
14 

A. PRIMARY 
1, SUBJECT Agriculture 

CLASSI-2.BLTOTLEPAINDNSUTTITLE 
B. SECONDARY 

Cereal Crops
 
2.TITLE AND SUBTITLE 
Investigations of the Genetics of Bread Wheat Baking Quality
 

7.RFERENEORGNZTONAEAt DRS
3. AUTHOR(S) 

Schmdt,J.W.; MatternP.J.; Johnson,V.A. and Morris,R.
 

7. REFERENCE ORGANIZATION NAME AND ADDRESS 

University of Nebraska
 

Dept. of Agronomy
 
LincolnNebraska 68503
 

8. SUPPLEMENTARY NOTES (Sponsoringi OrgJanization, Publishers, Availability) 

Published in Genetic Lectures Vol.3, 1974
 

9. ABSTRACT 

Protein Quality and protein quantity are key factors in bread bak'ing quality. Howevert 
these two factors are not independent of the carbohydrates and lipids, especially
 

glycolipids, in their effect on bread baking quality. When the other factors are
 
equivalent, bread loaf volume is highly correlated with protein content (Fig.l).
 
When the protein content of two flours is similar, the difference between loaves of
 
bread baked from these flours is usually a ma.ter of protein quality. Differences
 
in bread wheat protein quality may be due to genetic factors (Fig.2) or to environmental
 
factors (Fig.l). Therefore, the cooperative wheat research project of the University
 
of Nebraska and the Crops Research Division,ARS,U.S. Department of Agriculture has
 
included both objectives of increasing protein content and of improving protein quality
 
for bread production.
 

11. PRICE OF DOCUMENT10. CONTROL NUMBER 

PN-AAB- 4 

13. PROJECT NUMBER12. DESCRIPTORS 

Protein quality and quantity, Carbohydrates, Lipids, 931-17-130-471
 
lourst Genetic factors 14. CONTRACT NUMBER
Glycolipi$ 


AID/CSD- 1208
 
II.TYPE OF DOCUMENT 

Research bulletin
 
AID ag0o1 (4o741
 



Reprinted from GENETIC" LEXTURES VOL. 3 

0 1974 Oregon State University Press 

Investigations of the Genetics of
 
Bread Wheat Baking Quality
 

J. W. Schmidt, P. 	J. Mattern, V. A. Johnson, and R. Morris 
University 	of Nebraska and 

Department of AgricultureAgricultural Research Service, United States 

Lincoln, Nebraska
 

PRoITIN OVALITY atld poitin ql.tlitity MIC keY f.ctor" iilibread 

baking qu:lity. l lh wexer, tliee tWo l.1citi'1-ie h1ot ihllelleIletlt tif 

the carlh\ drat'., .nd lipil. c".lietllh% ,lx\ llpll i ll,iteii el'ft'.t oil 

bread bakilig qnItlit\ When the otlici fito,r. it evqtik.tleit, bre.od 

loaf vlin highhiNl! elit'd 	 I ig.e i, (o \\illi tlotltin '(iTiltelt 1). 

Vhen the jI-oleih ll ite li iti t. flion1 1 11111.l1. the Ihference
ll I f ltl 	 m I, l \betw ee n l ~Iou1 Ce f 	 11t .1d 1.. eo fl ', ,1 . -(. 1] .1 - t1l l y a 

matter of proltein quithilftez en~t- in bIc'id \%.hiit ,riteihl quality 
t niiiminti factorsnmz be dtie tuogeieti( fi to, ( I-ig 2) i to(n 

(Fig. i). 'lheicefoie, the tiqe.iti.e x\hie.t ie,eitih project of the 

the Crl,. RNe .aith Diqi ii,)t ARS,Ulni\ersit\ of Nehra.1,ka and 
U. S. l)epartinent of Agriculture lis iniuled Ioth oiieitiveb of 

incretsing protein content and of iuiproving lruoteii quality for 

bread prodictiotn. 

Increasing Protein Content in Bread Wheat 

Flours for ,atisfactory bread pro(Ilucticm .hiuld coltain about 

12 percent proteiin. Wheat prduticed ln the ( ;rcit Plain., area had 
,.oil fertility declined. declineample tlour pritein 	until nati\e (i 

" 
was hastened bv the increied l)r ilucti\1e1ie , of nu\%\.irieties, Al so, 
there tends to ie a reduction in grain-p otv'itn titenlt a, \ ield is iil-

Nheatcreased. Thetefoie, one of the ibjeeti e. of the Nebtak,i 

re,earch ljioject \\a;. the ine.ieie of grain-pitutein cntent through 

genetic iIne,. L F ler ,ttlies us :eprtel in tle liter.atnie \%ere nlut 

very encouraging regarding fie prospects. I lowe\eer, the bais for 

our optiniisii was the release of the 'Atlas' whteats by the North 
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MIXOGRAMS FARINOGRAMS 

PARKER 

L 
o 2 r Y", 0 5 UI , 

I PARKER 

Figure 1. Lffhc t of ri\Iiln l,,o~t oil1 tje ,ar n(iII I I a ual tity'l-ii -I I tiNlt I i 
of the Parker hrd idd winter hicit \1,it, t it tlhlic Nerask lhit(ations 
ill 1966. 1, I'of) ohl, pliotolv (,tlht I0 i cl'ial NPi NorthP'laitte, plo |sll1 ( )liti-lt I09 p lill lt, \ A'lhao,,v, p~r(otem (ontenst 14 8 
pe('rent. Cond(htioms I fi( . ,at I I il att o IIh fr,s aI, .NorthI IPlat I', ) iel] 
(-lif%ironiniii'a, ,at Ali, I', low, ) i]ld %%, irom mifilt.mn fill dIrotilth vof 

Top., M migl{).rantsl ilod] fa [ ajo% N fo r (-lifilil|m
mr I al, those,( lts,. 

Blottom,: Loaves o)f lbrc.,i shoing 'l thf, wd,(ut,, ]toaf vluhllll at Nortdi 

l'latte dlte tio low protelo co teit and thlIharli ciot at Alliuce due to 
high protelin onltenlt III it (1o1t e(ll(nvirom(nlt. 



85 3. W. SCHMIDT, ET AL 

Figure 2. I)ifhlrenue% in flour mixing curvei due to genetic or varietal differ. 

entes; both arictie, were grown the sine year at the "une location and 

had idetical grain-protein content. 

Carolina Agricultural lxpel iiiwnt Statil. B;oth .\tl1, 5(0 and Atlas 

66 were ,,hown to be ,ub,iiial\bigher ini Irolei oliteit thlan tile 

soft red minter \ic]t, of that rg (il. 

The A1t.1, )h(-,tt, hang %%ith t\\ h. t1 1cd \%illet \ Iheats, ('o

liatiche autn \\ It hjiti, %\citc grP\l 1 it I r 'ifi ( ;j t Plains 

jtiuttiuil ,luti lt sillmpciliitit. If the Atlasstatiowui tii 'ce \ ]lt ttier it.u 

wheat' \moiuld I '\Ili! inh h-1 .gluil t'he udata h1(] ll iIi 'tible I are 
l hal, tudy,initdr il.t;i at .itypiCal of the It llIt,. \\ ith htu, ,li1" 

of tile feasibility ,)f imioi')\ing pitt-ii content in ]hir'! red winter 

wheat throiugh breeding \,, initiated. "Thue Atla" whet'l, peecia1lhy 
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Table 1. YIFD Il (GRIN \NIi (CIHIN-PROiIiN (O.NIFNI OF Aii..%s 66, 
CoM+NL'iI. IVI)IIII % \'Iitl s ( M)\N IN I"OULR lt OU1ilFRNAN GH", "IF1'-,I i11F 


(;Rl,\n
h I NN,, IN 1958 

Fmir-te,,t Mean 

Varic Yiel IPrOtein 

Atlas 66 
Comiancic 
Wichita ....... 

LSD 0 

.... 
.is 

.249 

Bu/.I 

217 
186 

% 
19.4 
17.5 
15 4 

0 7 

Tablc2. GRtW PRMiIt IN llftl,it inn\Fi.-,M uri-, ill .\rt; 66 x VIC IT.% 

Mhtl.< l'N'dE
timate 

llerilahdmt onthie 1,ru ,vttt~ III, \aianc't,,,ti,itw ,midP , and F:, 
a's et iattles i tu ,tllltril debh\,trlam c (l.,tetillhti'c', llbed 

i.it; ) 068 
l it abilht n I e t rll \il e, i ttiI .! i i l .t ii oliteilt\ lt teairI% mrliicro, 

( re'thce iltt .l ) 0M 
Regre. t t guI("m I (dI (tit lhl I vtimida i a iieldata)umii. 058 

t.\\cir la h 'F cnts ill'rf)t" \%hih Wichita 
anld ollltlti , an ,uljitt tothrtrlrtm iti f(oii le rt eistacn, re-

All , rut rs taiice. eigh 
d 

T)etiI stiesTl awelllsfours, son showed that majorf irtio lal 
F,2plaltn. andl pltt.ttqh j.- J til. ,, ctlal \,allot,. mc ,.hm ml ill 

' Figure .1.°I' l F - p o t tjuh \\,i,, t but, ni ltc'tnic(t'<htoJthl(p.,1rtciits, 
Iplants m lhl tt. | ( 114 .1., It, high l,,irtcult couldIIII)tW.ll 1 lligh dwt Illteall 
b~e recoxt~xrol ca.ilh , ne ttti,,fljr high pri tcnl tontentA\,h att 

proved Iti)betintpmint~tf 

I'me l(ots 1.11 t]cllet';s.tud~ies. kid~ I t'l.Jtcdl 1th.t gc cmt ltwllicit'll 

made for s.low if":111'\ lmi)t,.,, Ill111li mgl~g~ramt tcomtenlt.ptiot('tl 

]|o\%,e\ctr, th, ,\t, (0)t \\1,(hit.1.,1wl ,\tlt.1,00-(*('loltl l.)Imtl,ithmls 

gave hicthihtt\ v',tI ( Tl 2 ) .tdlh high to) \\,rralit tileimat-N ch ivt'nll\ 

,,. h ,ll pI)belief that g.,il prf i m it.asltlg g ,imll lt t'ontcnit could 

be made. 
The Atlas \\telt, Noith C.:irmliua .Stavatrietitcs rehca,.ed by'the 

tion for their hcaf rust res istance'. "Illht,high grai-lproteiii content 
was obtahtled as .11 adjunict to their priogramn for lea;f rust resistance. 
Their studies, aiswell s,,ooll mnajor portion ofwi otur, showedl that a 

http:rehca,.ed
http:IIII)tW.ll
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Figure 3. (Grain-protein frequen y distribIution (f W.'itita, At.la% 66, and 

Atlas 66 x Wichita F. plaits grown it a 'niIItihoIi,. ollbhvd. 

thi grain-lirotein ii'r... a nii i tilt. titfr ,f a .imply in
heriled dominat g toi foi Ihif lit i ,i,|int ()ir -,'h'ction fir 

n to nt i l tlill, t' S , i tie 
asociatioll I)ct\%C(.nI In'at lti'l t'-I'Lliht mldlq iI h Im~c lil t'ntllfl. 

h ig h p~rotei mlit N Im t 'l hl\I ep illd o<.~n 

SIo far \\t Iiit not c-tiilhihtui' \JIl itll ti - l,. lll, ,iligi, ]l in
troIism , or ,in aittil.it ' t( I. lt el , .1 lljt--ihliht\ -nII O1w lca c' itf 
the high gair.n-iit,tti Jlimit \.t\t, n Iiwt i i I fll,- I'trlter 
tran,nrt of nti t tiiitn , toinputillll fli)ll tit I',\ ti tint glaill. 

"rit (IULt~iell oif lhilgt g tittll l- , hullt ihg i lnt1 ',ttillllof 
impIi rtalite \iini t \;, ,i ti' IiII t'ii(h i 1tttt g1.1111 \:tiltighe 
'll highr gttill tp niti l ll" ,\ ttwcl liitil itt fft lll ,i it llt'i lt utltioll i r11o .,iliil, .11114,1iiit I'wIci ( I.ijt I) t'lll
firnm ed 111i" ',lilt, OWt1()k% i i)il CilllC, l t' \ \,i , li.1d foliagle 
nli tro g e n'lh'\ vl- , h i g~ h I , o i gli c t~ Oh mi t ,i hi g h~l g li mli l ll , :Il li lle o fl 

Compal~rale ~atil l il\, bill tit( I'llihr \,,h h d 'i~t.,llifliildl highier 
grrinl-plro~t'ill t'oliitc . l'h t lilic~il II't, ed lln

ll 1 x iliat ~l Ililc -l;:'lll. 

Tll, . l l liViclwt,, a i l 

her of timiith \ lh imiii tiich 1 iit iai I tt, stigit,, i hat lhe 
ktlals t hitals were loic lct'ieut thillpol't orl tilihlicatioll of nill ill 

trogen or ilitroigenowlt;i conponli fronm foliage to the grain. This 

http:aittil.it
http:I)ct\%C(.nI
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was sul)tantiat c1[, at le"at ill lar't, %Nhen the l)w grain-protein Wich
ita andIa high gr, iin-proteiin exlperimental line were defoliated after 
bloouing. )efiliatioin of the h,\ giaii-protein %ai iet" Wichita had 
little cffte t I'll l iti, i ltcit, \hile l.f0liiti(,, )of tie nor
mal\'y high g r.ilii ])1u ti i i nc C(1t1,I i- I)! ti) i ori tIu'1t to th,1_ \\'ic'lh
ita lecl ( Fig 5,. I h\o\cIt, tli. tol e an .litif.n sI cthe leaves 
oil tie Iilcfih.itc \%it hit,1 lht ',cic .ttLcI h' heaf rut and de
terioited iaill, . I thelt- high giimi-ioilctii hne iciiiiiiicnd green 
muc hinge. 

WC ha\ e it iliiuulitc, iu ( h u1.it,i t,1 "i',) 11.1t thei-C high grain
protein lin,, \ mtil ,ipci 2 t() 3 I) C utnll im th.u io it\ if tt (that is,17 lercent \ ,I ii. 1-I 1 t, (,itI I ,i(I t ial , ur IiI)(, , teiu( it Icit Increase 
at viehl till V) t 15 hii-h. andIt\ ,l, I ,! fi)i \ cmir tI \cr. Bread
baking flata ,.,) li)(,X\ th,1.i high gulil m iritciiintent, in tisk case,
ik indlelildtehit (If I t,)iln ,litl'u ,xIillIc the lines sliown' in 
ligture 0 ha\.c '.iilm high gilul-litotlil tele, w_t tile\ iel.reent a 
range jul dinigh-i i\ing t\ pc,. .uimilarl\, they imlay haxe a range in 
)rea(d haf ouic.lo 

5.0 

4. 

3.0 Grain 

.....-WARRtIOR "=.-.joIago 

N.60305 Flowering' 

1.0 

4-11 4-18 4-25 5-2 5-9 5-17 5-23 5-30 6-6 6-13 6-20 
OATE 

Figure 4. Nitrogen ,.'ontent of grain and foliage of Warrior and urne-peri-
Ilental high grain-proteio selection iduring the 1963 %pring growing 

season at Lincoln, Nebraska. 
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SEL. 631273 WICHITA 
3.0 	 Grain 3.0
 

...... Grain
 

2.5 -1_- - -
2.5 - 

2.0 Undefollated 2.0 - Undefollated
 
- -- Defolixted Defoliated
 

.- 1.5
 

Foliage
 

1.0 FaII g 1.0 

6-17 6-24 7-2 7-9 6-17 6-24 7-, 7-9DAT[ 	 DATE 

Figure 5. IlAft t of defoliatin on grtin-piot),v i ntc,lit of ,i 11gligrain
protein v\perimntal line and Wichita winter wICAit . t L.indo, Ne
braska 

Figure fi. Rtange in dooigh-miig (utrves of flours of Atlas 66 x Comanche 
derivatives and the parental varieties at nearly constant protein levels. 
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T;bIC 3. (HRAIN YIIII.M,, ( R %N-I'RI I IN (ONI EN, .ANP ]mis is IF['orrIN
PER. .- tu I JRillit' m\ \,Vfii RIF III -, Ti I|\k IIt %r V"%k .% D I'I IR DRII)"- AtI LINCOLN, 

'arict. 
Mt Prot elml 

hybrid Yield I'ioittit icr acre 

Bul.A (l. 
Scout 58 6 12,30 432 
Scout hf\ rld 45 8 14 55 400 
(;gce 474 1340 381 
G;ag'e Irid -10-1 15 75 382 
Re (tlotcrline 31 2 1-1 5 280 

'\in inttirt,ling )x-Iirouht (if our I\bril tt heat reearcth has 
becl titc idelttttitIttluu oif high gi tin cntcn fit male-fercttet 
tilit \ ic m-er Itc- I T° lt' 3 1. '1 he.tliit\ iof thcet hi' to trailsfiit 

ltvini '11( 
l906-68 x\ flth I tiidw~l r if dhlherciit ic'.,ter, atid h\Ili~lh cllilinm
thi', high ,l ( ti~llt'i t4) lIl 'Ic)h\ b~li.I \\. ' -I,x 11 i l ill ill 

tiolts. Thereft ei,. tie-t" hIt., ale Itcltt Iti'd .I- high grain-lprotciii 
p litsLl ill (Itll LLII II \ lt'llhcI cdL'IILI" [ln ' 111ill 

iiallh', ret' 'Il i 0 ft'tletit t expe illt ille, -htl\\ I g 7) t nt 
tllc~e linfi'. IL.1inLt'lllL till, gLailll I]n Act'tI 'tnlPtT'l litl\ I ' hncre'l'ing 

utttIt(iit. tfi'11Ititc tetitti llii'tggi'. again,Ttlite that 
hligh "laiinllp ich' i ~ll L- MII lledntc \\ ith \%It'll happle n , wihhin 

the tLfilt ti i, 1tt tit. to I() t'tentitiI Iiirirtni ptipte 'Thierefore, 
the relet.c of high gtttin-ptieit \,it'lo-, ill itt omltxtthe hasic 
lirndhthtt of It)\ l)1( ttll \\heat ill Ne t' it T'hi ix till i iatter of 
sil ferilit.\I Itt etti-, stibs-taii:ii geoitetic itgicts- for titreasei 

graiii-ltilvtiiit nti i-, tl ilttitegertii,i,in turrtntl' a\atilt Isibl 
abile. At pre'ett, tile WiiIi \Vitit ( ollicln is bcing searclled 
for ;tdditiitl sorce,, i high graiLl-plloli t niitiNebraska 
reseirchers areiitietvieted ill ittiprot l nutritional ,ihit; a, well as 

bread-baking quality. 

Protein Quality in Bread Wheat 

Phy.ical dougil-hanlihng prop erties of bread wheat flours are 
largely a twitter of protein quality. I lowexer, these properties, as 
well as irotein cteiiit, i;Le all iilltluente on] loaf \olue and tex
ture. Since the (Cheyenne \ariety hasIlng been a quality Standard 
in Nebraska, it wa chsen for sttdie, of the genetics of bread
baking quality. Ileyne and Finney ( 1965, and in earlier unpublished 
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Figure 7. Maintenance of grai-pr(Jtein content superiority of an Atla, 66 x 
Comanche %election to Lner o(r a r.anuge of i ,rogen fertility leels, 
1968. 

reports) oif the Kina, ,\gricuhuirui ix1erinuent Station ,,howed 
that, incros,e, mtil %eaker %heats, ( he c. ,e (uality chira tri,
tics were pariaill. di,,iiiiiant .mid due to t ,,mall numblher 4of genes. 
On thi, ha'k, itaIeareI that cither the i o,,omic anlli, or tile 
chrmmonome ,ubstiitition mei )tlil be uivul inaidetailed Study(mihl 
of tie profitein qilit. of ( hie\(,lne \heat. 

mlli, mcleltlml,For the Imoillim ii \,i, the ollnoiinc ,et(21 
2n-1 line,) of the \\ ichit \ariet\ tuise in rl ',e.\ith Che\ 
enne. Bulk F1,IHogenic, fioui hll,,n c I,pl.iits failed to ideln
tify indidhil ( he\'. lne clironm,imem'i, factors strong\Ith for 
dough-i-mixing charactetli'tic, ( Fig. 8). The (hIa'ic ettect oil dougih
mixing (iue to tile Iiollioil ic c(ndlhitio (if chroiiao.(1iiie II) re
ported earlier by Weklh LMid \\-isIlelin (1964) ie only"demon
strable effect. Obviotisly, this method id Iot supply the'in formia
tion we were seeking. 
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lFigure' 8. IiiIIlll l tr ilied>( the grain ofR Iu(lll]-Z tr ie i from the 
21 ]". loecIIIl ]aleltoileilii %.Vic OlitI iS.elll of ]iilieti moo~c CJheyn l'lll 

(jlile ( rol ,,e' , tlcjc~irecu~ ,ti ,cc' ,,\ (W\i ) 1il(1(hc ( Cln),IthlitI eie''ill 

,


ciii| ,it~lpltil ih~ociicc jcelctc]iloi. Ice ,ireulezcdieid by'Jil llbi],llitcoic


ti.iriuiii c'iiIIIiill'l .lilil .Zlillilli2°A - XIII, 211 2 Ji).
 

' 
lFigure 9. l)olcll-iilicicg ulr~ es fur 2! Cheyenne sulbstitution lines and 

pairinitall aiIiell.,,C(ceyeiilt, ((Crnil) and Chiinese Spring (til ). Tile 
Sllistiiiution hlcles (i,,,lJ.( icy antialre, nithed chroilnlosne nunmber geninel
(inti papr 9A M'XIII n 211 4 I). i this fgure, tLe A and 2D 

lintes had insuliielit hicke'rosesl lind do niot re~present tilemixing types 
oibserved in later haetruss Iines. 



J. W. SCHMIIDT, ET AL 93 

I)r.. R. Sears, ARS, 'SI)A, 'niversitv of Missouri. 
had available appropriate cytogenetic stocks of the variety Chi
nese Spring for a chromosome substitution alpproacli. This variety 
has poor bread-I)aking quality. Iach of the 21 Cheyenne chroim
soiiies was substituted singly for the corresponding Chinese Spring 
chromosome giving us 21 stocks. 'ach stock had 20 pairs of Chinese 
Spring chromosomes and I pair of the Cheyenne variety chromo
somes. Lines \w re at the fourth backcross stage except for 2A, 211, 
21), and 7A. Seed was increased at Fort Collins, Colorado, and 
Aberdeen, Ilaho, and then composited for physical dough tests and 
bread baking. The effect of environment (location) according to test 
mixing and baking did not influence the relative position of the 
lines. That is, the lines maintained relative differences regardless 
of the location. 

Ilinthe process of milling these substitution lines, it was ob
served that line 51) (having 20 pairs of chromosomes from Chinese 
Spring and the 51) pair from Cheyenne) milled more nearly like 
Cheyenne hard wheat than any other line. The visiual identification 

f irom bran !ean u) if the 51) line as having the Cheyenie chrm
osome that promotes kernel hardness was substantiated by physical
flour characteristics as shown in Table 4. 

The physical dough-handling characteristics of the flours of 
each of the 21 lines and the parents were determined from patterns 
produced when 30 grams of flour were mixed in a Swanson-Work
ing Mixograplh operated at 25C. Water absorptiois were adjusted to 
optimunm for bread dough. Results are shown in Figure 9. L.ines 2A 
(XII I ) and 21) had insufficient backcrosses at this point. After ad
ditional backcrosses they were show to have mixing characteris
tics similar to Chinese Spring. Of the remaining lines, 411, 711, 
and 51) had dough-handling characteristics clearly superior to those 
of Chinese Spring. The strong gluten qualities of the Cheyenne 
variety, then, are due to factors located on these three chromc.iomes. 
Mixing cturves for lines 4A, 311, and 411)are somewhat better than 
those for Chinese Spring. 

1Loaf volumes and loaf characteristics of these same lines are 
shown in Figure 10. The A genome of Cheyenne, with the pos
sible exception of IA, does not appear to contain any bread qual
it)' factors that wouhl improve on bread baked from Chinese Spring
flour. In contrast, at least three lines of the 13 genome, 111, 411, anlI 
7B are improved over Chinese Spring in loaf volume and grain 
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4A 5A 6AI r 

irALL' risCnn_-7A 

10A 

Figure 10. A, B, aid C. Interior suIrftccv of loaies of the Cheyenne substi
tution lilies. Loaf volumIes of hne%2A and 21) shown in this figure do not 
represent those observed in liter )ackcros lines. 
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Table 4. MILLING DATA FOR CHEYENNE SURSTIUTION LINES AND THE
 

PARENTAL VARIHlrI.S, CHEYENNE (0Cni) AND CIINl'.I. SPRING (Cns)
 
GROWN AT AIIERDI.N, IAl[i, IN 1963; SUIBSrTIuriON LINE-S ARu Di SIGNATED
 

BY CHROMOSiME NUMIiR ANI) G-..oml. (2A = XIII, 211 =11)
 

Kernel Flour Micron Flour 

Sample count 
(50 q) 

yield 
3 

size 
.71 

Maltose ash 

1A Cns
5 

x Cnn 1945 63.5 90 68 .752 

2A Cns
1 

x Cnn 1686 61.0 b6 63 .520 

3A Cns
5 

4A Cns
5 

x Cnn 
x Cnn 

1813 
1660 

61.0 
63.0 

92 
85 

76 
85 

.702 

.774 

5A Cns
5 

x Cnn 1UO 64.8 90 78 .764 

6A Cns 
5 
x Cnn 1690 65.3 84 76 .532 

7A Cns
3 
x Cnn 2007 64.5 89 74 .50G 

10 Cns 
5 
x Cnn 1909 64.3 78 74 .490 

28 Cns
3 
x Cnn 1934 67.5 92 109 .612 

38 Cns
5 

x Cnn 1824 63.2 86 76 .780 

46 Cns
5 

x Cnn 2418 65.0 66 85 .532 

58 Cns
5 

x Cnn 1756 62.4 88 71 .556 

68 Cns
5 

x Cnn 1897 64.3 86 56 .488 

76 Cns
5 

x Cnn 2212 65.4 96 90 .596 

1L Cns 
5 
x Cnn 2278 61.7 64 78 .734 

20 Cns 
2 

30 Cns 
5 
x Cnn 
x Cnn 

161;0 
2069 

67.4 
64.1 

94 
93 

96 
68 

.545 

.940 

40 Cns 
5 
x Cnn 1985 64.0 90 88 .494 

50 Cns 
5 
x Cnn 2418 68.0 100 o 145 .632 

60 
70 

Cns 
5 

Cns5 
x Cnn 
x Cnn 

1596 
2525 

56.7 
60,4 

88 
84 

78 
85 

.814 

.740 

Cheyenne 
Chinese Spring 

1349 
2071 

71.0 
61.3 

103 
61 

no 
* 

161 
75 

.495 

.635 

and texture. In the D genome only 5D sh,,Nws any appreciable im
provenient over Chinese Spring. Line 2 D in later backcrosses had 
no advantage over Chine.se Spring. Line 11) is even poorer than 

Chinese Spring and shows the effect first reported by Welsh and 
Hehn. However, there is some doubt about the exact chromosomal 
composition of this line. In summary, three lines, 4B, 7B, and 5D 
appear to carry major factors that give the Cheyenne variety 

strong gluten properties. line IB appears to carry factors that im

prove loaf characteristics. 
Simultaneous with the develoIment of these substitution lines, 

a flour fractination method developed by Maes (1962) was experi
mented with and modified. In this fractionation, 1-gram flour san
pies were mixed with 2g of pumice and 25g of sand and placed in 

http:Chine.se
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a glass column of 1.9 cm diameter an! 19 cm long. \Vhen a solvent 
sequence of 40 percent isolpropyl alcohol (V/V), 0.2 percent, so
diun chloride (\V/V), 3.85 percent lactic acid (W/V), and 0.1 
Percent potassium hydroxide ( V/V) was introduced into this
column, from 95 to 100 percent of the protein present wa; re
covered. Volumes of sokenats collected in the above sequenie were 
60, 75 ,60, and 100ml, re.lpectively. 

The gliadin,, and the gluteiiins are the principal components of
wheat gluten. On the bask of known solubilities, the alcohol solubles 
would be expected to be the gliadin proteins and the alkali solubles 
high molecular-weight glutenins. Protein compositions, according to 
this fractionation metlh .d, of the flour, of three strong-gluten
varieties are shown in Table 5. Mattern and Sandstedt (1957)
have shown that increaing percentages of gliadin in whieat flours 
shorten dough-mixing requirement,,. Therefore, liles with high 
percentages of alcohol soltble,, woulI be expected to lime poorer
mixing pIatterns, l lo\e\er, direct coml1arkion, between varieties 
and lines are subject to errors introduced by total protein recovery 
and by the flour protein content. All are subject, also, to aliquot
sampling error. A more \alid coipari,,on aplears to be the ratioof alcohol soluble, to alkali soluibles-the lower ti is ratio the 
stronger the physical dough propertie,. Of the varieties shown
Table 5, Red Rier 68 is considered to be the strongest gluten vari-

in 

ety, Guide, the next in strengi. and C.I. 13881, the weakest of the 
three, although still a ,trong-gluten variety. The alcohol solulbles/
alkali solubles ratio arrangei, thee inl tli, 'ame order in Tatble 5. 

Flours of the 21 substitution lines and the parent varieties,
Cheyenne and Chinese Spring, also were ;ubjected to the modified
fractionation procedure to see whether the hlilysical dough-handling
and baking properties could lbe asociated with the alcohol solubles/
alkali solubles ratio. These data are shown in Tatble 6. 'Tiie ratio data 
for the parental \arieties for the two Years are quite comparable:
for Cheyenne, 1.48 in 1963 and 1.54 in 1965; for Chinese Spring,
2.11 in 1963 and 2.06 in 1965. In the substitution set the ratios 
agreed with visual scoring of mix curves and baked loaves. Flours 
of Chinese Spring lilies carrying the singly substituted Cheyenne
chromosomes 5A, 6A, 211, 513, 61, 11), 31), 61), and 71) have mixing
and baking properties as poor ais or poorer than Chin( se Spring it
self. The ratios also agree that lines carrying substituted Cheyenne
chromosomes IA, 113, 311, 4B, 71, and 51) have improved either 



Table 5. PROTI;iN COMPOSITION EXPRESSED AS PERCENT OF TOTAL PROTEIN RFcovERY OF Two WINTR W,%,HEAT ,'ARIE.TIE.-S GkRoWN AT 
THR-E LOCATIONS IN NEBRASKA IN 1966 AND ONE SPRING WHEAT VARIETY GROWN AT LINCOLN IN 1968 

RatioFlour .&cid. sol.
protein Alcohol Salt Acid Alkali 

Variety content* ,olubles solubles solubles .oluble, Alk. sol. Total 

Lincoln 
Guide 13.50 522 4.1 62 36.4 1.43 98.9 
CI. 13881 . 1620 52.7 22 5.5 33.7 1.56 94.1 
Red River 68 12.50 48.6 2.9 9.1 34.9 1.39 95.5 

North Platte 
Guide 1220 50.6 4.6 7.1 37.4 1.35 99.7 
CI. 13881 12.00 49.3 5.0 7.9 36.4 1.35 98.6 

Alliance 
Guide ............. 15.3 54.3 3.1 3.6 37.3 1.46 98.3 
C.I. 13881 152 50.7 52 5.6 33.6 1.51 95.1 
- 14% MB. 



Table 6. PROTN COMPOSITION OF TwENTY-ONE CHEYENNE x CHINEsE SPRING3 
CHROMOSOME SUBSTITUTION LINEs A PARENTAL 

'ARIETIES EXPRESSED AS PERCENT OF TOTAL PROTEIN REcOVIDRY 

Flour 	 Ratio 
Substitution protein Alcohol Salt Acid Alkali Alch.sol.

line content* solubles solubles solubles .olubles Alk. sol. TOTAL 

a. Seventeen lines and parents 
grown 	in 1963


IA 1220 56.4 
 3.3 7.7 29.5 1.91 96.93A 1! 80 59.1 2.9 7.8 30.0 1.97 99.9
4A 11.40 58.8 3.3 8.0 30.0 1.96 100.15A 11.70 58.3 3.3 7.6 28.8 2.02 98.06A 11.75 60.8 2.9 K0 27.5 221 9921B 11.30 57.7 3.0 7.3 31.0 1.86 99.03B 11.30 56.6 3.2 7.6 31.0 1.83 98.4411 12.35 58.7 2.8 6.2 30.3 1.94 98.051 12.05 59.1 2.8 6.8 28.3 2.09 97.0
6B 10.55 58.4 3.0 7.1 28.8 2.03 97.3713 12.90 56.7 2.7 6.8 31.7 1.79 97.911) 10.15 63.0 32 7.4 252 2.50 98.831) 12.45 59.0 1.8 6.4 27.4 2.15 94.641) 12.30 57.8 
51) 	

1.8 6.4 28.5 2.03 94.514.45 572 22 6.6 302 1.89 96261) 12.60 61.1 2.0 6.5 27.3 224 96.971) 10.55 60.5 2.5 6.8 27.5 220 97.3Cheyenne 12 85 53.4 53 7.8 362 1.48 102.9 
Chinese Spring 13.10 54.0 2.8 7.0 25.6 2.11 89.4 

b. 	Four lines and parents grown 
in 1965 

2A (XIII) 1125 56.0 3.1 9.6 292 1.92 97.92B (II) 11.55 58.0 3.5 8.9 28.7 2.02 99.12D 10.95 55.8 22 8.0 29.8 1.87 95.87A 11.95 55.5 3.4 8.9 30.5 1.82 983Cheyenne 13.85 53.0 3.6 7.3 34.4 1.54 98.3Chinese Spring 11.50 58.8 3.6 7.8 28.6 2.06 98.8
 
14% MB.
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mixing or baking properties or both. Line 711 which was visually 
scored as having the best mixing and baking l)roperties also had 
the lowest (best) ratio, 1.79, of all (of the line, as compared to the 
two-yea r avrage ratio of 1.51 for Cheyenne. 

Converselv, line 11) \ liclh lial extremely por mixing and bak
ing Ioperties, als, had the highest ratio, 2.50, compared with the 
two-year mean %a'tieof 2.0) for ( hinii,e Spring. Line, 2.\, 3A, 4A,7A, 211, 21), anI 41) had lox er alcohol ,olule,/alkali ,olubles ratios 
than expected ft om the \ iual ,co ing of loa e" and mixing prop
ertie,. Flours of line,, 4A and -1) had somechat better mix curves 
than the remaining lilie- of this g.rrotp 

Oin the basis of these initial result-, it is believed possible to as
sociate protein quality with protein composition. None of the lines 
had values \cry close to the strong (quadlity ) lparent, but this is ex
pected if the strong quality (if Chevenne is due to the action and/or 
interaction of a number of genes in different chromosomes. 

Summary 

Work in the area of iml)roving protein quality and quantity
for bread production has been reported and discussed. Results show 
that grain-lprotein content can be increased and that, in part, protein 
quality can be described in term, of the effects of contribution'; of 
certain chrom i, es onigrain-lprotein composition. 

''kpiowl,'d l ( (lil rlibttiun tile of theymcntI% from elplartnent Agronomy,
Unik'er,,t \ of Nchtal,,a and tile ('rop s Revearch i ion, Agricultural Re
search Sernice, U. S ])eliartment of Agriculture, Lincoln, Nebraska. The 
recarch \%as siI)orted ill prtri I. a grant provided I\ tile Nebraska Depart
ment of Agrictiltire, I)ivi,,ion of Wheat ID)elopmnent, Utliation and Man
agement. 
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