coefficients for the correlation of grain and endosperm lysine (%of pro

tein) for both populations.
 

Whole kernel, endosperm, and bran protein and lysine values for
 
the parent and progeny rows of the Nap Hal x
Atlas 66 population are
 

listed inTable 24. 
Mean values are listed for the parent and check 

varieties. The coefficients of variation and LSD values were obtained 

fro,4 the analysis of variance of the parent and check rows. The listed
 

progeny rois are representative of the protein and lysine segregates
 

obtained fro., the cross. 
 Protein ana\lysine values for the parent and 

selectcd progeny rows of the Nap Hal x CI13449 and Nap Hal x CIMZ4YT 

8156 crosses 
are listed in Tables 25 and 26 respectively.
 

Atlas 66 and Nap Hal have high grain protein'content. Atlas 66
 

has high endosporm protein content while Nap Hal has both high endosperm
 

and high bran protein content. Transgressive segregation was obtained
 

for both h~gh and low grain protein content. The low protein progeny
 

wheats had endosperm protein percentages that were 3 to 4 percentage
 

points lower than the endosperm protein content of either parent. 
The
 

high protein progeny rows had endosperm protein percentages 2 to 4 per

centage points higher than either parent. None of the low protein,
 



I 1,rnirl v ciphts, % enco-Table 24. 1,1hole ker, ,enn :,rn, ai,' b_-n prctein and lysinc M)alue, 
spcrn of s plc) '%of ]c l prc cln in , PrO of I crnzl lysx, in cros-crn 

for pricr., chccT°, anei p.C c.ay rO s of Nap |il x Atlr5 C6. Cc-ffcic,,ts of v,-riatao-,
• nd LSO) %alucs ebtaun,-,d fio tbc _,vnlysis ot va nce of tbc p-rcnt -'r chick ro's. 

Parental/ 
check lines 
n=3 
Cetuil 

Whole 
P 
15 47 

Keaiel 
LP 
2.98 

ALP 
2.81 

Endosp 
P LP 
15.00 2.52 

__rn 

ALP 
2.41 

P 
19.60 

Bran 
LP 
4.48 

10 
uhr 
3.65 

% 
END 
&'.0 

Cei-,C1 
P in 
E1.D 
83.7 

kernel 
lysine 
in END 
7A.l 

Atlas 66 19.43 2.80 2.80 19.33 2.46 2.46 19.80 4.41 3.63 83.1 82.7 72.8 

Nap Hal 19.57 3.09 3.09 18.97 2.52 2.51 24.46 4.57 2.66 83.2 79.3 67.7 

Coefficient of 
variation % 2.72 1.52 1.51 2.53 2.32 2.28 2.43 7.16 3.32 0.74 1.20 2.00 
LSD.05 .99 .09 .09 .90 ---- 1.03 0.22 1.25 1.96 2.86 

Progeny row
 
number
 

15.7 2.63 2.54 19.4 4.55 2.55 85.1 82.2 72.7
10286 16.3 3.05 2.94 

19.2 4.47 3.61 87.4 83.6 75.612333 14.4 3.02 2.84 14.1 2.70 2.56 


2.97 23.6 2.34 2.45 25.8 4.40 2.90 82.5 81.2 69.6
15138 24.2 2.81 

2.37 2.36 25.4 4.58 2.82 84.8 80.7 68.3
11982 20.0 3.12 3.14 19.1 


15168 21.0 2.79 2.84 21.3 2.25 2.30 21.9 4.51 3.01 83.1 82.7 70.7
 
18.7 2.48 2.47 25.2 4.54 3.10 82.3 77.6 65.311026 19.6 3.04 3.04 


21.8 4.38 283 84.9 83.7 72.2
14329 20.7 2.63 2.67 19.9 2.25 2.26 

15252 20.0 3.05 3.06 19.6 2.69 2.70 22.7 4.27 3.20 82.6 80.4 72.0 

3.07 21.0 2.76 2.81 21.8 4.52 3.20 83.5 83.0 74.611481 20.5 3.04 

2.74 2.78 25.5 3.98 2.75 84.0 81.1 74.8
10078 23.3 2.72 2.83 20.9 


2.86 21.3 2.40 2.45 23.1 3.91 2.85 82.7 81.6 73.1
12546 21.6 2.79 

12120 23.6 2.88 3.02 23.2 2.45 2.56 26.7 4.51 3.SO 83.0 80.9 69.8
 

Adjusted lysine values obtained by adjusting lysine (% of protein) values to mid-parent 
protein level using linear regression model for this population. Abbreviations: P = % 

protein; LP = lysine (% of protein); ALP = lysine (% of protein) adjusted for % protein; 
WT = kernel weight; End = Endosperm. LSD values listed only when 'F' ratio from the 
analysis of variance was significant at the .05 level. 
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segregatcs had bran protein percentages as high as Nap Hal. 
All of the 
high protain segregates had the high bran protein content of Nap Hal. 
Progeny rows with parental endosperm values had bran protein values that
 
were s1ilar to either the Nap Hal or Atlas 66 parent or were intermedi

ate to them.
 

Nap Hal had higher grain adjusted lysine (%of protein) than
 
either Atlas 66 or Centurk. 
Nap Hal also had higher endosperm and bran
 
lysino (% of protein) but the mean differences were not significant. 

Some of the progeny rows had endosperm adjusted lysine (% of protein)
 

perccntaoes w ich were lower than the adjusted lysine percentages of
 
cithcr parnt. 
Other rows such as 15252, 11481, and 10078 had endosperm
 

adjuztcd !ysine percentages which were considerably higher than the endo
spc= ad~ustcd lysine percentage of Nap Hal. 
 Some of the progeny rows
 

had bran lysine (%of protein) values which were lower than those of
 

either paront.
 

Most of the progeny rows had grain adjusted lysine percentages
 
uhich were interodiato to the parental values. 
Some of the progeny
 

rows such as 14329 had grain adjusted lysine values which were lower
 
than the Atlas 66 adjusted lysine percentage. These wheats had lower
 

andosperz adjusted lysine values than either parent. 
Some of the
 
progeny rows had grain adjusted lysine values which were as high as
 

that of Nap Hal. 

Progeny rows 15252 and 11481 had high grain lysine percentages be
cause of the high lysine content of their endosperm proteins. Although
 

progeny row 
10073 had high endosperm lysine (%of protein) content, it
 
did not have high grain lysine (%of protein) content because of the 
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low lysine content of its bran proteins. The progeny rows 11982 and 

11026 had grain adjusted lysino (%of protein) values equivalent to that
 

of N-ap Hal. Their endosperm adjusted lysines percentages are lower than
 

Nap Hal's adjusted lysine percent but their bran protein content is the
 

same as the bran protein content of Nhp Hal.
 

The head rows of each cross were grown in separate blocks within
 

the head row nursery. Tho protein percentages for Nap Hal and Centurk
 

rows %ore lower in the Nap Hal x CI 13449 blocks of the head row nursery
 

than in the Nap Hal x Atlas 66 blocks. Direct comparisons should not be
 

ade botocen the Nap Hal x Atlas 66 and Nap Hal x CI 13449 progeny row 

protein and lysine parcentages because of the mean protein differences 

between the tto areas of the nursery. Comparisons can be made by com

paring progeny row protein and lysine percentages to the mean percentages 

of the Conturk and Nap Hal rows that were grown with each group of head 

rows. Nap Hal was four percentage points higher than Centurk in grain 

protein content in both areas of the head row nursery. 

The CI 13449 wheat sample used in this study was not grown in the 

head row Lurscry. It was grown in an adjacent nursery. When CI 13449 is 

grown in tha same nursery as Nap Hal, it averages 4-5 percentage points 

lower inprotein than Nap Hal. 

AlthcuZh CI 13449 isnot known to possess genes for high grain 

protein contcen, somo of the Nap Hal x CI 13449 head rows had higher 

grain, cndospcrn, and bran protein percentages than Nap Hal. Most of 

the progeny rows had lower grain and endosperm protein percentages than 

Nap Hal. Approximately half the Nap Hal x CI 13449 head rows had bran 

protein percentages as high or higher than Nap Hal. 



Table 25. 1,, li. ].crl, , ;- r, i-nd 1), , . ly- we niucs 100 1 cr-e w,xghts,k~- t, l o of - ' ,, c, % o r e L,' p c~r , I.i c. Js r p c , lrea)d of I .- l y r.e 

in cr'do-- ,, fo. 1 .Ant, c,"c , , 1 ,, c of '-p 11-I x CJ 13,49 Co.2-±cients 
&f vzri__On ISJ !.,] UValt' O0.,. c. f- t i , "lys '. o7f tie w. nt and . io . .a 
c,-c 

Panrelt pI/ % 
check lilnc:, 11%ZY1 Ker,.] EnBprn Iron 100 % P in lysine
n=2 P LP Alj' P 11L1P P LP AL 1 ,T r',D E'D in ID
Ccnturk 12.'5 3.16 2.96 12.00 2.86 2.72 16 25 4.82 4.56 S.A,8 81.9 V4.5 76.0 
Nap Hal 16.15 3.20 3.22 15.15 2.86 2.87 21 90 4.76 4.84 2.72 
 85.5 80 3 71.0
CI 13449 15.55 3.14 
 3.12 14.5 2.83 2.81 19.65 4.44 4.36 2.21 83.1 78.4 69.6 
CV % 6.63 3.35 1.76 6.31 3.81 2.44 5.97 2.11 0.48 7.42 .35 .25 1.07
 
LSD 2-31* ---- .17** 2.0W .... 3.66w0.31** 0.07*u .38** .96*1 .65** 2.46**
 

Progeny 
row 
number 
15958 14.5 3.30 3.21 13.7 2.87 2.81 21.4 4.27 4.31 2.98 84.6 77.9 70.2 
16551 
16240 
16900 
16593 
18640 
16691 
16686 
16681 
15958 
15986 
16946 

11.8 
19.9 
19.4 
11.6 
16.8 
16.1 
14.2 
14.9 
14.5 
13.7 
16.5 

3.65 
3.14 
3.35 
3.66 
3.41 
3.30 
3.49 
3.48 
3.30 
3.25 
3.24 

3.40 
3.39 
3.57 
3.39 
3.46 
3.32 
3.39 
3.42 
3.21 
3.11 
3.28 

10.8 
19.7 
18.5 
10.5 
15.6 
15.3 
13.6 
14.4 
13.7 
13.3 
15.6 

3.11 
2.68 
2.73 
3.26 
2.98 
2.59 
2.96 
2.95 
2.87 
2.84 
2.63 

2.89 
2.93 
2.92 
3.03 
3.01 
2.61 
2.89 
2.93 
2.81 
2.75 
2.67 

19.2 
25.5 
25.4 
19.3 
24.9 
22.4 
20.9 
21.4 
21.4 
20.8 
22.6 

4.62 
4.28 
4.56 
5.00 
4.69 
4.54 
5.03 
5.09 
4.27 
4.47 
4.59 

4.51 
4.60 
4.87 
4.89 
4.97 
4.65 
5.03 
5.13 
4.31 
4.47 
4.71 

2.24 
2.62 
2.92 
2.31 
2.51 
3.15 
3.42 
3.49 
2.98 
3.10 
3.10 

85..5 
84.7 
83.1 
85.7 
83.5 
85.5 
85.8 
85.9 
84.6 
85.8 
84.3 

76.8 
81.0 
78.1 
76.5 
76.0 
80.1 
79.7 
80.4 
77.9 
79.5 
78.7 

68.8 
72.5 
68.1 
68.0 
66.7 
69.5 
69.7 
70.3 
70.2 
70.9 
68.0 

* 	 Indicates significance at the .10 and .05 levels respectively.
 
Adjusted lysine values obtained by adjusting lysine (% of protein) values to mid-parent

protein level using linear regression model for this population.

LSD values listed only when IF' ratio from the analysis of variance was significant at 
the level indicated. Abbreviations: P = % protein; LP = lysine (% of protein); ALP = 
lysine (% of protein) adjusted for % protein; KWT = kernel weight; END = Endosperm.
 

http:3.66w0.31
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Nap Hal and CI 13449 had higher grain adjusted lysine percentages
 

than Centurk. 
Endosperm adjusted lysine percentages of Nap Hal and CI
 

13449 also were higher than the endosperm lysine percentage of Centurk
 

but the mean differences were not statistically significant. Nap Hal,
 

had higher adjusted bran lysine than either Centurk or CI 13449.
 

There was evidence of transgressive segregation for whole grain,
 

endosperm, and bran adjusted lysine (% of protein). 
 Forty-two rows had
 

grain adjusted lysine percentages larger than tho grain adjusted lysine
 

percentage of Nap Hal and two had grain adjusted lysine percentages 

smaller than the grain adjusted lysine percentage of CI 13449. Twenty

five of the progeny rows had endosperm adjusted lysine values larger than
 

the endosporm ad3usted lysine value of Nap Hal. Twenty of the progeny
 

rows had endosperm adjusted lysine percentages smaller than the endosperm 

adjusted lysine percentage of CI 13449. 
Nap Hal and some of the head
 

rows had bran lysine (% of sample) values as large as 1.0%.
 

Nap Hal had higher grain, endosperm, and bran protein percentages
 

than Conturk or CIMMYT 8156. 
The grain, endosperm, and bran protein
 

percentages of the Nap Hal x CIIMYT 8156 progeny rows were within the 

parental protein range. Some of the head rows had grain and endosperm
 

protein percentages almost as 
large as those of Nap Hal. Most of the
 

progeny bran protein percentages were at the mid-parent level.
 

The lysine values of Nap Hal x CIMYT 8156 samples were not adjus

ted for percent protein. Nap Hal has unadjusted grain and endosperm
 

lysine (I of protein) values that are as high or higher than those of
 

Centurk and CIMMYT 8156 even though Nap Hal is,considerably higher in
 

protein content than the other wheats. 
Progeny ros'such as 19010',
 



Table 26. 	 Itlole kerr.el, e-,dosperin, and bron p: tein and 1>sine v,lues, 100 kern.1 weights, 
% andosperm of sanple, % of keinel prote, in enco'ocjr.- and -0 of kernel lysine in 
endosperm for parent, chcc, -,-T progeny io,;s of Nap Hal CT}2IYT 8156. Coefficients 
of variation aad LSD values obtained from the analysis oi %a, -c- of parent and 
check rois. 

100 lel 

Parental/ Whole kernel pr I % kernel 
check lines kerrel Endosperm Bran weight ill lybine in 
n-2 P LP P LP P LP (g) endosperm enzpaim endosperm 

Centurk 13.20 3.20 12.70 2.81 16.95 4.66 3.65 87.6 F1.1 75.9 
Nap Hal 17.05 3.17 16.30 2.83 22.40 4.70 2.49 85.1 1.6 71.4 
CIMYT 8156 12.80 3.06 12.65 2.74 16.20 4.42 3.92 87.4 r4.4 76.7 
Coefficient of 
variation (%) 1.63 2.49 2.71 3.73 2.22 2.74 2.77 .60 1.07 1.52 
LSD.05+ .75 1.20 ---- 1.31 .30 1.66 ?.82 3.60 

Progeny row 
number 
19165 13.7 3.36 12.6 2.66 19.4 4.81 3.42 85.5 79.3 67.7 
19170 14.5 3.25 13.7 2.55 20.2 4.84 3.79 86.4 81.2 69.6 
18932 15.2 3.12 14.5 2.78 21.0 4.80 3.36 85.3 80.1 69.9 
19010 15.0 3.53 14.5 2.85 20.5 4.93 3.18 86.7 82.2 72.6 
19704 16.2 3.15 15.3 2.80 21.8 4.54 2.51 84.4- 79.1 69.6 
19754 16.6 3.17 15.8 2.82 22.6 4.60 2.58 83.8 78.3 68.6 

LSD values listed only when 'F' ratio from the analysis of variance was significant
 
at the .05 level.
 
Abbreviations: P = % protein; LP - lysine (% of protein).
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19704, and 19756 are 2 to 3 percentage points higher in protein content
 

than CIVTYT 8156. 
 Even though they are higher in protein content, their
 

lys.nc (S of protein) values are higher than those of CIMMYT 8156,. 

Nap Hal is a wheat of poor agronomic type while CIMIYT 8156 is a 

high yielding semi-dwarf wheat. The Nap Hal x CIMMYT 8156 head rows 

examined in this study were of good agronomic type. 
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DISCUSSION
 

Mill Bran and Flour Protein and Lysine Content
 

The 70% extraction flours of the four wheats milled with the
 

Kansas State University pilot mill were lower in protein and lysine con

tent than the whole grain or bran samples. Mill bran samples were higher
 

in both protein and lysine content than their whole grain samples. These
 

results agree with tose reported in the literature (Mill Feed Manual,
 

1967; Baumgarten et al., 1946; Waggle et al., 1967).
 

Mill bran proteins contain more of the albumin and globulin pro

teins and less of the gliaden proteins than the endosperm (Teller and
 

Teller, 1932). Albumins and globulins contain more lysine and arginine
 

and less glutamic acid than gliadins (Simmonds, 1962; Mattern et al.,
 

1968). In addition to having a higher lysine content, bran proteins have
 

also been reported to contain more arginine and less glutamic acid than
 

endosperm proteins (flepburn et al., 1957; 1960; Pomeranz et al., 1966).
 

Wheat bran proteins are higher in lysine and arginine content than endo

sperm proteins probably because they contain more of the albumin and
 

globulin proteins and less of the gliaden proteins than the endosperm.
 

Wheat mill bran, excluding the adherent starchy endosperm, has 

several morphological layers and of these layers, only the aleurone 

layer is high in protein content (Ferrand and flinton, 1974; Stevens et 

al., 1963). Analysis of aleurone cell contents by Stevens et al. (1963) 

has shown that the aleurono proteins are high in lysine content. The
 

poricarp and testa have not been analyzed for lysine content. The
 

aleurone layer is stained intensively by the Sakaguchi reaction which
 

is specific for arginine (Fulcher, et al., 1972). The other bran layers
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are not stained by the Sakaguchi reaction. This is indirect evidence' 

that the aleurone cells are the storage sites of the lysine-and arginine-

I I 

rich proteins in wh'eat bran.
 

Bran Flour Protein and Lysine Content
 

Bran flour bamples are higher in protein content than 70% extrac

tion flour samples. The high protein content of the outer layers of the
 

starchy endosperm, particularly the subaleurone cells, has been reported
 

previously (Ferrand and Hinton, 1974; McDermott and Pace, 1960; Normand
 

et al., 1965, Pomcranz and Shellenberger, 1961). The high protein of the
 

bran flour sanples provides further evidence that there is a strong pro

tein gradient within a wheat kernel, even for wheats that are very high 

in protein content.
 

The bran flour proteins are higher in lysine content than the 70%
 

extraction flour proteins. This indicates that the endosperm proteins
 

from the outer endosperm cells, particularly the subaleurone cells, are
 

higher in lysino content than the endosperm proteins from the interior
 

of the endosporm. However, the results of McDermott and Pace (1960) and
 

Kent and Evo.s (1969) indicate that the proteins of the outer endosperm
 

cells are lower in lysine content than the proteins of the inner endosperm.
 

McDermott and Pace obtained samples from the exterior and interior
 

areas of wheat endosperm using a micro-drilling procedure. Lysine (% of
 

protein) values were lower for the outer samples than for the inner
 

samples. McDermott and Pace used the micro-drilling procedure to avoid
 

contamination of endosperm samples with alourone cells or cell contents.
 

It is possible that the outer endosperm samples of McDermott and Pace did
 

not include the subalcurone cells.
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Kent and Evers (1969) obtained samples of subaleurone cell parti.
 

cles by air classification followed by differential sedimentation. 
The
 

protein content of these subaleurone cell particles was higher than the
 

protein content of the inner endosperm. Lysine (% of protein) values of
 

the subalcurone endosperm particles were lower than the lysine (% of
 

protein) values of the inner endosperm. The proteins of the subaleurone
 

cell particles analyzed by Kent and Evers (1969) are undoubtedly low in
 

Iv:zne content. 
 However, this does not necessarily mean that all the
 

proteins in tno subaleurone cells are low in lysine content.
 

Fulcher et al. 
(1972) reported that inclusions in the subaleurone
 

cells staied intensely for arginine while portions of the subaleurone
 

cells were laigcly unstained. The wheat proteins that contain the high

est concentrations of arginine also contain the highest concentrations of
 

lysino. 
 It is likely that inclusions in the subaleurone cells that
 

stained intensely for arginine also contain high concentrations of lysine.
 

The subaleurone cell particles analyzed by Kent and Evers (1969) could
 

have been from the areas of the subaleurone cells that were not stained
 

by the Sakaguchi reaction. Subaleurone endosperm particles separated and
 

photc-raphea by Kent 
(1966b) resemble the unstained areas of the sub

alcurone cells shown in the photomicrographs of Fulcher et al. 
(1972).
 

Horn milled samples of the same wheat at two extraction rates,
 

71.5 and 84.9%. 
 Protein, lysine (% of sample) and calculated lysine (%
 

of protein) values were larger for the 84.9% extraction flour than for
 

the 71.5% extraction. These results support the results of this study.
 

The higher lysine content of 84.9% extraction flour could have been due
 

to its having more brrn contamination than the 71.S% extraction flour.
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Bran flour samples in this study did not contain visible bran con

tamination. The bran flour samples resembled defatted flour in appear

ance and consistency. The aleurone layer of the washed bran samples was 

laiSgoy intact and a few small pieces of endosperm could be observed ad

hering to it. Washed bran pieces were smaller than pieces of mill bran. 

Aleurone cells along the torn edges couldhave been tom free or open by 

the washing process. Alcurone cells or aleurone cell particles could
 

h-v contaminated the bran flour by passing through the 237 micron mesh
 

of the si %.screen used to separate the washed bran and bran flour.
 

The high protein content of bran flour samples is due to the high
 

p.otein content of the outer starchy endosperm cells. The high lysine
 

(% of protein) of the bran flour is due to either the contamination of
 

the bran flour by aleurone cells or aleurone cell contents or to a high
 

lysine (%of protein) content of the starchy endosperm that is not
 

separated from the bran by milling. 
The latter explanation is believed
 

to be correct. Contamination of subaleurone endosperm by an equal amount
 

of alcurone cells would be required to raise the lysine (% of protein)
 

content from the 1.59% reported by Kent and Evers (1969) for subaleurone
 

endosperm to the lysine (% of protein) values obtained in this study for
 

the bran flour samples.
 

The high protein and lysine content of the bran flour samples was
 

not due to contamination by the germ. 
The germ was separated from the
 

bran for the wheats milled on the KSU pilot mill.
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Comparison of Grain and Flour Samples
 

Nap Hal had the highest grain protein and lysine (%of protein)
 

percentages of the four wheat varieties milled on the Kansas State
 

University pilot mill. 
The protein content of the 70% extraction flour
 

of Atlas 66 was higher than that of Nap Hal. 
 Flour lysine (%of protein)
 

content of Nap Hal was not significantly higher than that of Centurk or
 

Atlas 66.
 

These results illustrate the need for comparisons of whole grain,
 

endosperm, and bran protein and lysine percentages to determine the with

in kcrnel site of protein and lysine variability among wheats. Because 

of the high protein and lysine content of the bran flour, it isnecessary
 

to obtain complete and uniformly separated samples of endosperm for pro

tein and lysine analys.s. Variation in milling yield could easily affect
 

the protein and lysine content of endosperm samples. The use of samples
 

mIlled at a uniform extraction rate could slightly distort endosperm
 

protein and lysine relationships among wheats. Seventy percent extrac

tion flour from a wheat with 78% endosperm will contain more of the high
 

protein outer endosperm than 70% extraction flour from a wheat with 85%
 

ondospe: i.
 

Modified Milling Procedure 

Over 300 20g samples of wheat were separated into endosperm and
 

non-endosperm components using the modified milling procedure. 
It would 

not have been possible to hand dissect this many samples in any reason

able period of time. Other mechanical and chemical methods have been 

used to separate and isolate kernel components for chemical analysis 

(Kent and Evers, 1969; Stevens ,t al., 1963; Shetlar et al., 1947). In
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comparison with the other methods, the modified milling procedure is
 

relatively simple.i
 

The bran samples obtained by milling on the Quadraplex mIi con

tained both germ and bran. Except for the bran samples from the wheats
 

milled on the Kansas State University pilot mill, the terms "bran" or
 

"washed bran" refer to the non-starchy endosperm kernel components. On
 

largo mills such as the KSU pilot mill, the germ is sifted from the bran.
 

The amount of endosperm removed from the bran by the washing pro

cess decreased significantly as milling yield increased. This high
 

negative correlation between milling yield and bran flour weight provides
 

evidence that the bran and endosperm of wheats differing in milling qual

ity were uniformly scpnated by the bran washing process. Figures 1 and
 

2 provide visual evidence for the uniformity of separation of bran and
 

endosperm. Although there was more endosperm adhering to the mill bran
 

of Atlas 66 than to the bran of Scout 66, there is no apparent difference
 

between the washed bran samples of the two wheats for endosperm contami

nation. The washed bran samples are almost free of endosperm.
 

Theats of both nurseries differed inmilling quality. This is
 

indicated by large ranges inmilling percentage and bran flour weights.
 

The amount of bran flour obtained from the bran of some of the soft
 

uheats ias laige. If the mill flour samples had been used for protein
 

and 1/sine analysis, much of the variation among wheats for endosperm
 

lysine content would have been due to variation inmilling yield.
 

The range for percent endosperm of sample is considerably smaller
 

than the range inmilling yield. The percent endosperm range values for
 

the head row nursery correspond to percent endosperm values that have
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been reported by Hlinton (1953, 1959), MacMasters et al. (1971), and
 
Farrand and linton (1974) for hand-dissected samples. The percent endo
zpcrm values are realistic considering the variability for test weight
 
and kernel weights that exists among the wheats analyzed. The head row
 
nursery cndosperm percentages are inflated 2 to 3 percentage points.
 

Comparisons of the check varieties which Wqere in both nurseries show that
 
the pciccnt endosperm relationships among the wheats of a 
nursery is
 
similar in both nurseries. Centurk haa high and Nap Hal had low endo

spern perccntages in both nurseries.
 

The parent and check varieties of both nurseries differed signi
ficant:y for milling yield, flour weight, bran flour weight, washed bran
 
weigh=, and percent endosperm. 
Although field replication had some
 
effect on those variables for the World Collection wheats, most of the
 
variation was due to differences among the wheats analyzed. 
The coeffi

cients of variation for milling yield, flour weight, bran flour weight,
 
washed bran weight, percent endosperm, and sample recovery percent were
 
low, indicating that laboratory experimental error was low for the bran
 
ana endosparn separation procedures. 
Sample recovery percentage was not
 
affected by variety or field replication. Considering the number of,
 
steps in the modified milling procedure, the sample recovery percentages
 

are satisfactory.
 

Grain protein and lysine percentages which were calculated using
 
endosperm and bran weights and protein and lysine percentages were almost
 
identical to measured grain protein and lysine percentages. These
 

results show that very little if any protein was lost in the washing
 
process by solubilization of the bran and bran flour in the 80:20
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othanol:acetone washing solution. 
These results are consistent with
 
Osborne's (1907) results for the solubility of wheat proteins.% 
It was
 

uvident that some lipids were dissolved in the washing solution because
 

the bran flour had the consistency of defatted flour. 
The loss of these
 

lipids had no apparent effect on the protein and lysine content of the
 

endospo=n or bran samples.
 

These results and the results discussed previously demonstrate
 

that t'e modified milling procedure can be used to obtain reasonably
 

complete and uniform separation of the endosperm and non-endosperm com

ponents of the wheat kernel without any appreciable loss of either com

ponent or component proteins.
 

Endozporm Percent of Sample 

The range in percent endosperm of sample was large for both the
 

head 
eoi nurzory and the World Collection nursery. Part of the variation
 

for percent endosperm can be attributed to within-nursery environmental
 

variation since replications had a slight effect on percent endosperm
 

in the World Collection nursery. 
Most of the variation was probably
 

genetic in origin because there were highly significant differences among
 

the parent and check varieties in both nurseries.
 

Soft wheats such as Atlas 66, Nap Hal, and CI 
13449 had lower
 

endosperm percentages than the hard wheats Centurk and Scout 66. 
The
 

endosporm of soft wheats is less dense than the endosperm of hard wheats.
 

Consequently, soft wheats have lower endosperm percentages than hard
 

wheats when percent endosperm is calculated on a weight basis. 
Part of
 

the variation among the wheats for percent endosperm could be due to some
 
wheats having thicker bran and aleurone layers than other wheats (Bates,
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1945; Larkin et al., 1951). 
 Seed size could also be a factor. Large
 

kernels have a higher proportion of endosperm than small kernels (Zelany,
 

1971). The washed bran samples contain both the germ and bran/ 
Variation
 

in endosperm,percent could also be due to some wheats having larger
 

germs than other wheats.
 

The wheats analyzed represent a wide range of kerne; types. 
Test 

height provided a better estimate of milling yield and percent endosperm 

than kccel weight. Those results are consistent with those of Section I
 

4.cre it was suggested that test weight had more of an effect on lysine
 

contcnt than kernel weight because it provided a better estimate of
 

percent cndosperm. 
Although test weight provides a better estimate of
 

percont endosperm than kernel weight, it does not provide a good estimate,
 

Tn corrclztion between test weight and percent endosperm is low.
 

Milling yield is highly correlated to percent endosperm. This is
 

to be expected since the maximum yield of white flour from a sample of
 

whcac is d.-termined by the percent endosperm. The modified milling
 

procedure may be useful to millers for estimating milling yield.
 

Endospormn Proportion of Kernel Protein and Lysine 

On the average, 80% of the protein in 
a wheat kernel is located in
 

the endosperm. 
This is higher than values reported by Ferrand and Hinton
 

.'974) and %Morris ct al. (1946). The wheats dissected by these authors, 

however, were lower in endosperm protein content than the wheats grown at 

YLaa. MacMaters et al. (1971) had estimated that only 50% of the lysine 

was cndoz;c-rr lysino. Their estimation is low because they apparently
 

bascd it 
on flour lysino percentages rather than starchy endosperm lysine
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percentages. The largo range values for percent of protein and lysine
 

that is in the endosperm indicates that the distribution of protein and
 

1>y'ino within the wheat kernel varies significantly among wheaps.
 

Wheat Germ
 

Wheat germ is the least variable of the non-endosperm kernel com

ponents for protein and amino acid composition (Mill Feed Manual, 1967). 

Wi.cat germ isslightly higher in protein and lysine content than the bran 

(:nil1 rccd Nanual, 1967). Washed bran samples from the World Collection 

an 1head icd nursorics contain both the germ and bran. The terms "washed 

b-,an ° ana 1i,Ln" are used for convenience of expression. Variation in 

non-cndo:p-.m' protoin or lysine percentages among wheats Gould be due to 

variation in gorm content. The hand dissection results of Hinton (19S3. 

195)) and r.rrand and Hinton (1974) indicate that the germ comprises up 

to one-thizJ o. the washed bran samples. 

mi uni:orn composition of the germ and the relative size of its
 

contribution to the total non-endosperm sample weight suggest that most
 

of the variability among wheats for non-endosperm protein and lysine
 

compo,,.ton is due to variation in protein and lysine composition of the
 

bran la/orb. The variability in protein and lysine content of the washed
 

bran sampleL for the wheats milled at Kansas State University supports
 

thi, contonton. These bran samples did not contain any germ. For the
 

purpoc4 of thib 5tudy, it is not essential to know the reasons for the
 

variation o: non-endosperm protein and lysine content but only the effect
 

this variation 1. on grain protein and lysine content.
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Correlations of Grain, Endosperm, and Bran Protein and Lysine Percentages
 

The coefficients for the correlation of whole grain and erdosperm
 

protein peicentages were very high for both the World Collection wheats
 

and the 'Ixats of the head row nursery. This high correlation can be
 

attr.LbLtOd to the high percentage of the total protein of wheat kernels
 

that is endosperm protein and to the fairly high correlation of endosperm
 

and bran protein percentages. Because of the high correlation of grain
 

and endobpc pzotoin, wheat breeders can reliably use grain protein
 

perccntages as a selection criterion for endosperm protein content.
 

The coeffic.,nts for the correlation of bran percent protein with
 

andospern and grain percent protein were lower than those for the corre

lation of grain protein with endosperm protein. This indicates that
 

wheats which nave high endosperm protein percentages do not necessarily
 

have high bran protein content.
 

Grain, endosperm, and bran lysine (% of sample) were positively
 

correlated with their respective protein percentages for the wheats of 

both nurseries. Total lysine content of the grain, endosperm, and bran 

saples increased as protein content increased. Grain and endosperm 

lysine ('of protein) wore negatively correlated to their respective pro

tein percentages. The explanation for this relationship is discussed in
 

Section I.
 

Dran lysino (%of protein) was negatively correlated to bran per

cent protein for the wheats of both nurseries. The correlation of bran
 

lysine ('of protein) was negative, but not significant for the Nap Hal
 

x Atlas 66 parent and progeny rows. The effect of bran protein content
 

on bran lysino (%of protein) was less than the effect of endosperm
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protein 	content on endosperm lysine (%of protein). Evidence for this
 

is the 	snallct correlation coefficients and the smaller coefficients of
 

dctarxination from the regression analyses.
 

Bran prottins contain proportionately less gluten proteins than
 

endospenn proteins (Teller and Teller, 1932). High protein brans proba

bly do 	not differ greatly from low protein brans in the size of their
 

albunin--globulin gluten ratios. Consequently, bra 
percent protein does
 

not have as large an effect on bran lysine (% of protein) as endosperm
 

protein p-arcent has on endosperm lysine (1of protein).
 

Ycrne! 	 Factors Doterining Grain Protein and Lysine Content 

Grain protein and lysine (%of sample) were negatively correlated 

with percent endosperm for the wheats of both nurseries. This relation

ship is 	 die to the bran being higher in protein and lysine content than 

the endospa-. The correlations of grain lysine (% of protein) with per

cent c-dospexrn were either not significant or positive. The regression
 

coefficient for percent endosperm from the multiple regression of grain
 

lysine (1 of protein) on grain percent protein and percent endosperm were 

negative. This indicates that grain lysine (% of protein) decreases as 

percent endosperm increases. This relationship is evident only when the 

effect of grain percent protein is taken into account. 

Standard partial regression coefficients give an indication of the 

relative effect of the independent variables on the dependent variables. 

Standard paitial regression coefficients were similar for the wheats of 

both nurseries. Grain protein content is largely determined by endosperm 

pcircont protein although bran percent protein does influence grain protein 
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contu.t. Percent endosperm has a slight effect on grain protein content. 

Endosperm and bran percent protein and lysine (%of proein) and 

percent endosperm all influence grain lysine content. Of these factors,
 

endosperm percent protein is the most important. Endosperm lysine (% of
 

protein) had more effect on grain lysine (% of sample) than bran percent
 

protein for the World Collection %heats. Bran percent protein had the
 

greater influence on grain lysine (%of sample) for the wheats of the 

head row nursery because of the high bran protein content of Nap Hal and
 

some of the Nap Hal progeny rows. Bran lysine (%of protein) and percent 

encrospor. are of lesser importance than the other factors in determining
 

grain lybine content.
 

Correlations of Adjusted Lysine Percentages
 

The coefficients for the correlation of grain lysine percentages
 

with endosperm lysine percentages were smaller than the coefficients for
 

the correlation of grain protein percentages with endosperm protein per

centages. 
 Adjusting grain and endosperm lysine percentages to their
 

respective mean or midparent protein values decreased the correlation of
 

grain and endosperm lysine content.
 

Grain and ondosperm protein percentages are highly correlated.
 

Because of the large effect protein has on lysine content, the coeffi

cients for the correlation of grain and endosperm lysine values were also
 

high. Removal of the lysine variability attributable to percent protein
 

docroased the correlation of grain and endosperm lysine values because
 

the grain samples of some wheats contained more of the lysine rich bran
 

proteins than other wheats.
 



1146 

The adjustment of grain lysino values for percent protein and
 

percent endosperm or test weight resulted in an additional decrease in
 

the correlation of grain and endosperm lysine vilues. This additional
 

decrease isdue to the effect of percent endosperm on grain protein and
 

lysina content.
 

After adjustment for percent protein, the correlation of grain and 

endosperm lysino content was still reasonably high for the World Collec

tion w.,cats (r - 0.70). The correlation of adjusted grain and endosperm 

lysine values was considerably lower for the head row wheats (rw 0.41). 

This ioo.r correlation was probably the result of segregation for the 

high bran protein content of Nap Hal.
 

Prioz to adjustment, grain, endosperm, and bran lysine (%of 

sample) values were either not correlated or were negatively correlated 

with t-.cr respective lysine (%of protein) values. After adjustment the 

coefficients for the correlation of lysine (%of sample) and lysine (%of 

protein) wore r = 0.96 to 0.99 indicating that after adjustment for per

cent protein both lysino values provide the same relative measure of
 

protein quality for grain, endosperm and bran samples. The same general
 

conclusion applies to grain lysine values adjusted for percent protein
 

and percent endosperm.
 

Crain lysine values adjusted for percent protein and percent endo

sperm and grain lysine values adjusted for percent protein and test weight 

provide alnost the same relative measure of the protein quality of whole 

grain sanpIcs. The high correlation between these two sets of adjusted 

lysine values is due primarily to the effect of adjusting for percent 

protein. 
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Atlias 66 and Nap l1'al Protein and Lysine Content 

Atlas 66 was included as a check in the World Collection nursery 

becauso of its k'noin penatic superiority for high grain protein content, 

Nan hil v'as includcd as a check because of its high grain protein and
 
ysne content. The 
 results of grain endosperm, and bran protein analyses 

of r c c:'ccl, entries in the World Collection nursery indicate that Atlas 

6o is high in grain protein content because of its high endosperm protein
 

content. Nap Hal is high in grain protein content because of its high 

endospz., p:otzin content and its high bran protein content.
 

Nap Ea. bran is 5 to 7 percentage points higher in protein content
 
than Llc brans o2 the other check varieties. Bran proteins contain almost
 

twicc a: zach ),i1no as the endosperm proteins. 
Nap Hal has significantly 

hig.r a#.;tcLd -:rain lysine content than the other check varieties partly
 

bacz.u! 
 of i, hi-h bran content. 


The high adjusted lysine content of Nap
 

With the exception of Centurk, Nap Hal 

also has .~. =antly higher endosperm adjusted lysine (% of protein) 
tnan tYh. o hQr checK varieties. 

Hal gra.i thus is due to both its high bran protein content and to the
 

high lybino contont of its endosperm protein. 

Coib (1D05) reported that wheats differ significantly in aleurone 

cell iall :ckncss and for the amount of space occupied by the aleurone
 

cell co.;-,nt3. 
 Larkin (1951) reported significant difieronces among
 

wh.:atb fo: alcurone coil thickness. 
Nap Hal is probably high in bran 
p:ot.in contc.t becaas- its aleurono layer is thick and the volume of the 

cueoc cells is largc. Nap Hal may also be high in bran protein con

zcnt simnply because itb aleurono cells contain more protein than the
 

.. Icurono co:l, of other wheats. 



148
 

World Collection Mdheats
 

World Collection wheats differ significantly for endosperm protein
 

content. -1.e diffeiences found in this study are mostly genetic because 

within-nurz.ry environmental variation was small. Some of the differences
 

in endos'p.n protein content, however, may be due to differences among 
:h ,heats for genotype x environment interaction effects. The wheats 

with hi-h endosperm protein percentages are equal ro Atlas 66 in endo

spcrm protJ.,.n 'content. The World Collection wheats are diverse in origin. 

15
It n:oj3ol tnat some of the World Collection wheats with high endo

Sp-:m conctLz contain genes different from those of Atlas 66 for endosperm 

protein cor.tent. 

hholc grain lysine (%of protein) values were adjusted for percent 

pzoLcin xnd pcrcc,,t endosperm. Even though percent endosperm was included 

in the au:tzint equation, some of the wheats with high grain adjusted 

Ays n valuc, had high grain lysine percentages because of high bran pro

tuin and ly ,nu perccntages. Seven of the wheats with high grain adjusted 

lysinc prccntagos have endosperm adjusted lysine percentages as high as 

that o :,-, IaI. The wheats with low adjusted grain lysine percentages 

-1 hid lw cndozper,,. zdjustcd lysine percentages. These results indi

cate that Zrain adjusted lysine values are usable for selecting wheats 

that a.c likely to have high endosperm lysine content from those that 

have lo,: endospcr.. lysine content. 

Me 'i-orld Collection wheats differ significantly for endosperm 

adjusted lysine contcnt. Within-nursery environment variation did have 

5onMc efect on the endosperm adjusted lysino percentages of the check
 

varictics and, therefore, also had some effect on the endosperm lysine
 

http:within-nurz.ry
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content of the World Collection wheats. However, much of the variability
 

among wheats for endosperm adjusted lysine content is probably genetic in
 

origin. Som.o of the World Collection wheats with the highest endosperm
 

adjuzte" lysine percentages are as high as Atlas 66 in endosperm protein 

content and have higher endosperm adjusted lysine percentages than Nap 

Hal. Theheats PI 254077 and CI 13793 should be retested along with the 

other tcp 1S wheats for potential use in breeding programs as high lysine 

lines.
 

Seleccion -izwria for Lysine
 

Tao best selection criterion to use for selection of wheats with
 

nigh ennospcrn7 lysine content is endosperm lysine adjusted for percent
 

prot in. Selaction if iheats for grain lysine content will result in
 

scc ihoats bing sclected because of high bran protein and lysine con

tent. Bcca=o of the work involved in separating bran and endosperm,
 

initial solcetion could be made on whole grain samples.
 

Aithcujh the correlation of endosperm adjusted lysine with grain
 

iysin. adj a Zor percent protein is slightly higher than its correla

tion with grain lysina adjusted for percent protein and test weight, the
 

lattor adju~t~d lysine value is the better selection criterion to use for
 

whole grain samp=.s. The use of grain lysine values adjusted only for
 

pwiccnt piooifn could result in wheats with smaller than average endo

spcrn Pwrc~ntajcn bcing selected. The quantity as well as the quality
 

of enosperm is mportant. Even when endosperm adjusted lysine percent

,c arc bcinZ used for selection of high lysine wheats, some attention
 

ZhOild bL g!vcn to percCnt endosperm or seed size. Adjusting whole grain
 

zanplos for percent protein and percent ondosperm is of little practical
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value because separation of bran and endosperm is required to obtain
 

endosperm percentages. 

Nan Ila, Atlas 66 'Parent and Progeny Rows 

The results of endosperm protein analysis of Nap Hal x Atlas 66 

parent and progeny rows indicates that Nap Hal and Atlas 66 have differ

ent genes for endosperm protein content. The large range in endosperm 

protein content of the progeny rows suggests the segregation of several 

najor gcacs for cndosperm protein content. The head rows 15138 and 12120 

are eight pcrcentage points higher in endosperm protein content than the 

conventional variety Centurk. This difference in endosperm protein con

tent is lar-cly due to genetic differences among these wheats. 

Nap hal in addition to having genes for high endosperm protein
 

content also has genes for high bran protein content. There appear to be
 

at least two genes governing bran protein content because the progeny
 

rows either have parental bran protein percentages or values intermediate
 

to then. All the progeny rows with endosperm protein-percentages of 23%
 

also had bran protein percentages as high or higher than that of Nap Hal. 

inis 5uggests Lhat the Nap Hal genes for high endosperm protein content 

may be lin'cd to the genes for high bran protein content. 

The Nap Hal x Atlas 66 parent rows differed significantly for 

grain lysine ('of protein) but did not differ for endosperm lysine (% of 

protein). ,lowever, Nap Hal was significantly higher than Atlas 66 for 

adjustcd endosperm lysino (%of protein) in the World Collection nursery. 

7hu range in grain adjusted lysino (%of protein) of the progeny rows 

.uu.:¢ sagrogation for grain lysine (%of protein). Part of the
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variation among the progeny rows 
for grainlysine (% of protein) is due
 
to segregation for bran protein and lysine content.
 

The cndosperm adjusted lysine percentages of the progeny rows
 
indicate transgressive segregation 
 for lysine (% of protein) that is
 
independent of segrcgation 
 for percent protein. Some of the progeny
 
rowb such 1148
as and 10078 have protein percentages as high or slightly 
higher than either parent and considerably higher lysine (% of protein).

lthough Atlas o6 does not have high endosperm lysine (% of protein), 

its adjusted lysine percentage was considerably higher than those of the 
horld Collection wheats with low endosperm adjusted lysine. This sug
gests that the increase in endosperm lysine (% of protein) content of the 
progeny rows over that of the Atlas 66 may be due to additive gene ef
fects. 
 These results indicate that Nap Hal in addition to having genes
 
for high kndosperm protein content also has genes for higher than average
 

endospern lysine (% of protein).
 

Lan jal x CI 13449 Parent and Progen.y Rows 

Interpretation of the results of the grain, endosperm and bran 
analyses of tae Nap Hal x CI 13449 progeny rows is difficult because the
 
CI 13449 sample used for protein and lysine analysis was not grown in the
 
head rot, nu.sery. 
However, there is substantial evidence of transgressive
 

segrenat,.n :- grain lysine (% of protein). Part of the variation for 

grain lyine content is due to variation among the progeny rows for bran 
pcrcent protein. Some of the head rows inherited the high bran protein
 

and lysino content of Nap Hal.
 

There is also evidence for transgressive segregation of endosperm
 



adjusted lysino (%of protein). Some of the progeny rows have adjusted
 

endosporm lysine values 0.2 of a percent higher than those of either
 

parent. Both the parent varieties have higher endosperm adjusted lysine
 

values than the check variety Centurk. Centurk had higher endosperm
 

adjusted lysine content than the other commercial varieties which were
 

analyzed in this study. These results indicate that Nap Hal and CI 13449 

possess diffcrent genes for high endosperm lysine (%of protein). CI 

13449 is a 
high lysine wheat because of the high lysine content of its
 

endosper.m proteins.
 

it is Uif£icult to explain the high protein content of the Nap Hal
 

x CI 13449 head rows 
16240 and 16900 since they are 3 percentage points
 

high~r in protein content than Nap Hal. 
CI 13449 does not have any known
 

genes for high grain protein content. The high protein contents of these
 

rows may be due to complementary gene Literactions or to micro-environ

mental effects within the head row nursery.
 

Nap Hal YCI0YT 8156 Parent and Progeny Rows 

The protein and lysine analyses of the Nap Hal x CIMMYT 8156 pro

gony row.. indLcato that some of the wheats inherited the high protein and 
lysine ,cn~s of Nap Hal ana the desirable agronomic characteristics of 

CI?.1MYT 81Sb. Most of these head rows were of good agronomic type. The
 

c,,dospcrau and bran protein values of these head rows suggest that Nap Hal
 

has scveral genes for both endosperm and bran protein content. Progeny
 

rows with parental and mid-parent endosperm protein percentages were
 

obtained. 
Progeny row bran protein percentages were either at the mid

pareat level or at the level of Nap Hal.
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The progeny rows were not replicated. 
Some of the differences

anong the head rows of a particular cross may be due to within-nursery
 

environmental variation. 
The results of the whole grain analyses for
 

the Nap Hal x Atlas 66 and Nap Hal x CI 13449 head rows are similar to
 

those rcportca by Johnson et al. (1973) for the F2 progeny bulks from
 

which the6e head rows were 
selected. This simildrity in results and the
 

maonitude of the differences among the progeny rows strongly suggests
 

that the differences among the parent and progeny rows of a particular
 

cross 
for protein and lysine content are mostly genetic. Additional
 

tast;na off 
 the parent and progeny wheats in replicated nurseries is
 

required bofore more definitive statements can be made.
 

Nap Hal 
x Atlas 66 progeny wheats with high endosperm protein
 

and lysine content should be extremely useful for improving the nutri

tional quality of commercial wheats by breeding. 
These wheats have the 

high prote:n genes of both parents and the high lysine genes of Nap Hal. 
Some of the Nap Hal x CI 13449 progeny wheats should also be useful to
 

wheat breeders because they have the high lysine genes of both parents
 

and the Nap Hal genes for protein content.
 

Some o: the World Collection wheats may have genes different from
 

those oi Nap Hal and Atlas 66 for protein content and genes different
 

fron those of Nap Hal and CI 13449 for lysine (% of protein). If so,
 

then additional progress could be made in improving the nutritive value
 

of wheat by tn.ir uso in breeding programs.
 

In addition to protein quantity and quality, the nutritive value
 

of wheat also depends upon other factors such as protein and starch
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digestibility. 
As high protein and high lysine lines are developed, 

human nutrition studies will be needed to determine if the net nutritive 

value of wheat grain has been improved. 
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SUMARY 

!lost societies 
eat only the ground endospOrm or flour of wheat.
 
Most of the brccding and genetic research involving the protein and 
lysine cOn:t.at oZ :heat has been done using whole grain samples. Com
parlzm, oi te protoin and lysino content of whole grain and endosperm
 
sa-ples 14,7 
 nxdcd to determine the validity of this practice.
 

Enudo 
 .
pcs obtained by milling are not satisfactory for
 
miaain- rrczn and lysine comparisons among wheats. 
The outer part of

the cntosx : i5 
hi-her in protein and lysine (%of sample) than the in
terror of t., kcrnel. Wheats of different hardness mill differently. 

-
 aad lysino diffcrences among wheats could be duo to milling

d1f c;z 
 . mhe
n..hod tsted and used in this study to obtain endo
spua s ,l 
 is a nodifled milling procedure. 
After milling the endo
purzi a.:frfn- co the bran is removed in 
a washing procedure, dried, and
 

added to the ,.Il fiou: to reconstitute the starchy endosperm. 

and bran samples of wheats differing in whole grain

protcin anl lys.no contcnt were analyzcd. 
The wheats studied were from
 
th. . Co,1cction
. .SDA and the parents and progenies of three 
cro.-L~ 
 o2 hi ,hpio'ein and/or high lysino lines. 
 Over 300 samples were
 

unalyzcU. 

co:.uation for grain protein and ondosperm protein was r 
= 
.r ,. whole grain protein percentages accurately reflect 

enopcrn proz(in coatent. The correlations of adjusted whole grain and 
u o lysine percentages wore lower. 
The combined effect
 

o.. p, %:.i,bran purcent protein, and bran lysine (% of protein)
 
on 6nolv -rain l/ino content was as groat as the effect of endosperm
 

http:cOn:t.at
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lvsinc (" ,f protein) content. Ihieats with high grain lysine content 

did not always have high ondosperm lysine content. Significa t
 

difxocnce5 cAisted among the wheats tested for endosperm protein and 

lysinc contcnt.
 

Analyses of the whole grain, endosporm, and bran protein and 

lysinc contctt of the parents and progenies of high protein and/or 

high iy ,'. cros.cs provided useful genetic information. On the basis 

of ,,.oIo ,.auv1 analyses, tho variety Atlas 66 previously had been 

idati:Lc"' a a high protein line, Nap Hal, P1176217, as a high protein/ 

hign 1/,ic liac, and CII3449 as a high lysine line. Endosperm and 

br.,n t1ce germ) analyses show that the high protein of Nap 

iai c in Loth cndosporm and bran. Atlas 66 shows the high 

protein e.:ict only in its endoseporm. Transgressive segregates with 

cn~o.,;J, j.rotcin valuos as high as 23% demonstrate that the genes for 

endospu,-n potcin of Nap Hal are different from those of Atlas 66. 

The pa: nrL. averaged 109 protein. The high grain lysine content of 

Nap 1, . largely due to the high protein content of its bran. The 

hizh ly..inc of C113449 is largely due to the high lysine content of 

its cndo,, . protein. 
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