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THPROVEMANTT | OF UNEAT QUALTEY AND YIE(D”
by

V.. Johnsoht

Food quality can be defined in various”ways., I ahall be. concerned with

'wheet quality mainly ao it relatea to the nutritional value of the protein.~

Enrichment, fortification, or supplementation are sonetimes employed to enhance

. \

-,

nutritional qualitv but thesa area difficulc in nost 0nnntries where the need 19
"greatest.p
“Horld Food Supply

Afte: 1800 years of relative stability there is now occurring an alarming

increase injpopulation which by the year 2000 is e expected to reach 7 billion

{people.‘iThis is~eepecially alarming in’ the faee of already existing foor
vlshortagea wlth n current world population of less than & of 7 billion people.
The population problem is made more serious by the fact that the largest in- l
bcreases are occurring in the under-developed countries where inadequate food

‘supply already is a serioua problem.

| Therunderlying reason for the increase in.these countries 18 well under~

}_hasibeen reduced substantially with no commenaurate reduction in birth rate.‘

“.Reeult‘ population explosion! An inevitable consequence of this trend is that

7the population of ae developed countries constttutee an ever soaller portion tQ

of the world'a total population.

W_The land area of the world most suited for food produttion nlready is

’ﬁlargelr utili.ed. Increases in food production, therefore, must come from

,Tinoreases iu Jields., All of us ‘are acquain_e ,with the recent “Preenyrevolution



Q;the contribution of the green revolution in alleviating hunger in India and

B '\

LiPakietnn is only temporary unless some reasonable control of population in :

)fthose countries is achieved. It is a historical fact that population increaseei

;ﬂfollow in the wake of improved food aupplies./ Unless chee«ed faminesﬁ'vetgxg
i?uoro serious tﬁan those of the past. most surely will occur.@:

4‘. . Where doeo the whcat breeder fit into,this fight against hunwer? In
'imy opinion his role is n key one._ One-third of the world's people rely on
;iwheat as their main food steple.. Wheat is the moat uidely adapted of all thez-
“dcerealer It is an efficient producer of protein. Do you know that wheat will ;
;;produce more protein cnd more of every essential amino acid from an ecre of
iglend than can be produced by livestock grown on- that acre? And most of ud
‘idon t even think of vheat as a protein food. Heat-eating ie a luxury that
?few countries can’ afford.; I an convinced that)wheat and the other cereal =
!vgrains vill continue ito be the most inoortant eateéorv of world food in the ‘
fforeseeable future. Any imorovement in their quality and productivity would
éhave global signiﬂicance.

Productivity o£ Wheat

j3Substantial advances in.wheat productivity have been acniaved.in .the 1ast '’

ﬂp,oduction‘practices..‘The green revolution*probably has been the most videlyu

ﬂpublicized. With a.combination o£ short,lodging—resietant varieties,”irriga—:'
:tion water, and heavy incrementa of fertilizer wheat yielus in India and "
fPakistan were more than doubled. The sume factors led to %exico becoming

feelf—sufficient in- wheat in the lnat decade in contrast to its historical



positiou'as a wheat deficient country., In fact, aevances 1o vneat yields uere

'{recordedl\npall wheat producing countries and regions in 1970 (Table l).
f» 1.,.\‘Worll‘.d record yields in excess of 200 bushels per acre have been recorded'
;ifor Gainea wheat in the Pacific Northwest. Less epectacular but steady in- Ql
‘“creases also have been achieved elsewhere in the U.S A. In the hard red winteL

:'wheat rcgion of which Texaa is'e pert, there hsve been vigorous wheat. breeding;

R

N

Tprograns from which many iucreaaingly productive improved varieties have come.{
-,In 1963, the variety Scout was relessed by theuﬂebraska preriment Station.
iRegional records indicate that Scout was 102 nore productive tbsn Comanche :
:(Teble 2) Centurk, another Nebraska variety released in 1971 has been. 100
more productive than Scout in regional trials

The objectives gof most wheat breeding programs with respect to- yield
ere two-fold. The first‘is to increaae yield by accumulation of yield genes
in adapted varicties or by protecting varietiee against yield—depressing hezards .
-through incorporation of various resistance genes. . Coutiuuing increase in pro—
ductivity are basic to.all other considerations, nutritional and otherwisa.
vTo achieve quality improvements in.vheat at the sacrifice of productivity 1is
'unthinkable.

The seeond is to imptove-the yield stability of varieties. Hhat of the

% »

‘vase wheat acreage o£ the»Uhited Statea snd.vorld is”noo-irrigated. The wneat
ia subjected to vide veriations in precipitation. temperature, soil.!ertility

and other anvironmental factors, and frequeutly must produce a crop under 2x—

’h";f . -t -

,trene etress.i Some varieties can withatand such atreae better than others. -

A succeesful variety in tha central plains of the United States must perfcrm i{
jwell. relative to other varieties, in poor as. wall aa.good growing conditiona.‘
.The acout variety is such a.variety (Figure 1) and currently occupies the}f

Llargest acreage of any wheat variety in the United atates.



;}gtcin-content of the grnin (Table 3) This is especially evident in the high ‘

::jplaine where nitrogen fertilization of wheat has not been e profitable praoticean
fibontinued cropping without fertilizer use hne slowly nined the soil of its
ifnitrogen content.» In Kunsas, Nebraska, and Dklanona increased yields in the
fl1967-1969 period resulted in neasuteably lower protein content of the wheat.
%?Further decreases in wheat protein have been recorded in these states and
1?Colorado since 1969.‘

The point has been reached in vheat improvenent nhere major attention must.
fbe focused on- its nutritional vnlue in eddition to ptoductivity. Thus Ear,
7fthe preoccupation of breedors hcs been with increasing yields. -”his has been

1ireasonable since-succes°ful new wheat varieties must be productive to be ac— ?

x.cepted by fnrmereg

Nuttitional Improvement

S

Ordinaxy wheat produceo grain comprised of approximately l 2% protein. ,,?f

,1Environment exerts etrong influence on the level of protein‘ It ean3cause the f_

154 X r-

jalevel to be as low as 7: or aa high as 201. Nitrogen ayailability of the aoil

H"on which the wheat.ie produced is a major environmental component. EnVironnent;
: nlso can ‘exert strong influence on the physical properties of wheet flow that
;laffect 1t5 ncceptability in modern bread-mnking processes.

.. Wheat and other cereal& are ‘an important source. of protein for much of

iﬁthe world. You are. aware that the nutritionel value o£ cereal protein is

?ﬁlower than that oE meat and animal prndncts. But, it is'i otfas'low as'wejare

’fled to. believe by some: food feddists.



ufroteiniﬁhiﬁe‘ioitied toitﬁetemino acid ébmpoaicioﬁﬂbfaﬁﬁeiﬁrdééihwahdfiééfh
f'biological availability.' ”eet and aninalvproducts noeseSS protcin comprised -
*:of easential amino acids in approximately the ratio required by the human body.
Uheat and other cereals produce protein with the same amino acids but their |
ifratio to one another is different from the requiremente of man. Consequently.:i
i whnet protein is not'utilized by mun so fully cs animal.protein., The degrce
‘ito which it is utilizcd is largely determiz d by the eesential anino acid which
| is in the shortest supply.

In the case of vheat and other cereals this- emino acid is lysine (Table 4).
' ﬁote that wheat protein possesses less than one-half the 1ysine necesaary for -
it to be in balance with the other esaential amino acids according to man's
requirements. Thus, efforts to improve the-nutritional value of wheat protein'
must bcgin oith 1ysine, not because it is more important than the otner aminoJ.
acide, but because it is in‘the eoorteet supoly. |

ane University of Nebraska in cooperationjwith tne Agricuiturnl Rasearch .
Service, Ut S.ADeoartment of-Agriculture,ann Agency for,Internationai Develop~
.ment, U. S. Department of State}yhas engageo in wheat'orotein researcn for
several yeara. Tne reseerch encomoasses investigation of protein content as
.vell-es'protcinrcomnosition.v Tne objective of our research effort ievto im=-
3‘prove the nutritional value of wheat by 1) increasing its protein conteot, '
~ 2) improving the ratio of amino aclds in the protein, or 3) both.
‘}' The nutritional improvement of vheat may not be entirely compatible with
» accepted standards of bread wheat quality. The non-endoeperm proteins are
' richest in lysine (over 4%) whereas endosperm proteins are relatively poor
in‘lyeine (aronnd 22). Hon-endosperm proteins ate laraely elininated from
fﬁheet flour in the milling’proceea.‘ Increcses in the iyaine content of the '
e : .

~non~endoaperm proteina then would contribute little to incrcesed lysine content

,‘of high grade wheat ﬁlour.uv



Further i compatibilitj of nutritional 1rpzovement vith,beking quality

3 y.iexigt in,the endosperminroteins thenselves.i Theee can be divided into
teins and water- and ealt—soluble proteins. The wnter-salt—soluble

"proteins are high in lyeine (over 4A) whereas the gluten proteins are very

’alow (Iess than 27).i The ratio of water-soluble to oluten protein vatiea.wc
Vdefprotein wheets_usuetly“neuefe'highé§~bechntageJof{weter;geiuo;e}n:otein'?
QThis accounts for‘the tendency of low protein wheats to have a’ higher petcenteée:
éof lyaine., Also, wbeats that are high 1n the.vater—salt—aoluble endosperm
'proteins tend to heve eoft texture and poor bread wheat nilling and baking
vproperties.,
- It is 1nportnnt that the difference between nutritional quality and baking :
;quality by western etandarde be understood and appreciated. -In those: parts of
vthe world where the whole grain of wheat is utilized for. ﬁood the site of the
. «

-lysine rich protein in the wheat kernel would be of little consequence. In-
creaeea in the quantity of any of the proteins or incraases dn thelr lysine
content would eignificantly enhance the nutritionel value of the wheat. The
gteateet nutritional enhancenent would derive fron aimultaaeous incteases.ina
both. |

o Aeaome that a person congumes 4003 of whole mheat daily (Table 5).»

see that a 32 increese in actual ptotein content would result in the eene in- :
crease in the amount of 1ysine consumad ae a 0.9& increase in lysine content
'1tself. Sinultaneous increase of both protein and lysine would provide. the :
largest enhancement of nuttitional valua, -

Protein Quantity

The quantlty of protein in the grain or wneat can be signirlcantly in-
ereased by oreed;ng. Further, the protein incr°ase apnen*s to be compatible .

with accepted etanderda of bread quality.' Subetantial genetic differences in



}igrain protein content of wheat have been identified. “The - "Frondoso"~derived }
i{"Atlaa 66" and "Atlas 50" bred in North Carolina, produce grain with signifi—
;.cantly higher protein content than other varieties.; We have utilized Atlaa 66
:in our protein breeding program at the University of Nebraska.:

» The protein content of Atlna 66 is significantly higher than that of the
"hard red winter wheat variety "Wichit (Figure 2). Incomplete dominance of

| high. protein ie indicated by a Fz population thet ia intermediate to the parents.
vEnvironmtntal influence on grain protein content ia large.  Thus, the heritability
:fof protein is not as high as some other economic traita in wheat although we

have computed heritability estimatee as high as 0. 8 in sona erperimente.

A gene from Atlas 66 with major effect on protein appeare to be geneticallyl
linked with leaf rust resistance (Teble 6). Note the high protein of the re-
sistant rows compared with that of susceptible rows. Ve postulate that at
lzast one additional gene for protein with major effect is functioning in our
materlal. This io indicated by recovery of both leaf rust resistant and leaf
rust sugceptible lines with intermediate levels of protein. He are “using
chroeosone subatitntiona to identify the chromoaomes of Atlas 66 that carry
the genesvfor high protein. '

| We have tranaferred the high.protein trait from Atlaa 66 to experimentalt{
lines ai hard winter wheat (Table 6) You will note that Atlas 66 x Comanchaif
lines internediate to- Warrior and Scout in yield wera much hiaher than these B
varieties in grain protein content. Data from ‘Nebraska and Kansaa indicate C
that the high protein trcic can be combined with acceptable bread wheat milling
and baking quality.

Comparisons of nitrogen relations in hggh and low protein winter vheats
have provided indiract evidence that high grain protein.resulte from more com-

plete tranalocation of nitrogen from the plant to its grain. We hava heen


http:plant.to

funable to denonetrete differential nitrogen uptake ao o baeis for high grain

‘uprotein in our Atlee-derived lines. The plant nitrogen content of a high proe
ﬁtein 1ine,'IB60306, and Scout was not different‘at-any time during the spring
‘growing season (Figure 3).‘ However, the grain nitrogen content of NB60306

. was higher then Scout at all stgges of kcrnel development.

Werrior, a lou protein winter whent and high protein HB&OSOS were compared
‘(Figure 4) The foliage nitrogen content of Wnrrior was significantly higher
than 8360305 at oll stagee of spring growth.: Even eo, the grein o£ NBGDBOS
fpoesessed eignificantly nore nitroaen than Warrior throughout the kernel dovelop-
.nent period.' In no cese haverwe found the high grain protein of Atlas 66-
derived lines to be associated with hiOher plent nitrogen concentratione. {

?heno*ypic expreasion of the high protein trait from Atlas 66 hus been
‘reaaonably atahle in hebraska teste.f We: reasoned that thie would be 80 since
jnitrogen trnnslocation rather then nitrogen uptake by tbe plante is involved.'4
In 1968, one of our high protein lines was compered wzth the Lencer variety
at six levels of d—fertilizer treatment at four sitee in western Nebraska where
soil fertility ie low (Teble 7)0 The protein superiority of N365307 over .
Lancer'wes conaistently expressedaet ell ‘80il. fertility and grein protein

levels.;

’;:_w et

An International.Winter,Wbeat Performence uursery'waa organized in 1968
in vhich representative uinter wheat varieties«from many>countriee'were evelo;
ated. " We-included three high protein wheata~in this nnreery. The nuraery ie '
‘crown in most of the winter vheat'producing countries of the wnrld. Performance;
data vara obtained fron 21 siten in 14 countriee in 1969. As in the Nebreaka |
teete there wae excellent expression of the high protein trait at’ all reporting

aitea (Table 8)



ProteinVCOmposition -

‘ Do significant differences in amount of 1yeine occur in wheat protein?
'This is a key question eince lyeine is the most deficient among the essential
amino acids in wheat protein. "he Wbrld Collection of Wheats.comprieed of
17,000 varietiea, ie being searched in our Laboratory.‘"To date 7, 000 have
been analyzed for protein and lysine content.~ The majority were in the 10 to.-
‘162 protein claeses with a few below 8% and- above 19%. Ve oelieve most of this
~variation to be nonrgenetic, i.e. environmentally induced. Ve have Teason to
think thet the genetic companent of total protein varintion weasured in the |
World Collection is from 4to5 percentage points.

: The frequency distribution for lysine showed a range from less than 2 to
above 47 where lysine is expreesed as a percent of protein. The nean lysine
value for 7,000 wheats was approximately 3%. Only 4 wheats had values higher
than 4n- |

: Lysine expressed as percent of protein is negatively corralated with
protein (Figure 5).. The coefficient'for 7,000 wheats was -0.63. In contrast,
lysine expressed as percent-of dry grain weight-is positively correlated with
protein (Figure 6) This would be anticipated since lysine is a constituent
of protein." The correlation coefficient is 0,83. The shaded areas in Fignres
5 and. 6 indicate the renga oi dispcrsal of actual veluee about the regression
lines.--‘ 4
o Only.AOZ'of1the'§ariation inil?sine/protein is attributable to veriation
in protein;' Seventnyiﬁe'percent oi‘the variation in lysina/dry grain weight
is attributable to variation in protein. Thus, in our effort to identify
genetically high lysine wneate, wa are confronted with the problem of the in- :

Eluence of prottin level~onfthe=valuea'obtained. This is particularly critical



‘fbecause of the etrong influence of environment and grain yield on protein level.
Lysine valncs, unadjusted for protein variation, could be artifaete from a’
‘?genetic standpoint.

Ue favor the use or iy91ne expresaed as percent of protein in our, work

fbecnuae it is lene affected by uncontrollable protein varietionn. In fact,?we"

ow utilize the regressian of 1yeine/protein on protein to adjuet lysine values

AT S

Sto a: eommon protein level.' Nhen e adjusted the lysine values of 7 000 Werd
:Collection wheate to 13.52 protein, only 125 hed adjusted veluee hiﬂher than
13 SZ end of this number, only six were higher than 3.8%.

Growouts of World Colleetion wheats with the highest lysiue - values were
nade to determine the reliability of the initial vnlues obtained as an indica—
tion of genetic differences in lysine. Our results,indicate a large effect '
of production environment on lysine content. Few of the higsh 1ysine.wheats '
based on ‘the initial analysis remained.high in lyoine when grown”in different
sites in the United States.l
o The high lysine values persisted in a few wheats.. One of the‘more promis~ v
7-ng of these is a variety from India, P.I. 176217. It appeara tc posaess higher~“
‘thnn-normal values for both~protein and lysine;- Its lysine ndvantage ovar nor-
aal vnrietiee is approximately‘o.s percentage point. e believe this. to be
1snf£ieient1y largo.to be useful for breeding purposea end the variety has been
_utilized extensively in new crosses.

". ue ‘have been concerned with the effeet oE the high protein trait from
Atlas: 66 on amino'acid compoaition of the protein. Analysis of the World |
Colleetion indieated a decreasae: in lysine level associated with higher protein.
vaince nornal wnent is deficiant in lysine, further decreaee in that amino acid

could be eerious. Analysea of a number'ot our high protein Atlas~derived 1inee

ir“‘ DR



were mnde for lyeine, methionine, and threonine (Table 9) Note that eone of
the lines were equal to or higher tﬁan their low protein parent in content of
theee throe eaeential amino acide. Others were lower tnan their low: protein
parent. It is clear from these data that high protein lines can be seletted
‘that are comparable to lower protein varieties in their composition of essential
amino. acids.

"he potential effeetivenees of breeding for high protein as a means of
increasing the nutritional value of wheat is evident from Table 10 in which
lysine, methionine, and threonine in high protein lines are expressed as per-
centnge increase per unit weight of grain over the low protein parent. Twenty-
two percent more protein in Atlas 66 x Comanche 2509 resulted in 30.1% rore
lysine, a3. 4% more methionine, and 14,2% more threonine than was contained
in an equal weight of grain of the Comanche parent. It would seen from these
data that significant advancea in the nutritional value of wheat can be
acnieved by increasing its protein content. | |

The comparative contributiona of high protein and high lysine toward in-
creaeed amounts of essential amino acida in wheat are shown in Table 11. More
-of every amino acid per unit weight of grain is provided by wheat with 17.2Z
protatn than high lysine wheat with only a. 3Z protein. Clearly, selection of
high lysine at the expenee of protein content would‘not be warranted on the
baaie of these data.

;~§; Huch haa been heard.about opaque-Z maize which is high in lyeine.and tryp-}
tophan and ponseesea excellent nutritional value. We compared the amount of -
each eseentinl amino acid per unit weight of grain provided by opaque-7 maize
with 10.0% protein and' high protein wheat with 17.22 protein (Table 12) Ae

much lysine and more of every other essential amino acid is provided by the

high protein wheat.


http:withI0.OZ

ow good nutritionally are high protein uheats? Our iu-vitro laboratory
1?analyses indicate that they should be diatinctly superior‘to ordinary whent.,u.
%lThe final answer will come only from feading trials which ultimately must 1n-fi
‘?volva peopla as subjects. We have completed preliminary plana for eatablishmont

"of a amall animal laboratory in tha Departmant of Foods and Hutrition of the

::University of Vebtaska in which the mouse 9111 be the test;animal.ilwa hope _;3
'to eatablish the degree to which tha 1n-v1tro laboratory cests reflect nutri-

tional value based on the mouaa testa. s



Tible 1. World Hheat Eeoduction (bu/a)

1964-68 1970
L USA 26.6 .2
i : Nebraska . 27 .7 38. 0
“usse - 143 164
Eas: TEutqpe) 33.5 35."'3\:'
West Europe 36.8 38.1

i ¥

Mexico 345’ 41.6 (1969)

- Paidstan - 12.8. 17.5



‘Table 2. Winter Wheat Variety Perfornance Southeérn Regional Performance -
7 Nursery, 1968-1970.

“Variaty Year relassad 1968 1965 1970 ' ‘Iherease’

?45:0%& 10% over

" Génrurk 11971 453 _
 Searurt. e o - scout -

1963 43,9 10% over
PR Sl Comanche

“ 1942 38,5 °39.6° 143 over

".Kha:kof

 fdasion Tatroduction, 3.2
1900 T o



xiébié;ﬁ;jﬁﬂﬁééﬁ.!ié;d?éﬁﬂ,Pgéféin}??gﬁda“4 HRWHARegion.

Av, Yiéld (bufa) = Av. Protein (%) ,
1967 : 1968 : 1969 : 1967 : 1968 1969

_srate
' Nebraska® 26.5 32,0 aLs 1.8 1.3 112
Knnsas "‘20,.0 25.0 - 315 ,:12.‘9;’ 1,7 ,,:jlo,,9'
Colotado” 9.5 2000 L U26e 17 e ibg
Oklatona 17,0 - 230 280 12,9 L5 109

""-‘




- Table:.4. - Deviation of Essential Amino
’ ' Acids-in Wheat Protains from -
-Requixements of Mam, FAQ0-1957.

"% Deviation

Amino Acid frqm qugiremeut L
Lysine : ;i,i1 B 'ﬂJ-55.0: .
Methionine:f " ‘;1275;
Iaolencina L -16.7
Leucine. o 30,4
Eﬁqgiﬁe e 0.7
Pﬁe;ylalanine f{-+40 4,}; ‘:
Threonine L,e 3.4‘:
Valine f: i.+‘4,$.

-jAdjusted ptovisional anino acid pattern,
. WHO 1965.
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Table 5. "Effect of various levele of
© 7 protein and lysine on amount’
of 1ysine in wheat: grain.

400 g. whole wheat -

. -with

;ibz:ﬁiotéihfaé.lzilyéiﬁe.

“Provides. 40 g. protein; 1.2 g. lysine

132 protein, 3 12 1ysiue

Provides 52 g. protein, 1 6‘3. lysine

102 ptotein' 4 02 lyeine

Provides 40 g. protein' 1. 6 2. 1ysine;

132 protein, 4 0% lysine

Providas 52 g. protein, 2.1 K Lzéine,'



:Table 6. Grain protein frequency distribution of Fg rows-of Atlasy 66 x Wichita'
: L homazygous for reaction to leaf rust: at Lincolu. hebraska..

IR s Z Grain protein (Class centers) -

-Population 2:9.5 ¢ 10.5 = 11.5 : 12.5 : 13,5 : 14 S5 ¢ 15.5 : 16,5 : 17 5 : 18 5
| .‘ | Number of rows'’ |

Wichita (Susc.) ‘ 3‘ 10 l

’_Susc. Fg rows 1 g \'"'L;r‘_.'lv.2 | 61 121, -.',,50 { ‘, 30 8 .?.

:Res; Fg Tows = 7’ a ?é;siiléf ;2352 ?$9. ;753 29

Atlas 66 (Res.)




‘Table 7. Effect of nitrogen fertilization on the
' grain protein content of the high protein
line N365307 and Lancer grown at four
Nebraska outstate testing sites in 1968.

Nitrogen
application ‘ '
(rate and time) Lancer NB65307
- . 1b/a R -2
none ' , ,8.2 . 9.8
20sY 8.9 10.6
4R "jfé.a 114
‘40's | 10.6 121
60s 11.5' -13.0"
80 2.3 13.8

Y5 = spring; ¥'= £ail application



f@kbiéfgo Mean grain yield and protein content of seven
- Vi varieties grown in the International Winter Fheat:

:Performunce-uursery in 1969.

S H Mean :  Mean protein
: Variety" .3 yileld  : content %
. : ' ¢t ' bu/a : (dry wt. basis)
'No. reporting sites' 3 .16 - 18
‘Lnncer - 54.9 14.0
Triumph 64 ‘ 53.4 . Y6.7
NR67730 (high protein) 52.2 . 16.4
Atlas 66 (high protein)..- =~ - 50.1 "17.5 -
Purdue 28-2-1 (high protein)".'v' 49.4 16,6
‘ Winalta ' 48.3 - 13.8

Gaines

7 46,1

"la{of
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“!Thblé79;f%ff§tein;ilysiné;'méthionihé,'aﬁd'threoﬂiné donteht.éfzhiéh'
' . protein Nebraska lines in comparison with the parent
~ varieties. '~ . ' ' '

Threonine

o
L

protein

CoanT e T e ¢ lethionine
- Varlety .. : Protein R 4 P A
o o __ .+ contentl/ : oprotein : protein’

”anagéhgj‘ 150 3,2 - 1.7 @Qs‘t
atlas 66 R D R
_:Xé;f%é-cén.zsog. g;alsf '3}5 | ";;é" 3.5i;
| | 2500 fié,ag 3.2 LT ,3,5;
9 182 3.3 L7 3

2504 179 3.4 1 3.7

25070 (17,7 3.7 Sz 2.6

2510 0 165 B L7 3.2

bry vetgnt basts..



Table 10. Percentage increase in protein; lysine, methionine, and .
“threonine in selecced high protein Nebzaska-lines over
their low protein parent per unic weight of grain.

L T Increase over low protein parent-
“Varfety. : Protein Lysine . Methionine Threonine.
. S 4 SR A R 4 R

el 66 % Can 2509 22.0 ;30 1 ;55;4f‘, 22
- zsoo{, 22020, 5}}3 202 8 6
5}{} 249?:.~ !;2¥}§i» ;23f11 f ;féi;éf%; 5 B;jk

CII Y ;14 75 31 6i§ 1o, dff -15 5f 

2510 10.0° :14 a}": 10 o}fj o o(*f



Table 11.‘ Compatacive essential amino acid composition of high lysine and high
' ..protein‘wheats... . -

VAminovacid?l‘~

High protein wheats

- (17.2% protein)® .- :

‘High lysine wheats
(8.3% protein)*

" _se se

Z of

Z of protein

4 of grainw*

Lyéinev
Iédleﬁciné‘:ﬁ
Leﬁcipﬁ _‘,}
3ethi§hiﬁe’~;‘
.Phenylaléﬁiﬁé!
Th:eonine'  
Valine :';:‘;‘

'Trypéophan

~%14% moiétﬁfe basigﬁ.'
’**dry“veigh: basis -.: ..

protein '@

2.9

3.7
7.1

25;57
 3;bf
i
11

% of graintk
0.49
0.64 -
122

0. 2s’~:
0. ao.y
0. 51{~f

0. 77*j?
70,19%{

3.6
37
7. 3

L 7
4 9

a 4.

:;4’7J

'

0.29

0.31

o;si’
fd;;4 
0.41-
0.28
0. 391?
;o 12}




. Table’ 12“«5Comparacive essential amino acid compositio1 of opaque-z uaize and
;,high procein wheat._,“

; . High protein wheat
(17.2% protein) 1/ -
% of protein Crans per.
' : : 100 5. grain- .

L Opaqua-Z maize

7y (10.0%Z protein) i
% of protein : - Grams pe: ‘
' SN 3 .100.g. grain

. ’Ariino,gg;_d‘.'_ o

Lysine’ 4.8 - 0.48. 2.9 0,49
Isoleucine 34 «'o '34 : 3 - 0.64

fethionine . . - 0.23

o 21{}.

‘ Phenﬁglianiﬁé 4.5 ‘.,.' ‘0 87)1’,'

Threonine . 4.0 o aof? , io.5,1{','

Valtne . .. 5.1 o 510 1 0.77.

Trypcophax;-}f L 0 13?‘::_‘;

;F_ 0. '1_9,1."

ﬁ -1-/ 1a, inoiscure basis.;{f


http:0.400.51

rigure 1

Pigure 2.

‘figofefB;’_
‘w0 v.  varleties at Lincoln, Nebraska. 1963.

Figure 4.

"ﬁioﬁwofnﬁighres‘fi

.Yield relationships of Scout, Gage, and Triumph winter wheat .
. wvarieties to “harkof predicted from the linear regression
. analysis of v.riety yields on nursery mean yields in the
“"ijouthern Regional Performanca Hursery, 1961 to 1963.

‘;Grain-protein f*equency distribution of plants of Wichita
;. and Atlas 66 and their F, generation grown at Lincoln.
: o Iiabraska in 1957- . o ) : a,':’.'."_\'

Nitrogen content of the foliage and grain of tvo winter wheat*

‘oNitrogen content of the faliage and graiu of two winter

.. wheat varieties at Lincoln, Nebraska, 1963,

'Figuge;5.

Fioure 6. _
- welght among 7000 wheat varieties from the World Collectiocn.

The relationship of lysine expressed as percent of protein

" with protein in the grain of 7000 wheat varieties from the\
L World Collection. .

A

The relationship of lysine expressed as perceant of dry grain



f Hhavlof

o

i

eveew

¥
i

o Y

BRI
 Hedits ’J};' }"

et iﬁ '?E

Y
TNER
R AER

Y\e\d o'¢. Hhav‘io‘? (Bu./P\)

R




ed
-

erv

TGP ey e T e e :'

T e g
- i .

g

m‘..
[a
0

et
=
.3

1

Y=

No X
4
o

Q

O

88

T -

Pe

Percent protein




RN

S W .
., .

N
Y
S8

NITROGEN CONTENT (%)

"NITROGEN CONTENT OF THE FOLIABE. AND GRAIN oF . -
< Th2,1INTER WHEAT VARIETIES AT LINCOLN, MEGR.,

A

"DATE VIR

LR e e 4V gd e by

e va

e




[

NITROGEN CCNTENT (%)

" & —— o - S S Foliage

| —————N.60305  FloweringS

. L e SO i b g
5-2 5-9 5-17 5-23 5-30 6-6 ' 6-13 6-20
- - DATE : :

1

4-25

yetde ;
[ 4 ST
LRI Y

o e

A e A mee o v

e L A m v g ae e



-
T

M o L7 .
L b ove Lot md L aar 2oan s

.
\.
-
\
:

2.0
s  40% of variation
- K to variation in protein

in iysine'ottributoble"  5.‘ .




n = 7000

754 of veriotion in lysine ott
to variation in protein. o

“-! N l

ributatle

e . 14 16

Protein (% dry yeight)

b gimmmn o m——l S e oy e



