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PREFACE
 

The first symposium on high-quality protein maize was held at 
national conferencePurdue University in.jtie 1966. It was primarily a 

with only two of the 25 speakers f'rotn outside the United Stales. The 

majority of the research papers ol opaqtte-2 maize were conitribttted )y 

the Purdue staff. Research fin(ings weve limited, since the discovery of 

the effect of the opaque-2 gene had been reported by our group only two 

years earlier. 
The need for another Sympositml oi high-quality protein maize was 

apparent ea'ly in 1972 at a Joint planning (ollellie held il l iat.1ii, 

Nlexico, 1y tle naize research groiulps at Ptrdue and( CI NII!'. Fortt­

nately, strolg finaicial Support t'01-the inaize program at Purdue had 

been initiated ii 1970 Ibythe U.S.Agency IorIinternmtional )evelopment' 

(All)) aid at (INI NI I b he Un1ited Nationts l)eveh)pment Program.' 

All) agreed to provide an additiomal grant to ('over part of the coIlftrelice 

expenses at CINIY' I.' 
lhe CI NIVI-PLIuIdOh s\ill)ositllii was truly initernat ional. wilh less 

than one-half of tile pa)ers (coItrilbute(I fi-ot the United States. lhe 

reports in(licate that opayie-2 maize is now a l)alI of agticiittlltal research 
are atteimlpling toOnl every' cotitilmelt, and that )latt breeders worldwide 


improve the pro)tein qutality ()toimly of mai/e, hut of other cereals as well.
 

e idtl'U.S. Agcncs lot limmmeatiomo;,I i)Dv'lopit mt. (	o ttit 21409, "lItheritam 
Maim.'" %%ithI'm-(ue tU;oiversihy.II)proveneIII oIIPiort,eit Quality and ( o tel ini 

'United Nations I)te'lop.h ent Priogmit ('NI)), (Globa I Conratt oi Maize 

Protein Qualitv. 
'U.S. Agency ltr intteratiomal l)evelopin tit. Grant AlI)/CM/ta-(;-73-2 tolPurdtie 

University. 
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vi PREFACE 

All agricultural scientists agree that more efficient use of tile earth's 
land resources is required, if world food production is to keep pace with 
world population. One way to use the land more efficiently is to replace 
present cereal grains with grains of higher protein quality. The use of a 

high-quality protein cereal such as opaque-2 maize in the diet of humans 
provides protein previously available only from a good mixture of normal 
cereals and legumes, or from meat, milk, and eggs. The latter three 
require much larger areas of land per calorie of food, and legumes are 
usually lower-yielding than the cereal grains. 

If tihe scientists gathered at this symposium can develop for the world's 

farmers acceptable varieties of high-quality protein cereals such as 
opaque-2 maize, they will make a substantial contribution to the global 
production of good-quality protein in a form ideal for human consunip­
tion. 

E. T. MERTZ 
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INTRODUCTION TO SYMPOSIUM 

The CIMMYT-Purdue InternationalSymposium on Protein Quality in 
Maize brought together over 150 scientists from every continent, each 
equipped with his latest research findings and a great deal of tenacity and 
foresight. Their purpose: to discuss the progress and plan strategy for 
future development of high-quality protein maize. 

The symposium participants gathered at the International Center for the 
Improvement of Maize and Wheat (CIMMYT), December 4-8, 1972, at El 
Batin, Mexico. The meeting came less than a decade after the discovery of 
the enhanced quality of opaque-2 maize by Nertz, Bates, and Nelson (at 
Purdue), a discovery that has fired the imagination of maize breeders, 
biochemists, nutritionists, and others intent on bettering nutritive status of 
foods for the world's undernourished families. The Purdue findings sig­
naled a breakthrough in maize breeder's efforts to develop a high-lysine 
maize, and were thus a major advance toward higher protein quality. 

Since the early part of the twentieth century, scientists have sought to 
breed a more nutritive maize. Although cereals supply over 70% of 
mankind's protein, they are lacking in protein quantity and quality as a food. 
In terms of nutritive value, maize's most serious deficiency isthe low content 
of tryptophan and lysine -essential amino acids that man and other single­
stomach animals do not synthesize and must obtain from their food. 

The Purdue investigations showed that a remarkable gene, opaque-2, 
could approximately double the kernel s lysine content when introduced 



2 Introduction to Symposium 

into a normal strain of maize. A similar capacity was discovered shortly 

afterward for the floury-2 gene. 
The new maize was tested by scientists throughout the world, but early 

results were discouraging; there were problems of reduced yield and unat­

tractive and lusterless grain. However, some scientists persevered, mainly 
more recently, financial supportthose represented at the symposium. And, 


from international and national funding agencies has stimulated a renewal
 

of interest and a quickening of the research pace.
 

Progress over the past 3 or 4 years has been outstanding. We now know 
know that normal crystallinethat there need be no reduction in yield, we 

grains of high nutritive quality are attainable, and we have examples for 

proof. 
An outstanding contribution to the universal availability of this unique 

nutritious food source has been the conversion of a large number of geneti­

cally diverse and variable maize populations to a high-quality protein form. 

Selection in many environments, for a wide range of characteristics, is 

providing the germ-plasn base for the development of quality protein 

varieties and hybrids for worldwide use. 
To document some of this recent work, these proceedings have been 

organized in much 	the same pattern as the symposium - to provide a 

the latest breeding efforts and nutritional studies ondetailed look at (i) 

high-quality protein maize, (2) conme cial production aspects of this maize,
 

(3) chemical and biological evaluations of maize protein quality, (4) 

economic implications of high-quality protein, (5) progress in the breeding 

of high-quality protein in other cereals, and (6) results of the symposium, 

workshops (breeding methodology, chemical and biological analytical tech­

niques, methods of introducing improved protein varieties at the farm level, 

and economic and social factors in the acceptance of improved protein 

varieties). An opening section provides an overview of world food needs as 

IN. Altschul and R. G. Anderson. Questions and answerspresented by A. 
were obtained following each presentation, lind soine pertinent reports that 

were not available at the syinposiunt aie also presented. 

One central ain of the symposiun has been to present new dimensions 

that have evolved in the research on quality protein in nlaize. Whereas 

earlier research reflected only reactions in inbred lines and hybrids, 

it is hoped that these proceedings will show the results of more recent 

emphasis, such its the valuable contibution of populations with greater 

genetic variability. 
The symposium reports have been edited here for consistency of style, 

and some have been slightly reorganized and condensed. However, every 

effort has been made to retain each author's emnphasis and philosophy. 



Part I
 

WORLDWIDE NEEDS FOR
 
QUALITY PROTEIN
 

Aaron M.Altschul Georgetown University

School of Medicine, Washington, D.C.
 

Numerous attempts have been made to quantify the disparity between 
protein supply and human need. In a sense, this paper is an inquiry into the 
many meanings of the word need as it has been related to protein in food. 

Most quantifiers, particularly those dealing with less-developed countries, 
assume a physiological need base(d on the best available medical and 
nutritional consensus, with tihe protein supply then related to such require­
ments. These calculations and projections therefore reflect physiological 
need and projections of po)tlation size. 

Another approach, suitable for populations enjoying per capita economic 
growth, is to estimate the demand for more protein foods generated by 
higher income. Such a demand is not necessarily related to phsiologicalneed. 
Actually, the affluent countries include more protein in the diet than is 
considered necessary to meet physiological need. Such drives or demands 
are not nutrition-based, but seek to satisfy sensory desires for nteat and other 
animal-protein products. 

This essay is concerned with models of protein need as related to political 
support, reflecting my previous interest in models of protein need that 
constitute a political imperative and generate political support (1). First, 
however, I shall present one example of the classical approach used to 
quantify the disparity between protein supply and need. Other models will 
represent cases that either do - or might - generate political support, 
including examples of (1) the increased need for meat generated by higher 

3 



4 Aaron M. Altschul 

income, (2) the political liability resulting from failure to maintain the pro­
tein-calorie ratio at the existing level, and (3) the opportunities for improv­
ing protein supply that arise from new technologies, plus the political advan­
tage of maximum utilization of new technologies. 

CLASSICAL CALCULATION OF PROTEIN NEED 

Perhaps one of the best analyses of the protein problem isby Autret (2). It 
follows the pattern of the various analyses reported by the Food and Agricul­
ture Organization of the United Nations (FAO) (5). First, assumptions are 
made of physiological requirements; then supplies are calculated to meet 
either (1) the requirements of 50% of the population, (2) the requirements 
of 97.5% of the population, or (3) the need to supply 10 to 12% of the 
calories as protein. Adjustments are made in the definition of protein 
requirements to take into account the quality of protein in a national diet. 
For the latter two requirements there is now a dleficit of protein in the 
less-developed countries. 

If we consider population growth and denmands due to economic gain, 
India, for example, would require 60 and 95% more protein by 1975 and 
1985, respectively. Data for the developed and less-developed regions of the 
world are given in Tables I to 3. For tile less-developed regions, 80 million 
tons of additionalprotein will be required by 1985 to meet the physiological 
needs of 97.5% of the anticipated population; this increase alone is almost 
double the present supply (Table 3). Additional modest increases would be 
required to support anticipated needs generated by econonic gains. 

Present tren(ds in agricultural production permit little optimism that these 
increased goals can be reached. The major stress will be on efforts to 
maintain adequate total food supplies, hopefully mostly as grain. These 

TABLE I 	 Total protein requirements and supplies in 1963-1965. (milliol metric 
tolls per annum) 

Less-developed Developed 
World regions regions 

Supplies 	 80 48 32 
Requirements 

Is 	 89 56 33 
2 b 83 50 33 

Deficit 9 8 I 
U.N. 	populatikn 3,289 2,251 1,038 

1965 (millions) 

Source: References 2, 5.
 
. Requirements for balanced diet providing ratio of calories from proteins/total calories >10%.
 
b Practical requirements = averagc (retail level) + 20% (practical allowance) considered adequate
 
to cover 97.5% population.
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TABLE 2 	 Total prolI d suppliki corn Iart(l to anirnal-proiitmiopplivit. (mnilion 

inectri tonls perainnuin) 

1,(.%bAe%c'14,1)4'1 Ii~ i'tprd 
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Animal- pripI o1stppl~i 1% 25 1 	 Is~ 
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CONIIONS UNDER WHICH NEED FOR PROTEIN 
CLEARLY GEN ERATE.' POLITICAL SUPPORT 
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4 tl% %fit4&9-
iI li?141 ' I 'Ill), imi file 
t'.lj)l.1 4449a%i4991~4349 4ll cm he 1 11i1td S%4sirt 111 Ilul141114 op f lltkgIll I 11 1v.lwi1 

19449II%11' 919.11144Iir1 .111d I.1 4ll'4h9913hl49 111..411r41 .69111in449144 
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iflcretis, life Ienm.d fcir luigher-quality fixod will increase, T1here will be 
irHil il 4o rinttl ill fillict s iii the poor, but not as miuchi as file figures 

would ht4'Im 141a,itlat mr4. Major 1111)1ovt'ImtII . ill prlvtiii con~sumtptionI are 
likely' 14) ot tit g Ilhos pIe %it iiaic trawd~ iticE fltW% who are bettermi3tint pWmW 
able to) IIcvI tiicII dil.i% fill 10314 iaghltI.lal1 pitilv113. 

CONDITIONS UNDER WHICH NEED) FOR PROTEIN 
MIGHTG(ENERATE POLITICAL. SUPPORT 
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TABILE 6 Trrend or the jpr4teln-c)IoriL' ral io ICed ive Io pro­
jcted suppies (%) 

1962 11175 195 

Zone4 C 10.6 10.4 10.,3 
South Aniio, 10.( 10.5 10.6 
Central Aiurri(A 10.2 9.9 9.7 
Afrik itith of 10.9 10.8 10.9 

the SJarA
 
North Africa 11.3 11.3 
 11.2 
Near Las 12.1 12.0 12.0 

S'ource: Rdrrtif4' 5, p).5 10. 

PROPERTIES OF THESE MODELS 
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high income increment. Franiois (3) has shown in an elegant way that a 
laissez-faire approach depending entirely on increased income would delay 
improvement in the nutritional value of diets several generations, or might 
delay it altogether. Hence, those who have beien itterestedi in improving the 
nutrition of a po)pulationi have striven to (levec)p a pul)lic policy that would 
give iutritiot a higher priority than general development. 

And good arguments can Ib inade for such decisions. The best case can be 
made for inftiants andl preschool (hile(h '. Eveti in Ijdia, where there is 
considerable controversy al the ilonite as t4 whether tile )rolblem is 
calories or pioil, there is general adhmission that present protein 
intake for children is ilnsu fficient. 

I shall itiention brielly so ile alguills l'avori tg emphasis ol infants and 
children. Becase Ihey al( inl anlactive state of' growth, their needs for 
nutrients are itore lenda1(ling. ailte to oteel nut rilional ,requirements 
means ipipairel gro wt h and lower resist.aie( to disease, a(l is reflected ill 
high inifant mortality. Worse Net is tlhe ;(utilatilig evidelice that infant 
nalnutrition may resllt ilpermanetti litaltt ilil)ailtltet anl henlce aggra­
vate tile pro)l)he ms of p)ve(rty. It is lic t only ile childreit wh are involved; 
data are ap)pearing which i di(ate that tile ititition of t.he niot.her affects 
the status of, (lh iiaiit. Celaiilk. low i it hweight c'omst it ,ies a high risk to 
the infant's (hai(Cs Ilosurvival and nlorial development. 

Preschool chilhlrell illpoo.r otrlilies have less to eat, and th per'entage 
of proteihl is less. Ill pul)lishedl ItI)4)ls fIlti Southi India, lhailand, an1d 
Guatemala, the per(ilage of protein calories raniges flon 7.4 to 11(%. In 
the United States aillong poverty gi ouis the(petl et-(age of ipoteill calories is 
as low as 12. for a rural, low so)(ioe(onomnii grioip. But generilly, all 
childlreli, IXicit an Ilol lpooi alike, eat a diet lailgilng [oi] 14.5 to 16.1% 

protein chalories. 'Ih liffeCre(c illproein countelnt also reflects a cliffereiiCe 
inquality, Iw(alse higher-Itlualit, protein is tequilhed to bring the proteill­
calorie p elige I"IX. I theilneddil'el en.e itl piotein itmipact between 
tile rich and poolr (ountlies is all Ihe grlatl. The clielay stanclal ls illtile 
Ulitecl Kitgdloini, fo- example, rtu(l that It4%of the (alories be prolein 

' for infants, chiihei, and pregalll and iiinsing willielil, alliI %()f)I all 
others. Scollne aniong Ihe pooi inlfans in the United Slles have less thall tile 
required poteiit ( illris. Bltt, (icliNy, mtiost in ais in tile lower 
socioecoltlollic glioups in tile less levelopedI (olitries Ilienlintecl have less 

than the lritish stiaiclacl ofi oteili. inreasitig Ihv tc)lal ;llltolit c"ffcoc will 
help, but it will inot (iange lilt- pt iteil Ici tuie. 

Is this arguileil sulicient to generale political suppcrt? Ili tile rhetoric, 
perhaps. And here aticl Ihere, perhaps,soite fAltering steps. But illa world
 
cof ccllractilig ieso(irces, ile iiutritioi arguzinett will probably not be suffi­

cient to gelerate Ix)litical support.
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MODELS BASED ON IMPROVED TECHNOLOGY 

The availability or invention of'a new tchnology will generate Political
action to improve the protein quality of the diet of ,ci!dren, or of an entire
population, and morc rapidly thain will occur through increased incomealone. In this instance, the increments of in(:reasc(l protcin content are
determined itiore by tie tc('lilodgy thant by the p1 er(civcd need. 

Institutional Technology 
When the infirastructure of a country rteaches a point where the potential

for utilizing (cerainli delivery systems is achieved, one can consiler using this
institutional ledilhology as a means of deliverintg extra proleill. lIlelc, as aspecific political fiut'tion, it is very proper to undertake to provide schod
lunches whcnI iaSigiificatitlp iportion of the population is ill sdhool. ()necould calculate the extra pioteill t'edetld if'all the childtle illS(h10I w-re to
receive a luiclu. 'lle same cah'llationls (ctldbeIladt,for da%-cart, celnlers
and for maternal and child health ('enters. Tie limiling itwlors oin the 
atmount of'extra pioteill that canl be givell are tile delivery system aid the 
resources. 

New Protein Technology 
New [1otei1 technology is also a generator of Ilew opportunfities forproviding protein and illt bce a basis fti'ra political decision to improve


nutrition faster than incureased ilcone could. 'Ihe invention of, an ifi;nt

food that is equal iilntitrional value t milk, but (0sls less an1d is altralive

and acclpt(id, (ould genrteil increased 
colnsuiIlp)ioii of' )()d(lIofhal by
illfllts. The goverilillillt (0 1ulsupil)ot Stulh tv 
liltt it llfil less o(sttIhlll 
Improving dicts l) (ollwviltioinal IlltItlls.

Ilhe discovely anid dcevelolillt of liigli-qtlalil pr teill tlliai. is obvi.
ously ;IIia,j(J" gelleriltor of' thoughlis .)0Ul itliplovilig ntlritioll. ()tne (all
calculate the addilioll proteil that would be adIded to Ile (litd ofa toul'trylike Colombia, if'all the miaiec grown welt higli-quaily' plill; Ihis wouldbe a significant iti('lellient totihe plotil soi)l)ly othIer, (011111I ry. 'Il"chales
of doing this would depend on the (ost of1 pilhing this kind of'inaiz. as
comiareMd t(o1inal laii,, a d, hlc'refore, the (ostlto the gove'Iliit11 fn" 
encouragilig this approadli.

A sinilar approaci i involves thle possibility of ilileasiihig Ilie pllteill sil. 
ply illcoulltries where Illost ofIhe ('alories ille obtailled flollla Singleinlajot'staple, such as wheat, ilaie, or rice, wherein the slal)lc is imprioved and its
protein impact increased by ptope" filrtificatiot with ailnilo acids. Iere 
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again calculations could be made of the increased protein supply by this 
technological modification. 

One disadvantage of fortification or genetic improvement could be that it 
improves the supply of food for the entire population, even for those who 
presumably are not in need of additional protein. This may not really be a 
disadvantage, since it may be cheaper to do this than to reach a specific target 
population.
 

These considerations ipoint out the importance of field trials of the various 
alternative approaches to increased protein supply, especially when the 
improvement is not visible, as is true f()r ll )fortificationor genetic proce-
dures.There is need to develop concrete evidence that the improved nutri­
tion is truly reaching the population and constitutes the least-cost approach. 

An alternative generator of'increased protein supply is an increased trend 
toward the processing of major foods. For example, more and more bread is 
becoming available. Prepared tortilla mix is becoming increasingly available. 

People are not relying exclusively on onle cereal, but are reducing the 
proportion of each cereal and increasing the number of'cereals in their diet. 
In certain parts of South America, for example, wheat as bread is invading 
what was exclusively a aize-eating area. Introducing convenience foods 
provides another opl)ortu nity otr at governmient to consider adding protein 
to the diet in the form of, fortifying the bread or the tortilla mix with the 
necessary ingredients to improvc its in)ai.ct 

Combination of New Protein Technologies and 
Institutional Technologies 

Perhaps the IWst geleralor of opportunities for introducing protein into 
the diet, faster than ecolonic development, is to comhine a new protein 
technology with institutional technology. 

It is onle latter to agree to furnish an additiolal glass of milk to everyone 
under 15 years of'age, let us say, as has been suggeste(d or atteipted in Chile. 
But here the use of distributioinal technology is limited by the cost, in this 
instance ill terms of foreign exchange, of the nutrient, It would be far more 
reasoiable to onbiine a (list ributio technology with new polei I tech­
iologies. One that (onies to mind is that of introdhucing CSM or Incaparina 

ill institutional Irgramns, particulaily ill schools and ill infant and maternal 
health-care centers. 

Modifying tile rules goverling numriewls ill the U.S. s(hool lunchiprogram 
has permitted tihe intrd(1uction (If textimed soybean, thereby re(lucing the 
cost of the Iilch to tile s(hool authorities. This is another example of' a 
comliillation of all illstituional technology (the school lunch) and a new 
protein technology (textuicd vegetable protein). 

If govermeiltal efforts to ilitro(lue illore I)otcill ilito tile diets of chil­
dren were based on a prou(lutt like l)uryea (now being sold privately in 

http:in)ai.ct
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Colombia), this sur.ly would (1)cost less and (2) provide a more substantial 
opportunity for developing milk analogs, than would convention al fiood 
items. 

Applications to Affluent Countries 

The coinations ol tnew )rteill technologies with and without instilu­
tional technologies are nt1)limite(l il th)eir a))lications to less-(hevelop_.d 
countries,Thelv haie equal al)l)lication)to afil'iiett cuutlt ries, alid, inl ed, iin 
many instancts are progressing fLister inthose (ountries. WheIreitr l())d is 
eaten, cost is still a fattor. If it is iX)ssil) , to tmaintail a level f tIt(1il-tipe 
foods in the diet,' or even ititast' it, with less il 'Vi'ill mlieat pi ooll(tioili 
and, hence, less ilictase ill()sl,Ihe n litd1 lxdiliallelief.ils will lIte 
enorlious. 

The COiRi)l of (oflivlisiie, which is .i (ont lililln of ilew hloocd h­
iologies ititil litiOlts, (all Ixlti i 51)( iail giloups. l sxalli le. il'el­
derly and lit- poolr oliial.iy I tnvitel l v IeIo thIitiIt v ftIli. 
Ordinarily, foos hi)avellIo (.ll %.I li palyiillidtsiglni tlh)lii 
emphasis il| tills he so.ttlritioli. Bil leid tnot 

A iew foice, ntic t apnI to. ateti but being looked its i jloisis, is the tole 
of flew proltil I( hlilologies ill ]oviiiig 114)1 eoptllls tol haliging lilli­
tion| based oli Ilileical lit.els. Fol examptlle, ifi I , Soi has a desil i i I,,is 

loIiStill)li)ll, he al.so %%illili,ease of 
imtl ftl, ihotal fal, alid(t holestel.il. Now, hlntse5 I,foo4d Ii hiolog malkes 

it plossible to sellate the (olil'cpl 4)| l)lt'ili acsil hits flolli ila' 4)thiet 
ttttrielits IhIal lag alontg wiih at-sllhitti Illoteill foodsl, Sli( h as Ihle saitilal 
fats anld (-IIolesItei . I tI I(v, t Iie IIeW Ie(iilhIgies its is sil I(ptI ovide 
greeri (ptliois to lie(peoleho !etwould 

his nea('I his 4)ili lll)lilll I saiililed 

tiwiittt I,('tail) the' ie.slheti( sad 
like'to molifY t- intakeof otilil (),lstiltiiiils. 'his ( ilu)t is (c lailly iiol 
y'et aipollitic'al tce, iilpetilng Ihloppmsiiioll (hlalliges itilhutit is rodiuced 
by fabricatedh foods, bcause, tillie plossilble itilecical - tititilionalbenefits 

that (o)uld hixgaineld. 

SUMMARY AND COMMENTS 

1.Proteini supplies will increase nore slowly than energy supplies. It is 
more expensive to snniihesie proteiti ihin (alories, and ;linial proteins are 
the most exlisive oIfall. I do t) cotisider shortages of vitamlnins and 
minerals inthe Sante rategoliy; these cail ttie ioli ii agti( it lural sources. 

2. The cotnpetiliil I r 1)ltei nwill littntif|' ei'weii liet'air., who w;ttt 
more animial pin. 1iitlih ltseltheil.il tr-vnott, who ilved tc) l( s plesent, 
albeit neager, supplies of eiuegy andl(1 pi 4)teili. 
3.There is always Ihe (hlsitie amtonutig sonici plliners it) 4,lurn to simple 

solutions--solut ions that Inailitaitietl ati eclohgical balance at much lower 

http:holestel.il
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itipulI II)I IrveI%., I'l1l s 1 I)I i(.isl II)i-ipk(I with Ibotl;lgia Cor Ilie "good- ,11., 
old limes." 'I'i (Olven Revolutio r41 of'1t41ileep(%t1is tilie alIili mlost 

s44)j)listi( iIl .114 ('1ng'4ll'IvIll44lo4gy144 44It e Ii( i tomadlVI1 

prob1Ilms of1 lV%%-dv4I()'IX(l411 iV%. 1:14111. advtlmesl4 ill 111t. c1tititim y')i ' 

p1III( ltlig cli gN %Ill levjlliIV. clgillCvl lug a 1
4.ilit 4 Iaiige ini Itite p)1l1 

1
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MEETING WORLD FOOD NEEDS 

R.0. Anderson CIMMYT, Mexico 
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why is cl~iige m) late ill onuitig? Nt any) theories have been presented to 
account lr i i evelopmient: imlitics. plir educational systems, andhis 11k Ed 
%0 fort il Ill thle 141A1141 414t5)41aI mtras ol'tIhe world, however, it is probable 
thaiwill4f101cij la t fill% a4114 "cilor itivolvrd. 

TWO WORLDS 
Ill ttt144'la .444u(o4 till%I lit(- 4 1(q) (.Il Ix- gi 441411 ill i lie c4414tst 441a year. 

Th'ie 4 ol)Iep hc41414lia.14144 siti44 4 ditlilng 44(44i15.14141 .1,11d Im4 it%(- WiliIl 
Iliut, Ill licu141 . .I%, It41 Iitt It I ti144(*%, waali tlot1ilto1' I tC'4c14 1144 c I flat 

the . 14j4'.64%.6'( ilhIt I lil l1it-4, Ilu t41%%1.I%a tra.I j)14%%141C (44c'i%1iI4 that the 

petH %1.. 1%%I44f11.4( th %t l t 14111 tlolI %11 4414*4 flll .illI I It-1j)(lit lm 

lolv 4114d.4 t Ililt f 4ill Ii 0.4111'.4l% 1.11c4 o.4j1%.44.14 4. ( itIi A'.4il141I Sm 14.1it% illI hestN( 

it %.i I ic , (I 14)1). IN- d N(11 i l (ofI~I 11 it tIm ill44 44f644141 i 1.toc t 4 ,1 . 1 mi41441 

$-f%%it I %I, i g I 10% *41itI4l 4 . "111 jI4ll % Ir .11gcl%I (-fil 0%4d1 1111144'4 11m44v. Itle 

ill .1bmi4 's 11441 I 1~ 
I-. 1ilm4 .I 14 lit( 11 till ( I44I4444ig mil 11 114444l44g, j4)1414 1 to 

444.42Let c14(1X11 pill1444 444464%%,I% 144461c]t4 1 idi4lt441 
(if 1~ f1ic %,1,4( I. 

.4 141.41 14441 k14. 4 41 1 ill14i4lc s 441Illc44 It( III, %%,1% 14 1444 IIICl 
1114%.41144 It 41411 4l4 114I44i 1 %41 44111%Stll hI. %(114s 111414.4 ill4144, 6,%Il 

I 1 . 1 4 1 44 11441 1 444I,) " I i I44N 'iil.m.4%l 4 11itI 44 4 14444444 ) 14 1 %11i4111 ) .lit% 

utia.l It444444 iii 1.444 11 44 444i l 144-1 h I.44114 , )1 1lhe1 144 1 I1 4(4 4-14 .4 1 1141it4 
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h141111C 1441414 I14 m4 4% 1101110 Sign414164ill, 4 44444 44io . 

TWO'( TY'If OF V.NIF.KL1NG SO(:ITIES 

111441, IPAU 1111.1 I'.444 4'. 1x %lot %404 l4I % 44i )44igi4i ( 41 444ll 144 1411(or( the 
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doubled, due to sharp decreases in infant mortality. Populations began to 
rise rapidly.

In most developing countries, governments have been unable to build a 
system of social security into their economics. Parents in their old age
depend on children for care. In earlier days of widespread plagues, of 10
children born, perhaps 3 survived. Rapid improvements in disease control 
and prevelion out paced many countries' ability to adapt to the new situa­
lion; families have continued to be large. Each new set of married partners
again needed their young for "social security," and populations soared. The 
immediate multiplier effect is obvious. 

CRITICAL POPULATION LEVELS 

It is difficult for most people to comprehend the truly frightening aspects
of'the gigantic wave of'population about to engulf us. In India, it is estimated 
that births exceedldeathis by soniething in excess of I million persons each 
month. Let us assume a niontihly figure of' I million, which represents a daily
increase of'over 33,000 )ersoIs. Let its further assume that a like number of' 
peIrsons die each day, which ill a population of.560 million is quite feasible.Thus, we cai (alclilate ihat over 70,000 Indian children are born each (lay.
Consider this gowt Illrate ill teitits of' education. If we assuie 35 children 
per classroon, lile daily equieicielt is 2,0t)()clasrrooliniand 2,000 teachers 
to provide eve a nuinimal educaion o the childreti born each day in India. 

Aside f'roii educatio, thitk of the implications of providing health care,
work oppo-rtunities, aind eveti stan(lilng space ill the long lermili. This is the 
situation ill I tidia, whelv lile problem is how critical. Could even the richest 
govertlneit il the world hope to contend with this I)rdeil oil its ecollOnly?
With the presett intril rates, o lirCMllides call itticipate a similar problem
 
in a few yeals.
 

Thus, ill aly (isoussiol of f'Od needs for tile world 
- witl all of outr
philosophizing and crystal gazing ill which we foresee unlitinited expansion
of food produ( lioll Ihr-ough research-all seems inisignificant itn the faice of 
this reletless population increase. F.ach of us is interested in fIood anid 
nutrition. Ilowever, I say categorically that, unless methiods are founl 
qui(kly to st o) t his oislaught of people, otlr best comlbined efforts will be of 
no avail; we (ait wage otily a rearguarl act iou against hunger. In 28 years, at 
present rates, tile Iiopulatioti will double, Each new mouth will demand 
fiod. Ilow are we to cope? 

PLAN NEEDED 

I have purposely painted a dismal picture, because we should suffer no
illusions as to tile severity of the situation - this problem must have the 
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highest priority. However, Iam an optimist, basically, and I refuse to accept 
the position that we will be unable to survive as a species.

We must start with the assumption that we can control the population 
increase. Folding our hands and awaiting the inevitable without a fight is not 
what nature had in mind when it endowed man with the will to survive. 
Man's struggle upward froi natural animal to the socially conscious animal 
that he is today demanded fiercely competitive battles. 

Valiant efforts are being made to solve the population aspect of our 
dilenmia, and very substantial sums of money are being invested in research 
on the sul)ject. We, as agriculturalists, have our part to play. Our role is to 
buy a maximum of time for the population-limiting efTorts. 

What weapons do we have in our arsenal and what are the prospects? We 
now have the necessary technology to provide food for louble the present 
population if'we could assume (I) unlimited supplies of inputs, (2) noninter­
ference by people who know notlhing ofagriculture (I refer here to the rabid 
environmentalist), and (3)a rapid and extensive adoptionl of this technology 
throughout present agricuItural lands of' tile world. Since tillable land areas 
are not easily expainle(d without trellelnlous investnent in rechamlneling of' 
water supplies, most of' tile fod increase will have to comte Ifr'ou existing 
lands. We must, therefore, Concenitrate onnr efforts towaril raising genetic 
capacity for yield; stabilizing yields through disease, insect, and drought 
resistance; anod maximizing yields through appropriate agroiomilic treat­
metts. At this cotnference, we are coisidering nutr'ition. This ficlor is of 
uttllost inlx)rtamce. We somlietimes forget that tie effect ofrai:;itg nutt'itive 
value is to increasv, yield, since lesser quantities of' foo1 Can (leliver tihe 
essential proteins,calories, and vitamins. 

DEFINITION OF QUALITY 

Discussions at this confereice prompt ie to ask if we have defined clearly 
our requirements for (jtt;lity. As a plant breeder, I suggest that we need an 
easily applied inetl 0d which will show us what a particular line or famiily will 
produce itl the way of'growth. I an hot specifically cotcerned wilh ,teiu 
level, or value. I am coticerlied with itle eild product, will ihe sut of all 
characteristics For et iancing growthi possessed by a line or family as it may 
Compare with otlhers. 
11seenis lo,Ie that the cereal should be lested For hlow it works as it is anil 

fo its value pttr a diet that has been modifiedillit comstillied, rather than ill 
to a cetlaiul proleit level or ftil Iti tlose (otinriesor carlhylrlate level. 
which we serve, halraced rations for hitilalis Ot ;iinilals ale unlikely For 
many ye;rs. 'Tlus, ilis tile cereal itself wt' should lest, noit Soime arlilatn we 
prod(uce. 

In he developed countries the pr'oblem is niuch less urgemt. Educalion is 
generally high, efficieticy of flood prod(uction is high. atnd tehnological 
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research is well deCvelopedt if*not aIlwaysI ef~iciet.ill o1petio1)1. Ill general~i, 
these countiries cianI)(t)tproduce be l I t'lt llceds'. Fil themi. p )pulatIion 
Increases ha~ve staihlizedI, mid( i lie- %4Kial '.('4til aspe1~j(I is.bring mllaged4. I 

keel)pac w.ith'1iII)puIl 14)11 imicvdst% 1111 I lie t'iii )Idle mvill lel Ii tent uty. 

providing Ili lalln I)i()I( iol Illea l e ale' 'I I)(-%(- vtEollililies.44 44iili14'4. 

are gcnt'lialy '.itlng anid (ll in Ill~te neetded ipuits. 

MANAGING AGRICULTURAL PROI)cTION 

Since'Wo)) d W~ill II. ellieilit )i( 1101)m illdIe~vojM'4 4oinili ic'. has% 
Ieait4ludto mai~ke 111) ie 14)0(1 sIli1141 IllIlldi iek j~l) (4)liil itis. 

adoit%;I%4 Iliaebfi)%COl~Iil lie cllIlli% l Illc4 il4~iI(ie%'.,il 

Cvo'lli, gi'. 44d III(- '11'' 114 .4I41) p 1 ~i.'(mi4'44 4 i( 'I this Is~. "11 ; (,1 ,l 

thi e'potl))i4% ii lik'lesil14 a4II4,i I licasi%.I4114 1441%, i40le 'i I4II4'ili 44 
nd ill11 '11.14 1 , (''.4ioilN ifie I11 141Sliht,4 i i' m -,lll(. 4'Ia11'Il 1114''. l c1 44 

IfiCiledI14 am %%m4 lii1414 11111 I)1m 1 Ll H~liumle ild'~ ' 111,4 '' Ill iIIis144c 

Sonical (4ill1i%let 1m1i ml/4i lie llsm41 14414lidalg e.114 h i4)1 ii . I 
pies .' 14 i . iliS14elt Ifilm u I.%-fuji 114 ) 11414 I41 1111s, gm c'.iiI Itj'l 

14( ng~ ~ 1 C ai.i % liitm oli lill i.41)4411)"14)the 1llc (.11 41444ii41 mightiIa­
tiodIIIt~llhl'i Il 111il1i le114 a 14 iii 441 4' i' - ltA (I imiI i 1% 10 t'd 

gloeitaI ti'll% 41iffs .4lf-slisa ilil .Illc g'. 1ll,1 e.l'. ,4.441 441i 41s4'. 1dII 
rcct'it'cIlleit,i.l 1411 )4m 111 L('11l 1'4l141 illdt ml4 I'u( m (11 % I.k%1h 

Iovl4) liliil4l('4t I 1111%, I 11 c i1'.lI14 I 'l ,4'''m 4 .14(l *I 'Im 1.14uid lgel 

tin iht i4411 i'.4' iml' lI(('I1 .14n Rki4 l 1)1(411)'Iis (ii i44%% 4.i m 1144';,11 1 im 4 1i 
oft )IlI it-t'4I (1%I. l .4- (I f)4444 ic p I(-( "Il411'. ha smd iiIlI'..1 

1Jgrv ilietlli 41141 1)44' 11 1 k the ( H4''.lllic'.In As414 gI m4ll g, % Iskud'I llid 
Although lII1I4!) (vi d. ill4'ke141ctllill14 siaclililc I'. il4 ill, R'.ili 

h e lC i'Iti4', in l I1c%% )1l l1411' .111 '1 lof lc i ll 1.411141I%411, 1 %l~'( tdin(4 c 
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basic %telswere taken ilIia1 and Pitkisliai, which call Serve as a partial 
luejprin t! the palp Il(-1titat might ie Itcsedf prfluably inl Stepping up 

fiood produtujon illa tiil(oIl. 

BLUEPRINT FOR FOOD)PRODUCTION 

what%cI It. l Im ui1-11ihe jt'Il IM lI II' u, ,u141 %% I X(I'(t lu I Will ASSUIIIC I hl 

for 	wim tit lit lit I It( ' t'titti.1 .uali I11o 14 (1 oil% tiil44 11141i.1- ~s ic geri 44U 

ofi lis IhliltioII ill I144 1111111 .111 ilict'I'41 ia )g)41.ll(N% c iq(j4'I .114e1( I Ii 

I44 , i i .1 04111% %1. MIi l C14 4 1 ,1 l41%0iI Clly%11441 l hi l. ( 1 % 141(1 liii 1 1 . ( 1 ( . I I I I i t( 

411141111,% 1 (il% 111%14(4 4 ii'! g4)%( hi(141.11141illc 4'imi4'41 II 1.4 lm ig. o'~itllite 

oltumii.i II11 ( I .hIt I Ill I( I 41411g c lit-ll .111(44(11(4 ( I 11%a 14II4414 I Ill4 
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this is ivileP tile (a*t. jtild lic Intalip9ulationl leI tile ttleatu Ill)st oficti 
used Illtile milla, kitt)1-il(4)Itlagl change itt pioducion patterns. Market. 
p)111 1111ii11l it '.i 4iflititr piotirdt ca tIll1 is .1 C miiidIIl1hIIio 4Wile Clii BI 
C(o4)114111i', of11 .litt ised. ili it'%apljpicationt. A f1oor41)l.11.11144. if 6- 1141exci 

5fl it(C 11 I %4.1I111.11p9f44l ei. lt- irtC%a %11 Iimliwe lot pj)I4) (iUlt4 l illwiIl the i 
tile (43op 4 1V41de it1111w4 419' g4''I1mos14 t , .11)(1 lhe %(IIlj)Ill4)1%l% er le1 l)w ve' 

l~ ill l 1lttlim '. l i 1 i Ii. i 1 il l ifloorIIV 111gI of' m41111p'ta' 41ti'l ~lie 

1)l1e4 1 4111t'I11114 4141 S.41 lilt IS Ilit'141 1114' 11111141 il I lltil lS e le i 

unable, ill4)111' %lilt)1k1. f1 lieh4Itli' r 4ill(v j114.%X)lIv i t'li I '2 %Iiie al0.('1)9 

41141 11411 . l ilatilli lhit lh II ,1.' 9)ic%1d i.m144 ellalt'l 1111111 uIII de11I1. esi 
a.SCle Ii. .11141 I 11411 lllmt'1 l )1ildl)IC N41111l he 1.d %''.vh. I 111S11 

tll ( 1) l it' t-rib,1 igla '41 atm Ill cl p41I14)III'.-tiili lol h 

lib t gletiii 111141 %litlt' L'. .itil.i-till( age d.1 i .'tll )1,tll'i.Ci 

wi5, As ilt-llit% th 1imlilt % lak on111( Cbgin t) hit a1hmi mjWlCthle 
gt1*I il4llit' 1111"IihI'1) g 4 4114 dw.I. 11'.i l d 0lic Asliii 11(111l14111 I I . 

ag il l S i it.i %II 1 1 %ill'. 11.1I1- il iie , hut I he'.e lilt[e'.tillilioo laemo­

g3)ilthl . dw'.~ III li't lt ill 1 1111 1)4)11 C.11101 C CXtljICCICCIaii)111 140 
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lik-it tt la old tol-11llltllC% Ilelill inchizton. 11Inm onon onaly 

techanizles alltitrtilit itil es, sldtIhes inmn ctie ingi~d%ils~i largeli 
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rural population. Of course, the substitution of tractor for animal power
will free land, formerly used to feed animals, f'r tIle pro(luction of
human food. "'his change probably will operate most satisfactorily on i 
hire basis in a counitry of small farms. Mechanical seed drilling is imipor­
tant in ensuring siands. floor stands aie responisible for severe yield re­
(uctions ilnImally (oUliriies. Ilarvesting call be lcft to hand labor in ai 
llenltiful labor market. Threshing, however, most be llechanize(d rapidlyto release the power anlilnlils for field work. This becomiles particularly
critical in aim ilhiple---oppi ng siuatioii. 

These poiits I have mentioned are ilmportant segmenis within the 
composite picture of raising plod uction andl providling the backstopping
to ensure a continuation of research. I would venture that these sugges­
lions will work in most sitIatiOlls and, wiih certain noilifications, are uni­
versally applicable. 

DIRECT FOOD PRODUCTION 
Now let Ie Ieltl-n to the direct food question. Using the preceding and
 

similar a pproachls, what gains have been ma(le? 
 I will deal chiefly with 
wheat, since I know Ihis !rop best, but the story is similar for other crops

receiving resemicli stli)poi.


In Indlia, with governllment hacking, new varieties andi new 
 technology

for wheat, maiim, aniI rice have shown remarkable increases in production

in the past few years. Maize has risen frlo 4.1 Iiillion tols in 1961 to 7.4
 
million in 1971; iilleI rice f'ron 34.6 inIllion tolls ill1961 to 12.4 million

in 1971; and wheat, with i decade (1956- 1966) average of 10.3 million
 
tons, rose to ail eslilliated 26.5 million Pakistan wheat
ill1972. raised 
prodluclion fi onia I966 average of about 4.0 milliontolllls to about 7.2
 
million tons ill1970. Political disilnenllmeillent, war, allld other factors
 
have tended to keel) Pakistaii's prodluction 
slatic al beweel 6.8 million 
and 7.2 million tols. Alleviation off thise factors would ensure plroduction
increases ioalboLit It) illillioll tions. lmadizeRice adl have also advanced
 
rapilly in that coLUillr.
 

Algeria has iiioved ill3 years from ai original 5,000)hectares (ha) of
 
wheat with inllproved varielies anid techiiology (1969- 1970) to 140,000 la 
(1970- 1971) to 325,(00 la (1971 - 1972). 'l'his program is receiving tre­
inendIous governillnit stiilIorit Self-sufficieiicy was reached this year after 
a series of (leficit years. Tunisia also realle(d selt-sufficiiicy in this crop
seasol. Moroco has iiiipoved (olsileraly and this yeir established a 
new record ill lie tireald wheals. Similar, if less sp'cltacular, results have 
been obtained with wheat or oilier ci 1)5 in many Afro-Asian countries 
and certain of the Latin American couniries. 

However, tremendous potential remains ft-r increasing yields of food 
crops in the tropics, particularly in Asia and Africa. In Latin America, in 
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addition to yield increase possibilities, there are still vast land areas to be 
exploited for agricultural production. 

will come from suitableTremendous advances in total production 
multiple-cropping rotations. li certain countries where land is limited, as 

live crops per year are taken 1)y planting the succeeding cropsmany as 
between the rows of the previous crop near harvest. Without going to this 
extreme, several coutntries report the increased practice of harvesting 
three or tour crops in successive plantings of suitable season crops and 

suitable varieties withit crops, Wheat production on the lower Ganges in 
India is one example of' the practice. West Bengal grew 100,000 acres of 
wheat for many years. Itt 1972 tile figure was alxut i.2 million acres. 
This increase was made possible by the introduction of an early maturing 
wheat, which could be sown after late-harvested paddy rice. The practice 
did not replace existing crops, but made land productive that had previ­
ously lain fallow ill the wintier. 

Chemical and cultural cotitrol of weeds cali add trtetilendously to yield 
cou­in all agricultural lands. (Good water management itt tile drylands, 

pled with judicious use of fertilizer, canldouble present yields in virtually 
Wider tse of varieties with genetic drought resistance andall such areas. 


disease and insect resistatce will result inbetter production.
 
Introduction of atitnal- grain iotation through the use of legutme for­

age crops in rotation with grain catn lead to greater agricultural stability.
 

Salinized land inpresent irrigation projects itust be drailned without
 
sea iinust be harnessed
delay. Much of the water that tlow rttns into tile 


for agricultural production.
 
By means of such measures, the present acreage of agricultural lainds in
 

both hemispheres can be made to produce two titoes the present level of'
 
fo)d, but we must al)ply known technology and continue to provide suit­

able varieties inthe research programs. This will require a vast interna­
;tional marshaling of resources, and this isachievable if we have the will. 

WARNING SIGNALS 

On the other side of' the coin, we are witnessing some very omitious 
signs. Inour search for sustained availability of food we are not yet able 
to depend ott full stability of proluction. So we must continue to over­
produce atnd store for the lean )-ears. 
Inrecent nmonths, the world stocks of food have been largely depleted. 

This is particularly true itnthe case of wheat. Yet only a few yeats ago the 
exporting countries were bemoaning these surpluses. Land area sown to 
some agricultural crops was allotted ott a quota basis, and phenomena 
such as the land bank inthe United States and later in Canada were in­
troduced. 'hese brakes on producti( were essential to their economies. 
It is a cotmtmetit on outr lack of organization as a species that, oti the one 
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hand, we are restricting production, while on the other we are searching
for means of increasing production. This economic factor of (listribution,
however, is not easily solved. 

To return to the thetie, the present reduction in stocks occurred be­
cause of tremendous winter wheat losses in) the Soviet Union, leading to 
imports of about Is Inillioti tons. Presumablly, China's wheat crop also was
lamaged, since their imports have been large.

Viewed in this comext, what if India, Pakistan, Afghanistan, Iran, Tur­
key, and Norih Africa also had suffered crop failmcs Ihis past year? Ob­
viously, supplies would m hotlve been available to offset widespread 
famine. 

I have recently teceived a letler froii )r. Borlh:ig ilidicatling that ill 
Brazil frosts caiie this year (1972) ill late Atugust and earlh Sepllember.
Yields of wheat were cut I))' an estimated 501;. C(otinions rains followed,
and another 50% of tie ienaining crop was destroyed by Septoria.
Borlaug said ihal Brazil will he luckv to harvest 8(l),()0 toils of chicken 
feed front the 2.A million ha sown. l.iPaaguay is lepoted Ito have suffered 
a similar disaster, and Aigentina will be affected at least in part. Brazil
anI Paraguay are likely to he iii tile inierinational inatket to buy and 
further push tihe iii(ce uipwarI.

Ili the suliine of 1972, India stiletned a substantial loss of fo(od ill tihe
Kharif or mnsoon (iol)S. ihis loss has Iwen est tiiated as high as 15 iiiill­
ion tons. To Iteet this shot lfall, India embarked oh a crash progiain to 
sow all available land to wheal, hopiing to ilictease ploduction frout the 
present 2fi.5 million to 33 million tons ill this wilier seasotl. They are
attempting to do this with abotit 317( less fertilizei than they should have.
The failure of the monsoon also loweredl water supplies for irrigation and 
hydroelectric Ixwer to operate well pimlps.

Froml conveisations here, I utllelsld [htllat a heavy rainllt fell over awide area it )ecember 1172, which will holpefulls alleviate tile situation to 
some degree. The only thing that staved off Latiiie ini 1972 was a buffer

stock of wheat and rite, which ha(d beel planned f- and accttmulated in

the spring. The 7 to 9 million tolls (f insurance is standing thelm in good

stead during this crisis. l)roughts fronl India ta l.eballo t will put pres­
sures on all supplies.

These shortages work against the developing nations iin an(ther way.
The increase(d demand has pushed prices from $1.411/bIu to $2.15/tu on
the itlernatiolnal illatket; ill imll) -i costs this i-)testlis a .'I7 iicrease 
over the previous price. Iln view of the impending shortages, it will be 
necessary fot all exporting nations to produceiat a higher than normal
level during this seasoti to ensure that widespread fauinie (does not come 
in 1973. 

From our viewx)int as research scienltists, we iust cotlinue to explore
all possibilities of achieving stability of yield. The widely adapted variety is 
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one control, and resistance to disease in its broadest sense must be en­

hanced. Better regulation of*oir water resources is essential Ixth for irri­

gated and nonirrigated production. Recovery of salinized land throughi 

drainage and exteilsion of uisigaiolln )otential must receive top priority. 

In closing, I repeat Ihat IX)uIllhltill increIse isout. grcatest single l)ro)­

len as Ispecies. Food)is importnt11; hltll are enisute. world atifwe to 

its l)eo)ie also must liave olplp iltiniity. Failme ,eti(.ls extiictioti.tpeace, 
Territorial IiCe(l5 aie essen~tial to) luau, and1( (lest unction ll aion bylili ationl 

will Cnsue if popuua(ll n1i1Il essti es l)C(ohle l(t) gi t. I would predict that 

food need1s ailt ulikel (o heI h imiulledialte cause of' wilesplred(l socidl 

sirife. lAk oupitl to al 1, lack of* schoohilig, a dI lack o equalityuf(4)l,l 
,te likely to lotte tile isi catlici thant lack t([f1)0. 

Foo( is nee(ledf li lilt, hut life issomluething ti,lx etjj(ed, i10l en­

(luled. We tant h tie a l ust hti, tile. As I sai(l, I ati al optiimist. Iind 
do not think lilteat-(sing all iial 1aII has st iuggled this lfai only to meet 

extilioltio. Weee olde I) o)galii/t' intert titiallv aId ntianally 10 tiarshal 
tile resot -es and let litiology necessary t(do the Jo). I ;ilt convince(l we 

can pl ovidIe tw tihe, but thete Intlist le no slacking. 
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Ill the Cenral Atdean region offSoulh America, maize seems deslined 
to rellain imjportant ill htman 111ntrition. As in maize pro(dulion through­
out tile world, the ,meth(ds of U seaI(Iadqualiities consunled vany gre-lly 
froin oie cOtllllv to anothlier. lii I.ni iii Amerieica, miai/e oiIlh t'u'icals arec'ombine'd with legu.mes, maily~h l)(a.i (/haw/im../. vu/gapi). 

Within this seatiing, ti' ( reetRcl uhlion is i,(acasing the l),o(It,( io, aid
the con1sumt)tiol 4)'(f.'crils,l) (oul( Ih the qi.mlhly o)11 redu (ce fod litilized,
unless this rev lilioll is aissm(iaCll with a1qualfitV, i ',le timi ill ('erals. A i 
examiple o)f this )roliI (& tiultritiomlial ItInbhlaae wa's I pol-ed h IfI n and 
Yu (3), who descriledI the results 41 increase(I rice ('4si5lipt io" in Korea. 
Evetn though positive plroteiti hialaite (4)11 le achieved Iby tile itngestion of 
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Increased amounts of poor-quality protein in adults (6), this balancing be­

comes uneconomical because of losses through urine and feces (2). 

Potential dietary solutions, such as enriclment of staple loods, vegetable 

mixtures, or new s0rlrtIe5 o" j)roteils. are.ofteln l)roINPse(I. I lowever, despite 

the fatt that changing hal)its iss(metimes relat ively easy,as demt(rlated in 

soeic idlistrialie(I 5soietics, t lie (4mmuni(cation and marketing systems for 

gp% are often Inlited. Most it-cltologi'al improve­hw s(Ki(ot-c(l1mi gr( 

tilents tievet reach Ihew ulndeiprivileged groups. II SesII% more feasihle t)
 

present )e))le Witi iml)ve( (luality staple fo(ods thl atre nlot very dlifferent
 

inphenotylpe I'jrotihe I(o(1 grains Iiortnally used.
 

Previous ex)wriete(" his (leally (tel )lnstatedthe limited imi)pact of any
 

huntiger and malnutrition. Maize
given (listipillhe working alone"to (ve()it(-

ill the Andean tegi()n isno4excelxti . Res(ear(h and (evelo)menit interests 

must c'4)IX',ate to iii(reas la iityavl ancepltance of thaize witi itn­

pr(ove(l quality. Against a hilt kground of' i rgtwy, ( olomdia has pushed the 

pto(u-tiou of Iiaiie withi a lodilie(l-prlo(teii ei(lospell. Maile is one 

i and represents basic staple
source (f'vgelable l)t4 that is wi(e ly tisC( a 


for many regiuns of tihe (01111IIv. 1T achievements to4(late have been
 
aI14g (:elmr() l, tetla(t(4l~a (hIAgricul­)ssil)h.' orely'I)) cI4se ( O)l)WI ati4m41, 

tura Tropical (CIAT),Inst tito C(holoibiaio Agropecuario (ICA), the 

( Valle, and inldust ry. Stunaries ofRockefeller loun(lat io, U niverlsida(lei 


several studies will l)e presented in this paper.
 

EXPERIMENTAL RESULTS 

it August I1964, oely 2 nionths after Nlertz et al. published their results on 

(9), sec(l carrying tile opaque gene was obtained, andopaque-2 maie 
Pahnira researhers began to4explore tihe use of this discovery in the tropical 

cotilitiolns (f tile Cauca Valley. Realizing that the opadiue-2 gene would 

produ(e a niai %icwith a soft endospermi unlike that usually accepted in the 

markets, two initial (ecisions were ma(le: 
The first (lecision was to)transfer tile gene to inbred liles (f two locally 

adaptedI hybrids as quickly as possilble t)obtain a large volume of'seed for 

extensive testing. 
The seCC0tiI determination was to have tile ,maize available in tile best­

alaptedl genetic background, The white tllaize (Iouble-cro(ss hybrid D.H, 

253 and yellow douhle-cross hybrid ICA 11. 207 were chosen as base materi­

als. They seemed logical choices since industry was already using these 

hybrids. an( it woull be possible to test the processing (ualities of the 

opaque and iortal versions. Also, by using these hybrids the yield and other 

agronomic characteristics of the new material could be evaluated. It was 

known that, ifthis inaize were to be taken to the public, the best possible first 
impression should be created. 
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TABLE I Amino &acld compiosiI ion of norinji (11.25.31, 11. 207) .and opl,4iv-2 

(11 2I'55.UN~ileinlz12 208) roido1 444 

If. 2037 111,253 I,.,2(IN II1.25 

LvIe2.0 2..2 ?1.0 4.017 
ILrut ior 19.5 lbf. I I?.7 11.30 
lwlciu ior 5.0) 5.0 4.4 5.0 
Phcnyklvibilimi 6.5 5.4 s, 4.6 
MCe11loiir 3.2 2.8 3.2 2.8 

'Ilro ir4.1 3.5 3.7 4.5 
V~dlrw 5.1 5.4 6i.67 6. 15 
Tql'lIplIall 0.55 1.100.6 0.99 

Experiment 1: Including the Opaque-2 Gene in IAocal h-ybrid. 
Ili 196i7, .iftei 2 Nteii 4)fIiIIteIIsi'e j)IaiiI le dilt~tig. it 4.%I%%,i 4I4ilit) beginl 

pilo llol %ti IllckIt'gi t 1k iil 111.11/4*In4)il 4 Ill .1d ()I gh4,ipillg 

flit anakf4, Iii ,Ilit It4)1lilt iIl4lticgvii Ibo4ic dt4'1111 t~l~ijilel~sscs 

44)11 oappi oa I I~' (12)t. c mi ~ IIIcIII( fI11k i ( 1 )11tmIfle 

litil 80'a (Ii ,tI S )icpIllig 44114iti %t- Ill . I4 1t1,i4I444Jost i .4114121'; ilu 

sliia i the titidjst i 1%111 drtt lli ef f. thf) fill Illl tll scit.ii (11jOw iiit. 

TAIilE 20,/I'rlri1l (~ 1 11 1()O rj10 1,i;S 4 O41lff ill (' .1141 .11(%%icll55trli il 
~ ~ ~ 2fe (II11,01 m~ kli t' s 1144w I cstll01.411,111wII%4m 4114cIIIlli l 

all a lilw b(II I v JOe i .0 / 141iaII% d ci 44 tiif dc 2)%% rc ll)cIiit 1lirlial dii 

Sorlltl ill I e n ll.'m 1 14.6 eftaIlalb itI 1.1d4i)cd 
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two PtientsM.llievt'l 110 ilnl p~l~sal recoverIy an(1 dIemnstlarated excellent 
Pbtbsrption midl Irlenlin (duiig file Ie upwrattioli pwriml 0 1). These results 
enumi~ritgrdItlwi 4 irmig () Ifil% p1(iotilt illa (Ii'I'iCet Ililiaitiei. 

Experiment 2: Response of Malnourished Children 

to Opaque.2 Mlaize Enclomperm 

Miale (hild icri tL4%%ai((ld a% 44 1 clk iiiaih Ii 414 i%~1 ))' dietatry, an-

Ihrojxm4icII H4, it I( 1)d Iieticiii i I~Itgcti A vi wied lo thes~e studies; their 
age%A Itici t-4- itm It,, (12). WeaghI aIld hleighit did not exceedvklI 28 awl h60 11 

4 t 
tle fifiiI 1)414 tie Im .42-I.II4I44l444I4 141mi4lilI 4 ild. Eilaien'' hlad 
beeln micir m liel pd11144I4g24 iI (i 4Ili24Il, an4)111$ plIItivills liveof,I((f41) 

lI wII I mill44 -I li dt-biliatsII Igf411%.4% ., I c( 1 I I .4444 2I.41C4itI i~I i titI - r1411 I it 

led. I lie lit 44141L 	 %4 'iiliallom41 pai .44(%vkduet 411i%41 4411) j.414%1C 

d I to I444 41.4 sm4ilI i I I %1.14)14 1d 44 IllII4 44114K II44 I(;iIl I c%v I4%%lit I IIIna 4%. 

Ileic Ii' 4114 lug 1141%1'. 14) 1 1144V2(141i.%4 itU.14 S11IIC%.41l4C,41I14D41Of, 

hluhlvl.I4 4 pII I(21411.at II(,II11.44i(14% 11.41d4( 

Dliig Illuc4( 4111 k,th 1 ,4ci% "%4.4~141.14 (( 4) iiala444,4 41 IIclaoit4)1.
il pati4~

bl~.lueC 	 p 4(41111 C% 144 41141141.itk 1 4441(t )144111I.1 I vlairC4 144411 1ipi( i4(e 
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TABLE 3 Plasma amino acid ratio (AAR) by circular chromatography, 24-hour 
urinary creatinine excretion (UC), and serum albumin (A) in six chil­
dren receiving opaque-2 endosperm as the sole source of proteina 

AAR 2.5 2.1 1.4 1.5 
UC (mg) 82 105 143 182 
A 1.8 2.4 2.6 2.8 

BData are averages for the samples taken every 4 weeks. 

Experiment 3: Effect of Replacement and Addition of 
Nonessential Nitrogen to Opaque-2 Maize Diets 

Experiments with rats and with children were done in the metabolic unit 
(10). The purpose was to determine the availability of essential amino acids 
from opaque-2 maize endosperm protein in relation to the proportion of 
nonessential nitrogen (NEN) front other sources. Three different diets 
were prepared with various amounts (0, 25, and 50%) of NEN, using glycine 
and diamnonini citrate, and compared to a standard 100% casein diet. A 
total of 10% of the calories of the diet was derived froin opaque-2 maize 
endosperm protein (N = 6.25). 

The results obtained in weanling Sprague-I)awley rats are shown in Table 
4. Decreases of 25 and 50% in the amount of opaque-2 protein which were 
replaced by NEN, produced a striking decrease in the growth rate. This 
finding was reflected also in lower protein efficiency ratio (PER) values 
obtained with the dilution, suggesting that at that level (10%) of protein 
intake the proportion of essential amino acids supplied by opaque-2 maize 
cannot be reduced without impairing nitrogen utilization. 

Similar diets were used for six children. Nitrogen intake was supplied at 
various levels. At each level, opaque-2 endosperm nitrogen was replaced by 
25 and 50% of NEN (glycine and diamtnonium citrate). As shown in Table 5, 
net nitrogen retention did not change significantly with 25 and 50% 
replacement, except when opaque-2 nitrogen was less than 155 mng/kg of 
body weight/day. This value, plus or minus 10 mg, was fairly constant in the 
six patients studied. Absorption increased steadily, as expected, with the 

TABLE 4 Protein efficiency ratio values of opaque-2 maize when different propor­

tions of nonessential nitrogen a were added 

Diet (%) NEN (%) Weight gain Protein intake (g) PERb 

Opaque-2 50 50 13.0 12.9 0.82
 
Opaque-2 75 25 33.0 22.8 1.42
 

Opaque-2 100 0 103.2 37.4 2.74
 
Casein 72.8 25.9 2.95
 

8 Nonessential nitrogen and unessential nitrogen are used interchangeably in this paper, and are 

applied to the moiety consisting of unessential amino acids and ammonium compounds. 
b PER values were computed according to the method of Campbell. 
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TABLE 5 	 Nitrogen retention when opaque-2 maize protein is diluted with non­
essential nitrogen (observations on six children) 

N(source 190 142 95 230 175 115 280 210 140 310 232 155 
opaque.2)8 

NENa - 47 95 - 65 115 -- 70 140 77 155 
Absorption 130 140 145 120 160 165 190 190 210 220 220 180 
Retention 80 (-)40 -80 80 20 -50 80 20 (-)50 50 40 60 

aMg/kg body wt/day.
 

higher levels of NEN, and so did urinary excretion, leaving the net retention 
with very similar values for the three diets. 

An amount of 9.7 g of opaque-2 maize endosperm per kilogram of body 
weight per day is sufficient for the maintenance of children with develop­
mental ages of 18 to 24 months. Intakes below that amount, regardless of 
total nitrogen intake, produced negative balances. This could imply that the 
amounts of lysine, tryptophan, and other essential amino acids present in 
this quantity of enlospern are readily available for human utilization and 
could represent the minimal requirements for this age group. 

Experiment 4: Opaque-2 Endosperm Protein Mixtures 

with Other Staples 

Four different modifications of high-protein commercial formulas 
(HPCF) were tested in six 5- to 6-year-old malnourished children, P'nd 
observations were made before recovery. Isocaloric and isonitrogenous diets 
were maintainedl during the whole period of observation. Three days of a 
nonprotein diet were included at the beginning of the study. Based on 
endogenous fecal and urinary losses, nitrogen intake, and total urinary and 
fecal losses, the biological value (11V), net protein utilization (NPU), digesti­
bility, and net retention were calculated. 

The nutrient coiposilion of IIPC is quite similar to whole milk, except 
for the fat content. However, the total calories furnished by all formula diets 
were adjusted to the samne level in orler to keel ) conslant the daily caloric 
intake. As shown iniable , tlie leterminations of protein quality are similar 
in the seven diets excel)t for nitrogen retentions found in formula A (soy­
bean + commonn maize + inilk), 1)(soylbein + opaqtue-2 maize), and MY 
(opaque-2 + yuca or cassava), which induced the grea'est nitrogen retention 
per kilogram of body weight. Formulas A, I), and MY have a nlitlitive value 
similar to milk, perhaps the most acceptalle food for infimali feeding. 

It is possible to suggest two beneficial eff'cls of the use of opaque-2 maize 
in weaning foods: (1)wide accei)tance oft he prodluct through the prestige of 
this type of maize, and (2) the stinmulus to growers by the )resence of a 
market to sell their production. 

Tests also were made on altino weanling rats with bread and spaghetti, 
prepared by the Techtology Research Institute, BogotAi, inwhich 25% of 
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TABLE 6 	 Protein quality of vegetable mixtures containing opaque-2 maize (obser.

vations in 5- to 6-year-old children weighing 14 to 16 kg) 

A II ( 1) EM MM MY 
Intake 
Digestibility 
BV 

175 
87 
68 

175 
87 
59 

175 
81 
59 

175 
86 
63 

175 
85 
74 

175 
86 
81 

160 
91 
84 

NPU 61 51 50 53 59 65 76 
N retention 115 102 97 114 1I1 127 121 
Notes: A.nonfat milk - normal maize + r)yheah; 11, 	 +normal maize +soybean;C, nonfat milk 
opaque-2 maize + soybean; I), opaque-2 maize + soybean; EM, evaporated whole milk; MM, 
modified milk; MY, opaque.2 maize + yuca (cassava). 

the wheat was replaced )),opaque-2 maize endosperm. The results demon. 
strated a twofold increase in nutritive value. The beneficial effects of this 
replacement are clear by the nutritional improvement and its impact in 
lowering the price of the product. 

Experiment 5: Comparison of Other Types of High-Quality 
Maize with Opaque-2 Maize 

Recuperated children, weighing 12 to 14 kg, were used for this test (4).
Each diet was tested in fiour (:hildren for 9 days, and results were pooled to 
obtain mean values. The diet was maintained at 1.5 g of protein/kg of body
weight. Each maize sample was given for 2 days of adaptation and three 
3-day test periods. White and yellow nornal (H. 253 and tt. 207) and 
opaque-2 modified (1t. 255 and 1-. 208) mnaizes tested.were Floury-2
modified inaize obtained from Purdue University and a sanple (high fat, 
high lysine) sent by 1). E. Alexander frotitheIUniversity of Illinois were 
compared with a test diet oftcasein. A 3-day nit rogen-fre diet for quantifica­
tion of endogenious values was used at the beginning of the experitnent.

The results in Table 7 show that the protein quality of every nodified 
maize sample Icsted is significantly superior to that of normal varieties (H.
207 and Ht. 253). Values foutnd in the modified types are 85 to 95% of the 
values obtained for 'ascii. 

TABLE 7 	 Biological testing of opaquc-2 (11. 208, It. 255), floury-2, high lysine 

high fat (Ill.), and normal maize (11.207,11. 253) in four children 

II. 208 11.255 II. 207 II. 253 Ill. Floury.2 Cascin 

Protrin intake 
NEN 0.077 0.085 0.080 
Protein N 0.227 0.160 0.225 0.200 0.255 0.240 0.150 

1)igeslibilily 95.0 95.0 76.9 66.0 88.2 84.9 98.0 
BV 76.5 80.0 20.9 17.2 75.6 61.9 85.0 
NPU 61.6 86.0 16.1 11.3 66.7 54.2 83.0 
Retentlim 0.140 0.120 0.030 0.023 0.170 0.1300.130 
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Experiment 6: Protein Quality of Hard-Endosperm 
Phenotypes of Opaque-2 Modified Maize 

The soft endosperm of opaque-2 maize has limited its acceptability inlthe 
tiddle altitudes and lowlands of Colomnbia (1). There is an immediate and 

critical neced for developing a maize that would have (1)enhanced protein 
quality comlbited with a vitreous endosperm, (2) ready acceptance by the 
consumer, and (3) easy passage through market channels. 

Early in 1966, observatios of commercial harvests of double-cross 
opaque-2 hybrids revealed a range in endosperm type front the predomin­
ant class of soft kernels through intermediates to almost completely flint 
types. Analytical studies (5) demonstrated a high lysime conltent of these 
rwegregating kernels. On an illuminated IX)ard, the solt grains were separated 
from the essentially vitreous flint types. Protein conltellt as well as lysinc and 
tryptophan concentrationt, were not significantly different in the two types 
(Table 2). Diets were prepared with these *'pes of opaque mnaize, as well as 
with normal H. 207 maize and with casein. Standard protein efHIciency ratio 
analyses were made in rats, and nitrogen balance studies were malde in 
normal 5- to 6-year-old children, using I g of l),oteiii/kg of ib)oy weight. 

The results presented in Tables 8 and 9 show that hard kernels which 
contain the opaque-2 gene are almost identical in biological value to the 
maize we classify as opaque (soft). The results demonstrate that an opaque 

TABLE 8 	 Average gain, feed consumned, and protein efficiency ratio values in rat 
feeding study 

il.208 II. 208 II. 207 
opaque flint normal Casein 

Gain (g) 84 62 26 69 
Feed consumed (g) 330 288 216 311 
Actual prolcin (%) 7.9 8.6 8.4 6.0 
Protein consumed (g) 26.1 21.9 18.2 18.7 
PER 3.21 2.81 1.43 3.68 
PER, standarda 2.18 1.91 0.99 2.50 
Casci n (%) 87.2 76.4 39.4 100 

aValue of PER standardized casein as 2.50. 

TABLE 9 	 Comparative nitrogen balances in three children, using different protein 
sources a 

11.208 II. 208 I. 207 
soft hard normal Casein 

Intake 175 175 175 175 
I)igestibility 91 87 78 98 
NPU 69 65 36 75 
BV 76 75 47 77 
N/relention/day 1.52 1.50 0.93 1.81 

' Calculated diet included 1.0 g of protein and 100 cal/kg of body weight/day. 
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(soft) endosperm is not completely and irrevocably tied to the increased 

lysine and tryptophan contents, that is, reduced zein. It appears that mod­

ifier genes can be located which will effectively modify the endosperm type 

without reducing nutritive value (7). 

SUMMARY 

The findings confirm the higher nutritional value of opaque-2 maize 

enlosperm compared to that of normal maize. For tile children tested, 9.7 g 
2of opaque- maize/kg body weight/day supplies minimal essential amino
 

amounts gave negative
acids. Regardless of total nitrogen intake, lesser 

balances. The average intake of maize in urban communities in Colombia is 

113 g. Acceptance of this maize36.7g/person/day with a range from 6.8 to 


could be increased if hard and soft endosperni phenotypes could be offered
 

to the consumer. Results presentel suggested it would be possible to locate 

modifier genes for endosperni type. The utilization of this maize could 

decrease the price of products such as bread and spaghetti by decreasing the 

need for imported wheat, and also could increase nutritional value. 

Supported by The Rockefeller Foundation, 65071. 
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IMPROVING MAIZE DIETS WITH 
AMINO ACID AND PROTEIN SUPPLEMENTS 

Ricardo Bressani Division ofAgricultural and Food 
Sciences, Institute of Nutrition of Central America and 
Panama, Guatemala City, Guatemala 

It is well established that the poor quality of normal maize protein is 
due to deficiencies of two main amino acids, lysine and tryptophan (11, 18), 
as well as minor ones, such as isoleucine (11, 25). Furthermore, excessive 
amounts of leucine reduce the protein quality of maize to some unknown 
extent (19). 
Various approaches to improve the protein quality of maize-based diets have 
sought a better amino acid balance through (1)amino acid supplements, (2) 
genetic means, (3) protein supplements, and (4) high protein quantity and 
quality mixtures. All these approaches have been evaluated at the Institute 
of Nutrition of' Central America and Panama (INCAP). The purpose was 
not to discriminate among them, but to find the easiest practical solution that 
would provide greater nutritional benefit for people whose diets require 
better-quality protein. 

Thus, our research was focused upon this final objective, rather than 
upon the study of the individual merits of any procedure. The results 
presented here are centered around this primary task and include summary 
evaluations of maize protein improvements by the four indicated ap­
proaches, their effect as components of low-quality diets, and the progress 
achieved in the application of the research findings. 

38 
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IMPROVING THE PROTEIN QUALITY OF MAIZE 
Amino Acid Supplementation

In most cases, the results to be presented were obtained with children aged2 to 5 years, fed mnaize protein exclusively. Experimental animal work hasrepeatedly given similar results. Evaluation was by the nitrogen-balancetechnique, which gives the amuount of nitrogen retained after nitrogenintake is corrected f)r losses in feces and urine.Results in Table I indicate that maize protein quality is improved byadding lysine antl tryptophan. Also, a further inprovenent is obtainedwhen iseleucine is added in the presence of lysine and tryptophan (1).data indicate that Thethe effect was obtained through a (lecrease in urinenitrogen losses, since fecal nitrogen remained quite constant.The results shown were obtained itvarious levels of protein intake.Nitrogen balance increased as protein intake increased troin 1.5 to 3,0 g ofprotein/kg of body weighl/day. Also, adding tie two amilo acicls increasednitrogen retentionat all levels of protein intake, with greater increases whenintake of miaize protein was equal to 3g/kg/day.Isoleucine addition increasel nitrogen l)alance at all levels of intake. Thisfinding was of interest and was attributed to the high level (about 53 to 55%)ofzein protein in the maize fed.Zein is an unbalanced prolein witi deficien­cies in lysine and tryptophan and excesses of leucine. It was felt that zeincould explain such results, since maize varieties with low levels of protein(and, therefore, low levels of zein) give letter nilrogeli balances. This rela­tionship holds, even at low levels of protein intake, as is shownl in Table 2.These results show that the low protein-contlaining maize gave a1low, but
positive, nitrogen i)alance at an intake of1.25 g/kg/day. 
 Nitrogen-retent ionvalues ranged frot 10 to 55 ing/kg/day, with an average valuemg/kg/day. Milk protein retention values 
of 30 

were about 2.5 tiies higher at 

TABtLE t Effect of the addilion of amino acids to lime-treated maize at various 
levels of nitrogen intake 

Prolein intake Protcin intake Protein intake
 
Amino acids added 
 3.0 g/kg/day 2.0 g/kg/day 1.5 g/kg/dayto maizea Intake Retcntion Intake Retention Intake Retenlion 
None

Lysine 469 14 326 -5 238482 -1038 335Lysine + tryplophian 461 

24 239 .483 328 36 239Lysine + tryptophan 475 108 30 
335 40 240 46+ isoleucine 

Milk 
70 364 73 ­

458 

Source: tlressani (I).
a Levels used: L-lysine HCI, 0.56%; DL-tryptophan, 0.35%; DtL-Isoleuclne, 0.45%. 
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TABLE 2 Nitrogen balance of children fed a high-zeln maize and a low-zcin maize 

Nitrogen balance (mg/kg/day) 
Proteln it ake 

'rype of maize (g/kg/day) Intake Fecal Urine Absorbed Retained 

High zein 1.50 238 58 190 180 -I0 
Low zein 1.25 192 48 114 144 30 
High zein + lyine 1.50 239 47 162 192 30 

+ tryptophan 
Milk 1.25 195 38 82 157 75 

Source: Viteri et al. (26). 

equal levels of intake (26). The low (7%) protein-containing maize used has 

less zein (about 35%) ad, therefore, nore lysine and tryptophan than maize 

with 10% protein. 
Results were pooled to calculate the nitrogen-balance index of the unsup­

plemented and amino acid supplemented protein (3, 4). This index is 

equivalent to a biological value that represents the amtount of' nitrogen 

actually retained from the nitrogen absorbed. 
Figure 1 su,mmarizes (on the left) the results for unsupplemented maize, 

and (on the right) maize supplemented with lysine and tryptophai. The line 

represents nitrogen intake versus nitrogen balance, Regression equations 

relating nitrogen balance (NB) to nitrogen intake (NI) and nitrogen ab­

sorbed (NA) were calculated (Figure 1). The index of biological value for the 
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maize used is the coefficient of regression (0.313, or 31.3%). The same kind 
of analysis was made when maize was supplemented with lysine and tryp­
tophan. In this case, the coefficient of regression was 0.535, and tie biologi­
cal value was 53.5%, a significant increase over the unsupplenlented maize. 
Probably a higher value would be obtained if the same calculation were 
made when maize is supplemented with isoleucine, also. 

Genetic Procedures 

As is well known, increased protein quality has been introduced into maize 
by incorporating various genes, among which the opaque-2 gene proved to 
be very effective (22). 

The studies reported have tested the protein quality of' opaque-2 maize 
developed at Purdue University in 1964. Through the collaboration of E.T. 
Mertz, abatch of opaque-2 maize grown in the United States and received at 
INCAP in 1965 was tested, with children as subjects. The maize was lime­
cooked, d ied, and analyzed before feeding it to children as the sole protein 
source. As before, the protein quality was measured by the nitrogen-balance 
method. rhe results are shown in Figure 2, where nitrogen absorbed is 

Toke.n hoorn Besson, at ol.
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plotted against nitrogen balance (12). Figure 2 also includes results pub­
lished in 1971 by Luna-Jaspe et al. (20), using aColombian opaque-2 maize. 
These figures were included, since the)' fall along the regression line calcu­
lated previously from our results (4, 12). The regressiolt equation for all the 
results is shown in Figure 2, and indicates that the nitrogen-balance index of 
opaque-2 maize for children is0.725. Using this method of nitrogen-balance 
analysis, the calculations for milk protein at various levels of intake gave a 
nit rogen-balance index of 0.80. This suggests that opaque-2 maize proteins 
have 90% of the protein value of tuilk proteins. Using tie true protein 
digestibility of opaque-2 maize and the nitrogen-balance index value, a 
biological value for opaque-2 maize of 87% was calculated. The graph 
indicates that 100 tug of absorbed nitrogen gives nitrogen equilibrium, 
which for maize is about 125 g/day. An intake of about 180 g of opaque-2 
maize would ensure a highly positive nitrogen balance. 

The values shown in Table 3 were calculated from the results presented in 
Figures 1and 2. This table shows the nutritional advantage of amito acid­
supplemented nornal maize or opaque-2 maize over normal maize. Using 
these data, it was estimated that nitrogen eqtuilibrium in children was possi­
ble when nitrogen intake was equal to 300 tug/kg/day from normal maize, in 
contrast to 176 tg frot normal maize supplemented with lysine and tryp­
tophan, and to 135 tug of nitrogen derived fron opaque-2 maize. In terms 
of nitrogen absorbed for nitrogen equilibrium, the above values correspond 
to 272, 158, and 99 mg/kg of body weight/day for normal, amino acid-

TABLE 3 	Analysis of the results of the protein quality of normal, lysine- and tryp­
tophan-supplemented, and opaque-2 maize 

Normal Maize + lysine Opaque-2 

maize + tryptophan maize 

N intake at N equilibrium (mg/kg/day) 360 176 135 
N absorbed at N equilibrium (mg/kg/day) 272 158 99 

Biologic value (%) 31 53 72 
Utilized N at N equilibrium (mg/kg/lay) 84 84 71 

Amino acids in nitrogen (mg/kg/lay) 

Amino acids Absorbed Utilized Absorbed Utilized Absorbed Utilized 

Arginine 52 16 30 16 41 29 
Ilistidine 41 13 24 13 19 13 
Isoleucine 74 23 43 23 24 17 
Leucine 203 63 I18 63 61 43 
Lysine 47 14 43 23 29 21 

Total sulfur amino acids 59 18 34 18 21 15 
Total aromatic amino acids 150 46 87 46 52 37 
Threonine 65 20 38 20 24 17 
Tryptophan 4.9 1.5 14 7.6 9 6.6 
Valine 76 23 44 23 34 24 
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supplemented, and opaque.2 maize, respectively. The biological value ofthe 
three protein sources has been calculatecl to bl)L:1 53, am172'7, respectively 
(Table 3). Since biological value is defitied as tihe atiiouil of' nitrogei re­
tained from that which has beel :absorbed, it is possible to eslilnate how 
much of the )litrogeln absorbed is actually wilized for metea)olic funt'tionl. 
These estimates correslomd to 8t,H 81and 71 Ing of for, nilrogem /kg/day
normal 31aize, Illaizc SJpplilllclted with lysi ie arid Iyl)toplil., atll 
opaque-2 maiize, reCs)ectively. 

The alsotlbed and ttilized essenitial amino acids,,(l weec lillult((I tnrn tile 
absorbed atod utilized nitiogeit vahues. Under tile (oltimi fir tile three 
sources of Indize proteill, tihc values are qlite similar, witl low valhncs for 
lysine and tryploplfl). Ilise ipisut fiIItellln(c ailloiltitsThesieitni 
for children of tihe age tused ill the %t(ulics. Tih (leila also inldi+lne tlhe 
WastefulnI ess of' llitIog'e whenl plovidled as lorm)al wai/e. sinlce 300 igare 
required to give Isic'ally fieth c tsn-e e('.%(lil [tili/alble ailillo)id I)Illlelll as 
that from 176 mg of nitnogeni(l nnonai/ suppnlemented with lysite anod 
tryplophain or"tuom 135 Ing of OpMqt(lu-2 maize. 

Protein Supplementation 

A thlird possille way to izit prove the l)rtcin) qluality of tltaize is proteil
Supplemcit atiomi, whi(h (onsists of addIig small atllis of' I)rotlis that 
are rich sourcs ofIthei*Inino a idis d(eli icil in Iwai.. Various iwilaerials havel)xssiidie ,,t))lcmltetts, .n111m(,3.i)eeiiH testedl ans testits attc lpiCse'ttl iiiT,1l)Ig 
4. The tolhmm ill the' middlhe 1i(ltes', Ilh(imlolt t.s('(lo ollln the 
improvement indiitit(Il ill the last t IIltnInt. With ,wait, iavittg. ilo)tetiI
efficiec.l 1atio (h'FR) valte of I.0, the listed ,lIpIicimiIlls ill( piotei1Ia,(l 
quality III) to 2.:) lintis. Ihis cf. .(t is dtct to) tie (oitli)1lion3 tieI ) )t,ili 
stp)leIInln, make iik sin. ad tI l)toi)loa13, awl Ill pl o titi (o1(il1c (9).
Whereas iviIit e.,t ,,,nletli( ,t310mi1n4omls cascs iplolill (iililityi334 

oly, imllpr(veIIcIlt %kitll) ploill Sltp)plIchluets ill( mcascs b)th joi.otiaqualiy
antd (Itlamtiy lye'c, loe, pt 4)1(11 pIoid(l gi eate,Illlelicilitaiolt3 
aillotillts of' .S.I)le p)nolteill tha (oes tilc a(dition of aiti, id%.lillo m4 

TAIIIE. 4 Opltim hcIn d .ariouts poitchis I styplucum hirnc-irc.wcd itimi 

Protriui souri c ill (i t IEiR 
Non' 
Fish pront, i u otlum rtr 2.5 

1.00 
2.44 

Soyhrai flour 8.0 2.25 
(oion st.rdIlor 
Trorul +-, y a t 
Caaein 

1,)
2.5
4.0 

1.83 
1 97
2.21 

Eggprontein 3.0 2.24 

Sourct: ilrra anl andl Marenco (9). 
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TABLE 5 	 Nitrogen balance of children fed various I)rotein sources at a protein 
Intake of 1.25 g/kg/day 

Nitrogen auaoue (tng/kg/day) 
No. of .. . .. .. 

Prottei %ource (hildrcn llak, Absorbcd Retailed 

Milk 7 195 157 75 
Maize 6 192 144 30 
Maize + brans 4 207 150 36 
Maize + procih 6 197 154 63 

Supph, 1col(%oyloan flour 
+ 0.15% 1..lybin" I ICI) 

Source: Vilcr) ct al. (26). 

indicate that maize supplemented with 8% soybean flour and 0.10% lysine 
has a protein quality a)proximately 90% that of milk. 

Protein Complementation 

When itaite is (osttumedi in large aintuits, as ill various Latin American 
or Af[rican (oun)tries, it Iroviles relatively high levels of total proteiti, along 
witl levels of, 114)ll~rot'i dry iltalIer, which is maintly carl)hlwdrate. This is 
ol)viouslV (Ilt e th i ltti\'ch low lcv .4lof ptoltilt ill mnaize, a level that 
lconas o( litiriiional signifi(ate il l clation t he total div i~iater intake 
for (hil(re. As an imiliomcnt, food hntixtuics ofhiaize with other ingre­

' dicnlts have been develoed, whih provid bolth a higher quality and a 
higher qutlautit,'of proti,. 'le ,st ac ktown as he IN(CA 1 vegelal)e pro­
lItt tIixitlrCs, o0 lt(lai)Ii.a frmulations (2. 6i, 7). 

'Fable 6 S1IIIl ics lh(' anal 5.,isoI tit-hloillIgt-l ll(c resills of" ltee Stich 

mixtures in (,oltj)at iso(l wit h atilk anl .gg prl),cin|, as tsid in Ihidh(ii (13). 

TAIILI.E 6 Corrclation aud rgrcssion c(oilios bwel cn Iuilrogen inlake (NI) and 
nilrogen rctclilion (NIt), aind t'lwcfn nitrogenu albsorlwd (NA) and 

nilrogen retlained (Nit) 
( orrlalto Rtgrr%%ion 

t u lih htnl'Protrin tourte t 	 lIlt 

== Milk NI . Ni .66 NIt - 5.7 4 0.55 NI 
NA . Nit = 0.80 Nit = 33.04 (.69 NA 

Vegetable mixture 9 NI %. NR =0Si Nit =-23.8 4 0.28 N1 
NA %. Nit = 0.81 Ni =-30,1 4 0.50 NA 

= 
Vegelablh mixture 14 NI vs. NIt 0.89 Nit 4-.t0sr NI 

=
NA %%.Nit 	 0.94 Nit =-39.3 4 0.63 NA 
Vrgetable mIixtuir I5 NI is. Nit 	 =0.75 Nit -- 55.I 4 0.48 NI
 

= 
NA %. Ni 0.73 Nit =-!19.5 4 0,153 NA 
Whole egg NI . NR = 0.85 NR =-52.5 + 0.59 NI 

NA vs. NiR - 0.87 Nit =-43.3 + 0.64 NA 

Soure': Irtsani 4'I al. ( 3). 
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The regression equa:ion between nitrogen absorbed and nitrogen balance is 
shown in the last column. The coefficients for milk, mixtures 9, 14, and 15, 
and egg are 0.69, 0.50, 0.63, 0.53, and 0.64, respectively. Therefore, all 
mixtures have a protein quality close to that of high-quality reference pro­
teins, such as milk and egg. The mixtures contain about 25% protein and are 
made from 38% cottonseed or soybean anl 58% maize for formulas 9 and 

14, anl 19% cottonseedl, 19% soybean, and 58% maize for formula 15. This 
approach to improve maize protein includes both total protein concentra­
tion and protein quality. 

ADVANCES IN APPLYING THE VARIOUS APPROACHES 

Applying laboratory findings involves such problems ias the physical and 
organoleptic properties of the fortified food, which must be equal to or 
improved over the natural product. The four approaches discussed here 
meet such demanls completely or to a very large extent However, two 
additional problems of application are fou nd in societies that (I) produce 
their own food, and (2)have tra(litional and well-implanted nmethods of food 
preparation. Methods to overcomne these barriers are being studied. An 
additional problem is price, but this will not concern us at this time. 

Synthetic Amino Acids 

In our laboratories, the use of synthetic amino acids is being studied by 

infusion techniques. By adjusting infusion conditions, lysine has been 
incor)rated at levels up to 6.2 g/100 gof kernels. By usingother conditions, 
tryptophan levels have reached 6.94 g/100 g (17). The infused kernels are 
shown in Figure 4. The lysine-infused kernels look quite normal. However, 
the tryptophan-infuscd kernels have a darker color, owing to tile conditions 
of, infusion. 

Since the infused kernels lose about 50 to 607( of the in fused lysine or 
tryptophandutrig wet processing of maize (16), tile aminto acid-rich kernels 
may be added to maize wheln 1is being ground in tile mill shown in Figure 5. 
To avOid adding raw kernels, those which are to be u1sed for in flsion should 
be precooked. As they go throngh the mill, they are ground alnd mixed with 

the rest of the cooked maize. Ani), ft rt0her pr'essing (lt's 1ot (lestrtoy' or 
inactivate tile added anfino acids (15). "lhe effect of imlproving protein 
quality of normal mnaize with infused kernels is shown in Table 7. Diet 2 was 
made with 0.31 %synthetic lysine and 17 iryptophan-infused nnaize to give a 
trypttophan level of0.05%,ofthat of liet 5. Similaly, liet 3 (',ntained 0.05% 
synthetic tryptophan and 3.875%7c lysiine-infused mnaize to give aulysiaie level 

of 0.31% ,f that of diet 5. '[he results clearly show no diffe.rehl(:e ill protein 
quality when tihe lysine anid tryptophan were a(leld in the syntlhetic form, or 
is infused kernels (16). 

The results show the potential of this technique, event though it still has 
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TAIIIE 7 I-ffecr (f lysinc. and tryplophan.infused mahe kernels on the protein 

Pra)fril ite Avg Wt giiii 
l)i't: ir a ral h.e dirl (%) () PER 

3. NI1ur 8b S 10 3.5 1,22 t 0.,8 
2. NIdaiua %ilatli,-a. a9a '0 !92 f .N) 2.42 t 0.10 

4 14111t (II I. ajk4fI) 

S. N14i t * %,1 111 11 ,livi, pliAll' 8.9 300 * 11.1 2.59 t 0.12 
4 I1410i9' 11 4aa ) 

.. 38 1 0.124. Klaxr * (I., ,) 8..i8.8 1(3 2.1. 

* 11,11ia I ll - 11 ,1 

S. C la04 15 i 6,01 2.71 1 0.07 

W11lltr lin ilIIIIdl%, p.),,1i tlU. I egaI dillp . O w i%%I0hb()* ) 7 Ilh l liteIfo 

lliti. , .611 )i mlg I)tpu)lI.m.i0%hgle It high plite 

Protein Supplemnctli 
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lime cooking of'maize causes extremely large losses, particularly in ribo­
flavin (9, 10).

The mixture chosen was tile )tl;tiula with soylbean flour as the protein 
source. When adltled at the rata of' 8,7 14)Illcile, this fonriula covers all tie 
tryptophatn t'ficietcy ilth14 tlt.l and alhlost all( ilt lysile elficiency. 'o 
cover all tict lysitc tlefiticN' ill ,it/c, 0. 1511 ofl.-hNsint 110 is also a part of 
the fortifyitng llixil'lc. 

The so0beal)l)ltlelicilt is )rt('stlll, beinlg Isted illa field stutlu iivolv­
ing I,30) lntillit's i. ( ;tImlt,m.al, C't,llIloigh it %%,;Isdevelold to he 
used with intillsil i.lli lpatlet t04)ktl tiia,;c flouts. AI pttrsttcl , it is added 
asa iltloti tiliotitt-( okt,<l whole mai/c just bt'it,gi itliig (21 ).()ther loills
ofladtlitiom, l<'i g 4)tisilhltcl at tI s i ll( t hslI of tli ,j)i. )() I It ,i 
cal, as shioss illligolt' i (2, 23). 
The lit(hl I4St %%ass1.IttJett ill,'.a 1972. t litciorhe, it is still too caly to 

delettinilt' titmiiliottal (t1't1s. hiltpo )ltlitiot is liowlle Abot l 1,06, of 
(4tl'Illllitig il.Ii/c %%itlh Ilh Stp h,,tenl. ()tth I lt.Cploh)t1l4 s havt' l~cil 

%%,It' t'CI s(llII'd; Stlll (*(t ll'pI lit ,Iotlt tl It'si heI liggk f ' (halleng­
illg itIsto lin 11)411iIlgtI sll i ttt iv itnicli t 't'mi i ttplodhli t.<l -.b% Iv'( It'< i cstt,, ntcl toos.6 1itl Itn.1 git ,tl II (t lb%g itliS. vlr 1>p ob­( ) St 

I-ll t ( lllll 111 4t. it- of1H I l k'llitl. 11,l l C' have to%tIll( httll lli(' lotl~h<iic Ihll 'x hc%11.1 %.S ( o Hlt.S ill. I hlt' nls a wtall|lms kt'l s file 

Ill (-lld(1%jX-l In. I hr.0 41, t ook.tig iol,, icl idngc, %% bh h. l llil pattliltc lit's,
kill lil~ 111l wdl(b% OiwtnlIppdtllli l.A\S(on, l lellhl 
I (oHlu.(l lis 

lilletI (.of 111il I al/ct~iIcso+llingl. ti, allso< ll( - Il kiSt, dl cilil~ljust 
bI-f ic Ohw It'xI ( 111,) mlics(" ill. I I)(-%(- lobltills haIve' 1well Stokd l)lI 
inlditl . (if Ing~t,tiwl1111i, 1llti',,ap])p)J 11111l16i lh1 illit'lm -lliioll It-( 1llliflues. 

Protein Mfixures 
|llo 'lol-lllh lImm hksrd tlhitt
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0.25%r
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FIGURE 7 I1capia ina sales in (tual Aitrica and Panama 

(19(61 - 1971). 

market unler the nanc Incaparina fi ab ut 12 )-ears. Sales of the 
product are increasing slowly (Figure 7). l)uring 1964- 1967, the yearly sales 

tenlded to reach a l)lateau. Itowever, from 1967- 1971, annual increases 

have been about 30'/ . The l)roduct is not reaching ali population sectors for 

which suc l)otitl footds wcie developlcd. Ilowever, plans are already being 

implemnented to ini(rease pirodui('lit1 and di .rsify the product with a mod­

erni plant of 4- to) 5-t(i lro(luliion capacily/hour. 

IMPROVING RURAL DIETS WITH IMPROVED MAIZE 

The oliet bilyItst Aliericati rural residentis consists((i5tiol illol Lat in 

Illainly of' litatie and bealls (about 727(iinai/e and 8(7( beans). The remaining 

20% consists (if I libel s,soie vegetables,and sugar. Such diets are deficient in 

qualiit' ilil)teilla i ll cah)ries. Siti(e most of the dietary prolein (oines from 

Ilile, it w'ou1i1 ld(e XlI(t(lt loe d(lefi(i.il iii Ilie satlltillili acids ialinit 
ilaite, it woll he expete t be deficiet illilio acids that litiitle in1hc salliit 

quality wlwiltSuppletnted with lysin and trylplophan. Results along these 

lilies ile.li wn in Table 9. 
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TABLE 9 	 Effect of lysine and tryptophan supplementation o the I)rotein quality 

of a maize-bean diet (72.4% maize + 8.1% cooked black beans)
 
Dietary treatment 
 Avg wt 
to maize in diet gain, (g) PER
 

None 
 65 t 3.7 2.02 t 0.06 
4.O0%lysine b
 

. 0.025% 1ryptophan Ib 
 80 t 9.3 2.36 t 0.17+ 0.050% tryptophan 94 t 2.8 2.49 t 0.06 
+ 0.20% lysine 

+ 0.025% tryplophan 108 t 4.0 2.76 t 0.03+ 0.050% tryptophan I I01 5.7 2.78 t 0.08 
+ 0.30% lysinc

+ 0.025% tryptophan 105 1 9.8 2.77 t 0.13+ 0.050% Iryptophan 102 t 3.1 2.79 t 0.04 

Source: Elias and Iircssani (14).
 
a Average initial weight: 48 kg.
 
) L.-lysine IICI; l).-t ryptophan.
 

These restilhs show that a 92% maize + 8% bean (liet is improved when
supplemented with 0.20% I-lysine HCI and 0.025% IH-tryptophan (14).

Optintum levels for corn were 0 3(0 to 0.40% 
 .-lysie t1(i an(i 0.05 toO.I 0%
 
1)L-tryptophanl ( I), which indicates thai 
 )eans are supplying about 33% of' 
the lysine nee(le(l. Renmembher that i)rotein (lualitV is just one IspectI in the 
improvement oFinaize- beatldiets. Tlhe signtificance of'this is shown in l1'able 
10. It this sully, the 72(7 nait, + 8(7 bean (liet was suJ)plemntt(I as showl
 
in the first coltuini. As inlldicatd, tli(t 
 alino acids a((ied without other
 
nutrients were ineff'eclive in in)roving 
 tile qualitV of' Ihe diet. Actually, iheanimals diedi from severe vitamin, and probablv tintral, dleficncies (14,

15). These results indicate, thert e., 
 l( tet" to alisto cousidcr !hat most
 
nutrients are defi'icint in sul(h (lit-is, uttrients necch'd isv th tinimial to make
 
efficient use of, an improved e stlial atitiuto aid i)attClI.
 

TABLE 0 	 Ilffect of the individual addition ot groups ofnitricnts on tt, protein
ouality of a miaize-bcan diet (72.1% ma'.ize 8.1% cooked blark beans) 

Dietary treatmcnt Avg %lto basal diet gai n a 
(g) PE R 

None 26 t 2.3 1.09 * 0.07 
+ 0.20% I. lysinc iICI 26 t 2.5 1.10 t 0.08 

+ 0.;25%DL,-IrYptjlphat 
+ Vitaminsit 	 4 11iittrak I) 70 t 2.1 ;.90 t 0.04+ Vitamins 4 mincrals 107 t 4.9 2.55 t 0.06
 
-+ ly.0im + ii lhlla n
 

Source: Elias and Itrcssaii (14).
 
a Average initial weight: 44 g.

b Recommrnded levels for laboratory rats.
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rogel bIlanc' of yoliilg (logs ftd ml.Iii.- I)ebell (iets. 
FIGURE 8 ETlf.t of' Suplelti-ntaltiol ( on 

As indicated bef'ore, tlese timiai-I)eaili (liets (o not provi(le all the calorie 

needs of' young people, probalv I)(easef'fthe diets' relatively high bulki­
hess. Adding caloi ies is Cat htIproves utilizatia n of 'tile protein of' such (liets 
(Figure 8). I tlie iesults (2 ) showi, X(ting (logs were fCd 3, '4, and 5 g of' 
p)toteiln/kg of '(Idy weight /da of*1'atmai, -)ea) i (liel . ;ach level of' dietary 

proleill intake was Stpplemmented with 25and (1(/(l(hlitionlal l)rjes added 
as oil. Nit rogenm (,t.emimi without addfitiolal calories (points A, 11,() il­
creasefI a%l)l4)ttim intake ilt(rease(l. lihe allitional 25(7 calries (points 1),
 
L, F) ill poed plotili utiliatiomt at all levels of l)lo)till intake, but tle
 

ipl|rovetmntt was lower it tIhe higher levels oliotein intake. Similarly, 050% 
adtllitio al (alt i . (oitll II, I) mhaiml whent,ics measelp()ltill lmili/ataill ( 

pr~le'it intalke' Wa (Illi\ll.lt tI a tld ,1 g/kga. "l'hese resuths i tedi(ate that
 

addilitnilhal Am ies ie iv.teeded and thIt thle'v (amlllot he dtlivetd fronl afdli­
tiontal Illai/m I)w .se (I) thi will iu Iease bIlk and (2) a higher intake wilh
 

the saitne level o ll, lls result ill 1die with a plt(illtquality valetlower
ea wSill 

thalt tlhet e isd at csemit, Fillet (ute,it is essetllial o ilnl)l ,ovcthe protein
 

qllality of' iIlai/e. 
Opaque-2 tnai/e,. lt usel to tIllAte 'nioll Itaiit. ill tiliai/-l)beal (liels,
 

is also effeciive i inipti vitng the proteintitality of's5(1h diets. Representa­
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TABLE 11 	 Nitrogen retention of young dogs fed a maize-bean diet alone or 
supplemented with amino acids (average: six dogs and ihrce balance 
periods of 4 days each) 

Nitrogen balance (mg/kg/day) 

Treatment on basal diet Intakea Fccal Urine Asorbedl Relained 

Normal maize 	 399 152 206 2,17 41 
Normal maize + lysin. + tryptoplhan 374 156 143 218 75 
Normal maize 	 357 157 165 200 35 
Opaque-2 maize 	 407 165 127 242 115 

Source: Bressani and Elhas (8). 
a Protein intake: 2.5 g/kg/day. Calorie intake: 100 kcal/kg/day. 

tive results are shown in "'Ia)le 11 . When the basal diet f'ed provided 2.5 g 
protein/kg of body weight/,lay, rtelention of nitrogen varied frm 35 to 45 
mg,or about 10% ofihiake. A(lding lysiuie and irVlptophant inlcrease(l retel­
tion to 75 ing/kgI/la%(alIut 20'/), and using opaque-2 naize produed 
retention of aul),,t 28X. Iligeneral, results of variotis stulies similar to this 
ole show hal nillogeli relentiol ta,f tll ||,,ize-heall (liel stipplettie.ied with 
aint) aci(sor usingopaque-2 ioatze has esuhiltei illabout he sanlte increase 
itnprotein quality ove_r lie_ basal hvel (8, Ii6).

Maize suplincnied \wil'i 8( ;1 soi~bcali flout and~ INSint lslliplives tile' 

protin (uail'liVol iiiai/t-hiati dilis. Al (Xaliilh ,ifthis !ssh()wn in labe 12. 
I'llree prolcili stiIiel1ts lo ti-e t itj/-)e.,11 dli w(i ((eil)lri(d wilh the 
effect of S)titliclic ainiilloiids (14, 15). Filst, diets itiade with protein­
sup~pletietintet iiai/e €rolilailieid itot)1( thtani the (oitrol dlits. Addingjloteltl~ 

aminllo itids ililrovc(vl weigilt gailt, in ililIn ovellilitl thIit Was higher whel 
the diet was wilh i. li(intreasedsuppleli ntlleI itlell Pl(t)tili (,tlicitx to 
about the saite level, whetlie th iliii/e-beall dii was sippelieClitel will 
aninlo acids (1plotitin. "lit last (,ltillillshows Ihlit alliollit olousable proteiln 
in the diet. "ihc val is inlit c halehlihaliil atiotitis ate utilied fr-oll tihe 

TABLE 12 	 Improvecnwtil oI liptoli qil (od ,iinaitc-eiwin diet by Ihieuse of' 

atlniji) m is or aij l)ll'iliSillppibiilnt 

lhilizblih 
Treatminl 1 ii/c i i pilroiniilo .Ag Vi 


l
in bdaal litii (a () PL'R (%) 

None 	 8.1 52 1.75 4.36 
+ Lysine + irypioptialh 8.5 80 2.48 6.32 
+ 8%oSyl ea 	 tb(i I(I.9 120 2.50 8.17 

+ 0.15% ,llhinc11:i
 
+ 8% Skim nilk lpuss lr 9.8 III 2.63 7.73 

+ O.10% I.-lyii' lIt 

Sourl ': H.t;a aliild Iituu (14)..1lli 


0 72.4"Anmoii 8. I OT,, kio t.Mt .4 k d k Iii 
h 0.31%y I "ysiil I(. * I4. 1 l% )..IrI lilli tihan. 
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FIGURE 9 Weight gain of young pigs fed on maize-bean diets 

wit il)and with1ou1t su pplements. 

protein-suppleineted than from the amino acid-supplemented maize ­
bean diet (14, 15). 

Similar results Ilay )' obtained when the nornial maize-bean diets are 
Supplementte(l with proitcin-rich foods, cither of amninal origin or high­
protein vegetable mtixtures. Figure 9(.1 me(,ex)eriment in whichstlntarizes 
the basal ti-aile- heal (liet was suipplelente(l with lysiiie anI(dttry)toplla, 
p)w(ere(l skiti iialk, a1n(1 in(dj);lit 9. Tlhe results Show lihtt tie two 

supplements w.,(t, e(qiua;ll.' CIll(ii.lt ainl slpetio to lysiii, .n(d t'yl)to)l)halI. 
Howeve, t1wfli-Ic lue wee l Ille Resnlt il 4)lo tile Sup))lement itas ('o­

pared with those lolli ilu t' 1 higher pl)ttdilhto ll'pt4)oplthl is (hi lt)
d~(t'n-,t~t'Ol|(VIIIItt illI ill illc' lh H (lt' (it't. 

i(oAll fiti lings inl(li(ate thIat it is highly dh-siabhle to ill(' td.l(.)()teitl ( ttlc t­

ratiot in .,i(Ih(lit-is, as5 w 11 s ploteili (IlI.Illit v. 'I his is alo154) ieItit ill the 
esl't shtowni i li ie ('I.Ill this ( ;s(., tile h),%all (liel (IfI)di'elld beatts Was 

SUpplellcit te'l with ,, ;. litiontt! 2)/ (a lifoi ics f ait it, ' lie (li't.It, p)(itt 
was rtejil I h Ih(,20, 30, aind .1()(/ Inilk l)14)t('inl 4)1 clkUiv~llclit allitltitts of' 
lysine, trYptophlhla ;ulI iltithioninte (24). 'lie nilt ogiw-hailani( teslt show 
that intr4mli(jg whole i)r4)tt-l 1)1dnined highe(t valtes tian (lid auinio 
acids. Addinug who le 1)ot ei, p)5 al),th)ly Iptovils othe r ntm a(Is that(hera 
might he deficient in th laize- ean diet. giving aItbetter overall amino acid 
balance. 
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[A ,iisrussiotto]' 1/au paper canj be fiund onl pp. 483-484 of Questions 
and Answers.] 
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QUALITY PROTEIN MAIZE 
INSWINE NUTRITION 

Jerome H.Manor Centro Internaclonal deAgricultura 
Tropical, Call, Colombia 

It has Imog bern i*teogtiicd in %wiie nut:ion oesctth that tihe 
cimstiiurits ( f Irtoein are tile critical eleiterts rather than the proltein itself. 
A(t ually, swilie do #lno require prtrin ill tile diet. Although ax)ut 20 anlino4 
acitis have foell recoglietl ill alitllial eeIs, oily alx)ut 10 are considered 
rsseltial for swiell lutrilitil. 

if a U)JILP of ititigerti pisenilt. the Ilmltlesse5tlitl alllillO acidsll helw 
)lthlesiled by tile pig's IXl4y tissur; therefore. they ale not required in the 
ldilt teln.wswntial amio cic=sc)tiine and tyrosille call partly satisfy tie 

nerel ou tile sselltial amin icids melikiie anld phellylalanine. reipec. 
livrl ,I1 he rsletial altilt at ils f the piglae argillilie. hisliditle, islleIuciti 
leitui, I)sine. inethimine, pherl!,l lia:ine, threoline, tryptophan. and val. 
ilW. NOW1setial Alril Afids tie alatlille, asIli aCid, cytite, glulanic 
a( t, glgI)cie, hIhl 4pt~hlei plolic., setlle. anld lylille, 

Ihe value .1vilt) proLteitl in swine nllutriilli (an1 leteeriiule by its ability 
too %U. %Arpni)a kis in tile pt,l)tios4 alld at le levels requited I) tile 
llillmal. Sint e dflfert Vt life plIxesse, ,.t Ii as nttailltullant e. growlh Igeta­

tIot., and4 l610tio1. 1011u4 tifatdilflrluantitieslfalino acds, tile value 
%Iwif'iteeIn fe it hgietrdirlt will val, w'ith its ability to supply tlie lec'es­
sAil e'el and1 ptoJNq Klt of atinol idt t is well established that bal)y pigs 
ad. gromi.g l)ig teinuier higher ltselsf iititncr acids thani l )lder pigs 
Iering fisished fM tiaklet. Also, it has beetoul rI that lactating sowsorw 
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TABLE I 	 Amino acid needs of the pig at various stages of development (percent 
of diet) 

Stage of development; 

weight of pig (kg) 

Baby, Weantling Finishing 
4.5 13.6 45 

Amino acid Level of dietary protein 1%): 22 16 12 

Argininc 0.37 0.25 0.15 
ilistidine 0.34 0.23 0.14 
isoleucine 0.76 0.52 0.35 
Leucine 0.98 0.67 0.40 
Lysine 1.20 0.74 0.50 
Mclhiiona 0.73 0.50 0.30 
Phenylalaninca 0.79 0.54 0.32 
'lhreonine 0.66 0.45 0.27 
Tryptplhan 0.18 0.12 0.07 
Valiiw 0.67 0.46 0.28 

Sinirce: B k'r at al.(2).
a (a tiixian %,Iify 40% of the total need for methionine, and tyrosine can satisfy 30% of the 
total aited for ])ltayl~tIIiaC. 

nmust Ie supplied with a(lequate quality protein for high lactation perfor­
!11,1 II(:. 

"'Fable I piesents ;Ilexample of ldifferent requirements of various ages 
and sizes of pigs. Latch intcrease in age and size reflects a reduced level of' 
amino acids requireui for normal perf()tmatlce. Figure I provides a graphic 
explanation ft.,1!le;ast somte of the different nutrition requirements from 
weaniting to nIut keI. aI,1h inCre;se in pi; )od%weight corresponds wili an 
increase in )od,,fat and a tedoictiol itl total proteil l)uring the finishing 
petioti, tltt pig is it(. ntulating mlole ft tha I proteil, thus tequiring less 
tolal ploct(ill ill ille dict. 

swine plo(itl (tis feed thei ,ttial lsa basic grailt so, r(c and ln a(equate 
level of plo.illsupplentll to supply the toial level and baliwce of ilillilloac'its. A htight-oqtialhy, 211 to)2';+/ ptii dit gciierallv is f'ed I( ,,otiig pigs (5 

to 8 kg). a lhe I'notlein dict ifo gnowinlg pigs (I to 51) kg), anlI a 12 to 13 , 
protein ditI lor finishing pigs (510 to 910 kg). Althotugh gestating sims ,tatess 
detiland(inIg in theil te(tlit('I'l,. lI tating sows poxinng large qtlatlntitiesof 'tilk aloleqlire aignaI-qtalit). 1 It) 16i/A j)lote.in (lietl to)met' their daily 
ntrientl Iiteeds. 1 hiese te'qti ,'III'lt, alerc ('ltatl ) fu~r nishlie byv nolrmlll 

It/t.Sit supl(ellit(lldithl so~ beanI melal, fish Itteal, ott ( 4)libIillatiolls of, thes,. 
with other high-plotein ,lil)plettts. 

'Iieh v:lltlh fi haia/e, st bI.as opaqtie-2 inai/e, is as­of lIIgl-qImIlits oteill 
sot'iate, ! Wil itsil)ilil to stibstiltte lo pill oft lie stippletieilal protein. Inl 
other wo h,it eq liIs less supplemttettal pliteiti to prolut resuls equal to 
ithome obtaitned with adequat:ly sul) lemllented normal ilaize. 
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elicited a rexi)i, o.r did lhe additiol of inetl ioine improve growth rate 
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74 Jerome H. Maner 

''ABLE, 14 	 Performance of pigs fed same total level of amino acids with opaque-2 
or normal maize 

Avg daily Fred­
'reatmenta gain (kg) gait ratio 

1. Normal maize + soybean, 16% 	 0.73 2.50 
2. Normal maize + soybean, 9% 	 0.47 3.33 
3. Normal maize (NM), 9% 	 0.22 4.88 
4. Opaque.2 maize (OM), 9% 	 0.52 2.76 
5. NM + 0.56% lys + 0.08% try + 0.12 tre + 0.06% iso 0.45 4.00 
6. OM + 0.28% lys +0.04% try + 0.08% thre + 0.06% imi 0,68 2,64 

Source: Gallo. J. 'r., and J. It.Maner. Unpublished data.
 
a Lysine (lys), tryptophan (try), threonine (thC), and isoleucine (iso).
 

Other studies by Matter et Al. (26) confirmed earlier indings, dearly 
demostrating that the protein level and quality of .'he opaque-2 maize diet 
is(:ompltely adequate for finislimg pigs. 

Growing-Finishing 

11 18- to 29.kg pigs are fedi similar diets (lable II) during the entir-e 
growing and finishing period (18 to 90 kg). the overall results are similar it)
those obtained at ;e kg fTab'x l(i). Neither 0.28,%lysine added to tile 
opaque-2 maize diet not 0.28% l-lysine plus 0.04% I.-tryptophan added to
aI all-maize pl.uiil dicl was adequate to support levels of performance 
equal to those ohtaineI ,.iihthe 16% proteii control. The lysine and tryp­
t(ophatn supplemtiatio of the normal niaieb diet, however, (lid signiti,­
andy implove ICith grovwth and ,-fliciettky of feed utilizatioti (23).

Brzilian stuies (I7 .b,wd results inilar t,those relinl here, exi Cp
ihat the diet 0,sot vnr:iinai as the ofily source of protei, showed be.I,(I
results bxecause the pigs vele tarted at .tImhavier weight (30 versus 18 kg,.
TheS %udiesinlkate dia olpaque-2 maize fed to growing-i inishing )igsi
imilenot to tan alh quate 16% protein diet, but is signifi(atly slserior to 1! 
diet with nal maize as the only protein source. 

Ptrdue L'tiivtrsily studies (12) indicate that a diet (.omsislimtg only (if
1)paqte-2 niaize call stisbtisute for 16 to N3% protein maite- soybeall mileal 
diets (for giowiog-tiniszhing pigs), if the ,.ixqs:-2 diet is sipplemet~ied witl 
lysitne Or a little 4'vlwxan uteal. 

Gestation 
Different levelsoi"protein fed during con pllee gestatioll (13. 15, 18, 19) 

prodlice similar litter size, pig birth wright. atmd wcramiang weight at dii ferenli 
ages. Pregnant swine exhibit a remarkable :apacity to provide mitrients to 
the developing fetuses despite severe protein mestr itioi. o deleterious 
'ffects on osfspritig at birth were observed when sws Ivele fed 5% protein 



TABLE 15 Comparative value of Opaque-2 and normal maize for finishing pigs 

piz daii-v 
Trcrmcnt' wt gAIr,roant )- (prntcin -Itt."1 kg (Wg 

NCJ+ BM(13 0-(30.a ~ 
.%M%(10) 50-40 
OP (101 50-90O 
NNMz L +T (10) 50-90 o.x IU!A NNM+ SRNl (13) 53-9-1 o.75,(Puidut U.) OP -SBII 53-9)2() 07 -

OP + L B(1 1 53-92 0 . 744 

NM + SBN1 - L (3131 53-9-2 41.4-

a Or mal najZr ( N*\)- .'" b.,) M e-AlISB XM.0pJ-j u-2 MAnIcfo p). h msrw (..
'a.b.c, v.z vilutiin sAmc ,,Iurnn w~th diffcrcnr supcrs~ript,t~sb\r auh.. 

duuD 
ferd1 

(kzl 

2-61. 
248.2w 
'.8'Q7 
.,.M 
3.1h 
3-16 

r\Pr"FjlAn Ill.0 

i ttsNal iiy 

ed 
gain rat to 

3.3511 
4.59' 
3-6 
3-5V~ 
4.-'-1 aG'PA 
4.13' 

.91 

4.67' 

SOUer 

Ga1o re af9) 
Gaoi aL (9) 
GM,& 9 
Galln- i aL 19I 
(z(3"w (1'-) 
Gw AM Cnd(.r (I Z) 

( . p, n l nt ( ? 

Gypp AM (3aw~ (121 

Mt J t -A1, d ffc Arrns %t~t.1, 



TABLE 16 Comparative value of opaque-2 and normal maize for growing-frmishing pigs 

Pig Avc dail, .%%gdaP, Feed.
 

Treatment' wright gain2 teed gain ratio'
Countr (protein lcwl.S) (kg) (kg) (kg) (kg) 

Brazil NM (10.5) 30-20 1.78 a 
0 -3 5 8a 4.q8
 

OP (10.7) 30-100 
 0 .6 2 8 b 146 3.91h 

NM + SBM (15.3) 30-110 
 0 . 7 1 2 b 2.55 .is58h 

OP + SBM (16.1) 30-109 
 0 . 7 0 5 b 2.62 3.71 

L.S.. NM + SBIM(I 6-13) 20-90 0.69 2.33 3.37 

( Purdv- U.i OP + SBM (14-11) 20-90 
 0.69 2-55 3.69 

NM + SBM (14-I1) 20-90 0.61 2.57 4.22 

OP + L ( I I -11) 20-90 0.68 2.43 
 3.58 
NM + SBNI + 1. (14-11) 20-90 0.67 2.63 3.92 

Colombia NM + SBM (16) 18-90 0.662 2.13 & 3
2 2 a 
NM (10) 18-32 0 . 12 b 0.87 7.2d' 
OP (10) 18-90 0.47 c 

1.65 3.523 
NM - L + T (10) 18-90 0.401 1.48 3.69' 
OP + L (10} 18-90 1.78 3.360 . 5 3 c 

CIombia NM + SB3M (16-16) 20-90 0.78 2.37 3.04 
NM +SBM (16- 12) 20-90 0.79 2.49 3.15 
OP + SBM (16-10) 20-90 0.76 2.46 3.24 

Normal maize (N.M). opaque-2 maizc (OP).sovbtan meal (SBM). I) sine (L). triplol ,an (T).
 
Sa. b. c valucs in same c,.lumn %sithdifferent supcrscripis by same author are stativiaIh diffewrnt.
 

Scmrcr 

Kronka ct AL It7) 

Kronka t aL (17) 
Kranna ti aL (17) 
kr, nkA rt al. (17) 
G p AdM Ciuw (12)
 
Gpp drwI(:lne f 12) 
(.;1,p ,ArVI (12)(w 
G Ipp a Clnrd 12)
 
(Ipp And Chue 1:! 

(.alI' and Manty 3969
 
G&Il., And Marjwr 1969
 
GAdlk and Manei 1969
 
GAS!,and MarT 1969
 
(allo and .Uner 1969
 

tancr c Al.(251 
Manr ctaL (25) 
MIanor c aL (25) 
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(hubs I11I ligjg f~'g ".am11ril) (%%lil iI)IillCell~ all ~.11 

diti1 I'lill(lid 24 of p)44gliall4 II) j).41liili i14ll, lit-' l%t.. p 

11ie
 
j4i 4(4114(4441 IIIl. 

kiled/4 s lio.411.4%liIJ44I4.111444'(4 14 44'(%)44 ('ll'g' 144ltwgl(i~,m) 
ge('laliIng %m44%%'i.l14,1l .1110)4 11441141,41pJ)44 lih4I4 13)1(, 1,sot I4l4'l%44(% 

p~igs ut%1'114c4 pe(' fI~4I, Iiii'i gIili, .141 11)1,11 1111 %%(-.I44iIlg %%4'Ig141 %w~il.sillkit-0444 4414 gills led1 dic'opmi).41 -2 il.i/cl(hi('.I", 4441).14 ('I wilh illow led4IS4%4 
file 41444411.4 444,3/4 (t(I) 

Lactatioti 
Mliaii a1114 Le s)(44k' II ~(201,2 1) dl il 1ii11M.1 4)1o 1oh op4Jd Iiy.21l141 

lIIai/( %ipple44ideil4yd 4)11V%till 1.1141611% dild( 144i414'IdI to Ill %I- and (1 . 4441(­lit IcI '4)% S, it I (I lo II.11 r I IIc~i I pc'Ill) I 41.44III(4c4to 14I4 '.01%' s 1I(441Ila c1d/­4(44.)('a 44 4414..I dic(ls 4 o4II~dill144g 4Ii(4a4 %plo444ill 14'4%S(A10 14) , 
 t .' As I able14
17 infl4mcs.il%,114%is 14444 s%%s 1441 oI)y4I4-2 141.I1/c g.114441 .44 4.411% bc4%%tvyI11114)ow Julo44414 (Im 121 .11.1 1 1, Jmoil 114, hS141 % 1441 44l 4los ob444 4(14 
1l.111('4Io'Il' 10I" j)1444444 411(. WilI44I4 41411(ic i/c%%(.4% 11(141s)1%4444 11X j)1g)4' 1flic~ 111%, 111444 .411 10?Ings4 fill 4144sci44444(.d '4141 i 14-'((lcc 4(4)4444jI4'4 14o 

dIit'tli Julcm4(4 hc4 l'.. I lic mm 141 4).44j41(2 14111I/c 41444%lti Il 44')4,i'(4'llitloge44 , (44(l44ilIng L.it41~i,.% .. 4 11%\s..%f4 4it4)11il0,; d1441,44'\ j)4o4I(i4 

I'irill-fillr %4(ws ... 

SoIw Wrigl l .1%',01-28.1,11% -26.9) -I15.1 -11.5 -I .M -11.04 5'.31Sow 141(1 41''14'.t44I iin, 0428 (1.11 86,.6 4 1.64 97.44 9 7.M '11.0 9.
.it14rF%%4'light, 28 th,a% 
 45.9 49.2 'i 1.4 14.4, 51.44 49.8A vMIiis %41gIu11,28 .'Mi .7 16.2 61.4 6.8 6.41 6.2 

Sow Lo(omli kglIgh.' .I.4N 195.08 .' 14.1 1moi.,I V 

Ltit w*~''4i4gli284 ld'(' 49.6 -110-M 'dl. 7 rl1. x r1,. 'I 1j4.
Avg pig wi ig4I4 28 ldly'. 
 5.)0 .04 I. 1 )A4 .7 P 

Nor#,: All wriglhlil ii kilograunis, 

http:4441).14
http:opmi).41
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TABtLE 18 IProut~Iiim (f liJcI.iing solws fedI opattiUc.2 inaize diks with 

I ict .rv pj4~l i(ll 

( tii.,NiiimuI ttmu, Opailkic-2 C) nq. 

Nuitiwr il sow 21 1 2 
Avg we4iht, 241 I jwslaaim ikg) 175~.6, 184.6, 174.2 

Avg Wrugh I, V"11.1v I ,, I I,. II t1 (k K) 188.11 I195.0 17 2.0) 

Avg stow4ARamlI mr1,s (kg) * 1 2.11 + IO.4'-. 1 

Avg ih~il It id, II 1'o t.v (kg) 4.61 4.85 ~ 4.57 
Avg Iiigs ii -ill 9,9' 9.6 10Oi0 

Avg pigs -it i Li.' N 7.4 7.A 8.0) 
Avg Iijulli %%(101 (krt) 1.11 1.1. 1.3 

Avg woaiint %ktghi i ) ahv%(kg) 616. 1 6. 1 

I(4In Nl IiI ' (11S') In I)C Adi td - . I 11. (' (22) 
1 

% II ,%%%t t.11 4 1S( Ilh iS.1 a -1111(0 ).14)I .1111 I)i(LIm 1.11%11) II 9.X , I 2 11 0 

IilkIl iionlI I IIIiI /c-4 , e 1I]I Iiet ( 1 .14(A :4.4,I' d dc I casei I ICII,; I o 

1(2 s'I%th i4)111 (pIqilc-2 iu.i/Mit( l 1111dti ( I .tileil I k t.l.X'f lc 

t11( ili piii II 2' 11(1 ) ttI( m i si Ic01%pigs-li.8 pi an1 ) %tliljXIl ali Ii 

*111II~1,1 /c SmihiibcII%,IIIti4t I) 4 4ti hiI i4166,p~ i (12(1 I I '.II ()il l i­

.1111 mai4Ilt% .1)1 Ill ,iiRC.ll4icdm It ol44i-2 (Fil4111S Illa(I( tuadilllt iles 14 

jing'I14'icn4Is lI it ii2 , I" cit mm(1~l IIic i i(21 IIc1(11(4 (fIctI iIcti 11( 

i (1,11 110 1 111 il ll)IINICIIIctI lim.low11 gi4 tal %tot h ,1 1 l~ oiC% llcil I'0 

pIthla ,11C2piIC11 %411(C IIe f1124111C2 Iill,IIICIIII i ll (11,(1 11 i IIIC(I 11 eetiI 

ang(It,i itIl5.W s(fIpgslicII] i lm lIv it n i X1fl 1~~' 



Summarfy 79 
LACTATION
(56 DAYS)
 

(15(ILOS) 

116% Protein Ration.Normal Maize and & , Protein 16% Protein Ration-

Supplement 	 Normal Maize und GROWTH AND
Potltir nC|Ppefrent DEVELOPMENT

GESTATION 	 (50 DAYS)
(114 DAYS)
 

,," ':.::::.:!
WE I G H T 
/ 	 / (50 KILOS) 

Protein Suppltirnert:"' 

.FINISHING
GROWTH BREEDING(60 DAYS) 	 (50 DAYS)MARKET WEIGHT 
(90KILOS)
 

FIGURE 4 R h,( I. (((i th.g (. uii t l ul iuliI . iiilI 'lt|t'lll 
11cal.
 

LACTATION 
(56 DAYS ) 

BIRTH
 

WEANING
 

1114 AYSI1 -13 rot enatih 

(TI DAYS),((50 	 DAYS)
 
1114 DAYS) 	 10% Protein Ratiun-/ 

High Lysine Maize' 
Without Additional WEIGHT 

/Supplement 150 KILOS) 

GROWTH BREEDING FINISHING
 
160 DAYS) (50 DAYS) 

MARKET WEIGHT 
(90 KILOS)FIGURES Remim i.,ihd'.lvil 4 ,'i,'I. W1n,,liv-.2 ma~i/v. 
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[A (II(3iiDI n/ /Im pxiper rcan be/utn olnpp. 484-485 o/ Questions 

and Answers.] 
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of maize toTABLE 2 Relative susceptibility of normal and opaquc-2 versions 

of 
* Cephalosporiumacremonium and Fusarium inoniliforme (percentage 

seed rot) 
C.D.at 5%

Versions' 
(transformed 

Character and gcnotype Normal Opaque data) 

C. acrcmonitjn 
74.222.2CM 109 
59.926.2CM 112 
60.228.4CM 113 
64.920.2CM 201 

Mean 24.3 (29.4) 64.7 (54.0) 3.6 

F.moniliforme 
41.317.6CM 109 
60.225.3CM 112 
36.018.2CM 113 
51.812.2CM 201 

18.4 (25.2) ,#3.0 (43.4) 2.0 
Mean 

Source: Unpublished data of D. Sivasankar and V. L. Asnani, 1972.
 

Figures in parentheses arf. of transformed data.
 

2 C.D., Critical difference. 

frequency for those genes (1) conferring resistance to various diseases and 

pests and (2) transmitting high yield. The donor stocks in particular were 

very pox)rly atdapted to the tropical maize-growing regions of the world. 

types were recoverecd after two or
In most of the studies cited, opaque- 2 

13% of the genotype of the 
three backcross generations, retaining 7 to 

selection has been made in the back­
nonrecui'rent parent. Moreover, no 

cross recovered populations which retalined considerable variation for vari­

a procedure (2) has several limitations, which 
ous characters. Backcross as 

TABLE 3 Yield and yield components of normal and opaque-2 versions 

Range C.I).' at 5%Version MeanCharacter 

236 201-293 6Normal1,000-kernel weight (g) 
171-250Opaque-2 209 
12.8-18.3 1.4Normal 16.0Ear length (cm) 

14.9 12.2-18.4Opaque-2 
3.7 3.5-4.0 0.3NormalEar diameter (cm) 
3.7 3.1-4.0Opaque-2 

563-77
Shelling percentage Normal 70 

71 63-76Opaque-2 
12.9 12.0.13.8 0.8NormalKernel rows/car 

9.9-15.0Opaque-2 13.6 
33.7-72.8Grain yield (g)1plant Normal 56.6 21.5 

56.0 28.0-74.4Opaque-2 

Source: Asnani and Gupta (4).
 
1 C.D., critical difference.
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are partially responsible for limiting the recovery of*tile desired genetic 
background in which opaqt'e-2 would be expressed ideally. 

The question is still open as to whether the observed alverse effects are 
due to direct or indirect piciotropic effects of the opaque-2 gene, or are due 
to the closely linked undesirable genes received fron the donor parent. 
Another important finding is that improved atitt)o acid balance resulting 
from the opaque-2 gene is associated with soft endlospCrti (2, 17). More 
critical data are nettled for analyzing adverse effects of t opaque-2 gene. 

In most coil parisols between normal and opaque-2 maize types, marked 
differences were observed in the actual level of' perfirtnatlue for various 
characters. l'hese variatious have been attributed t( the gelttyp,.'s of' the 
recurrent pareint. Even though opaqtue-2 varetits, in general, have given 10 
to 15% lower yiehl, several cases have been reported (4, 18, 33) %lhere 
opaltue-2 varieties were equal to or eveit belter th, their norItal coilter­
parts ('able .I). Also, tile test weight ofopaqtc-2 maize if) certain getno)t ypes 
is conl)arable to that of normal maize (2, I , 28). Variattoti in tile relative 
susceptibility of opaque-2 variet ies to ear to incidetnce, wetvil attack, and 
borer dalage has bci obsetved (13, 27). Tht. possilility of obtaining 
higher kernel%weight - comparable to or"higher thai tIortmals - phs low 
susceptibility to diseases and insect itsts it certain getnetli( batckgronds 
suggests that wise selection of' paret.tl vit iles to be (ottnittd to o(plfIqtt'-2 
mlay provide faway to ('(otl ol tile uttltsiiablc cliects (ft ilie opqtu-, gene. 

Besides tile p)robnlems etin-,erat.(l, the dull, calks apllatiht. of' 
opaque-2 kertiels may hinder ,it %lit'.hitI\flintapubilitv in,rgions we 
at1(l dent varieties ttalditiontallv alte glol. Eltforts have been (it.(tt~l Io 
developing opaque-2 types with itear-normiial alppeartame (26). Modified 
opaque kernels with varyinig degres and )allteris of vii t ()uliSllSs ;lle ftre­
quently f'Otind in backcross pt-ogratts. '[he fititttices of' o('ctlrelice of 
various grades to ttear nmal keti ntels 'axy, dle)ettding Ott the geuttic back­
ground of tle te ureitt pacitlit. Uintil tetttlv', mitt backu oss p)iogratms 
retained only compietely opaqtue kettnncls, while ttoditfie l ipaqt'si were 
discarded.
 
TABLIE 4 SOMC I)OllUL1liOns' h1avin~g bC'llt1 peih~maml c' in tic-2 v'rsioln
 

Populatiotn Version (g/pit) ( m) (,m) (y) 

Cuba 1.1 Normal .t5.3 11.8 3.5 64 
Opaqur-2 51.3 16. 1 3.5 66 

Cuba V 66 Normal t. I 17.2 3.8 67 
Opaqu'-2 58.1 I3.3 '1.0 70 

Waime'a Dent Noirmal 60.7 18.1 3.6 70) 
Opaut'.:2 74.4 1/.4 4.0 72 

C.).' at 51% 21.5 1.4 0.3 5 

Source: Amiani and (upta (4). 
S .D., critial differrncc. 
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The vitreous appearance in opaque-2 kernels apparently is due to the 
complementary effects of several nodifiers. Precise infornmation is not avail­
able on the nuni er an( nature ofthese modifiers, which, in the presence of 
the opaque-2 gete, provide considerable variability for protein, kernel 
density, tryptophan, lysine, and S) on. WherC selcCtion for seniw)paque and 
flint kernels was ina(Ie (Table 5), this v'ariability was observed inl co)ipsites 

TABLE 5 	 Chemical composition of 'modified opaque-2 lines selected from 
composites Shakti, Rattan, and Protina 

Protein in Tryptophan 
detailed in defatted Tryptophan 

endosperm endospcrm in protein Specific 
Pedigree (%) (%) %) gravity 

Rattan 
2 12.24 0.069 0.53 1.24 
5 8.09 0.076 0.94 1.23 

27 8.89 0.064 0.72 1.22 
34 9.47 0.050 0.52 1.24 
36 8.89 0.050 0.56 1.26 
42 10.51 0.074 0.70 1.17 
43 12.28 0.082 0.67 1.16 
57 11.90 0.056 0.47 1.27 
64 8.32 0.061 0.73 1.19 
65 12.36 0.053 0.43 1.27 
70 7.28 0.066 0.91 1.26 

110 17.27 0.057 0.33 1.15 
114 10.86 0.040 0.37 1.34 
116 11.78 0.048 0.41 1.27 
119 12.93 0.045 0.35 1.27 
123 11.32 0.040 0.35 1.29 
127 9.93 0.039 0.39 1.15 

Shaktl 
319 8.66 0.045 0.52 1.14 
323 10.74 0.057 0.53 1.25 
326 8.55 0.054 0.63 1.50 
346 9.47 0,079 0.83 1.16 
201 6.70 0.050 0.74 1.24 
210 12.47 0.064 0.51 1.26 
235 8.32 0.087 1.04 1.14 
376 11.67 0.067 0.57 1.31 
362 8.31 0.033 0,40 1.30 
$17 12.I 0.064 0.5 1.12 
son 11).2 0,041 0.40 1,2$ 
405 10.61 0.0t1 0,49 1.1 
409 11.25 0.050 0.45 1.16 

406 15.16 0.077 0.50 1,1I 
508 10.51 0,04S 0,4$ 1.1 
134 1,05 0.0) 01 t Il# 

So i Ji t 1 uoia j4J o% 
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Shakti, Rattan, and Protina. Selections with high protein (17.27%) and lowtryptophan (0.33%), and low protein (8.32%) and high Iryl)tOphaln (1.04%),were observed in (lie limited nunil)er of m[Al s alilvzed. Flinty opalUe-2selections are coniparable to chalky IVpes, as shown it) Tabll 6. 1i themodified opaque-2 population the associatiol was very low wtweti pro.eiand tryplophan in thetsaiiple (Tble 7). This fiillinig is ill (olritast to thesignificant l)ositive associaliio olbserved ill cbalky opaque pl)pulations"The oipaque-2 gene inltieces several quali ,t trails Illall are(luntlitalive illinhe'itance. Any cffe livc iliprovenet p)-ogratin Ir((litrs ldt'qulate varia­bility, information oil [ie heritability and iature of [he gene action,knowledge of' the genoieliironilnt ilileim lion and ilt associationaitOtg vartiouts pelliliei 'ji;cala les. "lic (loi( of st'he(lion )n.rocer­(lure shoul (Ic)enl( )l| sthI il-c( ise ifl |'inatiorll , lus ,,at(alelill (hltlillillia­lion of, vailall te r|elro1ailL 65P(iiatllios of the natLire of the eii 

pro(luct. 
For tiolitial inail/,, (o s|i(lhr,)lh, itiflitinatli) is ,taIilabh- abo [fitI - ll tltu

of variability, h'itlabilil, genol p- ri|vinini|ernil iltr'Ii(lioti, and gainsIiaIt'lby lil 1ii t lr ' ti'ui s(hr )ri( hot ,s,iliotis(l lit\ llails, p)aIilhiitlarlproteiti, oil, am essential .i11n1 it(i ci( s. IlhIo%,v'r, Icrl%olhr liltl is kiiowinabout opaqlie-2 i|.in/,. li, h( I liost pi,.nlh ;vail l leti tInation e'lates i4tie syttlili( o 1(oipl)OSit l)tiilItllions th;tl ha1t%(e}'en r'h' ,(ldllniiuglh 
TAILE 6 (mlp .risii il mmoliitjt iip.iLtic.2 k,inl lpiimiNr .l111d,(1il.c-2 

stgri'glils I ohm S, hii ilit's
 
100l ki'l<l+ttlMC I11( ) 
 lf"1h'ill I%l,,Uk,,ru ss,. h Is' ~ h ~ , il m lli, '/)Phh, ) ) si,,,li,',l uii 

Family I'ht xi"N .OIll 2 p'q.64"< 2 I)II.1,iu1+2 i..., O.,llt.2 .2i 
166.7 7'7. 7. "11 '.1 1.0 Iq2M..0'i
169-2 21.1 27.6 7,7 8.5
163-4 0. M7 (1,71

,.1)0.-I 7.1 7.6, 0.81 01.1152-6 2..- 211 (4.40 1.14. 7M 0.7411646 Iyl 1.h 7.1 M). 0.h 0,67 
,1)uri r: Ui itshbol I 'I'l l-+,I . ',il,,.lI 

T U LLI01'I7( ,i4c.i ,pl,. t- li e.,, i%'s iI i 1, i,,ill hif I 11l.1g4 , l % jijiP011,,,Ptiiillli . n1 l .1%,4 3,1h j 11 411l.1gi,ill 1n11,0 1111itd 4 i N') .111- %1,-#l111sylllt '2 +111l 111N,it l S1,1,hjl W ill.i .lul t Ind gl1,il2hl ,0. 

I I l id . I l i t *igoi,10h.Vi 

inItipil~tiliii 1',. O'llilh, " 
i 0ld45Vtt O"'~lI 

-%otf UlltiI li .Ihl .1d a i ilfli I V+ I a ,111W, 11, d), fflitli, ii16-1 %+iiilgh 
tt#l ow I !M1 
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two or three backcrosses, with no detailed knowledge about recurrent and 
nonrecurrent parents. 
Table 8 shows tile conctlitant variability for several quality characters 

available inthe Yellow ()paque-2 Composite developed from four opaque-2 
composites (1i, (uaI I.1, l)oeto, and Antigua 21)). Data are based oin 320 
half'-sib Fnilies selected from this (omposite (Figure 1). The coefficients of, 
variation for protteii, oil, I00-grain weight, and seed density were 12.7, 18.2, 
11.1, and 4.5%, respectively. It is expected that, with prior knowledge of 

various traits involved, parenlts call be comlfined to generate stillgreater 
thltree opaquet-2 synthctics also 

have been tleld l)'st1( ofnadeliuatc variation for 
variability. Data on the ltntll'e of valialilit iNi 

r (I0), suggesting ti e " 

Ilost of, tht-aliy traits,
 
Much higher valriability f'O itdi'idtilal qtialitv chl acters has l)eeii re­

corded illother stitlies. Sixty-five cy'lcs ofselectioii ii Brl White at Illinois 

have resulted in Ihce selc(flion of lines with ,25(/protein.The higher protein 

(ontent of Illinois I lgh Protciii has hccni totnsicrct aiar-tifact duc to lower 

starch synthesis (3, 21). l'cli Ilouigli this iliaN suggest Iln1at high yield and 
protei I (ant otI be m(iiiilcd,it aItleast itiiates that tIai/e scectioIIs cal Ibe 

developed with up to 25'f/ pIotein. 
Most available opaqtii-2 imli/c varities avcrage 3.5 to .t.,4 h siti as a 

perntt'tigt of l(dwot. ;c(eiC t stlutd (29) slh()ws that (loublejnotein, a. 
intitsa involviiig tit ),.I(lit.-2nitl llntitaint gellesgeine otheir ct(llf)spi i 

(1tl, htI, Il1,Sn, ,u2,.nl otlhti s) cn rais tIl hsine Ileel I . I.sine level)(aO 

also (all hw raised h% ising iiilti'aleiit,,ie litr sto(ks (37). 
Mia iked vat iabilii )ll krnel deisitN, Ic(;i(mon to earfo -piain wo.ight, 

vol, anld wevil ,ut'a k lilt- Aso beti sho i (I),h 18, 28). 
Get i aill"ses of ji,ilit\ ( liar.H te,it-lwing )paqute-2variclies have 

bei Inle( It0. 33). Adfliiw ge(ti(c vilmiI %\a.sItOto 17timies higher thaii 
iiotnahlitike ge.til ,a i,1i( bitk.i iIe\.l teght, k.i jil iiiminlw. gtaiit yield, 
I}'Aint )(n('c.| ill i c "avid t|,mlld itivesaiph'.d;ildI h ith ; both adldili 

TrABLEl, 8 	 Viitiily it, N'ttl)l. ()),l(it- 2 (Coimpositc (b.aoed on 32) half-sib 
I.im1ilics) 

Cotallitirn
 

.. 	 lilOll
C.h~lrmIv1 	 {alI/VA~lW viriin 

IOOt-Idill %,ilght ) 2. t18 t V.(17 '4 8.47 11 .O8
 

OO 1Olil v.i, (1111) I1.5742 t(.O'75 ".(N I 1.79
 
Pr. tn 	 #0,416n, 7.24 12.71l101.83115 


8 	 14.23I0.2'1, 	 t'().0 1t) )19 

Oil (%) 4.7M2? WO.04P4 7,)5 1.21
 
.%M-4i if IKt~ 1,05i7 t).0)(n)10 0.1,96 4.51
 

1 
t , ; t Iljlithlsihrd lt 4 -1t A, K. K ul it J. htgh. 

ifilt%+ .' 6-1iti riil. 
Dl..C,, difr 141"d11I 4gill Itl,. 
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FIGUJRE I (list i ii otl oleilt petettiage, fllt I)(t(CittdgeFicquen'tci iont all(l 
specifc graitv iii Yllow Opmqtie-2 (Coinpmsite. 

ott gte avIetdgc o(1,0lt! ((4ttj)(sit-S, Ill i~itilit%viltitts I(4M1)l-elili peretli­
tltge. ti 1w(cillige, kceittel (Itt11sit. an l(tito"iLwicila AwetettIgigh (66,Ilet 
72, 63. .tid 77%4, icsiekMA). lot l~sitl( pl(cittltge, gl.Iitt %iclt, and~ ISinle 
pet plot. the valtes wet itttilet telte lo)low (11,49, atnd h lAespectively) 
andt~ low (I1 1(4f si it,, I )ewitt'itg(' of j tmlteitt (I0), 

ha.ve ilitil tttim hot4w Ihtt' mie assoximted. Sewt ,tl wiso kvi shlave it-lx1e(l 

opI)tw~-2 (()mpttl)4 4IM, UI H444!M(41d I lblu-01,1tin I0 lt t sl ti. cI. I ledla 
%lihis sigttalli 'luttliis iIt htsltIet Inll viclllagle(441 )hallt 

ptl(vttitgc 44 1 111tcttt %%.Is ttcglti( lml sigilh .tailt.IItsr o)li.iiioiis 

)C'Cctttdge. 4A1illpiojlat itl thuv samptle (0.00122) adit n detisily and 
Irylpiahit I ait x-(vCIttiiv of1 pt mcit! ((ow n14.tgiive assoctiolle.4 
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TABLE 9 Correlation coefficients among various characters involving 

Tryptophan Try'ptophan% %0. 

45 opaque-2 composites r 

"
r­

D.B.C.fl sample protein Phosphorus Potash Zn Mn Cu " 

Protein (%) 
D.B.C. 
TrA9ophan %sample 
Trtptophan %protein 
Phosphorus 
Potash 

0.7504** 0.3054* 
0.4828** 

-0.5656** 
-0.2067 
0.6074** 

0.3709** 
0.3563* 
0.0709 
-0.2333 

0.3648* 
0.3922** 
0.1799 

-0.1497 
0.4137* 

0.3939** 
0.1997 
0.3272* 

-0.0662 
0.0439 
0.0112 

-0.0798 
-0.1140 
0.0245 
0.0729 

-0P.hopou 
0.0138 

0.0266 
0.0427 
0.1325 
0.0675 
0.1830 

-0.0959 

: 

Zn 
Mn 

0.0364 0.1308 
0.0209 

Source: Unpublished data of NI. L Lodha. H. 0. 
D.B.C.. dye-binding capacity. 

*Significant at 5%­
*Significant at 1%. 

Gupta. andJ. Singh. 



Present Status and Future Prospects of Breeding for Better Protein 95 
TABLE 10 Correlation coefficients among characters involving 65 lines (,f

brachytic-2 ol)aque-2 populations 

Tryptophan Tryptophan Lysine Lysine 
% % in %

sample protein sample protein
Protein % 0.6469** -0.1781 0.5774**Tryptophan %sample 	 -0.1792 

0.6304** 0.5416**Tryptophan %protein 	 0.0934 
0.1199Lysine %in sample 	 0.3137* 

0.6879** 
Source: Unpublished data of M.L. Lodha, If. 0. Gupta, and J.Singh.

*Significant at 5%.
 
**Significant at 1%.
 

between lysine and kernel densit: of variedlnilagnit Udes has beetn reportedelsewhere (10). A strong positive association between the lysine and tryp­tophanl content of Ihe endosperni suggests that selection could be based otteither of the characlers (16).
Like other quantitati ,e characters, proteiti, lvsitie, tryptoplhati, and otheressential ani o acids ar ittf]uencd considerably by various etlvirolI-atentattlfiactors, sutch as level of nitrogen and hwation. Other Ina;tgctttent practice,.nitrogen appllcations at low levels of sittaiizR use, for exttnlc have pro­dtucel nmarked (hanges itt IIItetitand various atnit o acidIs Itt 1iotut1Al tait+evarieties (I 3 2',3-). Stttdies witt iltal waite varieties ltavc shown sttong
getnotypec- tionl1I t toiUtot(t) procitl. lv.silc, ttctlhiottilte, is lttcjite,and tryptoplhitt. 'hc varitce (Ilttc to hx(atiots atttttile lot tiot - vtrictvintcractiotn fot. vatiotts (litt1lit y trails ac(otlitlc l I'or I.
) to fi)Y ai(l to 5fitA
I,-,'of total varialtc, tcspctivclv. Ilie vatilliatic tItde to vathwtics was 1ttlhsmaller titan forlot(atjlos and locatiotl-relative htttlotttuelC 	 nrie\ inlt1 Iiclioll.of htatiouts, itna enn,.scz,ggcstcd Bascl ott the(6i) tlat "selct iou ofI 

varieties based on ttitricit t ninttetIlusl tbtc(itrltakctl iltint.lc.al Icvcl."No ltlblishttd reporls iat available ott the ntagitutnlc, of gctotiyc ­etlvi lt'olnte t iltlt,t(tlion illop lt.-2 mut,.

In a eceunt st tidy,45 ol)aqtte-2 coin jRosites ;loung witl 
,Inotnal itaize vari­eties were testetd ill Itidia at Iellhi, Dhiioli, .tiliatullta, and Coinibatore. Thisstudy inditted thatl (I)vat'llt' (it(to clelit~aiots tor tt'ltolia,'itwas tnot 

significan t; (2) vtitme dfill. to varictices amld !o(atiots was sigtnilhat forpercenttageof trltophan 	 ie
itt i,(,satmlph,. itc<enlagc oll tctiut, mid pltrcet­lage ofttrYlit tohal ill ploi'l; (3) vantitannc Iltc to loIatiol was ttitdm higherthaniat dtiv t) vatiitv, cintg 30.,5.3, and 5.9 littie's gletl(l'- tot Irotein,petcettage' of tytplotpal inn <l igc
atdll tcitcal, ot 1ptopltantto iln tilesample, tespecttivcl ; (i) st,,bilit v antlalsis (II) f r the icoetltage of tryp­tophalt ill the S.ml)le imnlit~ated a Vet Ysioh. tattgc il nt.gncssi*l ( cffhienlvalues for varioL s varieties. Ibis stiggcStcd that tleinfnett varietiesCoi) pa rable titeat vahies viricd 

with 
illutlit ive stailithv.
These observatiots agree with those repirted fr otnormal tnaize (6), and 
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TABLE 11 Correlation coefficients 
Opaque-2 Composite 

between various characters in 320 half-sib families of Yellow -

Z 
Vo!umc Protein Specific Tryptophan/fYl 

(100 grain) % D.B.C.' Tryptophan Oil % gravity protein 

Weight (100 grain) 0.9072 -G.0401 -0.1187 0.0224 -0.0392 0.1273 0.0158 
Volume (100 grain) 
Protein % 

D.B C. 
Tryptophan 

Oil % 
Specific gravity 

0.0021 -0.0736 
0.3524** 

0.0211 
-0.0049 

0.1142 

-0.0163 
0.0078 

0.0346 

0.0098 

-0.2991* 
-0.0998 

-0.0956 
0.0022 

-0.0605 

0.0099 
-0.1742* 

0.0386 
0.9668** 

-0.0018 
0.0 144 

e 

Source: Unpublished data of A. K. Kaul and J. Singh. 
SD-B.C., dyc-binding capacity. 

*Significant at 5o. 
"Significant at 1%. 
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clearly show the considerable need for studying opaque-2 populations
within different environments. However, current information suggests that 
(1) adequate variability is available for various quality traits and desired 
agronomic characters, (2) relative dominance is in the partial-to-conplete
dominance range, (3) heritability for nUost characters is medium to high, (4)
correlations are moderate to low (even though significant, suggesting no 
serious linkage problems), and (5) the quality characters are susceptible to 
location or environmental effects. 

Using tile preceding information, any selection scheme capitalizing on 
additive genetic variance would he effective. Schemes like mass selection, 
recurrent selection for general combining abiity, Mnd other recurrent selec­
tion schemes have been suggested (33) for iaproving quality. These selec­
tion schemes are fairly simple and inexpensive, but are normally performed 
at only one location. Since previous data emphasizedl the inDportalice of 
location, it is likely that improvement will be most effective if selection is
practiced at more locations. Probably tie most efficient would be tile mod­
ified ear-to-row augnented design (19). This design differs fromi modified 
ear-to-row only in that materials are planted ill an augnented design at each 
location; thus, each location can I;- handled individually, and data front 
various locations can be pooled to recover tile desired in fornmation. This 
scheme should be more efficient since it provides (1) simultaneous evalua­
tion of materials at three or more locations, (2) possibilities for interprogeny 
and intraprogeny selection, (3) completion of one cycle of selection within a 
year's tine, and (4) siiltltaneots selection for thianmore one character. 
Populations improved after a few cycles of selection can he used as they are
 
or as the base population for developing elite lines for use 
in the hyhrid
 
program.
 

Improvemnnts ilquality traits at each cycle of'selection should be sup­
ported with chemical analysis to sort out superior sta)le genotypes. Chemi­
cal analysis is even more important when selecting for modified opaques,
where lysine or tryptophan content cannot be ascertained visually (26). For 
efficient ear-to-row selection, chemical-analysis lacilities must be able to 
handle material fioi tillee or four locations. 

Opaque-2 varities have been developed and released for general cultiva­
tion in Colombia, Mexico, tile United States, Brazil, India, and Nigeria.
Moreover, several experimental materials are available inother countries. 
Even though developed through standard backcross procedure, most popu­
lations retain considerable variability, which coul be used to improe for 
yield, disease and pest -esistance, aMid proltin oltent. IfIa(Iequate variabil­
ity exists, selection can le made for modified types, also. 

Countries initiating new programs must develop suitable opaque-2 base 
populations. With tile availability of tile opaque-2 gene inhigh-yielding,
better-adapted backgrounds, it is no longer necessary to use the Illinois or 
Purdue stocks, or to follow tile standard backcross program, particularly in 
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the tropics. The opaque-2 gene can be incorporated conveniently by grow­

ing and detasseling a few rows of opaque-2 maize in the middle of a high­

yielding, well-adapted variety in isolation. The population, once stabilized, 

can be taken up for further improvement. 

NEED FOR ADDITIONAL INFORMATION 

Before initiating a quality improvement program, it is necessary to deter­

mine program objectives based on probable uses of the materials. Animal 

nutritionists also can help considerably (7). Breeders urgently need informa­

tion on the balance of protein, tryptophan, and lysine. A basic question is 

should breeders devote their efforts (1) toward increasing the lysine and 

tryptophan content in preseintly available high-yielding varieties with rela­

10%), or (2) toward improving the proteintively low protein levels (8 to 

content at the present level oflysine (3.5 to 4.5%)? Combining relatively high 

levels of protein and lysine in more productive backgrounds seems a desira­

ble goal. 
Quality traits of opaque materials shows considerable genetic variation in 

relative stability to various environments, and stable varieties should be 
more stable,identified. It also is necessary to determine which will be 
high-proteinhigh-lysine, medium-protein genotypes or medium-lysine, 

genotypes. 
The opaque-2 gene has been shown to increase the lysine content in the 

endosperm, whereas relatively little improvement has been found in the 

chemical composition of the embryo. However, an increase in embryo size 

has been recorded by several research workers. Most. studies have been 

made on only a few varieties. Varieties with better embryo composition must 

be identified. Such types would help raise the protein and lysine level of the 

whole kernel. 
Most breeders are now using tryptophan analysis (16) as a ofmeasure 

improved protein qtality. Although a relatively fast technique, it is expen­

sive, and its pace restricts the number of samples analyzed. Development of 

devices similar to those used for oil analysis, like wide-line nuclear magnetic 

(NMR), would greatly improve the rate of progress. Improve­resonance 
may help distinguish high-lysinements in microstaining techniques (17) 

genotypes. More efficient, simpler, and relatively less expensive techniques 

will be welcomed by breeders. 
A final and urgent need is lot a basic understanding of the mode of 

operation of the opaque-2 gene itself'. How does a single gene simultane­

ously affect several characters? How does the gene increase lysine and 

tryptophan content, decrease leucine, produce dull grain appearance, nmake 

endosperin soft, and increase sugar content? Is opaque-2 a complex locus? 

these questions (20, 36), and futureAttempts have been made to answer 

findings will help in (evelo)ing varieties with even higher lysine and tryp­
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tophan content. Such basic information would also aid development of rapid
and more efficient methods of screening more desirable genotypes. 
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SELECTION SYSTEMS FOR INCREASING 
PROTEIN QUALITY WITH OPAQUE-2 
GENE IN FLOURY MAIZE 
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Ninety percent of the maize grown in the highlands of Bolivia, 
Ecuador, and Peru is a soft floury type used for direct human consumption
without any transformation or leavening. To the Andean people, maize 
represents tbasic food, with maize and potatoes sharing a prime importance 
in their diets. At least 50% of the area's population lives in the highlands, and 
these people have the countries' lowest income per capita. High-quality­
protein goods are expensive and not easily available. 

Most highlatnld people are subsistence fiarnlers who consume most of their 
own latm production. Increasing crop yiells is not the entire solution for 
these f.ttaiilies, since ovrproduction relative to their iteeds will lead only to 
reduced crop areas in) tile next seasonl. Improving tile nutritional quality of 
present Andean food crlops seelS tile best way to help tlcse people raise 
healthy children, thus enabling them to deal with tile cultural changes they
will experience as coin I111 Inicat ion increases and developnlent proceeds.

The Iajorityof Ihe Andeatn floury inaize varieties have the floury-I genre, 
and tile phetiutype of the grain in mansy varieties is i(lentictal to that of the 
opaque-2 mutllul. This complicates the conversion process, since the simp­
lest and most faumiliar scheme depends on visual observation of' opaque 
segregants in a nortal background. Conversion of floury maize to opaque-2 
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maize is usually accomplished using test rosses t valuat rog.y,ai 
these must I)e SUp)orted I)y lalI)l';ttry aalySe itlI I)aIssrergres IArilld 
protein quality. Several schsemes for couvesrsioti aretpllrt,, antd the 
advantages and disadvantages of 'ach are summaried. 

SELECTION SCHEMES FOR CONVERSION OF 
HIGHLAND FLOURY MAIZE 

Owing to the difficulties ctlitioned in retogiiling highli-lualitv sgtrg 
ants or individual kernels during the halc ilkcu greiviking progrlil, s%.W4 i,,l 
manipulations and ila)oratory Itsing of 'I)rUge/V1AIt 1ei.1 i1)5%cI,,essIul 
conversions tif floury maize to opaeti'.2 niai/e..Six uhmet's fiur t4)15i ioti 
of these highland naize varieties are pilesenitedcu e'. Irtl.atd'Tw ItsI tilter 
methods involve testcrossing during eatclh hi gtlioull.b(/lis% Plinuai 
tiffcrenctes in these Iccmethods are found il Ih defildend ucl aand 
the handling of the floury-I gene. u jwIX onIwso other hetie .d siu41 
selection, and on the phenotype and genetic lbat kgrouml of tile t c rt tt 
IMrcnt thai is uSed in the 'onvMersion. Tht'e filst fyIVe imtle tleluilte 
lalboratory input only to test progriss and to asiurte thit tile ,llUali of th,' 
opaque-2 material is maintained. 

The sixth system which is highly ftelilh ien omtiiluou%I.lhol!,oasonl a 
input anti requires a sophisticatrd singl--giaii analysi, i tile moit j.silisr 
in ternis of*identiikation, but etiluires ill illipul of let huoiiogy alid I rulUlt es 
that are available in only aifw places. 'The reerences anio,ht litii tinlon 
sources available to the authors are lisled for eat h sItim. 

Followiig the )reellatiitn of ttlu sixs nhemes, a kinsrial grtit $ep­
piloial is suggeste( that (1)inlotwallNtlas thle twsl Ifealure oiltile srlal 
sysIems, andI () has alllternilve finail palottIts antisai t rloi.lpigtiI. 

Conversion of Floury Varieties or Hybrids to Opaque-2 
Without Reference to the Floury Locus 

The simplest systeli (A) 6o1 4oiiiutling flouts! lile%titsilltirs ti 
opaque.2 requires a known opique.2 tester tiii eat ha st rt ht lts 
geeiration, anit tester musi hiit tIclatl exitssed fliil ht kgltoulli. 
This kind of s titi, presliltdl 1 (:ralnw (3). ioivles otih tilheoljullU.2
 

is Ies stemtfll 
follow it ill outr disttssiol. 1'hlr I otllli thie shstinllas ud till tlelitrll 

floury line. 
The original Cross of' le title o valie Io fe oalilltelll siih fil IWs 

availallt source of tloaqute.2 inatelil (lwt allptd to) ile hilghllid ttlldi. 
tions) Illay toe iSatle il her (lit Following Iis inill t l1tl, tile 

hlus, and fir this Ic.in it iotiiilti-tllef thn thle lht, Ihat 

il tlioll. 

returret lochal pIaret'n tiornally is usel as male Iollliiatltot t hrtimleitog. 
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the halte E kllifralikliU ici ni d ­oUlillrd ill m4|er (A) atir I*i tiivnillu 
Iliillin IhI II nl r f 'ge Irlra ihIm4l 4ha(k(I-bIkIg IMrdrl I.I;. ouuwori 
4111U ' l llw (Il W II lli i4)ldl II1.111t all bx-eiIty llalrliak., lcirl I¢ls 
anil' )lErIoks 41141 h)w1,41 to Carl ' file ci1vertioII, 

.Stirlri It (I'hle 2) ituiirs lf inoir %,ol k ill tile tnveloio) tlhaol m liwne 
A (Tale I). arid he 1li thtl thmi (iirl olt tli. ||4-l)-I ituis a Ill.tJl 
advalllage of this ilht .IT rc41 lI IA) (rIailil ,,ga11le)li(plotoi lic' 
of A poxIulC wilh lhim11,011 U flout -I cla thati Lake 11likgI IlAi/V 

lie (oI Uier. Aibhe 4lvatliagc oI hdririrAh. 11w hiriS i Iw rNAViIial to) 
I Mover citwl tilt ioiut tuutait (+/+ (,/o,) tle and/of Ilhtdotil,4r li i04141 
(111/il, ot1,) hle ill lite hlst blep, 14)w ('ollipltrl ill ,ilntl Iia414dl 114la)i 11) 

Conversions of Floury Varieties or Hybrids to Opaque.2 
with the Final Objective a Single.Recessive Maize 

N149filitAliol 0f lw11C IM4.34. ft% Ialing k}tln11 14ll IWJ€bll I)liwl1lhAl1 
b) linglg.kVA alli 'W.VillA (I). lhir 14Iiri (C) ;alm) aliIll, 11a1 flotIl 
va1iria il fh Andrcan 1i4) atr flut4-I. Witif4 (loAgC 4'ifet wlhVIr lit­
11,if,/+ €llid)lierll h4a flout), i. (:II'nI 114)1l 14 I en4ouII4tllil(l 

ill Table 3. 
I i,used a twobwd l milr, he 

level W Ilia), le used ill tile 4ligilll (to%% f 11 il f44ij 1r f1w Ji 4II 1 
hVlcl01)g0U1 1 it (r4)lkrt ftlltl to) ti IMCl Al flout%' 

FlourI% luta 11e4Arid o)i itltUr2 

U14111VI 14 
(fi/Il, -i /+). BIa6t ro l (11C) kri.oeIs will biglrgAr I nit all flout%'. 
The gelclic"(ollikIitutio)li ill' Il n)rl)1 Lernel r,1)r)4 ate ( +II, +/4,)1)41 
(+ Ill, + / + ). "rhe. are t)ai.e-(, a1l1 at flowrinig lime lhey air ,nllrd and 
aim) ba(ktroswi4 1W tile icCUIeit )arent as f'i'ale it) obtain IS(:. 

At harvest, all :, n'ars ae flour'y,'wiIlg it) the dosage if'It of' llou )-I. 
I'll' (ar. of' ., plrittn two Il)-'jw: tife nat*aI4 carring tlew opalque.2 
gre will segregatle 6 riornialf) floury; lhe eatr% that (Io not)1 ('arr)' ti 
op4Iue-2 gene will wkegrng'lt I 110114a11 flout-)'. 0111y fl' Ie , rCcaris %hill) 
Wteive( plllen fromu plantthil l rgtegard 6 i1ral: I0 floury ale sIet led 
for furlher lia(kcrossig. The sar pro'c4dure is followed fior It(:$,. but flow 
tlhe number of iollinatlions niust he doubled, siie (ihere ate four 4iffe.vi.t 
getiollpes f'rom1l C1W,. ore will liew ele rd. The i)r(Ke.frm hoill ichIlon,' rl4. 
dure as in I(:gi ia) Ie followed for Wruiter hacktross generalions. 

Rr(overy ofa i4tl4)1 KE)U l))4uj-2, siilglr-mltil a iet)' ( +I + o4l)/g) is 
obtained by slling tihe last 1atki,)s gc llaliotl (lahle 4), lit tle 6 
110ritlal:1I flour' wgregatilog cars. tlife flour) ke l.h are slec('t(ed airl 
l1a11tr1d. I Iadi ate wnli.t)lliat.Th Wiliplot at la.t 30 plamls1 11hv j)laill

('otpletel flout.) W ledars . r alltr ill dltaikaWled ar-.lrw filI 
Willi tlh re'urrent parent as liollinatoI. All liIes may lI iireaa;sed'trair-io)how 
ill anothlr )ix k. Thw dlsired Iiiin ath wit 1111 fity norlal (flintf)r Wlli 
ears inl the 4.tassll firld. "h iirct'.a.kd herd 4f 1h1' lilies is plhil4d illa l 
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TAIF',4 	 Fixation of drsired gtn4otyp)(, of lines or varkities from the third 
conversion scheme (c) after thr desirrd numt)cr of bACrroll CsytClV 

tn :Xplantl. 	 rltt ill.0jrd rar% 

nofl,In. + 	 floury 

+
+IB1,*	 I nlormal 1I114ury 
+/l, 4/u, 6 normal I0 tiuly
 

- telh IObb I.
 

+/fl,4/ I noirmal I flhury ai Imal 
/ill'i+/0 - 6 nInmat I0floury I norMal ; I ei;e, 

4/fl	 ~liluv ua/o0_________IoUy1 

Io Ill, +'+ S plants 1ll,ry giamilil 
l, /lll, */,. (4 trltcrous) floury I n019114 I oA UC 
I, In, olo, Illurya ,p1a&uAr 

++ 0,/4, 	 flury" 4iPA.IU. 

wilh (111, 	#/+)ll, 

(I , to, as Vwilh l.,tmlIn ,/ te Irios 

,lo hII (fl, l/0,/I) noer.eal
 

I Srhc' floury .rlfl)ollinattd rar that ala. givr A 4ompleit-ly Ileimr (40l-,qur) ear wiro trl. 
crossed to (+/+ os/o3 ). This trlciros rrdues the poipulaliora requrlrd in lhrllild lrorlll and 

ermits rsecovery of bmlh (+/s o o j) and (II l/0, i,/to, ). 
1)increase wed frm each car row at the same limp thr Irle rolss is made oi brvrral plants as Ir­

malks. This will save one seamon In tilei'rrase and use If a new varity ir line. 

i.)lattd Ilixiig )lot. The geIlettc tosillulion of the new ti ry Variely is 
( +/+ oti/ot). Whtwn this varietly is paInted b lie 'wfrlnrr,ally tonlalinalioll 

willh local floury varietlies that (o lot arry opaque.2 (111/i, + / + ) will lIe 
easily etecrted in vat I harvest, sillc tile t'To'ss kernels ( + /+ /11 EIg/(I#/+ ) 
will have flint normal endIosperm. A disadvantage oi this systern is that, in 
rome genetic backgrounds, sufficient difficulty in classifying individual ker. 
nels may be encountered so that it will not be possible to distinguish between 
a 1:1 and 6:10 ratio. 

Mixifying schemie (C) as originally (escribed includs a testcross to opa­
(Ue (+1 + ot/(o) (uring tie cond step of fixing the desired genotypes t) 
allow reducing the number of lines to Ile carried to tie final step atil 
recover) of(1 /JloD/o f it-at ions suggested by Crane/) (Table4). Furl her nodin 
anl Baurnan intclude tile porssibility of' split lxrllinations onihe eas-If 
segregating generation plants and the use If' aleurone markers to idenlify 
desired individuals honozygous for either (+/+ Ol/Ol) or for (1l1/111oI/o). 
Ill addition to tile testcross wilh polllen fot.| each i)lant to a ( +/+ ol/o,) 
tester, the second ear (or about one third tile silks on tile main ear) is 
pollinated with ( +/+ +/+) pollen f'romn a purple aleurone stxk. The main 



110 Federico Scheuch and Charles A.Francis 

arr (or rrtnailldr 1fthe main cat) is rlf'.)lollinatd aday or two later. From 
the tesicross results Iotile (+/+ o&/os) all plants not hoatnozygous os/ol are 
fim-arul l; amnolig thitot, iftile purple krrnls areal/ floury ontiat art o,,s/(, 
a pai-ular platt. the omtlturple kernels foirmti the new (if,/f1l ,4/4),) lin. ofr 
valiey, I1"tile )urple kerrrls ale all not mal oft a particular plant, tie 
nonllpu Iple (Wiled) kernels Iroml that plamt will form t lit ne , or will be 
Imulft iilt t Ilttw V1riel', whit i is (+/+ 08/01). 

Visual Selection of Opaqu&.2 Segrepnts 
within a Floury Background 

Altiough mioot cooitm.rsions of high.altitude Andean mnaindvarieties must 
dIewlndil ll ile p)hisli(aled sele t ll and tetiig s brlles jUt outliltled, 

xhighlanl oiau-2 I)hleni 
dimliguishell Ilut tile flourt ) ty bring converted. 
thei ar" mime1 atlerials in whi(h ilthe y. call be 

xlews III tile (:olouhlliant 
Inalilial 1lrograll, l).lirl sirria, Enriiue Arias, and Manucl lorregroisare 
o it illg a series of'naaite varieties at lTihaitat4j, miear logot~i. Attig ltse 
Vat wtics iie is a stiffi ieit diifferelu ill Ibetweel tile flourycohn, or slit.e, 
(holino) gout oir heterozygous) kernels and the opaque.2 segregants illthe 
M'ilk'd rars Il allow vistual selectioll of' families in lte Classical olversionll 

nalmur. [his IKX edtr it oulline(1 brifly' in 'Table 5 (lohdem"C I)), If Illis 
io edurc is suesful (an i t Ilas Piroted valuable in Colombia). hlieoliver. 
illn is idnIllial Iothat in flint or dcmu-tvpc mait, After Ile first backt it 

cgeteralim, ,i1lfed illutts may ieexamined visually for segregating kernels 

TAL. 5 	 S4 hrme ): Visual slection of OlpAque'2 segregants within a floury 
luimkground 

Itrcurvloul Ierms It 
parrnt parent td4l'edpflurny 

O 

ilri 

r sial4rom 

l ktioll. 

+ x 

X 

Of ,i 

I 
*1uo 

I 

'T t k,.h14 	 K) A .flokurykeoss 	 sllregairs 
*1Ig, Sfl3ury :I opaqueI 

(to further Cycles) 

0 )rpends on visual separation of the floury kernels fro)m the opaqur.2 sereants or by 
sectionrig, staining, and examinution with microscope to identify the types lom In rin 
(assumed tiihehigh quality). 



Selection Schemes for Conversion of Highland Floury Maize III 
I hut ir 1i4l)14) Sll(IC tr ~~i~sIlitIgoWb (ol/o,), ii nll At C 11 A~rd for I4iN)I-al.
Ili .l)bj 4ll14Ii ri sig. t'lenle ) is ifrefitic~d inl ('bC'), (1(1411 to) [fir
well-kiowun verlb'~il)io system1'I for MotS mi~i Mint Crit l.i1% Ab4*40 
liiiciicfr iajpjr4M4i iif fule %A'irli'bor liti~ iri eoiivra1' itt- have Ithi sirf 

rndestj This MAYttx ()14bcCngrsou, IuhAV16-, Oi*4 tileMONA 5114) 


op)Jqle-2 genewibC 
 nstte ct Wit I)iC g~riCt )4kgiouIdthto IIINI 114r 
dcltriiourfft.It is likely thaut iSib flegitivrffrt toulifdt m WebMlrl wil 

Millie Visuaul expesrbi4)n (su~ib retrc shern). his IfedrirliS()i~br fill1 
lif VIolWriul Illilghtl ~lh bb4Ui~ir~f With lV4fU(Vr il aid or Other1 lil 

A lir Mbrine Ifirbisu~AI senn non ofhinghi-qu..lai igi rgi.Ai~,~ Irti 55 
tile iiiatl itreernilg tri. is a fletluf" S4 lrJlfilL, iell. (4) A.t tile1r5Nslle I 

BiologWi COilgis ilil i. 45541 previously1 useif Ii (14h
Wohirt al. (5)nt C11 

rt Al. (2!). jhi~limt li(xi eniut itiuiiug thfie kri-rl %itIs1
%fihi ftiig 11114 101051W.
 
%lailliSng AbC4ol wit1 irilut ill~ixi (I) C. A1141 Cb.iollilliIg thlis pi ('5)4545345
 
uII4ICI' a IiglI.IrulUliduu 11114,1011(40j)w. Ket lieii that airC hih ill tr'ill (4tool­
(JN~lr fgU4Iil) ) ShOW A ' CoVill ralion 4414 L l tSiinl trdf tiit Ilm4' ill list­
b5)44 ell lI'thrCMl MAt If gF~lliCir. At hell .1%%t~iSlifig Of fui~iolgill IM'W'e'SI 
rajhiswogijinuliri. ()n otenothier 114514, un rirs Slwiru JSCEw ill 11111 bholu h1 
lli tiIstainuing ol thmter l fla.it letIrfound(ill tile spates. ASl( b.iinlg i% 
Almostb .Ibbtl figu the ultsginailiesu hrthrrsu gi~ii'ilrs. Tis 4IibtilI4 hll 
llrthe"Su tile two is5I'x it tol %to hr..sing Anti44~ tim 11435i%S b1Ii ir r4I 
%1l111Silet is Ileird fi a 141141)l) rylet ili 5455 too le4 4)gllii4 41144 Ii%if lilt­
()11 4ltlbting 1) pes. ItIjl~~)Ill is sii fri ioltilidu114 5)1.11yto kni Sib am11 
filer sam~ et nel hr sx gritrdtioo oIf 14 wedriolt e hat k E)%ilg, tiing, tit 
incr, if the Wild1( settioSI snichooll prrsletc b)y Pfl'tilj Ct Al. (4) is enl. 
p5)elC4. his tlle'thotf tilnot requir lCf~t Ihe tell uIfatiia.leetig of1 

Converion of Local Highland Varieties 
Phenotypically Similar to Floury Maize 

Afier immy1 cer1105W of idn 114)11n ilwil highlaiuif ohl ir Andrein foo14, 
an1aui ha SeIrd~ gsrvsS (IiveC sit'elf Insilera esr 41141 bWt lis illiefstiniglies, I 
Awl4 valua1ble note most1101Ih fil kie mul illto ifa of 'lo vi i.as haver 

most lyp4)11 pi)44 
but1 tile flint valrici have bet p)Scrrbr4 mi114 ir litill p)1411111 ill malls1 

tile slft flourst ie forW ~r)4ra114)lit a11 (filet.I 44)lilluptioS, 

probhlm So tile Ibreerlfr. The p)14144111-C ib 14hIIlt(4 10 file 011lV 4)UlhilI4'4I 
previouslyabI) tdo tle Ilenuie currenitly towd with1 Mout va'-4ritir. Thi%14s 
appJri li( Ihis br'ing used fori highlmndit 'arielirs ill Ife snai/e jpl-)g5ill ill Peril. 

http:dcltriiourfft.It
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Laboratory.Analysis.Dependent Systera for Conversion of 
Floury Varieties or Lines to Opaque.2 

Scheme F (Table 6) isvery similar to the one used to convert dent or flint 
maime to ol)aque.2. Since visual selection i tile self.lM)llinated ears is not 
lmssible, a single-kernel analysis will show which kernels within tle floury 
ears are carr)-ing or segregating for the opaque.2 gene. Tab!e Qoutlines the 
procedure. Starting with the first backcross, the l)reeder may select only the 
floury kernels. aid havejl, in the homozygo.us condition, On the other 
hand, if only normal (flint) kernels ate selcctedihe can maintain the Fl1 
( + I+) in the syslem and finally get a soft maize, owing to the opatiue.2 gene,
but which can show contamination when ixmlinated with floury varieties. In 
each cydle, analyWs should be xrformedi only in those ears with clearly 6 
nominal (flint): 10 floury segregation to confirm the presence of opalue-2.
'his will halve the work in tile lahoratory. 

fi any cycle, laboratory germination of"the high-quality kernels of self'­
lidlinated earl could he used to increase seed and allow testilg at this level of
(onversion. 'here is some doubt about the speed and eflicncy of this 
lalboratoPry tesfing scheme when other genetic systems are available that (1o 
not require such a heavy lelwndence oiltle lalbratory. I lowever, there is 
no dou)t about tle importance of the laboratory in thecking progress
during the backcrossing cycles and in checking each line for quality lx.|re
producing a h)brid or lp()ling material in a conipmsite. This system is 
currently being used in the CIMNIYT program. 

GENERAL GENETIC SCHEME FOR THE CONVERSION OF 
FLOURY MAIZE TO OPAQUE-2 

S( hemes A it) E as l)resenltedl ) their original authors, have provided .1 
valuable genetk: bac kground on which to l)uild a system adapted to each 
ntlional program and maize to be converted aid suited to the lalbratory
ifacilitiea available. Our discussion now turns to a general genelic scheme (F)
for conversion. Usinlg tle best features of each systenm previously disicussed,
scheme F lxuints out the variations available at each step. depending oil tile 
final objeclive of the program, tle type of maiie to Ile converted, aInd the 
availability of a laboratory input.

The general scheme, as presetnted ill Table 7, isessentially method A of' 
llauman and Crane (1971); it bas a bak( ross each cycle with the recurrem 
parent as male and a testcross to the origimal or other opaqle source ( +/ + 
as O/o,)or (louble iitant (f1, 1 /.) in the final l)r(dltct, and which route 
to follow for the two alternatives shown. Kerniels may be slected from BC,
for each route. If there is doubt albut which )rodtlct will be desired or most 
acceptable to the consumer, the correct route to follow is to select normal 
kernels to control both - iso that both (+ / + o og) ald (11,/f], o2/o) tmiay be 
recoveed in lite final %tel). 

http:homozygo.us
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TABLE 7 Sicrme F: General genetic scheme for conversion of floury aiz to opaque-2 nme 

Rr~rriu ~Tesicross 
RecuyrntGrr*tipe fparent IIIELTOUpbenotypesba~tI(7cns plAnts pk-oie-9(f.o/, 

Fst u~backcis fl(, * X jl ,'+ 1 nrmi =: rI ourv oma
 

Seod akco ftn 
 +P I nrwrrl: I floun normAl~lpqu 

n,.'rss*fl, Io,forimi:i kvr I nornma! I opaque 
Xovw..z Aeri,,s rom Backcvois~ 

ni, */ ora 1 lw ormal
fl J),~w j Inoml411 ~ noral: I opaque 

I 

9 



TABLE 7 (cont.) 

Testcross.
Recurrent Genotype of Backcross phenotypes

parent backcross plants phenotypes 9 (+/+ 02Zo) 

Normal KernrLs from Backcross 
Fourth backcross fl, /f,+I+ X 0i/fl, +/+ floury normal+ testc-Oss fI /fI +/1 floury I normal: I opaque Co 

+/f], +1+ I normal : floury normal 
3+/fl, +1o2 1 normal : floury I normal :I opaque

Floury Kernt Lsfrom Backcross 
fl,/fl, +/+ floury normal 
fl,/fl, +/o2 flour% I normal : I opaque2 

(to further c'cles) 

a If desired maize is (+1+ o /o.), or both (+/+ o./o2) and (fl, /, 02/o2). select normal kernels from backcross-2 (or later 
backcrmss cycle) ears in these rows. 
b If desired maize is (f, /fl,o./o .),select floury kernels from backcross-2 (or lattr backcross cycle) ears in these rows. 0 

0 

0I
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In the case of the double mutant (fMI/fi, 02/o), verification of the genotype
requires no special procedure if a backcrossing procedure was used inscheme F. As shown, the selected backcross progeny ine'.ch cycle oil the
basis of testcross results is already of the desired genotype. Verification of 
the single recessive(+/+ 02/02) was outlined in Table 4, and this is recom­
mended as the most efficient procedure. 

PROGRESS IN FLOURY MAIZE CONVERSION 
IN HIGHLAND ZONES 

Tie pricipal activity inconversion of these high-altitude maize varieties 
isconcentrated in the Andean zone and Mexico. Progress in these conver­
sion irograis isslow owing to the long growing season, which generally
limits breeding toone ccle per year. Ihe conl)licated nature of the conver­
sionl po)tess also has caused lost generations ill somtie situations. 

Colombia 
The national program in Colombia is now in the third backcross of flour)

laize mlaterials at Tibailal, the highland research celler near Bogota.
IPrimary emphasis has been on visual selection, although in sotne varieties 
testurossing schenies are needed to separate families that carry the opaque-2
genie. 

Ecuador
 
IniEctiadoi the first backcross is now in the field; current plans for 

selection are delj)end(eIn on tle new protein laboratory that has just been 
installed ini Santa Catalina near Quito. 

Peru 
The third backcrss has been prod uced in three flint backgrounds and 

three floury tnaizes. A second backcross is in the field in another two flint
highland types. Ftertlelprogress in these materials dependls on testcrossilg
ard laboralo-y analyses in tle next cycle. 

Mexico 
InNMexico, conversion of'Cacalmnacintle andI other floury types is planned

fr the near fiture; sone opaque-2 comrposites are currently available fromn 
CImMYT (Corposite I). 



Conclusions and Recommendations It? 

Bolivia 
Tile first hbiltkkro)ss has lte ii~aeil fl )livia with . lj)lii ii, lld~ 

lesiross's Maden il, he itel. .Iwoti t1willr 11)h111 gellerilI ioll%ale Ill 4)u1114 ('(I 
per year in (ochabab laa i this way, alit l' selfillg ald IteSlilig alt. (llsi.diered lnece(ssary to l~e' I lla~xillililll ol'ialdaptalillnand gl'aili ;iit(uplabhil. 

ity while searchin fortfile desired (+/+ 03/ol) genllotype. Yield is alm a 
prime ol)je(t ive ill Ilfhe (0will)hiild (ollv(rsioll ald(i tllt(bltil'MIl heille, 
sili(e ili,i(flhl(ill oif a IIL'W vat itt1.Ill Ilet' 1t3li4 5s Ihliougi tli 10 IIli. ll lhle 
it' prolvili ilalily itle difleetule ihr flw. is onl) Ietween tIlx" ;ail the 
tra(litional va'riely. 

In a(Idiion1 to tile tille required lo, 'ah gt.n(.ralioll ill Ihe (,ollVeleioll 
l)r(,ess, 1(1t )rogIIams have hwe limited hs, a I k of )I 111)1 miduI eliahle 
laor)toi)ry tesltlls Ol Whichlo(i I)lse (tlei.iO,.si ll her sele( li4,1 Wlli fill­
ii.stallation of,) laboralories ill I.a Moliua (Peti), saila (:ali.a (Ft. ulalhl ;. 
ocabihabi (B livia), and (IAI ((olmonlhia), aml i' (thletiiti% ( i ISslsells of slailar(Ik pliosed by (:ININNr ald I'l'mdtl lhli% l.hleil 

shouhl lesseii in lile ear tllrte. IThe lahorato y iiipill is hlfl14 I I.)Ii..iI( 
proligress ill theste 1il()11 niaterialk. 

CONCLUSIONS AND RECOMMENDATIONS 

Tiei versioll Mlieles i)liled al e st'lfi-explaliators, an lilll e1'delails 
about each s(heille 111a) Ie' retlI¢e,1e4d lrhli the sou(es lised. l h' advali­
lages d111(l f' I lie ll Iw(drfI v ak. lhe 'let isioI it)tlisadv'antages art' (le4t.ile4 
(ho)se a parlicular 551(.11 will del.nId on Ile Illait' availal)le, tile fi il 
ol)jec'live (If tile ('0oiv'isoll, anId the Ihiralor l) blaililies availIl'. 

i"Chere is a reasolnable way 1o utilite tie sch'n's that arellbawd o viu l 
selection ill tife st'1e(Il tars, tis i41lle aiileis siimpjilt ad rtluirrS a lo- 'It'st'l 
lal)oratory input, altliough nelittest ilig should Ie miicollraled hllIelit 
scheine to assure opaque-2 quality in ile final i fr4tlu(t.

When it is imlissible 14) (lisoguis lile opatlue.-2 stgrtganlts I1oliltti11' 
floury background, ote ol'the oilier systesiS is ie(iessay. t o 1mo14lified 
systems (shenlies A ald I) giv'e conirol (iflife floury geuie as wt.ll as identifi­
cation of the higlh-uality O)ailue-2 segregatits. (:hoice (if'a ttlille dltvix'lls 
(i tihe fillal )bjective. iella (if the ease ll idenlif)ing tionltainiaed 
kernels inl [ariners' fields, we retollnelI coieversion of' hal hillandl 
varieties to all opaqlue.2 sinlgle-mutanlt genotype (+/+ ot/(h). This will 
prevent loss of identity and quality in the new material after it is lntr(xiuced
Io Ili farnier an(I after lie selett his own seed for i few getieralifis.
Laboratory analyses logically should be used to test lie prxlucts ol aly of 
these scleles, especially the l)tw'ufl... that hlavea (lotIbllUtalt nhaiie as' 
the final oijective (fli/fl,o,/o,) and those based oin visual selection. 

http:tlei.iO,.si
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4)lr ill ol, 11w higliit4 flout -f)1 i ,niur is rti~rlliI it) lil.Ratliffid 
plent44I 111111 t14)II ill fli)hlail l 14)IW. Ihil~i)j)i illeffllu It Alk fil PhurlA 
lI4tI n l w''4,tlw(..b.i4l4.4 P1iu1 ill PIU. Atit IIlif ICgwgo INuj"I 

i~l~lItll1 it 11i1411IAh14I.4114 IIW ll II (.1101114.4. Air all l4MhItVI 
10IMWIt )IAr. l4.q.41* orE)IW' iVIAw wi inpiotl sjiuiIIt IAsIii~ 
lwriI AlA Usei4l11 ArIV..ilt 	 KVWlI ill file 11101,14i 

ifiltrgldlCl developmenti ari flitsiiurv 	IWle logla'llb ol' rirlmioll a1114 r 
4 th .411144)1 tiit11iBEM, A 1114OV1 Wtl)wilh All 1111ipioirdil1114151111Iti 

to for i131l34ill life fl114911,1411lU IMk.1g(04IiI1j1ll4rlIItI~if% is All) "iIil 

lilItalrt ia 140U WU NIANI'41M)phu11"cli.44111 oilS4IW 1rleoitbth dl Cral 

(:IAI 111111 piml1 	 Atilt AlI144101 liiAiiuiilg 11 AllNI)rAl­lie iirtrWJi Il .414 
ol$ Usall)I4 Irstillmg irrilrtl 14) imlemnt'iI IKwI p14)gtai% ill tile firlti. 

liteotoll tlt 4I(Il5l 111114 iii 

fit-lllilt A411Wi)1 aivq*tl11.41 pt 
.411 Ij)414I11-1 111.44 I giVA 4 I11111601 11 h 

4)1IllI ~11141 valIis rl I* iIllI ului lou14) ili 

HUl 	 spe LII ige-gr4iiil)~ i eci itl ill.14o;I IJWW4 I hilliAl4 IleI1, Atlt f1is iJNI q~ 

t 1111llljlI4)Iioillour14 lI gioll. lii~Lr Irwt(4)114, 114)11 WAIiilesessrli l 14) ra.t to 

l.iAi jl.1o11gliAm hrwr 110111% ll~lr is i1llIN10114111 ill tile flirt, 0)114 b) 

i,;EoIt ili14 this liir tiaiir Willi iiiipii1%rtl IJUiAlit$ UAll W5'ei 10 01ilfit) 

at11ill mpiov tile IlItiilmJI level ill mir), Alaici. 'Il11 1willotfIlo) and1 

V1)5' 11 il an )04to111 ils 55)II11V LI.411111.)I0 ).44 ilitClo IiAIb i lw Ik.a4114 

moon We thoul Iiu't if) file Aodr4n 141W lIti.haveU14 irtiez Avila4ble4 

I lie WIggnalifolls Ii. r LCalA.011,n . I"AlUlmanl of PuIEIut Utusivail) 
4 F. I'iW), Sleicu werlt irsixt i.*sl. vlIuable illAnd14S,K. V;'4%id, CI Nt NtIT. 


file pnSlertiholl of1 lit IIIIIIIumI iu.
 
for 1brig J1rzlial
illd)iet' 14) tile flloing " viluils 

4)1~l111~i4li)II ilieto f materials 
I1lit' iI4)I5fo t' 1415als 

t)1wiletiW14)itis Oflor IIA AEntlique 

Ai SAW114 i.l lI SuiiiA. 1'Iig14111 NAcimiaI lit' NMAPI y %orgo. (XN.1.A, 
I'AJillitit. ICA. Almhluado a41'i!4 233. I'iIImirlI Val1e. (UIombi4; (soma414 

ra4nJia NI4Nledo Pairtiisaiii, CasIillil 1284 .4CoIAhullmbliAvila. )irto. G4,, 
Itdisi.4; L.us Isr111g4)kil .4,1 RicardoSes'iIla llt4)g4in fir M~ail, Uiesild 

ia La Nlolitm, Apiurtado 454, Ulna1., Periu ad Paul Pati, 1'rogratlitai1Ai 
%til.1.514 1)1 lIW iwaa 1lli(.14511 IN I AP, Apart4412600),Quilo. 
FVt 11.4414or. 

[A disruavon pf thi papr ran be jound on *p. 486-487 of Questions 
and Answer.] 
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GENETIC IMPROVEMENT 
OF MODIFIED PROTEIN MAIZE 
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With the discovery that lysine aad tryptophan levels in maize endo­
speti protein could be tlratnatically increased by the recessive gene 
opaque-2 and the semidomitant floury-2 gene, a key was (iscovered for 
improving the diets of n.onogastric animals, including man. 

In countries where mauLm isa staple food, the implications of these find­
ings are obvious an(d have been pointed out repeatedly, However, in the 
United States, as in many other countries, the primary use of maire is for 
liveotmKk feeding. Hence, widespread use of modified protein hybrid$ de­
plnds on their economic competitiveness with normal dent maize plus 
soybean meal supplement. 
The key questions originally consi(lered when modified protein breeding 

work was initiated in Illiijois were as follows: 
I. Canacceptable yields of miodifled protein hybrids be obtainled (I) front 

Iackcross derivatives of currently used lines, or (2) by isolating new lines 
froti populations homozygous for opaque-2 or floury-2 that have been 
selected for improved agronomic Iitness? 

2. ('an the level of lysine in opa(lue-2 or floury.-2 populations Ie in­

120 



Performance of Opaque.2 Hybrids 121 

reased (This question was illip)rtatlt because early feeding trials estath. 
lished that, whereas the level of tryptophan in opaique.2 or floury-2 hybrids 
was adequate for diets in most rations, the level oflysine. although drastically 
improve(l, was below optimum for finishing swine.) 

3. Can the problems inherent in the soft-ehloslxertn texture of the 
opa(lue.2 and floury -2 genotypes be overcome while maintaining iiprove(d 
protein quality? 

Attempitg to answer these questions, we inifiated research in three major
 
areas:
 

1. Developing anid testing hackcross-derived opaque-2 and floury-2 hyb­
rids. 

2. I)eveloping l)road-based germ-plasim )oo s homozoygous fit either 
opalue-2 or floury-2. followed by recurrent selectioni for yieldI and lsi'lne 
percentage. 

3. Isolation and genetic analysis of' modifier genestlat would incleast
 
kernel odensity in in oia(lue-2 la-kgrouid without oetrinientlil effects onll
 
protein quality.
 

This papr describes results fron this research and their implications in 
tie developinelt of'1i(fified.-rt0ein imlile. 

PERFORMANCE OF OPAQUE.2 HYBRIDS 

When reading paipers dealing with nodifled plrotein naiile, olie often 
encounters tihe trUisn, "Yield niutl e ipiprtovedl leflre wide aloptioi will 
occur." We believe that this is all oversimplification. Problems in thie United 
States, for example, are very different fromt those in Eastern Europe, whete 
high-quality-prolein supplements foranimial feedingare scarce, or in pats 
of atin Amnerica where Inaiie is widely ised las hullan food. the acce)tl)le 
loss of calories er areas i trade-off for icreaseD aioiUnts of'high-quality 
protein is a functioin of deiii fo'r tile two (colpultselitls li tile Uniled 
States, soybealln ieal has, traditionilly, been relatively inexpe lsive. lience. 
lower iiaize yields to iiprove )r)teii quality have been unacceptable. 

Hlowever, the ecotiotics of' proiein-calorie pM iuClioli may be chalig­
ing. Soybean neal is now (November 1972) selling for $120/ion in tile 
United Staies, an increase of 76% in the last year, Thus, in regions where all 
a(lequate su))ly of goool-oluality protein (toes not exist, and where Imaize is 
in acceptable foodl, yieldI iay be a secondalr)' consiceratioill. 

We believe that yields of opaotile-2 illaize hylridts Ieed not be inferior to 
yields of stanidarod dents. Over tile years, we have observed a tefillite iln­
provenlent in performance in oir trials. I t19(6, near-isogellic versiolls of 
tile saine hybrids were testedI at Urbana (4). The opaque-2 versions yielded 
85% of the nornal counterparts, oil tile average, although only 5 of the 17 
iybrids yielded significantly less than the norial version, Backcross-4 re­
coveries of the saine 7 lines were tested i I1967. The ollaquties yiehled, oil ile 
average, 92% of' the normlal imaize counterparts. 
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We have continued testing hybrids of hackcross lines derived from 
opaque-2 synthetics with mounting optimism. 'The1972 performance of the 
eight highest-yielding opaque-2 hybrids and T sterile versions of coninier. 
cial dent hyhrids is shown in lable I. he'T delts were planted at randoin 
atnong the opa, Lue-2 hy 1(ids1an),,llinated by them.were )amage fron the 
T race ofIi. maydiv was ninmal and~ had little or no,effect oln yield. 
The eight higher'-yielding hylbrids aveaged yields of 7.600 kg/ha, 99% of 

that of the six com€mercial dIets. "lhe highest-yiehling opatlue-2 hylbrid was 
only 7% below the highest-yielditg dent. To ad perspective, commercial I 
is the "hybrid to beat" inltile central United States corl bell. 

POPULATION IMPROVEMENT 

Although backcrossing has been sucessfil ill iroducing opalue-2 inbred 
lilies and hybrids that are coilillercially acceptable, progress from this 
approach is limited. lo increase tlie (liversity of'oipaiqie-2 aiid floury-2 germ 
plasti, and to provide ratidoi n111aliilg popl it iols for Stttldyilg tile genetic
potential for imroiinitig plopllatiols wit) iiproved protein quality, tile 
opaqie-2 and flot rv-2 alleles were illependelll introduced illto two maize 
sytlthetics [Iowa super stiff' stalk, (SSSS) and S)'nthetic l)isease-Oil (1)0)].
The lro'edrle fort developing ipaqile-2 and flourv-2 versions of tIese 
sytilheti(s las beeni descTilbed (2). %In brief, each SVyltiliet was crossed to ai 
soirce of' opaque-2 and flour-2, hlhe Fi was l)ackcrossed twice to tihe 
appropriate sytiileltit. For SSSS - 0i an1(l 1)() - o2, tile 11(:21 i was randoin 
Inated; then hoolllo/gols o2 o 2 kernels were selected and plants fronll these 
kerlels were randoli niated. In tlile flotlry.-2 conversioni prograin, plants 
grown fron floury kernels selected fron tile BC,F,ralldolillnaled getnera-

TABLE I t'erforrnan(e of opaque.2 and dent commercial hybrids: Urlbana, 1972 
(experiment 402) 

Yield
 
1f0 in grain LodgedPedigree bu/acre kg/ha (%) (%) 

93160 X 98176a 149 9,354 24 0 
98176 X 98168a 142 8,914 25 2
N28(C1 23 X Mol7) 139 8,726 26 0
 
N28(WG4A X 1149) 
 138 8,663 28 0 
Va43(C123X MNo 17) 136 8,538 25
R177(C123 X V35) 136 8,538 25 

5 
1 

98153 X 98191L 135 8,475 23 0 
Ri77(W64A X 1149) 133 268,349 13
Commercial I 161 10,106 24 2 
x, six commerciahsc 140 8,789 25 3 

aPurdue hylrids.
 
b Ilighest.yielding dent hybrid (T sterile).
 
CT sterile (tent hybrids.
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tion were selfed, and kernels from ears homozygous 112%11 selected towere 
produce the plants that were random mated. 

In each of the Four Ipulations (SSSS - o2, SSSS - 02, 1)() - 02, aid )O ­
tls),a mllodified car-to-row selection scheie (5) was ii.i aed. Iteach svniithe­
tic, 200 ea's troilthe second generalion of' ianoili tilating wre plianted 
Ceir-to-row ill !hre(e replicaliti s if i )locks-iii-replications desigi. Within 
each replication, Cnries wee gionpen inh It) Io(kso 120tii i,,.The,.sile 
20 entries wcie iciluded in a block in each ic)licae. Phlts we e sitigletrows, I 
by 51n ill 1969 and 0.76 by 3.80 n ltereaf't'. PIopilatili dietiil,' was 
approximately 541,00l)lla /ha.

A oiurtlh repliuate was pilanitted ill isolatioi to )rovi(e 'cdII' lieltnext 
generation. A single row ohealfli tlie () faiiilies was TwoincluleId. 
lx)litatoli Iows plailled toa i11lk lot of'sei ol)tailied by (oiposititg equal
quaitilies of seei floin each olt hie 201) ra is wei plaintedl ever' |tii Iows. 
The 2001rows i'o lindividtilual cars were dletassele anid five eirs selected 
f|ron a('l loW. 

Fi'oi the yield tial, theweigh1tof'slilhd grain ,tian Iiioistli lt, ercet.age 
were letrilillcd ad i smllile was S vte(lotr lhitiical aiial, sis. Nlots were 
hand harvested in i 910 and I1970 inl tninliie harvested itl 1971 and 1972. 
For each phlit tihe followiig ( lititi(al aialyses wei ilaiae: 

1. Percentage 1'Jilotilt (Kiehl,ihl N x 6.25).
2. Perceitage oI' vhsine int lhe whole. ketitel (litiirohiologicll assay using 

Leuconoaqtc mPle 'ntolidt'%, 1969 adid 1970 (3); mnoldified Iniroletzne 
sulliunic aci(l itli (ITN 11S), 1971 (7). 

3. Pericetitage of til (liticlea Inagliet ic tesotlatice).
 
it addiliont, kertuel (etisit
y was iits edl itt 1969 and I97(1 as grains per 

162 cii:i . Thlie originial getlinet iliiwas glowi ill 1969; the fitsi, second, and 
third cycles of selectlil weltl gtiowIiin 1970, 1971, and 1972, i'espect ively.

Selecilon was based oilkilograils of lsiie per hiectate, oblited by inulti­
plyililg yield in kiloglallis per hte(Ille by ile cietillige of I si ne. The high­
est fout hiiiliililswiltiit etch loI k were selectedl, with hile restlricion that tile 
percentage ofii lies he gleate itIlii le block ineai. iltis, itieach sytl-
Ihelic, 5 ears pei faitly toim 40 faitnilies were selected ho provide tihe 200 
entries fil the ilexi cycle. 

Afier the initial geltltailli,one phl "ifan appropriate hybrid check and 
one of, tile original lpoptilalioti were itidlhded in each block. Thus, there 
were 30 hybrid theck plols atind 30Iplots of the origiial sytithetic itt each 
experiinei. 

Analyses o variaice and cova riatice were inale oil i within-block basis, 
using the poolt(d etitiries itnblocks iiieaii squate, and tile pi)oled erlror ir 
rellicatiots itites ct ities in blocks, lor exainmple. to test fr1. significant 
(liffcncesitlilollgenl tiics. I leritabilityvValties were calculated )11Ile basis of 
selectioti within blocks fioti one locat ion growi in I year with tIlte replica­
iotis. Pheiotypic and genotypic correlatiotis were calculated using enlry 

Ineais ol itpooled-within-bhlock basis for each syithetic. 
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wasPredicted response fron selecter of the upper 20% of families 

calculated as H = iovh 2, where i is 1.4, a',is the phenotypic standard 

deviation of the character selected, and hl is heritability. Correlated re­

spoise was calculated as C = i(rhhzr(,, where i is 1.4, o,, is the phenotypic 

standard deviation, h, and h., are square roots of heritability of the selected 

character and the correlated charactcr, and r(,, is tile genetic correlation 

between the two characters. Response is reported as a percentage of the 

population mean. Response was calculated for each synthetic in each cycle 

and averaged over ihree cycles to give average response per cycle. 

Because the selection exl)eri.aents were grown only I year p'r cycle, 

estimates of genotype - environment interact ion were not possible. A sec­

ond experimlet included six opaque-2 hybrids grown at 10 locations in 

Illinois in 1969. Two replications were grown at each location. Approxi­

mnately 10 plants pcr replicate were selfed, and a bulk sample of seed from 

each plot was analyzed for percentage of lysine (amino acid analyzer) and 

percentage of)protein (Kjeldahl N x 6.25). 

RESULTS
 

Selection Experiments 

The printary effect of selection was to increase yield of grain and kilo­

grams of lysine per hectare (Table 2). With the exceptions of the percentage 

of lysine in cycle 2 of 1)0-02 and DO- 1 and the percentage of protein in 
cycle I of SSSS - fl, and 1)O - f12, none of the comparisons of'cycle means 

with the mean of cycle 0 grown in the same year was significant for percen­
tage oflysine, grams of lysine per 100 g of protein, or percent protein. Iii the 
four cases of significanut differences just cited, the magnitude of the differ­
ence was so small as to he of ito practical imlportance. The greatest increase in 
yield and kilograms of lysine per hectare occurred illcycle I in all four 
synthetics. Only SSSS - o2 showed an increase in cycle 2 over cycle 1. 
Although 1)O-o 2 consistently outyiehled cycle 0 by fron 6 to 7% in cycles 1, 
2, and 3, no individual comparison of a selected cycle with the original 
population was significant. The largest gain for both yield of'grain and yield 
of lysine occurred in SSSS - 02, which had an average increase of approxi­

mately 4.7% per cycle for yield (three cycles)and 7.,% per cycle for kilog­
rams of lysine per hectare (two cycles) (Table 7). At tile end of two cycles, 
gain in yield for SSSS - o2 wits 6.6% per cycle. Thus, the difference in gain 

per cycle between grain and lysine yield when three cycles are compared 
with two cycles will prolbably be narrowed when lysine lata are available for 
cycle 3 of SSSS - o2 

The marked gain front selection in grain yield and kilograms of lysine per 

hectare, and the lack of progress in percentage of lysine, resulted from (1) 
higher heritabilities of grain yield than percentage of lysine, and (2) higher 
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TABLE 2 Means for each cycle (absolute value and as a percentage of cycle 0 
grown in the same year) for several traits in two o)atlue-2 and two 
floury.2 synthetics 

(',y I ' 
0 I 3 

0aPopulation Mean Meau (%) ( Icak ,Mrdi (%) (y h' 0 ,Ma, m0 ) (;y Ie 0 

kg i.yAin,'/hIt 

SSSS-u, 20.8 23.2 l(9.. h 22,55 12 
SSSS-fl, 15.2 16.) Io9.(i0 16.0 1)8.3 b 

DOo 22.8 20.0 109.3 20.2 Iwo0 
1)O-fl, 17.8 18.7 11I*3) 16.4 106.5 

% Iy.ifl' 
SSSS-o, 0.400 0.407 100.0 0.424 100.7 
SSSS-fl, 0.305 0.303 99.0 0.323 100.0 
I)O.ol 0.414 0.385 100.3 0.378 102.4 b 

DO-fl, 0.377 0.344 100.0 0.334 97. Ih 

Yirhd (k4,//m) 
ISSSS-o, 5,216 5.725 109.7h 5,300 1% 0), 6,053 114.51 

SSSS-fl, 5,002 5,295 10.7 h 4,954 1 I0.0b 5,287 II0.I b 

)O-o' 5,508 5,154 107.8 5,358 105.6 5,378 107.2 
1)0-fl, 4,786 5,438 111.21) 4,909 109.3 5,275 1I 3 .7 h 

SSSS-o, 3.77 3.91 100.5 4.18 102.2 
SSSS-fl, 2.72 2.86 97.9 2.97 98.7 
DO-o, 3.83 3.62 102.0 3.52 101..4 
1)O-fl, 3.25 3.26 101.9 3.02 98.0 

% Protein 
SSSS-o, 10.6 10.3 99.0 101.2 99.0 
SSSS-fl3 11.2 10.6 101.0I 10.8 100.9 
1)O-o, 10.8 10.9 100.9 10.7 100.9 
DO-fl, 11.6 10.6 h 1. 99.111.1 

a Percentage of cytih 0)h(tk grown in same year.
 

b Significantly different from y c 0 al the 0.)5 probabilily hevwlas measured by F test in the
 

analysis of variant e. 
== c In Tablhs 2 to 13, gl. grains of lysinc, and gl' grams oI proein. 

genetic correlati(ls of lysi ne per lie(tlare with grailn yield thatn will l)ercel­
lage of lysilt (Tabbles 3, 6, and 7). It all FIour sylitetics in all cycles, tie 
genelic coefficievils of, variation ((V) were (onsistenlly higher fuor yield thati 
for pY'cellage of' lysilte (Table 4). The samne trend was evident for 
hierilabililites in cycles I and 2. 

The floury-2 sylithelit(s oee()nsistently hwer in p)ercelilge of' lysine, 
grams of lysine lll.l 100 g of' piroteill, yield of grain, and kilograms of lysitie 
per heclare than their opaque-2 cottllterplarts, but were' higher in percen­
(age of protein (Table 2). Will liexteplion of'grain yield, these results are 
coisistent with unpul)ished dala Frotn our lal)oratory oi l)a(kcross-derive(l 
floury-2 anid opaque-2 inbreels and hyl)ri(s. Preliminary yield tests of 

floury-2 hylbrids indicate thai yields of floury-2 genotypes may not be as 
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TABLE 3 	 lier'tability values (%) for five traits measured in each cycle of two 
opaque-2 and two floury-2 synthetics 

Cycle 	 Cycle 

2 	 0 1 2 3Population 0 I 

% Lysine 	 Yield 

35 a 	 34 a 65 a 598 58aSSSS-o, 	 373 7 
35a

SSSS-fl, 65u 45a 628 59a 63u 52a 
60 a 68 a 608DO-o 398 304 478 404 

46 a 	 62 a 
DO-fl, 320 350 	 793 61 a 65a 

kg lysine/ha 	 gL/IOOgP 
40 aSSSS-o, 	 51a 508 29a 14 5 

a a
SSSS-fl, 64 47 620 35a 10 26' 

1)O-o, 43a 390 64a 23 2 23d 

53a 56a 	 28a
7 	 16DOfl, 59U 
%Protein 

SSSS-n, 69u 668 63 A 
a 

SSSS-fl, 86 47 77a a 

73a 72a
DO-n, 	 698 

91 a 64 a
DO-fl, 	 738 

a Genetic variance cornponesit significant at the 0.05 probability level as measured by F test in an 

analysis of variance. 

TABLE 4 	 Genctic cocfficicnt of variation (%) for each cycle of two opaque-2 and 
two floury-2 synthetics 

CychI 	 Cycle 

Population 0 i 2 0 I 2 3 

% Lysin,' 	 Yield 

4.4 1.3 4.2 8.8 10. 1 9.8SSSS-o, 3.7 
SSSS-fIl, 8.1 4.8 3.1 10.7 8.0 9.0 8.7 

4.8 9.3 11.5 11.3DO-o, 3.6 3.9 3.3 
1)0-fl, 4.8 4.2 3.2 16.4 7.4 9.6 10.9 

kg lysin//ha 	 gL/IOOgP 

SSSS-o, 5.9 8.4 9.6 3.1 2.3 1.1 
SSSS-fl, 12.7 8.7 9.8 4.1 2.3 2.2 
1)O-, 6.2 7.4 11.5 2.4 0.8 2.0 
1)0-fl, 13.8 8.4 9.3 1.9 3.5 1.6 

% Protein
 

SSSS-o, 3.1 3.2 2.6
 
SSSS-fl, 5.8 2.8 3.6
 

)O-o, 3.2 4.0 3.1
 
1)0-f, 6.2 3.2 3.6
 

greatly reduced frotnt norials as are tpaclue-2 hybrids. I'he higher yield of 

opaque-2 synthetics reported here is probably because partially converted 
inbred lines were Uscd its sources of the opaque-2 gene, whereas the source 

of the floury-2 gene was a genetic stock with poor agronomic qualities. 

Although no significant progress in the percentage of lysine has been 



Results 	 127 

observed, significant genetic variation was detected ill each cycle of each 
synthetic, except for cycle 2 of SSSS ol (Table 3). The heritability values are 
large enough to suggest that progress from selectio for percentage of lysine 
should be possible if*selection were based solely on Ihe percent age 4)1Ivsie. 
The fact that genetic t(u)efltcients of' varialio 111 per('ntage o41 lysiite are 
gencrally as high as those f'r perce.';age of pA-itei , evell though 
heritahilities arc lower, suggests that sufficient genfti variat ie is presenlt to 

allow for successful selectoln for per(cntage of INsit e if Ihe envir'linietllal 
variance can be re(luce(d sufficiently. 

The low heritability values it gritis o)t Isijie per I(t() g of proleil ate 

partly the result of large eiro varialce restillig Ihlt tihet h'lit that error 
variance for grams of lysine pel I10(1 g of plotein inl hdes elro. associated 
with the measurement of, both pert'itlag of iol'iti aid perceitage of' 
lysitic. 

Coefficients of, variatioin ((V) wetrc vetr silniar liCl e vetliSiltlitlics adl 
between opmitie-2 and floury-2 %veisions ) if' e saiie si theliis (Tal de 5). 
Thc shift fron the us ohliiticroliologi(al assa to t 'iN IIS iitlhod f(tI' 
lysine(leteiniiiiioits ii c(le 2 resilted iii , sigiliiicallt re(lictlol iti (Vs for 

percetilage o|' l'silie aid giaills oiflsine per I(log of 1 (ialig' Ip)oleili, tic 
machine haivestiiig ilst eail of |iti harvesting im (N (i'd 2 hadi noappr,ecialle 
effect oil the CV's. 

Phlenolypnc c4rrelal i4 iis were very sitilar il lile 6 ilur sNiilitics (Tabiles t 

and 7). Pheinotypic correlalionis of tile percentage ' fIlsilie will grlilis of* 

lysitne per 100 g of pioteinl and graili 'iehl wil IlIsine per helare were high 
and positive, as were those of percelIlage of lvsiite with percelitage of prolein 

TABLE 5 	 Cocfficients of variation (%) for each cycle for several traits in two 

opaque- 2 and two floury-2 synthetics 

Cycle 	 Cych' 

Population 0 i 2 0 1 2 3 

% Lysin' 	 Yield 

SSSS-o, 8.7 9.0 7,8 10.1 10.4 13.9 13.8 
SSSS-fl 10.3 10.8 5.8 14.4 10.8 11.3 13.5 
DO.o2 7.8 9.8 5.8 10.3 12.4 13.0 15.0 
DO-fl, 12.2 9.6 5.8 14.8 9.9 12.5 13.2 

kg lysine/lha 	 gL/IOOgP 
SSSS.o 12.5 13.1 15.9 8.6 9.1 7.8 
SSSS'1, 16.6 15.2 12.8 9.8 11.6 6.1 
DO-o2 12.2 15.1 14.3 7.7 9.5 6.1 
DO-fl, 19.9 13.3 13.5 12.3 9.5 6.1 

%Protein 
SSSS-o 2 3.6 3.6 3.3 
SSSS-fl, 4.0 4.9 3.2 
DO-o2 3.4 4.0 3.3 
DO-fl, 3.4 3.8 3.6 



TABLE 6 Phenotypic (above diagonal) and genotypic (below diagonal) correlations among
several traits in opaque-2 and floury-2 versions of SSSS C­

% Lysine gL/IO gP % Protein Yield Lysine/ba 

Cycle o, n, fl, o, fn, 02 f1 o1 fa, 

% Lysinc 
0 0.81a 0.793 0.411 0.72 a -0.02 -0.15 0.64 a 0.502 

a
I 0.843 0.843 0.553 0.42a -0.-.4 -0.1o 0.39 a 0.56 a 
2 0.772 0.573 0 .3 3 a 0 .5 4 a -0.12 -0.00 a0.242 0.39

gllO0 gP 
a
o 0.60 0.74 -O.2o 0.15 0.17 -0.07 0.56 0.452

I 0.72 0.89 0.01 -0.12 -0.07 0.06 0.452 0.602 
2 -1.44 0.11 -0-34a -0.38a 0.01 0.15 a 0.28a 0.362 .% Protein "L 
0 0.57 0.87 -0.32 0.31 -0.30' -0.16 0.05 0.30­
1 0.90 0.91 0.34 0.61 -0.34a -0.293 0.02 0.03 -€.

2 ;.01 0.78 -1.21 -0.53 -0.2 1a -0 . 17 a .0.08 0.06 

Yidd 
0 0.22 -0.16 ;.72 -0.10 -0.47 0.14 0.752 0.7721 -0.39 -0.18 -0.17 0.13 -0.43 -0.41 0.803 0.762 
2 -0.57 0.01 -0.05 0.28 -0.27 -0.17 0.93 a 0.922 

Lysine/ha 
0 0.74 0.51 0.81 0.42 0.04 0.42 0.82 0.77 
1 0.12 0.39 0.21 0.64 0.02 0.12 0.87 0.83
 
2 -0.47 0.37 0.30 0.32 -0.13 
 0.11 0.99 0.94 

Phenotypic correlation significant at the 0.05 probability leveL 



TABLE 7 	 Phenotypic (above diagonal) and genotypic (below diagonal) correlations among 
several traits in opaque-2 and floury-2 versions of Syn DO 

% Lysine gL,'100 gP % Protein Yield Lysine/ha 

Cycle 02 f12 01 0.o fl. 0 12 01 fl2 

%Lysine 
0 0 . 7 6 a 0 .6 7a 0.513 0 .5 4 a -0.06 -0.3 3 a 0 .5 7 a 0.12 
1 0.76a 0.833 0 .5 7a -0.29 a -0.070 .3 7 a 	 0 .3 0 a 0 .5 7 a 
2 	 0.593 0.61 a -0.07 -0.19a0 .6 7a 0 .5 4a 0 . 2 6 a 0 . 1 9 a 

g14100 gP 
0 0.48 -0.61 	 -0.17 -0.26 a 0.14 0.02 0.58 a 

0 .3 3 a1 0.04 0.68 	 -0.09 -0. 20 a -0.09 0.01 0.36 a 0.52 a 

2 0.42 	 -0.03 -0.2 6 a 0.09-0. 3 3a 0 . 1 5 a 0 . 3 2 a 0 .3 5 a 
% Protein 

0 0.77 0.92 -0.20 -0.90 	 -0.2 7a -0. 4 6 a O.11 -0.2 2 a 
1 1.00 0.55 -0.08 -0.23 	 -0.34 a -0.14 0.00 0.12 
2 0.81 0.90 -0.19 -0.45 -0. 2 0 a -0. 3 5 a -0.03 -0.12

Yield 
0 0.05 -0.67 0.62 -0.08 -0.37 -0.49 0 .7 8 a 0 . 8 9 a 
1 -0.60 -0.09 -0.51 0.05 -0.49 -0.19 0.82 a 

0 . 7 8 a 
2 -0.14 -0.31 0.16 0.50 -0.26 -0.50 0 -94 a 0.92 a 

Lysine/ha 
0 0.62 -0.47 0.74 -0.41 0.19 -0.25 0.81 0.97
 
1 -0.23 0.42 -0.64 0.38 -0.10 0.12 0.92 0.86
 
2 0.14 0.03 0.29 0.52 -0.04 -0.21 0.96 0.94 :10 

a Phenotypic correlation significant at the 0.05 probability level. 
Ca 

h3 
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and percentage of lysine with lysine yield. Correlations of grains of lysine per 
100 g of protein with lysine yield were positive ani intermediate, whereas 
the correlations of yield with percentage of protein were negative and 
intermediate in nagnitu(le. The genotypic correlations were similar in sign 
anl magnitude tof lie phetotypic conrelations, except for tile correlationxs of 
percentage of lysine with granis of lysine per"100 g of protein, percentage of 
protein, anti lysine pet' hectare. The genotypic correlations of percentage cf 
lysine with percentage of protein were all higher than the phenotypic corre­
lations. In contrast, the genotypic correlations of percentage of lysine with 
graiis of lysine per 100 g of protein and kilograms of lysine per hectare were 
not consistent between synthetics, and were gellerai)i lower than the 
phenotypic correlations. 

Average observed response to selection for kilograms oflysine per hectare 
was approximately half the predicted response ill all Syilt hetics except SSSS 
o2, where observed and predictel response were e(lual ('able 8). No 
significant change ill tle percentage of' lysitie as tile result of' selection was 
observed or predicted. Significant increases in yield occurred in all synthe­
tics, with the possible exceptio of'1)() - 02, although the observed responses 
were always less than tlie predicted correlated response. Although dlata are 
not shown, in significant shifts were olservetl in the percenlage of' oil, 
percentage off1loisttire at harvest, oi' density in any of' tile synthetics. 

In a )lant breeding program, selection may be based solely on yield, 
percentage of' lysinie, or percentage of protein, depending on the circuims­
tances. Predicted increases ill tile percentage of' Isine per cycle, if' selection 
were based solely on percentage of lysine, ranged f'rotn 2.3 to 5.2% of the 

TABLE 8 Average predicted and observed change per cycle in pcrcentage of the 

population mean for four modified protein synthetics when selection 
was based on kilograms of lysine per hectare 

Chainige (% of mean) 

SSSS-o SSSS-fl, I)o 2 DO-fIl 

kg I.Vsine/lha 
Observed 7.4 4.2 4.0 3.2 
Predicted 7.4 10.8 8.0 10.7 

%Lyilne 
Observed 0.4 0.0 1.2 -1.4 
Predicted 0.8 2.5 0.6 -0.2 

Yield, 
Observed 4,7 3.0 1.9 3.9 
Predicted 6.4 8.0 7.5 10.8 

% Protein 
Observed .0.05 0.4 0.4 .0.4 
Predicted -0.01 1.1 0.0 .0.7 

Observed values based on three cycles for yield, two for kg lysine/ha, %protein and % lysine, P 
Predicted values are averages of three cycles. 
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population inean (Table 9). More rapid progress could he tide by changing 
the breeding systemn to one such as selection ailong S fatiilies, where Illote 
of the additive variance would be avaihtl)le for selection. Prehdited corire­
lated responses suggests that select ion for J)tr(ceitage of I'.siiie alone will 
result in a yield red(ltioll of I(0 to 4.%) of' lit- ineail per cycle and an 
increase ill tile )ercelitage of 'prleitl of* I ,6 to 3.4 '7 Ef' the mean lpr cyl.v 

If facilities are ]lot availallle for measuring the pl- ag, of' lhsitie, a 
possil)Ie alternative woul ( lito selct ti le )er'ttage f pirEItlcill, hecaitse 
the geneti(' orrelatiols between tile tW arte high, and tl heritabilit' Elf the 
percentage of* lroeill is higher thaln fu' lysie. If selectiol is basedl tlit' 
percenliage of' prowin only, lr'e(li('ted rlespEonise fr the iier(etntage of lysiiie 
is slightly higher ill each synlthetic thatn wheii selection is lased oln the 
percentage of' lksinu alome ('able 9). 1lowever, pi'e(lic(l iddl retlt tiol 
ranged fromn 2.)2 to 5.97( of t lie ieai ler '(ydh, nearlv twi( the rt(lc lion 
expected if select lo is l)ased oil [lie )er(cnltage Ef I) ,sille. Predicted ill( reases 
in tile pe'('rclage Ef pioteilli antged r4o. 3.2 to 5.2f't oftlie nieaii per Ihe. 

If facilities fo' cheim.ical anlah'sis a'e lot available to lit' breeder', clect'iin 
based (i yield aloIi wouldl be ,X(, lfxpected to i'edlce lysine byv Iess Ihall I.017 
tile popIulaiion ieall per ( (e, exomepi ill )() - I]2 ('bble9). Pl'di( ed yiehl 
tncreases range(I from 7.7 tlo 12.71( oftlie meaii petr (h c; predlicted de­

creases in tile percentage Ef pnloill r llg'e( I'roiii 0.9 )o 2.1( ,Alite mean 
per Cycle. 

Since p)reittel i'esl)( nses wele generally greater than tlios, observed 
(and particularly siace lle gene i' viriai('e estiiiates on which litse are 
based inclucl'el any g('no)t ype - eliviloll lei illaermatil), it setits possible 
to increase yield iii opaqlue-2 ori floti'-2 pp)1ulatitls wit i negligible rt'((i­
lions iii the perteitage of- ly.sine by seletilig f'or %ielahlie. Siililarly, 

TABLE 9 Predicted change in wrt.nlage of the )ot)ulation me'an it' sele'tion had 
been based on )er(entage of lysine, yietl, or p'r(c ntage of protein in 
four modified protein synthetics 

C:hange' ("N oI rn|valn) 

SSSS-o, SSSS-II, )o, l)O~tl, 

Rexponsefor Selection Baned on % Iyiint, 
%Lysine 2.3 5.2 3.) 3.3 
Yield •1.4 •1.0 -1.9 -4.0 
%Protein 1.6 3.4 2.4 2.9 

Selection Based on %Protein 
%Lysine 2.6 5.3 3.7 4.1 
Yield .3.1 .2.2 -3.5 -5.9 
% Protein 3.2 4.8 3.9 5.2
 

Selection Based on Yield 
%Lysine -0.6 -0.3 -0.9 •1.8 
Yield 7.7 9.8 8.8 12.7 
%Protein •1.1 .0.9 -1.3 ,2.1 
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selection for a few generations for the percentage of lysine alone should 
have only minor effects on yield. However, selection for the percentage of 
protein, which might give as great an increase in the percentage of lysine as 
selection for the pcrcentage of'lysine alone, could result In an appreciable 
reduclion in yiell. 

Genotype-Environment Interaction 
Only limited data are availal)le on the magnitude of genotype ­

environment interaction ftr the percettage of lysine, grams of lysine per 
I0)gof proteinl, and peretllage of prolein. Six opaque-2 hybrids grown at 
10 localions iii Illinois in 1969 showed significant differences among hybrids 
and anong locations fr all tirce characters, but tto significant genotype ­
environnltl interactionts were found, L.ocation ineans ratngedlfrom 0.450 
Io0.552 for fage of ksin., ,1,3. to |.81 fi)r grains of lysine per 100 g of 
protein, and 10.2 to II.9 for p)etcentage ()F protein (Table 10). Hybrid 
tucans, averaged(4ver lo(alions, ranged fro( 0.477 to (1.583 fi )rpercentage 
of lysine, '.34 to 5.1 [Oor grains of l)sine l)er 100 gof I" oteili, and 10.3 to 
11.9 for pertcentage of protein (Table II). For two hybrids, R801 x R802 
anl R801 x ()h7N, the lpt-r~ctage of lysiie was 0.5 or greater at each 
location. 

These limited(ldata suggest that genot) - eniviroltnient interactions are 
not great, hut l(atlicns niv diffe(r wi(dely fiorIall three characters. Also, the 
data suggest that it shoull In-possible to dlevelo) hybrids that consistently 
produce above (.57( lysim, in the grai.. 

VITREOUS-ENDOSPERM OPAQUE-2 HYBRIDS 

The opaque-2 mutanl segregates ina i))n4ot)hybri(l fashion, proviling it is 
in an appropriate gentlic hackgrminI., ()paque-2 is a "good" gene in the 
terminology of' taie geneclticis, 1),-c atuse it segregites into discrete classes. 

TABLE 0 	L.ocation incans, average of six 

opaque-2 hybrids, grown in 1969 

1Acattion gl./ 100 gi' % lysim' % Protein 

Aurora 4.41 0.450 10.2 
Decatur 4.73 0.497 10.5 
teKalb 4.45 0.513 11.5 
E. St. louis 4.39 0.520 11.9 
Granville 4.47 0.494 11.0 
Jackmonville 4.81 0.552 I1.5 
Mason City 4.71 0.500 10.6 
Momence 4.75 0.518 10.9 
Piper City 4.65 0.492 10.6 
Urbana 4.77 0.515 10.8 
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TABLE I I 	 Means and ranges of location neans for six opaque-2 hybrids grown in 

Illinois in 1969 

% I4'sinr gl/ 100 gP % Prrtin 

Nt'di It.Ige tvin INo,' IrMe.n imogc 

R802 X Oh7N 0.482 0.467-0.503 4.68 4.35-4.89 10.30 9.68--10.84 

R802 X R803 
R802 X Oh43 
R801 X R802 
R801 X Oh7N 
0143 X W64, 

0.477 
0.478 
0.583 
0.571 
0..4( 

0.414-0.544 
0.4,15-o.540 
0.504-0.640 
0.503-0.725 
0.3600.495 

4.34 
4.91 
4.59 
5.16 
4.02 

3.384.74 
4.52.5.24 
4.02-4.88 
4.51-5.86 
3.54-4.48 

11.06 
10.44 
I I.9 
11.07 
10,A7 

10.09-12.00 
9.,13-11.31 

11.06-12.37 
9.93.12.37 

10.12-11.62 

However, b'aill''tlinig {fotls 	 let with (lassillcaliol probt)l('ms ill somett 
(I) antl 	 ]rhaps liliesbackgroulndIs. notai)ly U IitC(! States ilI)2t'I (:1043 

reflalted to'8, althlotilgh IIm lly I)tll'S (oubtless fLlli into4 tlit "ditflu tll" (alt'g­

ory. We susx(t tl ilattlV h((ers ignotr(l' IlIe ('c)tiioial (jises atI 
selc'ted( se~gregatets Ihltt {t,,tl l. haived( ill tihle e'Xpl) edl' way\. 

)2it tlls(I"rheh1u'(ltr, VII2r( lls s('gt'gt's', ((111)2h lng hb" t , I'(dtiSe iI 

h111111)l' 

Ihlmt st'lt'y. Aut.plalhlitl wI 1ll Ilc implrlove(I 
)e4.allI' )hvi(012s tilatt i1(ill{2h( hall'Ve'Stillgd2 h1an(ling ()I' tilt' sol 

o)aqullt-2 kernels (ama12ge(d 	 ttr coul I)le filed'.if high-qttatiity-pr(ote'hl tllaile' of|" d(llt- of- Ilintt-lik("te'x 

mdiiit'fier 14Imle'XWe have ttlgg'(I wil the gellt'ti(.s of it' 4)Plt(lue-2 ( 

sinc 1966. Se've'ral itll(')'pnl(elt 502((C1s of 2 )(lifie( h 'e t ll found, 

nota)ly il ili)r'(ls (; 103. Mo,, ti1d V;a5, 11-(1tllfrom l )() - o attaid SSSS -

)all(o1ii- 2 malii,' h)r'e(thrs know,htile 214)(ifits, hiavev4i('(5s ralging
o2. As 

frotit snlall islailds oidt irl us strit ( "sadmhlle'" r c"(os lii" lharstarch),
{Ii 

to hard, villt-olos, fliit-lik'"ty's vil ttlalV inistilgislld)lc i0r2l4)lnormal 

maiie. We have delo1.ped several Ileltatliv( gelletic2md)('ls, all ilsatisfmta­

tory whei} I(st(, l eill'l h. 

y has [w'e1n wo)rking 4)n t mo(ificrF-lowevt'r, S. K. Nigatin 4)t 4)tr I 	 atlrl)2', 
- o. which Iproduces kernels altlostcotlplex (01716) isodlted fiorom 1)() 

hill ill whilh til vi2(h()5lX'rm roleilnindistinguishal)le fi .212ttgllalr (I(',lll, 
quality is simnilar tif stad(lrl(I o)pmIti'-2 stocks (Fales 12 aIld 13). Still utlle'r 

vliltative loci, probh ly inlldepeelt'lt,developieit is a i2l l(t'l involving two 

TABLE 12 Composition (f dent, sl.Indard n))J(lu'-2, and vitreoujs opaqu(c-2 stocks 

(,Rof 20 cars) 

Whole kcrrtrl I' 11losplrr m 

01143+/+ Oh1t3o,/o3 0O17161,1o, Oh43+/+ Ol43ito/o 0 1716o,/o, 

0.16 0.26 0.31Lysine (%)a 0.26 0.40 0.49 
13.0 	 9.32 8.79 10.3Protein (%) 9.74 9.95 
3.75 	 3.02 3.05gL/100 gP 2.70 4.04 	 1.69 

Source: After Nigam (6). 

' Percentage of dry matter. 
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TABLE 13 	 Endosperm composition of F, 
segregates of Oh43o, /o, X 
01716o,/o, (vitreous) (R of 20 
ears) 

Partial Standard 
Vitreous vitreous opaque-2 

Lysine (%)0 0.23 0.24 0.25 
Protein (%) 7.91 8.05 7.92 
gL/l O0 gP 2.97 2.99 3.14 

Source: Aftcr Nigam (6). 
aPerccntage of dry matter. 

in which the triple recessive endospern) genotype (o20202 VtVvtVtvt 2vtvt2 ) 
has vitreous endospernl. We have Found that either or both of the modifier 
loci exhibit dosage. Vitreous endospern is produced by two doses of the 
recessive alleles at the two prestuned loci. Iwo (loses of the dominant alleles, 
possibly at both loci, result illthe classical opaque-2 soft ench)spern, al­
though small islands of vitreous starch occur illsome segregating popula­
tions. 

It seems probable that other inodilfiers exist illthe naize which are not 
allelic to those considered I)),Nigatn, and that conversion of varieties, synth­
etics, or inbreds will uncover inore of thenli. 'I'his would not be particularly 
surprising to maize geneticists who have used other single-gene mutatits ill 
their studies an(l have encounteleed backgrounlIs in which the allele becones 
difficult to classify. h'lerefore, if the soft opaque-2 endosperln is an "aberra­
tioti" that appears only if' tIle sale cell, then tilespecific illodifilers exist ill 
creation of breeding pools containing various modified opaque-2 stocks and 
desirable gern plasmn seems to be advisable. Thus, breeding high-quality­
protein maize iuight be based on standard polygene schemes, and maize 
with flint- or (leit-like attributcs would result. 

Maize breeders are temptel to assume that the lower yield of classical 
opaque-2 utilize isassociated with tile low density of its endosperm, and that 

flinty sorts such as Nigan's 01716 strain will be higher yielding than ordi­
nary opaque-2 materials. We have a great (leal of'reservation about (rawing 
this conclusioni now. Illearlier work (2) we fournd that yield per plant and 
kernel density were indepenldent in three opaque-2 synthetics. Admittedly, 
the synthetics did not carry modifier complexes in a frequency that could 
have affected the correlations appreciably. Hence, the question of density 
and yield relationship remains unanswered from our research. 

SUMMARY AND CONCLUSIONS 

1. Opaque-2 hybrids with acceptable yield and other agronomic traits
 
have been developed for the U.S. corn belt from backcro3s-derived lines.
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2. Because ofgenerally lower lysine levels, the floury-2 gene isinferior to 

opaque-2 as a tool for improving maize protein quality.
3. Two cycles of selection flor kilograms of lysine per hectare in two

opaque-2 and two floury-2 synthetics increased kilograms of lysine per
hectare anl yield, wit lout changing the percentage of lysine (whole kernel),
percentage of protein, or grats of lysine per 100 g of protein.

4. Based oni predicted response calcv late(I fron three cycles of selection 
in two opaque-2 anl two floury-2 synthetics, 

a. 	 Selection foi yield alone wonld reduce tile percentages of lysine 
and protein slight ly. 

1). 	 Selection for percentage of protein alone woul increase the per­
centage of lysine as rapidly as selecting for percentage of lysine,
and would redlce yield approximately 3% per cycle. 

c. 	 Selection for percentage of lysine alone would increase the per­
centage of'lysiuie, would reduce yield only half as much as selection 
for percentage of protein, and would increase the percentage of 
protein.

5. Modifier gene complexes exist that will allow development ofopaque-2
homozygotes with high lysine content and hard kernels. It is not necessary to
develop such types to provide usuable opa(lue-2 hybrids for the U.S. market,
although the) would )e less damaged by machine harvesting and subse­
(luent handling and, thus, be preferred. 

[A 	disru.sion o] t/i paper can befound on Pp. 487-489 of Questions
and Answers. J 
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Part IV 

BREEDING FOR PROTEIN QUALITY 
IN MAIZE: CURRENT ISSUES 
AND PROBLEMS 

Virgillo R. Carafigal College of Agriculture, 
University of The Philippines, College, Laguna, The 
Philippines 

Many new plant materials challenge plant breeders of today as a result 

of the identification of a high-quality-protein factor in maize by E. T. Mertz, 

0. E. Nelson, and L S. Bates in 1963. These materials, when properly 

utilized, have the potential For solving die world's need for a cheap source of 

high-quality protein, particularly in the tropical and subtropical countries 

where maize is use(t mainly for human consumption. 
Many maize breeding programs throughotut the world, using several 

different breeding techniques, have incorporated a higher lysine content 

into adapted varieties or hybrids. However, simply converting normal maize 

into opaque-2 or floury-2 types is 1ot and should not be our only objective. 

Total acceptability of this new type of maize by the growers and consumers 
should be our final goal. 

This goal can be achieved if we can offset some undesirable characteristics 

associate(l with opaque-2 or floury-2 maize and make themn coml)arable to, 

or better than, the present normal maize varieties or hybrids. Records show 

that yield is generally reduced with the incorporation of the opaque-2 or 

floury-2 gene into normal maize types. An average decrease of about 10% in 

kernel weight was reported by several breeders. The decrease in yield seems 

136 
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to be associated with a low density of the grain and loosely packed starch
granules, producing the opaque appearance characteristic of these high­
quality-protein maizes. 

Several alternatives for improving the yield of opaque-2 maize are availa­
ble to plant breeders. There are inlications that yield reduction resulting
from incorporating the opaque-2 gene into nornial corn varies with the 
genetic background. Thus, yields of high-quality protein maize can be im­proved by incorporating the opaque-2 gene into different genetic back­
grounds. J. Singh froin Iiidia reported some opaque-2 populations with
superior yields and kernel weight. Likewisej. W. )udlev from the Univer­
sity of Illinois reporte(d some opaque-2 hybrids that yielded nuch asas
commercial hybrids. Enough genetic variability can be found in opaque-2
populations developed at the Centr( Internacional de Mejoraniiento de
Maiz y Trigo (CIMMY ") and national programs to inake improvement
possible. With different breeding approaches, we call improve the opaque-2 
populations.

Another means of imiproving the yield, and even the texttire, is by taking
advantage of' modifier genes that affect the endosperm lihenotype of
opaque-2 maize. The modifications involve the appeara tice of varying
amounts of flint or hard fraction in an otherwise soft and chalky endosperm.
A flinty fraction improves kernel weight and(texture. Stludies indicate that
the modified character is heritable a;nd can be fixed in the )opulatiou with 
proper breeding techniques.

Chemical analyses of tle grain indicate that it is possible for one line to
have xotli good kernel weight aid sulpelior proteinl quality. Efforts by
CINIT and national progranlls in the tropical countries 11ow are being
concentrated on developilg high-quality protein varieties with hard endo­
sperm. Some of their breeding work will be presented ill this symposium.

Acceptability of'opaquc-2 or floirnv-2 maize is a iijor problem, especially
in countries where f"iti.ncrs are used to glowing ycllow flint or white flint
varieties aild hybrids. Il tile I'hiliplinies, t'Mr xmllpl)c, ullaize is used mainly
for human colisunll)tiolas grits. With opaque-2 inaize, the milling recovery
is very low. Thus, onr eforls are contcnt rateld oi devclolping hard­
endosperni materials with high-quality protein. 

Other effects of the opaquc-2 and fiotrNi-2 genes oil the plant have not
been studied thoroughly. There are claimis that opaque-2 kernels are more
vulnerable to stored-grai l pests a (ddiseases. These claimims are blased of] the 
presence ofsofterand chalky text ured kernels iinopaqttc-2 maize, con pared
to the hard kernels of tiorinal flints. Problems of this so]t are greater ill the
hlumid tropics, owing to tile coli weevil and niolds (Ap'rgillu sp. anlPeicilliumsp.). However, some tmodified opaque-2 materials show resistance
comparable to that oftheir orinal counterparts. A. Ortega from Cl NIMYT 
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discusses this in his paper. Sources of resistance to various pests and diseases 

are available, and with the right breeding procedure they can be incorpo­

rated into opaqlue-2 maize. 
Another claimed disadvantage of opaque- 2 maize is its slow drying rate. 

The claim isthat opaque-2 ears must remain in the field longer than normal 
ears, thus leaving them more exposed to the attack of' pests and diseases. 

Genetic differences could produce differences in rate of drying. If such 

differences exist, it should be possible for us to select these opaque-2 popula­
tions that dry fastest. David Sperling discusses this in his paper. 

I have tried to enumerate some of the desirable characteristics that 

opaque-2 maize must possess to gain universal acceptance. It isevilent that 

improved protein quality alone, although very desirable, does not guarantee 
acceptance. When afarmer chooses his crop, profit isstill his main concern. 
Therefore, we must see that opaque-2 maize or any superior-protein quality 

maize can measure up to the farmers' and consutners' criteria for desirabil­

ity. 
The major task before us is to incorporate the desirable traits that will 

make high-quality protein maize more acceptable, because only then will the 

benefit from the opaque-2 matant be fully utilized. After looking at the 
papers presented in this symposium, I feel this goal iswithin our reach. 



BREEDING SYSTEMS FOR RAPID DEVELOPMENT 
OF QUALITY PROTEIN VARIETIES 

E. C. Johnson CIMMYT Mexico 

The purpose of plant breeding is to develop varieties of plants that best 
suit man's needs for food and fiber. Since man's needs are constantly 
changing, plant improvemet becomes an integral part of the continuous 
process of agricultural development. When we focus all analylical lens on 
the elements of this process, tihey seem to florm an interlocking pattern: 

Focus 1. The rapidly incireasi:ig world poptillat iol (lematn(ds Illore and 
more food. Ali(1, as sCtience and lecinil()gv (levelol) im proved (Iquality 
characteristics of differenl food ct'rs,dicts will l)e altered alld(new methodls 
found for processing, st( rizig, and )repariig finl Is. 

Focus.2. As mechanization ii agriculit utrc 	progresses, crop jlatiis nmuslite 
lof ti lli forl size and llre utiili maltrity, betler able to withstand 

machille halliiiglll slo lt. leting thl demnads lnr tiCire alld more food 
will require greater productioi per tili of ,lid area. Siiiilarly, grealer use 
of fertilizers Iliuist be ille to obtain high yields, and to grow sequences of 
crops for more efficieitllotal Iuse o)f the land, and FOr varieties oftcrops that 
respond to fertilizers itl lii(lote iiteisivei antiagemnit lraties. 

Focus 3. As populatioi incieases, Ilger aitintnts of' illable land will be 
diverted to roads, buildiigs, and ot etr nonagricultural purposes. A greater 
populatioln implies less laid lfor produili i. 

Forus 4. Even more oitplex coisiderations arise wititii the public's con­
cern for the natural eti viriinment of tile world. Strotig )re,5u re.s are lroughi 
against tihe use of f'ertilizers, itliseU icides, and other chetimicals that help grow 
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better crops. As these pressures restrict or change It-chemicals that may be 
used, crop varieties must be developed to perform adequately within the
"crop-production" practices that are permitted. 

Focus 5. As crop varieties are developed that respond to fertilizers and 
give higher yields, the microenvironments of the fields in which these crops 
are grown become modified owing to the increased density of the plant 
communities. This, in turn, alters the nature of the insect and disease 
problems in these new environments (4). Usually, the denser crop growth 
means greater insect and disease problems. Therefore, more chemical con­
trols are indicated, or crops will require greater varietal resistance as a 
control. 

Focus6. Concern with the nutritional qualities of our crop plants is begin­
ning to become an important consideration. Man requires certain minimum 
amounts of a wide array of complex amino acids, vitamins, and other 
nutrients to maintain health and growth. Many of tie world's families have 
inadequate diets because of the high cost and unavailability of proper foods. 
Major nutritional improvement for large groups of people may become 
possible through developing crop varieties (like opaque-2 maize) that con­
tain better-balanced nutritional attributes. 

FoCus 7. The discovery at Purdue U niversity (13) of the relationship of the 
opaque-2 and floury-2 nmtttants to tile relative content of lysine and 
tryptophan in maize grain generated tremendous interest and enthusiasm. 
The potential contribution to human nutrition represented a major new 
concept in how to confront the growing food problems of' tile world. 

Focusl today. Our presence here today is evidence of' continuing preoccu­
pation with the nutritional quality of outr cereal grains, especially as it 
pertains to naize. Ourt concern is not only to evaluate the progress made 
thus far in utilizing high-quality protein grain, but also to take a sober look at 
tile difficulties and limitations encountered dius far andl perhaps project 
new ideas on how to proceed f'ron here. 

VARIABILITY: AN ESSENTIAL CONCEPT 

Plant breeding is a tnever-en(ling process of fitting plants to better serve 
human needs, of' rearranging the variability of'our crop plants.Variability is 
a characteristic of living things. The individuals within a group in any living 
species vary among Ihemselves in all sorts of ways. These differences, in 
sotle cas, are (jIlite obvious and distinct, as between yellow and while maize 
grains. Iliother cases, tile diff'erences Iintls be expressed on some leasured 
scale and tnay be almost in percept ible, such as tile diffcren'es found in 
plant height, maturity, resistance to lodging, and nmany other trait- whose
(listributions of' slight differences form conti;uous curves. 

Itlividual plants can be characterized by a wide array of attributes, such 
as height, maturity, color of seed, color of flower, resistatce to diseases and 
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insects, leaf width, numnber of leaves, protein content, sugar content, yield,
and many others, limited only by totile ability to cnumerate traits and 
mifeasure then,. The concept of generic variability is prerequisite to an under­
standing of'plant imtlpr(venient, and no plant i provement is possible in tile 
absence of genetic variability. Plant breeding is based upol tile ability to 
detect and measure genetic differences, and new varieties are constructed 
from the building blocks of genetic variabilitV, or genetic differences (6). 

Genetic or Environmental Differences?
 
An organism develops within 
 the liniits of its genetic potential to tile 

extent that its environment will permit. I|the differences observed in c(I lain 
traits are the resUtts of etlvironiental factors, onle cannot expect those 
differences to be transmitted to tile progeny ofsuch individuals. Itis essen­
tial, therefore, to be able to distinguish betwecn genetic and en vironmitental
 
difterences.
 

Mlany differentt breeding Sclilles, all based oi 
 the ability to distinguish

and measure tiese genetic differences, have been devised to comibiie gene­
tic differences to forticnew 
 varicies of crops (10). New and different 
varieties of plants can Ie produced by any procedure or breeding method
 
that allows identification and nleastureleit of these genetic differences.
 

New Dimension 
Our conference deals with ian intriguing liw dimension in maiize breed­

ing: the probleni of linking protein quality to a modifiel kernel appearance
has been added to tie multitude of agroltic Itr;it iroblems in iaize. 
The genctic iiielhaiisin oft tgiven attribute mitV consist of one or ,,more 

genes. Countless croj)-plaiit studies have estimated lhow illaiy geties mlay be 
involved in the d ermination of idtttiiable atiribtites (2, 4, 6, 8, IH - 16,
18). Single-gene chlarmt eistis are Often spoken OF ats iijor gees with 
large, easily identifiable dififtRceTs aitotig ildividtals, whidcli abhlrapid
classification into cotltiastiig (lasses fOr the (ha t(t. This Is tilie (ase with 
the opa(lIc-2 nititant, whihh segregates iiti)the classiual 3 to I ratio. Rep rts 
of, these one-geli Or fiw-gele chitllii s etlllto0 have ani iilt(IeSilg aid 
revealing tendcwy in ica,i1 all (astes. Alliost iiivatiably, Ih(eathlor sin Itdle 
a comiieit stiggestiing thI( it(sel. OF "inodiflin g g('l's" whi t,ither
 
altered the expected ratios o1 miade it difli(tlill to lassif % atios that shiotld 
have beeil straight htiwIld. 

A long, impretssive list Of genctic hat.ltes, eat hI I cielalixclk siiiiple
inherilanc ratios, has beeii (Oinpilecd lot mai/e (I, 5, I1.,18). Ilowem'eer,
upotI coittemplating the (cOiiitat lOi Oft csislatlt( 'tPue ill.ia Uc1agh,Ilelmi­
thosporium turcicum, and U.ilagoinaidis, for examlple (and perhaps o leor two
 
other sinply ilherilted chatacteis), the pit tt begins to 1ok a bithtmipli­
cated. As each single geie is added, a loptulaliou f0tt liies larger is 
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required to recover the desired recombinations in the segregating progenies 

resulting from intercrossing sources f these characteristics. 

Acceptability 
Too often, great effirts are (levoted to isolating a particular trait of 

tolerance to a certain disease or insect, or to demonstrating that a certain 

)rocelure enalls one to miodify a selected trail, whereas all other attributes 

are ignorted in tile iiieantitie. All too freqluntly yield is tihe only factor 

consi(ered ill selection, and (ther itllpowtallt t('ioilli(' tra11its ar'e ignored, 

although they ttav lerequired Ilr faltIllcxcept lalic' of'a variely. Farmers 
want varietes witlh as Iany d(esirable atirilbulets as possible - lhose which 

will grow and pli uce l)et ll are not iltereste(l il a vaniely lhat resists 
a certain disease or insect hbulodges ot fails to yield as well is their previous 

varietics. TIruly SulerioIr varieties Im1ust l)e dev'ehl)ed thal aire lbetler sutiedlto 
tle farmers' needs. 

BREEDING PROGRAMS 

Well-InaIlaged bree(ding lrograms decide in what ways varieties should be 

improved and t hen set about doing it. 'the first step in selling tp a breeding 

program is I d(ele e fic b)jec(I ives ofIlie prograill. This includes telierat­

ing l("chiarat ti ist,l (5 d" resistal(ces odiseases and pests fo i a givell area, as 

well as tht attlilittes 4,f adaptltio to ecological (con(litions. The planned 
limited bly tecologi­varieties 11111s lt ittlo availahe gl(sizlg perio)ds, whwilhe. 

(-;ll t'olilIt I ) ( rolpjillg seq'le 'ir (l i(cs. 
"lect(o l step is 1(,s I i the latt'ial, with wli( Ii o wouk. Whetlie' tlhe 

work s tlo proed %lit tile- opaque- 2 (hiaracli, lorin-2 litltant, or other 
gelieic 'aliall,, it is eusm'llial lhal dw applopliate ge('lic s4Ul(e malerial 

shouhl be Ilili d. A1,%bleedling piograin bawd on i,,ing known inf'erior 

gerii plasliI IIihili i .,Mill.ateessar disila,\'.littage. Choosing the right 

atteriai tosIi l,il 5 lil is plo allS thie biggcst sigle lepilhat(an let,eaken to 

arrive al suplil sai i(ii's. 'e.is (alt be wISi( devheloping mlilrials1lthat 
might hvse. been availabhl at Ilec slat. 

'14o the' extenlt i ,sibh', all d(5.ilahh ;ll ihil s lhal aie (otltlil)l clte as 

Charac t islh t I)1 4 d( aliii 1 hs 1)11i15 soul be aselih'd into) 

Ihe wiol kinig illl l ids. isitltiatl i tlatli ial hir iosii le ill( fusion ill breed­

inig %%m~ik Shoulhd b ia. 4 fi liling Ilids,( of all bIneilcdilg p] olgilills. 
lf Iw~lloe sai il~lil.lSMiMll )b Ilili/e4d in the selection111.11 osof ialiis ale 

pllo ll,tlli, shiuld Ie Ilosseld atid mixtdi 10)1 s.et.e al geliilhiolls befin 
selectioln plesstliei is itilii('( Ba.,i( to) an% 1lig-titltge p)loglIillil 4)' ilni­

l)lili tilitio 

such, legal (h'(5, (t wetiet, bll hoIt hll l ibi ati lto)be de'velo)ed, Ftundalen­

tal to)Ip lllt ifll illpa (1) usiigae ,vellilltlitlilibers of1' plants 

provllin il is ltlhepo lit isitgth e e,,l( l. (Ioflp l s.l 
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among which to select, and (2) using recurrent selection procedures that 
may require many selection cycles to achieve the desired coibiniations of 
characters. The imiportance of recognizing the existence of coiplex mitil­
tigenic systenis that determine plant characteristics cannot be overem­
phasized (3, 4, 6 - 8, 15 - 17). The growth of the ilaize plant and its harvest 
of usable products involves an enormously conlplex series of chemical 
processes that call be mljliled ill kind, intensity, sequence, and final points, 
depending oi the genetic Coml)pleme of' the plant 

Important Criteria 

Probably one of the most serious defects in tropical maize varieties gener­
ally is excessive plant height. The defect might be antplilied to include the 
relationship of' graini l)roluced to the total platt dry natter. Front tihe 
standpoint of intensified managellient of a (op plant, excessive height is 
undesirable. Cols ,leratioi must lbe givell to resistances to field hazards of' 
diseases such as tlelminthoporium spp., Picriniaspp., ot her foliage diseases, 
staik illl(I lr rots, inscts tihat fced on t leaves and lote holes in lhe stalks, 
plus the interactions of' these oarlliSls. The biological ecology of'niaize 
produttion ill rigorous and co nplex one. Breeding prog­:ropiical areas is a 
rains iitist be slifl'it eit'lv om i-clensive to deal effectivelv withi a whole 
series of pllil clharat teristi(s. !t is not enough to colsider siiigle traits by 
theiselves, if impro,ved valntics re to be dt-vehpt'd. Ihp lpl se of Ihis 
pater is to coisider ibreeding progranil illicilded lo develop varieties or 
popuilations with imiproved agr olonic triils and with adaplation over as 
wide an aea ispraIti(iab. I ligh-priolritv traits are (I) sh ter plant heighl, 
(2) resistante to Ih'!mipahlhop/iuv; spp,, (3) rcsistall to / ri i( spp., (4) 
resistanice to stalk anId eta rlots, (5) lesistalce or toleratll(ot insett stalk 
borers and fIdi;age fieders, (G) icsistan c to lodgiig, (7) toleratce to high 

listed inorder of Priority, bctaise not all call be selected for with equal 
intensity illa given plalnting. Tihese are illortllt ritcria to be (ollsi(Iered 
siitullaillotsl . %livl Selection (olditiolis pellil, and individually when 
cotdili ilis Iess fivlrible. Filir ill t, :is iotli o ill diavll lmoiial lt(Hl'sgivell 

trait, elni ihasis cali be shiied i olt tiii thei as altlllait (lsitallc. 
As faur as possible, lellfdrt'lic is to be given to gele'al resislance ral her 

than to single-getelisistalinces. 'ie well-known histor of wheat setln rust 
races atid t lie never-endinlg scarth fi. another gell tI confer resistance 
to a new lace of rust ilhlslrate the reasoii Or (hoositig general resistance 

to )Iiin reference b, diseases atl insects. Acceptable levels of' resistance 
are achievable otily by testilig inderl different elvirollients ;ild after re­
peated cycles of selection and reolnbiliation. Materials Ftr deselol)llent 
are to he chiosen largely froii those already inlporltant in comiinercial use 
and with reasonably good levels of productivity. Continuous interchange 
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areas of the world to detectof materials should be made with various 
desirable attributes. 

Tile enumerated traits for priority work are assumed to be under mul­

tigenic control ill nature, with the genes widely scattered and at relatively 

low frequency (2, 4, 6, 8, 10, 15, 16). Gene action is presumed to be 

largely additive. The number of* selection cycles required to materially 

modify the expression of a given trait will vary, since more than one 

character must be considered at a time in the iml)rovelent program. 

Relatively low gene frequency assumed Ior the attrlibutes under selec­

tion implies the need for large nuIlbers of' plants ill the selection proce­

dure. It is important to initiate any' selection program in all adequately 

broad genetic base. ,Maly maize gern plasm bank collections originate 

from only a very f'ew ears, and this may limit selection progress because of 

limited sample size. Selection schemes should be applied to composites of' 

two or more variety samlles. 
For any given trait, two individuals may exhibit equal expression of that 

trait and yet contain diflering genetic complements with respect to that 

trait. Ill other words, each may contain the same ntmiiber of' additive 

genetic fiactors but have few identically ill comnmon. Ill a heterozygous 

maize population, two such individuals, when crossed, could give rise to a 

range of progeny individuals differing tor the trait both above and below 
the level exhibited 1y tile two particular parents. 

PROCEDURE 

Obviously, it is impossible to review all the maniy breeding 
methodologies ill one short paper. We shall describe one procedure 

briefly, along with possible variations. Although the method described 

here was intended primarily to modify plant height, it can be utilized for 
other characters as well. Initially, heavy emphasis is on reducing plant 

height. The method chosen at C NIIMYT to select for shorter plant height 

also allows a great deal of' flexibility ill selecting for other attributes (lur­

ing each cycle. A cycle of' select on is completed each tine tie clop is 

grown. The :)l(elhlie used is basically t hat of (till-sib selection. 
Full-sib ftamilv rows ate defiled as Ihose restlling flolm fle cross of' two 

individual plants so that all individuials in tile )rogelly row have both par­
ents ill comin ion. Open-pollinat c eats may he used to begin tile process, 
o01hand pollinatioils mitay be made ill tie popuhltion to be imodified. Many 
full-sib family rows are used to replreseilt a population, and seleciion is 

carried out alnioig and within Lanlilies. 
The number of' rows iecessary is set arbilrarily; 1t00 to 50) rows is 

considered adequate. Each ear is planted ill a 5-in row. Rows are ar­
ranged ill double ranges with I-an alleys separatinig ranges and with dou­
ble ranges separated by alleys of 2 in or mor, Granulated insecticide is 
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applied as protection to the three or flour hills in each row adjacent to tle 
wide alleys. The large central porttion of thle doulte ranlti'ge ei' noI 
insecticide treait tlti (Figure I). 

The enthr ietiuser,' is atidiciall' itcuitlated with lie IpMImpeis alll)io. 

piale to tile locatotin adl seasotI. Stalks at imtmiilaiiul it stallk lt%,.and 
()Ft Itt laled on .t S.SuSi) ili ill ) tllh()gt.nls il v, 1 silk%4I ,c% Iohtli ng 

As lnoilc omilclivt Imilifie's hf ill nfestationl %%-lilt insc.(ts anld 41lh1cl 4li1%41.141% 

are dIvehIl4)('d Ihi'sw %ill hb. litil '4l. 
Appioxin lcii haltIl i(iiil\ I sl% it(- Sc(1h it'd I .4 c fill41h41t1 llliid­

tiotn (Figute 2). Raplid istil s t-. ll is 1,1 1.4v w. Il ..Il h .as i 552hh • Ill th. 
,lim el{of' Ilinalliw , hfl Ill 1 ,1 ( w itlli l "'l ling-,l~cl Igv- t 4-11w% C ll.I IIi I 

tise l o tiisikil4li¢lt, i lit im li.4 .1h .Ig( 411 i cl c1 )4.illt 111.411 c fill IIli 

Ifrai ii'let II 114m. FI, Ith I 4I( 1111.11S hst . I i . nl . I Ilha. 4s d ili 

i 1 ii 441142 pkI I (.,r)w%atc 'il , i %1'(4 S% hi 4 ! I)1 1I, Ill '-1" , l 

p~latitI it I a 0.I~tI i(l i I414%,,. I lit,, ictiits Ii .pi (l4\mi.ii4I% '2 *, 14 114s I4% 
1.1i I (1 ill ' 1.41I )% ,I.. h1(11,,IIllall ill(1 44. ll as4 Ih 1 I ls,.s 1,", 

I(o lalte, 14 % lll4 l 'il)1hh4 I\4 ' hillillh4 . !iI c' . 11 .11 i M lln4-I l, 

11 
i1l )t1 % . 44 1111 

gsi i.4ldI hu %%l Il.l Ilt'li le. IIIn )iIi(4 as 14 Im"Nillil . . mI1 11,1h ii ill 

I 1. lit Ih
Tlw o} 1 ll | IIIt is I INl I s 1 1%si ~ N .4I l
 
aIll Il Ililt- I ll%(% t.d hI'l ills l !. .1 

a )1 w -I I.I II 1 it's % I I ) )lilt 1.111() ,i I,4 1 l 

s ,
IIl t ill Iis tl % I. 4' 11. 1 14 11 141 4 .1 144,11, 14Ili 4ilf)l 41.cil 1 ' 1111%, 11 IIut 1 

l i%,Ills h 'll 1, .414%4ilofps ill lhe l tid ,pI . 1114.1 11I , 1 Ii4,44 iflngsI 1 114lll, 4 I, 1 
A ll |h illih s (i c l\ sw i, ,ll 11l.11(if Il.l " 1,1.iteIIi%\ .Ilit I rlltt hi.ll\( .111 41111, 4 mi , 

4411, ll 111 11I1l 41il liledt i llill41ll II1.lg .1( Il.c I1r. r 411 I Ih 111 ll)41 '1m 

of, aill ~ilils I %h l. i l, .l ( i t.li 1111111 Il I l %h11;1 11, 1hl 1 1111 \K 

tli~ ilf, , ,,illlnOwlgiwi -f 1iItt~m%41C
 

Tlr¢ latllli I A Hn I c 
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parents in common) similarities are even more obvious than half-sib (one 
parent in conmmon) similarities.
 

The systematic arrangement of'a variety in the field on the basis of'
 
full-sit) fatuily rows gives the maximum opploltlunity (I) to te(ognize

similarities atnI dilfetences among families 
 and (2) to miake matings
 
,llImOng those iln ilies whitll Iliost nearly apltar to ieet 
 the goals ellai)­
lishe(! as (liata(tei/inig tle variety motl.r (Ie'clo)ptiil. Mimtaining
 
many families asiil.nCS leaso)l)l.e ptecauiliol against h)o Ia)i(I lliatowilig

of t lie getn-)l ass l 'il
and possi)le ill efft-t 1% itlit 


(;atnclicllly, IOhe Ilill-si) ftltiliets 


(. If beIe llig. 
ateil t- e(jllivitlemit of (livetliollal
 

tIotblle-closs lNlidls. I'l.siltahl ly, eadh 
 lallih has apploxilliatele similal
 
Chai 'tu p)I '.utlej(I o Ille valla ililt of tile cim'i l)li llt Iii it
s to )loill, 

field. Fot eaxttt)hl , oine (at it-l i e l tll(,1% iaatilltieIi .ll 
icthl
 
trial amUd illikt selttlill lot ill Itflo tinitg tul11c ,ttd sele iot lorheig t 

yield ;i lam.ist. [il 'deite (ailluwilin' age ( 
 t ItIio'.tttg-a.tor
 
p".111t height amid '.jeld. (oigetliet %ih apptu'.xiil' (it stle'(tioIt of the
 
faimilies pLitled. Aditlillcdl, thi'. tni'1t 
 llihld
hbe itegaided a.," i s,.elelioli 
pil'.s' le lot jhel . I hm ,.eet, sigtlill
it 4.il hc(l)li(' Itllilte l fIhillltgh li.e,­eral I ,,%Ies.
 

Plte li'.fall %'hv ( (i111 bihe 1(ttteased h\ l Ield ttIal'. ofI)lIIliig 

ile Sallit' ,fIatidIj . I hat go itth dit'cn i nt ',,'t\. 1 ni.'l h*ib ulet iedla, ilt­

ists,Sa lhieif 11,l4'I l)l.ititltlgs ,11( It ti gtl''iNg 44.s1' Jot 
4 litoc .isil' iloll lt44c~44hIlniit'ol ,I'.iiighe14~11114m.1%II lc t 11I l(.%11('1III.ii\'.eii. 

tolliilllll I %(I.(Iltill' 
•
(,Ill' I i i.% 1I1 ho I lli , 11i 1.14)(1, h t 1 4 ihim I llxsc. f. Nmia uiulhml.. t ifir '4(vc u .4111', j IM ,e11'.it-II 1.411%114l)It)IIh c.1.4 .111 4Ill I~l 44 Ih.ll (h1m ,,i aI,all b 111.ihl llis, %stil1 f 41 llIlt h 

o le hwi,mIll'l( ,i t .11 44,rIf Irc4lh 4.1 1 l1.+h i1i,, 1hs I(.'I<14 tIiiit.o,t 114 i.i%.itll~ 1441111.,it 4144 th 'II111r li).j44sii, 11,4 %I~g %c111a1.11144 pu .+ l.,ih .1(441,1l illl Illf. l iil ic l t i l a mtl ".1il lh ixl t'll cr tl,,,ia%( ('-s 

U 4i 11.11 % 'il,,hl,. 1 ll ,'. II 1" 441I, II I t.l il44 iIt..11 ,M44%(I(-(1hlongt 
Ihow hIlt. 11111 \,4 144 ,ulsIllll, l 411" 4 l 04 \1 ,4I1,it ,114i14 1111 4l­
il it .Ill .1diiud ItIiu1.. g I III I ,,1114-i 44 jult u i+
I I 1 "I .chI ,eul t hi, igt

ll l,t l lIl lN
w l illn R l i lll ,1(14I If' L llllh4" IlI N (1.11 14" lit%,' .11li sl Ill 

llor%l ,i(.l++1Hl I fll%i II lh+ i+~s Il ll %Ill Ith~1.1111l,1c" .It h I li . 1, '41 Ill14.
tiu hi III t1144. 4.1111 I 14 il1. 1I llm 111%4. li 11 1'.uflell-lhIIIm llg INl. 1,,i hj,i~j.jl llJ~ \ m N (I.1,i4 i IC1 .111 lIt. till lf JllIllN(ir,jl1lilhuiuilll 
4rlliil~lll IH, .1 %.#I~ It-\Illg Im I ilm ,,.111 llilt( V,.1.itiI, 
 I lil lIt%.111cf.11 ale , 

ioltl ti~lliill Ilic sill'h f .,1% l)III,, ol~l illlIhIilgh -,4 ,I i i i,I .411,,ii 
1kililmle
i$wA l,h111.114.14h ,,i i hm11 It%ll . l,,IlI,I .1, h,1 i d I N Il,+llliII1­

litelm,,ll1 i)11% 111. h1o f 4,11I1 ',IIl1.11 1.111i,w 

A t.lIdlll~ll t illJ,,,o,,l . I,"%IIKg.( Iliflh.ll hk i l 1
d im it 11141 lt, l~li i+
 

Iltetoatliltlu 'I
klitiiiill~ 
 .lI 1 
+ 

llm ikh , iilrll i ' li llf i.,1111-i,, itt I'A1 oill
 
Inl orl imiIIIil.ili4ii , 1l1.4% |m ,d ollar it-ol flllgill.tl 'Iollla+liu-%all ltiill ,ir t Ih1.11 
14lliIItii¢I'l %.4ii 1671,Aj-11 .4,, r ill ,i %.aifoul% I o I , I 11 iiir% 111.11 '.11111hs fair 1%11 
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nearly equal halves of the same base population that have been selected 
simultaneously, but independently, and maintained apart. 

Flexibility and Uses 
The procedure outlined allows for a great deal of flexibility in the 

breeding nursery and for rapid seed increase when (his is desired. Insect 
and disease problems do not occur with sufficient reliability and unifor­
mity of intcnsity to enable good selection for such traits in every cycle.
One must be prepared at each cycle to select for those resistances for 
which adequate infestations occur. It is imuportant to intensify overall 
selection by including several trails silu ltalteously. (otisideration of, traits 
visible at floweritig tittle aidt iliteitr)ssiilg selected cotti pometitS of' the 
populaliotn are powerful lleallIs of railly Itodif'ing stich visibly identifi­
able traits. 

It is not imilied liete that the p)rott.duhte outlined is tile Only one that 
should be used; allelnalive iflocediltes might be tI()te dlesitlle under 
difflet lt (.iluttistaltes. 

Modified r'li-o-I-(W Iltlas selcl i tio fl Ovhl, i (9) itllotg half-sib families 
is esldiallv ustful whet. available (1 ttaml liles of ipollinating bags, stpplies,
and labor Iy sLetiotIsl the hind llittatiot, dil lelimlit itititbet 4f that cah 
Iade. ntdesiade ll.ittts ill ttle. lows od Stl1 loglatlts should I (leals­
seled. A ivtlgtit,,t of half-sib sle tion oIf tilis kitid (.tanIbe ittitlated at any 
desiled ( ,( i ill the l n et,l t. o itlit'd of full-i hibsle., tIe I. 

lhe pIo ett-4 t, de, t ibc.l, ilt- h.lf-sib ,e(l tiolt (t) fhl itld. and Itlas. 
Sele(tio)tt (7) ali' %tI ottSltilttl t pto edlles imol ti Stitolp<oitt oIf lM-ing 
;thl( o I l.ilgc ,lltomItto d %4t%(','(lt lkIN %wh4. this issll% t'ltisrls ,)1 - I 
le(Inil'd. I1s glsi,1g hh, ks tu is4.ati, t thbetir is .1 lalge seedittltll4tll|Itl ail 
imi Ievase rat Ith 4 %tIh. 

l, alhl ht6bttl 4 opllwhtto't i plt4(edlhiIV,, t%%( ,.1 lt5 ,ttghl Ikl tol .ppl, 
t ctl. I Ill fit t snmhl It i, ,,ic e I i 1t h"il s ( 12) c.14 I 4 4 le.h,1settli
el 411 .l 1ttttlit.s (l1f1l tt lllllttillalolts ltw wt'gul.11 p jltilat l,t It0in Ct 

ilitI In I II I tttt ,,IIS I h -4) Ithit'I.I1I"I II hI1 0,uhtitlh( 1, s h-eb. h'l %s ,f I lih 
IhW'%t .liiuutil" is, l Ill l l%% ll lll.li . .11I1 ht+Il1 %It5 1,, 4til t,) l)l.II t t ,l t 

ala).l.ttrtl I it c 1th41s Ill 4tlh4, 1,i.11,4 .lltngi stithitg 4x5h tO 11 hSlu),lif lg 

i,,iltllitr Hh.I ti l5 l44'1 f.it1,1,icllilt"% i tf '€il htl l, . o lIf- t Ill i h 4 I'tIr 1l 
.l' 111,11h iiiiilhlt gh olt 1, t.il t i l 4.ths ifl t,. ,,l)lt i 

W ilh ll, .1 I IIIIIll m, , ,,II.tl. ,1IIg I(, I ,, h , , .l . i Iw", '~lle 

+andll .t lP,,,.ltls ,.l.,lud 1 k t4%,ti , Ig~oltig 11.1k4I l , ',rd the .uttttillillib 
uwir I# 11.kir thrl , ill th1. pIt- o%' (cdrt 4lo 4 
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An array of systematically arranged1 hybrids can be found in the field in
 

every cycle. Ilentifying a few superior families each cycle should provide

good hybrids with minimum effort. By intercrossing a fIew of' the out­
standing families from each of two or niore unrelated developing popula­
tions, one can develop patterns of behavior of cerlail materials and col­
centrate efforts on those which 'onsistently give )est restlts. 
The number of charltel's that ca bie handled tiltdert selection pressure 

at aix, one time is a aiter of judgment. ()lbviotisly, tile greater the 
number offattributes tncdelr siIliltlaln s selectioni, the tIoe diflficult 
progress hecomnes flo each (2, ,1,6, 10, 17). En phasis mav he shifted from
 
one attibilte to aoltiier as 
 pogless is achievetd, sotthat modification of
 
traits becomes a sitJimwise pl(,ss. It lutist be 
 ICoglli/e'lthat (cert,ill traits,
 
stih is (.iihiiiess aiii l)laii height, leiidl t 
 Ix-(ilet(i (3, 5, 17).

Whetliet Ihis is (esir'ible or l4)l (hmll ilpes oiil the goals 'stia)liil'et; in aily
 
case, a c()llililllil 
 IC( %( ling )i )(ess oier gleletlioils ia Iltillediiiots tool
 
f'or iliioliFlyiiig Sillh i 'lililnishiips.
 

Aliy singlt-gen illillait, sillias oEtnpi '-2 0i1 1ltli l-2, (all he iiio('l'lx)­
rated ililo piliLitions illile seltioli I) j)lklpililing a few lows as a Iplhlot
ad,i enit to thal pil)4l'illioll. In ()11sl i Ile olmi(iie soIllit' %mold Ile 
(Tossed If) the p 4)ioll wit i Ih e I. 4)1iliel i% sl)l)iilig ill[he Iext 
plitiiing t% 14'. lilte '44I '1 Ililtillt ki lids %mi4ldtii i btb ' l liilct 
again as a siill)iih fll bm k( i)ss5ilg, I lilis, sit lianlmi s m mulieti n a14) 
Iitaill l1)4' 4.111 Ix' (lili l.ih)Ilg %Nildi tht' it'gii ii sl I illliwoilk. li tehe 
cas' (if ,lit )lifjt'ifIthllf-k r lil ol),l l,(Ii-iiilhd 4l1, lit,it Is i41l4iiilt dleal 
wi('til 'I it l l beiilhI m Ii4l\.111% II,as .4 sll)41)li oll41 ofblf t. IIc 
;ni(,sssill (if )ill((.lilltilig lhi lllififi'l git(' s f)o h1i0il , ( liih1 ii) Ili, IIbiW­
4It'lt, Scl~4, 1i l 1t4i iii)lli 11 h.11 I ) illtiill kcinili%miollhlIx' it',iiis 5ii(, 
4h4s' lib d Sil- 4sIi) li it)l4( L.ib,h )l . i,ill 5 bv'ii I%s s [4)iIiI 1)4' a4 Ille'('tt'is 
)aillIllillilt' 111 ii'l,Sl'hll 4

.\ iijlliillellilml liIlldwl<%mllk filll l pl,l el h'li Is IN-iilg 14ll<se 4i. Ole 

ll~ii'-s44 5151iil l414i.AppaItsi si,( ulh s 4 ilhIh i i ,itili lll's ii Il i-ti , siiiiil llll:MM 'll 
 mlllil\%
ill Ic% lls m lWht'lh1'i l)lhl'lI ll ~ll %\lil %illilail 

elfft'Is ,ill"i f . I T4f5 4ll44iIll illtll ' l4Ii. %Iith'it .1ii1 it l l'cih v', .111d if 
liind %%i"' p'll h 144 1 g l 

illlilii14 ill g(.1 

amil4 .l 445', if is %%I-1i14) ko-4eji i ii4iiil l i il i.4,4141 
i l114 lll\I ,i il l, I licl144. 1 l1 4'lI' iill gI i.1.14ili, 


114)11 till'u 5" 4i1i i 114,.11i4'"' il 4 lt44tli51li14,i) liid0i111 li is .1 liik­
iilg r'X.illlii ill h ii.ill h l41.1 14 4)l Ill .11l

+ 

1 11 4 4V siW 11lli111f.111'l%1ii 

Ittigiti 14 I44 5'. 444iil 4414111444, 45 41 1414' 1 gill.414 4t14Im% 
l iiPet ijl)%i ,4 lii til% illt i 1 4 4 ii iiC Ilf,h,i ,llIs1 1.iii lii t,.%11 p g 
iut iillfili ll f4 Om- ill 114.il 

IEi¢irl Itiu gh hi-r Ie gi-llit- . 14) till' It" fhilt, itf.itlim . 
ill< ilh i'4j111.411t jlojt -llII Ili Cl111.4/1c. m ilmilliii oil11144lh i I tolhtli) Im p.
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tein levels and amino acid profiles through recurrent selection utilizing 
multigenic systems should be investigated more thoroughly. Any im­
provements should be useful alone and in combination with the single­
gene mutants, and would represent an alternative to complete depen­
dence on single-gene mutants. 

[A discussion of this papci can befound onpp. 489-490 of Questions 
and Answers.j 
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.%tAdl diSCUbbion atI Ill)W I %IVJt)11tiC114ti I %fails,C0~~t1II1t)411- ik 
'I I igio (C1NN l)gIr4i' rrj gr~o~ h~Ieququr lii pit gl44ut 
6i1111 at(Mildl 11ill 1W IVbII%r~i -illill 41tlits)I imi l i lJl~ SsAII lojill. 

iWIl)A m1411it11rto rmt im%, (2)o£qur~cgi iii iirdI i..,r biamt il ifirw fild,.0) 
ir Ir()i siri-d Irdli-ioe (A.mrtI 11% file buolt it5U4ir Vilifbjtwii %4%b 
tilgilifilit ll,1 I lopj)t a1vAIItw 411161,ld r irsd~wifup, (4)tr1V i. 
bbI4l9 41 Ilw i ii il I4)IJci~ ilIll .4141itilelrlti 

6a tlirw inetior baori it00llt flit 1111417 flgtrsifola: 

I. Air dir diftrruurt its wtwrImilihis .siitsig ii..tiil stju4lur. stsd4 

2 Atr 1lwir ifillrtrtr .ittoso ifira Iiirr potiwuslrs oiI tiw tisir tot 
411tiit 0 (I#;1 p1,l1411%I9 Allun 1I)Il%44,4I 10414,11141191411 IiiW 1K-IM 


3 It llw9. mma I.r l1w 41gt1rfrrtr fit f*rwa,41 1 isou 21filo
 

Ie o w s# tai"Itita 14 stum soul oitef islimllr w ioi jw Iufii iskIt 

lorrt tr)14llrot ntwadwir'r 
2~ Atr Offit dltrtut~r fit qw *#s.4 KAt1tsiltf iA~n *.,t ii*~i 

olmi stmi tid 
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aneci 

ll(eS ill nlil'mrhology of' tle cars or graill?
 
3. If ihe) exist, al-' jlit'r. rIl"e ohryig associatetd with difer­

4. Are diffcreawce in yield associated with dift'earwen, in fhe ml.oji)hology 
lt'the ear?
l'revious studies, usiig single-cross lyhri(ls, tleiirotie hail lsma 

graiin dry.ilattter itcunlati of' 175 kg/hlaiday were ixposihle. Rlt.%WeVt' 
Iltl reported for optlue.2 maize. Rates of Iliitilc ls of hauLstt vita hid
'well stulield exteinsively ulderl totirlltlld Colldiuiots, but tile only field 
sily ildicatecd thia husk (,'ver was allore iilporiitaot thwun (hiirll s ofii 
fhe graiu, All the w'o'k had uIed telperi!.a.rI-vgioil millet iul, and thl liinl. 
iigs could ie applied ti tr)ical Vartieivs oillo iildiret Il 

MATERIALS AND METHODS 
Ihe valities suete stitdield inll groups, (Gi~oupA cotaigard the 1l0l nl1 

iilldi O|).aqtl( l iriill)p iSoflltv varieties Iil' ll I li. ilue- mog ttsiin 
|ii It.SImi. As suc h1,tIhlie sgi ule%i irirtair rl0i rl ted fil t irlul. G loulIt li l ul tfv u wl..4 tIt ledisaill to14 ).itiael op yljvll 41id ilit ml i l 
Iliioll erd ilo 1 Of iie' aI kld tenil. VAII foui 1 %Jlieiirs Ihl of s ,il 
imlaiil os eg!lrmli paiogalallt All %.mairtirs usel ri liverdlui llhh I.Iarti tuo )(aoul;t| l etie.tlisf.1d ialglart eiti IN comges:lisr ' 

.fitOf iitIA I.i olm jur.auu.4,iI iililfilieuf oalm lutr p tt 'ln %|t. Ait .lili iitl Irit,. 

TAKhiF I (Gtua. stlad4i "I titstmt, jt'i#Aqs*o topqis. mtolitd 
mortil in gtucMj A mld It jLg/1l4P ) 

Uh'soltX Am - ts-h %.11%N..n1.' 144t4*tll*, A 4!I1*Ii 

14d 4 4*464 4,1"4.! ot 

W44e1.lr' %joyt 4.14v90 

1041 44*0 

t1.e 411g ! tile 
4..,, ¢iStJ !liIi t,404lli 

0** 4 4 0t 0I. 1 ?*, .&tI4t.4. .4 n 54' ! t4 
4....1 A "mo... 4 1.4I..o0a a1 

A4m*.wm # iti 4144 5..4A'i do 4 
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ItIi('1 (llrast, inotulation With tar rots versus )rotctiol with fiuigici(les, 
Woos applied to til set of*I8 entries, resulting in an 18 x 2 set of treatmentIs 
rel)licated four times. The inoculum, asuspension of spores of'Diplodiasp). 
and Gibberlla spp., was sprayed on the silks 10 days after 75% silk emer­
gence. The inoculation technique was not successful; therefore, the experi. 
melt was continued as 8 replicates of the original 18 entries. Thus, this re­
port will only desribe the dry weight and moisture changes in the grain anti 
cob of ihese mn'terials. In subsequent experiments, answers were sought to 
the quest ons of"cliffcrerces in suscptibility to disease. Ortega reports the 
tults of theste experimtls ill hi%paper. 
FItI plot tisisted of t'll 5- rows, 75 (-)it apart. I lills were 25 cm apart
 

within the row. The plots were planted l)oceniber 22, 1971, at the rate of two
 
seed,, per hill. T1'hree week after, the sland was thinned loone plant per hill.
 

(Onit I'iled pollination was cotimicleretl iml)ra(tical oIwing to the large 
alount of, litaterial used. Tllrefore.ik1e pheotolsP%w were grouled into 
Iot ks: loomal, ,Jaque. alld i0lioied opalque. 'Ihe )plultIeailel ilmel14)1. 
ifirl opa tulphet,tqh s were isolatr nl flhe tuomnal eltrie,,s by uing a 

nlilimun l of 10 I)wb olft opaque or molllified ipaque bool-Ier. 
Sim,VIttllitiills %elC(ol nltolded wilh Not k in fite field. a molified 

ht41 i talVIJ, wat, uutI weirpati.ot.s beltweeltlt ill Wi th were ma.lr oal 
ta lles° 5I51lll a phrontu I , alglupl). 

ll..s Waill seme takel %kel) .%tattinlg at ,id-f.ilkand (lellinun,til 3 
%terrk%pa pithiologital litullliI, Wtlple of' the eat. %ilth'.'hll tlitedl 

lusksitlltA , ton ei il of right platits, 'Ihe rats %eCe then tkrtl to the
ad 

laluatt1 1 hIler the hluskiShrtiotew. The ,r'I uiald thelue C1s %cvteighecI. 

"a% ,AlloglAill reo" u to eletlife thtfir d %t
,ell sselndted weight. Moeaslue. 
tl1tltsl OIttee folt tile Iliied eats itludrdfilhe tllllletrlof krtlll tiOW, letigth 
Ahld %idlt of rlot*i O .,ttll delpt.ith ofd ld 


Ifi littw at whihIIlie blAtk liret wAs fully levorkilked was (fetetttlined,
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opaque class was 747 kg/ha, or 13% of'thc normal. All tile opaque entries in 
group B significantly outyieldcd their molifiel opaque counterparts. The 
average yiell redlti in of the tiloif led opaquewas 693 kg/ha, or 13.4% of' 
tile opaque.

Grain y'iehl is dCtCrmined Iw thebrate of(I'r-nattern accuitulatiolt and tle 
length of' little 1hat tl rlate is ill ct.C)cl, iff'€rcttces it gr'ain ViCiC (all be 
examinel in terms oIf these two p,ra;tatitrs. The (tllVes of, grlil wvight 'For 
the flout'l,lasses f cittlics preseittcllc ill Figu re I gda)hi( alSt (Cscrilchstc' an 
analysis. Thle Rates of, I',dv-tattt ac(lttltlatiult iln thc grain wec gcralv
siitiiar. Rcgni'ssiolt attl'sis inticmatc(l 11(1(il'fert.itces clt'w'clt talcs of, dv­
iallte tl withi (la 'sses vt ll 't(i ( oltiIOell) t+lIIs. It(trca,.scs ill 

r). weight o( tit icl titil Iarvwst 7 for. All t lasses 'x(cpt the lolltt.II, whi'h 
showed a slow ill It.;sc altcr hal vest 7. )'rv %cights dc(eotscl a fter hrivest 7 
for the htit ophl(all e ( Litsse.. I hotwvet, , this (l'ctce t. Was oint to the s.atiplitg 

fc~f't', .ilit, it-vst 7 %%;is taktl flnii iltlat th cillge oil the lplot (lhderefiect't), itild tl11S \+als no)t i ;nif ln I lvdlnlioll it) Nhchd. 

llt'tcloio'. thc (lli feio'lro. it '(itl h'1%tt the oplilltl(' m1(l lritlita lasses 
if' gtolp A scctt.s tot ht'.1 toitl t loncltt lhrl ioin oI l(Iv-nIttittIeicltse. 
(h) Ilt. other'Itai<l, a sittlilat tespoltse in ollv-%weight (utIes was oliilte, but 
a I:1( diffti'tctc( in lfnl l ViICll oclctteI. )1ting tlie eatIv hian'cst, theimqc wl 'lllttIl11t0(iflhd l ;l hild i d 1-Y-11~ i n"itcclllntilll ioll 1th;an tile tqp ill 
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158 David Sperling 

counterparts; however, after harvest 3, tie dry-matter increase in modified 
opaque paralleled that of the opatlue. Therefore, tle yield reduction of the 

modified opaque class of group B cliff he attribtled to a reduced rate of 

dry-matter accunmilation prior to tile thir'd arves. 
Only small liffl-niccs werC oteld ill tie length of (lie iilling period 

(silking to if)lack-lavl olimation), as indicated by the alrows iI Figure I. The 

two classes o group A and lilt- llodified ()l)aque class of grol)up 1Bhid anl 
average filling period of 59 davs, wiih coincided with liarvest 8. The 

opaquic tlass of group l1 had a filling period tof" days, which teriniated 35 
days hcf'oic' harvest 8. 'I'liese lifferences were not slaislically significanlt. 

1Black-laie fomnlation o(curred ablout 2 weeks after the terllillatolin of 

rapid ratus d'y-nat te accuimlatio ilil the grain, whereas tile dry-weight 

curves sabilizted about 7 days afler tihe ternliinnationl of r'apid dry-weight 

incrIease. 

Dry-Matter Changes in the Cob 

Recent fildings havw inlicated a redtuCell ('ob weight of opaque varieties 

ais tonllpal(l witll lio-Ilal counlil)art varielies, but Ihe siignificale of these 
resuilts is 14l cialdily a ppalent. Cob weight ilncleasd ralyllv intil Inalvest 3 

and Inorelhwl, imlil hitvest (i (Figutrc 2). Average cob weights pet Ilalt 

were presenltedf ill bil(h2. l)ififr-entces ill (oh)weightf ()( lchn(,1ill all (lasses 
' exceplt the liificd ,lpl~tti. Alw tInt mal .mlnit f Nic(tilh . l.a IPota, ald 

Poblal iol ( lisallilia had ,sigilifilaitl!. g 'illn lb did ll irtr %wighlt Illall 

opaIIe otintetl)aits. Tle (ob weights of the r'uxI)li) x Ant. I). 2 
coluntel)alls , eqald, and tht (ob weighlt of tlile Franlcs l.ago opaque 

cllty was sigilificalitl gl eatllIll thalt f1die oI lial t1ll N. I li ifelil 1' 
bet n Ih Io i( lasss was 0.6 g, wit litIh nilial (Ilas%gi (',a'. A Imalketl
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FIGURE 3 (ioil*h of higlhlaiid id lowmid mai/c. 

.i *. Iluri ionl A.ilitr hiling (gi IiI of, laiil pe.r djlay) is ;In ilI(hx of' the 
cl fh ic' %, lct- lpr, % nilliereti igto note Ilhlat lheof,I lhi p(Il( iIig graiin. It 
glinlhight foraile p.r unit L.AI) was lagt .tt Ilie loswlinl site (4,40 gIday)
lhan at El IJ.+tii (2.4') Fil l'erllle, ilI ler l f graill pluced perig/da%,). 
het-alC per flay, tile lowland tro)icatl crop (5.9 tons/ia in 110 days - 52.8 
lg/hJ'Iiha/,1 ) Was al leaist is the uidld cro ) (9.6 tlis/hal 193 dayselfh iutI ii 
- 50 k/laiay). hfowever, the dry-malter produtim afier silkitig and thegrain ,irhl %vir t11 h greater at El 1atln thatila Po'ia Rica. duce to ilt. mutch 

hotger graill-fillitig prliml at El ilalit,.
sinwe lhe total hly weight (TI)W) oil the crop decreased at l~ilh sites 
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dlinig the final stages, tie ratio of grain weight ioTI)W at harvest (harvest 
index) only partially indicates biological efficiency. Values for ith crops 
were lower ('able 2) than those reporte(l for temperate maize (0.5). 

COMPARISON OF TWO LOWLAND TROPICAL VARIETIES 

lhe sc(otd exanple is a tcoparisoit of the growth and yielh of Iwo 
lwlan( Iropical varieites. Tuxpefio planta baja and luxpeIo x Eto 

plaitna i)dja (planla baja ,icarts short 1laldf). 

Grain Yield 

The grain yield of holth varietis was larger at TIliltizapal thati at lPo/a 
Rica.tltxpeio plamtifa baJa .vichlediloe Ihan fle variety 'ross at )oth siles. 

(;raitli %el i increased with plait population ui t4 1 5,(1000 plalts/ha, 0r 
Ihrce limei's tile poplllioll at which )irc'c(lers norially care,, out lleil 
sclect i o. Th laIgest 0jeld (8.3 ions/ha oven-dried grain) was froia fte 
highest plant population of' Tuxpefio p)lailta baja at °I'laltizapin (Figure 6). 

( ;raii yield is fi rd,(uct of' Illl)m.i'of'gli'ins per sqrmIt'r I(ler al(Ile ile 
fhe site of' the grains. 'The graphs show that graiti yield was proportiotial to 
grail iitmbers pet'r sqtlart'e mtcl (2,5)O0 to,1,O)()/ni'); Ilhls, pllinl pofulation 
had liittle efilectoil graill size. 

h'lhe pie lil'l of' th liilimbel. ofiliiberl. of graills per squalle Illeter is th 
eat's per syiliale iler and the nmilber of grains per t'. At high plait 
poplullatiiliS, IN)th varielies olul(. r eats Ihaln plants. illdicating thatfe(wl 


TABIE 2 Grain yield anti yield components of four TiIxlcnios 

V.iricty 

I'lantu/ml CR.I PB IIt BRPI'1I 

G.raiyield 2.5 3.81 
(lons/ha) 5 5.81 4.82 3.57 3.67 

10 5.61 4.02 3.97 
Wright ol (y) 2.5 296 - ­

1,000 krrnrls 5 282 237 242 229 
10 " 229 242 220 

Krrnvls/v i3 2.5 1.185 -.. 

5 2057 2039 1480 1601 
10 - 2451 1651 1802 

K'mCls/erA 2.5 514 ... 

5 457 429 333 327 
I0 - 331 296 265 

Ears/m 2.5 2.5 -­

5 4.5 4.8 4.5 4.9 
20 - 7.4 5.6 6.8 

Noti's: CR2, 'uI'izawo ErCma 1. I'll, Tuixp'o dort plant wlriltio; tt 'Tuxpro brin hytic; 
OIRIPI',Tuliowro brathylk short plant slection. 
,Xourcr: J. Yamguchli (31). 
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FIGURE 6 /At)iIhsktit(t)init)4II tit E giaili %irlil 

%4)111j)ItI%cl C not I)iiuiing i4) %iclI4.141C 'I licic '%Civ ivvci I,.ii i phn1.1 
at 'Ilithi/ai l'a,, a(3the givaItvsl poi)4)III1dioIvk*I illthan aiii.t Rica; ad 
'FilIi/ap;ah1. Ilxl)CtiE) plltiaId. j)iia 11 Come (fill ite .il it'llp III4)It. vill%till 

Ile itlliIIeI. 4Ill gri I IN per (.11 IIC(I cilsed; hill ill (-i( 11 t)pop.i4)hi Iciteve, It(­

'1,Iux)Cflt x Flo. TheseC CdilfftCIICCe accounited for the larger liitnlwt of 
gIrtills p)CI .%(iltmC mete!r andi larger yild of'1 tI~XjI)o j)Ilta b1+1. 

Dry-Weight Formation 
th'le ttil1-WCight ihion l) I is ~ t) pis~ %hi wI ill Figi 7. Iiiclt%1Iof)i h~~ 

ilig pllis ill IbeseC gldpil% aitc the follow1inlg: 
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I.r'lte Illal dh wevigh( pro~duce.d inf~. cse'd w,ith alnl inc(rea;se if) lill 
pt IIll LI -oII T1(I(v0,ntrI Int 114-IIIvtnfll't I hy p~ ni~nlI, i tl'I I )'it 
iln(Ieasw weight wans .1 res'tilhl' itncrl;sw'illfile I'alel{'ry-mlotl{enill(It-$ nln 

Iprod(uclio nll ( (o) gntwthn runt.C ).Tilt dry!, wight.a PotIa(Rican wer less(' 
iln~ln "lnthil.znl)J'ln )'nl~ ufil rwtln pi)r(xi was;nshonrte,'thoise,;It bec 

2.The. crop) growt,.'h ra;le'atl|Poza Rica; wits aushigh aiso.r hight..r thann at 
HII rahizl).Thel_'n w. there_ is little evide'nlce frtl these.. expecriments to 
supportl file (.nlt'ntioll thlat graln yie~lds ill tile I.w ild.trpiusa, edu(€(;rc 

hb.(aise_ of,tile limitingf C'f''€ts of"high lnight respiraltion losse's oil crop) 
glrowilh rateCs, 

3t.Al'ier silkiiig inl vanricties andn( illIh)tl |)platinlm,ilhe rI-t of' increa.se~ 
fgraiii dry weig~ht is ,sma~ller th'.ii tile ri;tic o1'imn(rn'as, ill 

, 
total dry weight. A.s ill 

tille Vxiillll, only In of' file dry we'igrht p~roducd afier'i)r( vil)l t'r-cti(t 
silkinng goes into tle g4rain. INal efliciel granil €'r.a l(Ile dry weig~ht afll. 
;nol'sis into tile 	 Ggoe.sirninl.
 

4I.
A I;ary( portrion ()f'thecrl(]dry we'ight is ve.getaitive: gro)wth,whnich is oilly 
indlircittly re'lted it)granin yie'ld, For exa'mle, 15 w(ee.ksaier sowing (whll 
imi( 1111tlizti~ll Ohlf) Cigt ill glrIlln l))Cfill), "l'uxj)Cfi0 I)LI111.1 bl)lz ;ntdry tile_ 
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DISEASE-INSECT INTERACTIONS IN 
QUALITY PROTEIN MAIZE 

A. Ortega CiMMYT, Mexico 
C. do Leon CiMMYT, Mexico 
G.Granados CiMMYT, Mexico 
S. K. Vasal CIMMYT, Mexico 

. .tilt .Ii o)t' )i)ip(I u-2 im I) V I o4llIi/ l)%l,,II sc I %a155Ip4IitIh ,',Is 
11;1l'. d III I 4hIIlI)IIi 4 )I ile) t II , ) [0i IIInn ( Iui.I 1114? 1 I, I;) lII 

slIdIhal It 'II illli 4i It, .'4 

%iid( ,p)lihilil ri, (Clg)tl Ivar ill(ll tnti)l4 i .lt l 
sli4g ' t)l i lt,. iaim/ 'ld ICs in Ibe assd ( I ith 

lo iIU m ols hililk d-g1r4hili ,I 

Imvi ilidc. (lIIpaisi. lhtisof'suih asm)( iiiliis. t li getlIt Ihdi 'It(I'-I
hbe lii I('lilIlsiIl litIr stlich IIwi li i oiglt ltlic halt kgi oil Iids, Rt'villlI.%, pilm i~ls 
h+iVCt' V'tI I kii il;IhC h,, it iIit gI-;Itit . m,iI i 1are sit l I. ill(- vitIlhv% llhi Op­
it j l.a I i( alI e IiI litlittS.i ilim it il icis dilissut, lhi%%,i ,Tilt iI Itlpolr 

Ilaive, oI~I Ihe'aivewl ge,unIIdet C I,lithle hmtktirosse~s, ;IIidt(,- iInoli I l t%pts 
hawxt hbeli sc'h(I(l for ill Itcasl tlhltt, c+ych.%, 

FIELD PESTS AND DISEASES 

A\ Slit ot I niii viit ili's, i l (ling ht' li)l niil ild its 4j).Iltt .VlerSih ill 

ealh (aste, was testC(I ill luii(I troical, .eilliii(I trtopiciil, aind ,suitropi:al 

,liviliilm lils (ilp.clively. 1oi.a Rica, ()Agon. iil l llia Also,ilt). I
 
g 4lm)li)Iot tnvullii lt, viilsi t hei Ili i il l il. 
7htivt inIwo high-aihillidh iliviiilit,Ill%, il li illd TlhicaI 

illt ls ill litt,r were 

178 
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180 A. Ortega, C. do Leon, G Grmnados, and S K. Vasal 

•rAII.E 	I Nalurnd inflction by Fumirium v~r ro onlnonnali and tqhpquc.2 vcrsions 

of 17Iflmaize polmlIlits: P4os RIa, Obrcgun, Mnd lIlApyian (1972)AM 

1.1li¢pctm 	 r'nlMI{ ouiJl 

Nonnal Opaljut Il)VdIIIIIMNdiAr pIblat 011 

Puta Rit a. iV.wruaz 
27.0'hdnct b in1 8 46 

COInMurIlo- 1,11140 CIIl 19 48 33.5 

1.4 Pl,"A 	 13 55 34.0 
17 53 35.0AlaiX1d4 (Ji. 2 

K IN 55 3W.5(:umpu-Ibh 
56 17.0Clililw.
ltIhlu il;ll 	 18 

PI)(MS)6 X (;r.n.maA1,n.r1a'0 18 41 39.5 
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TABLE 4 	 Natural attack by the stem borer Diatraea saccharalis on (percentage 

damaged) ears from normal, opaquc-2, and modified opaque-2 versions 

of several maize populations: Poza Rica (1972) 

Endosperm versions Maize population 

Maize populations Normal Opaque means 

22 20 21.0Nicarillo 
Poblaci~n Cristalina 20 27 23.5 

12 37 24.5Antigua Gpo. 2 
26.0La Posta 20 32 

PD(MS)6 X Grinos Amarillos 27 32 29.5 

Compuesto Grano Duro 	 23 39 31.0 
26 36 31.0Frances Largo 

42 33.0Compuesto Blanco Caribe 	 24 
33 33.0Ver. 181 X Ant. Gpo. 2 33 

1 29 40 34.5Puerto Rico Gpo. 
Tuxpefio X Ant. Gpo. 2 	 33 38 35.5 

27 44 35.5Compuesto L(ME)C , 
39 37 38.0Compuesto K 

ruxpeho X 11I)(MS)6 50 36 43.0 
(Mix. I X Col. Gpo. 1) Eto 29 64 46.5 

Endosperm version means 27.6 37.1 

Endosperm versions Maize population 

Maize populations Normal Opaque Modified means 

Ver. 181 X Ant. Gpo. 2 
Compuesto Ilanco Caribe 
Compuesto K 

25 
43 
33 

42 
45 
51 

32 
54 
61 

33.0 
47.3 
48.3 

T
I 

Compueslo CIMMYT 44 47 55 48.6 

Endosperm version means 36.2 46.2 53.5 

Note: l)ifferences bt iween means were established on the transformed values (arcsin fperentage) 

at the 5% level. Data presented are actual percentages. Means covered by the same line arc not 

significantly different. 

higher susceptibility of opa(Iue-2 converted materials could be expected in 

the early generations if a nonadapted opaque-2 donor is used as the non­
recurrenti plt'l ;. 

Rusts and Blights 

Rusts and blights are among the important foliar maize pathogens. Our 

finlings ditl not reveal differences in infection by these pathogens among 

normal, mo lifie(, or opaque maize types in any of the environments sam­

pled. I)ifferences in susceptibility or resistance were observed among maize 
poputlations. 
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TABLE 5 Natural attack by the earworm ileliothis zea on normal, opaque-2, 
and modified opaque-2 versions of several maize populations: 

Tlaltizipain (1972) 

Endosperm versions-- Endospermn version 
Maize populations Normal Opaque mcans 

PD(MS)6 X Granos Amarillos 7 9 8.0 T 
Nicarillo II 8 9.5 
Compuesto Blanco Caribc 8 13 10.5 
Tuxpello X PD(MS)6 10 1I 10.5 
Francis Largo 12 10 11.0La Posta 11I 12 !11.5 
Poblacidn Cristalina 14 10 12.0 
Compuesto Grano Duro 12 14 13.0(Mix. I X Col. Gpo. I) Eto 12 14 13.0 

Compuesto L(ME)C2 17 9 13.0 
Ver. 181 X Ant. Gpo. 2 8 19 13.5
Tuxpefio X Ant. Gpo. 2 18 13 15.5Antigua Gpo. 2 13 20 16.5 

Puerto Rico Gpo. I 19 15 17.0 
Compuesto K 15 23 19.0 

Endosperm version means 12.4 13.3 

Endosperm versions 
Endosperm version 

Maize populations Normal Opaque Modified means 

Compuesto Blanco Caribe 15 12 13 13.3 T 
Compuesto CIMYT 14 12 18 14.6 
Ver. 181 X Ant. Gpo. 2 X Ven. 8 19 18 15.0 
Compuesto K 14 19 24 19.0 

Endosperm version means 12.7 15.5 18.2 

Note: Differences bet ween means were established on the transformed values (arcsin Npercentage) 
at the 5% level. Data presented are actual percentages. Means c;vered by the same line are not 
rignificantly different. 

Stored-Grain Fungi 
The maize varieties with their normal, olpalUt-2, an(l niodi lied tpaque-2 

versions used in the Iield work were also leste(I ill tel bhot'altol' 1o itleastire 
their reaction to stored-grait fungi. These varieties were: Cotlipteslo K, 
Ver. 181 x Ant. Gpo. 2, Comti slo CINIMYTi', Yellow hartd-Endoswnill
Composite, an(I (ConipistoB~lanco (Catibc. 

NOislture ill the salllles was tiitol itiiIlv raised lo If;,/( l), adding t pte­
letertniteowd allotl ltll ofW~ ('I (owllciai in g spoll.s of A.S/'igillu% slp. al 

Penicillium spl)p. 'lhe lhe stiles wcI(. p)lmcd ill h sed cnivirli n1111lls where 
the relative hiit lity (RI I) halt(beei at jtislet I u 75 or 85(/ by e'ais of' 
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oversaturated NaCI or KCI solutions, respectively. All treatments were ar­
ranged in split plot designs and replicated three times. In the design, main 
treatments included the maize populations, and subtreatments included 
the two or three ver,ions within each maize population. 

Samples fromill treatments were taken at 20-day intervals, and standard 
procecures were used to analyze for moisture, see( viability, and number of 
Aspergilluv and Penicillium colonies. 

Variations in seedlmoisture are shown in Table 6. No statistical analysis 
was made, since only one replicate was considered. However, Table 6 shows 
that at 75% RH (when all grain sanples reached moisture-content stability)
there was a slight tendency for the opaque and modified versions to main­
tain a mnoisture level slightly higher than the normal types. However, differ­
ences in moisture content were negligible among the different populations 
unler siudy. Similar tendencies were observed at 85/ RH with a rapid 
loisture increase in the initial stages of the experinienl. Data show that aill 

treatiments were similar in tending o rteach a certain ioisture stability at 
unifornl levels. 

The effects of', tI Iwo difftreTIt moist urecenvironmieilts o01seed viability of 
the normal, opaque, and moiliftd versions of i aiz, of'the same popuiations 
were investigaled. At 75/ RIM, no statistical difTercnces in germination were 
found ainong tile six sanplings. At 85(7, soils,dif'ferences were detected 
inboth the initial and subsequent saniplings. However, no consistent differ­
ences ingertninalioi (0o1ldli.(cletettedamong normal, oqutle. and mIIod­
ified versiois of the five tiiaiit populations under study ('lable 7). 

In allot her s't f iutnate ials, all vatieics Ica(led approxilnatel the same' 
throughlll the experillitil illtIIlls of'geriliiltati f n()lormal and opalque 
maize versions. Ilowevtr, illthe filnal slage.s it was (evident that tile norIal 
and opl(itt. vel siolls of' Pohlaci )n (0 isttliilna, "liltpti()X Ant. (;po. 2, and 
L'a Postl showed le wl t geliii!itiii alties. lii the last slipling of this 
experitnent, Il(,diteincets in ge.inatiion bll%tctl versions were consis­
tetitly significatnt a tile 5 level ('le '8). 

TABLE 6 Variation il pruIt agc of' grain 
moistlure of liorlmal, opaque, and 
rnodtifi (vcrsioins (i ive rn iz pop­
ulations hili at 751, nd S5X, rela­

a
tivv"hunnidilics: Il (19)72Pillat,in 


75%.RItI MI% Rit 

Salnlpling lIto. Sa.lllilin nit). 

Version I 6 I 6 

N,orm.l ... . 5.8 .. .16 7.0 
Opaque 16.6 14.9 17.5 17.2 
Modified 16.4 15.53 17.5 17.3 

a Valuel from (MV rrpti(l ion. 
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TABLE 7 Variation in seed viability of 

normal, opaque, and modified 
versions of five maize populations 
held at 75 and 85% relative 
humidities: El llarin (1972) a 

85% RI! 

Sampling no. 
Version 1 6 

Normal 95 38 
Opaque 91 45 
Modified 93 40 
LSD 5% 3 N.S. 

a No differences between treatments at 75% R.H. 

TABLE 8 Variation in seed viability in normal 
and opaque versions of ton maize 
populations held at 75 and 85% 
relative humiditics: El Batin (1972) 

75% Ri 85% RiI 

Sampling no. Sampling no. 
Version I 6 1 6 
Normal 94 9483 59 
Opaque 93 92
75 45
 
LSD 5% N.S. 4 N.S. 4 

lle increase ofA. prilhu (0tn)its (a.liong notmtal,opaq,le, itnd modified 
varieties) was measu red by cultuting oti a malh-salt-agar tnedititil and 
rCcor(ing Ite loglihills of tiltcactual n1tubelf()If otics. "l'able9 shows 
that. in tile carlier samipligs at 75(/( RII, the' opaque versions offclrld a 
signfifhlanuIl bettett tllbstlillln lfo .'I'rgillh, allowing nte fuiigots
growth than theofIrnill oIritolilitd vtrsions. I howevr't, in th' lclas sanl)ing, 
all vclsiotls floill all five loptilitiots ft.iIt'd siniilatly, intulit atlg thatit thethree versions in all iPql,li~tI llet~illet sirnfilarlv sutsetlibh. af ttr ii itonlhs 

of unfal'vorabhl torige (ilitilI. 
Early .sanilplitigs,ofI th saute t let'('its at 8."4 lRIlI did not sliow khar-

Cul diffetel(es, ainld apalj tivtl tlv'% tc llalleytall, slis(el)til)e. I loweve.r, 
illtht. sixth aud finlal sunplitg. he ImIitIal vtislot had a sigtifilittly 
highe'r fuitgous develnttti tmit did the opmqt,atld t1t,(lifliel verIsitIns. 

kVtliatill in ther. tt* ftd'eloqjt'nt ofAq/iirlih+ ill liorutal atdil)itllnt, 

versiot s Ifthe o.lt. p)1ttldtt)tlm is Isltin in alet 10. At 75/ RII the 
otp:ylt v'lsioi., ,hioi <dsignifihaitll less fitligotis glowll (liting catlly 
Sapll)hintgs. Latel ott, it st~ttisti tl (liffc t(cs weretethttt .intong versins. 
At 8517 Rif no dillt ees (otil be (nlor(tcm le'ccn itrtttal and o)aque 
vetsiotins illall populations. 
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TABLE 9 	 Variation" of Aspergilus spp. 
colonies in normal, opaque, and 
mudified versions of five maize 
populations held at 75 and 85% 
relative humidities: El Batin (1972) 

75% 11l 85% RH 

Sampling no. Sampling no. 
Version 2 6 2 6 

Normal 4.91 4.66 6.44 6.38 
Opaque 5.27 4.56 6.45 6.12 
Modified 4.97 4.76 6.29 6.16 
LSD 5% 0.18 N.S. N.S. 0.21 

aValues expressed in logarithms of number of colonies. 

TABLE 10 Variationa in the number of 
Aspergillus spp. colonies in normal 

and opaque versions of 10 maize 
populations held at 75 and 85% 
relative humidities: El Batin 
(1972) 

75% Rif 85% R1 

Sampling no. Sampling no. 
Version 1 6 1 6 
Normal 4.37 4.96 4.22 7.29 
Opaque 4.22 5.05 4.22 7.27 
LSD 5% 0.11 N.S. N.S. N.S. 

aValues expressed iologarithms of number of colonies. 

The rate of growlh of lenicillium in normal, opaquti#, and modlified ver­
sions was measured by h hod decribed fj)lilet ir A/pergllus. At 75% RH no 
statistical (lifl'remc s (ould be detcted ationg nornmal, opa(que, and nlod­
ified versions thitighouil the exiperiments ('able 11). 

At 8:'(, RI statistical dliierems atong normal, opaque, and modified 
versions were observed in the early samplings (second, third, and fourth); 
opaque versions consistently were most damaged. The fifth and sixth sam­
plings showed no differences among versions, as was observed for Asper­
gillus.
 
In(,valhatiolis o 'Plniuillill growt I fir only nornal and opaque versions 

at 75 and 85 ,ARi I, ito statistial (liffemes were t tidlbetween norial and 
opalte versions. 

-
In summiarv, (otsi(lring the average l)erf(rman(e of the maize popula
lions, at Ihe, 854 RI- level all tIaize veisiots showed a gradual increase in 
Iloisture before reaching moisture stability. This gain was greatest in the 
io(lite(I versions, intierie(liate in the opaque types, and lowest in the 
norinals. 
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TABLE 11 Variationa 

colonies in 
of Penicillium 

normal, opaque, 
spp. 
and 

modified versions of five maize
populations held at 75 and 85% 
relative humidities: El Batin 
(1972) 

75%R-I 85% Rif 

Version 
Sampling no. 
2 6 

Sampling no. 
2 6 

Normal 
Opaque 
Modified 

4.17 
4.19 
4.22 

4.76 
4.66 
4.61 

6.45 
6.60 
6.30 

7.49 
7.52 
7.56 

LSD 5% N.S. N.S. 0.19 N.S. 

a 
Values expressed in logarithms of number of colonies. 

At the 75% RH level the modified types retained a slightly higher amount
of moisture than either the normal or opaque versions.

Ol the average, the development of Penicillium was essentially tie same inall three endosperm versions at both moisture levels.
The increase of'As/,'rgillus was slightly higher on the opaque types at bothmoisture levels; normal and modified versions were alike in their reactions.Only a slight decrease in germination took place in [lie three endosperntypes at the 75% moisture level. At the 857 moisture level, the germination

decreased about '15%/c inall three versions.
Relationships aniong moisture of' the grain, (levelopnleit of' tle fungi,and reCluctloll ifn germination were not clear when the data fromu eachpopulation were considered separately. However, the observali,ns suggestthat fungotis development in some laize populationls may be closely as­sociatel with moisture level, rather than with endospern type. 

Stored-Grain Insect Pests 
There is considerable evidence indicating that the soft endosperm as­sociated with the opaque-2 gene renders the kernels more vulnerable to

stored-grain insect pests.
In the test reported in Table 12, the degree of vulnerability was estimatedby recording tile numbers of' insects emerging front 100 kernel sanmples.Vulnerability to the weevil Sitophilus zeamaiv varied atuong types withinvarieties: Coin ptiesto K was the least dalliaged population regardless oftype; Ver. 181 x Ant. (po. 2 X Ven. registered the highest number of

weevils and tihe heaviest damage.
The pattern of vulnerabilily to weevils scens to be clear. In every case, thenorinals were the least damaged. Comiputesto K and Compuesto CIMMYT

showed insect emergence twice as high on the iodified versions as com­pared to the normal. There was practically no difference between normal 
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TABLE 12 Percentage of emergence of maize weevils and angumois grain moths 
from normal, opaque, and modified endosperm versions of four maize 
populations: El Batin (1972) 

MaizeMaize Endosperm versionMaizepopulation 

population Normal Modified Opaque means 

Weevil, Sitophilus zcamais 
Compuesto K 5 13 15 11.0 
Yellow Hard Endosperm 17 18 29 21.3 

Composite 
Compuesto CIMMYT 8 19 56 27.6 
Ver. 181 X Ant. Gpo. 2 X Ven. 16 20 55 30.3 

Endosperm version means 11.5 17.5 38.7 
Moth, Sitotrogacereakila 

Compucsto K 65 72 74 70.3 
Compuesto CIMMYT 70 66 79 71.7 
Yellow Ilard Endosperm 83 60 74 72.4 

Composite 
Ver. 181 X Ant. Gpo. 2 X Ven. 69 87 93 83.0 

Endosperm version means 71.7 71.2 80.0 

Note: Average of four replications. 

and modified versions in Ver. 181 x Ant. Gpo. 2 and Yellow Hard Endo­
sperm Composite. Weevil emergence was, on the average, three to four 
times higher in the opaque versions than in the normal. Differences in 
weevil diamage amd numbers between normal and modified types may not be 
significant. 

With the exception of the Yellow Hard Endosperm, moth emergence 
(Sitotroga cereaella) was slightly higher on the opaque versions than in the 
modilied or normal. On the average, there were no differences in moth 
emergence between the normal and modified types. 

CONCLUSION 

We are aware of the need to breed for resistance against Fusariumear rot 
and earworms in opaque types that seem to be susceptible to these pests. 

Vulnerability to some of the most important stored-grain insect pests may 
be reduced considerably as progress is made in reducing the soft endosperm 
portion of the opaque-2 types.

No association seems to be present between opaque-2 converted materials 
and their reactions to foliar and stem diseases or insect pests. 

[A disctuston of this paper can be found on pp. 490-492 of Questions 
and Answers.] 



Part V 

BREEDING FOR PROTEIN QUALITY 
IN MAIZE: CURRENT ISSUES 
AND PROBLEMS 

0. E. Nelson Lat oratory of Genetics, University 
of Wisconsin, Madison, Wisconsin 

In considering the possibilities for utilizing high-quality protein maize, 
we can note that there are three (lifferent stages of investigation. We are now 
in the first of these stages, which may be characterized brielh as (I) It IiliziIIg 
the available material and iechnohogy to make high-qlalily-protcinl laize 
available as ral)i(lyi as possible, (2) cotlsi(lering all availallh means of increas­
ing tile lysine level (stated ie weight) above Ihatisa pter(elltige o)f' liv 
cutretlrly Ftiund illopaqelUt-2 maize, ald (3) investigating oilher uteatis of' 
increasing the (olitiltl of' linlitilg essential antitto acids ill pllills. 

This contferctc is colncelt rating, pIAqtlY. on the first of'htst-olciives 
in considering the steps that should fie taken now to make high-quality 
protein maize a pt actical reality and to induce people to utilize such im­
proved strains. 

One hasonly to think back fi years to tile first cont .relice on high-qullity 
protei llitaie to realliie how much has been accomplished I~yplait l)retders 
and in\estigalors illassociated fields. Very impotl'tntla', seveti Iinvestigators 
are reporting that tht'v have developed ol);a(it,-2 hybrids %itlI yields within 
tile ratnge ol' tile better iillonmIiqlle types. lhre also has beetn a shinrper 
focus on the problems tha.It becomnteredmlafe n ill prdmucing opaque-2 
maize. We now tmundcrst;,nd igl-cl deal m llabout which diffitflties ate 
trivial. We also umclrstatd more alul those which nust be comsichered 
important, such as the appartent greater susce'ptibilily to l'u.sarium and the 
grain weevil as reported by A. Ortega. 
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In surveying progress in the productivity of high-quality protein maize, I 

wish to riemind you that tile course of yield improvement ill these years since 

the last conference has followed quite closely the predictions of D. E. Alex­

ander. In 1966, he inclicated his confidence that the (lifficulties would be 

overcome at a time when many plant breeders professed to believe that the 

diff iculties were instrniotllal)le. 
Since inost liscussion at this ,leeting will be devoted to means for rapi(I 

utilization of high-quality protein maize as we now know it, I wish to discuss 

tile other two stages of investigation: tile possibility of' raising tile level of 

limiting essential anlilno acids within tile nia,jor genolypes already identified, 

and the possilbility' of' being able tIltilniately to increase the content of only a 

single anillo acid. We waint to raise lysine levels even further, since they are 

conpletelv adequate for weanling humans or nonruminant domestic[ (ot1et 

animals. 
Several stralegies have been suggested. One is selection for higher protein 

content, and I do not feel that wc have completely explored the possibilities 

of' this aven tle. 
The secMi ( st rategv is the possible utilization of tile floury-2 ni.tatio, 

which is oflconsiderable inter'est for several reasons. First, lysine as a percen­

tage of' l)oteiln ill flotiry-2 strains depends on the background in whlih the 

gene is p)laccdl. Ilowever, ade wtta lysine (statedias a perventitge of' protein) 

('till be f'loud ill floti'v-2 strains. 'lhere is also a vrery' significant inc'ease ill 

pt'otei co intent ill somie backgroui ids. We have seen p'oteil contents above 

161/, ill sonmc floti'v- 2 inhreds. Additioiiallv. suhstituting tile flotry-2 allele 

for its normal counterpart always produces higher inethionine levels. This is 

significant since Iiiethioline tends to be the limiting essential amino acid for 

a mixture of&a ceal and a legume. It is aj)parentgrowth in all diets Iascd()ln 
from these observations that flotirvy-2 st rainls or hybrids might be bred which 

would have Il'sinc (onlltcts (stated as a percenttage of'di'y weight) higher"than 

an' of' the npaqul- 2 hybrids that have eCCii syltlicsi(l. Inleed, several 

Vears ago I suicccded inl bCedilg soic floutiy-2 hvb'ids having lysine 

contents ;as a )c '(clttage of div weight) that were 50 ( higher" than the 

opat(tld- 2 hyliids being tested. 
E. T.T h(eltz tcst(d these hlbI'ids ;tnd fI'ntMd that these higher-protein 

flouir'v-2 hl'rids would not suistainta g'owtl riate for weanling rats that was 

highetr ihai that stlstained ib an opaque- 2 hvb'id with only 67(/( ias ntch 

lysine and tIVl)tol)laln. 'lhe reason(s) for the biological value ofthe floutry-2 

hybrids nrot e(ualing the valuie predi'ted fiot chetnicitl analyses of' tile 

limiting esstillialaailinto acids is stillaimnystery. 11. (). Eggtinli il (openhagen 

has Foulnd that th. flot t\-2 hNbt'id utilied inl these feedin tiials has e(ltqal 
availability of' atttillo aci(ls anl equal nictabolizable energy when cotliparcd 

with the opat(lte-2 hibrid. "lhesc observations now make it uniclear whether 

using the ilouty-2 gene is tie answer to raising the total lysine level in 

high-quality protein maize. 
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Still another approach toward improvement is the incorporation of genet­
ic factors that change the proportion of tissues within the seed, where these 
tissues have quite different protein compositions. For example,in stocks that 
have seeds in which tile emlbryo proportion call he increased through genet­
ic factors, there will be an increase in tile content of, lysine and try ptophan. 
We also are exploring tlie genetic Iackgroin(ds that condition the develolp­
nent ofalternate florets, providing greater surface area perlunii weight and 
a greater amount of protein-rich aleurone tissue. A third possibility of' 
changing the proportions of the various tissues inay be Found in tile domi­
nant factor conditioning multiple aleurone layers ill maize, as reported sev­
eral years ago by N.J. Wolf and NI. S. Zulher. Illour recent work we haw 
found that this factor reinforced the effect of the opaque-2 gene, bul not to 
the extent that we had hoped. 

In the third stage of investigation into improving protein quality. we can 
assess tile feasibilityv of, selecting fOr aii Cthanced content of one amino acid 
alone. Let mle almplify brietfly oi this parlicuilar point. When tile level of a 
particular ainiito acid is altered by a ma jor gene (opaquw-2 or floury-2) or 
selection for polygeites with less proinoiuitcedeffects, we Itay be selecting Fi 
a target anlino acid, butl cilteolltllsof several other acids itay vary. Almost 
all the amino acids are proleii-b)unld. and the amino acid sequence lir"a 
protein isspecified b thc siructitlral gene for that particular prolein. A 
mutational event may halter the aitijito acid a1la parlictilar position in a 
polypeptide chaiit, hlut this is hot capable of having a significaltt effect on tile 
overall amino acid composition of the strail. 

We have knownt for several Nears that the Inet effc( of Ihe fl(,mrV-2 or the 
opaque-2 genes is to depress the synthesis of' the lvsinte- and tryptophan­
poor zeinl fraction. As a secndalv ( 1cons ltelice of" Ihis repression of zeiti 
synthesis, there is a cotcoillt lctiti of otlher fractions Ilat haveeltaitceie 
gr¢;ee (lantiites of lysitte andl irvl)tol)hlta. At1the sanlt time., hetcause, of'the 

change in )roportiont of several proteins, tlcse tiluatl sshow an intcTease ill 
tlhe allnOlg tols);Iplltt;I argittit. and glycine fthat is presetnt and a decrease 
illth alniotint of leiciite, alanitte, tyrosine, ancd pheiylalaimiie. So, although 
our attenlion has ben foctised on lysitie and Iryptoplian., lie limiting 
essential aitito acids, there Ias beeit a chatige in colittill of several other 
acids wilhin lthese ittutatits. 

The finding that lie free amino acid pool illseeds is low indicales 
that the syittlhesis of lilese aittitto acids is regulated iy tile requiremetit 
f'or their participlalion in protein Sxnlhesis, adl( in the oilier reactions 
illwhich they 1%ay participate. The ittechanisins that regulate the con­
tent of' these aimino acids are those of feedback inhibition itild/or repres­
sion of eizynt sN'lthcsis. What would happellt. however, if tile regulatory 
mechanisms o ilthI)iosIileltic palhway leading lo a Iamlicilar ailino acid 
were disru)ted? Assume thati this (lisruption worked so t.'.t synthesis of' ihe 
amlino acid would not shtil off when a suifficient qtlailtitv was availahle for 
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incorporation into the proteins being synthesized. In effect, the plants 
wouIld he overp)rolducers of' that particular amino acid. Such variants have 
been f'otid ill bacteria andol recently have been observed ill higher plants. 

There is atctive interest in investigating the possibility that such mutations 
might have irutritionally significant consequences in higher plants. Brock, 
Friederich, ant' Langridge in Australia have initiated an investigation of the 
possibility of lysi'ne overproduction in plants ail have utilized a very in­
terestinig approa h11to the problem. Higher plants sytliesize lysine by the 
same path .'my as does tile bacterium E.scherichiacoi Therefore, using E. coli 
as a model systl nid empjloying a growth-inhibitory l7sine analog as a 
selective device, they have asked how many mutations are ieeded to develolp 
strains thai are ov'erl)nodtLc'rs. Their tentative conclusioni is Ihat two niuta­
tions are icded lo e''Tct this sort of' change. These are mutations in the 
genes colitng [0r the aspartale kinase allozyme that is specific to lysine and 
tie dihydrodi picoliiic aid sytihetase. Two mutationial events are necessary 
becatse of' the branched pathway leading to ly'sine synthesis. With this 
backgrould garnered From studlies of' the E. c)t system, Brock and his 
colleagues now will proccd to Ilse tile same selective sieve to investigate 
possible lysitle overprolucers ill barley. 

At the recent 12th Iternational Symposium ili Basic Biology in Cali, Co­
lonibia, Peter Carlson reported the isolation of three inethiouine over­
produ'ers in cell ctlturs of \'irtiana tabacum. These iethion inc over­
producers also werc sclccled by tleuir resistance to a icth iolline atialog. 
Carlson reports the rcconstitutio fiFrom these cells of' plants that are viable 
and alplr'cntly hcalthy. This is a most imlportant demonstration, since it has 
not bleei appalctl that such disrtuiiots ill the biosylthetic mioie(lianisi of'a 
phtt would he viable, or. if' viahltc, that they would be thrifly plats. 

These atre welcome effOrts to utilize the milost modern techniques to itli­
prove riotein qutality ill plats, but must still be seen its future considera­
tions. For wei hil laeilcans ftoWtc markedly improving maize proteinwe 

qumlit y. The iml ediatechallenge is to make these iiprovetnetts available to 
the people who cali benclit [t-on such Changes. 



USE OF GENETIC MODIFIERS TO OBTAIN 
NORMAL-TYPE KERNELS WITH 
THE OPAQUE-2 GENE 

S. K. Vasal Maize Breeder, CIMMYT, Mexico 

Worldwide interest has been generated by the finding that normal 
maize endosperm protein quality can be upgraded genetically, using tile
opaque-2 gene to enhance the levels of two limiting essential amino acids,
lysine and tryptophan. Although a very wide range of' genetic materials 
has been converiec Io opaque-2 inI R[ellt ears in] different parls of tile 
world, commerciral prodiction of opii(aue-2 naiie has inoved slowly be­
cause of' specific problens associated with this t l..,of inaize. Tlwo ma jor
problems hampering progress are (1) file re uced gaiall yield of con­
verled materials and (2) imiaccepltalilitV of ithe floury-t YlC etldoslwern of 
opaqlue-2 kernel,. 

It has been fotill( llt lte prolen o! low gialn iehl of ojpa(iue-2 (oln­
versions cai be dealt with speedily aid eiffu, ively mihlough breeding ap1­
proaches, such as (I) extensive stiellilg of bltelgnigticli( tIlatials inwhich opaque and their ioiial (11; it, ri tllni I erie ls weigh about the sa e,
(2) practicing selclioi for bettLei Ile lest wighl dit ig ba lkiossilig
and segregating gelliatiois, aid (3) selu.liioi mil illod ilicis that afftl
kernel iesi weight (t) and pliciioipc of olpaqc-2 kei iils (i). i silig any of,
Ihie ipptoaclies alone ol oi~lllialtil, likch tihal paquie-2ill il selml 
varieties and hybiids tini be developed lim .in ((111t)ll.H. e(oolicallv 
witi any Cotliiiecial varielv. 

The second loblein, the floury llltotype of opaque- kernels, varies
in different parts of' tile world, dependiiig iiul)i tie lpref'erence of the 
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people for a particular grain texture. In the Andean region, where farm­
ers already grow varieties with a floury texture, opaque-2 conversions of 

these floury materials should not pose any acceptance problems. How­

ever, wherever farmers have a special preference for growing hard flint, 

yellow or white maize varieties, the opaque-2 kernel's (lull, chalky, and 

lusterless appearance will probaly be a major hurdle in gaining accep­

tance of this maize type. However, it is felt that this probletu can be solved 

by capitalizing oil modifier genes of' opaque-2 locus, which change the 

floury phenotyp of opaque-2 kernels to i more vitreous and translucent 
Onle. 

The first rcport on W(litiefd phenotype of opaque-2 kernels was pub­

lished by Paez et al. in 1969 (6). They reported that the lysine content of 

modified kernels did not differ from completely opaque-2 kernels. Also, 
the opaque and vitreous fractions of' nlodified-phenotype opaque-2 ker­

nels did not differ in ]l'site content. Similar mo(lified plhenotype has beet) 

reported1 I)byPollacsek et il. (9), hllu they fouid about 2-0'7 suleriority in 
lie lysine of' opaque-2 liies comn pared with v'itreous iortmial coil titerparls. 

Modified pheniot ypes have also been repuortedl b Vasal (l0), by oy and 

Villegas (7, 8), and Iby Annapurna and Reldy (2). 

Maize breeders il (Clfentif) hnteltiaciotlal (le ,tioraiilieilto (e NMaiz y 

Trigo (CIMMYT) have olbser'ved iodilie(l-lihenotype opaque-2 kernels 
since 1969ll.t ate attemtiting to exlllit this vairiabllilitl)y investigating 
fundaiielital lrolblemis reliting to kernel aplxiratice froi) the amceptance 

point of' view and gatheritig basic intfoilUation ti tile breeding p)t'ograiti. 

The following dis(lts.ion provides rtief ietilion of some of 0ou observa­

tions over tile past 2 years. 

VARIATION FOR KERNEL PHENOTYPE IN OPAQUE-2 
CONVERTED POPULATIONS 

We have obselve I (olsidlalle v'ailation in opaque-2 phenotype dur­

ing coive()l i ll t t(lillial tiai/- varieties to tpaque-2 varielies, and also 
duing see( in'teases of( o;i lle-2 tiaterials, depienditig oil Ile degree 

and (list riblltoti ll ithe ltaild-'idospeitti fraction ill liie etdospernll of 

opaqjiie-2 kei titIs. lwo liodi assiti(,liot s ati lit made witlhinithis varia­

tion of' J)ltulot ll) s, i 'gttlim aindI ill egiila. 
lii tie iegtilatl gioulllig, ihe letaid Iloitit is hImated towaid the lop, or 

ciowit, of the iet t-, ilth the ojllte ftitlill lo(aled ticate tIhe base. 

Fotr the t.gilai gitip w, (ii iitik' ImO iddliiiial ( 1 ili( atiotis: (I) vit­

mOlil of ttitlitent i( iol , whidhii' ( il.r aind (lii( thoseli0 It I, atttd (2) 

fractiotis wlli t e dull aitd shilbbi. We have ohiSt'lel idll glIeS of' ('Otl­

tiluous valialioti ill lte iegulal gloup. Vilteoustie talailged fiolli i very 

smtall fiactiot l tihe op of tie et ied to almost iitial looking kernels 
having no opaque friaction identity at the laae, 
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Within the irregular group, the vitreous fraction may be located irregu­

larly in different parts of the kernel. This fraction may be described as (1) 

scattered when the vitreous starch granules are found as small specks 
throughout the floury endosperm, (2) banded when the vitreous fraction 

appears as a small central transverse band in the center while the top and 

basal fractions are completely opaque, (3) bridge or saddle when the vitre­

ous fraction is limited to sides of the kernel, or (4) vitreots base when the 

vitreous fraction is located toward the base and the soft opaque fraction is 
located toward the top. 

In general, the regular Iard-endosperm pattern is more commotn, al­
though irregular patterns do appear occasionally in some materials. 

VARIATION IN FREQUENCY OF MODIFIED-PHENOTYPE 
OPAQUE-2 KERNELS IN DIFFERENT 
GENETIC BACKGROUNDS 

We have observed that genetic materials differ considerably in their 

ability to show opaque-2 modifiers. Some materials produce modified 

kernels with a high frcqtaency; others produce few or none. In 

CIYNINI"l's breeding program, soine promising materials that merit spe­

cial mention are l'I)(MS) 6, iuxpelio-Ant. (po. 2, Ver. 181-Ant. Gpo. 2 
x Ven. I opaco-2, Cubatn materials, Composite K, CIN!MXT opaque-2 

conioxsile, lhai opaque-2 coinposite, and Nicarillo. 
This differential behavior ill throwing varying frequencies of vitreous 

kernels sugge-.t s that, during e.'olut ion, these maize varieties may have 

accumulated varying numbers of' modifying gene complexes that would 

be less desirable in a homozygous recessive population for opaque-2 gene 

(I). 

RELATIONSHIP OF KERNEL VITREOUSNESS TO 
PROTEIN, TRYPTOPHAN, AND LYSINE 
CONTENT IN OPAQUE-2 
CONVERTED MATERIALS 

Opaque and mmolified-phenotype kernels from 20 half-sib segregating 
ears were anialyzed tn (etermine ihe relationship of kernel vitreousness with 

protein and lryptollhan ('oltent. The results are presented in Table 1. 

Modified kernels generally had higher protein than opaque phenotype 

counterpa rts. The percentage of' tryptopian in protein, however, was 

superior ili opaqiies as compared to modified types, and the superiority 

ranged fron 1.26 to 41.891,. Ilowever, in some ftunilies the decline was 

almost negligible, and these families should le of' great interest to breeders. 

The relationship of' the percentage of kernel vitreousness with the per­

centage of protein and the percentage of tryptophan in protein was inves­
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TABLE 1 	 Comparison of percentage of protein and tryptophan in protein of 
completely opaque and modified phenotype opaque-2 kernels selected 
from different half-sib families of tropical opaque-2 composite 

%Protein in endosperm %tryptophan in protein 

Family Difference Difference 
number Opaque Modified % Opaque Modified % 

Half sib-63 9.88 9.75 +1.33 0.89 0.86 3.49 
67 9.13 8.94 +2.13 0.82 0.80 2.50 
69 9.00 9.75 .8.33 0.84 0.66 27.27 
79 9.19 10.63 -15.67 0.89 0.66 34.85 

125 7.63 10.19 -33.55 1.05 0.74 41.89 
144 7.00 7.56 -8.00 0.96 0.99 -3.12 
147 8.25 9.00 -9.09 1.09 0.91 19.78 
151 7.75 8.13 -4.90 0.90 0.87 3.45 
159 6.44 7.25 -12.58 0.98 0.87 12.64 
162 9.19 9.75 -6.09 0.97 0.82 18.29 
164 8.88 9.38 -5.63 0.72 0.69 4.35 
175 8.38 8.25 +1.58 0.80 0.79 1.26 
196 8.50 9.25 -8.82 1.01 0.90 12.22 
250 9.13 12.88 -41.07 0.72 0.53 35.84 
278 8.50 8.31 +2.28 0.88 0.84 4.76 
279 8.38 11.38 -35.80 0.93 0.73 27.40 
292 11.25 11.50 -2.22 0.63 0.60 5.00 
297 9.13 9.38 -2.74 0.78 0.70 11.43 
118 10.38 11.13 -7.22 0.84 0.74 13.51 
101 9.75 10.50 -7.69 1.07 0.78 37.18 

tigated further, using five categories of kernels, ranging from category I 
(100% vitreous) to category 5 (0.0% vitreous). These categories were 
made from 10 different materials and then analyzed for protein and tryp­
tophan content. Trhe results are presented in Table 2. it some materials 
there was a consistent trend: as vitreousness increases, the percentage of 
protein increases correspondingly. The other materials failed to show any 
regular trend, but modified kernels (categories I to 4) consistently had 
higher percentages of protein than did category 5. The percentage of 
tryptophan in protein showed a consistent decline as vitreousness in­
creased in Composite K. Other materials, however, failed to show any 
regular trend. The percentage of tryptophan in category 5, however, was 
superior to categories 1 to 4 in all materials. 

These kinds of differences suggest that the vitreous sectors of 
categories I to 4 do not differ in the percentage of tryptophan in protein. 
Whatever differences occur within categories I to 4 can probably be attrib­
uted to the percentage of vitreousness in the kernel, rather than to dif­
ferences between vitreous fractions among categories. 



TABLE 2 Percentages of protein and tryptophan in protein of different categories of modified-phenotype opaque-2kernels selected from different opaque-2 populations 

% Tryptophan in protein in various% Protein in various kernel categories kernel categoriesNo. Material 1 2 3 4 5 1 2I Composite K 8.79 8.29 7.75 7.59 7.47 0.65 0.682 PD(MS)6-Gr. Amar. 0.75 0.79 0.8811.07 10.50 10.25 10.44 9.943 Composite Blanco Car 0.87 0.79 0.85 0.85 0.9310.29 10.25 9.58 9.254 Tu.pen--Ant Gpo. 2-- 9.99 
8.88 0.70 0.84 0.81 0.78 0.809.84 9-65 9.0"; 0.795 0.79 0.82 0.85CLNI~fYT Opaque-2 Composite 9.36 8.56 9.07 ­

6 8.69 8.05 0.55 0.72 0.71Thai GpAque-2 CZomposite 8.58 8.50 0.77 0.878.43 8.82 7.86 0.827 Vtr. 181-Ant. Gpo 2 X 0.80 0.83 0.82 0.939.04 8.72 9.06 8.90 8.71 0.62 0.63 0.70 0.74 0.75 
Ven. I opa-o-28 Yellow hard-cind,,sperm 7.82 7.16 7.36 7.88 7.33 0.92 1.00 0.94 0.91 0.98Compositr9 Ant. Gpo. 2-1-3-2-- 8.98 8.80 9.24 9.07 - 0.76 0.87 0.88 0.84 -10 PDlMS)6-EtroCuba I IJ-Pob. 9.08 9.34 8.87 9.80 8.53 073Crist. I(A)-2--.= 0.79 0.88 0.86 0.83 

Note: Cateors- 1. more or less normal: 2. 75% translucent. 25% opaque; 3. 50y% translucent, 507 opaque; 4. 25% translucent. 75% 
opaquc; 5, 0. translucent. 100%opaque. 

0 

S 
(0 

1% 
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TABLE 3 	 Protein lysine iand trypiophan content in whole endosperm and 
opaql~ue-2 lines 

I Aist Oll 

No. i.ii cliloIll'mi I..oI ()WILu 

I PI)(mS)6 11I 9.88 9.99 7.69 29.90LlI~albl II,44h. 

2 PI)(MS)6 hoCutma 1 j l'ob. 8.75 8.49 9.13 .7.54 

~ ub Ci~.*I - i9.42 10.21 8.43 21.11I. 
4 I[rope.it .. juqmiac 2 (>mril). 10.92 1 IM~ 11.25 2.84 

PROTEIN AND) AMINO ACID)COMPOSITION 
OF HARD AND) SOFT'FRACT'IONS 
OF MODIFIED PH'IENOTY'PE 
OPAQUE..2 ENDOSP~ERM 

4% ill 	 3II1141itiIll. 	 1 114'i.il mct jpli llivi I l 4lcs3 alld 41. fa l :1 hows lhat 

had jw14cp11C ll%11114 I 111.11 I Cll1.K111 ligl'. 111.1 did~lt~ie 22.IXe 

Ill 38,27'l 

il ' I b l e 1 4 . S m il f it I% I 1 Id 114 gil 11 1 % .11 1 1 1 	 l .11 11 14, 11 .4 " l i IdI 1 l 1 % . 'ill e .4 

Ictuoh 1141 lo. 14v~d m 1( r w il lc 1.1!lli m s m ltl1e .4 

111.4 11.11d 11.14 114114% i dw lk-I4 c'Ill.O mi 41,11, 	 111(114 . .11111'.411 4111141 ll 11 

'1111jl1~lIlI4% 1114c.1 1mvg 

I.IICli4' 11411 4l glp1(l1111m4,be411 4% ii heil 

age itI4Ilo g41 il Il 1dill ml 	 i I4lIs l Ill tj 

I 	 liii1 1114v14jl11.411l (al 

PERCENTAGF OF PROTIEIN FRAGtIONS IN NORMAL, 
OPAQUE, AND MOD)IFI EI).I I ENOT';E 
OPAQUE.2 END)OSP~ERM 

ellladI V/e4 lle 11414 eIIlIge 41 ll llii 

Ihie l'%IIII% ate4 %110141 ill 'I'ahe 5.~
 

141 i 	 ha-ionsi~I the cndlosjpcrm. 

http:I[rope.it


203 Percentage of Protein Fractions 
in hard and opaque fra'lcions of tie cnd)spermin selmrattly infour nflodified.I)heflotyl)e 

%'Tiyploph)ai in prolctin % lyIiint ii pohi-
Wl
h.Fracioni~ 
 lFrmlioll
 ............... lilhtrence 
 Whole. . .... .... ... l il-r,,..m 
.
endosplrrin ()p. t ILl.d (01) crnlchJlr rn (fU llard (%) 

0.70 0.,1 0.63 31.75 2.67 2.88 2.22 29.73 

0.87 0.87 0.77 12.98 2.81 3.30 2.60 26.92 

0.73 0.72 0,55 30.91 2.73 3.36 2.43 38.27
0.76 0.85 0.63 34.92 2.87 3.65 2.98 22.48 

The opayu(e and mo)difie'd op;it.( Samplhe, had .lmo(.i.id-,,oduhlt ald 
glutluii I.;fimtImt1011%ih(le 1101 hid1 ,adiphl.% ill Ilie two l)IIlatioIIs.zei, il ."S',, oipatl'll.Ihs ~IIll alld moi<lle~d oilqtu Siallpl, than ill 
the limlill Samleh Illhboth dhic po<pulails~,. (ompislal )anlIs i lit It,,ii I fle(oplaqlueh ( Ilc(I , thi lt I I , %lilue(IdI)Ie%11i 

atIhl-%iduhhlle a11 gilhil itli4)ll% (h' IC'ase(l, whil /ill IiItlioll ill­
(IPJCls(d, Ill))h Ii111.'l Llk. 

,1 Amino a( i(Ir(tJltp)osiliohl iii proul.in(on(I05l)trlnTABI 
ill hard ,and )paqluC 

Irat lions scparatllhy in four rnuoddicd ih(nIJI type ()1i)d(IUC.2 linies 

(i) (2) (3) (4)
I. t Ii.Ill I .a l Ioll r (liml, Ir.t tlionA min o at ilh .... . ... .. ... .. 


in prt'in Ot,,p1" Ibid ()pa tn IHard ()llurt IHardI ()ill) I ard 

Lysinr 
ilisltiine 

Arginint 
Aspartk at id 
'rhrrconim 
Srille 
(lulamit atid 
Proline 
GI;yiinc 
Alanint 
Cislrint. 

Valinc 
Mehi.nimn 
solcutant 

Lcu(ijn, 
Tyromine' 
Plhnylalanine 
Tryplphim 

2.88 2.22 
3.06 3.75 
3.94 3.81 
6.26 5.75 
3.26 3.67 
3.83 4.52 

16.09 20.59 
9.29 10.61 
3.77 3.72 
5.20 6.40 
1.38 0.77 
3.43 4.30 
1.56 1.26 
2.00 2.82 
11.00 10.98 
2.60 2.77 
3.25 3.94 
0.70 0.63 

3.31) 
3.4 I 
4.46 
7.36 
3.4A 
4.0t.1 

17.25 
8.17 
3.92 
5.54 

5.042 
1.119 
3.30 
9.17 
1.11I 
3.78 
0.82 

2..00 
3.78 
4.12 
7. 5 
3.4 
4.2) 

21.6,8 
10.319 
3.') 
6.7-1 

.418 
5.11 
1.18 
1.17 

10.945 
3.0 , 
4.12 
0.9 I 

3.36 2.43 
3.38 .5 
1.119 15.45 
7.19 7.98 
3.42 '3.61 
3.8t . 4.32 

16.70 25.21 
9.05 10.9)8 
3.81 3.71) 
5.20 7.14 
0.24 1.42 
1.82 ,4.86 
1.51 1.32 
3.02 3.13 
8.28 12.32 
2.2.1 1.41 
3.4r, 4.32 
0.85 0.65 

3.65 
1.70 

5.15 
7.58 

4. 1)1 
4.58 

17.55 
9.79 
4.62 
5.88 
1.11 

1 9.40 
1.57 
3.06 
9.62 
2.85 
3.99 
0.84 

2.98 
3.61 

4.24 
7.57 
368 
4.39 

20.62 
10.37 
3.90 
6.42 
0.84 
4.71 
1.30 

3.16 
11.23 
2.5) 
4.12 
0.72 

Note: Column (1) CI)(MS)6-Ei,+Cu~a-I',h.Cris[. I(A)-I.#-#; (2) II)(MNS)6-EIo-Cu a I IJ-Pob. 
Crist.-I- I-#-#; (3) Pob. Crist. I -#-#-#; (4) (Tropical opaquc-2 (omp,+il(e 163-6-1-1) , I')D(MS)6-
Gr. Amar. #-#-#-#. 
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TABLE 5 Percentage of protein fractions in normal, opaque, and modified-phenotype opaque-2 samples of two 
populations 

%Protein fractions in endosperm 

Type Acid soluble Zein Glutdjns
ofPopulation sample Actual %of normal Actual %of normal Actual % of norma] 

1. Ver. 181-Ant. Gpo. 2 X Ven. 1 

2. White composite 

Normal 
Opaque 
Modified 
Normal 

27.0 
39.7 
35.0 
32.5 

100.0 
147.0 
129.6 
100.0 

42.3 
24.2 
26.3 
45.2 

100.0 
57.2 
62.2 

100.0 

19.8 
31.3 
29.3 
19.0 

100.0 
158.1 
14&0 
100.0 

Opaque 
Modified 

35.0 
33.5 

107.7 
103.1 

25.4 
26.7 

56.2 
59.1 

31.4 
28.5 

165.3 
150.0 
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Five categories of kernels, ranging from completely o)aque to coI­

pletely vitreous, also were analyzed in two populations for' the percentage
of protein frlactions in tile enlospern l. The results ale shown ill Table 6. 

Acid-soluble fi'actions inthe fitst population showed a gia(dlual decrease 
as vilreousness ilicreased (except kernels with 25/( vitireousiless in Vet. 
181 - Anlt. (;po. 2 x Ven, I opaco-2, which had about the sanme acid­
soluble firactioln). In the white hard-enldosperllinclposite population, the 
categoriei had similar acid-soluble fiactions. 

Zein t'raclioiis did nol show aniy regular trend, althougli all the villeous 
categories had higher zein f[tactions than did the opaque phenotype in tile 
white hard-etidlosperil coniiposite. 

Kernels with ;ivarying peiceiitage of' kernel viilreoustiess were lower in 
the gluteliti fraction than opaques, lut these kernels showed no regular
trenl with increased vill eousness in tile while liardl-elilospel'nl coinpos­
ite. InIVe. 181 - Ant. Gpo. 2 x Ven. I opaco-2 popilation, only tile 
100%, vitreous class was hlw when conlpared to 0.017 vitreous kernels, 
whereas all other vitreous classes were higher in glutelins. 

RELATIONSHIP BETWEEN KERNEL VITREOUSNESS 
AND TEST WEIGHT IN MODIFIED-
PHENOTYPE KERNELS 

The I00-grain test weight of' opaque and niodified-phenotype opaque-2 
kernels with ,50to 7597 vitreous fr.action was obtained in several materials.
 
Tile results ale shown inTable 7. 
Ingeneral, there was an increase in the
 
test weight of' modified kernels over tie opaque phenotype, but the per­
centage of increase va ried considerably fion one mnatetial to anotheir,
 
ranging front 0.73 to 10.58(7. The dlata stiggest that selection for vilre­
ousness iliay help overcome the yiehl blarrier iii somie genetic itaterials,
 
but not inothers. Also, it al')Cds that sonie miodifiers iniay influence only

phenotype, while others miav it
iffc phenotype as well as keriel density.

There also is a possilility that there iiay 1 e a separate group of" nodifiers
 
affecting only kernel density, as has been suggested by Bautinia 
 (3). 

RELATIONSHIP BETWEEN KERNEL VITREOUSNESS 
AND GERM SIZE 

Table 8 shows the results of incorporating the opaque-2 gene in normal 
maize iiaterials, all increased percentage of contribution of*germ to the 
total kernel protein, with this iticrease varying tremendously atrong Ima­
terials. The increase in the percetitage of' contribution of' gerl to the total 
kernel protein cati be attributed to the increased genin size. 

The percentages of contribution of gerin to the whole-grain protein in 
opaque and modified-phenotype opaque-2 kernels are shown in Table 9. 



TABLE 6 Percentage of protein fractions in opaque and modified phenotype opaque-2 kernels with varying per­
centage of vitreous endosperm 

% Vitreous % Protein fractions in endosperm 

Population 

1. Ver. 181-Ant. Gpo. 2 X Ven. 1 

fraction 
in kernel 

0.0 

Acid soluble 
Actual % of normal 

39.7 100.0 

Zein 
Actual %of normal 

24.2 100.0 

Glutelin 
Actual % of normal 

31.3 100.0 

2. White composite 

25.0 
50.0 
75.0 

100.0 
0.0 

25.0 
50.0 
75.0 

100.0 

39.8 
37.5 
56.8 
36.0 
35.0 

36.0 
34.2 
35.2 
34.6 

100.2 
94.4 
92.7 
90.7 

100.0 

102.8 
97.7 

100.6 
98.8 

22.6 
23.6 
25.7 
27.0 
25.4 

27.0 
30.3 
26.5 
27.9 

93.4 
97.5 

106.2 
111.5 
100.0 

106.3 
119.3 
104.3 
109.8 

34.0 
33.8 
33.3 
30.0 
31.4 

30.0 
30.8 
30.0 
29.3 

158.6 
108.0 
106.4 
95.8 

100.0 

95.5 
98.1 
95.5 
93.3 
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TABLE 7 One-hundred.grain test weight of opaque and modified phenotype

opaque-2 kernels selected from different opaque-2 converted materials 

Family - 100-grain test weight (g) 

No. Material 
or 

car Modified Opaque Increase 
I PD(MS)6-Eto-Cuba I IJ-Pob. Crist. 3 23.10 22.i 3 1.62
2 PD(MS)6-Eto-Cuba I tJ-Pob. Crist. 4 30.30 30.00 1.003 164-3 Cat. I (ii)-2-1 2 29.00 27.83 4.20
4 La Posta-6-1 1 20 ,0 18.92 5.705 Flint Comp. Amariflo-6 I 2b.. I 25.42 10.58
6 Nicarijlo-#-# i 28.70 26.49 8.347 Composite K 514 25.71 25.45 1.02
8 Composite K 515 28.46 27.08 5.099 Composite K 517 23.04 22.07 4.39

10 C)mposite K 518 27.30 26.59 2.67
1I CIMMYT Opaque-2 Composite - 28.89 28.68 0.73 

TABLE 8 Contribution of germ to the total kernel piotein in different maize 
varieties and composites 

%Contribuliol of gcrm 
to total kern'l protein
 

No. Material Opaque Normal 
 )ifference 

I Vijay 19.8 10.4 9.4
2 Composite A2 25.6 0.! 15.1 
3 J 27.7 10.9 16.8
4 Usatigua 20.5 10.6 9.9 
5 Cupurico X Flint Compuesto 27.1 8.2 18.9
6 Centralmex 22.5 7.2 15.3
7 Compuesto Blanco Caribe 24.5 10.6 13.9
8 UPCA-Variety 2 29.8 9.3 

9 B, 6 (yellow) 27.9 

20.5
 
10.9 17.0


10 Compuesto grano duro 35.3 20.2 15.1

11 Mix. I -Col. Gpo. I X Eto 20.4 11.5 8.9 
12 Granada Gpo. 2 34.3 9.5 24.8
13 Cuba 11.1 24.7 15.2 9.5 
14 Ver. Gpo. 41 16.0 11.5 4.5
15 Nicarillo 29.0 23.6 5.4

!6 lowatigua 
 21.5 18.2 3.3
17 Tuxpe~fo F.F. 12.8 9.7 3.1
18 Tuxperio Cr. 1 13.3 10.6 2.5

19 Amagaccno 
 11.1 7.4 3.7
20 Composite AC 9.8 10.4 -0.6 

The percentage of contribution of germ to the total kernel protein
showed no regularity. The data may suggest that germ size also may be 
influenced by a modifying gene complex.

The preceding data allow these conclusions: 
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1, Kernel vitreousness in floury opaque-2 endosperm is influenced by 
genetic molifiers. 

2. Modified kernels with varying degrees of vitreousness in the endo. 
spermn generally show ,t increase in tie percentage of protein, with a 
slight decline in tie percetiages of tryptophan and lysine in protein. 

3. 'he percentage of iryptophan in protein in vitreoius fraction seems 
to be independent of the degree of vitieousness, and those differences 
occurring between kernels with varying fractions of hard endosperim tiay 
be due to differences ill ilie ratio of hard and soft endosperin fraction. 

4. Hard tractions of niodified-phcnoiy'pe opaqtle-2 enlospelrii differ 
froln soft fractions ill having nore protein and less tryptophan and Iysine. 
However, variation ioes occur, suggesting Ihal still giealer varialli illay 
be found between Ihiese fractions. 

5. )ecreases ill lysine aid trsptophaiil folnd ill inodiOled lyt)es as coli­
pared !(o opaque ty pes stei i to lie titte It) iicreaseti zeini fracliols. Alilio 
acids, stlch as gltaiiic acid, leucine, alaniiie, and tylosine, showed ati 

increase also. 'Ihese findings seetli to indicate that tile Iiiode of actioi of' 
iodifiers is opposite to tihat of the opIaqtc-2 gene, at least ini materials 

where lysinme alid iryplopliai lend to decrease. 
6. Increased vitireouislless title to tiixlifiters shows io regular associaliol 

with increased test weight oft lie kernels. 
7. Gerni size seeiis to ie influenticed by moio(difying gelle action. 

TABLE 9 	 Effect of selection for lard cndospcrm on the contribution of germ to 
the whole-kernel irotein in opaque-2 converted materials 

IAcontributiion of germ 

I whole-grain proteinEar or 
No, Niaterial family no. Opique Modified Difference 

I Composite K 118 22.01 17.92 44.09
 
2 Composite K 4 20.55 14.41 +6.14
 
3 Ver. 181 -Ant. Gpo. 2 X Ven. I opaco-2 8 33.37 26.13 +7.24
 
4 PD(NIS)6-Gr. Amar.-2-1 I 22.00 14.67 +7.33
 
5 Thai Opaque-2 Composite-I 1 17.56 13.38 +4.18
 
6 Nit2rillo Self1 24.75 18.01 +6.74
 
7 Flint Compuesto Amarillo I 28.08 24.38 +3.70
 
8 Eto Ilanco I 24.17 18.37 +5.80
 
9 Composite K I 13.59 15.07 -1.48
 

10 Composite K 101 28.21 32.10 -3.89
 
It Ver. 181-Ant. Gpo. 2 X Ven. I opaco-2 3 11.87 18.73 -6.86
 
12 Nicarillo I 25.99 33.55 -7.56
 
13 Antigua Gpo. 2 2 24.31 25.78 -1.47
 
14 Ver. 181-Ant. Gpo. 2 X Ven. I opaco-2 4 15.54 17.85 -2.31
 
15 Thai Opaque-2 Composite 4 17.07 18.03 -0.96
 
16 Thai Opaque-2 Composite 	 2 16.41 17.31 -0.90 
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INHERITANCE OF OPAQUE.2 MODIFIERS AFFECTING 
KERNEL VITREOUSNESS 

The v.rilation ohserve( lot kernel vitic 5slcSS follows ; (: ItlllIotIs 
pattern, suggesting thaft lh+ mode of inheritaice f lio' tsegelletci(1ol­
iflets is com~iplex an( tindIer jInygIlli(. ( ,)21124. iniiliftalte p);11tcll If,Ail 
kernel vitreousness (01lled(I I) i, mod(1ilsi gg , (ge)nt.jile)xvelopedl w (Ic.by, cho)osing eight lill~s allI (clossinilth, e alliong IIh(,1+eh'ts 
to pro(duce all )ossil)e 28 F, (lo sses. The ieatn krllel vitt'oisiess filt­
ings of parutis .(I ite 28 F, (losses ;It(. pleselIe( it a liallel table ( .able
10). KertnIel viteol.tisess in ||0difl e((-lhienoNi)e o)taq ue-2 ke.inils wis 
ratcd o)3 a mtale of I to)5 (i indicates mtre o Ioss 1101 iii=i; 5 iin(Iites 
C(oilnliel y opaique).

As suggestied by llailan (4, 5), various sltlisii( wete al ila(l aid 
USed t) Iraw ,a r - I"'r glaplh all to estillli. liffe(llIt (oIl|li<)leInts of, 
genc.i icvai'iii)(t.

The ', - It', giah)h is Sh)wnI ii lligult I. Ih le('g |(ssiol ()effi(iettt
(eviate(l significalltNlv ft(li /ero, biut no4)t l11)3 lillith. The o)lserved( e­
gressiol lint. (titi axisthe W,. a [l)t.the plill of 4)ligill, itl(illiing paltial 
(loiliula et ill Ile expression| of ke nel viileomstilss. lh, )2t(( 4)1f al;a'VI 
l)oints alonig td)l vbl'd wgiessli lirae indicated lt. Ie'late 1)|o)opotioI
of (loili|lal|l aniid e(V( allelcs 'I.lh(- poitis with lom.u %allies of I'", and 
'r aid(lo t. lo 11 30 

illil allhles. Ih if(poilu a 

dwt i)4)illit f 4) igin %ill h1 %-l l. 1 Ill1lilKb.l of doi i-
OlIhe .f111cil( of Il1 le gI(. 50l)1 lille will 

have a illaxillll il)t tI u1 eof is( allhs. P.1lv(ills V1 aId I", sell 14)
have 1 il illl llll hl ) (f1 (lo)lfllilillll gvIles:; (I .a . 11,' .i l ' m iltllxili llllll 

I1ti1)i Of 1e(esive gelles. 
The estillales of (liffelellt (oPIlj))ll(Ili. (f gelle'li( .1 llul(" ale slholwlI ill 

Table 1I. The additive sati,:I( s(eitls IIobe i illi)oli) lli0 illall dolni­
nalice vsarialu (l1, ,lII12 l.. ibe ' rslie (ill illdi(hol ofI (-liive I Ieq('I,|i(c
oft(olIllilnls 5(1,rsl5 'sshse alleles i:1 t'ie)|ills) %%asulegaII ilicalithg,e, 


TABLE 10 Pairetatl., I, .111(Iarray mI14.lls i'r kcrvl Vilro)lltlltsS If )pa(lU..2 
crtdosperin ill tigh liine 

Parents P1 ') P1 I* I' i', 1. I', 
Array 
mean 

P, 
P2 

P, 
P. 

4.32 4.78 
4.50 

3.76 
4.52 
3.81 

4.48 
4.44 
3.86 
3.89 

3.78 
4.04 
3.85 
3.99 

4.22 
3.92 

3.55 
3.81 

3.74 
4.02 
3.918 
3.44 

4.05 
4.12 

(.95 
3.94 

4.14 
4.29 
3.91 
3.98 

P, 3.32 3.20 3.26 4.00 3.68 
P& 4.02 3.12 3.82 3.71 
PP, 3.23 3.72 

3.61 
3.56 
3.90 
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more recessive alleles than dominant alleles. The mean degree of domi. 
nance was 0,91355, calculated by the formula qI,/D)n/2 , again showing 
partial dominnci e The rat io4)1 4112(i/l,1) esthnllle the average 'etluetCwY 
of negative vel us ps alleIe, I1'hle (ist rib tioll is equal,)itive ill tie p1dt'lit, , 
the ratio should be (.25; if lw4gt.qual, it will he s.malletr. '11w' ciltilatel value 
was 0. 1555; ihu,, it was below (.25, sulggesting thatlle palclits p, 4)hdahly did 
n1ot have ek(lsl i,,ilrititll of ps)itie and tirgalive allhhs, 

MATERNAL INFLUENCE ON TilE EXPRESSION 
OF OPAQUE.2 MODIFIERS 

opaq e-2 ls. %% 4lifel-l.'l)hI('nl4)1 Weelt" ()lntel,mi l.ci Ihe lith )(5 
i ,olfflteg tilc V ,ltltt(l I b.le A gleater 

fteue.luN of With 4 )tltl)l4l] oI 
an t hei l i -14(14i )1 Iiis I.tt ill 12. 

vails N a )lhilIe phell4IllH tt'g atill{g 

l 'll , sed as%iheItype (tu,tht l )l (Vp. In("tIh 1lte) ) sal eli'ale 
patent. Ill Inetilp al (ltosses, silieu Ittoflil et1 pits Wele u Iselv1h)Wtl', 

tas Iemale pIellits, (vil WitlI )lhtt 'iI a1ndI st-gtegall I i)c %(s (e lnttitled 
Im1ote fiyItutnll. I hlie l('iltel u(tc I)etet le il)I14( 4,sses suggest 111i 

lernal itifltei(1( o1 cxpl o llil \it ess. beI l l5i4ll 4)1 tk l I Ili%(4)11141 
explained b) tle double totllibuti)ll 11)111 ilie ittatti1ial sile in tile 

Wr
 

.20­

.16 . P6 b 

12 ON*P 

.06­

04- p p 

Vr 

04 08 12 16 20 24 

* V, ,W, ntercets 

(V* I VOLO) V, intercepts 

FIGURE I V, - W, giaphital nal)nAis (kernel vitreousness in 
lmodified - pheniotype opl)ie-2 Cedoolll). 
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TABILE I I Elmiimeair of coinimil fl01nefic vaui~nurc 

1) a 0,1379 
F* .4),0715 

It, a 0.1151 
11, a 0.0716 

y~,7 - 0.9135 
11, 1411, , 0.1555 

TA11LE 12 	 Frequency 01' r~Ars widi different plienutypes in rri iprftlt-I rubel 

between oipAiluI. andi mudifird-fhirnusype oliatqur-2 itriAls 

I 	 P, x P, 56 40 
I, X P, 70 3 

2 II, x P, 94.4 5,6
a', xP, 61.1 56.3 

S I, x P, U. 8111 
P. XIIV1. 111.2 

4 P, x P, 9.1 63.6 27.s 
II, x P, 21.4 736 

5 II. x 75.0 16.7 83 
PI,x P. 75.0 5Al 

6 II. XP, 69.4 30.6 
F , 34.5 46.2 15.4

7 II. X P4 42.1 37.39 
P. x P. 10.0) 55,01 35.1 

3 	 II, x P, 75.6 21.4
 
II, x r. 61A
9A1 	 27.1 

r. IAI Aoi. G po. 2 X Vvii. I opa " 
2 X ~n I o." a.t2 1m d tod1 oi v p II, '111'" fpailur 2 ("N dliro 

Not re;11,.Vs 	 'i. 2 (4opa.qur ;dolio i I I , V#.o.I AI -An tp4o. 
r*.iv 	 phirot01V low II., C.I 

Opil2- (ratur IphtfI4*IYIrtI 

thi fiploiti 	fridol;ii 'ojur ae utu 11)0111mahkeup1 ofI 	 nl mic i h it hiiiiC 

POSSIBLE APPROACHES TO DEVELOP HARD.ENDOSPERM 
OPAQUE.2 MATERIALS 

SThe dull. dialk-likr jilitiolyjw ill o.Jj)tilr2 kct iorlit (-.fiI 1w imtptov1il 

Ilomui ltir of opatjue.2 kemli wrI vO.itivotli tic-T.Str etu im111)1ove 
ilrl entypjic appeat~l-aru (4II1ifetr1.th .111(1 loo11 *le like siot mal ker. 
lierl. I I4.weve il e probilem is (tuIliiicale IMrtC;iU3Cal '.ittoif~i,kiei it)d 
1101 IllimiItaiII Ifl)tiII (5U14ily ctjiivilfri it) th1ai of' tile ojuaque pheI84)yir, 
11)13 tiiomlicationi Ie~plites aI t)aUki) chriiicaI lfliIollory Iii helpjifile 

http:4II1ifetr1.th
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lItedef in tile screening of infxified.phenotype Oplaque.2 families, ot 
lines that have A'cceptatle protein, lysine, and trypl)ophan COntent. 

Alm), since mMifying genes affrcting kernel vitreousness show partial
dotiiiaice, it wlls* likely that breeding schIenes that can exploit additive 
getetic vatiance, such as full-Lit), half-sib, and S1, Would lw effective in 
accuinulating fequency of favorable Alleles in tile population.

Ilev dif'Icient general approaches have beef) used at CIMNIMYT to 
develop hald-vndospertn opaque-2 materials, including the following:

1. lto(nlit5isior, oJ Iitreous lines into popation. 11ari|-end)spernl lines 
sellecld lom a wide array of genetic ilaL,-rials. and shown to be superior 
in pIoteil contet aId quaity, ('atbwec0o1hifled to) develp hard. 
etdo -ti opaque.2 coltposite. Using this approach, we have developedl 
two ixpulatios: White hard-eldosperin opaque-2 cornJlsite. And Yellow 
haid-en ldosirn opaque-2 co posulte. The recomlibinled population [here­
after can hw handled through any one of tie population iluprovelnent 
bsellies, coupled with lalforatoly analysis. 
2. lnapo ukiton selection for hard ntelol'rm it opauar-2 ronverted
 

opulatiotwvo. This approach (cal bw used efkectively in opa(lue-2 convelted
 
Iop)ulmtiots that have a failly high fiequency of tnosliiedl.dpheiotyld
opjque-2 keiels. As a flhit %tel. ears cal Iwselected that are tIloslifted, 
or At leasm Segegating lor modified kernels. Modilied kernels can then be 
selected fiom each ear sciprately anil planted on ain ear-to-row basis. 
Alm), Aasample of 10 kevnels can e sillt fot laboratory analysis. If 
lahbtatolt anal sbe Ate availal,1. belole pollination. those families catl Ie 
dis-amtl-d whith Ate not in the aceptable rIange of' protein and tryp. 
iophan valhle. 'l-to.plo-lanl pollinatiotis m)ay be lestricted between 
seIected faMilies to deVelop full-sibl. At harvest, only gool-looking m(xl­
ified 3it%shotld IV wlecltfl. Kelfiels front each slected ear again are 
ot ted onl an illuminael gla1s screen, eviluated in a chemical laboratory, 

And planted in a hld ott all ear-o-mow basis for tnaking a new sert of 
full-s1ibc, We t4%r uwed this apploach with CO)mlosite K, CIMMYr 
O(m)Iue-2 COttlosite, and Vet. 181 - At. (po. 2 x Ven. I opaco-2. 
.,Creosrs of had endospvtm opaque-2 matrriais uth normal populations. This 

is a itulle tu kItos%Applo s It. lfatd-vndosplt Il segregates are selected 
I01 cacth sleggAting genIeration, evaluAtedI f*or prolein quality, and used 
filtsnakitng ( to illcach backcross. We crossed aloul 15itose ialt 
no10tual populAtions itodiffi-tll woulces of nlodifiers, And illF1 we have 

elrn able to iccovel intlifled kel nels front cacti (titIs. his approach 
should wotk vrty Well. 

We have at ululated a ail l high fiequency of ixlified kei nets in All 
Ilpoplationt handled by tie ful two) upptoahes. but there is still too 
linu h vatialioti in proteit. and it ypophan cl catter diagrattis (Fig.ontent. 
ltes 2. 1, And 4)show this variatio n lot jwrvetage of plotein and lpwuent -
Age of 1tplopiaa ill loleill frot tinte populations: White hald. 
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FIGURE 2 Scatter diagram of percentages of protein and tryp. 
tophan in protein in hard-endosperm opaque-2 populations: 
Ver. 181-Ant. Gix. 2 x Ven. I opaco-2. 

COMPOSITE K(HARD ENDOSPERM) C3I.I
 

(Based on 205 Full Sibs) 
I~lO .9 

0. 

-. :.. o ,1 

0.7­

0O.5- :" " . 
I­

-.9.I I I I 

6 8 10 12 14 
% PROTEIN 

FIGURE 3 Scatter diagram of percentages of protein and tryp­
tophan in protein in modified-plenotype opaque-2 population: 
Composite K (haid endosperin) (Ci). 

endospern coinixmsite, Composite K, and Ver. 181- Ant. Gpo. 2 x Ven. I 
opaco-2. The correlation coefficient (r) in all three populations was nega­
tive, but was significat in ComlX)Site K and Ver. 181 - Ant. Gpo. 2 x 
Ven. 1 opaco-2. 'Fable 13 shows the range and mean values for protein 
and tryptophan and the percentage of frequency of acceptable fiamilies 



TABLE 13 Ranges in protein and tryptophan values and correlation coefficient (r) in some of the hard-endosperm opaque-2 popu­
lations undergoing improvement 

Range in Mean Frequency 
No. of Range in Mean tryptophan in tryptophan in of acceptable Correlation 

Cycle of fullib protein protein protein protein families coefficient
No. Population selection families values (%) (%) (.) (%) (r) 

1. Ver. 181-Ant. Gpo. 2 X 3 390 5.12-11.88 8.48 0.51-0.96 0.70 58.97 -0.4675a 
Ven. I opaco.-2 

2. Composite K 3 205 6.56-12.50 9.19 0.51-0.80 0.65 55.12 -0.14 6 0a 
3. White hard-endosperm 1 153 6.31-10.63 8.76 0.51-1.17 0.75 77.77 -0.1150 

(opaque-2) composite 

a Significant at 0.05 probability. 

http:0.51-1.17
http:6.31-10.63
http:0.51-0.80
http:6.56-12.50
http:0.51-0.96
http:5.12-11.88
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1.2-

G 1.1 . (Based on253 Full Sibs) 
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o/.PROTEIN p-- e il Iw olation

FIGURE 4 Sea Ilteldi agra n of p~criciia gcs ))~oci aid Ir)p. 
tophan iii pIoi<ein iiin (Iile(I-j)hcioim )y)a( liie.,2 popitlalion: 
white hardl-cidl)slieiii <II).(it~e.2 (.i)j)<)siic ((C,). 

TABLE 14 IProtein Ilysiic and trypiojiihan in whole grain of opacjues and modified 
opaqiues in Iwo ])ol)ulaioniis 

Sample % in i 
No. Miaterial 'hcnotype Pr it in prpoiicii l prtein 

I Compositc K C3 Opaque 9.63 1.05 4.51 
(hard clndospern) Modified 10.38 1.02 4.27 

2 Ver. 181-Arti. gpo. '2X Opaque 9.88 0.97 4.71 
W'nezuela I ojlac'-2 Modificd 9.69 0.97 4.72 
(hard Cndsp'nn) 

(protein, 7.510%( and above; tryptophaii, 0.(i5/(/ and above) f'roin the last 
cleti of select ion in three poptlalions. "l'hImigh fltrther select ion, it 

seems possible to build tile flrc(l still higherieeiv iof filvoal)lhimolifiers 
aIdI to increase lit fireitN,, of' f;,iiilies with ac(el)tal)le pr)olei1 and
trylptolihall valtnes. 

Table I4 shows the a halyses )f bulk samples l'v01n the last (cIc of selec­
lioil of" two poplalionls tf)r lprotein, tri'l)to)landi( hsiiie. Molified ver­
siotns were fiaiilh similar t 0l)iolue ('oimltC-)a ts il tlit prtcelitages of' pro. 
tein, tryptopliam, and hNsime. 
We have (oi(hi(let that through selectioo forlo)tl-o iec-2 molifiers 

lrceders should be able it) (hange the till l)hic<iotyI)e of' op)alluCs to tIiore 
iormial looking ones withtt sacrificiig rolein quantily and iualtilt 

[A di.iu.,ion (?/tli. pape/r can be fou,d no jif t!2-.I-.,/ Questions 
and Answers.r 
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GERM AND ENDOSPERM VARIABILITY, MINERAL 
ELEMENTS, OIL CONTENT, AND MODIFIER 
GENES IN OPAQUE-2 MAIZE 

Loyal F. Bauman Department of Agronomy,
 
Purdue University, West Lafayette, Indiana
 

Since Mertz et al. (7) discovered that the opaque-2 gene improves 
protein quality in maize, there has been only limited progress toward 
utilization of maize types with improvedf protein quality. The primary 
reason for this is lower yield; but other factors involved are soft endo­
sperm nlot acceptable foi some liiniai food uses, greater vulnerability to 
ear rots and grain insects, and hairvest aiid storage prolblemis. Initial ap­
proaches involved continu(us backcrossii g procidures to rapidl y develop 
hybrids or varieties with the opalue-2 gene.

Breeders soon ftil(nI that there ale dlefinite genotypc inlteractions with 
opaque-2 lnaize, and these inlteractiolns have received limited use in pro­
ducing opaque-2 hvbriols or varieties ihat mre reasonialy acceptable for 
sole areas. However, there is no (jliesliin that ftlher improvemients 
catl, and should, be niade ill tile icceptailii , and protein quality of 
opaque-2 varieties. 

This paper summarizes some st tilies of' th opaque-2 gene interactions 
and effects in relation Io yield, inatt.'rity, cob) weight, chemical characteris­
tics, and modifier genes. The reader is urged to exercise the usual caution 
in extending or generalizing this inf-.)ration to other populations or 
germ plasm. 

217 
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GRAIN DRY-MATTER ACCUMULATION OVER TIME, 
COB WEIGHT, AND MATURITY 

Makonnen (6) studied an opaque-2 diallel involving six inbred parents 
and the normal counterpart diallel in a replicated split-plot experiment.
Kernel dry-matter accumulation curves were determined based on har­
vests made at 7-day intervals, starting 28 clays after pollination and con­
tinuing through 63 (lays. Analysis of variance revealed significant differ­
ences between genotypes (opaque-2 versus normal maize), among hy­
brids, and among harvest dates for kernel weight. All interactions were 
significant for kernel yields, indicating the importance of genetic back­
ground. 

The opaque-2 gene performed differently in the various hybrids over 
harvest dates. For BI4 X B37 (Figure 1), the opaque-2 hybrid had a ker­
nel yield quite similar to the normal counterpart at the first and second 
harvest dates (28 and 35 (lays postpollination, respectively). In contrast, 
with A239 x A545 (Figure 2) a marked difference was found between 
kernel yields of opaque-2 and normal hybrids at the two early harvest 
dates. 

In general, the reduced accumulation of kernel dry matter in opaque-2 
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DAYS AFTER POLLINATION 
FIGURE 1 Comparison of kernel weight of opaque-2 and nor­
mal versions of 114 x 137. 
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InterrelationshipsAmong Protein, Lysine, Oil, and Certain Mineral Elements 
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FIGURE 2 Comparison of kernel weight of opaque-2 andi nor­
mal versions of A239 x A545. 

hybrids was accompanied by retention of more moisture. At physiologicalmaturity the opaque-2 hybrids averaged 3.5% higher moisture contentthan clid the normal. The black layer (indicator of physiological maturity)formed at about the same time in the opaque-2 and normal hybrids, de­spite the earlier nearly complete cessation of (iry-niatter accumulation in
the opaque-2 hybrids.


The opaque-2 gene had a pronounced and consistent effect on
weight, with normal hybrids having about 10% 
cob
 

greater cob weight. If this
effect is generally true for various germ plasms, it would produce a slight
bias against opaque-2 varieties if yield is based on ear weight.
 

INTERRELATIONSHIPS AMONG PROTEIN, LYSINE, OIL,AND CERTAIN MINERAL ELEMENTS 
Goodsell (4) has reported that opaque-2 kernels contain more potas­sium than normal. Therefore, evaluations were made of the relationshipsof protein an(l lysine to potassium and other mineral elements. Concen­traticns of lysine, protein, oil, potassium (K), phosphortis (1p), magnesium(Mg), iron (Fe), and zinc (Zn) were determined for normal and opaque-2kernels from (1) 60 segregating ears from a heterozygous population, and(2) 62 ears from a homozygous opaque-2 population (1). 
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Correlations between the percentage of protein and the mineral ele­
ments were all positive and significant for both kernel types in the 
heterozygous population (Table 1). In the homozygous opaque-2 popula­
tion, protein concentration was positive and significantly correlated with 
P, Mg, and Zn. 

Lysine concentration was significantly correlated with P and Zn in the 
homozygous population, and with P, Mg, Fe, and Zn in the opaque-2 
kernels from the heterozygous population (Table 2). The low or nonsig­
nificant correlations between K and protein and lysine were disappoint­
ing. Oil concentration was significantly correlated with protein percentage 
(r = +0.25) and lysine (r = +0.39) only for the homozygous population. 

The coefficients of determination for second-order multiple regression 
equations (Table 3) indicate that protein and the combination protein and 
oil, as expected, account for a fairly high amount of the variation in 
lysine, particularly in the homozygous population. The individual correla­
tions and the combinations of P, K, Mg, Fe, and Zn as related to the 

TABLE I 	 Correlation between protein concentration and concentration of 
mineral elements 

Homozygous Hletcrozygous 
population population 

Kernel type 

Mineral 
element Opaque Normal Opaque 

K 0.17 0.26* 0.32** 
P 0.65** 0.59** 0.45** 
Mg 0.42** 0.53** 0.53** 
Fe 0.18 0.29* 0.37** 
Zn 0.61** 0.36** 0.48** 

* and ** denote significance at the 5%and 1%levels, respectively. 

TABLE 2 	 Correlation between lysine concentration and concentration of mineral 
elements 

Homozygous Heterozygous 
population population 

Kernel type 

Mineral 
element Opaque Normal Opaque 

K 0.01 	 0.33** 0.20 
P 0.43** 0.35** 0.25* 
Mg 0.24 0.23 0.36** 
Fe 0.19 0.43** 0.30* 
Zn 0.49** 0.25* 0.33'* 
* and **denote significance at the 5%and 1%levels, respectively. 
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TABLE 3 	 Coefficients of determination for second-order multiple regression 
equations (percentage of lysine is a dependent variable) 

1-omozygous lleterozygous 
population population 

Kernel type 

Independent 
variable(s) Opaque Normal Opaque 

Protein 0.68 0.25 0.51 
Protein and oil 0.75 0.29 0.52 
P.K,Mg, Fe, Zn 0.52 0.53 0.38 

variation in lysine certainly warrant further investigation of these mineral 
elements. 

VARIATION AND CORRELATION INVOLVING PROTEIN 
AND LYSINE IN GERM AND ENDOSPERM 

Thirty kernel sanples from 44 ears (random) froni opaque-2 Syn HA 
were analyzed for oil content. The kernels then were dissected into ger'm 
and endosperni portions, anid protein, lysine, and oil content were deter­
nined. Surprisingly, large variations were observed for all characteristics 
(Table 4). Both enviromnentC l and gentlei variation are involved. Should 
some attention be given to valiat iot i lit gettil pottiort fo'r nIaxitnum 
nutritional i)pr)veinent Interestin glI, tile quatities and variations of 
lysine ill the endosperin and ge'in a1e niatil% equal. 

Some of' the Inote pertinent (lelations anlllog these gel-ill and endo­
sperm characteristics (Table 5) showed high and signiicanti values. The 
percentage of oil in tle kernel was positively correlated with i le percent­
age of' protein in the kernel and endosperin and with the percentage of' 

TABLE 4 	 Variation in germ and endosperm of 44 opalue-2 maize cars 

Variable Mean 	 Range 

Germ 
Percent 16.5 13.0 21.9 
Oil, % 32.4 25.1 42.5 
Protein, % 	 26.7 22.9 31.2 
Lysine, %of protein 5.8 	 5.0 6.9 
Lysine, % 	 1.5 1.2 1.9 
Lysine, mg in 30 germs 19.4 10.2 28.4 

Endosperm 
Protein, % 10.3 	 6.4 • 14.1 
Protein, mg/30 endo. 657 	 386 -1003 
Lysine, %of protein 3.34 	 2.7 - 5.0 
Lysine, % 	 0.34 0.25- 0.42 
Lysine, mg/30 endo. 21.2 	 13.0 - 29.9 
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TABLE 5 Correlations for several characters measured on 44 opaque-2 maize ears 

Correlation 
Characters coefficient 

Oil (%of kernel) and protein (% of kernel) +0.48** 

Oil (%of kernel) and protein (%of endo.) +0.42** 
Oil (% of kernel) and lysine (%of kernel) +0.41 ** 

Oil (%of kernel) and lysinc (% of cndo. prol.) -0.33* 

Oil (% of germ) and protein (%of germ) -0.43** 

Protein (% of kernel) and lysine (% of kernel) +0.70** 

Protein (% of kernel) and lysine (% of ker. prot.) -0.52** 

Protein (% of kernel) and protein (% of endo.) +0.97** 

Lysine (% of kernel) and lysine (%of endo.) +0.76** 

* and ** denote significaice at the 5%and 1%levels, respectively. 

lysine in the kernel, but was related negatively to lysine as a percentage of 

endosperm protein. The percentage of oil in the germ was negatively cor­

related with the percentage of protein in the germ. The high correlation 

(r = +0.97) between the percentage of protein in the kernel versus the 

percentage in the endosperm indicates that analyses based on :ndosperm 

would be quite accurate. 

RELATIONSHIP OF OPAQUE-2 WITH GERM 
AND OIL CONTENT 

Opaque-2 maize generally has a higher oil percentage than normal 

maize, as shown by Latmbert et al. (5) and our tests at Purdue University. 
This is primarily because the germ constitutes a greater proportion of the 

kernel, owing to reduced endosperm weight. The report of Sreeramulu et 

al. (10) and data in Table 6 indicate that germ weight may actually be 

greater; this inay be a compensatory effect because of reduced endo­

sperm weight. Hlowever, the percentage of oil in the germ may be less in 

opaque-2 maize (Table 6), which would tend to negate the effect that 

increased germ weight might have on the percentage of oil in the kernel. 

)ata in Table 5, frot the report of' Dudley et al. (3), and other data at 

Purdue University indicate a significant positive correlation between the 

percentages of oil and protein. Since the germ contains a high percentage 

of good-quality protein, and the oil percentage is heritable and easily 

TABLE 6 Characteristics of opaque and normal kernels from nine segregating ears 

Percent 
Opaque Normal of normal 

Germ as % of kernel 16.25 13.15 123.6 

Percent oil in germ 
Germ weight 

31.43 
0.82 

35.70 
0.73 

88.0 
112.3 

Kernel weight 24.7 27.4 90.2 
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measured, 	the effect of oil selection on protein level and quality was inves­
tigated in an opaque-2 synthetic. 

Ruschel (9) selected for increased percentage of oil in opaque-2 Syn HA 
using half- and full-sib (two cycles each) and S, progeny selection (one 
cycle); two suhselection procedures were applied in the second cycle of' 
the half-sib nethod. When the five selected populations as a group were 
compared with the base population, the increase in the percentage of oil 
(0.52%) was significant, with a significantly correlated increase in tile per­
centage of protein of 0.46%. Selection did not affect yield or grants of 
lysine per 100 g of protein. These findings are regardedI as preliminary, 
and further selection is und,.,way. It may be feasible to develop high-oil 
opaque-2 varieties, particularly for specialty uses. 

VITREOUS (MODIFIED) OPAQUE-2 TYPES 

Paez et al. 	 (8) described vitreous opaque-2 types and indicated the pos­
sibility of using these types as an approach for correcting the yield disad­
vantage due to reduced endosperm weight. Bauman and Aycock (2) 
briefly discussed this approach, and other breeders, including Vasal and 
co-workers at CIMMYT and workers in ou- project, have used this ap­
proach to develop opaque-2 varieties that are more acceptable in teris of 
yield, grain quality, and human food uses. 

Some general observations concerning the vitrieous types are (1) tile de­
gree of vitreousness is influenced by environment (for example, popula­
tions are more modified in the winter nursery); (2) populations may dif­
fer in frequency of' vitreous types; (3) generally more than one gene is 
involved; and (4) vitreous types tend to have poorer protein quality, and 
selection pressure must be applied. 

Urbano Ribeiral, a Purdue graduate student, degernied kernels of six 
families and then separated tile endospcrin into vitreous and opaque por­
tions. Analyses (Table 7) reveal a distinct difference between tile portions, 

TAULE 7 	 Comparison of protein and lysine values from opaque and vitreous por­
tior of modified kernels from opaque -2 families 

Protein Lysinc 
percent g/ 100 g protein 

Opaque Vitreous Whole Opaque Vitreous Whole 
portion portion enlosperm portion portion )ortion 

1 9.2 11.5 10.5 4.82 2.55 3.03 
2 10.2 13.3 12.7 3.28 2.08 2.36 
3 8.8 12.2 10.9 4.56 2.34 2.80 
4 8.4 12.1 11.2 4.73 2.44 2.83 
5 8.0 12.9 12.0 5.14 2.33 2.75 
6 7.6 12.1 10.0 4.40 2.30 2.62 

Mean 8.7 12.4 11.2 4.49 2.34 2.73 



224 Loyal F.Bauman 

with the vitreous being higher in percentage of protein and lower in 

lysine when compared to the opaque portion. Admittedly, this is a small 

sample and is in contrast to the data of Paez et al. (8), but the findings 

suggest the need for caution in adequately sampling the entire endosperm 

for analysis. 
studied a diallel among vitreous opaque inbrcds. InRibeiral also a 

split-plot design, the Iwo treatments involved sib pollination and outcross­

ing to normal (+/+) pollen. 'This permits yield comparisons of the vitre­

ous Fl's with their potential yield as "normals" (assuming +/./.02 is coM­

parable to +/+/+). These vitreous inbred parents have been intercrossed 

ani will be available as a germ-plasm mo(lifier source population after 
would be of interestintercrossing in our winter nursery. This material 

the temperate zones. Above-averageprinarily to breeding programs in 

rainfall delayed harvest in the 1972 tests involving vitreous types, so only 

limited or preliminary data are available at this time. 

Dejene Makonnen, another Purdue graduate student, determined ker­

nel dry-matter accumulatton curves over the maturation period for two 

vitreous single crosses and a high-yielding nonvitreous opaque hybrid 
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(Figures 3 to 6). These hybrids were sibbed and outcrossed to normial 
(+/+) pollen to provide an estimate of their yiell potential in relation to"normal." The two vitreous hybrids 21 alni( 25 were quiie similar to their
"normal" counterparts at all harvest dates (Figures 3 and 4). Ilie vitr'eous 
opaque approach appears quite promising with these Iwo hsbrids.

The grain yield of tie high-yielding nonvitieous hybrid Ifi was 96% of' 
its "normal" counterpar (Figure 5). More ivpical glainm-vielI a((unula­
tion curves are shownt for opaque adI inrmal versions of W6'|A x 1137(Figure 6). Unforttly,inl(his experiment some of' li 
have attained physiological niauiity at 

Il hrds il no
 

55 (lays afier silking bec'ause of 
below-average tetIperatuires.

In recent tests, eXIx'rilnelltal and ('ommercial totivitreous opaque-2 hy­
brids produced yields quite conpeitive with the better norminal ('o0111 ner­
cial hybrids. These hybri'l ,were relatively flee of' ear rots, eveit during
the excessive rainfall of the 1972 fall season. 

One might que!:tioni tile necessity for developing vitreous opaque-2 
types for the more temperate areas. Notitireous oplalue-2 types also 
would be more desirable if the reported advanlage of' opaque-2 tnaile for 
cattle feeding is related to greater digestibility because of the softer en­
dosperm.

The development of' vitreous opaque-2 hybrids is not a simple breeding
procedure. Initially at least, the vitreous modifier genes Must be intro­
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duced into elite inbreds by a limited number of backcrosses with alternate 
generations of selfing to identify vitreous types in the backcross prog­
enies, and by applying selection for protein quality. Development of vit­
reous opaque-2 populations or varieties for direct use by tile farmer 
should be a relatively easier task with less time required. 

Based on research information and progress to date, we are confident 
that acceptable opaque-2 hybrids anti varieties can be developed for any 
maize-growing area. 

This article is Journal Paper No. 5041, Purdue University Agricultural 
Experiment Station. The work was supported by the U.S. Agency for In­
ternational Development unler Contract AID/Csd-2809, titled "Inheri­
tance and Improvement of Protein Quality and Content in Maize." 

[A discussion of this paper can befound on p. 494 of Questions 
and Answers.] 
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Many mutants in maize (Zea inays L.) produce striking differences in 
textural properties, form, and amount of endosperm. Several mutants in­
fluence gelatinization temperatures, birefringent end point, starch granule
digestibility,and carbohydrate storage products (such as amylose, amylopec­
tin, water-soluble polysaccharides, and sugars).

The effects ofopaque-2 02) and floury-2 (1 2) and tile interaction of these 
two mutants in double-mutant combination have been known for several 
years (10, 12, 13). Nelson (12) reported the high lysine content of the 
double-mutant fl2o,. Surprisingly, the phenotype of Nelson's double­
mutant was not floury; it was nearly indistinguishable from normal. Al­
though variation in flintiness exists in flo 2 endosperms, it has been observed 
that most are soft floury types in dent maize backgrounds.

Since unexpected interactions occur quite often between mutant genes
affecting endosperm characteristics, genetic materials have been developed 

228 
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to rigorously explore the 02 gene interactions with several other endosperni 
mutant genes in double combinations. Iln cooperation with tile Department 
of Biochemistry, our oljective is to find genotypes that llay have potential 
for genetic improvement or alteration in (I) amino acid profile, (2) total 
energy content as carbohydrates, protein, and oil, (3) digestibility of the 
grain, and (4) perhaps other nutrients to improve tile food value of naize. 
There is potential for obtaining maize types having desirable starch charac­
teristics and adequate amounts of nutritionally balanced protein for humans 
and aninals. 

Several mutants are known to affect starch synthesis in the endosperin of 
maize. The effects of gene substitutions on carbohydrate storage products 
have been reported for waxy (wx) (15), sugary-I (su,) ((1), shrunken-2 (sh 2) 
(7), brittle-I (bt,) and brittle-2 (bt 2) (3), and dull (du) (2). All these mutants, 
with the exception of wx, result in tile synthesis of less starch. In some 
mutants, such as sh2 and bt2, only a small proportion of the starch is synthe­
sized. The effects of mutants and double-mutant combinations on polysac­
charide synthesis have been summarized (4). None of' these include 
opaque-2. 

The wx, sugary-2 (su 2 ), (li, a1d atyose-extelder (ae) mutlants also result 
in changes in the relative proportions of anylose to ainylopeciin. The starch 
of the wx endosperni is entirely ainylopectin (15). The starches synhesized 
in du, S1t 2 , and ae endosperms all have higher percentages of' amylose than 
normal, with ae containing about 60% amylose (5). 

It has been suggested that tile digestibility of comiercial strains of maize 
may Ile imnproved by using specific gene mutations like wx and su 2 (14). 
These genes may be importat in improving the nutritional value of maize 
for hutmans and aninials. 

EFFECT OF ENDOSPERM MUTANTS AND DOUBLE-MUTANT 
COMBINATIONS WITH OPAQUE-2 

Discussion here is lintited to pottions of our data concerning selected 
endospern inutants aid their double-tnutatnt combinations with opaque-2
in near-isogenic sublinecomparisons (1, 11I)ad in hybrids. Initial phases of 

the work involved backcrossing ie mutants to selected inbred backgrounds 
and recovering near-isogenic subline iaterials witin ait i bred. 

Single Endosperm Mutttnts and Double-Mutant Combinations 

with Opaque-2 in an Inbred Background 
)ata are shown f)r the isogenic comparisons antong several mutant re­

coveries (o2, f12, su2 , wx, ae, du, bt, bt 2, su,, sh2 , f1, and h) in inbred Oh43 
after six backcrosses, and their double-nmtant combinations with opaque-2 
and the nortmal counterpart. 
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Tables I and 2 show the lysine and tryptophan concentration in the single 
endosperm mutants and double-mutant combinations. Compared to their 
normal counterparts, all the mutants show increases in the concentration 
of lysine and tryptophan. The ae and du mutants show increases in lysine 
and tryptophan equal to those of f12, while su 2 shows less. All mutants showed 
some decreases in leucine. Cystine was increased in ae, and methionine was 
increased 	in wx and (lie, although not to the level found in fl. 

The endosperm protei ns of bt 2, It l,S,111(1 sh 2 Iave notable increases in 
the concentrations of lysine and tryptophan (Table 2). In addition, each 
shows a (lecrease in tie concentration of leucime. Brittle-2 and sil, have 
methionine levels approachi ng the concentration f*ound in f12. Compared to 
their nol mal isogenic couinlerpart, Inanv of' these ntutants may be classified 
as naize mutants with high lysine content (1, 11). For example, bt 2 is as 
effective in altering the ainino acid pattern of en(dosperni protein Is o2. 

Each endosperin Imiant increased lysine and tryptophan concentrations 
in the endospern proteins when the gene was combined with 02 (Tables 3 
and 4). Fable 3 shows that the double-ntutant combinations sU 2 02, wx 02, 
ae 02, and dll o2 cause notable increases in concentrations of lysine and tryp-

TABLE I 	 Amino acid composition of defatted endosperms ia near-isogenic 0143 
sublines 

Amino acid concentration (g/ 100 g protein) in 

Amino acid + 02 fl2 su2 wx ae ciu 

Lysine 1.6 3.5 2.3 	 1.9 1.7 2.3 2.3 
Tryptophan 0.3 0.8 0.5 0.5 0.4 0.5 0.6 
Protein (%) 11.6 10.1 11.5 11.5 10.0 11.7 11.0 

TABLE 2 	 Amino acid composition of defatted endosperms in near-isogenic Oh43 
sublines 

Amino acid concentration (g/100 gprotein) in 

Amino acid + 02 bin, bt, sul shl 

Lysine 1.6 3.5 3.3 2.6 2.3 2.7 
Tryptophan 0.3 0.8 0.7 0.5 0.3 0.7
Protein (%) 11.6 10.1 13.4 12.3 12.4 20.5 

TABLE 3 	 Amino acid composition of defattcd endosperms of double-mutant 
combinations in 0143 

Amino acid concentration (g/100 g protein) in 

Amino acid + 02 fl 02 suo 0 WX 02 ac o, do o,2 

Lysine 1.6 3.5 2.8 4.0 3.7 3.9 3.7 
Tryptophan 0.3 0.8 0.8 1.0 0.8 0.9 1.0
Protein (%) 11.6 10.1 11.3 10.7 9.6 10.9 9.7 
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TABLE 4 	 Amino acid composition of defattcd endosperms of double-mutant 

combinations in Oh43 

Amino acid concentration (g/ 100 g protein) in 

Amino acid + o1 bt 2 02 bt1 01 Sil 02 Sit, O2 

Lysine 1.6 3.5 5.3 4.8 3.9 4.2 
Tryptophan 0.3 0.8 	 1.3 1.4 0.8 1.2 
Protein (%) 11.6 10.1 14.9 10.3 13.3 18.7 

tophan to levels above that in 02. Leucine decreases to 12.4, 11.3, 12.0, and 
9.5%, respectively, as compared to 16.4% in the normal counterpart. The fi, 
02 and h102 combinations (not shown) also indicate some increased differ­
ences in anin(o acid content. In contrast to these nutant combinations, no 
enhanced effect is observed when t12 is combined with 02. 

When bt2, bt1 , suL1 , alld sh 2 are combined with 02, each such colbination 
substantially increases lysine and tryl)lophan concentrations (Table 4). 
Leucine decreases considerably in these double-nutant coni)lnations from 
between 9.9% ill stlt o. to 7.9% in sh 2 o.. 'Fables 5 and fi show the zein con­
centration (Fractiol I1) (6) and the zein-to-glutelin-3 (fraction V) ratio for 
each of the single endospern mutants and their (oul)le-nutant combina­
tions. With the introduction of any one of the Inutant genes, the zein 
content (rops and the najor glutelin fraction (glutelin-3, fraction V) in­
creases. Zein synthesis is furtiher repressed when the endosperm mutants 
are combined with o2 iI tile double lutants (Table 6). This synergistic 
effect is most pronounced ill the intutants bt 2 o2, )t, o2, and sh12 02 that 
characteristically synthesize small amounts of starch whell compared to 
normal. For example, zein content (hops to 3.2% in ht 2 o. and lie major 
glutelin fraction increases to 52.8%. P. S. Misra's report tliscusses the pro-

TABLE 5 	 Zein concentration and zein to glutelin ratio of defatted endo­
sperms in 0h43 

Ratio of zein 
Genotype Zein (fraction I1)' to glutclin (fraction V) 

+ 60.82 4.28
 
0, 29.2 0.92
 
fl, 50.7 2.23
 
WI 48.7 2.75
 

wx 51.5 3.43
 
Re 38.0 	 1.74 
du 42.7 2.14
 
bt, 28.9 0.93
 
bt, 37.1 1.31
 
Sum 29.2 1.19
 
Sh, 32.8 1.25
 

£ Fractionation sequence D:Landry and Moureaux (6). 
I Percentage of total soluble nitrogen, data corrected to 100%recovery. 
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TABLE 6 	 Zein concentration and zein to glutelin ratio of defatted endo­
sperms of double-mutant combinations in Oh43 

Ratio of zein 
Genotypc Zein (fraction 11)' to glutelin (fraction V) 

+ 60.82 4.28
 
02 29.2 0.92
 
11202 28.0 1.05
 
SU20 18.5 0.52
 
WX 02 23.7 0.70
 
ae o2 20.1 0.56
 
du o2 14.6 0.86
 
bt2 02 3.2 0.06
 
btl o 2.9 0.05
 
Sul 02 3.2 0.07
 
sh202 1.3 0.03
 

Fractionation sequence D:Iandry and Moureaux (6).

Percentage of total soluble nitrogen; data c )rrected to 100%recovery.
 

tein distributions and characterization of the fractions extracted from 
each of these samples. 

The germ proteins and lysine concentrations did not differ greatly in 
these mutants and the double-mutant combinations. The germ protein 
contents of o,and fl 2 (28%) were the highest compared to normal, with 25% 
protein. Lysine concentrations ranged from 5.4 to 6.2% of total protein. 

Within the single-itiutant lines and the o2 (ouble combinations, significant 
differences were found among genotypes for the per kernel mineral ele­
ment content of' phosphorus, potassitun, inagnesini, copper, and iron. An 
interesting observation was that St12 an(I its double combination su2 02 were 
consistently high in m)st of the mineral elements. It was also noted that su2 
had a greater kernel denisitv in the 0143 background and was superior to 
the nornial. Sugary-2 also interacted with o2 to improve the kernel density of 
the 02 il the (doubtllecoiubiuatioii. 
L.Bartolhne of our laboratory evaluated tle relative in 1itr digestibility 

characteristics of, these endosperni mtltlants and their (loblble-ititant coni­
binations with o02 illtile inbred 0h43. let data show that S112, st 2 "2, ai(I wx 
02 were coisistently Superior it,produting the highest digestion rates inboth 
uncooke(I raw-starch and whole-kernel saml)le preparations. Opaque-2 was 
superior to the normal coutilcrpart and tended to improve the digestibility 
rates of tile olble-tuitant samples wheii compared to the single nonopaque 
nttltllit coultnter)at. 

Single Endosperm Mutants and Double-Mutant Combinations 

with Opaque-2 in Hybrid Backgrounds 
Some t11tta are available on a few selected mutants and their double. 

mutant combinations with o2 from preliminary experiments in hybrid back. 
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grounds. A study being conducted by G. A. Tosello has four nearly isogenic
subline sets (inbreds Oi43, W64A, 1337, and C103), each with the single
mutants 02, fl2, su 2, wx, ae, du,and fl, and their double combinations with
opaque-2. These sets were crossed in a diallel series and together with their 
normal counterparts were grown in 1971 in a split-plot randomized com­
plete block design. The data reflect the mature grain characteristics of six
hybrids of the su2 , wx, ae, du, fl2, and 2sets and their double combinations 
with o2. The du and fl, and their double combinations with o2 were evaluated 
in three hybrids.

Figure 1shows the mean percentage of protein in the endosperni fraction 
of the single-mutant lines and double-mutant Comhinations with 02 of all
hybrids tested. The percentage of protein in the o single-mutant hybrid and
all the 02 double-nutant combination hybrids was significantly below the 
mean of the comparable single nonopaque hybrids, thus showing the effect 
of the o2 gene. However, none of the o,dlouble combinations in the hybrids
was significantly lower in the percentage of enldosperiM protein than the o2hybrids themselves. The tl2hybrids were superior iii concentration of en­
dosperm protein on a percentage basis, as has been founmd inother research. 
Considered on the basis of(luantity of protein per endosperni, the single­
mutant wx and ae hybrids (32.2 and 31.4 mug of protein/endosperm, respec­
tively) did not differ from their normal counterpart (32.6 mg of
protein/endosperni). The su2 (29.6 mg of' protein/e(ldosperm) and fl2 (28.2 
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GENOTYPE (IN HYBRID BACKGROUNDS)
FIGURE 1 Average percentage of protein for several single endosperm mutants 
and their double-mutant combinations with opaque-2 over hybrids (Indiana,
1971). 
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mg of protein/endosperm) single-mutant hybrids were lower in protein 
quantity, but not substantially so. Opaque-2 and most of the double-mutant 
combination hybrids showed decreased protein quantity in the endosperm 
fraction. 

Figure 2 shows mean lysine as a percentage of protein values for all 
hybrids. The single endosperm mutant and double-mutant combination 
hybrids showed mean significant increases in lysine concentration when 
compared with their normal counterparts. Next to the oz hybrids, fl2showed 
the most pronounced increase (53%) over normal hybrids, followed by su2 
with a 24% increase. Note the enhanced effect on lysine concentration of 
combining the endosperm mutants su 2 , wx, ae, and du with 02 in the 
double-mutant combination hybrids, whei :as in the f12 o2 or fl,02 hybrids, 
no enhancement of lysine as a percentage of protein occurred. Compared 
on a lysine quantity per endosperm basis (milligrams of lysine per endo­
sperm), the su2 02 and ae 02 hybrid yields were significantly greater (P < 0.01) 
than that of O2 hybrids, with each of the former producing a 7% increase in 
lysine yield. The f12 and w:,: 02 hybrids were 3% greater in lysine yield than 
the 02 hybrids, 	but not significantly greater. 

Compared with the mean of the normal hybrids (Figure 3), the means of 
the single- and double-nutant combination hybrids showed decreased 
100-kernel weight. Waxy and fl, were reduced the least, followed by su 2 and 
ae. The 100-kernel weight means of all double-mutant combination hybrids 
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FIGURE 2 Average lysine as a percentage of protein for several single endos­
perm mutants and their double-mutant combiinations with opaque-2 over hybrids 
(Indiana, 1971). 
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FIGURE 3 Average 100-kernel weights for several single endosperm mutants 
and their double-mutant combinations with opaque-2 over hybrids (Indiana, 
1971). 

were reduced by the 02 gene, when compared to the corresponding mean of 
the single nonopaque hybrids. 

The mutant gene su 2 showed thle most pronounced effect on kernel 
density in the hybrids (Figure 4). The mean of the SU2 o2 double-m utanlt 
combination hybrids was significantly superior inl kernel density (P < 0.0 1) 
to the mean of tile o2 hyb'lridIs aII(1 other o2 (Ioule-muta11n1 ft ConhIbinationl 
hybrids. Apparently, S112 Combnlined1 with o, improves the kernel density in 
the double-mtitant S1- 2 o2 to nerythalt of theC normail Cou nterpart. 

Figure 5 illustrates thle ineaii prop~ort ion of germl ill [the whole Seedls of' the 
hybrids. The cffect of'1the 02 lmtnli in producing Seedls with larger germils 
was shown on1ce again inl these o2 hybrid results. And certainly the effect of' 
the 02 gene wals promioulnc(l inl increasing the percentage of'germn inl the 
dlouble-mnutant comblinat ions. The -'t 2 o2 a11(l "'X o2 hybridIs were tile only 
double combinations inl which t he mean values for the percentage of germn of 
the whole seedls were not significantly different fromt that of' thle opaqlte-2 
hybrids. 

From our previous anmalysis of the mnutant etldosperin materials in the 
near-tsogenic background of' inbred 0103, we had observed that the SU
gene wats increasing the percentage of' oil of' the whole seeds without a 
concomitant increase in the proportion of' gern. We analyzed for thle per­
centage of oil of the whole kernels frot) thle S11 2, S112 02o2ybridls an( their 
noirmal cotmnterparts. A comparison amiong the genotype means of the 

2 
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GENOTYPE (IN HYBRID BACKGROUNDS)FIGURE 4 Average kernel density for several single endospern mutants andtheir double-mutant combinations with opaque-2 over hybrids (Indiana, 1971). 
hybrids for percentage ofoil and oil content per whole seed is given in Table7. It is apparent that the su2 gene significantly increased the percentage ofoil. Even more interesting is the finding that actual oil quantity per kernel 
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GENOTYPE (IN HYBRID BACKGROUNDS)FIGURE 5 Average percentage of embryo fraction of' whole kernel for several
single endosperm mutants and their double-mutant combinations with opaque.2
over hybrids (Indiana, 1971). 
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TABLE 7 Mean oil content of whole kernels of opaque-2, sugary-2, and 
sugary-2:opaque-2 hybrids and their normal counterparts (1971) 

Oil, Oil/kernel 
Genotype (%) (mg) 

+1 4.211) 14.6311 
0, 
su, 
su2 02 

5.05 C 

5.57B 
6.36A 

14.5811 
16.78A 
17.19A 

I Means of six hybrids and four replications.
 

2 Means within column followed by a common superscript do not differ significantly
 
at the 1%level (DMRT).
 

(milligrams of oil per kernel) in the su 2and su 202 hybrids was significantly (P 
< 0.01) increased over both normal and opaque-2 counterparts, while the 
proportion of gern in the whole seed of su 2 hybrids remained the same 
(Table 8). The su2 and SU2 02 hybrids were better in oil yield per kernel than 
their normal counterpart by 15 and 18%, respectively. Even though the 
percentage of oil was significantly increased in o2 hybrids, the actual oil 
quantity per kernel was not different fron the normal hybrids. 

These results in the single-cross lybrid backgrounds should be viewed its 
preliminary in nature, but they (10 support finldings in the near-isogenic 
inbred 0h43 inaterials. The endosperm mutanil genes exert a similar effect 
in the repression of zein synthesis. Several mutants (s11 2, wx, ae, d, I)t,, l)t,, 
su,, and sh2 ), when combined withIhe o2 gene, enhance the increased iysine 
concentration by reducing zein levels to anl even greater extent. In contrast 
to most of the endosperm mutants just ment ionied, no enhanced effect on 
lysine concenitration was observed when, for exanIpIle, f12 was conwlinedi with 
02. 

These endospermn mutants and their double combinations with opa(Ue-2 
should be examined cautiously. Mutant and mnutant combinations rhat sup­
press starch synthesis considerably (bt, bt 2, slt, and s1i 2 ) are agronomically 

TABLE 8 	 Mean percent germ and endosperm lysine (g/t00 g pro.) of 
opaque-2, sugary-2, and sugary-2:opaque-2 hybrids and their 
normal counterparts (1971) 

Endosperm 
Germ2 lysine 

Genotype (%) (g/! 00 gprotein) 

+1 13.9911 	 1.741)
o

03 18.14A 	 3.30 I 
su 13.9911 	 2.16 C 

sus o, I.10A 	 3.70 A 

Means of six hybrids and four replications. 
2 Means within column followed by a common superscript do not differ significantly 
at the 1%level as determined by Duncan's multiple range test. 
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undesirable from the standpoint of mature grain characteristics, even 
though they do contain the most favorable zei i-to-glutelin ratios.. The 
double-mutant combinations of these genes with 02, however, do have value 
as edible types in the green-maize stage of development, because of their 
favorable carbohydrate and protein quality. Perhaps they might have value 
as a special food for infants, depending upon the economics of production 
and the development of the food preparation. 

Only preliminary data are available for the endosperm mutants su 2, wx, 
ae, dIu, f12, and fl,and their combinations with 02 in the hybrids. Although 
potential is indicated in special modified endosperm starch types for im­
proving protein quality, digestibility characteristics, density of the grain, and 
perhaps energy content and mineral levels in such types as su 2 02 and wx 02, 

there are some uncertainties concerning the nutritional significance of some 
of these mutant combinations. We do not have adequate information on the 
feeding value and biological efficiency of these modified types. Nor do we 
know how well they will meet the calorie-protein requirements of either 
nonruminants or ruminant subjects. 

Initial tests of whole ground kernels ofsu2 02, wx 02, ae 02, bt2 02, and bt 2 in 
the Oh43 inbred background were fed to rats for 10 days at an amount that 
was 95% of the ration. Although the results must be considered as very 
preliminary, they did suggest that the extra lysine and tryptophan of the 
double mutants are available for growth purposes. There is some indication 
from feeding trials with steers and lambs at tile University of' Illinois (E. E. 
Hatfield and W. L. Braman) that waxy maize provides improved feeding 
efficiency. Increased gains also have been obtained by feeding opaque-2 
maize to cattle. High-oil maize feeding trials with swine have shown that feed 
efficiency is substantially greater with high-oil maize than with nornal 
maize. Maybe the wx o2 and S112 02 (hoUble comblinations, for examl)le, might 
contribute to an improved feed and/or food value of maize for ruminants 
and nonrdninants alike. 

Data from our very preliminary tests suggest that yielding ability of the 
wx 02 and st12 02 double-combination hybrids may be more promising than 
other combinations, since starch synthesis is reduced the least in these 
genotypes. 

Other Mutants That Affect the Opacity of the Endosperm 

Several other mutants affect the opacity of' the endosperm as do the 
opaclue-2 and floury-2 materials that we have analyzed. McWhirter (9) 
identified a floury en(idspernl mutant that occurred spontaneously iniW22 
stock. He reported that it is high in lysine and linked o(lchromosome 10. 
This mutant has been designated opaque-7 (07). We obtained Seeds ofo7 and 
the double-mutant o2 07 (F3 segregates from the cross W23/1,3 17 o.±/o 2; +/+ 
X W22 +/+; o7/o7) from McWhirter. We have recovered the 07 mutant from 
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intercrosses with several inbred backgrounds and isolated o2 o7 and f12 07 
double-mutant combinations in several backgrounds. The double-mutani 
combinations o2 07 and f12 07 are not readily identifable by phenotypic
expression of the endosperm. Furthermore, tile single-gene 07 recovery in 
various backgrounds is sulbject to considerable modification and does 'not 
give clear expressivity in nany cases. 

Federico Poey recovered a tttant similar to opaque-2 in (ubani flint (0
Poey). From niaterials given to us bNlPocy, it has been determinedl that this 
mutant is a recessive allele at the f1, locus on the short arm ofchromosome 2. 
The gene, designa ted as opaque-4 (o4), is i recessive allele also at tl1e Il locus. 
Therefore, these two i1nt1tam s are allelic to tihe fl" gene originally described 
by Mazoti and reported to be similar to the opaque-2 gene in lysine concet­
tration (8). Our preliminary data show that none of these three mnutants is
substantially different in lysine oitelnt f'rol its normal cOllitterparl.

We have obtained nimnerous samples of' putative opaqw tillntants from a 
search in Colombian and other germ plasni. One ltllamill was futlnd to be
allelic to o, and ainother allelic to o,. Many of these inutilnts which affect the 
opacity oftlhe endospermIhave presented interesting genletic problems willI 
regard to exprssivit y of "opaqueness," but so far none hs shown ally
practical nutritional ailvalitage. 

Table 9 shows lie lysine concentrations for the spontaneous o niutant in
the W22 inbred backgrountd; the oI o7 double-nut aIt received front M-
Whirter; the o, o o7, an(I f1 07 recoveries froin crosses 1o several inbreIds;
and fl'. The 07 (W/22 i nbredI) mnUt anthad a vahle of'3.8 lysine as a percentage
of protein conipared to a IN'sinc conitc ,tvalue of 2.3 ill its niornial tountier­
part (1 ). 'ie o7 reCoveries within fhe fourm(idiffcren!i backgrounds show 
increased concent rat ions of l)sinc, bill not to 11c extenll originally reported
(8, i l). The W22 07 maleriatls are very low ill protein. 11e ly-ine cowi etira­
tions of the (louble-ltltants o70 aid Il o7 are iincieasel. ! owever, these are 
not rigorous comparisons. It appears that tile o7 gene aii(' ,12have similar 
influences on l'silie levels. 

The fl" niutamlt naterial was oblained from A. V. Paez (Pioneer Ili-Bred 
Internadtional, i1c.). '[lie hsiite collen rllllioll of Iis titUlalllt possibly is 

TABLE 9 Amino acid composition of defatted cndospcrms 

A mino acid t on(c t ration (g/100 g prof cin) in 

W22 Ilnbrcd backgrounds 

02 07 07+ 07 01 0 01 1 f, o7 1 no" 

Lysine 2.3 3.8 2.8 3.33.5 3.6 2.4 
Protein (%) 8.5 7.3 7.6 11.4 10.4 12.0 12.0 

Mean of four backgrounds.
One background. 
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greater than normal. Once again, a rigorous comparison could not be made, 
because backgrounds were not comparable. 

Journal Paper No. 4997, Purdue University Agriculural Experiment 
Station. This research was supported by the U.S. Agency for International 
Development, Contract Ail)/Csd-2809 with Purdue University, titled "In­
heritance and Improvement of" Protein Quality and Content in Maize." 
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Improvement ofprotein quality in maize should prove of great value in
solving many of the world's nutrition problems. Maize is the main part of the
human diet in many countries and an important source of fbod for many
monogastric animals, such as swine. 

As early as 1914, Osborne and Mendel (9) and others had reported that
maize is deficient in lysine and t rypophan. lowever, early research workers
studying protein quality lacked i-apid and efficient metliods of(leteriniing
antio acid contents. More recently, new autonated equipment has speeded
the analysis of many samples.

Variation in the amino acid composition of maize has [eel reported by
Tello ei a,. (12), Agii e et al. (1). Brcssani el al. (3), and numerous others.
They found significant ,liffIrences amiong maize varieties fOr several amino
acids, including lysime, trvptophan, an!d minethionine. Their analyses
assumed to be made on 

were 
normal endosperm maize and on a whole-kernei 

basis. Flynn et al. (4), Frey et al. (5), and Miller et al. (8) found significant
differences il protein and anlino acids for U.S. corn belt maize. However,
these studies did not inlicate whether any of these maizes witi higher iysine 
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and tryptophan content were superior as food for monogastric animals, 
when compared with maize of lower content. 

The big breakthrough on protein quality was the Mertz et al. (7) report 
that the opaque-2 gene nearly doubled the lysine content of endosperm 
tissue. Their findings stimulated research interest in upgrading the protein 
quality of maize and the other cereal grains. Alexander (2) reported that 
opaque-2 maize segregates usually weighed less than normal maize siblings, 
but in certain genetic backgrounds opaque kernels weighed the same as 
normal siblings. Comparisons of normal and opaque-2 hybrids by Lambert 
et al. (6)also showed that opaque-2 hybrids were lower than their normal 
counterparts in grain yield and kernel weight, but were higher in grain 
moisture, cracked kernels, and total oil content. Similar results have been 
reported in nulnerous studies. 

Alexander (2) mentioned possible modifier genes that tended to alter the 
opaque-2 plienotype in certain background genotypes. Later, Paez et al. (10, 
il)reported genotypic opaque-2 kernels with endosperms that were 
phenotypically half translucent and half opaque. They found that the two 
fractions did not differ in lysine content. These results encouraged a search 
for translucent Undosperi types among opaque-2 kernels. Types now have 
been identified with lysine values equal to opaque-2 materials. 'l'lr translu­
cent types have not yet been evaluated for test weight or yield, but the kernel 
definitely has a harder texture. Hopefully, the agronomic performance of 
these translucent t,'pes will equal that of their nonmutant counterparts.

Improving protein quality in normal dent maize without major en(o­
sperm mutants is another possibility. Surveys by several investigators 
-Aguirre et al. (1), l'ello et al. (12), and Paez et al. ( 10, i I)-indicated a 
considerable raiige in lysine content among different races and strains of 
Imaize. Because those lvsine deteriniiations were inade oil a whole-kernel 
basis, tile question has been raised whether tile range in lysine reported may 
have been due to varying gerli-to-endosperin ratios. Because germ tissue is 
high in lysine con1tent, the lysine content would be highest in kernels with a 
larger proportion of germ tissue. 

OBJECTIVES 

Il the study reported here, the main objective:i were to determine (1) 
whether Iysiie content of' nonmutant maize could be increased through 
recurrent selection, and (2) whether an ass,)ciation exists between 
germ - endosperin ratios and lysine content. 

MATERIALS AND METHODS 

Three opeti-pollinated varieties were selected on the basis of their 
higher-th an-average lysine values obtainied from the survey ofmaize strains 
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for lysine content reported I)y Paez et al. (i 1). The three varieties chosen 
were Midland Yellow Dent (P1222609), Logan County Coin x)site (11232 
666), and Reid Yellow Dent (P1213698).

Approximately 75 plants in each variety were selffd in 1967. lysine 
content was (letermined on Si ears ott i whole-ketnel basis. 'Thirt v kernels 
were sampled frln each ear and ground with a inicronmill. lysine content 
was determined by the autonialed lysine dlecarhoxylase mielhod, as de­
scribed by White and Gatget (13). '[oal protein was deterneitl onl the 
same sample. ''en percent of the ears with tile highest lysiite (otitetlt were 
selected for initiating the first cycle. Equal a,lounts of kernels were re­
moved fron Ihe selected ears, I ulked, and planted to give approixiinately
150 plants. These platts were intercrossed by uising pollen inixitires. 'wo 
generatlions of' niteriatinig were followe(l y a selifitig genration. A an(hi
100 ears from over .400 selfed ears wele alal v'ed for hsinc and ltoteinl. 
Each cycle thus requies a miiitnnin of' 2.5 yea rs. Metlios of selection, 
sampling proceduIIres, it eiltical deel filliat iolls weIe the %;fillefilr both 
the first and second c)cles(;and r eah ire[t )ilIhlee j)opilallioln, (hiaalysis 
was obtained by wide-lile iiuiclear lillglietl( Ies(inaill'e (NNIRi) t ilethrough 
courtesy of IhelIllinois Agricuiltural Expel itient Stalioi. 

RESULTS AND DISCUSSION 
The lllges ill ploteilltld I\ sille \';|hites fi the fitst aid s ( olld (c eIs of' 

the three ioptluLitioii ate 51l4)%s iii 'tallc I. All three l)Pttliotills follo ed a 
silnilal palll . Ih1, )lot ,ill rtlge filr thefst (ot l(4\(If %%iaslrit is letil als for 
the first. Not (lit lh(, liglwst l fill of Hithe titt.e )lilliis%,)fill( lotli ,111\ 
(Ihllilge' iilh h(t ,l dwatI ill lind i v 1I 14.I . 1lge ill IhSilie 
('ollt 'll t h Ici , s l t th ' b iItlv (I (111 l)1 W41 i(; ,1it,, bsitt h ' 
values illceaised ftloli tlh 1fiit Ito the s((t 11(! i l( , ligg(Slilig that %celtioll 
was effe(tive it iii(tIa'silg 1sill, (olliteti foi I .0 of lilh 11i4T iyellltioli 4. 

'TABLE I ilt.,li, ,iirt , .li idkIt ,iig , rl. r'flit.1 it hIiiige tu1.11 . till .w41tlierll 
for two i '( i's of 1( ticni scint ii Iml 1 4 " m 1 4ioil4.I Whole. 

kerlit-I tasis 

i I441 541wI' . .1. .5ll,14ii 

Variety Ra.ige~ Nkl., ~ Ha t44 (i.,g 
Pi',"r'tli 

Midland 9,4. 17.8l 13.4 I11.4 11,.5 11.(, €l 
Litan 
Ridrl 

8.5.16.A 
11.1- 17.0 

13.1 
12.1 

11. 
1 . 

Ili.5 
15.0 

11.7 
I,1N 

45,(i
u! 

Mkt~u~t 0. 19-).32 ().21, tIIIs 40 0.4.(5 #54.6 
lAflan 0.19 0.38 0.27 0i.34-0.49 0.40 *4.2 
R rid 0. 1 A-0.33 0.26 0.2110.31 (.34 # so' 
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The frequency listril)ution for the percentage of lysine content on a 
whole-kernel basis for each of the two cycles is shown in Figures 1,2, and 3. 
The frequency ,ist ribut ion for the percentage of protein on a whole-kernel 
basis for each of the two cycles for each population is shown in Figures 4, 5, 
and 6.Meati piovteit values for the first and second cycles were essentially 
the same, and I f(,teicy (listril)t ions followed similar patierns. The 
frequency (list il) ilohs illicatled no material change ii l)rotein content 

between the two c'cles. 
It ks )ossible that somte ( tle imtrcase ill lysine betweei the two cycles vas 

due to Ile el fe(t 4 fnvi iPineiit, becIause the first andctselicyclesfIr each 
population were gu owli in dil'fienlt eats. Iiowever, tile sallt )atctill wis 
observed ill the imIeaste illhvsin" between Ili(w ()tIes |ici"eah I cte 
),ptlalio s,with no h-cles,sscitial diatige ill Ipilctitl blwtcele tlls stig­

gesling Ihal the il('ivi4Piiticiit.il ef e(Ss 11ia have bleen iimila. A fultire 
study' will in vestigaic lies ctn\iimlilleial cft( Is ,gil')witig the( tlnsl.c(ted, 
first-c(hI(le sccmm h'.cl)4)Llatiis at the' salli tite1111(and plc.ant il-c 

rect iic sele fi l, 4)hi)Ia % ed t)bei 1iuu i ,hl-kc'lit-' lais appeal 
effective (al l)4l ilbabl was not (le to any$ chalge in tile level )fplrlein); 
thus, the ,tioni ar.se as whlhr ny hatge ill amtilt ofvto i ci thi ysine per 
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opaque-2 mutant and the mutant is recovered in segregating generatiolIs. If 
the genetic system involved for the increase in lysine in the nolmutant 
populations is additive and complementary to the opaque-2 gene, we n ay be 
able to increase the lysine values for the opaque-2 nttaill. 

In the recurrent selection for lysine content in these three noninutant 
populations, we confined our selection to lysine content on1a whole-kernel 
basis. We paid no attention to protein, )ecause we assume(d that lysine antid 
protein synthesis involvedl two different genetic systems. We thought the 
best approacl would be to first increase the iysine level, if'our assumptions 
were valid. The significant positive correlation, althhottgh small in maigni­
tude, suggests that any increase in lysine should I)e accompanied by an in­
crease in protein. 

[A discussion of"this paper can beftund onpp. 495-497 ol Questions 
and Answers.j 
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COMMERCIAL PRODUCTION OF 
QUALITY PROTEIN MAIZE: 
CURRENT ISSUES AND PROBLEMS 
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when wheat flour is replaced partially by opaque-2 maize flour. Opaque-2 
maize also has flound its way into some other popular food products. 
The following papers will present views and experiences on sced produc­

tion, commercial introduction, and industrial use of high-quality protein 
maize. Although experiece immay he relatively brief in this area, I all sure, 
the views eX)ressed will aid in ouir search for wa~s to iitroduce high­
quality protei naize on a commercial scale in many parts of the world. 
The objectives set for tlis session caamiot be fully obtained, however, 

unless an active plti6pation istaken by the (istinguished international 
audience intectinlg here today. I encourage yoz to voice yotl questions and 
opinions. 

I amtconfident that this session will make a lasting contriltion to finding 
practical and urgently needed inechanismns for the application of our re­
search. 



WORLDWIDE SEED INDUSTRY EXPERIENCE 
WITH OPAQUE-2 MAIZE 

W111am L. Brown Pioneer Hi-Bred International, Inc., 
Des Moines, Iowa 

Seed industry experience with opaque-2 maize has been extremely 
limited, xil i i the United States and abroad. It was less than 10 yeals ago 
that the grou p at Purdue Un ivrsity dmetois r;Iltd the ci'fets of'tile mutant 
opatue-.2 gene ol the .iI() d('ii I);dlancc (" te Inaile cuidosperin. This 
discoveI5 t)uched oila 11111.1 ( fat(tte)mps aIil g l)1((lecls to) iitIl(ll((-tile 
opaqule-2 ge,(nc( into (Ilcsitale genot()ypes..Iiltlc ,.,';s Ohwnl K1(ilc, abou; llo iho 

the olpitic-2 gec miiight iltim t w'ith oilil t tots ilililllu the j)hi si(aIll Inug 
a lndio hb.lIiiotlA ( illilsililii of the ilaii/, eildospell l. 

O l clie-2 li',l a d vilc.i l)p'oss iiigli )st f ill( d sild Illiils)ti% 

dleill II(I(1 %I II0(11 iluI I(l , I IIII dcvcl lp.io v tIIlough hlieIt(111 Illg I he it, e I I 

I '.iI IsIt of i cIII I1 c%%is k IoSsiIIg is Ich Iivl~ 6 111
sIIIglev gene tnigh ISII( I%c ple.
 
F ol k.l osss to dcsi 1d, genl)1% i s do lnol I ill ill lies
i ivbe uitll 
thalt sl ( lissm.d. plidil(.1 hi~lids (aIilcl of o)tlii)eiililg %silliIthl best 
lish~ lids iiillh.. leit thlmigl solme opIll ie-2 li~blnd s pio4( i ed ill tis 
Iiillel bll. I i m l . tIl,l.seed 11 il l ()Illl i 1(m1 is hwgitIlilg to) 

release h~blih hose patenlal lilus hawe hia(1 sti ill at)akitossitg 14) 
111114i i (l tll).1 l fl 1 1(11( t liltti e thi hih il 1i4) lilill~Itell Itl iili4 al i sl l iiiaid( .

'itli . li(14hi i I t llwliltl.oh (5Ied lllil 4lliipit .I4Ielalill. ll-2w1( )lo(l l 

h. lid. has. bcc.ll c (.'ki l NlI111liiil(l. 

. t111' l oilllg soli i 1()l tijtic-2 lai/c is hI ilg4holt hii lost (olilllies 
.hell mi/ Is iof ; howe-ve, tilte sig ilic.ill i.,l lis of11iollin e. )litlli( 

ojipqjti-2 h i iiid a l iceslic ap(pa il has beell liuited i, thle( )ItUll­
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Brooding 25? 
tries, Brazil, C~)oombia. andti 1)!Utlitird States, lIi.atil is IctIme 14)havet~% 
jm)IIuC(1 4100,011H) kg of'opatitic-2 ma~iie seed ill 1117 1and ( d)omia.ll it; tile
 
satrne ),Car, pt-ouced approxiately 250,1000 kg. ITe amomi (f11oititic.
 
m~aze seed currentill be~ing prticed ill fle L nierl State%itll.iol41 ilm~g.

Ili [.atII letI ta~gt of'h I equiI ell total1 of' ma~tirl . I hr jjl.Iir 

ill this%Icpiwi. liarurrett %tatuso4)1opaque-2 Iis brikd114 41it iv%ill B, .1/iI
 
atIuI (olorlwtbi will liw presentetd ill ICJl))F14l~I . jgtIia.1
fohlw.S11 1444iummo1
 
Ihow 1utrn.s to tile seed ihidUtV jwiitic with 411).14uet2 1n.16.4. ill 11114
list t 

c'ategories: (1) bredig, (2) wh4ed pmlt4Ltioha imcl (i) damiciW 
 411 J4i owI 

BREEDING 

Ise of11 hl) maim5/ Ila,, htcii liited~t 1114111% it) 4yrti4 t lI1lo p.11.41411411,,
 
ortiomd 141) ild %hei14unr I jl IIt lit
4toegidi it%[)lite 1%111)UpMo .1414 rI .AhPk-
the grolwer.
 

Fll Illthe Ietollh 1144 btrtitio hai Iitt,, at (ni ioito)() Ur" t
moo Itilo11t 

1 %right u it hit liftireitsI Jt' (2) filltici ii ilt highes 4)l)44112 4(1I114011 
ken j11014)l% jth 1111 It%I% 'AhatLCighV d11111 lm~itt 1111)4j1 .1141 1).1its 

WNhE.6ot hnec4Iclu e111 ilill Vii,41)1t2 (I 111 mi,1s11414!at tI(l4,14 

hIa 1g11ind) w4girgatuonfi VIe14ni4.4jw1%I WS 11141 d1(1)11 110101 Ilse I(MI4 
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OPAQUE-2 MAIZE 

'The Federal University of Vifosa in tile state of Minas ;erais brought the 
first opaque-2 maize seed into Brazil in 1965, from Purdue University. 
Maize breeding work at Vifosa, the College of Agriculture at Piracicaba, and 
at tile Agronomic Institute of Campinas has produced improved popula­
tions bearing the opaque-2 gene. Agroceres (a private seed company), 
breeding two generations a year, has developed high-yielding opaque-2 
hybrids that are well adapted to tropical conditions and quite well accepted 
by farmers. Other public institutions have joined the four pioneers for 
continuing research. 

Opaque-2 maize now has attracted the attention of federal and state 
agencies. The Extension Service has become keenly interested as results of 
experiments and demonstrations made by universities and private organiza­
tiolns have shown the excellent feeding value of opaque-2 maize protein, 
paticularly fbr human infants and hogs. 

The remainder of the paper will focus on some particular (elt&h)loments 
and prr)lens telated to opaque-2 maize production and utilization in 
IIhazil. 

Seed Production 
lhoth Vi'osa and Campinas are selling improved opaque-2 seed, the latter 

through the State Secretariat of Agriculture of Sio Paulo. Vifosa's 1972 
ptodht tion is small, although aboIut 69( tonls of im)roved seed has been 
made available to farmers Iy tile sccretarial. 

lhe fihlt I 0 Il f the Agroceres hybri( opaque-2 seed was sold in 1970, 
mainly to farmers who p)(duced feed for hogs on their own farms. In 1971, 
Agioecre,' pi' duction increased to 11)0 tons, and 9(00 tolls was on the 
inatket in I 172, a. omparedl to '2:..000tois of normhal hyl)ri(I seed. This may 
weem a rather modest start, but, l)y comparison, it took Agroceres 6 years to 
match this amount in the early days of hybrid seed maize introduction in 
lhia/il. 

'Vvl though opaque.2 seed costs 17%, more for Agroceres to produce 
thals dhw not mal l brid seed, it is sold at a 15%. higher )ri(e. 

Farmers' Production Problems 
lhVIe have been three rather universal restritionls to the commercial 

piouxuttion of'opaque-2 maize: (I) lower yields, (2)in(rease(d suscept ibility to 
eA te tt, and (3) increawd vulnerability to weevils, both ill tile field and in 
stotage, 

FoItluinately, Ihe first two restmit ionl have not been encountered illBrazil, 
al la t wit i Agrto etc%hi bridt. l'ariners are finding opaque-2 maize to yield 
lilite t.1tisia(lorily. Becaue mot farners evaluate yield 1)y volume ratlher 
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tlhan I)y weight, some even declare that opaque-2 hybrids are yielding as well 
Or slightly better thaltiOnrmal hybrids. 

To check this condition, several experiments have )een conducted. In one 
of' them, three of the hest normal hybrids an(l two Agroceres opaque-2 
hybrids were tested in six dliffereti localities. The results are shown in Table 
I. Statistical analysis showed no significant yield differences among hybrids. 
Ag-50,1 ranked second in ear rot resistance. Its excellent husk protection 
decreased the risk of'attack by weevils and rots while the crop was drying in 
the field. 

Storage Problems 

Under typical farm conditions in Brazil, storing opaque-2 ttaile presents 
a serious problem because it is mote vulnerable to inse"s than normal 
maizes. However. earlier harvesting and proper treatu:iu, which also 
should be used on normal maize, have provided satisfac ,t y results. 

Appearance 
Theltitisual appearance of opaque-2 kernels is a J)ptvntially strious 

iii;t ket iig problemif there is large-scatc prodtiction of'opaque-2 taiie fir 
general use before its superior feeding value is prolxrly appreciated, its 
diffet etit appearance could fiav, in ovrrall negative effect on oi0nnterciali­
zation. To avoid this pitfall, Agroceres' strategy has been to sell seed to 
selected fatrmers who raiwe hogs. 

Despite this %elective Introduction procedure, the maize oil and food 
imlust ries have started production coniracts for opaque-2 mtaize offering a 
15% pretnium alxve the prke paid for normal mnaize. It seemis that seleclive 
inlroduclion has beenIsuccessful and that the general comniercial demand 
for opadlue-2 ,naie can be expected to incr.ase. 

TABLE. I 	 Performance of two opaque-2 hybrids and three normal hyhrids (aver. 
age of six localities. 1971-1972) 

moisture 
t;..rs per "dgingo Rottrn at harvest 

Itybrid Yicki 100 plants (%) cars (%) (%) 

It 7974 (N)h 4.683 99.6 18.9 3.11 I1.8 
Ag-504 (0) 4.533 106.3 16.0 3.2 12.6 
As-152 (N) 4,385 83.6 21.9 3.3 13.7 
Ag.251 (N) 4,330 100.5 I5.2 2.5 126 
Aig-502 (0) 4,274 94.1 16.8 7.5 12.6 

' At osw lot almn a winditrm intrractd hodging. 
I (N).nrm.4; (0) . V'atju'- . 
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STRATEGIES FOR EXPANDING OPAQUE.2 MAIZE USE 

Hog Feeding 

%is itlillm3l-tI 114 it%iBra/i tohtal 114girhea tr 411 mIi 1pi otili and lt 

heli %Ce IV(i.11t%t oilelveli 4)1111d/e.
 
Dihat g Ilife 1).4bt veralI Ilti(111 im l~
Se)~i% (-XjWl)ViIt-l% emoilt I have 

Iiiemt r WIw lit',i iaie.1 1AVIItIgilig lolli 50 to500 V4 Md~ VI1it16i% CIt.)lIOide'd 

II~l 10)5 efficint wayd' illtrlxttiiig olm(iv-2 111.1/v to Lumvi,.lkIm 
collui(('tt 1ilig 43111hose idllilers prdicxIUi~g m11dB/ 14)Ivv41 llivt 43% I 14 4 

ComtiItriIg Ilife ittli)4t.IiVoil pork ill thli ji l lIttiviliaII% 4 iel,.pl%hr( 
g4 3elfiuiit .5Iiigli-priol-t1 I j)IiC%of' lili vrdI tIn a%I h1t Ii lbveI it%litissille 1431 
VCJ)4lit, ho)g eled ig 51411(1 rejiresetit all1 exit(.ettel arge itidiket lot 
olm tiv-2 Imii/V. AgI4KelV% is capitialiliiig 4)11lilt%sitti1,111431) ' emtihili-Aliiig 
llimitl - maim (II4Ilt,113t llt-w litiiii 11eI %%ith I2tetu­ii IdI/ lti 
sio31 Set %HV C(343jertt l31. h'it' go)iI is to)tomIlic opaItiv-2 m~imi jiit 1-
Illtive withi thai~t of, tio-Iuill 111.11/V When41 led11to log%Uti4liVI14411I 14111%l~flill 
and witl) the farmers' direct participalioll As ;I side bceeit ofi his work, 
ll-t-I ,il le beinig tught t4o Ilse iliiiitia and14vilatilios, whli(l 11 %'i431ll 

'AVIV Iiiimilial 143liviti. /Agrtx ve xhericlueV lds shlo~ thati 111iscasiv 143 
ilitinolute a fi%% tV(l114310gI b%1pro3vidhing 1144) of. 11IV(41i1IVICII.t 
ili1)Ii% iii thesie%d14 Imckage, iltila Vditl A.3(I)Il1, 541.% 

Idiilmi-s sevC lilt iestlt %of 43lm(ltiv-2 mal~im, seem I()143 w411W 111031Cfil, %V 

tioli Iuialiageltieil. 
Alon3tg wuih o)ja(j tiv-2 mid/v j)i4)114 3i4 31, Agtotet't also154 high.is Il O'44 hg 

oh1;il ilicltt-t. Ilgl)V114 lai1tts14 i~4)* eal1)g selhiuig tietiu 143 to 41'ilyoe hlvd 

opI~lt4'.2 1111/v b)% litiets. 

Rural Nutrition Project 

with1161 l-ittiwrs ill 41111. It is sponsore In, U.S.mtm4)d )Id i i Agellcl li0 
lIti-liatiotial IDevvtlopmieait (USA 11)), millet %IIjm~eI'isiolI Ilic lxitt11 4f1 
Sion Service withI I flie asislidtice of, Ilie Fedleral UtIlelcisit Vof VIi~os.. Ilis jilot 

Feollrues Ii11oigh thet iIili/aili of1 opIptiL-2 mim/ as dI stiblstiltitt for 

i%43l1lil j)4)jilhali4)Ii 

mido low~ I)1Itoha%ifig jI43'A4' me wItll-Ltiowin ubomtdt'.- ill figling Ilittiltiii i-

Tht gVegrialI of, 1-111.11 low1vd'4111(.ttiIIi't-vk, 
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ti IIi, i01 UIIII II1l t Iitt I jit' ril illalla I roi c)i(.ltoit ries., Is 4/il Iis It 
('m ep)lio4). H¢'(at 431 llewsfit' li3l S, .11por (le)'el'll4l'si493e1 tf) fillIlttt'lilinal 
Ive(-%ill 3131A ('4 tilll ilies vollmil ult,:%a Iiflttiill inlt lakinlg,

I lcJ t'.I, il t I milnli 431 ue.2 nia ai aoilhitt of'143pa4l iteee ut foil nial 
Ili lai/V elll I 1 ,it )l4vl lI ol hI t' ) )Ileh.3lll% inItheitIit il I 3toe Ill i4)l IIll 1­
liilill j)4l)9l.lli% 1| lrI.l llleVis..a 3335('llioilil Ill 4l;illl ii' aitIl r inv l'l.l .i 
industrial lw'ess and thead(ili)nof( amino acids, tiiiei'als, al| vitalnins,
Ililt%g)4ti'lil ing I9.193|jrtill43 )ll ailm3l patn king expt.es, All ai(litiltal pro)).
It-ili is iil'ell4, Iii l n eed for9 hIiallgiiig jll)'4 ill labils, ll.CW'Vei,cJ14tin 

%1'I Ii tilt' tollil3ltilliil l lliliiI3 I9,llll
1)1191% anl(l c ull9i es lnilli/t it%III tile 
Vi;osa project, tilesimple sub~ltiion of"tile seed will provide p)ro(luctioni 
1ml like of a Iigh-qalits'p..tejIh grainl at ithe IniIl level al ver)' hw i-ti


l)ala 1lo1 tlhis projt 3, ill it. fir,, 
 %ea., have .1(t lx-el fulls, t'vaIliate(l.
l lowever, preliminary inf(riiiation fr)m the (i farmers involveCI intlicales 
Illial: 

I. lie1 )14a1ue-2%eetd (Ag-50.) ieth'ld Ietlter! than normrial It l.r14%Iplante(d h%ncigilll..m 

2. p)l~ue-2 imi was oie vulerable to4wccvils when (li)l . l'lhis 
irol)ehm reCslte. Illre le,eti'h.) 

:. ()paqiue-2 mnai/C 
) 
niile(I Iwic4' its fast as n1ornlal Inai/e anl l)rOrhIt(l an

filter, faster-cx)kilng iteal. 
4. Bhh (hilrein -'3(lpigs sIle.(,'l prefelence for o( aque-2 mlai when 

431feled ;i ( hoice. 
5. Most lte Irmlitional t.cilw)(s (using Iniai/C itteal as tile Inat iinge(lieint)

taiste(I b'tter an(1 co)o3ke(I fIasIer when o)pae(-ii.2 Ilaize meal was use(I.
For 1972- 1973, a new lgreelleitt Was sigitedi establish tile saite pojec(I,


on alut the sane basis as at Vijosa, in eight different counties covering four
 
widelydtifffereit regionts ofllle stalte 
 ) lMilas (;erais. Hfopefully, this pirject

will (evelo)a low-ost inloclel i)r g,ral t piprove rural nutritionin
ill taile­
'n(sltolling areas of lazil and, perhaps, in Itropical coultries aroun(l tile 

Food 
V'ery litlc hulian nutrition s9t1d) ' ftas IeI (OIn in Brilail Using oaIMLe-2 

Inil/. as a protein source. IHowever, ill Palos dhe filas, stale of Minas (;erais,
Paul) J. Anotorimn has accumulate(I interesting (lara ol prioteil deficienicy 
rcovery in 'hihlIren1, using opa(qUe-2 ilaize is the only source of protein.

Alth()ugh maize is 91ll as ilportant a staple food for Brazil as it is for
neighl),ring 9ountries oit tile Pacific Coastt, a fairly large portion of Brazil's 
pplation consules maile, either f'resh )il tile c()l) or inndishes ima(e fronmaize ineal. Thuts, opa(que-2 miaize also is imlportant for direct humait
to)Illln)Itiol. More TeseaClir.h Must 1w (Ine ill tlis f1ed to (iScIose tle virtues 
and uses of, this gralin. 

.asI year lie Nalioial Camlipaigi for Sclh)ol Lunches (CNAE) spent over$30 mnillion (U.S.) on fol ctilSUmedlby 12 milliol s(h)ol children. No 
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o4).4j4e4! 111.4/4 wit% osi If, I11%ioni I oiitiooi ill the'p 4)~ 411-,%. hi I If44 

pj)tI l a%1well at eIlerg) -iight mc'itii fl fo14I.5 to)2!.0 I11i4414 moteI 

Puli 1i4)%IiaaI IIIIII% 'iv- i't4 IV umilg rill lie I ;'4Ix.I - IugI ed4it'g1l , Ii i11 %111 

mi4Iit*44)11 %I11rI Iliteii- Imillgel a.4114)4.111% il it'o Iid1141 ll hou4411~l4I 
Ei/ilig (I 4i1 '. II is 41 wit It mromg Shil))4I tiC),) I I it-4) ivi11i% 44p11I14)14II 1,41, 
I144vIl1. opl(qIe-.214llitt' It' laid~I. geli lI.4C4jI 4)4 oli Ilola,,woo111( iiv am-111t 

14)4141 fil)lij~liam K' ifliti ill 44ait2li ~ i.&l Illed ' il l'i4.% p I (.; li' 

mim . a 5 4llt'4404II-i of opl)4411'.2 is piyviig Wi pit-luitiuli fi1 imlIt ial 

3%Ilort. oil thlI,,,iolilliaI ndi/e. Ilic se'll the detgt'4'ilt'( 411(1 gI41411i4 
t'11ld o%j tIII, ,41%4ill it j lei )1444i . 44). a itlgt b alm) 1 o(144f acttt , %,

i% abo1 readtoAimi)1liti (4)111 j s 44ut 14 ilaLdket eight dif fert Ill iligi). 
p01(11) 11)4114' piodtcts- (1C11141ltC( %olp%.%ofI kiiiks, ma~caroi. coo~kies, 

and1( (411411-llaillls aim11ed 14)ward4141 o iit. I);d%it h)I1411L1 fill%14)I11411(1 h'l 
illewt pjoio(14 has%oil)d.golie tattt'lil cheicai~l and( Ihio)I4gitil letsi and1 

il14)lt hv pio)tt11 thani that 441miilk. EK~tt'miiveii.4t of' hiighier (l~itN 

A. el Iw 
4(eltiltbilil %l 1%4I'i~ %1441t l em44 414tidvrwa1 andt, so il Id)lt'%4111 

.14'C VlRtollI'agilg if lw-t4s %4l-m4(epj)t'(1 prodmit is ex(4( hilt Ile 

Feed 
The feed % is ice.4%Illg jItiplliou,ili(I4%I 14 %tl4iII II ill) palitial.1%, fill 

iIIj)ilt.4141l po4tetlial Iluairt'i lt ollmdque'.2 Ii ide. IIoweveI., Iiio%I feed fit(' 

minera'tls and1(vilam1111%, which tile users%mIix wilhi noral4 maim4 mueal. New 
toIIl(4'141 ,tl formuLlas% e requtired to 1)4'would b0( ini'wd wi th opaique-2 mim~i/. 
Iheteloit', 4)pd4q1I-2 maim1/ ieI)1eeIl%atchallelige to4 tile trdlitionail I11('thod 
of, allimi)ll feeing ill Biatil. 

CONCLUSION 
Cons)idIter ing whait has4 t'4'11 accomIIpish~ed ill hMiaiil over' tile las~t 7 )cars, 

sincet the first (lladIIt-2 1114/r Sed1 lh't'l4 tile I)4lam1e is hlighlywtere 11144cIC, 

positive'. Private ctercpI'ise 1)4% plaiied. and0 is%p~lay1ing all imlportantI role ill 
[Ile produc1)tion)al444 1 ~ls4Ipd(1ue 2 1114/e. And4( iiIesearchi does not)find an 
e'venl htitei IliLtail opaqjue.2 11,itt' will glow ill iiiIIltlillitt. tl rap)ver ill 
Brivi. Will at ext epl io411 (whlere 11141/C' uses1~~,ts ill.IVew miight have Specia 

popped4l/C' and4 hloililny). little cal) Ile (14)114 will) I)ltiidl Il,i/t' tilt 
opaquel('.2 111,i/c could4 not) do4 btter. The long-leril j)44%%ilili e% lot. 



UTILIZING OPAQUE-2 MAIZE IN 
FOOD PRODUCTS 

Denis Robinson Best Foods Research Center,
 
Union, New Jersey
 

The utilization of opaque-2 ,.aize ill (.omercial fxxl proiucts hals 
I)ee. limited For al least two l)sic Ieaisols: first, it has not Ieet ecoiiiinicl;lv 
easille; .nd, se(),1(l, the graiti has beei evaluaItedIagainst staIdauds f 
10r1;1d vari.ties an( lou)11( la(king in tile fiel, in the villages, al at the 
iill. 

Malls of the alleged (II.l)c(ks to this high-(qualit-protei i n.i/e have 
IbeenI (is(cus e(d at tllis sytlm) siulll, )rief1 toanId I will repeat soime of Ilhcm l 
set the stage. 

,A\gritn.h nre ,w'tor:S E)l.jectitlos toopaque.-2 maize f'om tile friier' 
po(1int of,iiw are )oor germlatiot, higher moisture at maturity, vulerabil. 
itV to eat ot, brittle kernels, soft endosperm, lower d(ensity, anl lower test 
weiglts. All these fitors a(l(l up to lower yields wl (ansts i1rease )y as 
iIlti'h as 30)% ;lx)v Ilhose of, tioalial miaize, Ihus deterring fhatmers froii 
glowing tile high-iuality protein IIaize. 

Mills: It the processing i(lustry, when the high-quality proteitn varieties 
arm' Subii itt('d to (olive 1t ionad dry millitg )rofedures, they p)rto(ht(ea more 
ulI(hesitable split of' fia(tiotls thiall normal Tlidius. irc nothis, they oif 
(('I0I (,ri(ial imn.eest, irrespe.tive of initial cost. 

When l)rE)('.s..e.d l)y wet milling techni(lues, thle higher coientl of solul)Ie
poteini in tle ola(lte-2 varieties ge.erales eX(e. ,it lli(t ls o f steej)witer, 
thts, making tecovery of glutez iniore expe lsive a.n( reducing interest toi 

274 
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I"allill and. vilhgru: the 116110- Oplit-111% to ilt(elikilte of Ihcese liew 

%aiiel, alod ) hei kut nuir ie me€ ;fliti 

fld~lleuI T liht-il,ti )tllU/h-. Ili'im i%%ii i 


key toIt u Iw vilhlal %hlibiit-,4c 
sltilpJle hliptti andarijas. 'l'lli. ' t lab)1filul.ll mIl /et doe%,' 114l, ep )| ltim. ill .If( hIllol ( oldlll Ill it) I livil ( ll ali 

Jil *itilI((°,%. 

'I lit, let li 4)l, je tli to Ix ll , fill(I%ed4 %%t'welli fll prime livtli l)illijllg
%0 Iitlil l' '.' tlh C.1, il bIint)hlin'('tllg I)l g illll I eve(e, ho lilll Vil ic liMs (ifhigh-fitl.li, y-i-rot ill rellait(.
 

t fi,lh' lttl 
 hs,colme it) deviw i'W% 11)glo . ;id i."' lie vai'it'l iC 
ilJeall) availl)le. Iiilt'l iJi il Ifir ilii, ge'lit dtwlopttmi( rreate. file, itlea;l val iely. ,lmlw .((lili( ( l lle d tilhe~lwIt'm lh,,­
ligh-quiliiy protie Imize h .(''1Ue Il' ic iiliili14'd ihvIhit;d l ll l
 
'ill.ug' level; allid are we iedl 14)J)il pIt tmli C%ill (lu'vllilug 'i ).I.N? NtLAv, mk'.Shou. ld Spl'lI Illole eli'.lI pl.(lilli 111.' Iprodtut lli leac;hing Ipeolelc how 

to) tlt' it. 

EFFECTIVE PROTEIN VALUE 
It- , w'ilbl divag ( al 

, c wlhi'r we can p~resent all i ullll'l I;l vorillg Ihe Spread nd list- oi 

iI I W0CW tile'%ililiinl then.| Slallln Iric'ullurill ns,;od 

citir t lll' availi le h gh-qualits- pio)Ul(.iii Ini. '.
 
l'iIrl , wet 11111st l'eogim ie true. food Iit.t 
 of, t'%( .1arieties, loo king1

ht'V41ilI lit' (ulliitdliie aspl)e'ct ofi viehl a.nI (( lidelilng filt' 1'/fri'ri,, vloiril
 
14t'1 e ti WhVlit (0111 ihl)tltil)ll (Ii this iili/t.' iiiake to Idlt total food
(C (l. j 

Stlp)IV?'% ht'lt toli(l'l;Ili1n, sld4)tI ht4Iii' Imhe Iolival'ilig IOI(t'%. Fig-
IltC I iha sim)pliit'd e'xplantion41 ofhh' ,ignillial it,4)1effectlivepl -/.v.i 1,1'h1, 
(')paring lih-l ily plo)4lein val'ilie with nIrmal 1d11.i/.

lIlt' dlIti It'(! ill this diagrit'i rc' iovide'd Iw E. MlNi, holJ rit'('lirchdolle ill se.veral lilliorlo(lies wilhill file. past.. (e;lr. andl~ . based( onl Ilheare 

l)np ii effhic'it ratios (1F.R) 'stlblishe.l hi it',,iclrli t(ollh1'olIt4)l. Ilsillgli PER ofa ( t'iii dN 41 ',1n4lir(l.
I.tues of yiell difl-enrer , eve,C onl the'oiler of 30 are' dw..red ly the 

ilill)m llu (' ) this p)lliili-v.it I I Im. lit, I h it' ji4) tlc,iv vrolut' (if 

EFFECTIVE 
PROTEIN PROTEIN* CALORIC 
CONTENT VA LUE VAL U E 

I0 PERCENT g/I00 g 3600/kg 
db 

go PE.R Proteing Protein X
 
PE R Caseln
 
.FIGURE I (Lmlatativef vi id ,mil mid ,pa.,,l, ma,/r. 

http:p)lliili-v.it
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opjay.'-2 matim i,ol, ihe .a'l'litave;irageo, l 75,'5 gi e;i( Ile lthi n )lillIlillintiadll, .ia%t{lli Figiat' 2. pire1tW lIhte illttletill4 ip %sihiil tI gelting Illore

food %-.fill(u-(r lhi;glate o Illai/.
 

s ill i'li tidtIcwe lIla%Ix-rll lnewcilld's h11 11iliohuIl r.saj'l cl%It) plove
ihlt le I ,le fill
oftlIIli%pIolvIll r. th llthtei iI Illalimt-rllillg 'Ill ifitje%.Rihaid, lh4l-S.iil tlle i o l'iiltile iition of (Cetral Alerica ad( 

l.IikIi l. ItI l r
(I ,(I AJ)) t Id'% ed rcr-v4 It I5-iIh t I IomltI I I:sop.oi
flit I I)4rn tm;lludIt,it Ihtliel lCeiirmal mimi.,I e'er('. I30 g of)lo)lElre-2

111.i/c would 110 olI be adeqjuate, but would alm) give flitrogenl.r.tlitl ion
v'tlllt'%
(listII )Itllo e of*Iililk rlo)lvill. 

,%illi ,( il ,h;wan1l tE)-Wol e r ill lihf itietIci o)"1rh-MIi.ssl ,liltl'

I l4ohg)t'(pliaieI tihe priolin qpiililhv )l')i)dillt..2 main with nmill Ix)w(Itr iII
fhe li(ti of, 'o4ung1 ah(11111%. 

Using I Iest' dIlai, iit flow IJl)jti( I Ihirsiglifinule 1110Ithelintot l f(Isillilijll illMtxico. Table I ill(lditaltr that if a1ll Inlit pillh .edwer1oJIdaglI-2 Il/ilc, wt would gc1 fillu11 Iliore food val.'ier lclal c )fInlai/al11111Iilower, ()sl, ,111(Io1 minia gilercomig rll(' tofihlioi food need% of
Iake t,file{
Il'cple,.
 

o 500" 

/02
 
Jm S400 ­
,> 3 00 .. 

­
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. .. .
 
w 

>- 200 . ............................... 
 . ..-___-+__
 
LJ 
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- 100-
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HECTARES REQUIRED 

FIGURE 2 Effective protein valie it aglitulitire. 
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TrABLE I lIIfrI if E))uluM Inaie 

frl)ICd lli111,1ll Ai/l' lotr 1.0P 
Illai inl Mirsh 4) 

Annual Nlihlim ,,I gogi 

A ,crae', ,,Ip I 
AktEraMIt Ub4 dl h)EIEIIJn hIIId 5.6) 
Ii'd in l'rldtui 4,5 

Op-aigu, n 1U, 25 

,'lJll' I,) aluiatL' lhi% l))lWill dl)'lai%e i 2.',, %IIu ' ldhh' ll hi 
%llE) ~ it ('4 4)IIE)IIi( valuet 4)1I ,lt6411-2 IIldije jl4),lcinl (-l)IIjiEIEI' II itil kol 

Rcgr('ItaI)ly, lihct la'or.1lt,uutrIitit)nIal al)ect.M 4)I5-the .tl~w.2 lI1ab1/t1l)1,4 
uCIt rt" rI.(Iluwe(Iduingitlnormal illing VCC(IUh 4i.5-%., Jew (l)nni1ta(i1

%%t'lilt 
tCl.% who1)t'le , aild ttiU CI, 4)1 il ,,i 

Ilau,ll ;.i( vllit'iIl (olpil-2i)liii/e~ pintcli toiiai- hmilh 
grindl I h ir n~.iie aI% de .t l)CttC r ,ichl 4)I 

c 16'l% , l1Wisl.('d i1,%gi iI% 4 Iulr(' twir lllj jl)w.lhlt.,lihh' %IE)W I MmI 

in lh'r l)hJct I14 ii. 
thhre I inLitIt(,111 irl(lt'lli4n I Ih . 4I-iin ill t Flew4Ilhiillm lli ll 

((llni4'ind II1E)%t I)iiasw elI tial mIlhsI('r%, dlt illthei (e tall.5 depit 1%tlhle11w 41 114 lot % ldtna thi th14)W lu. I)l%)lt tIa 1 11'ti2nith/ tieieil
I'h rlt icld ll w l-l l i st' lion 11j; it'­ih 5IIC4 (llesld ltl( oift'd l ll Illo ira .. %%l i li1gilte p)IE.te.gdilh oi ir1142 

I'AIBLE 2 Value of opaque maize versus skim milk powder 

(IpaqueSkim milk p4w)w-'r o 
• maie/' 

Price to leg Og4li irbI 

$0.90/kg $0. 15/kg 
I'rmlriu in kim milk protllm opiaqlu 

35% 10"/, 

But 35/10 is less thn 90/15 al 3.5 < 6 

This tails to recognize cxtr.i (al-rirics fron maie. 

inhuld cowthMore rrdaiisiically we i 1( 

I parl skim milk + '2.5 parts Iow-cost arobhV­

drale source (c.g.. molasses sugar). 
$0.90 + 2.5 X 0.18 = S 1.35 

3.5 kg opalut, 50.525 

hrlhr buy whr'n 

we talk - caloric% - protein. 
Opaquc maizc is 2.5 limcs Ihw le 

TABLE 3 Typical milling yields 
normal versus opaque 

of yield) 

in 
ma

U.S. 
ize ()e

systems: 
r(centage 

Germ Grits lour F'red 

hormal 

Opaque 

14 

18 

48 
30 

22 
56 

16 

16 
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'IAULI. 4 	 I'f)tii levirlif in 415hAque indit' 
fr~u IkIllil after miilling (%) 

Griln 	 (Glii flour td 

15 	 7.5 6.4 10 

TABI.I11 5 	 Lysine dIistributionl ill OI)AJIUC iflWVe frac' 
li~iosi ffer milling 

Gelm (;i% Flour Feed 
(1.1i of 0115 0.25 0.25 0.58 

IV invl 100 g 
%To~i1I lybin 37.5 10.5 36.0 l6 

I I i c i I' I I I 1 tI i111ii IItg (g I.i II%1jullu) ;IIv(vc 1 1'i *Iti 
I II II iai~Il)I'I. I Iow(pI% . I Il tile aliiti 

vf hot 	 1 i iI Iyci II I iv 
gelIll fifictjoii and11 l feed clefliciil% d v 

1Ill it iioiIa,il~ lieVIlv. ,I his%is as%it was Ilfore Intfill is1 ecoliOIi( Ce4)lliti il 
41is4 ov* cic ( I) tha~t Ille il hioi e inii/ic gel ii was v'dltialIe adI (2)1 hlia oil 
%%.I%thv 4atist. 4)1Ilam W~its ill whclte iiieaul aihti miillinig. 

I hit'i (10i. Best1 Food's1 lalol-alolie%.114. dlt lhug Iii lille liseLithei 14)cuc 

Il it dilohit ill D)il wi, all iiil".1iit we'.uting lOod fillt av~ailabl~e ill(Co1~loi. 
I he %%holt tical fi Ill Will pjilhIlo h e laili/ed on at larger %staleor ill 

oithu t o4111i11l pof41i lioni~i (If opit)1c-2jal t util Ilitit is a1greater jiol () 

Mclvamilje, out Iicaii It seeCks to Icai ii hmvll to mia~ke iit ele thhev list-4) 

I v~liiI 
Le.t 1 If-.o (listtills somhe ol1 hti %;iNiii whic~h oitdtlui-2 Iiii/t' cain be mctd, 

I cIiitiiiling m.( aiv lethulilieiiig tha~t it alwvaS he iN if who~le gill or2 

l.iu .11141 aivaiilbl. 

1111a. I ablek 6ii4 tile IiiafjoI 14)4)4 (.uego)ieN. 4)111(1 thaii oll-IhIc-ob, ill 

T'AL, 6 (IiUt iliztion of)1 jze 

t'r~haI'i 4~o~~'. hrrn(of rnl~uillc 

ttr'.at%'" Wi,44t or Ug4oUi44 

0.1 P.92 W11444iP, M'4~4PPI~I,OFI4\iIM1ijip 

(ocal' tf (44m(oI)Pilij 	 4)r cPtiflvi 

Dql M 4.(* ound gir e(llt 

I'l('r,)iP'.g 	 or)m lorito triiadt 
(Xpragcli C oumpl or vxit dd 
Ca~ Ill Griound 411m( v(Ximi 
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4hhh 1111i/ k l'cl. giit%,, I Ii'l. I Ihl i 1 411 )1 ,t ,|Il|4% |%jIthIt(lly ..h h I '4)III 
1)(4Ol% i%im hli ili 11 ltk il ll lIt 4)1i' 14clh' 1.l'd. 14 ill IIii lh . ll/i/t. 
h1.l .111 i111. l .'. . "1141ill hv ld Iw lt't%.ill. (l mp ' 1. .', .1 11111% %.1% 

1.11it% I 1% ,111 i %%ill ,,4)11 .111 4.1j lI . 14,Ii/,l,
4'4111Im1. tkv lit' Il 14)
l l 1(oll d llW..,.vt. l c' lli'%% 

1)1ii.o t' fll,i\litI ,Ilh I l ll44'l, ll is'.1l). Illw i 
.I l
%%livtt llw, laslt iilip l divl, Ilhi., ,,,I
111tlw h..l talvgfll 

becom the~l' io lalll ,icptlishtallingUl !it fll.i/' ..l of I l ihlilln. FIll c~l3 

III)IiI s|i' l ili i l tw ,M.'VMgI I di mi/,..I¢,(a p'I ,1( f hkii, ~ I ,,,aIti-

m wl'L4II' i iN lvl'lli li('lltllt"II i1 hold, 1114.1 lulliI~ ll.*! )- llillt"and l' U h, 

11(1111, 5,0 mdwllfil ',;O I 
. ,.,tl.f.l is, 

11011/111-l\ pI lm S, ll lli( l), ;ll Ilionl III lilthm 1,v'ull 
r'lift, vrlalh .pitabiht 14,willvivil i.11 41lIXii.16hl.,%/fil 

1,ll". lhilp"' allld IK'I ll'il-. 


c and ap lan )1lm w lat It, n 1l hill [.II' lll( II( e .,. h- 11, %%l1it 1 11,h ai m/.1Ill 1. 11, 

'lldl..llug, simpldlit~h 
illcal lm ill dit, m41l. ty .sim~ic'nim ".illills. %% (;', 

\Vv ,tcm vcl lif,.l Ill., fill l1ilkilng illhaim. 
Illlain.lc)' Il.m .II. I l ".I l, 

(alliambe,( , .1 1;1lg .r hN .1I 61all d fion s,(lh lll,1ingll .II illilal hle',[ ill 
hllillll'l-tyc)( mill, fImdIn h', illthcl Il(h64i111 ill pl ill..I ",.,ill',. 
I.' Ict,ill., hIat. Ix.('Il ' ldw w,( c' c'. l illlmlll\((.lh.'llt (6l llt-41 l Im m,'I- il.. 

hutll ',.lim-al. it'Iilled Ilhmll. . 1%. ' hbcII.1..,, '( , libl', dIc',ilt, it I'm 
l) md (llicilli(aill, n 11h %ithiI l \\h )'kinlh lillfi lle h 1 dll a lkilli. 'elc 

ll til.l m ,alm Iot-cll m .)t'.sm,-' lllll-like'-,Il,ItI; illlhis,,,v III\w 1lllh1 'lt.1 iill() %,' 


WHOLE CORN
 

WATE'R (1.2 -1 CORN) 

LIME (0.05 -1 CORN)
 
BOIL a,94°C, 50 MIN
 

STAND 12 14 HOURS
 
, J DECANT
 

DISCARD -
COOKING WASH CORN 

WATER WITH WATER 

WASHEb CORN DISCARD
 
(NIXTAMAL) WASH WATER
I
 

NASA
 

I (180"C-5 MIN)
 
TORTILLAS
 

FIGURE3 (%%.acimallt'i14)4l lt,,I g teihigoil )t'I klh, 
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C hI%(.t ljt~ stillhe it111.4i lit 1%111%thu11s I II top I I) '4 Ili 1 i bhl I 4,1o ligi 41 Iit% 

II, il i ict~ o st111 tj44 
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lilt.) I'ElIIII "%11'liI~I~~I 4t' II6 )11 I4))% t 

illl'k.41 S44)I W iltiiC%Sie) IIIV.'141% ilie il N'Id liil) 4)V'­. 11:411)111it411V %l l i) 
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Part VII
 

CHEMICAL AND BIOLOGICAL EVALUATION
 
OF MAIZE PROTEIN QUALITY:
 
CURRENT ISSUES AND PROBLEMS*
 

Joseph S.Wall Northern Regional Research
 
Laboratory, Agricultural Research Service,
 
U.S. Department of Agriculture, Peoria, Illinois 

Jerrold W.Paulls Northern Regional Research
 
Laboratory, Agricultural Research Service,
 
U.S. Department of Agriculture, Peoria, Illinois 

I I 
i iI .IIs of of f(Iitlll it% ilU(edh. I f l ftirlhI II li l Ill IIig I)-(Itiillil%Ipl, i II,,lit., 

and4llll(hl(elc'ill, it-. %%ell. 

cm(itilig 4cl 4) j)4% Iml~ t 
NcI%I , alndi (8, ). it-slvl [li ,%lihlclll,-1sf-klg 4) h1,..41 

Simi thle 411% of ligI-hIlle 111.11/v gcI1lo 
IBalci i i I hi 

.Il1)I..;l4l>dI %1 l.I iiJh lh h)CI4.Ihi III14,,1.l ,Il((%%I liIIC% IIciglVhli.il( 

iIClIloll)I l( ' %, , I l I v(.l ligi c IllIljbeI'llU il Ill h )t'ljl i l'csll 14)41 
j)It 4ipIil% ' tio l ill hliJ.''C l h ill l( ith'i 1.1g(ld' evalid i 1 4ti l C ,ghl 

I(tllillc )Is I) IIllg ol s ) %4( ht-fll 1h illco(111 ilhA li l 111 l ICIII 11 , i%,,h dl 4)111 

attuil)U14. Andhii IIIIighii(jahdiv p)I4)ciII Inl/li 4'111c1% 44illlleft iaI I ldi)-

I eIs, Sitn pIe jpl()(4( I 1.1 t'(I of4) IIgIIl i I I Iof 11 Iwll l)C IlCIce Eiili I II 4)II1I 

(ICvch1 )t41 dlld gl4M I C4I1114 ilI'. 

M I I ' l , V ,%.S. , mc,411111,filhi', flill8liI,(0,It hl 1l' h 'p.l1ill (glll ,( llh114l 

pi) 1.I1 Im IiiIl,(llliflilllll
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;182 Josoph S Wandd .Jorrold W Psuks 

If fIgI44(4.81 Iuo81 8I .I44 8,44 I481.1111iiff 8811M .I 11ill li44cI88IitI8I /align II IIAt 8 

94a I',%94 

f4ig4N111111% 11% oitlvlillIll%44IlI11441114 1141li ( ,iia1i1i 

* 4' ii g11 Iili. il 84 11114.1 %ii 81181 4 .414, .418484'4, 4I8.88l),gt' III 

lpi~9 98,1111iiilg 1 .8 ll 

1,14 %too. .. '.11188888111i88148448 1-111 (418889)I8141% tha~t i11191.111 98141.88 It 11 48ji 

8418i IN-itlig 48,ll .11 Iititig lim ilt i"''k8 l C44140 .Ialia81848 4, 488 

1114' 188881 i4'l81 %,184'4018984' 948484'888% 
1-111.611%. 8441188148- 481.11141898444A'1)111141111841 814 ft84'88 .I1111)11'4 8.14' 1114' 

88.181184-439 111.11/c' 94844148884, .1114114 11888418114'48g.881' lb1t44119let'84'88I''.ill8 9)1448481 
49114' 8Il g4l'8'84 44I(I 641118 111. 1,8 11('884i .84i4l 4116118488 a81181188 it-ill.111 v' .8118614 


.11.1111111%g. 944'4iI Jill lg.91i888818%l N. I4'84e
j86i88 944' ilti.(8149. V41818 'I 
I Ivaiiei 4 411 ( of lidw gt'18(814 9,8 14114 898.88 gfEII.l 88Ile%li vs of88I44449811/c' 

lilt 484111 

LOCATIION OF' MAIZE PROTEINS 
8j1 8I 14c %4. 1'1li lt II88448 lilt( 841g8.8941 84 ill Iigiii. 1 41841MV814e4'.'419' 

Ct4114 Ill p4848(ilI8ili %88k141I11.11 4 oil(1118844888 449 81448118.11 IliMI8-I141114'd884I 
4'18414144948 l88 St( 864884%.1 !Ic 4~8 It 948.88888144 14484.' 848844'im-11b 4-11%lit .8 

f9ill- 18 08144888 4401.1 4 411114. p4848(i1 4448814 1)x' secti (21). lit ;I 1114811,8 a888/4' 

Normal High Lysine 

Maize Protein 
.8188u9 pl 

Alid4 high-l%'I%iiiv 

FI(.LRE I stanigcei 4'1'4848 I88844914)gof9 %44'ti44 448vi884I4)S9K'8 i8l 94fill)8(ot Ili8l8 
(iyaipiv81-2) 118,8/4 (%8sialt giiIIot% 84'8841)14'Inh 881'£81i8g %ec(81648 

148114.4181 944' 
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%4IiI. ItI lk ,1 111111% 1\ 141 IIv(Il IgtI lI ge~ 1111111R,'Is li lt1 )IIII itI'II 1t41l 
will 1441'.11%gl tI .4 tll %%v 4'm14e . ill( t)~ a .l1t,.I i at11 I iftigallli.ii 1 b t i 144 

pllvl 14144it-% 114)111 IIldlI14t j41 il I Il111git'11d14% Ill Ow 11141~11 (('114119d 

sj(i-ilt (1). 11.%voi 0411 .114114 i i i and klaItil gel t' 111 o. .111.1%sis, %%'t'). 11111i414 
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Reduction with 
*8Mercaptoethanol 

FIGURE 2 Pathway of disulfide bond cleavage through glutelin 
structure. 

nornial maize protein. In contrast, the larger amount of glutelin in opaque-2 
maize contains a smaller proportion of this zein-like protein (14). 

The observation that an alcolol-soluble fraction of glutelin Cal he ex­
tracted from reduced glulelini was also mllade indei)endely by l.andy and 
Moureaux (6). They further separated the remaining reduced glutelin into 

two additional fractions, one soluble in alkaline buffer and the other soluble 
in the surfactant, sodium do(lCCyl sulfatte. Differences between normal and 
opaque-2 nmaize in amounlts of, alcolol-soluble glutelii subunits were con­
irined by Sodc'k and Wilson (17). 

Possibly, the opaque-2 gene flavors pro(lction of more glutelin at the 
expense of zein, and also may reduce the content of components low in 

lysine in gluteliti. 

CHEMICAL EVALUATION OF PROTEIN QUALITY 

The relative changes in amounts of (lifferent proteins in opaque-2 and 
floury-2 genot ypes are reflected in aibctter balance of essential amino acids, 
especially lysile, IrYptophant, and leticine (8, II). )irect analysis of one of 
these amino acids is the nost obvious way in breeding programs to survey 
proeia quality in ,naize grain. Since lysine is ustia;ly the limiting amino acid 
in cereal-rich htnman oliets, much attention has been given to its determina­
tion. The automated amino acid analyzer which separates amitno acids in 

hydrolyzates by chromatography and determines them colorimetricaly is by 
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VO 
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FIGURE 3 Effect of 707t ethanol extiraciion of alkIlaeI-reduced proteins on 
Sephadex G.200 chromatography. 

TABLE I 	 Alcohol-soluble protein sub)units in reduced glutclins from normal and 
opaque-2 maize 

Item 	 Trf)c of prolvin Normal Opaque-2 

I Gluldcin in total protrin (T.) 46.5 55.2 
2 Alohol-solubhlu prolin mimunils 14.4 7.8 

in redmc glh Iim (%) 

3 Alcohol-sotlubt' glihlin ill 	 6.7 4. 

total protlin (%) (I X 2) 
4 Zrin in total prohtill (%) 45.8 24.4 
5 ZCin + l olthtl-soluble gltt'lin 52.5 28.7 

sU)U l i%, % ttf ttal Isrt in (3 + 4) 

Source: Paulls el al (14). 



286 Joseph S. Wall and Jerrold W.Paulis 

far the most reliable tool for this purpose. Recent improvements have 

accelerated its rate of analysis, automatic sample application, and corn­

puterized data analysis to a capacity of 96 lysine analyses in 24 hours. 

However, the instrument and its naintenance are costly. 
Alternative methods used by some breeders for analyzing maize lysine 

include miicroliological assay, Iased oil the growth of lysine-requiring bac­

teria (1(5), and neasuring (art)oll dioxide liberated by tile enzyme lysine 

decarlm)xylase (20). Analysis of plotein by forning tile di- or trinitrophenyl 
lerivatives of Iysine, which c(l he detetmined clol-rimietrically, has heel 

widely explored. However, when c'omplete (lerivatilation is sought, solubil­
ity of maize pioteins beconies a problem.Sulwrtmaniain and 'o-w rkers (18) 

overcame this pro)l~lem by using ploteoly icell/zyles to disperse tile protein. 
Concon (2) developLd I pi-ot(liile based ot solubilization tof 9517r. of the 

maie protein by alkali. lhese tcIht'thuet's have itiploved tile acciriacy antd 
increased Ithe iale ()tI htitietri al;tIhsis of lhsine. 

Ihowever', eveti sitiple tcliods ar' (hesiliabhe. Sinte we know that the 

lysitne (ontentlof maizisirelatled to its conlelnltiti of diffrItnt pioteitns, 
erties 

of tile piloteins as (iltt tilot iotfinli tililt. l' cxaitllh. Iwo groutps of 
workers have It'potltcd the smt(ssf illuts( of (lc litdling. based on the tdly 
prot'edtite.Ioestabli IliIt otc iti l ilit ({5,9). Sti(e tInlltllollill of (INCI1l 

IllanilyinVesligalls hatve sought lo lise difft'let's tn aiti lits o 1 ) i j)r 

ie d
 

is a Funttion of tIh basit ,tt1illo ifl of lit grailn. this p telute
;I( (oUlIcIlt 
petui IS, estinnatiig hsilu l nttll
 

At tie V.S. lc ittnctit (f .\gitilt'i Noi0htin R'giitnal Rest' lth
 

Lh )4\titliI %(.lm% w aIi sjtilIc thl lllii C li ti)l l tIil hilllietllic
It c, 1 it', it 
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aild( ItIglt-ISitic l11ll/c (.1i 1 c t twf st Iu l ligi gti .tuafsifa 
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K II 11 M i ~ i l Ill , fin'i lilt(II s A 1'llS.1 1 ,d tv g ol. k hali10 g tll 

it,, li 15( O l(.gltl- (Il tIII(.1n'llt,trill. I his ,iIttif ill ('IhI I(54 t lI .lf .11141 
I t .11
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biologically. The subicltlart sttttct ure ohli matimC keiiicl mid the solihiliti' 
of' (Ile p~roteins itliflitece chir digest ibilityv. 'IhchoiCF0, addIitionl)I CXj WI]l­
t11lits.1IC Iecdc(Iltoeva Itlkl( IIl iiliiaIt Itio Ii of, l-lcti II I gll I Is t1at (I iffc;l~ I I 
Jploi(1t cotlllosifionl ad( kerl-- sli ictit~c. FI'.iiiciii s~stellis have becit 
dlevelopedif~~1,1tetS of il I'ifro (igcst 11)1litly cifplotvill 1Ili give goo(I ()Irl­
tIonl with ill vIvlo dla~. a.1 (Siallth1ut 1,01 sli of 11111Olivc %athic.etts itih 
lab)oratory a.iiiials arie icojqillco. SliII tst almlills and0 dicls IluuISI hc( 
iti~cstigrait-d and1 SehIt-l if I(%-lil% a11c 1() be iltc I)Ietvcl propceii% 

hIccjiiIse of ic evit It'ols Illilte (d ociut orF flint Illai/c. tl(c grainliu IIk m 
prIo(cessedf' li st- ill fo)od pholO~u is, (.itl1ti 5(I)(ill 111Wito 10i111 ,,uoa%(OF 

h)eC.oliuus .ivailail guciah, (,ilt mu~st lbt takt-n that Its Illit-w en ' 'ul1lit is 
1101 dimtinishedf h%. p)Ioc(ss5in mid( food1mji u l o ]l Ill the. Ilstpiit Itiohl. 

4..5 + qa~o o 
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little attentioll has been gi,'ei to maintaining quality during processing, 
owing to tile poor quality of' normal maize piteinx. 

Modern Ineals of(ry milling miaize to remove germ and hlIl are used in 
most parts ft CheWestern I cinisplhre, and it is likely that they will become 

mlore widely tised ill other llaizclslillg ale;isI especially istnlaliza­

tiol) progresses. 
Soie of 'the Ib'-pldhcits otlhe'linv icilling of' ilci/ .c' w .relegated to 

r ](',4 

conltiins 2()A roitini that halcs I fE'lloa'hlc amiiiic . iId !ice (19). BIll the 

conlnllv tist,, (,lx.'ll p o 'ss cl eclccviucg lIc valivcd (o l the glnil 

feed uses. I)eoilcd ilaie germ, on.Iilctinig of ilt- miilled p oducits, 

' ,ill IIc 

liontc ltaflis (lciltilg liaiiiig 

(OOIV(i'ts lsil|. To bloofo tillcca'.iil h Il. 
olestim'ys its ii iiII (i'fitu('jils. t(';I( with (,cibcclh\ 

Iat 4Illk 
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TABLE 1 Amino acid composition of defatted maize endospermia 

lnbrcd: Oh43 W22 

[11 tit li2 11(knoypc1 
b: + 0)2 oI 1l) + 0107 

Lysine 1.6 3.5 2.7 2.7 3.3 5.3 2.3 3.8 3.5 

Tryptophan 0.3 0.8 0.5 0.8 0.7 1.3 0.4 0.7 0.7 
8.3 15.9 12.5 10.7Leucine I6,4 12.1 15.4 12.56 12.3 

Isolcucinr. 4.3 4.3 4.3 4.07 4.1 4.1 4.3 4.3 4.1 

Thrconinc 4.0 4.4 3.9 3.66 4.4 5.5 4.0 4.4 3.4 

Mcdfionine 2.4 2.7 3.7 2.17 3.4 2.4 3.2 3.2 2.2 

Cyitine 2.1 2.1 1.4 2.23 2.0 2.3 2.4 1.9 2.5 
5.6 5.2 6.7 5.2 4.0Phcnylalaninc 6.8 6.0 6.1 5.50 

5.2 5.1 5.0 5.1 4.9 5.8 4.9 3.9Tyrosine 5.9 
Valinc 5.2 5.9 5.2 5.1 5.6 7.0 5.7 6.7 5.4 

Ilistidinc 3.0 3.4 2.9 2.8 3.2 3.6 3.6 4.1 4.1 

Argininc 3.4 5.1 5.8 4.3 5.0 7.2 3.7 5.2 4.8 

Glycmtin 3.3 4.9 3 2 1.9 .1.6 7.4 4.0 5.2 4.3 

Alatiinc 10.1 8.2 8.9 7.6 8.3 7.5 8.5 7.91 5.5 

Scrin' 6.0 5.4 5.3 1.1i 5.6 5.6 5.A 5.6 3.9 

A pllariic atid 7.5 9.5 7.2 8.7 8.1 10.7 6.7 9.A 7.1 

Wiulami_ mid 30).03 23.6 26.31 21.91 23. 1 9.0i 27.3 25.5 18.5 
I i.3 9.8 91." 1.I 9. H.9 I1 ) 1I.1) 10. 1).0IPilint 

8.5 7.3 7.6% l'r itrill I I._ 10.1 12.1 1().rl I13 132. 

i A i ili'ti l It". ' .1 'ill n'lwc44 -DIiIil pi.4h ili (N4 X 62'").h.1,Ii .
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U ilhiihO w ilt Ih ,ll, 2 gr'ir, lil %, 'lI li l i ,m i l iI 
%"I I',, l ll 411,1 l 1111l %I1 4l ' .14141il1,11i, 1llit lI ', ill Il hw l 'ili ,lI 1 111 I t fl l, l ill 

114. N ', iill 11 .14111t,Ill (,.ilf l' %1i41l 7 i I I lI I i I I \ ,l. 1l,111 , l l Ihl1 1 1 l l 414 i1111" 

II111111011l aliop liw '27 I],l ii %,ilosill I lm- ,fill( ifif, I i i llh Ilit' ,op~llif lt 2,. ind~ 

I )IIl to iiil(l.oiil,, %% 1 10" s l i ,,,1llsiill %,(1,,1 .% 1 . , " litI i 
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I ' iillg hv .il I \ It, 1%%i ll 

1 i.1ll .1 ll, i, t2 ifill ti" illlllj %%.is,Nimllll,ti hi til l o % Ilii .iop11 11, N '2 off llil 

1 Iii 4 if'lfo 1-1 )11i i I I1, 1, i , .4I f v% I'I I 1 Iil ifI ofil~ ll 2 l~14l l ' ,1 'l 

MIl41111tti 1111111' ii~ l I I ,(i it tlh l so, Iv,p N.ihil ,s 

k e-11i1i1,lll S \ 1 111 lilt if I d I i c I it, 11.1 if ii l l 10 \g i it 11ih 11i ,11 It, llliiii\ , | I o 

%VlIfotl ll 01 S II c o,l lI l ,f % , I+i h i , Illih I I l il lilt- ,iitIl I I4tpis i "t 7 l i i il i 

ill lilt- \%?77 111111 1d font olm il-If ill i 7 i,pltiic-.il ii111Iltl( milll, ,1o.ttlim oimll , 

i l l io, 14 "1"7 , t s '%1141111.1114 1 l i l l l i Il ' il 11 4 , .11111 1111 lii .1l441 111 it to ll n I toii11i 

11111gi I tilltli Ill .ii11iili i .i1 1411 1 -mi in Ifiiil ll li ill ltIIg 'li l %1ilbilliso hm116tl r ell 

t1411l4hdwoll 11) 
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Tlable I shows thit tile ailllhlo acid pItiern of the opaque-7 lltltant was
 
quite similar Io theamIlllltlO acid pattern ofthe o)atlie-2 intitant in the ()1u3
 
backgrotind. I lowcver, Ilhe norial ('outiert in the WV22 series contained
 
a higher level of' Iysinle anrd Irxptophain Illl ct'­did tilte 0)13 normal ()th ll 

part. This might bhexpected, since the W22 normital commlerpal I coitailned a
 
ti'h lower level of protein ill the. emulospcrimi (8.51,"( ). and Ivshn. d tnp-

Ioplhalt Icvels alt. iINversel v relatted to I)rotil lvel A rtit1 in prtcilt 
also wIts ioted ili it'e.W22 not dial).kglo tm(I with tl ilit i(ilttlionl Il(. 
opa(Iitc-7 g ne (8 5 to 7.3,l ).

Thte loubhl llte t lit kernIes of opaqu-2 amid opaque-7 used ill 
Nctwhirt.re's sudics wert. :inie( as F:, segetlgates f'loit th cross 'W23 

1.31 7 opait(,-2 W22 opaque-7, anud this werc not isOgcni(. Nevitleless,
 
the amitllo acid (l pmt)osit iom shownm ill Table I suggests thl 110 ailhitive flect
 
wiis obllaihld with i(spt-l to INsilie and I rytpliall. Apjpmentl, the tIwo
 
flouv gcies, flouitN-2 antd opiaqlt'-7, do not givc ;alt additive liteu I willi
 
respect o INsitte whi combinied with t paIqtie-2 gcne. Ili, tmiast, d(ouble
 
niiltants of oallte-2 ,anmd otlit'r m(lospem iitl Intatll gt(ll(s sh)owd aIn
 
addili.e elhct, as itilt b%lilt studies with hmittle-2 in tl ()h13 
bati kgI ouIl. 

I It, ItI I giu lc1,If . I tI I , t 1,i-2i) . II nM ifitt llettm i I 

%CI%J i Ill to(- 1,1.1 Ilis h.-d %60!H-, Ilic \.( (t v g, i. ,,.Ii ( ,,,is ,..,,:,,hu , 

Illl Jhc,' .8I, ,; i l I I l. 1. ml,id H . i Il I i t( dllubi Ic ,2l. 1 It .. m dill i mll~h 
c lI l l I I I ; ., I ti t. 11 .1111t3-I i tk4If . I j I(. 1l l l I I .llt1 If .1In. IisiII I o 
I sl. 1114h1c .i"(11 '. ',i; I(.l(Vv ,l , l',4 lc l" iflit 1() 1 . I ,, Ic lilt Ilic11 lpp 

llI'l % 1i)' Illil%,|h c 14 l,,I d 1 l ilil,II I gIIk Ii , I . .I11dit\ '(t 1-1 Ihm If allll; 

anll -l( I s il jl l( llwI( llfmt; llq m i,l l . l , " l ,Icd Il d S ,(hil I h{'11%.114 l t'l 

EXPERI MENTAI. 

htI3 it,' % 1111 Illh I .. , In IInt iIl lt I .' okt l 1hnl%Ih 1, 'I cJoI.fi l,io' 
Ih ¢46. %1.111 l ll ch I tit , ,1 Itl.I t4.% I I- l*I 1 1 1 11 111( l-. .1 l'. l ). I*ful 1€ % %i(llI 

I11ilI1 .i1I ,l fIIIII IIIf%(1 , IIIt,. IIII h , I I I ,III , u 1 ,S.. . I I I. 11,1,\ . .lIv I 
1111in I t. 1Ill I, I t 111 1m II tJI, II of I,11..,.1,,11 4 It\ it III ', 1 

I~ hvj I.141 %l ll Ill" I I I i I % I I III(I'i ih,4d f I III, I c ,hlllli.1111 " 1I, I. lor c,llo . 

h,0% hh1l lolr lI 1I% .'Aighl tl111"1' 11 %t,"h111111 IuMot 04Ill .,Itc .1411hh11 Iloc' 41h-1.411r*4l 
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TABLE 2 Landry-Moureaux fractionation sequence 1) 

Time of 
agitation 

Fraction Solvent (min) Protein fractions 

I NaCI 0.5M (4°C) 	 60 Albumins 
30 Globulins 
30
 

Water 	 15 
15
 

I1 Isopropanol 70% (20°C) s0
 
30 Zein
 
30
 

1! lsopropanol 70% s0
 
+ 2-ME 0.6% (v/v) (20°C) 30 Zein-like 

IV Borate buffer p I 10 60 
+ 2-ME 0.6% (v/v (20"C) 	 30 Glutelin-like 

15
 

V Burllo'euft-fr pi1110 	 60 
+ 2-II.1 It.C,. /;) 	 30 Glutclin 
+ S;)DS).S/ ./Y( ) 	 15 Residue 

No1rs: 2-1IF, 2-nirr apli ih, nl; ,, ,lit bill fer:borale, Na(Oll, N (:lp ).5; SI)DS, sodiurm do4' yl 
sulfate. 

It tly il I, I ) d (I I ll,,thI, , i litii 1 '1 I ( I I i;I)II Il It VC}l 	 I1, fI I I ( It ( % IIn ' ,,Flw 

Ill(I liI4% hi j1144li t .( lj I (",11t4.41, .it \l. l. . 

'.N %( ,,I () 

.1 ti l' 	 Ilh'.i44114 i4, Iwawdl1', 

lgaill , lilh Il,, 441,' IhI .4,,d4ililt-o, 'I II4 	 l h l ,l4filh iII 1141l4(I I( 
Ctll11* Is144,11 itId. 1hil111 . ,1411 1 i 11. I .4 1 i4,l,, 4I'X­441iH., 	 1 lw,4ll 1 

111  	 ­oil((- lil1' '.,l 1 l(ifil,*'M I I.,;:illt 1 lll 114 ll44 i lf,I i. 44 4tl'. gI%" 
il ll 1 , 1i IItt, 41I IJ . 444 .%II, I .1"1 II70,n t-4ll C.i l( .ItI , 1 ,Il ,, hi l ,11 1 l.1,20 ill iiiiIl . I c.l .,, , . 7 Il ;fi u,,ii nw ,If. (4I Id 

It.,t(dlit I llulil)11-sl\.1fil,,I.,.,.,,fih,ll i tll 141 11h...,, .1.l, fll, llIc 

I ItJ(ll . h,%I 11," *1 \,'11l'i I 0 14 1llf, i llis.1f] gh hi ", w 
.1141i .11il., I tfI1,I)1 ((,11i~illi Ill%. .11til%,,, t,i l I 1\, 111 h() II 'I( ) 11 .111|111%. 

I llt .	 li,"It((-, l 

%hln ' 
I%''' l %,,o 4 %% It 	 It-­trac l lilt I 4 (dlll4l1 f.ill. I. 	 114II landlt hi p 4( 1441i4 

h11"Il' I 4 11111l ,11, 1 I' I I .ll - I ,111. 11-f,, / l,,, ,l 1 . I 'l[l .I li,,,/f ,Il i .k,i 

ll 11al' It. N" 111I1! il i l t . * 1 h1,1 J Ill ll( 1l. 1. 1 ' €, ' l I1 1111ll, 11 N ' I llI pI loll, 

JI I tII t111 I I I. II I . , h l h44 hIf I II I, I I, I. Il , Il, I,,~\I I\ IiIi h . f i tof I 
It*I ' . II II I I .lt I,II , I I I~ I I , ,f , ., l , I , I I I x .	 I,1, . 1 1 1 1 %% itlI II 

.Igf'lll .111,1 "t1. ,I( .ll11.1,, 	 Jill.1 $N it IgiI, dt,.ll,, , INI)SI .,1 .1,111111 

REStUILTS: 0)1110)-13 il~ 

|I tc IIIItt,14l11 pl1€III io l 1-I.64h1111 Ihlf liku . I 4l I llt I l III11"|h ill.d11lllt I 

I~p'~l~hl. O,, of, %141,1. If It all$ I, I %l., l ,, ,1 ,1,h ,, I list, i g t-w~ll 
I,0hl, 1 ,h,,l,,,% h* ,h1.11164114t,, ,d fll t,,ol i, it1 11h11. 1.411,' ,.,4h,,,lk I, hitl 



TABLE 3 Nrogn distzrution in maize .bdospcrmsa 

Inbrrd: Oh43 W22 

Frx IvM 

II (grin) 
l lzrvn4tkcr 

IN"(chIurhn--lI 
V It.iznl 

T*j.ro ctraLued 

Gnu,(%pc: 

5.. 
59.() 

5.8 
I 2.7 
13.8 
97.1 

13.6 
269 

S.4 
14.0 
29.2 
92.1 

fl0 

9.2 
49.1 

9.0 
7.6 

22.0 
96.7 

OJ071 

17.0 
25.0 
15.2 
9.9 

24.8 
91.9 

bt, 

12.1 
26.1 
15.4 

8.7 
27.9 
90.2 

O'bt, 

22.3 
2.9 
5.5 

12.2 
48.0 
90.9 

+ 

6.9 
40.6 
15.3 
12.8 
21.0 
96.6 

07 

16.6 
20.3 
12.0 

18.8 
29.5 
97.2 

0207 

17.6 
8.7 

15.1 
21.3 
33.3 
96.0 y 

CD 

l 
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the normal 0h43 counterpart, tile saline ftraction made up a1 very small 
percentage of*the total (5.8%), whereas the Zein fraction (fraiction lI) ac-
CoUntel f'or thnost 60%, of the total proteinl ext rtacted. lh iein-like fractioni 
(fraction 111) was small (5.8%,), the glutelin-likc, fn-action (Fr'action IV) was 
intermediate (12.7%), atnd the tIne glhttelin fitact ion was omli slightly higher 
(13.8%). 'he ext I actiol If n it rog.lI illItoiini ()h1013 was excelleInt: onl' 3% 
of the total niltogtogen Ieillailel illthe residiue. 'lle3, cioiuiti 3,shows 
several changes in the di;tributiont of the protein f'ractiols in tile near­
isogenic o)ittit-e-2 enhldoperi: the saline fittt ion Ilhaiuii()'( (I)tll)l(1; the 
Zeinl firactioti (traction 1)dropped [iom 59 ) 26,9 (7( the; , ii-iik, fIractionl 
(fr-action 1l1) iticieascti siightlN (firon 5.8 to 8.1/); fr-actionl IV i'ieueased 
slightly: and fraciimi V' inr ii otAe (38t 924) siilai jatteiI1 
was olseve,( whittie, hrittih-2 mtlatit gene, except that thtee a.'jearie, to 
he Irevesal illIlec nll;iti\', aotilltl, of fract iii I nd IV. lii(olttrast, tile 
ititro cltli itc f]()1II atise('I a ii.fl ise ill the Ie'el of'ti ( -2 genta(' 1i11% iciter 
saliut-soille ploteili. a 11)4(Ie.%i (Imp1 Ill ilie leetl of mill (hn 1(1 jol 11), a 
Ie(dttction ill il tti-|o l al l imtir ill n \ 1 t llcliaetteIV, . ase fi;1( t tihl ,11 illtt 
htwet th4im th)lthe ititi l niid tliet (lq t-2 (mncits l'1i. 

ullaljot thianlgcs 1ial\ ()iiiile friat1141%isaovc those obseireo loropaqu~ite-2. lit 
(4)lliast t44(if.tit-2/ floti -2, the dlouble itmlail lm te2hj e2soe 
an igtic,tIe ' ill Ination 1,altalnilost molll ,lteli nilltti41of fraction 1,anl 
an adldil iv ef IC( I illfiat lionl V. 

NITROGEN I)ISTRIBUTION IN THE W22 SERIES 

Ii tiltW22 seties, liltyaiitit-7 iiiltniiit g ,ill' ill tilec W 22 hlt kgiotmnni 
l)1outght alitnt t hlaiges thait itle tihiose oblwt( with ile iltltotitlioll 

+tnll4lhe ()hoplali t~ 
of the opaticllt-7 aind op.lu'-2 geties 1) (, (ldltadilan ked itdi(tion it fila­
tio I (wilt). ioi20ut . 'e, %%liltlillh'oiia'g iii lt tl etlilimtioils. Ihe~se 

11iI c,41 t 

ol 't 4P.i-ii lt' kgmuilld alel) ). Iie tu)lilillatiotl 

t llcis 1 .i ,l llh\4 .t l hesel o, sim lloim< it ol tilt' otlp tlet'-2 
geto'l i ,, lil I+allh,10'.a 4 1 I 'h1ht' 

SI)S-I)'ERGENT ACRLAN1IIW EILECTROPIIORESIS 
PATTEINS 

A pmsi%51lh, i '11\ lit. il111lthe\".l.ia.ti1 thi,s (.111 ' i ll SI)S­
a4tlilli h" gel 1,otill sl illlig ie I, I hi'sc pillclli, %how htll ill ,% loSi 

all tiit llll,llll(4544141 ilIllc4 4111414c it1 4)pmp1ilr-2 I ) thIlite mlili,l i4l ilh- ' 

1tlitgw m1ut4kl l(111iivtll.t 11.1 l s (4Ill '22, ,htlmid l I, itlM'(-wq', 

141h kl. hIll ,h'.l11lc-? ll li 5 it(l ll t"4't' I41 14-2 tli 4 illt.lih.d1 "tI (toll­
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hir elai41l)ll( ir 1, al~t.It1C li%l)4l.oin itria /il d was obI)%tlllill 

ISilt()dw le mbei1 h kgpruil oilllltl prIIil~lte fi-lgilt /ill llI(tliS 

Iair wle ili lt~abol 100.1 otioll 11).1 /uiiitl isicaebst-1 illgiei(lls [-li iet 
opttivs 1 \ Iiam llt-II tou oh4r.11( i dot1li1tle~i liat anIii 2.91 /tiI o~l ici Il 
Servedall' ['Il-rldI,I (Ilition 1b~ es~ witii milthits~C211( ) doih ()ISCI 

pattelig luoliiINiil-l~la liltFA-(4 dietsof lthepmtiuulcild ifle 

lins I anid V(itlt4I %~% Iili dsyclihie1c 11 ofI.11ilistalis l i1 tc 

brt imat paiuf12 02 tht 2 clsl 2O21cioe Ol da iloai 

070
 

4,, 

FIGURE I (omhparisoti (if SI)S - a~iyho:uilt efeciophmresis palu 4le-lismil 
(fi-ationi 11) isolated by 7014 kopropaol l001 dehilrtcd eludosjwrills D~irection of' 
miigratimi ist4lIi dhottomt ofltube. 



TABLE 4 Nitrogen distribution in opaque-2 and starch-modifying maize mutantsa 

Endosperm 
Fraction 

1 

H 
In 
IV 
V 

Total N 

extracted 
Lysine (%of total 

protein) 
Tryptophan 1%of 

total protein) 

+ 

5.8 
59.0 
5.8 

12.7 
13.8 
97.1 

1.6 

0.3 

o, 

13.6 
26.9 

8.4 
14.0 
29.2 
92.1 

3.5 

0.8 

su, 

11.9 
27.1 
21.9 

9.1 
22.8 
92.8 

1.8 

0.3 

sh, 

8.2 
43.7 
12.3 
14.4 
16.3 
94.9 

1.9 

0.6 

h.2 

12-3 
29.4 
9.4 

15.0 
23.6 
89.8 

2.7 

0.7 

sh4 

25.7 
30.8 

7.7 
8.3 

23.6 
96.1 

3.0 

0.8 

bt, 

8.8 
36.0 
16.4 
8.3 

27.4 
96.9 

2.3 

0.5 

bt 

12.1 
26.1 
15.4 
8.7 

27.9 
90.2 

3.3 

0.7 

Su, 02 

22.7 
3.0 
9.0 

14.2 
45-3 
94.2 

3.9 

0.8 

sh, 0. 

39.9 
1.8 
1.6 

16.4 
32.2 
91.9 

4.8 

1.2 

sh 2 02 

25.3 
1.2 
1.1 

26.1 
35.4 
89.1 

4.2 

1.2 

sh 02 

43.3 
6.5 
3.9 
8.7 

26.8 
89.2 

4.0 

1.2 

bt, o 

23.3 
2.7 
2.5 

13.1 
50.2 
91.8 

4.8 

1.4 

bt 2 o2 

22.3 
2.9 
5.5 

12.2 
48.0 
90.9 

5.3 

1.3 

a 
CL 

-
G 

-

a Percentage of soluble nitrogen. 
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normlll(oliterpart (8.2 to 25.7-, comiipared wilh 5.81A). Fraction II (lte
lein) was lowerin the single I.is (hal ill tile (26, 1 to 
43.7%, compared with 59.0%). Frac'ioii III was higher ill the siiigle mutanit,
(7.7 to 21.9%, coiipared with 5.8%), and fiaction IV raiiged f'ronl H.3
15%, comiparedl with 12.7% ill tile normal 

to 
'ounierpaI: . Fr(timi V in the

single nmutaits was higher than in the normal coumerpart (I6.3 i 27.91.
(o'nipared with 13.8%). The lysine cotitenit of' the single inuiant%was vat i.able, ut iall values were higher than that observed in the notm ial (ouliticpait
(1.8 to 3.3/u, comipared with I.) %). Excel) iil itle case (sii l). Iht
trypiopiaha Ivels were higher in thie siigle niutaints tha4n ill lh, norn1il 
cotil|erpart. 

The double mulant of six eidospetlin niUtant geti( withIi )iaatte2 ( I,.hl30 
4) unifornly showed the saime additive efkt'( ohbsrelv eallie wil, ibhe
opiaque-2 atid brittle-2 (oiniiat4ioll. liactioii I sowed ;I ranogr of 22.,3 io43.3%, versus 5,8% in the norimal; f'ractioti II showed a ratge of 1.2 to 1i.5%.
versIs 59.0% ill the iiorimal; fraction Ill showed a inge ol' 1.2 it .5.5% 
versus 5.8%1/, ill the normill; friaclion IV showed values IltI11higheIc .1|sil losst
Ihai1i the v;iule of Ihe oitnal (ouiiterpai (8.7 lo 21. I'A, sve u% 12,7 ); ,uiil
fradilion V showed Utlliilormily higher level than; ht foull fle noliial111 ii il 
,ounlerhlrt (2i,8 to 50).2%. versus| I 3,8 ). Thesle t haiiilgse 'eAVI ICl'tal to
I) tle Ivsine vialues, which varied fromi 3.9 it 5.31. ilile dhoulle tlil.li.t
verSUS I.6% in the niormlial COUnlerparl, ani (2) liitphlaeiin s hidIi ,iatd
from 	(.8 to I .4%, verus 0.3% in t iilt-iial iotlillelll.Ii.


The data indicate that, with the 
 pxssitlle exceptioln of trlitunlell-t 
opaqtUe-2, there was a complete suhlppeision of1 xein %lii it in the
double-nultatt cotihitilations. It was obvious un tihe levels of lsine jid

IIypliphal in thessie .i louhle-t-nltaiit ell(loi Ill',111.11 flie ll-ilt Ltiiil
 
should have a high IlUtllitiliinl %al1e.
 

Sttidies areiow Uil ierwai I
to eamili ele pltleiIIIh, it I.hpi igIt)II in u4 

elildoIWIprls of ilie olpaiiie.2/lhlittle-2 loule niiult.t 
 Wc"('XJ4( Io finl
Sonie itileresting changes, ald hopefully' tilay oltii illi (fle asito thr
iillhianisili inivolved in tie 4liplete , i1lppolli if r/eill s it ii il hew 
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USE OF SMALL ANIMALS FOR EVALUATION 
OF PROTEIN QUALITY INCEREALS 
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TABLE 5 Amino acid composition of cooperative sorghum. wheat, and triticale samples' 

Sorghum SorZhem Sorghum Wheat Wheat TriticAle Tritikalk Tritk.ca ANRC 

IS-8165 IS-0250421 IS-2319 7 Cerros INIA PM-2 P'I-15 PM-I32 casein 

(3.0) 3.4 (3.4) 3.5 (3.6) 8.6 (8.3)Lvsine 2.3 (2.2) 2.5 (2.2) 2.5 (2.3) 3.1 (3.1) 3.1 (2.8) 3.4 


Tryptophan (0 . 3 )h ( (0.6) ( ) (((.3) ( ) 1.7 (1.61 .S (1.6) 1.1 (1.0) 1.1 (1.1) 1.2 (1.1) 1.4 (1.4)
 
(3.2) 3.7 (2.3) 3.8 (2.8) 5.2 (4.3)Isoleucine 4.2 (3.71 4.7 (3.S) 4.3 (2.6) 3.9 (2.3) 3.9 (2.7) 3.9 


L-ucinc 13.7 (13.9) 15.0 (15.51 13.9 (13.8) :.2 (7.2) 7.2 (7.2) 7.2 (6.7) 6. (7.)) 6.8 (7.( 9.7 (&9)
 

Cysiine 1.1) 1 ) 1.6 ( ) I) I ) 2.0 ( ) 2.2 j ) 1.8 ( ) 2.0 ( ) 1.5 (-) 0.1 (-)
 

Methionine 1., ( ) 2.1 ( ) 1.6 ) IS ) ) 1.9 ) ) 1.9 ( ) 1.9 ( ) 1.6 ( ) 3.0 (-)
 
(2.2) 2.5 (2.2) 3.0 (2.6)Histidine 2.1 (1.91 2.5 (2.4) 2.1 (1.9) 2.5 (2.3) 2.6 (2.21 2.6 (2.0)) 2.4 

6.4 (5.9) 6.3 (5.8) 4.0 (3.5)Arginine 4.1 (3.8) 4.3 (3.4) 4.1 (4.61 5.S (5.3) 5.t (5.0) 6.1 (4.7) 


Trosine 4.4 (4.1) 5.1 (4.2) 4.9 (4.0) 3.6 (2.9) 3.7 (2.9) 34 (1.) 3.3 (2.5) 3.2 (2.1) 5.7 (5.6)
 

Phen lalaninc 5.3 15.4) 6.1 (5.2) 7.5 (4.9 4.9 (3.7) 4.9 (3.8) 3.0 (3.7) 4.9 (4.7) 4.5 (4.0) 5.3 (4.9)
 

Threonine 3.2 (3.2) :;.7 (3.7) 3.3 j3.1 3.1 (3.4) 3.2 (3.01 3.2 (2.7 ) 3.0 (3.) 3.)) (2.7) 4.2 (4.2)
 

Valine 5.1 (5.4) 5.9 j5.0) 5. (4.))) 4.7 (3.2) 4.5 (3.7) 4.9 (4.2) 4.6 (3.2) 4.6 (3.8) 6.7 (6.2)
 
Aspartic aid 7.3 (7.4) 7.4 (7.6) 7.5 (R.1) 5.5 (6.0) 5.6 (5.7) t.. (5.9) ti.,; (7.6) 6i.3 (5.9) 7.2 (7-2)
 

Gluta-ni: aid 25.6 (23.9) 27.4 (25.1) 2r.7 126.3) 36.0 (3S.0) 37.0 (37.1) 33 4 (28.9) 32.4 (34.9) 31.9 (28.91 27.1 (23.6)
 

Proline 7.9 (8.2) 9.1 10.3) S.) (9.9) 9.() (9.4) 1(.0 14.4) 9.9 (7.7) 10.0 (9.7) 9.5 (S.8) 11.3 (11.7)
 

Alaninc 9.9 (9.6t) 1(0.3 (11.3) 9.7 (9.9; 1.9 (3.9) 3.4 (3.6) 4.2 )'3.6) 4.0 (4.4) 4.1 (3.2) 3.1 (2.9) 

S-rine 4.4 (4.7) 4.4 (0.6) 4.3 (0.4) 5.0 (5.6) 4.9 (3.3) 4.6 (4.0) 4.5 (53.6) 4.4 (4.S) 5.7 (5.9) 

GlNcine 3.1) (3.0) 3.6 (3.5) 3.1 (3.2) 4.6 (4.8) 4.6 (4.5) 4.5 (4.0) 4.3 (4.8) 4.2 (4.2) 1.9 (1.7) " 

%Protrin 10.3 (9.6) 12.2 (11.5) 12.7 (11.2) ll.1I(11.1) 11.5 (11.51 14.9 (16.5) 15.7 (15.0) 14.8 (14.8) 85.1 (89.4) (x 

aGrams per 100 g of protein (CIMMYT values inparentheses).
 
bColorimctric method (CIMMYT Bulletin 20). All others ion cxc hange. CIMMYT samples not dclatted. Purdue samples defatted.
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TABLE 6 Protein efficiency ratio values of cooperative maize samples'
 
C-14854 Oh43 X B14 
 CM-4858 Oh43 X B14 C%-4855 CM-4856 Chl-4357 ANRC "normal normal normal floury-2 opaque-2 (hard) opaque-2 (soft) opaque-2 (soft) cascin 

Average 49.6 49.6 49.6 49.5 49.6 49-5 49.6 49.5 
initial weight (g)


Average weight 
 b 

2 5 .8 b 31.4 3 2 .6 b 3 6 .9 b 82.7a 87.1a 84.4a 

85.1 a
 

gained (g)

Average total 183.7c 206.1 c 214.5c 227.3c 3 3 3 .5b~a 340.2' 336.03 290.2b 


feed consumed (g)
 c
Protein efficiency 1.59 c 
1.7 1c 1.72 c 

1.83 2 .8 3 b 2-96 b 2.g4b 3.34
a 

ratio 
Source: Data obtained by R.Jambunathan and E. T. Mertz, with the technical assistance of L Tanchoco, Department of lEiochemistry. Purdue Univer- Zsity, Lafayette, Ind. 

1Duration of experiment: 28 days. Ten male rats in each group. Values with the same superscript are not significantly different from each other at the
 
1%level.
 

as 
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TABLE 10 Protein effikiery ratio values of cooperative maize sampes, 

CM-4854 Oh43 X 514 CM-4858 0h43 X B14 C01-4a5S 0N58 (3-8Snormal normal normal floru- Z paqa-2 ( hd) . VNRC 
opaque-2 10fil opaque. l,11 i'iA 

Averaz.e S.2IgO I SAM 45 a 
wCight gAiT d ()


A~rraze total 42.3 h 
41.5 h.i 4 
 4 .6 ,a Ia S 4a " 

5feed ,nsumcd Ig) 
Protein cffi6cirkc 2139" 2-36-41 2-63 2.36AW 3.80~ 4.01(P 4.441b 

Sour+: Data obtained b%R.Jambunathan and E. T. JerIz. with the tct-hnia&assmtarnr of I I omnw,[o.rpva"Me of las :lsa.:PnC= t ­sit La Att, nd- 3"i. 
aSame as Table 8 except for duratm of experment: 7 das s Same anms " m TJAba 6. Vahues with the slame N y at gl twwj.,amf h d4her­
ent from each other at the 1% level.
 

TABLE I I Protein cfficiency ratio values of cooperative sorghum. wheat. &nd triicae sampks' 

Sorhum Sorghum Sorghum kheat Wheat Tlt wale Trwwali Ieta ke ANCI-816 3 S-O:50-421 IS-3219 INIA 7Cerr s P3*2 M IS P-3 2 WAInw f 
Average total 1.6 d 4 "3c'd 4.3( tJ.6€ h Ch 1... 7 3 b.( 7 7.9.3 ­

weaih' gained (g) 
Average total 41.5 b 9..4.442_ IN 39.0 49 a4. a 

feed consumed iz92 50.1 a
Protein cffifiern- 0.67 1 1.339 c 

1 '94c.- 1.9-C b.c 1.9'20 b 
.C 0 v.570s .l. 3ratio 4 

. 

Sorce: Data obtained b% R. Jambunathan and E. T. Mertz, with t-he te"hnca&asu tantr of L Tam h-o, Depart mnt of Bi-ohentr. Piudw UO.UW­
sity, Lafayette, Ind. 

Duration of experitnent: 7 davs. Ten male rats in each grovp. Same animals as m Tabk 7. 'aluaes with the sar sp wTiqrri are not san&1andi 4ktfr. 
ent from each other at the 5% level. 

5 
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TABLE 12 Protein efficiency ratio values of cooperative maize samples'
 

CM-4854 Oh43 X B14 (%-4858 Oh43 X B14 
 (-I-4855 CM-4856Mean values normal C14857 AXRCnormal n, rmal flour -2 opaque-2 (hard) opaque-2 (soft) opaque-2 (soft) Casein
 
Initial weight (g) 15.36 15.33 
 15.35 15.36 15.40 15.36 15.37 15.36Total weight 0.08 32.49 2.52 7.33 9.60 6-82 9.02 I1.75 04 

gain (g)
Total feed 56.53 75.65 62.58 194.89 108.39 95.18 106.85 84.43 

consumed (g)
Protein 0.02 0 .3 7 d 0 .4 6 d 0.88 C 1.01 b'c 0.81 C 0 .9 6 b c 1.582 

efficiencN ratio 

Source: Data obtained from the University of Nebraska. Lincoln, Neb. (Department of Food and Nutrition and Department of Agronomy).'Duration of study: 28 days. Five male mice in each group. Values %ith the sane superscript are not significantly different from one another at the
 
10% leseL
 

TABLE 13 Protein efficiency ratio values of cooperative sorghum, wheat, and triticale samples' 

Sorghum Sorghun Sorghum Wheat Wheat Triticale TriticaeMean values IS-8165 IS-0250421 Triticale ANRCIS-2319 CA'-4859 L.W-4860 CT-4861 CT-4862 CT4863 Casein
 
Initial weigt (g) 15.34 15.34 
 15.35 15.35 15.57 15.36 15.35 15.35 15.36Total xght 4.49 6.20 5.64 7.35 7.26 11.41 15.37 11-32 11.75 

gained (g)
Total feed 104.58 105.81 101.28 101.04 97.48 113.58 119.88 108.01 84.45 Q

consumed (g) Ca
Protein efficiencv 0.49 0 .6 6 c.d 0 .6 3 c.d 0.83 c 0.85 € 1. i4 b 1.46 -b 1.1 9 b 1 

ratio 
Source: Data obtaired from the University of Nebraska., Lincoln, Neb. (Department of Food and Nutrition and Department of Agronomy).:Duration of experimemt: 28 days. Five mak mice in each group. Values with the same superscript are not significantly different from one ztbheat 
the 10%level 
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TABLE 14 I)ict 'iPioiiin in vole exprrimenv 

(CrAiii I'r tli (:1II) + 01 11 ,.i \'iljilillh Ngigrjah'I,+. NO(% 1%) V"/') Cy)1-
()
 

(311-4854 711.5 7 65.9 . 7.I 3
 
0M-4855 71.5 7 92.4 30.6 
 2 3 
00-4856 71.5 7 62.6 .0.4 2 3
 
(A,-4857 71.5 7 
 63.6 29.4 2 3 
(Al-485m 76.0 7 6.N 29.2 2 3 
(;W-4859 65.0 7 64.1 28.9 2 3
 
(CW-41160 61.0 7 64.1 
 28.1 2 3
C1 .4861 47.5 7 66.1 26.9 2 3
 
(1 4862 48.0 
 7 65.6 27..I 2 3
 
(:r4863 44.0 f.5.2
7 27.A 2 3
Control (8261) 7 67.0 20.0 2 3
 
(IAwil)
 

rdII: |klql ituplJ,il-A b JJ .,%. ,*imJ S illin , lY*:iliN ..l l,S.lihc I 1i1t,1 11%,I[tIfit%,I'l111 I'P lk, Ili.
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- hi nigi,,i X fat fill.
 
3 CHO1+ 0)= kl,,,,Ill,+ Iill0,- ,115. illh airs, jdllll
1h c 1(hil 1111() "tll|I Iw.,$a d fill.ilah 

, F~iber = A+l|pheiII # (CW\ : (11 . .( 11Il g 
 11170,1 g ihri, la bi..110 1'. 1.Vanl Sm-t' . . ' l~fl¢ 

Agr. II, ndh ik J71,. U..lit. .... ISIO , t%,lllioll, 4 1 "Ir g).C. il.,11 .
 
4 Vitallill 4II i .1 11 I, (;l.0IGi (ho hIll ,Ih, (Cilu1 iri I ,,lh.
OI ll.
 
* Sall NIui, ,'ril - 1i.ulru , (Itlit ,.li I cl,nr lim,, ht'li. i., [ll.iiIllI Ills. ()lI,. 

fi ."lhe rllabis dI Ow)t'lal( i cs I' ' , l o dxlf111111" 2c In-,,Im-h O id, ellit 

cereat';ls it-sit.eI. 2IFigml(u -,It;)% IhII Ihm185i (nm dlImnml/c) had iPEI %,;tilue% 
I'allg g ill 1 ) If) 1.01 dlill('-,cill .1114IIll ;lllillills; 
Im ,Il h a,1lthe(cerea'+ls 

4854 Maize Normal
 
7268M 0 3 , 4 Nor
1
4858M Norm al 
7269M Oh43AE3,4t2
4855M op-2 (Hard) 

4856M op-2 (Soft ___________ 

4857M op.2 (Soft)
 
7272 SorIumS-8165
 
7271 S. 025042-1
 
7270 , I5-2319
 
4859 Wheat I-Cerr'is
 
4850 Wheat INIA
 
4862 Trifticale PM-2
 
4883 Tcl. PM -15
 
4881 Tcl. 
 PM-132
 
8261 ANRC Casein
 

10 210 30 4"0 

Ranges of Protein k-dices (Meadow VOles) 
FIGURE 2 Protein effidency ratio ranges ill volts fed colerativc cereal samples 
at CIMMYT. Each range line covers data on fivtv volt's. 
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TABLE 15 Levels of ingredients in vole experiment 

Ingredients 8261 (CM-4854 C14855 CM-4856 CM-4857 

saumpes% 

(31-4858 CW-4859 CW-4 CT-4861 CT48"2 CT-4863 
Meal 
Vitamin mixture 
Salt mixture 
Alphacel 

Cellulose gum 
Carbohydrate
Corn oil 

8 
2 
3 

18 
2 

65
2 

705 
2 
3 

18 
2 

4.5 
........ 

71.5 
2 
3 

I8 
2 

3.5 

71-5 
2 
3 

18 

2 

3.5 

71-5 
2 
3 

is 
2 

3.5 

73 
2 
3 

is 
2 

2 

65 
2 
3 

20 
. 

to 

61 
2 
3 

20 

14 

47-5 
2 
3 

-20 

27-3 

48 
2 
3 

"0 

27 

44 
2 
3 

20 

31 

-

Source: Data supplied by .. S. Shenk. Pennsvlvania State University. UnivTrsitV Park. Pa. 
Notes: 

Meal: The t alculated ps'rccntag, of each t rrcal in order to proidc 77. protein 
Vitamin: Vitamin Fortifit ation Nfiture. Gcrcral Biot horni, al,. Chagrin Falls. Ohio. 

Salt mixture: Bcrnhart-Fomarclli. (;cnoral Biwhcmials. (ha~srin lalls. Ohio. 
Cellulose gum: It has to b" added just to torn and t aein dwts. 

Q 

Carbohydrate: Mixture of I part dextnn. I part sucrose. 2 parts cornstarch. 
Casein: Vitamin-frer casein. 14.5% nitrogen. Nutritional Biwh-mi,-als Crp..Cleeland. Ohio. 

. 
Q. 



TABLE 16 Protein indexes of cooperative ma-ize samples' 

726S 7269 CM-4955 %.3-4S$6 CM-4557 MI6(M-4854 Oh43 X B14 (C-M-4858' Oh43 X B14 Opaque-2 Opaqtw-2 Opaque-2 ANXtC 
normjl nrkmtAl f&Irn -2 hard soft 11, crtitormal 

Average initial weicht (g) 13.0 112.1 I. 12.7 12.7 12.9 12.7 1.6Average weight Fined 0.22 0.49 0.45 0.36 0.39 0.45 0.49 036 
(c/day)


AverWe feed consuned 2.5 3.7 3.9 3.2 3.6 3.5 3.6 4.? 
(zldj) (air dr})

Protein effi.ienc, ratio 1.30 1.95 2.00 1.76 1.65 1.62 2-7 2.37 
Sou 
c: DaIta obtained at CIMMYT, Animal Nutrition Labortirvt.
* rIei animAl w canln meadw olcs (016 to 21 da sa 1.tnr-da te"t p-rid; firt vois pr roup. eotem jand .grm bod, w ight Wi pep V 
of protein consuned.
 
' Four rrplhatbons.
 

TABLE 17 Protein indices of cooperative sorghum. wheat. and triticalc samples, 

727, 7271 7270 (U -4R54 (" -4 *4I (1T-4862 CT-4863 CT-461 M-1
Uorrhum sorzhum sorghum Aheht %.b*or t1tiAtqak toltt swntKal .kP.J
IS-S865 1S.0250421 !S-2319 7Cerr,, 

NUC 
INIA PM-2 PM-15 rm-I32 eM 

Av-ap initial 12.4 12.3 12.3 1.0 2.8 127 12.3 128 12.6 
-eight (g)

A rage wrig-ht 0.25 0350 0.39 0..0 0.61 0.49 0.77 0.65 0-5 
tatzied (Z;dA%) CAverar feed tonsumed 3.4 3.9 3.1 5.O 3.1 3.9 3.7 4.7 4-2 4 
(rija) (air dr% 

ProteIn rtfkwr ratI .89 2.12 2.12 .0 2.hJ9 2.01 2. 2.37 2.37 "S 

Sotracc: Data obtaincd at CIMYT. Animal Nutrytion Laborator-.
 
ofTeo antmAl: %rArdmeadovb vo" (16 to 21 dais a Imr-at t" period. o4r
dn
 per crcmp. Protcu aides =ts bod%weight can p- pm 
of protein (otimuned. 

. 
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TABLE 18 Protein indices of cooperative maize, wheat, and triticale samples' 

CNI-4854 CM-4858 C.- 48.15 C.M-4856 (:M-4857 ,W-4859 C%,-4860 CT486" 4862 4863 
nmrmal normal opaqu'-2 opaqyi-2 )paqut-2 wheat wheat triticale titica e triticak AINRC 
maTIZC masz" hard ',tT sdt 7-Ccrros INI. PIM- 132 PM-2 'M-!5I ascin 

Average weight gained 0.26" 0.34i-,C l.41cd 0 .i.. f .. i).64a.b 0.9h.c .6 7 a.h.c 0 .5 3 b.c.d 0 8 b.ci-t Sfti4ai.h 

(g/da',) 
Average feed consumed 4.57 .d-e 44t4 . 4.9.69Seadb. 554 7a .1,hb5.a.c.dJ 4 .6 8 h.cd 3 . 8 5 e
 

g/djv 14air dr,)
 
' 
 ' a- -C­rats tt-gt - 1.41de .*1 3rote-nef,.-nv d .5 9 c-d 1.9()a.b.c.d 1.63h.cod 9.5a1.h
 

Sourt t-: Data supplied b, .. S. Shenk. D[-partmcnt ,,fAffroI,,m . P'np\ lhinia Stit,' 'ni~ersits. Unib'rit, Park, Pa. 16802. 
Duration of experiment: 6 dj%%. +
Six mile %fdrsin each ZrTrup. \alurs with lith sam supcrst-ript rtnot signitii antih ditfferent trom each other at the 

5% level. 

Can 

Ce 

a 

http:b5.a.c.dJ
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TABLE 19 Composition of chick diets 

Ingredient %of diet 

Premix 
Meat and bone meal (50% protein) 9,39 
Soybean meal (50% protein) 2.68 
Dehydrated alfalfa 2.01 
Ground yellow corn 16.76 
Dicalcium phosphate (Dynaphos) 2.00 
Iodized salt 0.25 
Trace mineral mix' 0.05 
Vitamin premix' 0.25 
DL-methionine 0.20 

33.59 
Test material, glucose monohydrate, lysine 64.41 

1 Supplies the following in milligrams per kilogram of feed: 
Mn, 50; Fe, 50; Cu, 5; Zn, 50; 1, 1.5; and Co, 0.5.2 Supplies the following per kilogram of feed: Vitamin A, 
5,500 IU; vitamin D 3 1,650 ICU; riboflavin, 3.3 mg; choline 
chloride, 500 mg; calcium panthothenate, 3.3 mg; niacin,
17.5 mg; and ethoxyquin (Santoquin), 125 mg. The vitamin 
premix was supplemented with " 2 to provide 0.01 mg/kg of 
feed. 

differ from those obtainel with the otlier tests (in which the cereal grains
served as the only source of' protein). The body weights indicate that the 
treatment containting soybean imeal was ignificantly better (tested at the 5%
level) than all other treatments. ANRC casein was significantly better 1han 
CM-4855, opaque-2 maize (hard), but not significanttly better than 
CM-4856, opaque-2 (sofi). (M-185.t, normal maize, was significantly less 
effective as a protein suplmen Ihan opaque-2 inaize. Iowever, CN-4858 
(normal itaize), ()h,3 x B 14 (nortal maize), and 01t3 X 111 ­(floury-2
maize) were as effective as protein sttpplenienls as CM-t855, opaqte-2
(hard). IIn series !1, wit ihthe except ion of ie treatmel nt coitt aining caseinl as 
test material, the test Ittaterial supplied 5.717 prolein to theliel. A level of
0.3% I.-lysine was added to all diets, except the treatment cotiaining casein,
which was considered to be adlequale in lysine (further additions itight have 
createl ain inibalance of argiutine). Ie ad(ition of lysine to opaque-2 (hard)
and opaqlue-2 (soft) mtarkedlv inreasel tle protein Sul)plemttemtary cffect of 
these two cereals and cli inialed fie growth differences observed ill the
albeltce of sttpl)llitental lysine. WithIlie added l'silme, these Iwo itaize 
stimples were signtifitttly stperio to ANRC casein as a proleit stipple­
ilert. Addition of lhsile to the two tornmal maize selections gave a positive
responlse. )il IleItesU)0ltse wits Itot its tiatked its that ol)servel with the
opaqtue-2. Flouty-2 atize showed a bet let response than lie niormIal itaizes,
giving a supplelitntary effect utot significantly (lifleret front that observed 
with ANRC casein. 

When 7 Cerros (CW-,t859) wheat was used as a supplementary source of 
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'rABLE 20 Summary of body weights of chicks fedl different cereaul grauins 

Average b~ody wcight at12 wccks of agetg) 

Source of protein' Series I (l'sint. supplcuiitnhdcu) 

79.6 
Soybean meal 124.7a12.1 
ANRC casein97.b 
Yellow corn, normal 77 . 7 d,"-F, 

Premix 76.e ,f .g.11 

Rye 70.4f,g-1i 77.81 
Gaines wheal 7 4 .7 e-f-- h 4r"Id,e,l,g,h 

HIighi prott in wheat 71.2 frg.h 1)4.2d ,e~f.g.11 

I lyproly hbrry 8.5.1 C,d o1~A e~ 
Pirotine bairley 78.(idcl-Cf 2( fg. 
CNI-4854, normal ma~iz~e 7 1 .3 fg,h 84.5 i,1 

CNI.4855, opaque-12 (Ihard) 816e1 im t 

CNI-4956, opi(Itiiit2 (soft) 92. 2 h-C I 16 .oa, 
CNI.48.r8. normal inaiI/' 73 . 5 ,9-1186.Ii1 
0h43(+), nornial mai 7 2 . 7 ,fg,h 85jili 
0h43 (11,2)Iooty.2 81 . 2d-,e5~e, 
M-.4859), 7 Ccrros674h9.0 ,1 

OV*4860, INIA 7 3 .6 etit,h 11 1.721.12,1 

CI'.486 1, 1riiica.c IM-I132 75.1 e.V~g~h q!1 .8 d'e-f 
CI-4862, irificate PM2 c6g.8g,h o.c10 
CT-481.1, i rifiicat PI'-15 74 . 2eCfM119.01--

IS-HI165, srghum 69*.l 87h,,, 
IS-231I9, sorghtino 68.j hi 10.", 

S-0250121, srghuin 6 9 .4 9t-1 100.2t) 

IThe prt-nmjx providltd U., jrotiin in all dirts with 6%,{prided~(( lv i initmriais.
 
2Each nican is Ilie wterigt roir li k%va Vaitius ss it. sauin-
of tour rt-p'i(at o( fiv hit h. i %t­

pers(:rilii arte1(0 signiltuintl' diflt-rtuut Irom ca hib lici alt.. . It %t(1. 

11011t111l.11 mai/c. 1111, %%as also lti IMt ille othtet %.sica.tsailipleC I NIA 
((AV-118fid). *I'll(. lhtcc II Ii(ilA(. lipadt ,Ilm(htl pj)tictt 11,e1.hi)i5( sitttil,1it) 
tliatobsetr'ed wi%'iI te hil ti'ul thai/cs%.tihijcst'. lItille %. hva~t %.Iiilpli(. Sill'­

11i1d .1 sil)t AltH(IhI (-p1.1 1
p)tisiIngly. thles%ogh~liII salipjles alsoi I~itI 

to thait of, the of hetttiel al sam iitcs. ( )ill lic%tuih)piitiV-2 samiihsi% sioweti a 

tC'sjonsc .stipetlt Ii t 1i,11 ()f hItl oiti(((t ai glaihis. SkIppIcIlttititt1iti..i il lilt­
wshieat salljule% ith l~iI tiid thlc 1p toitv it isp.oisc 1I) 111,1t ()1 \NlR( 
cetiti ,utitl%itlti I l. %uijl. ieh'l)iim .51 12 sigiuifI.iitlk uifft­
ent fitotI that (df sti,1ih iicd ttii4).iIfit(2 iou,.I ll- histlti m..tIils 

~t~s sho'..'elaigiiit .1..I cepstohi- aiittI k I[ilc, P t-m((hI~il (of Io i I tsI)Itis%e 

'sil SuuI sli~hlliltetl %%III) 

li.sitit', itlital ghuuuiiu sliIpic~ts gi. wilies tIjii'ul 1)(.1 ill 
wereC togreaiwthiith lat .e %1)5h ghiutoi. W~hi-I) 

ho)11l'ie andtll 
ANRC casein, bllt less d iatt tliat tif %o~Iwaii tuevl. 

Labhe 21 shows iwi PFR v.altics hotthe saltite gliuth (II i eauglailts tested. 
11we PER v'alu of A NR(caseiit Wast not sigitificatitlv diffet cil ft 4)111ald of* 

http:11011t111l.11
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mCibel j(Illea 'al i Xit'' elt/. sIttfit' i','.11%I 4)-i441I)(sii 4)1 vll1 14) had 

((N1.485f') had Il(tie nc11.%iplelmitmmil ic ee~ as lit- ANR(atii.21 ii Itt~ 

and Ill(.41 s lm l11~s % SciIsigi~i a (l%%d.Iiili &ANRC11Il144I 

ws 'I..,.iiiii.iI 1%d lfw l mil.1%(Il-2l stpp vilc'ln m4.,O.l 
TNI4(c ...',.il l( f m c l2 l.N'''212 sinf~ ik ip *'ldt'Itl 

e;M la i! O,11141lilm.., %alis Adl4$i 1)Ic )~cI( l 
T(Arl, pa.mil (I .1I si llii iI i a c ltIiP R kitvl ( la o i 

4)l~ il' II14ig i jIw limn1/ Ow*.1 \I a .1 7 4.4Ic,U~%IIs n 2.2:Isvl1 
2
 

()h54 41~ 11, I rd' '.f~
X 4 fi 1 i 

sol I,I4 il l ( ,Iatifl is1klp4 lii l 

5% mi Jill-it41,. IF 2.200' .2 74.42 4 

tl$'id-Aii l MCAilrii Ii t'"II"t4 5 l.ji 2.111 i 444*Iik i 1,244.'" anIip 

ANRC1(4544 ,.92l 44 MIIil "iii44II 2.4 1i' i 24dll5* flurli &m4l4 4u.lI %.4pi4itiillrb VJ-,4.IIrl flil 2,7I4J.0 

http:ANR(atii.21


Summary 320 

ia iiVeli of, lilt hld vnilospIerml andi %4fi eiitostom)Vlh i )ltit'.2 ili the 
.tb-eiice of' Iysile, 1)11 tilie add~fiitin of' I1ile.1)eliiiatedtis d if f~ece, 
Iheifomc, lile (Ilit INlt'%is apI)111iiI tiffeviiiiatvtl Ixi-tii itc hiartf and 

SUMMARY 

Wetighti galin andt I'IR's 1 ihitm al, flom, -2, and ojpaqlle.2 mli/c, andif' 
soi ghiliiii i% icai. andt ii iliaC%,. hia%t. I-elI cotile(I wilia tel'cieltit aill 
ill Icsis liing Ilic 1.11.ittl , oe, aittist(hIit IN.W ih 10 iiit. %%iilhiigl i% peI 
ieo ittll Iil~ % iii 7 tda%,tca, %igltifit till hfifiielc nI ail wer ;iappalt 

%sitli%a)tlest (wl lmi44% I f lltl ihi i~ ill 44i4I I t 28 daIt' . A l7 1141 i t i 

la %mutiuit 41 4 11 . 11 601 gI )Ic.4!i .1.IlIl ,1 c i.1 

fltl) t~ It%(. Itll I i it' c 1l i iii­1 %t.Ittt li l(, fc pctijlit ii I 2s gtmt l 

4)pi~p-2,mi and Anw iiiiiit ~ d Nb m iiil'11 ih.j1( s'n 



AN INTEGRAL SYSTEM 
FOR CHEMICAL SCREENING 
OF QUALITY PROTEIN MAIZE 

Evangelina Villegas CIMMYT, Mexico 

High-quality prIote'in maize is especially significant fromn a nutritional 
pint of*view. MllliIhiCdfIiCSIVLsalylowi iii1 Od Vdlu, primarily
owinig to tile II1lIbdldIltuI amlillo dti(I (o)ltivll ad lo1w j)1otcill conltent. 

The beneflicial ci leti %of' inI(A)jolpwt tug Iligl-qtIlit V%prletilI IllaizC into 
tng progrs lliI% 11 ollllgivs lt 41111)tV11I~I.ilil ile l I)11c(Il. 

I lowstv' I, I(( liogIlII IfoIII )IIi/(,a b1)1c IiIg m) aii I I 1o . LIs liaIINInahiI iages 

Itim4iplorIilg ilic op).mpic-2 ()I lloiui-2 gtiics illlo fboi uial Iliaiiw with, 

Tile Ili/tm timahll.lu% opa.ijw-.2 ,Indt flomt -2. i% hosc p4i4tt-il qti1ality is 

%li1ii /t%.. 
qjuality is dllr 14otheill 

nalied as~high-I.,u I his dI4%iIlltiiI (jII 1 i,~l but1 Ite imiproved 
ildillc iltuleam4t.It of1 14411iid41 iitl Ilyphojiliati. 
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were iiiitiatted, ttaiiy I)Iee(Iers tiiade a p~henotypic evatlutttimt1 of'iiolttt'tilslti-
Cetit opa(llte-2 kernels. tIhis uitfoiltmiately exclud~ed llI, o1)p1)011 tttiI of 
obtaiinhg thillIlrells t- ye kernel with htight-ql ii t pr101cm t hat 
mayl)OCCUI' i1 llo e opaq e-2 I)0lat iotis owilig to) 1110(11fiet gemes. 

The chemiical evaIluatuit of diverse geetieic material reqir~es tihe use of' 
sinjile, r'apid, 11( ttaively lowV-cost alI1.Ilti(,l ItetilU(15 so) thatit largeail 
Illt1illber of, satmples call Ile aI~l V/elid. 

Several labor)atories hajvtised lliIiect tiletilI(15 14)tvalilt, pl) uiII. This 
has l)cVii recoImitemlledl, for iiistaticc , 1cellriie /cil ((ilieit. Zenti is thle 
ft-acttil of thc th1ai/c etahlospeitit1 proteinl lackiiig lvsnle anl tl)tpddl 
there isia re(Iuttio(ilIIthe jpiolaitlitie /c111 ill tlie etl(14shwehl-1 ill thle j)1setice 
of' tile olpa(Ie-2 genec, ;iIl(I a (ohlsequ~etlt iticreaise. ill the otlher prltoeiti 
fractionis thiala dit11(efii'ent ill I.sic or tryplopiPhaI (2, 5, 9).

Oil thle od11 lhatlld, ille dke-bihl(i tig IlletlltdSaseell Ie(cotihhieltecd fol. 
evalulatinig protein lit This illeillodt uses Oranlge G (ke ill all acidl 
ICelilli, situce tile (he will he associated witl] the bas~ic rctive grohips 41(lie 
p~roteini (l sie, hiistidiiie, aili algitulie) ((i, 7). 

tlioci(cillistI' t.Laboliator\ stilieri andi ev.Iiielac Ii ffe lit atialviical 
tllcliloIs (ollilihlltV ustc tod(eelulhitlie jtolteill. (r%pjpOJahl'tli, ,Ii ]sti, illadll 
attelipi~ to plesetit simlte a111( proper tchniiqlues to scitell aild(evaluate a 
h'ltige lltihei.of saIlij)Ies. After t[Is ev.Illlittiotl , a selit's o(41 Iollllllt(Iliol]S 
were tiatoe fot tile-jloteill ('valLudtim)ll Il po iions mid~ segregatit tiatet'i­
ills producehd Im thil 111a/ 1c~e(Iilg jlogralls. 

Ill a get lera I%%;I\, IVIllowediilie Inild o p fo((1 by til (:1MMI"l Pt'oeitl 
Qualit y' LaII()ato1% is its fOllows (I I). 

METHODS 

Sample Preparation for Endlosperm Analysis 
It is adlvisab~le to)ailalve tile eii(1415jertm (Ifithe samljle to)readlily idenitify 

tilie tnlcrteials witl) imprl~oved jptoteiii (1ttdlity. Te miaize eidospetni is (lefi­
[I\. ltophlll, wiletecas lilt-eilllv( 

atil wselI-balatu elf at~il)l mid((omoil)Sii~, eittuIess of the guileti( back­

(lentl ill 11(1tall hlasa telativeIy cotlstailt 

grouitil. AlIso, ilietotally/ilig the wh~ole kettiel, tile peri(.lrp tnav(otlttihbtte 
ttiI(Iesi-alIe pjills tli1tt ittetlete with) (olotitiiettHi (lctcrtltiliatiolns. If' 

l.ake at taImioml samlple oIf 101seeds a1steplesellttive of, cach catr. 
2. Watsh with di(ist illedI water ifi lie seeds have beeti pest 24ic itealed. (If 

seeds ate tiltieatevl, eliiltitac this sitej.) 
34. Soak seeds i (listilled watet fot apptoxiitiatcly 30 iiiii. Pecel off' the 
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pericarp and remove the germ with tweezers and scalpel. The remaining 
material of the kernel is considered endosperm tisue. Air dry the endo­
sperm sample overnight. 

4. Grind tie air-dried sainple inIa burr mill at tile finest setting. 
5. I)efat ground samples in a Soxhlct continuous extractor with hexane 

for 6 h. 
6. Air dry the samnples and grind to a fine powder with a Wig-L-Bug 

aiualgaiial)r. 
In certain cases, such as when one naize ftinily with hard endosperm 

(normal endospernm type) is shown to possess high levels oftryptophan in the 
protein, it is recomitimended that a single-kernel analysis le perfiormed on a 
further subsamlple. Thus, any segregation within the fatinly can be iden­
tifted, alnd grains can be selected that have high levels of tryptophan. The 
following Iiocedlnrc does not destroy tile ellryo of ile analyzed seed, and 
thus allows tile growing anld futhei analysis ofthe grain selected as having 
the highest levels of trylptophai: 

I. Take live or six randomly chosen seeds front each fainily and wash them 
to eliminate any pesticide, and then air dry theiii. 

2. 1)rill out a sitiall pottion of en(losperin in different sites of the kernels 
with an electric drill using b/in.hit. 

3. l)efit saniples in a Soxhlet extractor with hexane.
 
'1. Air dry tile satnple and grind to it fine powder with a Wig-L-Bug
 

allIalgalator. 

Protein Determination 

The nirogcn content may be estimated by the micro-Kjeldahl procedure 
(1), and tile percentage of protein calculated by using a factor of 6.25. 

Reagents 
L Sulfuric acid: sp. gt. 1.84, nitrogen free. 
2. Catalyst mixture: 99.0 g of K2SO4, 4.1 g of HgO, and 0.8 g of CuSO 4. 
3. Sodium hydroxide-sodium thiosulfate solution (dissolve 50 gof NaOH 

and 5 g of Na 2 S20:3" MA),O in distilled water and dilute to 100 ml). 
4. Boric acid solution (4%). 
5. Indicator solution methyl red-bromocresol green (mix I part 0.2% 

methyl red in et hanol with 5 parts 0.217 bromocresol green in ethanol). 
6. itydrohlmoric acid solution: 0.02 N. 

Pracedure 
I. Place it 30- to '0-iig sainple in i digestion flask. Add 1.0 g of catalyst 

powder imixiture ailI 2 ml of 'onlc'enltrated stlfuric acid. 
2, Iigest ,10 ii, cool, add iminlilnuni(Itqantity of water to (lissolve solidls. 

cool, and place a thin film of Vaseline on the rim of the flask. 
3. Transfer the digest to a distillation apparatus, and rinse flask five or six 

times with I- to 2-nil port ions of distilled water. 
4. Place a 125-mI erlenineyer flask with 6 ni of boric acid solution and 3 
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drops of litmus indicator solution under a condenser with the tip extending 
below the surface of the solution. 

5. Add 8 ml of sodium hydroxide-sodium thiosulfate solution to a still, 
and steam distill until about 20 til of (listillate collects. 

6. Titrate to gray eni point of first aplearalice of violet.
7. Make blank determination using the same quantity of'reagents and the 

same digestion and distillation periods as for detertuination. 
8. Calculate the percentage of nitrogen: 

(til HCI in detn. - ml blank) x nornality x 14.007 x 100 
% nitrogen = 

tug sample
 
% protein = % N x 6.25
 

Tryptophan Determination 

HernAndcez and Bates (3) have observed that the relationship between 
tryptophan and h'siNte in lie maize endospermn protein is about I to 4; thus 
tryptophan inay he used as a single parameter for maize quality evaluation. 

For tryptophan estimation, the Opienska-Blauth et al. colorimetric 
met hod modified by Hernindez and Bates (3) is recomnlended for its 
situplicity. With this ittetlhod it is possible to analyze up to 75 samples with 
duplicates each day. 

Reagents 
1. Reagent A: 270 ing of FeCI:.6HO is dissolved in 0.5 mul of distilled 

water and diluted to I liter with glacial acetic acid. (Each bottle of acetic acid 
must be tested fot color dev'elopnient in the presence of tryptoplan.) 

2. Reagent B: 30 N sulfuric acid. 
'3. Reagent C: a volutte-t)-volune mixture of' reagents A anti B is pre­

pared I to 2 h beftre use.
 
4. Reagent I): papaiit solution. 'l'he enzyme (Papain-Tech. powder frot 

Nutritional Bio-heinicals Corp., Cleveland, Ohio) (4 tug/nl) is dissolved in
0.1 N sodiutti acetate iuffer at pH 7.0. '[he enzynie solut ion is prepared 
daily. 

Procedure 
1. Weigh 90 to 100 tug of finely ground defatted maize endosperm

sample into a glass vial and add 4 ml of papain solution. The tubes are 
capped and carefully shaken, making sure that the sample is totally wetted. 
(Blanks imust also be carrie(d out with papaiti solutio t l ough this proce­
(ILl re.) 

2, Sainples are kept overnight in an incutator oveni at f5°C. 
3. Hlydrolysales are renoved front lhe incubato)r ovien and shakeun, then 

allowed to adjust to roomt tell)perat utre. When this Iteltperalure is reached,
lie supernatant should be clear; if' not clear, Cellliftge tile samiples.

4. One tmilliliter of'hydt'olysate is pipet ted into a test tube containing 4 ml 
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of reagent C; the mixture isshaken vigorously and the color developed for 
15 in at 65C. 

5. After cooling, the solutions are transferred to calibrated tubes and read 
at 545 ni/t on tBausch and Lomb Spectronic 20. 

6. A standard curve is prepared in a range from 0 to 40 g/mnl, using 
ll-tryplophan. 

7. The tryptoplhan content of the sanple is calculated from the standard 
curve and reported on a proein basis. 

Lysine Determination 

The lysine deterninaion is performed only oil those materials with high 
tryptophan values as selected through the colorimetric procedure, or whetn 
the lysine value is required in addition to the tryptophau value. 
The reconinended coloriunetric ilethod was designed by Tsai of Purdue 

University (10) and modified by, Villegas of' C NIMY'T (11). This nethod 
permits analyses of up to 60 duplicate sanples each day. 

Reagents 
I. Papain solution: 4 Ing of papaii/nil of' phosphate buffer, 0.03 Al, pH 

7.4. 
2. Carbonale buffer: 0.05 Al, pIH 9.0. 
3. Borate bullr: 0.015 ,1pl-t 9.0. 
4. Copper phosphate suspension: Solution A:2.8 g of CuO12 2H 2O is (iS­

solved in 100 ml of listilled water. Solution B: 13.6 g of Na3PO4 "12H 20 is 
dissolved in 200 nl of listilled water. Pour solution A into B with swirling, 
centriftige to bring out the precipitate, and discard the supernalant. The 
pellet is then resuspended three times in 16 ml of borate buffer pH 9, cen­
trifuging ifter each suspension. After the third washing, resuspend the 
pellet in 80 il of' borate buffer. '[he reagent can le used for I week. 

5. 2-Chloro-3,5-dinit ropyridine solution. Prepare, just before using, a 
solution containing 30 mg of'2-chloro-3, 5-dinitropyridine/mil of methanol. 

6. HCI solution: 1.2 N. 
7. Mixture of amino acids: cystine (20 tug), methionine (20 tug), histidine 

(30 ing), alatuine (3) ing), isoleucine (30 ing), threoninc (30 tug), tyrosine (30 
Ing), glycine (40 Ing), phiciylitlatine (,10 ing), valine (40 ing), arginine (50 

tug), serine (50 ing), aspartic acid (60) itg), glutainic acid (300 ing), leucine 
(80 iug), and proline (80 ing). Weigh 100 Ing of the amino acid mnixture and 

dissolve in 100 ini of' carbonate buffer. 

Procedure 
1.Weigh 2(00 nug of finely defatted sample in a vial and add 5 nil of' papain 

solution. Be sure to wet all tile sample and shake it at least twice in the first 
hour of' incubation. Carry oil blanks with papaiti solution. 

2. Incubale overnight at 65C.Remove the hydrolysates from the incuba­
tion oven atld shake; then allow to settle and adjust to rootu temperature, by 
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which time the supernatant should be clear; if not, centrifuge, (One aliquot
of I ml from this hydrolysate can be used for tryptophan determination.)

3. Pipette I-mi aliquot into a centrifuge tube and add 0.5 ,ilof carbonate

buffer anl 0.5 nil of the copper phosphate suspension.
 

4. Shake the mixture for 5 min and centrifuge.
5. Pipette -inil aliquot ohlie supernalalit into it large lest tube, and add 0.1


ml of 2-clloro-3,5-dinitropyridine-nmel hanoI solution and shake well.
 
6.Allow the mix trc to stand fo' 2 h at room tenlperature (shake every 30
 

niin).
 
7. Add 5 nil of' 1.2 N 14CI iid[ shake well. 
8. Add 5 nil of'cil ilacelate, stopper tubcs, mix well, inverting the tubes at
 

least 10 tieis, and Ih1lilextract the Uiper phase, using a syringe adapted

with a polyethylene t lbe. This step inust be perfornd Ihree tillics.


9. Transfer the a(uutiotis phase to calibrated tilbes, aild read intile Spec­
tronic 20 at 39() iiiA against the blanks.
 

I0. Calculateilth I'siic sampleolilelilt of tihl iw colllpariig with a stall­
dardl curve and rel)ort on a lrotein basis. Prepare a standal curve ina
 
range of 0 to 200 #'g of' lysine/nl. Stock solution of lysine: 62.5 Ing of

)'siue-nioollhdrochilri(le ill nil carbotiale
20 of' buffet (2,500 pg of
 

lysine/nil1). Using caillboliale lufft.r, dhilt 
 the( stock soluion of' lvsine to 0,

250, 50). 750, alid 1,0)0J jug of' lsinc/nl. Fronm each solutioii, take I l1 and
 
add 1
nil of pa)aiii soluiion (5 iigof'papaliiiln] of'phosplhae btifiur). Pipette

I nil of, each solution into ceti'rifige Itlie, add 0.5 nil to the allino acid

mixture solutioii ailid 0.5 nil of copipe" plosphiate suspension. Cotiniliuc with
 
step 4 above. 

DISCUSSION 
On the average, the cidospernI analysis shows the follwing colorimetric 

values: 
1.Norial iaiie: about 0.45 g of|iryptophan and 1.8 g of' lysine/100 gof 

protein (with approxiIiialcly 9.1)%4 pioluin in Ile saiple).
2. (paque-2 Inaie: aboUt 0.85 g oiflit.)iolhlin and 3t.I6g olflsi ie/100gof 

prolein (with aptlroxiinalel , 8.01/ protein iltihe sample).
The indicated valt islialv' accloidliig to Ih geinolve o1 the protein

coniteit of' the .ail.le. lilrlrllidiate 'aliltcs of| I!. leyItolpiaii and lysinie can 
found illihe )iroltiln iiaterials wilh tie lloilr\-2 gelie, o1 iii soll.ic aiiples 
with hard c'IoisielIIli. 

using the al\ticid iilc lhods described to evaluateillI S(I-'Ull large Illulll­
bers of illai/ue samples, tIle laborator%work cai lieeioordilated with Ihil of
Il lireeders. 'ihe lborator rports are essetlial to the breeders ini select­
ing tile desired geill llislii; Iitis. Ihis (coordiialioin cal accelerale their 
programis.

NI iThI (:1 PItotcii Quaity .lxiratoiy evalus .tppr'liialely 7,000 
to 8,000 iaize sampliles per )car usig these lechniques. The hest materials 
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selected by chemical screening are reevaluated; a complete amino acid 
analysis is performed by ion-exchange chromatography, and then the mate­
rials are biologically evaluated using laboratory animals. At CIMMYT the 
meadow vole (Micro/us pennsylvanicus) has been used for these evaluations. 
There is still great variability in the results of the biological evaluation. It is 

necessary to learn more albut the meadow vole and how it can be used for 
screening materials emerging from the breeding programs. 

[A discussion of this paper can beftund on p. 505 of Questions 
and Answers.] 
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COST-BENEFIT RELATIONSHIPS IN HIGHa 
QUALITY PROTEIN MAIZE PRODUCTION 

Per Pinstrup-Andersen Centro Internactional de 
Agrlcultura Tropical, CalIi, Colombia 

0Ipaquc-2 ma)izeC has b~een shown'lI av very' si gilficallt ltilt it iollaI 

advanitages over nomail illai/e. ill 1)0 1 iiii 111( d lilli IllltI-t14)ll. This 

high-quality proicin inaic providles a IlledliN lot- redIucing widclalel I il­

inc(omeI L11illiC 14111 % l"~I s'.lIo'I( 11111ill (lc%chopitg IiCN.I iilviiiai 

diet oi, 11101)wh%i 1, lligh- 1ua111% p) lwil. I1 Nlit- 1)(I(I"lsli)llr ill 

andi tclmiplo (AI tills 1411W/ %ill (41101111il LlI-thy upo( So114) l()1144IIIl), 

11piol obllc lwslc 


and)Iellvdil 1114111d llai/v
 

ettlsz dld usls, .111((3) siggs 4l( I JlomahcN liltemI ll 

0ld1hlC- 2 

rd uc~lingI sIII ( wiI(1ll 1h%%'Ill h4(lI(Iil 111 11lilt, 144South'l11dill~( - 44)(Il2 

Amer)icaI. 'I'li is1%I0l4%(h d \ llsldI(411n (if il1c Iwllt-fils .111d1 tosis 11)itle 
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aimled at obtiing tile potentiAl social lwnwfits of opaque-2 maize. Since the 
CC01t10I11ics oftitilizig opaque~-2 miaize ill processed fo~ods will bec conlsidlered 
Separte't(ly'. at thi symp)i ll)iit, this~ repor)t foctises oil utl izat ion for direct 

SOCIAL VERSUS PRIVATE BENEFITS AND COSTS 

Social I)VIICfi% and1( (44%I% Ietl('IIo( I1(4%V. of, %44cieitsa4 wh1ole, whIereaIs 

j)Iiv'.II 1)('IIt-ils .111(1 c'liV of' tile ill(Iivi(tl .1 on 4)I Io4 I1144% )E'l%(I t'iltcI 

j)Iis(' involved'r4 ill plod(ll 14,,4(4 niiktIitg, mid(1 (onsimpitiI o[1 oi~iue-2 

Ina.i/(c. The4 wil % %- p)i1%t4siv 114'\I %II4)%% tIat so( i.l hI)I)(liI% and1(costs 111.1 

dIiffer' 4i44l%1(idlaIb 1441 1)il bl)'4ils and1( (os'.piSIt4c Pliiltc l)(eI(.lits antd 

((451% l~l lt 14i.4 be44(1,41Il.VIK-sildt hi ii smIat I)hVi%%ill not4bIIvilli/et'(iuless 
(4 (o11() (litm 114t,4iislt'5 MeI lil~t lodIIt4. 

Potential Benefits of Opaque-2 Mlaize inl South America 

Appioxiitiac 22"( (it ml/ (Ill ilit-e ptoditcd SoltIl IIeI is used(I' 
dileIIII11114(It 444ois1)i44h4io, %%lit'14iI 621, is 115(4 ;4 iaiiti Ifedi (4). Someit 

((4!14)tties, sodi( Bo1%11)Ivi.4(sl "It), (4l(4tli. (72'( ),and14 l~ItiaI4)(52'X ), use a 
liglitci ~I.tilt.gco illc )411/cl4I Imlll(41(114 (%IIII~otlil)p-oIt4.4Il4l 1, phdllll 

lion1. 'I lt i4%I'l.t 1)41 ( 41111 444 11141)11441 of1 111,11/c inl S(44Illll An\ liC i(. ill 

t411 .21(. ol4190%%.is csillinm kg. Nh~i/c H11ll~' imi4I i 141'Ill IhtllLi~(la 
1.1,Vt'14/(lI.h 144I 

whlilt. it Is 44Id 1 4'1i11ll 1,11(c Ill I lig4il4 . (.11ilc. mll I\ig(.141 1411. 
Ill4I(' I s144455' ili'('til44,li'4 i 197o~) 111t,4k1t1, I %44%4'lic ,4414)4 45 

l~siiitall 11441111 .11Ili( I)Ini.Ld Ima~k(d Ilicse amino14 

(liet i1444)4ll Iis silt lt.is 114411 J'B.gII 1 i1 14 id/ii. 

.1114i1h41lt ,i/e.n 

M ilk If all ct 11411n 111,l 1 li/445(1 fo44 llII, I 4111s4Il)illi l C ImlIlgcto(,Il h 1 4%t'I4 ( 

opl.44i11-2 1414/4'. 

A\s %514445 it I .do41 '2. IfIl1144 Im'I 424 Ilimii/4' 444145411111)i 1970 m.ihse 

Itt4Ilt4I4441.414 .11 1,41/c %15414'441114 41).4141-2 ti p)t' this 441,41/caon %%ot41il 

fliII'tlII l 4%4I,Igt' 4.11)11.1 51444' 1144115 VcIi'itlchthe 1)4-1 kiic 14(%ill 1, ;111 

l'.I~g~,I SIIII.1 s 115544114 111411 111.111 41 114't'(Isli1)141 ofI~ 41 Iffa sitlt ill 

Opl.4ll'-2 mm.4/4. %mold4 sii41f1\ 1414414 i1.414 111 (of ill 111\I)1441)hil4 I)IVI'(l% ill 
11Isl.I.441 \4444'/4I(Ih. .141 4111 j)1445 141 llt , olo'.;141,1I6'44Idv1114,414 411e 

1144114.1114I1444141id In'l.g44 41441iI ( I1,1143).B41441/11i 1114.e1141 Iage 
of1 ('%sc111,4Il 111I1444.44 Ill 414c4' il41 1144 1.1141114% 1s It1I4 ;Iltieicil1% ci 41()\45' 442444 4 I 
4444114 144 4411114 II iiiimli ig 44)p.44f414-2g14'.4l\ h%1 144.4/c. 

Illv11411144 t~ h44 Il'(4g441/t'4bc1 1441114. 1411 \setilge 
l11111.lI 444ll4541114j44h41 41.11,1 41141411 11 IIu lltl4 4141li i \ di114'14114 c%. i1114 all1 

4411%111114'4 I.11 ge 4f44it114 ilhill IetI, 1.4/'is( I ill I c'Il isel iv%Inlo4%%im il(4411 
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TABLE I 	 Quantity of maize utilized for human consumption in South America, 
1970, the 	estimated lysine and tryptophan content, and the potential 
content of a similar quantity of opaque-2 m:iize 

L.ysine intakel 'rryplo li)an intake h) 

(g/capita) (g/capita) 

Annual consumption a Actual Potvntial Act ual Potential 
Total (normal (opaque-2 (tionnal opatjue-2 

Country (1,000 tons) kg/capita maize) maize) maizv) maize) 

Argentina 122 5.0 13.5 26.3 3.2 6.9
 
Bolivia 213 43.2 116.6 226.8 27.2 59.2
 
Brazil 2,111 22.6 61.0 118.7 14.2 31.0
 
Chile 26 2.7 7.3 14.2 1.7 3.7
 
Colombia 495 23.4 63.2 122.9 14.7 32.1
 
Ecuador 130 21.4 57.8 112.4 13.5 29.3
 
Paraguay 92 38.7 104.5 203.2 24.4 53.0
 
Peru 261 19.3 52.1 101.3 12.2 26.4
 
Uruguay 5 1.7 4.6 8.9 1.1 2.3
 
Venezuela 458 41.7 112.6 218.9 26.3 57.1
 
South America 3,913 20,6 55,6 108.2 13.0 28.2
 

a Source: FAO (4). 
) Estimated on tI'c basis of the following lysine and tryptophan content in grams per kilo of 
whole grain: 

Lysine Tryptophan 
Normal maize 2.70 0.63 
Opaque-2 maize 5.25 1.37 

TABLE 2 	 Estimated average lysine intake fromt normal maize and potential 
intake from opaque-2 maize compared to needs (mg/day/capita) 

Prrsent intake Potential intake 
from normal maize from opaque-2 maize 

Country mg/day % of needa mg/day % of needa 

Argentina 37.5 6.9 73.1 13.4 
Bolivia 323.9 59.5 630.0 115.8 
Brazil 169.4 31.1 329.7 60.6 
Chile 20.3 3.7 39.4 7.2 
Colombia 175.6 32.3 341.4 62.8 
Ecuador 160.6 29.5 312.2 57.4 
Paraguay 2910.3 53.4 564.4 103.8 
Peru 144.7 26.6 281.4 51.7 
Uruguay 12.8 2.4 24.7 4.5 
Venezuela 312.8 57.5 608.1 111.8 
South America 154.4 28.4 300.6 55.3 

Source: Estimated from Table I. 
a Estimated on the basis of the neced of young adults for 544 mg/day. 
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and potentialTABLE 3 	 Estimated average tryptophan intake from normal maize 

Intake from opaque-2 maize compared to needs (mg/day/capita) 

Potential intake 
from opaque-2 maize 

Present intake 
from normal maize 

mg/day %of necd a 

Country mg/day % of need' 

19.2 11.4
Argentina 8.9 5.3 

164.4 97.9
Bolivia 75.6 45.0 

51.339.4 23.5 86.1Brazil 
10.3 6.1

Chile 	 4.7 2.8 
53.140.8 24.3 89.2Colombia 48.522.3 81.4Ecuador 37.5 

40.4 147.2 87.6Paraguay 67.8 
73.3 43.633.9 20.2Peru 

6.4 3.8
Uruguay 3.1 1.8 

43.5 158.6 94.4Venezuela 73.1 
South America 36.1 21.5 78.3 46.6 

Source: Estimated from Table I.
 
a Estimated on thc basis of the need of young adults for 168 mg/day.
 

1'ttnilies in most L.atin Anerican count ries. °tus, average constitlptionl data 
for certain othler products,may be less biased in reflecting maize use thnll 

stch as meats, milk, fruits, and vegetables. 
is that related to theAnotherfaitactor not reflected l1y the average tllta 

and adtilts. In tihis case, lowevwr,dilfering amino acid iieeos of, child reti 
be less biased than those fOr cctrlain other average lata For maize may 

maize in the diets of small children.proluicts owing to tile iniporlace of 

F:inally, gl)al (lata, such its those used ill the preceling aitay sis, arle fi'e­
€ittelly colecteI ttindr adhverse condlitionts ail~ nty ntJ be pr(:c'ise €lescrip­

titlts. We shotlhl totsitcl" the datitas approxilnate magnitudIles, raler th n 

as exact figtres. 

Benefits 	and Costs to the Consumer 

Potential b~elefits of high-qttality protein maize to the consumer may 

occur in two ways: (1) throgh itamproved nritin iota, with cnstting improved 

healh and inctreased earning capacity, and (2) throtgh savings obtained by 

sutbslittiting opIttte-2 tltaite [' or te expensive FIods, such as milk, meats, 

anl I)eaus (1aititting a it utritionl level). 

Whel disttssinlg colisunler benefits, it is itilpotrmall to (listinlgttish betwell 

"real" )elnefits. Setlli've leceelils are dleteritained by tilesubjrt live ant 
hildividtial colistlist-er oil thle basis of his preferece, whereas real bcnefits are 

intake oflessential aninoltleastited I' objectivc standards, such as incrteaset 

acids, or reltaced disease f'requency ahl/or severity. Fltilernore, private 

diftcr from social bencits and(I costs. Reducedbenflits antd costs might 



Social Versus Private Benefits and Costs 341 
IlediCil COSts, 1 '0CX'. kllA , Maly re'dlic sm iadIm,,% liltIh,,1w li I Ih iIhIII w t. 

oil privalc costs. ItIitii I ditlssioiI ,ill I . Ii tII I i III i%;1tt IltItlitc I aIII I ( ".III, 
',With social I)bte 'f'is antd mi ll'04d ,('ld IlIlt .s Ii lis 

mIIlat ktl (et()li~ll , wC ( (' I , t lllll I NIIl)I1% 14) 1lhla lllm ilt.lit ;I 1'fee , 111114.ll 

suI)jC'tiv'. I)tCel~le i, (gi'('Il Iht' (ilst li i l j1iltulih,' I,. k 'I kill I I'g i% 
olte fIclo I' at lllat ', ,t%1 it I ti 1(ti iwt' %'t'ii slilljct 1 .111411(,1 'ilt' il , 

1nittize at ellll 1i,h.l4 1 )1 lil 4 k1l4",'Il Ill'' l '11111I'les 14 11 4l 1c', \%,I',1,1 III ls. II
kill)%%-' h '%vI() p'ci tyI, a'.q ui'-2_ in,wc' (.,). I titll wlimipic,. Ililt- hii m alkc'l 

,(fill 4 i h11111'll 11.ll 4i4i1m l.,l . 
luidf (2),%;1111 I \.ihml'I 411, 1',1 isl, h % 4.. ' .414,11,4141114 .Iiiti 

III le I 2 li i4illl4h 
.141 \I '44,1111.1h 

o. )4 (p'i-L iI /tI. 11 I.illll414iP.'..\i 111414. 1 411 l l. i1 .I, 11 1i,,, t 1141i .,1l% 

fth nt il4l( imll li1i l lI 1 1141cif-4 r'4l . .. 4111 \h i%11.114h14444 41 

l o sill4'It% , lit'lll t 1111.Im lh,. Il III l 111' 4111 4 lllll' l 1411( ll1ll ill' 4fiii444h1'll 

sl(i,(1%ktl dts11giI+cmI,.. III lh cII' I , I( Ic.m.411.4gcl() Iq .i,I, .piI.4lhI1%g2IIIfm m/ . II 1"I ,, Ij1144 1 ,it 1.1' .111ill ith If(l clw.i 
cxpicsIj 11.11wnt im~ mc 1.1morelthani all414I 14'.14 1411 44 4414.41iu Itl.i4411 

h) .N , II it llt-i ll Il' i . 111.1 444 11,1 IIu SI III III', m l 

lim it 4il ti -2 .,10 ' l~ t O III \.llll.lij 1 1, ia, t444 .w, 1 144' 1 ll 1.ltij.. ' 
h.lI l l I IIIp ( 1 (l, 4IIf tl ll-l I ,1 11 tl (ll t li ( LtI l i l, ,, l \ l li 4,01. 

opmpl i lh(' l(. c '.,i\ II1 1,,, I 1 hl I f %ll 411,lhc- () 4, h ,,, .) hl4 ll6l m .lll lilt l11.11 c + 

'I l.0 4Ill l Ilm.Ill m c h<ll i l \%4li l.11, ~ i , I, 1.i 11, 1 ,1i, .', ,l +l, I ,, H l 

s +{( ''ld w asls , ll( - 1i\ .IIINl .lIi h (11 . , , 

It'I .I l lllil IIII~ + III I I .IIIIIIIi+l \ II 0,I I + , , I I. 41 % 01i 

w ''l , i .1 ,l N,111( 11 ,1h .114,11. 

IIIII f II 1.11 if I I 1 t' 

\,iy i l2 ,It /cl ,, i,l\ I llgllll l
+ 

lt+l l lI l Ill in ll ilt­m li m . lll l + l ll o +',ImI

(,I Ist'- kIII , . I %(I I I IpII %4lh 111( i I,, , 1,11 I , , l 14I,1,. 1ilI,, I, ,II 4-II., 1 ,l,111 %%+ ,( 6 

sI,,,,<II. I' < h \ llIl II I+ l 1 tI 11 ' ,II , 14,1I I I -,,,l,I'I+~I I1~0.11 1Il~ 1, 

AsIr, h1114., 4 1,, i%,t, IINI,\ , it I,I141 1NlI it ,,, l,, , .11, I Ij 1,- , . ., 1I I h ,IIIof,, I.+, 
.1%I'l I III ' I I Il )I I *I I I I , I j t I, 111 , lN I I I ' Ii I'l I "I I III h t m 11itt ", 

IfI l( iit , , I I,,) d , I % I, aI I ', 1,411 t IIit , , ,,l .If I I,\ ~I111 1 lit I q ll lI lfl I I 

II%I )I.I,hItIII++lll l 111 .Ih I .IK I I i II ll1 4illlI h I I f 11 ll~IS , I I ., I h , I, lh it,, , . - I 

mi-l.%\lhcI, 1,1h, 1It, Ill i LIit I,lh ',%s+ , 
\Yh st'.I .II , Ilhc flalll,,ll,01 INIw ff tilllrOllltrh' ' llilllt" 01%Ill 11 ,lvk OIw 

++,a' ,li hfo ,l .,il I%II,, I~III )A %li, ,+im, 41,4.oh %fill It',l~w, I 11,,,,I'soI l.l .li,, + +;= 

http:44,1111.1h
http:111114.ll


342 P01 Pp4WWAIdvse 

~~~r~atnra mti lu dlI'icicultpqur, sn44cmIitarw tI~i 
tui *wolow *-utevn. We cAil m~uke thmw emtwor tioIhir itthe tit' 

Clew Aiwueiteliw wilslfb 414.4le40i1u nnwnl "wiw %Oh 1144w aiss1w 4 
lu~aupatll Wiwes 14iwerfikid (9) iaded U!I'4 I4,)%nw ad4 (ION 

i1'% IwliItin too enAiwt 1*e 411400 Ai.d 1*10V UW'd ill the MW$VO Iire 

i'+41w. 6210)W84AIA1. and I.4 1 #tb. 5100)) (U801~g11w wouskl 
IudIIA4 1 nutMA jJiUt anwti1W(% IinIMs "Sluir 4 6$ u A~ne~in 
rq" u taot sw filwiol tme'uurd 4"UCipw4 w lowttio~eilI% .4 

puitc. 444*ito at highron0hJr2twa bkl euatwand A27'd Ieaghr 	 0s 

hi.gtsr 1%pirwntleo iomaei~r 4#1n low (..4...,.lti tt"As" 44 Pm^wh 

tJer ObkN~ilan INtIA41 1044V 1064 M141Ou11.. 440 #i* 44#040r1 	 1#1 *$a
 

$1540
bibi~ 44 
(t, I be 4of Owrmu1eiudnaro joitr .4 w itA fa) r en(OA * i. 
Ahtnltw lis.the Alibik ni 1 alikon tim"Idlli wqvouio t*1~ 

4*04a swurw 

t twlolam low) 44100iW tko4itsaq 4..tews1040 $9 W tV 

b:twlutrikts hir 0404 Agor~.ils ,uewi*'014W 	 tit" kww 

r puj lo. t 
~ ut ~ ~sun. ~ tuketaeksu'i4~ ~ ~ ua ~~0* Ittri t.matwae 

It imglit 1w "mor fr~AIA w*mup.r low 1*.ue,.4 Oat " * 444w 

44 .mej~r~wtrii ~u. ieiajjt-*#.14*06 thaW Oter 4#04iW* 414*1 $ 

44 01Wr -1","s~s~s mrat. 44tCt44.1.O4k 	 .e1.snA#wM ii 

#0#tMtJ-4kW 100tsAait Opi.1eejfr 00*4b #A*% a Oisst-4 p.%t*~~
 

110llb wa.~ CAM (ofr Uwat rnwtk .wt a 

Uepsa d 41I" 
44wr~4140140 10sutut Owuw 04I~e mini*0* 4#aus 

5#.woa.esid Cas ol 4004 	 wOude toA~ 
pn*t O#A 4#6*Ai 

*~~*O #Wtst 4*iias, I*+wt& #beum d1tsM64t*9a*j#Atb 4MPW*k1r. ihr 

I of4. 1 am$ Nwv*e#' I "ta I .1... low urla,*4 oi or **w *4*64 so4 

* vow .4..wWIe 4TAcluA* taiotw ta AfpsW w 4 	 wf, 0-4 ifis#44w 

asi 	 4anu4iit.hO*gAsmi*tii 60nu w1#4 limkor. *A)#ftW0Asw'4F# 

gr41wi, 	 4*nta,gt#*s wool po-1i t-o fr*u * 14401 *, s 



t*#1-- oww~.,601o 44 ***Wi-wIs~* 6 

I'U 

Go 0k4W tI U% ow4~ IO44l 

Cubu*wi41*4 1 # 

at~~~im o~w tw 
OrsI' U44b 4 4t#j4W 

I Uos t** 

0 

Inr P" $o *4. 

4MA1t 00 
4* *0hidIo * 41, 

** "A O 

ia.I#104a A tof ,Aw4b 

st,*ad $tir' 4lt 

POO POO4i~~d 4~~ 
ghU o44 4 i l~~~4* 

I M -­ ___U&$ 4 c 

14 * 4 



Ii 

kIl otolA'*" 0dj* 

** IilA.Ut*s It% "A#~ij4 *AJOr -P I I ;"'iiuj4.i r$i MM"4~ # 1wrIt&* *Ui# sad 

.'* -**4~~i~1N~ 41,4ItIt 
W*W I* 4 ***6tAA*4Wi44V~AI 

1*i a~oIlk~* dw *~ia dv'0ts0*4 iM6 1064*j.g OAO~ "A*luf' A04ik94iv 

iWO*'WA t IA oilosd ii x .~4Wi01W * 

itti4 at* .,At A* d 

*464 .141ss .0*141' uaII wA 

it ~ Ae$4~4141 $4 4.441 ." .4401 *bo 1441 -4 4 9 4. 

*1* k%.o$'tdS ewf r*104' On "$"0.01boH#1A 

ti A4*4J4ww$#tfI&vx *At.i ) 



Soole Verwa Pfivato Bonefit and Cost 345 

w rc P, prf 4o w 111 it 11114.
 
p,~ sa1t itlall 144I14
i 

11Wto Iipai ' %1WI4.1l ) 1 1MI Iim. i 11 1i- t it . t il 1iI1 

Wg1 bis i 4 ,11111i4ti 0411 I( 1 I ('a. wIIII .h h~~a11 'l 11 m Ili 1 4MiP. 11,.Ile I.16 t i l 

i Iii.£ . ttlIA I dt H11IrM Irb l4II 1i.411taaii ad C 13 (i4144 1''M"II 'llP, 1IIIIII (ite IA 
.1$it N %1;1 Ii.i.~ InI I141It. IjP.c&I t " 4At~ s 

I lir 111.4%4ia444a 1114 4 a a ta 4ilid 2 Islami -. 14 Iii.1t 1 6411g4 444 a 1111141
 

tI~ i ll.sifrh41 ill( loo 14441jalsuli, AI % "114 I m 144l i g4 I,# 4t.4411I % lat
 
1ttiitIh 15al .4 a* I Aid ?, I' tl 44 41141laisg 5 i i .1 pl~
 

I II* tili*4~ sa flit 4.alI t1 1 lo ~ifil
ti4aaal IN~ 11114~, . .1 .A atc 14 44..1Ig14-r 

it%l ai * 111.1 .1 slat l1ii t I tt I im45i % 4.4 ,iatai ji,.4 a .i i 641 41 

41I .%I mAl l laal I A .i41s 1141£1") 11 11 .11 .111,1ll. 4 4 l , m. .ha 

$fA64a1~ (14 h44llilaild laa.11,4 lw il~ 11 


0 Iwrilitirl I-* tsw ,awi sAl~ wsto widar'ti tollj r 2.441 ' 41t l 0,14 .ai ? dirt
 

4 
41.111% ,4I ll(4. 14 j444a(44&PII ,hil a~ tiil4 (-OKIJ.- ii 44 litII44144Pl 

WI 4441 4Ik44i'414 4144 l'Ati i 544144 4.1 a.-14jm1 2 it pil" Al-i INA* ad1ittl4ifAl 

*tlittrefol 4 1 .4 4144ii l 4 a* 
 iijl ltijlgr ta4 .#0WAI 4444-4111411 *1 

tit( F44I1 -1 114..tlt4~l fit Sit A -I 
4Ifill Al 11 441.4 A 4.4444 A Al at,41. a aa il41 10444d 4. .44..Iiir ,145 

lw foor 4.-I 444 41 I 114 10 i5 lf 40400a41l1 .44 4 44 11 it 4 "144 5t-4 ll 4444 100 

slt'I~4- 5d4a lv 144441 A..(4 4t I .44 si .1f 14144 5F .5 4 is41444A4sl rAlo: 

4114 5 .* 4414- i4 Fn44 I Vi 

Ow 1dii44 14.iaa 4114 1 441 144144AA tik4 144 44t . 4*4-o Amaolol 

*44 A 1 44 --- Iil 4-1 l-4 it gio$ 411A.A4 Aa*kl 

b4~ at -14A11u 

*WtlI'a0fl4i~ Oti4441 3a~14 A 4144' A] llllitit~ij of1. flatjiliA4444-4 04 12444.021s.41 4slI 


.44j**4j4.lo 11 tb(4I11A144. 4' .114% J~4, ­V!t 1 114A .41 ~444.444$(Stir 
o 444 Al Is ~tk414 itltl 

~~ 41$A ~ .J44444 44544.4 - .14.5 lo 

loo 4411 4sa4.0 Ali a 4-4o .. 4 444 tsi .4.44444 iA 444t 41 4A444111 IN *W 

iIA4f A 4 *4 It t . .444Ati""441.4 -11A" 2.41A0144Ff 


W iosto .44441All jA4*4 ~ 444 4 1441 41,Aiff
1.444? A41441t~ I.,tAJi*dA 

11 o tp'4-i . 14 14 414-41 mslAI* 4A441117 t~ .M--*~k441 51444-4.44 444- 4 4 6AA offu* 

trlto 40ttf al 14 *414441144414 -JWg44 ' 4444.444 14 -iOlA. 114 .alli AM11111 1 1111-Sl kk%:t4 

*Nif fir.j4ittaj 1 4 1.. ;.a4 iI. 11 _V All44,4 41 4 444 5 1. 4 44ol1.44 14 1 1 414It 4 tit4 Aft4 A$4 414 (411 

ik4OO40 4~~a44421" 14 I441 441,114444 41,414til(4.4 4 ooklligs 4 441425-114- 14144444 

6**440 '94 lr4-444444 Oitt it4j do* hlmJ.f4,4 Ifora~ 4*441* 4.4t!O 44 t44 414 4.44*15 Ow 

*44 464, *1$*"4 a44*4*t42 121411O~*sa4i U4 41.4440144I~TIAw IF' ~4*411#1o 4 
4 

** 44*414(4 00,4,41 al'Of44 0144 elo Vq* 141l4-,4 k 4 0f A'. "aI 1*i4*4 I 49 .1 6e , t.,4# * 4.1* 

http:4j**4j4.lo
http:12444.021s.41


340 Per Pinstrup-Anderson 

(v of lrill imit ~ybaii oil mealI wct'eavil.iabe at a5%AatxlP't Ilieit~ji mai~t siio 

Crlae d11)ict. ulesst'% u -2 il mo14re t hanil.II4I4-lI~~ flit- j)Ii(('4) l)lIl 

36.114. il l 4v41Im 1;1Iltm 

il t iv-2CImm/.c j1( .4114 1114d ille14'.iiille14%11444ili t 14
1.4 1'litIidIl po ic 

141111 1114-1111i11S .111441%-. 41-.4 % .1d14i14 441 mi)1144'ol nc%114.411dIlilp4ll~t 111 (I ell 

liIlI~ll. .41( 4t41%4% .44 I£4*%l 111.114c .111d~ Illc l14,14c II~ liI ~~ 

44/c.10 ) I 444IIA A .1 III14 114A4 l4I II I4 I Iv I44AtitI114 )iIIri Iii ,%111 s 44'I dI A)S 

Iit'itc I i d 2 N1141 d i chii4% ifi114 I 44141 I chi 1 fil1114114%III14-114 t4I 
Ils44f it-~ mid4 Ic Ill icA mpiilit' od 11 1141 I II4 I iii 2.414 44' l t % K . 

fil~ill lI i 'di'c1' 4144sm . %%ihII' t-s Ili.4111441/ 4't ~ Itici 4 441(i- l it ( 

i.111141141111.1111. 11 1 ) I tic III Ic4 lo 41 14 ?I11.1 1 I l-11 i i~i t, ~1,1I 411 Im 111.1 

Ilm/c m (2 ) ? Il i 4 1 0, Isi444 1 4.14 14114- 21111 ~N.11c4'4414 figmtP 

4ct1% 4444 11 Ic4l '4 k I 4Iic *Ii .4111101 lic1141 cI41.%111 i 44 4£14 .414Il 

0b1114if 111 1 i lit4 4 1, 44t114. 144.4 1 i Its 4~ I i ll IV,444I1114 I lit \411411144 

-h 11iA1.1 A11 4I4 

II IIt's Iit I I'I~A411 A I fuli I AA AI1424 I I' ll.4 

411 414.41 A1.1d I444A4*I4.4/ AI41.11144 444 
III I Is 4%I4 A 1.4 , 11111 

4 14141 1%,.04 14Imi 
44j44j4I(I.II 11.1.111 *4411A .444 In4 lilt 11.441444 4/ 14141i 

.4* m 44441 444.44XI-wl dIt% lilt1 I"i 4144IV£ 444.4 414£4il Im4414 1 

lp 4444 ( 444i 4%(.14.ilitI. , 

II A444 It,44/ Ii 111A 1 ld I 14 4444 1 It 1 1 itM A ' lltI.44 41444t 11 I'' A 4.1 4'tIA 

ir) 4(41 4 *1141144 4444 .1414 141 £ A A. 1441dit 4 144W %IN flitA 144i .4 1.44 .41 4£4 lit-

I It 6 441 14.44t.44/i4t if6A I, 4111 414 m 44444&4111 ilI 

Ili 1)1 1 11,4'Al4 1 114 b(4JI 14 1 m if Aill%44ititifIi il if*4(4*1 A4.4lIn444 I litltz I 4 

iw) 44.IJ i l st l4if -A11I".4.4 111,41 1..1 4444.1 444/ I 1, '' I 

MA , I4.4. 1A 41.4 1 A4./1 INIialm 11444 I*(14 W I4it is#4444g I44411itI44.414A IW A I i 41i 4 111 

lit. is ' 444441 A4 itl'I #t~h 41t % II.Al4 4 P.41 410 is4 I44 o11. 49 t441r4 444 ~Il *Ac A 

.414414.4 *4441 4q44 kli1-AII4444£D*..144.41 it4Of4414 (It l IIi~lil 144444444I* As(444 441m 

444Ij.4i474141 .% 14 *1,. i$I AII (444 4)4r14414 j401 It I4I.lf ill' 44Ill4f 

t I4. 4141,C I 414.£441 MAW'.4~*MA~l *44144£ 4 .114tlIlgfH4 4141444 thu 4414446A (r4If 

5*hid"40 'If MA 4 4IMAl * a1,1r* h g4*it $441 a tr oo tisr4 swl;4*it u io sits't 

4044* tow'i lost kr, lotirsilml* .**4441il 119)4*rl Its;~$**r4...l f.tfl. 



Social Versus Private Benefits and Costs 347 
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factors. If opaque-2 maize is expected to yield less than normal maize, or if 
risk and uncertainty for its use are perceived to be greater, the maize 
producer will be willing to produce opaque-2 maize only at a price suffi­
ciently superior to competlsate for these adverse factors. The most impor­
tant price-detenmining factors on the demand side are likely to be relative 
constlliet prerences, lprices of available ;ul)stitute prodcicts, (onsunner 

purchasing power, andI Ihe rile oftechical sulbstiltiioln between opaque-2 
maize and ot her im incls ;availI)le. °l'he latter fiict)r refers primarily to the 
demand fOi ul)le-2 liite lot) livestock feed and ro)l'essedt'()ods. 
Ifthe nlai/e hiuyer (Ivhe intlivid consuvmer,livestock producer,or pro­lal 


cessing firi.l) prefers oi)aqtle-2 Iliaie to n iral ilaize, he iay he willing to 
pay a preliuml for opa(qIle-2 iai/e. A intitually satisLaciory plrice may be 
establishedand proliction iiiy beoiie self-sistainied, ifopiaquc-2 Inaize is 
not preferred antI its ils ait. iferioi, it isnot likely that a mutually 
satisfalor Ili(e (all Iw tslaldislied without governIlll interveltion, 

Ii~k and mucofrainlt. Replacing noirimal inai/e wiil olhltlclc-2 iaize mnay 

increase sill)'jrtive i)(1dl(cr ilsk ;an4(I 1IivialliloI t nchce IisonsllS: (I) 
OI);.ilue-2 In~iue selis to,hw less lesisl~4il t1(inset I illtit(ks, (2) when iniliall' 
introdcdl. (, nialiitI %soll-estallihcd ial ket. auth (3n)opnlUw-2 it lhase ;i 
the fic(t Ilat it isa llt'S I)llutI t'll1(,, ) ill( I;lst subeih tic jisks. ,\lthough 

.41I) ul044 thlese' ,isk ;iiutnIO geletral lllllalr\ t lisIligil e~s ;Iv ' tnll~cell;ilI 

factois, it is likth Ill lle f.ii iti mill 11114 Ills i (IIt.tlil Il Ihiglie -risk 
pl'Ithlt inll ,;iiins h. ;Ihlili.4l siIllif e\l.' tt thllnt1 it \e iIsk and 
tIII elIlailll %,
 

l s , 14 Out l Ih;it 

large-stale i11h(liII ()t(l),.(Iit-2 ,liai/v. r,1\ be (iiIn ih I, piomnl. 
allilln 1,III1l(cls \kill¢) ',g (A |l il l h )niI( l vx-

Hased on ille (4.1%ii i f ,n 1)1 (s'lI-%sist;iiwed, 

h1,1%(- ;I I %%illhllwll 
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collie mnight. be that lie wouIld produce sufficient 01cipaut-2 mnaize For 'iofliC 

conlsumpItionI (thereby obtaining the potentlial 'onisumerW beitelits). Or lie 
could produce eit her opaque-2 or normial maize foir salc, d oil(ependinug 
relative yields anid prices (i ered)v illaximi zing piodu11cCet et-nrnl-Is). 

Gornent,e, inifh'rvention. Whereas tile beuilis anid (osts to the il(Iivitil~s 
and( firnis inv~olvedI ill the pinhutioli. mar~ketinig, and (UInsumpijtiont 4d' 

opacque-2 maize may be relatively' easy to estimate, there is Ill jleia­uniqe 

sure ofthel belief itsan society. oil lIIIIIIIl tl-itioll peratcosts to ilie impulact 

fitlit of reso)uirces used is ()IfW Ilie.Isin- that iniiglt be tised IMt cy~u­

mlaile. Thllis nicasote sll(inith ituliidc (1) lit-e itlattiw mst of obtaiing sittijia 
impacts onI IIIttt~lt tI11ttitioll)i 11 Isilig 41t1 I(( 1)I)I foods. antd (2) lit-

Is lillul)Ioslg it(ua 

low-itncomie faiihes, secetill lt ht4st lalt'gics 111.1% be tml~lf(ltol. lBe­
sidets pr(iiotligo Iu41ttc(-2 nilit-s hw dhils liiigltt jInllc 14(h) i llillg fill 

If'onle oI 1aSliiet's goals th Iltil f tOl dijet of 

nilas im ((-1)1,hight-ouill, pleil l~ IolltiScs lul fi .111)1 ( h i II2) 

expanidl in ic Ii(111im afid ((hIInsslliI I~ll oil 111(41% lii1114 (5%. 110in 

islikeilsIIIlll If( 11 g.111 fm andti1) 14 t a pIlecthe .1s l~''eiilk Of.41 11lmitm 

(4) telts. 1a lit.lle 11lim i~litIlic j)4)f l i 11. 1/StI.1 Il1Iri 5 1ehl .1,1.11 it 

%%('14l l5im4dwlII 11411 andlEl Ow11 . iio 5t)ii*SI411 (4I)I11m) lIItiI 

fd%111ill1.l 1I11 41'1'.1Ihe (% IIii ( 1 114I% I 111.4' (-I 11(4 I S I 

h (-%I 1.1 IOl l 44l..*c t).oIIla/llcis 114)11 cmu Iflol III(.1)11 l/ l cI.I I 114 fil sm s i 

tltat ilt 11 Il1lI1gt h i ( 1), 1 44 1 Ii 1 i I*I4 dll~l .14 

1.81 II 't II I. 1 I '.41444441 Ili(- ii mid44j (2). si45591iatI I4)IIW 'I I mii. i 

thu -114 %%)1 .1II5)fo b.41111(.!)14 14. f- fuilg14 '1141111 4,lilcmtI14l11 i 48C. 
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maize and( p~rov~idet suggestmis oil how to) use it ill co4oking. D)uring tle 
int roductory phIases, atIion' also Illas' he Ilec(kl (4)d5si1ICgovernment1.11 to 

ccrttabi ol rhc ,risksandI( unI('cr';iifics 1)4)11 ill j)i(4d11(114) and uiauketog. 

file LI lll ll c 44.I lsi 11%%l(ita4144 l .11(44111- c~ long *jl1114 11 aili*.. 
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breeder, the applied nutritionist, and the food scientist whose concern is 
directed toward the malnourished and impoverished accept the premise
that improved nutritional qualities must be built into crops or foods with 
minimal impact on existing food habits. The dliscussioni of'opaoque-2 maize 
has emphasized these points: few people will pay niore for a well-balanced 
protein in naize (an abstraction), and fewer still will accept nllaize that is 
nutrition;ally excellent but conisi(lered esltlictically Unpleasani to tihe eye or 
palate. It this becoles te task ofthlc i)lait laieeder to iiitrodtice inprovedniutritiot ill[o (rops withlot ilcreasing cost (ir affecting accepltability. 

The olod tt(nlioh(gist aiming at (ietdie tificatioi faiCes his own set of 
proIlels. l Ie nmhst IInd somc point of inter'\leliln inltile processing chain 
that leads froi the fintll to tilt-ultimate consumer, and this intervention 
itust result ill a "ood tdhat is compatible in price and palatability with the 
foods that are, cult turally acceptlilile. 

STRATEGIES FOR NUTRITION IMPROVEMENT 

'lay tile is iillstiI (icll scientific antd technological developmetnt and 
insu fficient wc rkiig , litrieiue to fcrt iiclustois regarling the relative 
ierils of' iltdinig m1id f'oIrti;ilitoil pr()grallis as alterntative strategies fift 
nutritioni imp ie iit. Siei.(itil irc(ililstiltcts would dleteriiniiie whether 
one slliag , hil( ()tlicr, i (oililiatioll of' both - or ticither - would 
provide th It()N asible , i 1ii1()to ollng a given ii tillritlional )rioblemii. 

Exlw.ii it( t L itc siggcsis tlut, Il'gall(lhss 4ft lie' ahpioacih, itiealiingfiil 
llellipit..to illal 1liiulititimuii i (,qiiel)Ioigmliil ill t tiatiotial level 

of a lialiiliiM1i )ii, lcin, (2) gosei\ ti ni tal i'l ii'ss of1' the, iii ilact o 
litilrilioll ()1.ll ii ( I(iI go%(iriliieillital Jiaii t ipali l ii proid­inig ,) lili.Isliiia d, illm mllfillliltd( I'folii (It.1wCildc~lil ()nl the( enecrgies
 

an(1 Sfl 0 i( iliilitiis ()fi itili)(t liilal, mr a iidl(.gI(glo plil ia, tolead 
siti'ssti i nlojl is ilimll ng i)lt-(lilig om tificitio ill. I lo 1V'i' siuh stic­
(t*%5 5 IIIal lis*( Ijiilel iliij),i(It tiie s ietii !'; go)v-Il il1Ihte is sonilt (0iliiltll 
t tllllll('lll Itoii( ()1 lilt lIthe w lls(d Ihsts (fIftIts illt() bn' nll r-hise prio­
glaills. 

lhlfo% ei, gm iliill i i l li iii;ikoi( listi( ( lllillllti lls utitless thefiasiluilils iil (Ists,,fliI~ih)(Pst' l slittiotlis fur il iiittitiital 0illiilreiei(iitfI ih lilili(d ,Slilill li ( )lllhifl l l ~ill I)( ililll illp m-Ih('litt ill ! 
Ih. cStliaiitd, Smil thi s1.mmwc rNi lilitlili11ilst bhotiiiol of the pxieli.ti 

eifetieui 4d lftn pioposed Soittits611. 
,s%l('1.11ilt Il%iti-saui l Ihll nililll iaijoitil .lgl itl i lial Iestirdic(clllt'lrsae

lhcatilk i l ed iii df.\lolliiig iies% (ty lliil'tis %fill lil llit froii the 
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useful for nutrition programming on a national scale. Tile USAID fortifica­
tion projects seek to improve protein quality in food staples such as wheat, 
rice, maize, and cassava. These staples are supplemented with amino acids 
and/or protein concentrates, and with vitamins and minerals. Some of these 
projects are discussed next. 
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that call he supplied by tile more atlvanced international and national 

programs. It seenis likely that varieties could be idIentified that will be 
successful in many countries. Of the thousands of progeny that might be 
tested, it seems certain that a few would be superior for the local ecological 
t'onditions. Ihese progeny could be put together as a variety. 

To ideutify varieties and progenies successfully, experiment stations must 
have efficient testing fi|ilities. A high degree of skill and carefully con­
dutted yield trials would be required to provide the conditions under whith 
the superior materials could express their genetic potential. Variety and 
jprogeny testing couldI be dolie at all head(luarters and regional stations. 

'l'hm agronomic research would start by assessing mnanagenent piactices. 
including fvrtili/er response, rates of insecticide applications, optiinun 
plant population, an!i planting dlate, as well as other specifically useful 
faltors. In addition, tile production teai would start regional lirin testing. 
'l'hi. wolId involve testing two otr three of' tile best varieties, at two or, three 
levels of the prodru'tion variables as deterniined on the experiment .,talion. 
The regional farin testing should he done with Cooplerative filiners oiltheir 
OtIi land. 

Through a regional alltilltesting program, the farmer could be involved 
in ele ting superior varieties. lIy participating in the testing prograi, lie 
ttill ee which levels of fertilizer and wich variety inight be most success­

il onIlis fG.in. !vis highly important tha Ihe rner become interested and 
%ell- iiViltl edt iiugh lprsoinal involvenent. Fihd (lays at harvest wih the 
hell of ieiglllri: Mgfarmers toould aid -, relay infilrnition ani i)show tli 
isullils ofla tsuessuil ioduct ion demlonst ratioi ograin. 

,uliebj I-|natler 4pecialist colld htell) ideitify coolperat ive artliers and 
flinoide %uppolilfor.Ihe regional atain testing. lie also could organi:xe tile 
vXte4ilioli |leuitnlel. helping to lplepale large plrodurlion denonstration 
tlott (of' al leat 0.5 heltare. The proeduttiotn denonstrationi plots woLill 

piloviide a ollowca*e ftr the best valriety, using oj)tiinlai econolic pirodli-

Field (lays could be held at harvest time at each ofIthe Iroductioi den­
oilitrtion Iph)lt. If tle technological "package" i6 sound, the farner grow­
ilig Ilie lminstlliration plot will be enlt hiaiast it and Imight beconlell excel­
lent '°ensiin"agent. .Sino e tlilt o hlut ion denonm ralion )lot would be at 
least 03,5 iecaie in site, the t enter ifthe fiel (otild(1be saved for seed. 'he 
tibjeo-inailler %pvwiwlit andli lie extension %.l1fShould participale il the 

Sit!scil aid vilaiti tile leason fior savilg only isolled seed froin lile center 
ill ilit ed shouldlileln be sold toithe neighboliig firmers.tile ploi, 

CONTINUOUS FLOW SYSTEM 
I hle litire, or fillotllell,o"variety and proge'ny testiig ol t lit'r- eXpe 

iln!r" timboin, egioiall liIi Iesig,and lolrodit ion ileotmralition plots is 
I IBillilliM, %ii Inaiiae i new fainers. it is rritiral that all steps benw lal 
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managed with precision al he successful. In this way, relatively large 
quantities of new seed will be moved rapidly into tie area. 

The experiment station will have to increase rather large quantities of' 
genetically pure seed of any variet) that goes into the production demon­
.tration plots. Since the variety that will prove to be best is not known in 
advance, all varieties in the regional farm testing program should he simul­
ttneously increased on the experiment stations. 

Figure 1 she ws the flow system for materials and technology among 
headquarters station. four regional stations, five regional iarm testing sites 
ore:'atea fro t each station, and live production demonstration p)lots in the 
vcir it%of eac h I egional farm trial. The staff patterns outlined previously 

S.,: .,jiag: this volume of' work. Production demonstration and seed 
Acoeas Lo'-:1s would be planted at the rate of* 125 per crop season in the 

-
fi br yc l x of the progran. In subsequent years these ntumbers would l)rol)a 
1)ly be insufficient to meet the nations' requirements. 

As indicited, extension workers must become better trained and more 
involved Sewral maize production specialists might be trained sitiultane­
ously wilh the development of the remearch staff, and then p)osted through­
out the qiaizc-produing area of the tountry. There should be at least one 
specialist t'o' every administrative division or region of a country. ifis re­
sp insibili!y would be to organize the extension staff' working in his area for 
suctcssfuldemons.trations and to explain the advantages of' the new high­
qualit) fwjoli maize varieties to the farmers. Along with the subject-matter 

REGIONAL FARM
 
TW3ING SITCI
 

FIGURE I Flow systenm for' nateriah and tehmnology. 
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TABLE 2 'rrsunl Ifr taItf-dcvvclupnnt progrAm 

Vear.: I 2 5 4 

Inivi4 r 1) I0 10 10 to 
I rdiimilg 

M.N. 2 4 4 4 4 
00 0h.t),0 0 2 4 

Yew: 6 7 8 9 10 

In-ervi r .5 
I riillnin 

NI.S. 4 4 4 4 4 
Ph.I). 4 4 4 4 2 

Yr-: II 12 I3 14 

NI..n. 4 4 4 2 
'hll). 0 0 0 0 

Of dleg-cct" tr-iiliIig will Ile Iequited to met the stal'ling lec(sjust described. 
Approximately $1.000,000 U.S. would Ile required to finance stuch a stall 
(lewJoj)nltnt jprogram t plestlll costs. 

liIddiion, ai hKal tiriitinlg )rogrnm wu)l( have to e dtheloied forlhe 

xtllsoll Iers.onflc (lis'utsse( carlier in this paper. The number will dc­
pendl(il the sit ofte country, the size ofthe holdings, alnd tie sleed wit 
whitt a (aoilntrywishes to increase its )ro(llctlion. 

Mct inig the sitallng requireniiil is only a leginnling. Conitinuted op)1)4­
lunilis fir yoiunger saf'f ipirovement would haeit Il, taken iu1to consid­
eri lolli. Also, opportunitics for senior-stall' study leave would be essential to 
assure that thilnlat)iilla prograi does Ilm stagnate. 

The syslte In do: strilwd il this paper is notl iItend(c( ils; li "bi)sotllut'" Ilo(ldl, 

but it (oes providle an oulinle for asuccessful program. Althoulgh tie outline 
is built around high-quality protein maiize, it is 101 Ilaite specific. The 
Ilil(lel is e(tUially applical)le to other nationllal Cop pirogralis. 

[A dinsw .sionof this papercan bejound on page 506-507 os 

Quehtions and Answers.] 
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PROGRESS IN BREEDING 
FOR QUALITY PROTEIN 
INOTHER CEREALS'
 

H.Doggett InternationalCrop Research 
Institute for the Semi-Arid Tropics, 
Hyderabad, India 

Tl'his l)il)t.r' tillt llil' (l1 it41ell|'l I)44I4',min Is )4 In )ti liillugish(ed 
iillisist I) tilt i sol-gli4h ltle hasi lIoa)lic'al(i.4sil'% 	hw il ilis i4. (ll4,r (­

71) (lIes'. lht' ('m 7(0" t 4)4iitt'(l 44 allIIvis. Ilh('o ('vise'd Id t itri' i "(ld%% 
li44t' which ( i nt)h. lifi'(ll illi t' o4i(r1 (4J (lass's. I Ili%Imel •hstil',hiva i's 

is x'lerhap a little lik'Ilieji''la,"% 70"; gem',iit'lt (4)44i'4ieW%.it i.'tlilt )tmake 
lhdi Would .il)l)lY (.fl(ill it) ill ht' Ct'lt,th(I(., 4 li4usi(4). 

I wouldI like t )stes thIe' iI Ioll))r oftill tvIt'4t' l,, ill (Iirt'( liilllaIII lii­

% iili ) 
lht'ir in(irt'€4 %,;lletli(llotigl li%'4-st.(4k iUve(inig. II li, i not)'d1 4h lats 
havt' Ib'('4 l rgt'ly'i as a l441a 41iiu l ,I.' 

ti4, Wiihoi ill aily Way leI'f tile emphasis that ouight t) Ibe l)latd'(I 

4)4 ('(I .% hiti (11 an( ;4(4' dt'%',vig (f 

g(,.ll('i s(4fillatiuiiig 4i(t'itlt research wor4k ati( M il. Ti iai il fot 

ll Vv'r o, i 
dv'el'hpingi oll(l '4 siIi st ol ltileiht' o f(th(irthlt'ir(4'i itI'i 

MIn 	 ff*Itar' ()lu(v'iln'(l albotit lh(4%t'lo j4illis ole il lIb' 
441 441Ilaiid, 

whIse%' p)rii illpilll liilx)i. This lhilNlr in)liit is4) l i)lshipa is ltiiiiii %l(' 
%t,L'4l4kt'(I ))' ii Iliiurilii. ( li4' l((;rl Rc u llby pll'. itt'%m TlhIr('I be 4 l uil 
l illIht'ni uniil il.'i caill d(l1i lli illll%. lh' (4liile'i4a ihl,iill, l(I Soeii 
al oacrliih to 51. ill iliresligil, Ih'l(,tili ive of~ illrtwold( sv'e.lli 	 c-e i Ii1illl| 


th1!lih lwiavr nlrililin l, )ploltlivi4olieir l4r th4i4lilgh IXIle,and illt 
va4it'iit'v illi 1 ll4)III.4 |)1d( IH ,%.( )llie thtt'y(.ill g('l4 ril(' .4 %lllIl,.,Ihi,.'(111
 
)4dlis' 2441)il%, ,lli(I t (,l4('t'n 4(44lilll w 1iIh 'i etil i.iht' Rel 4 (4llllv 
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Agaiiist lhis ackgIt ouriji, aee'difiig lr £lU4liI) lr-ti h.s to1ilke it* P a*te0t6 1401w1OtiiN0tieoI 1f1w hltrditlg l1TOgrili. 
()te evident basis for (l45tfkilts4)tI AlJIog ('0teail Crops is that triatinig toflew geliel' conitol 4lthl Allino aid pro4(ilr4,)h4kboIteint. F"or example.ill ile

(pile Otr Morte genles have litrn ift5vwetred ill lmlle that plotluie large
Sitalige ill ftle allillo addtilleThfie.lre Iia), Iie feuaati behavioral tillet.rites Ietwevii protein geines ltr Ibiley mid those for m aite. )VIlife same

M114d% of h)Ieeffilg pl-ogrnts arlel hbot.fapy itj)J Until similar genershave been tIiw ,,,r in tile o her cereals. ploicini (lualit, iIprwirmlnll,tdepeild oul accuiul.i ulilliug gelnes, ach geelle havilg a nilall lAvlrableeffeCt. Several cI-les of recturil¢l selection may I)"eruejuired t) hritlg all)ul
aitoclest chanlges ill tile aillo~acid p~rofile. anld substantlial chaliges couldreqluire a lo4nIg time.


kesouresa ret.
ver) limiitel, .ticl it ii iiost itill)rlItln that plant l)reedlers bettheir l)rioriiies correctly iua.lempling to improve fihe nutrilioln of people illtie developilig world through use of' better crop varieties. I .ini dIrawiiigalleiti4)l agailn if)What ha 
IWCl said ill other arlicles ill thei ho)v that the
(4)1litrbltorts it) this sessioln ili).be ale to help)clarify omr ideas onl plantllteedlig objectives as they relate t) particular cereals. Somec basic collshlel-a
114)115 are as5 follows: 

I. 'whenl calories air insufficient, protein is Lisedl to lileetfthe cenergyreqjuitemnenis of basic enlet..lrlisin. TIherefore, su Cficientlf ci l cI~rilte isIlIe('I (ll t, provide ei ough alories-the .ocept of' net liclalv: l)tt
i(al)ri ' er(cltage. A major I)lait.hbreedipg obljct(ive ILuLst ('Ultue,to hb. 
yield pe-r ufit area. 

'2.Nfci~ilx)li/;al(le energy for somne cereals mnay lbea. low as two t hirds 1)1 tic4gross eniergy available ill tile grainl. Thuts, file next falctor to copisilr i~sIossible imlprovement of"tile mnlabolizilhle energy percentage of'i he grain.
:3. Ilhe neti utiliraile ple
oiin levels vary coi anmsioern
Il,ig cereal grainls.l'his ina, I.detIeirmined largely by thle limitil mninooacid, iormnally,' lys'i;'e.There aie three aspects I()this: (a) breelii g for a higher l)rolein (ol|I.ll,Whi(h 11111% to tietlotuI plructioti of'Di.t Utilirlat ,l)Ie l)rd)eii ie)r ulitarei with adleqiuate carlxhydrates to provide (he cas'ories recluiredl; (h)imr)tovement of the amino acid profile of protein, t()be thought of as net

lifili/iable proteiln per unit area
iand relatet ()Ilheyielotf carlM)Ihydrate p)er11mil arr. andi (c) digeslibilil of'flhe pt-oeil, that is. f(acIrs. other Ilhalimiting amin acids, which inIflunC(e LiilijOiaiter j)tOteili i,lrO(u(Id ill 
file grai,.Stich as file Idnmilts ill sorghum.4. The )rol)lem thus becomes one of how plarit breeders should arrangethe p)riorilies of yield, metalx)liziablC energy pelrcentage, protein percentage,tic utilizable piotein percentage, and improved amino) acid profile in the 
protcin.

5. Firially, aite we correct in tliiiking 4)1 crealsalmic? In several areaas ofWoth, wilcl, a lid ietof cereal anid griil legune ha, l)een develoel).l. ,or
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a(4id1 i%III)41','88 I njot'll. Lill iten pr!t'8898i 8li i(irmqua ts, 'm)
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Itis p1%sil that111 l.e loo4 litt114!88C1tol life 5.4 888 18eWe,8hav given8 ill 811' 
(e real-Ilegu fle di(l.T'514 prograin of 814!ieItrnalioInaI Crop Recc.rch filbti­
1itle I lie1 S4!1i.Af8id Ti-jics (I R IS:AI) will be4ginI this%148)k Willi IN881 
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Sorhtuim is similar to tile otlher cercal grai-s inl iany o| its iiutritional 
d"IV i.,(I( . yePI it dilers ill s eral ill)j)l:.lt rP. '(.lw.ts,The Il).teitl qtaity 

of %4)ghuill gra.il is limited by the low lysie colltlltl. reflectinig tl e high 

polati i lle ll the ett(l0. jWi lttalld ti le elatively s tll etlltry) ize ascoi o1 
a, propo)€rtion. of1 ' il 11 ltllve- glaIjll. 

IProleil ;ivlilaIbility appar;.enly is limiled ill solie sorghtilil ge.'. tyipe.s Ih 

it peIenc of11ttlidntilied Im)lyl)heli)li c(onlpo)lds lotle(d primaly ill 

tlie Ilyeta in't he. grainl.hese piillmemted (.otllix)tlt(s have not Icei well 

oh ,rml.eined chemtically .nd are referred to generi(aly ats tttiits. Ve (ho) 

,not fully 111 hie lanlnin ('lti)txlnds inlluence the twtrili l:,ltolrs.laild ho w 
jlitiyoil%4)ltglttl. O)r pIlestnt hypot hesis is th. thie seed piroeins Ibecotme 
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448B1j)irm4i 481116444141 %%lb Iiir iII4BiI (it ll144 i still1h eoophilbl dir la .1, 

11l41 fir uii lrrd(ImI061%41C 4~1JifiIll. Irib l iI..hI)I Ii11.4141 lIn 
044 .iIK41111401oiltli.l% 

I Il% IVIM III jIlV1(I4 %U011 IfiI id v'I l t11V 61,11,1 .41141 V~''l iggwVIIIJI V jkg rl %t 
AiiM tem geIIWI 41 48~I~0i ,n.41a drl. 481111 Ii 1.iliilw%Il iedI 4-I.4)1% 


8111) t io111411'.l'l wilhii o
ilig lite io qlmI il 

AMINO ACID COMPOSITION 

EPIII id 
vio4114l ) IitIII (aletIk(141lb ~inwgiiVlltl ill Table)I . 1Ili- .4141 iae pilliv111 
44)111411 the-lhiv111m 1 2.614?.iildlIwli.hIgnl illb 4 411114111 (~) %44I.% 

I lie .1%c1 4)ge p511 il $1I161111 44014(411ll j8(8bi114811415~2,2 IIIv%1141111 Il1t. 

il Mlhgllt 481p14i411)1 41111I14I 1% %hIi4 4 Fiunle 1('Illll.kl tilt ilt i 

pJitIc%it 1114814 II14..IliIl1IIu ~it-k-A %iIltl 481 .1111i1148 At4ilI 44)I1itVIII 1141111.1 
11111I1i481141 5)81l Ili %w, %e~ and4 t1%of lic%-. 'I11 % g1011 i111%il, 
4vt4v%%llt' i4-tit1I14 48llivi4ll. I'llt 111411114811111v to8111(111 MiIIII481%48Ig 1'. 148%b~ill 
(4811%i(141'ing ille 4 oii (81tII 8I 1.514 . Ile'4811'IIl %Lilflhl .1tI6iI41 Jid III 1-

TABlLE I P'rotein and~ arino 

Compositio n 

Irolill 
Lyinir 
I liii idine 
Arginhic 
Amp~rlitc 4.id 

Threoninc 
411wll 

Glulamic acid 
Prolitne 
Wlill'. 
AlAni or 
cystliel' 
Valii 
Ntrihtioninc 
hsoirutine 
lceu~inc 
IJyrosi ti 
ilhenylillAnine 
Trypiopluor 

8Weighted average for 522 lin. 
b Weigillec average for 3 lines. 
c Weighted average for 9 line. 

ci~pdlic.)81481silio of)45 rghuni grtis'l 

Ma e a 

24; )' 
2.14 0-.5 
2.01 0.20) 
3.59 0.44 
7.8.3 0.77 
3.26 0.21 
4.52 ().32 

23.22 1.99 
8. 16 ON.) 
3.0)7 0.27 
9.89 01.71 
I.50 
5.35 0.31 
1.801 
4.048 0.25 

14.27 1.21 
4.504 0.32 
5.49 0.37 
1.31 (0.14 
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FIGUIRE I F%,rllliiI ,Il4ic ilh, 

till it %4)l glillill (h m 41 t 411,4l I w llevillitt ) (.ll III Ix. ; (et(ilt., ill 

EIltIa lI[ )i th' hto I tIplopiw' ()lltell ill I)illiah Illai/(. 

FRACIONATION OF WHOLE GRAIN AND ENDOSPERM 
PROTEINS 

% l ;11 I'ldhi. tUllivvr'sil , r(vcvilll.I;,I,,I;0h;0,.,.!0c' t 	 (o.lltetileh(

alttloll t t 3l)p Isinli trcetlic('(4Landr)'at tmvills tIhei 	 and 

lh 1114w 4)1 frlilt oge)loflSotghttil 
m1idin i(1% iiih Ret rhlu lhac(1tiatitg whole 
M t uivill(I.). I Ili% ltehilibiuie of,,li 

ltds l hieti %)iIiil h-ltat'timit. 

g4 ill IIf I m ItWwI) Il two(1%( IIin %gtgl Int lIIV-.aie shoiw ni I I hlitt iti liighltanuII 
Iable 2' Ihl-ae;itage 'Iptella"geIo, lilt)gell illeta('h |tra(tioll ()ttile low-

TABIL. 2 	 Nitrogen tiistrilbution in whole sorghum kernels (lysine as a permentage 
(of prolin inIparentheses)a 

lra( Iion 	 IA)w tannin lligh lannin 

I (,atinc) 16.1 (5.8) 4.9 (3.1)
 
II (isopropanot) 14.5 (0.3) 4.2 (0.4)
 

Ill (isopropan- * 2-mrttAIpOlCtlanIl) 18.6 (0,1) 17.7 (0.2)
 
IV (horalr buffer + 2-merraptorthanol) 6.3 (2.3) 16.2 (2.9)
 

V (l.ratr buffer + 2-mercaplorthanol + 32.1 (2.8) 52.6 (1.3) 
)€)tium t1odr yI sulfalr) 

4TOlalPilroKrn CXIiralICII 87.5 89.9 

a Im.rirnlagr of soluble nilrogen. 
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4ouIIlt1 0I,1lmiinill v4.l'tIv%% .1% .1 3k14 vilit.t ifi 1114 iill 14 11 v 11 1ii.4Ill ill 

ItI rl I heg('t % 1,%*t.u 114'a 41%lt14),ill d l t.i hit' )tht-m-41t11l I.II'l ilit' 

%4IlIhIiI%of1 %o41gliitii p)1owtitl. 3H'I11.131% Im' b34 iig1) III11 111311)44 
wilh dw j)1441tilI. IIli% i(It'. i%%1pio))4 ttlleh tilt- ohmI4%.ti lh 111.11ti Ih iI.-l 

e4pledth'llat tish-t4liItI wtiultil litsoit'%42d)3 igh. xialeratuiol I wtpii'. 
hents ulie alblu lmi aif globiulilaaluie ihldislwisil.lbk' lot IIw ges luillaiton 

hit jXlldtj wiltitiii %t.e3).h-d134111 441ht m l4tI Item (ii liii 4(ifI' m341131.Ii 

11 a~tllIlli lightt ill i Ile h'III % iult-i Aliidiw 4pho'-i .31 idt3)lw% o 16IIv 
4.II('%C lt. iltiiaili p%i6 l e d il Aa le3 iledf(111%,%il lo il o 

w ic ill ei ig he ml I~ liiii lill) o-111 %4gl meItdl p'3tloll('Ii l. 
I it'cigl II..(- m Ii I gIowih-;1i I%I)41 Il I 1-1114)1%I %kiII I of t l II v.1.1l%' % %gitsII 

Iiv e iut d i riI ng pl(j ioll'of dw vtIldo4t ii. llIfulill illc ill I llIlt whle3I 
ille heNlt.los erl . as~. e l(' le , 'i lle' I ('Nu lld I33 ill pjk'II1llt 3114.' lv IW illf 
Foiurc 2.l frTwols1 hIli(JSg-233 11ad ilSle9) i l(flt fiogl% iiauo-ani 
llnest(1Sl9 ) welt. ittiileth . wrtgith olI-itiia i 31% 

silr1 aclsth i rs li iil alil it .Cdi lll l WiJ%ilul 

desined ovrf%(l rwl tsoleo it7.3 (I. tll 2.9ill(m.p) 
plicilorple lt 16.8dqu(0.3)l 11.3dlolff(0.3)il11vtitrqulile 
ltI lysipone, p+ 251eiuplehanule of 3'2.4s .2 resow27.6s (0.3)lt-l 
iguBre ufeTw lo-meraptoclinesOS-3I9adI 7. (12);m on.e (2.4)m 

Iie(Sdium wI~ere hulfated l hslil h a lwl l o-aml 

Totallay r genextate i ll ail 89.5luplliild 92.9il il 

TAL 3erNtageogolben nitrge~n. i ogimc~oprn(,iriia1reig p 
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gaill4u(IogiIN slighthl
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l ic I i l IN illv. I lite%( Ie%11ll% liggesI i11t,1 li ille is 
titlth I 1.3 11l stippiviel114 

ht (31ie lois)1(3 4
dIIe lit-. liiiiiiogam1iI143 ill ill 143w-ilIillill %IorgIItliI lilies,, 

tV%h olIming il l h 11(111 tll III( % 133 3 (1I11.1 )I V (31 1 3 II O l 
.it( ii' 

glowill 111.11
duu Iil 111111t LivI~%iI',.1ai wmil,%1 dt1t4 I)N (d I liitil'iidu 

va.141% Stl C3114'4iveI(3w-t,11111i %4)Ig1111311
31%iIng lII 1 1 1 kItIVI%4ghtlill 

VId1)113.314 tI~llhggtliiil okhiIIIVIII lilI1 avilbe Idligill
Iill 

w Ic'led ill li%ex.jIiIIicllt. The
%3gliliii 431eol. l%111' 

I emtllt 31%I e ilihls%13ded ill Figure :1, de114331tte that till
Ing of1 ille vko433 so 

thi itei3(1vil. 
ill tile Iow-1tat1iiiii %43ig111I31

%wetightpijll is li4lenlk1t 431)k~%iI1v ci4311e11 
File It'ge%%1433 4)) vi1 

gI4311j. bilt i1o( ill tile high-ldimlill %(1ghiultiI groupj. 
/11(.

hI%iIl (4)331111t 11 thet Iliighi-tdilil groupsj) is lici4% 
%%vighI galili (3) 

eti t t- Ili(- ow-tiiliil group is 114 .79).
helivica Owlige~4'%si 40141c 

ile di14h tfifell ulililIlIvllodl ol Ilitllill ,iliadho's (Iemilbe( hN
WeI l~ ime4 

tllill v',hhi4'% obtdille(I vvilh i4)u'I mthods14'I. Ill (3131
.114 ((33 tehuled withi 

grain So has1 varidtt(%3glluIIiIiilit t. lite Iaige oh illdlti11 I'(1Ilelilot. 
#*14"%jIt'l 

Ioi41 11) . souIghlilI lilies imdt' 13(11l classifiits3 low~%Illmili if' (lie (dithunl 

iiil~tl ,i belov4~I.4.O 
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FRF:QUF:(:%v OF IIU;H.I'ANNIN S KWIIM~ (;ENOINrFT

IN TII: WO)RLD) COLLE~CTION
 

111% i1111114-11 c~ifel It4 ite ill%~ 11eg14 lit' ite lIgI1%Il. fgI on 114 4111gee i 
'it III -I 1114, %ee11 tell.. Ie i t 111eeg 17'.g gtst1lggig ~ieee 4%%111141 111% 111 lg111311 

11 .114% %l1.. ,g .l1%/(It' of111111 4i itI IgI 141lit, .144 I. 1l 111 I Ie .14gel e I I. If g­
l .1%%ifr %111%e114 172egggigeImmm lic I hl% 1, high Iglo i~i.igc elc 

*tjIl ~.11i f ialitv fec ilt l 0%. ,a114 i IMglIgh lg1111 4%u%cg Ills$.gg.113 II0,Il t-

tti jitI I hlt 4 ~,%igilit .11 il 

lilt- lullI gieltip% 1I 11 1d1( 1-11 411 1 * eelgle'
 

I l . ' 1 f etelIli4%leN-ti4(11 I14 s i*)t 

t 1.g11*ie.111I 1111e 

Ki'',,liig el 2SM81111% teelviwic t1111% Ill ( aIlgit-1etel, i It,,l.i%111.1 
I--14 *eiltl v t-t. . .1110el lt i lltl Il l 1114%..ggiel lilc *l 41111111lgiIle vll 1111% 1% 

%hou,itillI I fill( . AI )lhl 4)%Igll .1% X i lel 11c .llvg%1 %witt 4 l~% I '-
Iiigh .li~ieiicll el' %%$ll .111*I%,IIg4 4,114-4 11111etu~ei~ ee%.84140 lilt 
.A%vtdgt jpliotill 4 ()1114-111 %%.1% IiIlglIetlent .uiil l41If il ll gifilIk%,% high. 

.II1111liglI lile' l%%Il gg4)II10% %%cgc le%%tl I lel 4-1(111I14-1l 111.111 fili,. ee.l
 
*IWtIl1t'eol I I':;t-!. ltid Ill .I l I fltwee111 4411114111I ,IlIt .I%44*ge 

lobhl.1I1l% 4.111 leg' .tieegili'd fill 11% 1it11i,11glegltaiggII ~.glet-eeegg111 4
 
I (, %tI 14c 11.l m itl III~tIll1,1%iii 4 I n
i ll %~ l 4i'%4 ,18le.4411141 Iggeli gi-ligt 

16- 0 Low Tannin Sorghum 0 
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0,.igliin AI14 A) snad hj1r~l~l4I 11 A geI C1nlg44copowrin) 
I AfiI.I. 4 'i.imis and ln~t. mil 4timptaml oil hiegh i d li tanin CrAinl 

ill 4111lrnl 

I SwiliaI affimb d. .1. 1100 ltw gM111tol6 171) ,)IJlwah 16anln I 

A%I 666iflof~. 0.41 1,14) # 0.41 
1 fill Alow 0 ? 1,24 # if. I 

I )%lost. 1,',0.2 0,ii'6 1 62 
V444 4 P S 7 4!).1 

66061lo 4 0; 4), 2i416 4.07 1 0. 22 
1,461116.66 *.10 14.17 1 1.111 
Ill is Ij.a4,4im 5. 21 1 0. 111 %.I I 1 0.14 
4.66.. tomer~o"l flit WINKt 0.24 1.1 2.1 
I.,*d*11Il 12.71 1 9Mbd 12.42 19 

d V4j414 %666 I,, Ill IAlt464 6. Ill%% -ug 6664fli 696isi wt 

I AHI . 166 i 14flgIIU 1,61111 jib lIllro1It16 4)l .. 41jelIs% lalgI un grI1eIpr 1t11g 2NK 
44114t 166 Ill (:.11114*661e6I6, %ftile . 

11I 141Ijiihl I Al%* 14.1161116 

Nums.I Imte x2. '' 
Avi~x446 .46u hbill 6i1. epsmdrili 4.067 0.46) 

AkO VA.e 41111k111161644', 10.61 09 

1111%ili.1i liigli*I,1iiiiiii %llgimi191 gt'I411j~v it iliiiitI'.6 ligilill(.1111 l)14PIN6)IIlo11 
Ill th i,.41ghliai gt'II ll II ll %4i14',It'I of1 file ul%d, 

ALKALI DEJIULLING OF hiGII. AND LOW.TANNIN 
SORGHUM GRAIN 

I he mli ll %46IlIIt9ll gI.IilI i%(46111liII(41 III imala ik ill tile rIt.. IvI 

lIi119illi1g let 1116i'411C (I libel Inl IIstlii vI .al. (I). Tablet 6i 4116614% how6 

%IIIjIIli6l m the 144-Iliiii i~ l~id id~ 46II I'exa a (kS-6,10) two laml 
lio.t' (IS-699l!2 mid IS-92hlJ) 114)11 ft(-t wm.nia sorgtgimlIlle611ti1mi. ( .,teciii 
c61%I4livil valuest' wet re( lined withlaiag % iltdtiaI uldiilge ill pt4if'il Ifi-
Wcill . Rlt wight gaiiI was69146siglliltcdallli imllved'4 I6 4I4.'Iiiing Ihe lowi­

aIm l Its-fill)11 illj~~% Subm111 al RS-IseII .1111.6.9 it) was t Iilk'tI llt'oliegbt 

Iiighlt' het vil 114104'- caoiO .,f IS. IE,2 111( was~ ill%6)I S.8260,he. diagc 
.11i-lm .etel and1((ItItIIle( Samplj)es ill t he ,iliOE i6 4)1 fi-elI('64'ICI hulled 
t 0)9Itle(l. his iding ind~icatc% thaut the pm)r weight gauii f'or w4hle-graia) 
s.ampleI% of I S-699ml'! 114 IS.82b1) was%not)cadIe piititil%by tedcicd inutake. 
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I'A111 .1 6 AIkli itchullisig of high, Alitl .w-1nningrain sorghtlinl 

KS fil) Ill) 9.'l, 5.2l I I 

(sit hull1g g
IS M~ 09 41.0 400 111.24 112 
I(d-h1tl ul 1.74 'A 5. 73 ,) 

IS N, 4) 01.0 0). 1)7., 10 '17 
(,h0hullcti)
 

(Alllit Ilc iau h1%l% tbr dflt c',t-e iiiI II.'lllt ) I '.llt' '.tli)lth'tti. ­,ltilIKI eti high-iim It- "I% litltt i Italt.e1ti ii l , 1 ilit It tifi' 

Iil lh l v l I di.m ill ll lli ioll
"ell llt'ali lll hI g ll IlfIItlitll I hdl I 'I'loil 
Ii'ltlio Id 11 i' IllrollI(li.)IIIi h ill (leli lt lil II toil . bill' 111ih'h I i II 
isogelCic lr a hi I amelidrIt ii~th. A iilotvi~'414 I 'it I Ibe tI I m cl4 I)'lifili/i I g
ihiw alkali Ichlulling 1Vchiti.Ill iill l ihi "(l -Idliltil" ('(illIl)1 lites. I'h,14 .
l i l t ( -% f i l l ] Ihi c I I I x c o mlnedl l w i th %11| o1 e gl al i l l h l l il l l -i ; I I 1 l l il- 1 h il l k­
g 1 1o l1 1 1 1 h i ll w'i th a h li i411"tal ml l c o l l t l . I' i g m et " . 1 S w s f 1 ho' i t i -st l l .s o f1 .|1 
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experiment colnluiarng tile biological value of whole-grain samples from two 
high-tannill les aIld dliiled CoUllterpa stsof each line, with and without 
lysine sUpplemelliatioll. II )b1lcases tile rats gailled little or no weighl on 
the whole-grain (high-tlnnin) rat iils sup)lelIelted witil lysite, bllt re­
s)o(i(led ly'sille 5'l)l)llliIt'laliolIoftlielhit lled (how-taulil) cOtllIltel)alrt 
rat ions. This evilenIce, iswell as Ihlat froln olhlr stu(lies disclusse(l here, 
indicates that low Iysinie cotileit sems to be tieh iulajor flaclor limiting the 
biological value of'h)w-tailliin Solghtnil graill. -lowever, lysine (oes 2ol 
appealr to be first limiting lor high-uinin sorghulll graill. 

SUPPLEMENTATION WITH SOYBEAN MEAL 

One possible explantatioln for lie lack of rat growih iesponse illI'sine­
sUpplelmellied, high-tallill sorghtl n ralions is tlhat tile tallnin colnptluncls 
tnay l)t'((Itice atoxic effect, which Coilliteracts tie expected growthIi resolonse 
frlom lysille sU pplellnlntatim. Data froim Scliafflert (6i) illFigure 5 (o not 
seent to stipporl ilis explall ioln, since Sul)l)lulnclllillg til high-tanlnin 
rations with only 5,IX so beall meal prodhiced a ,e'' significalt increase illrat 

60 a,b = Low tannin sorghum 

cod = High tannin sorghum 

50­

40 .¢ 

0­

0- / . ,,k 
"I0"a o , 

20­
°'~~ 0 5 b 

0 0- I/' 

Percent soybean meal 
FIGURE 5 Average weight gain per rat for 13 days. 
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growth. III this experilcent, rations containitng two ov -low and Ilniii wo 
high-tannin liles vete supplemented wit h 0, 5, I0or 15'Z(soybean ieal, and 
Iat growth respotlse was mlieasureld in a 13-day trial. It seems mlikely that 
adding small (1t1titics of so'leati iieal would (iltite ay toxic Clect to the 
eXitnt requti'ed to accounti for the substatliial gail in rat growth showti in 
Figure 5. We wouldtexpect the low-taiilii i liles to ie*sp)liId to sovbeati 
supplementatitl because of' the sovheall's ielalively high Ivsitie €ontentl. 
However, it isqilite aplarelt that sothittli ig else is added with1 the soybeatl 
meal, which can corect a nttritional (letiicncy or imal)ance in the high­
latitill f'atio)ts. The Cffect of, sof0'fLlc clilal stl)l)lcetltittiotl onl fccd C'fi­
cienc,' ratios is illtstrated illFigmtc 6. This again shows tile stiking im­

v in the allioltot of feed consmned per grain of gain whelI. high­
tanninl ratiotis ae,stnpplellietictd wilh 5(/ ()-tmote so)letibH tieal. The muost 
viable ex)lation [ t his iilrovectiiti is that lie s)he ali,,llenicll)l)lies 
available protein, which is delicietit ill higli-t atiin lities Ictalse. the coin­
plexed sorgh utm protein is unavailable to tuonogastric aimals. The evi­
(lence obtaiie(d by Jalitniathan and leitz (3) oin prolcil fratctionalioti 
supl)orlts this explanatio , siti:e tie preselice of' ltal itliti '.tipoittidsappar­
etitly alters the solubilitv of Ilajort proteit compot ents ill higli-latiitt sor­

50- 9d 	 alb : Low tannin sorghum 
c,d : High tannin sorghum 

-30
 

d) 20­

0o- \ I 

0 ~~-	 - - ­

0 	 5 10 15 

Percent soybean meal 
FIGURE 6 Feed elici'n" rtios for rats fed for 13 h(la)s. 
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ghum lines. There are other possible explanations that require testing, 
including the following: 

1. Soybean meal may provide sonic other essential amino acid that is 
selectively unavailable in high-tannin rations. 

2. There may be a deficiency of available inorganic nitrogen in high­
tannin sorghum rations needed for biosynthesis of nonessential amino acids 
ani/or other nitrogenous compounds vital for normal growth and de­
velol)nlent. 

3. There may be compounds in soybean meal that can bind more competi­
tively with tannins and thereby replace the protein bound to tannin, thus 
making the protein more available. 

CURRENT STATUS ON IMPROVING 

NUTRITIONAL QUALITY 
If we ile (oi'iC('lin our assumption that tannins form complexes with seed 

proteins, making these proteins less available for monogastric animals. there 
are several alternatives for improving sorghum nutritional qualities: 

1. Use o lv low-tamnilill sorghtlis for cm:sim)tioni by human and other 
lonogastlic animaiils, and filld other iilethods for conitrolliig birds. Resis­
lance to bird daimiige is a inaJoml reasoln foIr tsiing high-illlii soliglitilii geriml 

plasi. Since lalilli coliltilll is sim)ly inherited aid (ollolld by only oleor 
two niliolr geles, it is casv tr ithe breeder to remuove Ithetanin fa(tors. 

2. Use liigh-tai iiii sorlihiiiim lines foirI their (Iesiail;le lioili( ('ihlar' ­
teristics 	anld plan to sippleimitil lhei with additional piroliii to ieet the 
ti nitional If this a)ppioa (d, ossilbilityIe(luiiliuilti. i is ,idop the iluist be 

considered ll tSome (if the protin iii Ih1 soiigluili grail is being wasled. 
We (11 io believe that this isali cllillimallIV feasible ,ippmlahl iii most areas 
of, the wolrld %eiire soigliti li is a iuajoi ( i))ll it, ofillm Iimi llmuidiet. 

3. 	 Use ofet doitillidg l ci'ircs oi' lieih ds ofl (li. millin illm could 
ll imul ) ;ili I oll ds,e se artmml I(,nl (clis ohii ( lii . liti ( t il 

4. Use of additives that tiiuld i(I i,illv liiic l lii tm liimiis aind 
allow (he jpilteiii to beiI ilimel'. 

With regald to iiplroviig I'siiue (ollietll, there are exmellent oppotlunilies 
for i lreasimng gel Ill Sim. ( iliiii siimghlllm ge 1m site Imiges i (ill 7.8 loI 217 
ofilie w lh' gail, wlii% is sii,illc ilian the geliii site iii ihis smiiallerI iai/e. 

geliln sit explains pim I ofIlle diffetmeite ill I' sine ( illIm I weeii ninlill 
illai/e ail oIigiilii; n mrnl liti ll , p r ti:l iolitaills aijppioximl.illl] 2.5 to 

2.8(7 l simie. lshiei' iiiii il s lig li otii' ( ll ills il)l3ilmatelv i.9l0 
2.21/( ksii. lhe (illfi c ( ii inll'ti;age oil (ooIlaii'it('lll betlIeeul (Ietml 5c 
aid soighlium (2 io TI() a;lsol il i(lifmlt'ie iii g(il site btwen Ihese 
spe'ii siil most ofIllh oil isoiliiim ,d i i gm ii. .sc(, i il oi hiiii liies 
have beel i(lemtified with pi oein (iilitiing 2.5 to 2..i -4 lsine aid with a 
leldtivel Ialige gemill site. Ralpid irigrtess shouild be possible ill sekt'lions 
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froni random mating l)opllations derived frol selectt(l large-geril lines. 
This selection should lead to improved ntutritional q lit 'v.

The prolamine content of sorghum endosperm is high', while the lysine
 
content of the prolamine fraction is very low in sorghum, as in maize. Sor­
ghum issimilar to normal maize ill itiany resl)ects. lhere is every reasoin to

believe that minants which re<ltiie o l)lck prolitini s%nmliesis als° or(ur in

sorghum. Sectioned kernels of most 	 nowlines in the world collectiol have

bIell exaitiintd atd possible olmiatlC ritdosI)riii plil)tIi s ileitilirel.
 
Some of these were grown att Purdue in 1972 and others (lighl-sensitive

lines) will be glow! ill PLerto Rico. Protcin and Ivsi le analvsis of these
 
pulttivelicpad llis will ivcal wheitlher al\,
% aow-lrolai11(Ili Itivc I)haeeeni(lentilicl. (\ report (Ifs rihiutg these restilis ellilledl "Iligh i L .Si l illtill

Geie (i) Thai Improves Protcin Quality and Bioh)gical VNll of' Grain
 
Sorghut" by Ra ineshwar Singh anl 
 .1.1). AxtelI *)l)aears in) Crop Science, 
13:535- 539.)

Also, we hav ilitiialt'cl clteIit'al Int, lagetn tivalilltillts o two colorless
 
pericap, low taiiimj, 
 viirwois elidosperin solghlii liines fo idetilifjcition ol,

low prolitt lle IUt t;IniS, M 2 rows Rico for evalua­will be grown in Pterto 

tion in 1973.
 

It will be ItcssariN to consider each of tlise I).iirlittrs (piolaimi (on­
lent, ge.liln site, alll annin cotll tll) ill illipiovii g lli l ioimal (llallil\ ini
 
sorglmtlli. It is tilikch th.a tan line ill lhe voIld clie( tiol will hti1e .ull three
 
necess.iry cl -ai(l'rislits.IIl ur(esilltln 
 llill, wet- Shall havc to i(Icilih liltes

wilh eachc' o)llptonll (c'<i"tIrilutl l (l .inlhen
Ihte I coi lltii lietIll t)

oblaill gelll)t lits wilh lile desired (olliitiionitof (flitriii Icristics for high
qunality.
 

This arlicle is., utinal Paper No. 5175, Purdue L'iiiversitv Agrictuhuiiral
Experimntt Stat ion. IThe work was supportcI I) the U.S. Agetcv ot-
International l)evelopment initIcl (ntral 1175, tilhed "lii­o AIl)/(:s(-

heritate and lilllovelliill of 
P~roteilt Qtialitnalito ( olliill ill ,%'orgIhut 
birolor (I..) Motih," 
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GENETIC VARIATION OF PROTEIN AND LYSINE 
IN WHEAT 

Laboratory analyses of 12,500 common wheats from the USDA World 

Collection of Wheats have indicated protein content ranging from 7 to 22% 

(Figure I), with a mean of 12.9%. The genetic Col)onent of this variation is 

estimated at ,1or 5% 
The range in lysite content as a percentage of protein in the satie samples 

was 2.2 to 4.2/ (Figure 2). The genetic component of lysine appears to be 

0.5%, and it is this portion that should be useful folbreeding for improved 
lysine contett. 

Pro)tein (contentand lysine level in wheat have been shown to he negatively 

correlated. Ill analys,- ofl4,1100 wheats front the world collection, protein 

level increases ranged front 0 to 2017, whereas mean lysitie as a percentage 

of proteit levels dropped front 3.2 to 2.7% (Figure 3). Only 18% of the 

variation in lysine was associale(d with variation in protein content. However, 

()It basis there was a strong plositive relationship Ietweeti proteina sailnl)le 
Content and lysi ne. (n i adry weight basis, tucat lysi ne values intcrease(d from 

0.33 to 0.53% , as the grain prot(ein inttreas(2d fr on 10 to 20(;%. 

As stateod previously, etiviroilnnentally ind(uced proteill variation is ne2ga­

lively Correlatedlwith I towcver, genetically high protein wheat ies 

20"
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16.13 1 12.58114, 

12-

Sto­

4­

2. 12.9 

C 7 8 9 10 i 1 1 2 13 14 ;5 i 17 o 19 20 21 22 23 

PROT1Il1CONTENT (%)
 

FIGURE 1 Frequency distribution for grain proteiin content of wheats in the 
USI)A World Collection. 
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FIGURE 2 Flequec (lislibultii for hsine mdjte(l Ii a commonl protein level 
of wheats in the L'SI)A World (lCollectlion. 

, 

Ibcn fo)lnId to )ec(Illal tf or liighety ill hNsillC (olitellt s.5 .1 pr'centtage of 

proteil) IL ;it l - lillll1lo %lt.;lt% g owln ill the saIme (?lVirO llelllt. Interest­
illgly, Ihe lIegp Ii(%ec lI iiIlIh wee ,)I( )tcilld( )lIrl bt i iyilsiIle ajpea rs to Ieotllle 

nonsignifi(ant it hagh, I('v(']n (? l)IA)tCiI. 

SOURCES OF HIGH PROTEIN AND HIGH LYSINE 
CONTENT 

Atlas fih. a soit cd'% ioilet- he t \%;si iet , has' I)(I) llsed exielsivly in out 
breeclintg i)1og ;l 'at ,sif l (c I high lt olcill ( olltlll.This geneti, so .ut, 
originally ( alllt. the Siiittlh A;lil('ti(tl let hdoso. AddlitionalSot veti 

gelneli so ligigl plotin c(olli ll ill wheaIt alc identified in "l'. et(cs o'f (l I; 
N B-5t,12137, SI)-6i9 I03, (:1-7337, (I-.6225, and 11-1 76217 (Nap IIl) show 
promise. Nap I iml is oI paItimlal illtest I t(Ill(se it alks is the ()Sl plit )nis­

ilg getlleti, sct.((' f high lN'Sile content d (oseto cte ill ()ill" Scrleelnilgdaw 
efflrts. 
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FIGURE 3 Regression of lysin.- plocin oi prolcil (top) ano 
regression of in- (ho weight o-ploll (hIottopil). Shanded 

areas indicate (ispeisal of .ahwlts bont tile tegicssion line. 

IDENTIFYING THE BEST RECIPIENT GENOTYPES 

The nccd to i,dtifyt good ;igion0o1li( %%intr w heat genotypes with wide 

adaptation led to the establishnment of th ilecrnationil Winter Wheat Per­
forniance Nursery (I% I'%%VPN) lis puirposes werc toin I9fi. 

I. Test the a.altaitiol of' winter whlat variclics uiiIder .1 raige odlatilti(des, 
daylengths, fci rility condilions, waltCr Illttgclllelll. iald discase (ol)plexcs. 

2. Identif'y siperii Witlel'r viilics to setve as recipiel gelnotypes For 

high-proteinlan hi1igh-I'sine geelis. 
3. Test tile (lerCe of expressioi and stal)ility of' t I high-protlin and 

high-lysine traits in 1 "ar1"of elivilollllntll,, 
These ptlposes:irc achieved hcst lby (Olilinued testing with new varieties 



TABLE I Useful germ plasm 

Variety 

Atlas 50 
Atlas 66 

-tas-derived lines 
Aniversario 
A nversario-derived lines 
Male fertility restoier 
Hume2 

X Nb*-Agrus-Tc' 

Nap Hal 

April bearded 

Hybrid English 

Pearl 

22A 
Fultz X Hungarian 
Fultz-Hungarian X Minturki-Fultz 
Norin IO-Brevt,r Sri. 14-derived line 
Norin IO-Brevor Sel. 14-derived line 

for the nutritional improvement of wheat 

Useful trait 

High protein 

High protein 

High protein 

High protein 
High protein 
High protein 
High protein 

High protein, high lysine 

High protein, high lysine 
High protein, high lysine 

Probable high lysine 

Probable high lysine 
Probable high lysine 

Probable high lysine 
Probable high lysine 
Probable high lysine 

CD 

-0 

"6 

b 

CD 

Ca
02 

Source: Prot. F irst Intern. Winter Wheat Conf. 1972. 
i. intense diet; W. %inter; S,spring. 

CI or Sel. 
number 

12534 
12561 

12578 
-

NB 542437 
SD-69103 

176217 

7337 
6225 

3285 

5484 
11849 

12756 
13447 
13449 

Growth 
3

Source habit

Prltsville I 
Beltsville I 

Nebraska WV 
Argentina S 
Nebraska W 
Nebraska W 
South Dakota W 

India S 

England S 
England IV 

Sweden S 

U.S.S.R. S 
U.S.A. W 

U.S.A. W 
Washington W 

Washington W 
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from the various wintet wheat projects of the world; thus, candidate va­
rieties are solicited for future testing. Three types ofcandidate varieties are 
especially desi red: 
1.New (omlercial or promising experimental varieties with desirable 

coml)inations of high yield potential, acceptlable winlterhardliness, straw 
st rength, discase and insect resistance, and proteini quality and quantity. 

2. Lines with ipn)roved nutr'itional value from higher protein quantity 
and/or qlality, cveCl though dficienl in some of the trails listed in item 1. 

3. Geri plasiu lines with Cspecially valuable trails useful in breeding 
prograins. 

There was excellent IhcllyPiC e.xpCssi)n of' the high-protein trait 
atuiong varieties ill the First and Sceunud International Winter Wheat Per­
forna;nce N rserics. Atlas 66, N11-67730, aund Purduc -19130A-28-2-1. all 
possessing similar genes lot high grain protein, were consistently and sig­
nificaully higher in protein than other varieties at most nurscry sites. lalble 2 
shows comlparisons o'Atlas 66 and N B-i773(0 wilh llezostaia, l.ancer, and 
Gaines at threc test siles. 

The htigh-potein varieties tlaiultaitled a proteitn adlvatltage over the other 
varieties at sites where uuurscrNi leatl proteitl and yield levels were high, as 
well as where ile levels were low. 
T[he IWWI'N has identified cultivars having su perior yield )otential over 

a wide range of wintr wheat growing etlvi rontnelt s. )uring 1969- 1971, 
the (llhisars leostaiua, linwin, an(d lltebov were ranked highest. It 197 1, 
NS-fil I (Sava). a new%ciiiv Ilom Yugoslauvia, was ranked first (Table :). 

Citltivars wilh wvid, adaptation ate lised ill(1osses wilh liles possessilig 
itlnproi\'cl pnrtiui aull otvsilti11outcit. lle IWWI'N, %%hhli was (ondIti(ted 
at 23 sites itt ( 11otitu ii 1969 and it tleased to .1Isiles itt 27 (otiti sb 
1972. providcd a mil(Itie s5)11 e of seed slllhls to deteri l'the stabliliy of 
gencs fot high prltin and high Issine( oletll ot ilwidc attiv of eilviioil-

TAIIE 2 t'henotypic expression of thy hightprlcin Irail (1970) 

(rein prntcin ( nlleltrll 

Slillwalr, Martnwvasir, Cambridge, 

Varicty 
Oklahma, U.S.A. 

(%) 
Itungary 

(%) 
England 

(%) 
Nursery mean protein 17.M 15.8 !2.5 
Ileze 4,si- 16.5 14.3 12.3 
ILancer 16.2 14.6 12.1 
(ainex 16.5 14.1 10.6 
At as 66 20.6 19.4 13.5 
NfI-67720 20.9 18.4 14.2 
Nurs'ry mean yield 25.4 32.7 31.7 

(q/lha) 

Sourcer: Pro. First Intern. Winter Wheat Conf. 1972. 
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TABLE 3 ilighest-yielding cullivars in Interna­

national Winter Wheat P'erformance 
Nurseries (1969-1971 ) 

Cultivar Year 
No. of 
sits 

Grain yicld 
(qI/ha) Rank 

Bezostaia 1969 16 45.2 1 
1970 31 39.5 I 
1971 26 40.4 2 

Timwin 1969 16 39.9 5 
1970 31 35.4 2 

Blueboy 
1971 
1969 
1970 

26 
16 
31 

39.8 
43.5 
29.0 

4 
2 

180 

NS-6i1 (Sava) 
1971 
1971 

26 
26 

40.3 
41.5 

3 
I 

8 Sced with low g'rmination. 

mental cond ilions. Saill)es have IvelIn received from every nursery lar­
vested dIuring the ]iast I y'a is olily fir nursery sites were not analyzed (folr
technical reasons) during this time. 

CURRENT HYBRID POPULATIONS OF 
SPECIAL INTEREST 

Allas 66 was (nio)ss(.d Ih Napl%% Il to see if' lie same set of' genes was 
associate(d with tlie higl-proteiin Irail ill ho lh varieties, Also, thele was
inlerest ill (hI(( king llie hirilabilil (o Flle higher lvsine conlent of Nap Hal. 
Proleil and lvsiit,([la wCr, o)tained fromilt FI pno(getnv h)lk rows (F;anid
:4 gelleiatillS) grw)"n ill llll, Ari/oa. i Iit,(ltn(. distriltiot Iffr 

proleini Iloiil ili II, ge'rIeratili ll) als ill Iigurt. 4.
The )cal(,il %itnSitletsl)(lu(u, glnl with iil ]lar pot'ill oliltill,%vhi( h 

WlaSclsi(erahl higher tIail" l)roeill ()I le'niii lj (i-l al l'iillillph (i4
grown ill the sallii expinlincis. I hi, was distiil(I tilnsgr(.s.iv(t. st'grega­
tion for )oth high anlmIop J)lltt'il (lilt'ill allliolig tl "2. i)g()gt'lIVl. II)s fol 
b)lh yeals, wklli( h wals itl I,litI a tes nidl, hui (Iif tl'rt'i l l)-tt'illi gt.l.s ill( 
Ihe pan.lt varitie's. lills, it al)l)edi 5 possible 0 inil(' i J)It'i ( lltllt 
of wheal Imill the Atlas It ev(l. 

Nap Ihal parent I(os eCIe sigilfh *aitl hight ill lsiit,(oiltll tll;l''lwere 
the Ai:Is 6ii lallnt r)ws, l.e4'nia (ni-,6j ;uld 'TlrIiiiIlI)h ( Figinie 5). Tihe 
lysille (oillilis Were a(!iulsIts 1) I3.! 6 irtlill will a tegressioi e.(loatiion
(eri'ed froll the (hlai in ligilie 3 (top), 'lt'lct. Itsevidenie(, of'segregation
fbr lysitie lev.I ill the. 1.'2progeny rows, %sitliaI)l);ill'l r'eosery of' pihirtI'ill
levels of lysilie ill so ie rows (uring olh test )cals.

Nap Hal also was c:rossed to(ClI-13,149 (a Norin 10-1lrevor Si 14 derived 
line), Ilhotight to he high in lysine. The protein valties fil tile progeny fell 
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PROTLiN CON1i NT 

Inoen row gelicra-FIGUiRE 4 Prot cii fiel il ts (I disliihio fi n ( F,1 4(1 bu1l 4)W% 3~ILI 

lioti) fromil Naip I fi x< Atl~ lit 66 (1 o%,97 1. 

1)CttII tlhc paren(Ital v';IIvC, d%(Xp(w(I.Th kI)'IIilii vaIlic%forE both11 paretsI 

hiiterestiiigIN,apl sce1.1)1.tlit liI.lli(%is' segit-glo t411i 14) producel~ pt41g. 

BIOLOGICAL EVALUATIONS TO ID[ENTIFY 
IMPROVED) PROTEIN SOURCES 

%the Uiki~i~~lk ill Ncbi)k %ith lthe fnlfmilig 41)et ti%,: 
I. Setting lip lll, 1I hg lIXI ,ltioll 14111)Iil(iI (Wiliatiolll of Vl-iE)II 

whleat I11.11(1 1,11% sm%4 c 1(11.as% (d11p%41iti 
2. Atlehcjmtllg 1in isiIl(e and14 (Icilic I IIl%4 q(II l idIii i lIl) (hifflelti 

:i. Li III~ Iniu,1iiioiim hi lhli!Ig gf-l(it.1I gillillc% I4II pirdit ling 

Ihe valic li %%IwIl 111.11c12,1 smtl pluill..1%sa 1% ()I 
Thei Iell l IIIisI% cifilig 111,11%.ihlwil 1114igII-plolI aiiit'Voi hligh­

Iy~itie %tdieat%.Ititli' it% ill e, %%ill Ie. (4l tileg, firom1(114 .4 S41111( lisI%211(1111.1 

http:gf-l(it.1I
http:Xp(w(I.Th
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FIGURE 5 Fiqii('c jinil.ibill h1) ;i(Ijusi'(I
omulk 1,011) F. l~r(geiiy
%t,, 1C's,l x ,\t d'1i (b171 ).r ow s (F3 gt, ,it-rdll io ll) fl om aiN ap lI 

(Corl-llaiVt-sti1,(li(, (] ll igh-lpr)I-io liies have leein comlleted fi" the01 
l)epSill pal](,(itiil (lig(,sl l'sidtic (Ill)lR) index ipt vitro lalmratoy melhodanl i1(onst, lIteling. I lie high-l,; i(,ii liIs wcl dlerivetd f'on Atlas 66 and 

we'T l',Muld to iawe siiii,i f'leding poteltlial. 

PLANT PHYSIOLOGY STUDIES 
A leanm appmaolr as ill r(seart'h l'eflOrs to im prove the tulrti­h lhlowned 

tiotial val .. lhtat f)ivrcihl, wit hi rtsearch in plant physioh)gy. asa integral 
),irterolthis tef'i i. llit 1C(lui(tI tII') ii the ,,cial)o)lishi oflnitrogen isthought to he le, rai-Niit irlig lealh lo(t tile event utal sytlihcsis ofproteit.

L.ies and VarIttieS alt' It(w I),Intilrg sclel(l land icetilifi'dl for hitllalt ichlc­
tase activity. All hi-h-iroitin lilies to) (ate have b)e'en high ill nitrate l(etltc­
tilse actl vihy. F."Itinalely, a rctiehit ttechiiical breaki hiotigli now permlits the 
(Itnltitat l linc-surtltvllit of"this rate-limiting enzlyme in live leaf"tissue. In 

3.8 
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addition, accurate identifications now can be made of the factors affecting
the nitrate reduction process. Leaf protease levels are thought to be impor­
tant and are being studied to identify varieties capable of translocating 
larger quantities of amino nitrogen to the grain for protein synthesis. An in 
vivo method is being used to evaluate nitrogen fertilization practices for 
maximum and economical increases of yield and grain protein. 

[A discussion of this paper can befound on p. 507 of Questions 
and Answers.] 
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STATUS OF PROTEIN QUALITY 
IMPROVEMENT IN OATS 

Donald J.Schrlckel The Quaker Oats Company
Walter L.Cli Hunt-Wesson Foods, Inc., 

Barrington, Illinois 

Of .11tle cerealI gf-ills, o~tu havie thle highest pi4)lei ii colieIII, wil h 
ovcrall proleili (1111.I4%t 4)111 Ti 114lo)i11wh %lldil)4itof'se(oll(I 14)vice. 

iilt.% 6P ti1lm. lgci 11ii 1,11m 1)411 lio,441 and14 bi)jl 2.74 timcs4 is%ligv. 
(;4)l)l(i( 1.11a %ml-ljv%glm~il ill d1w Simlcs l.ag i 1 .) ~2()/4).11 L iiil 1 () 
pI()liI ll ill( gio(uI% (2). 

Th i( .11 luatIu 14)111%ibit. g(ul(.l( 4 high ligI0I14(* plUIlli 
exj)14)IV4 Inl 41.11114(41(I ill 1114chi 114( S1.IIcs .il (Is%% lioi i I his%IrjNiIor
Iihi hl ts% l(c It%4,II h (I 1 111 l(1 1,%tit%%(,% S0I14 4()Iile I gI111 1141I (luoii 
lug IPIIII% ill 14.1ills ()f ill)ip4%iIng oat1 pI(hlcill (11111. 1d 41ti11i1%.iio 

OAT BREEING 
1))441 i4imnI)I44 

tC4)UibIj1d114411 of10wil) (3, I1114 luolie i114c fo411)1% jg: 

1.Revoubiing gceIs fill high lait 14411% 

ReseatIh io~dc14 lw1iII ql11.IIlil% duo1 4gljalil ill o4iIM (01. 

po)iti I 11411 4 1)hiV.I% dI ((Plil­
num)1 Iities of ,I t.na afiia and14 A. blizgfit,,u (bothIi ulict~I( iuittii oats~). 

2. 1d*IIiiIl~iig gii% for h'IighI j)4111 U0111/1. 1101iAi ((A. %aliva(uIlivars. 
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1. Using r'adi'li i i or u'lwiiiica I 44ulIgeits IC)j)4'4)(Ii'e'et l 1 4)14% ill­iooi fil 

i- 1. 4 414 .otgilu fti414.lIe~ % % ig(Mo ii . C IIt.I Ii il14414I-i 44MIiA, Al 4114%( l Ol 41l 

R4 41144144' Ilkv'.Agilit' \.1i %I,14441. III'4%4 4114'i~(if 44i4 1~p1114444444 *444444III 

3I,141044'11vII I." l I Ilk, %44III Itll 4441144 414414..AII.I%scs '('4 Illi4,444lot M'.4l4gl.Iill,
 
i114i4liig hu '.I444l 4441411s.imigc44I m4417.S to 21.!)'' 1, I I I. I if '171,
 
Robb4Iinsl'.~ A. (21) i4'1444U41ildimi '2)'(.4gmm.4 sam c (4.4..44.I4 12.1 Ili
 

u .I ''e I gwi' ''id .4I 4 0l4I1g4' IIIl 1.1 .'; I 44'.4'.114.I41\1Ill4lil44% '4 ie
 
imitu' .m4444441O. l(4414444 (01471 11411%
14.4II.oid , plu .,41441\\' c(4H4IIiliI'I4i4441
 

S4l( .1. 1( ..44.441i 14'%'.4'I l'4S 444.[1141 I '4744 1()' .14%' \ '14 lc 44pmIc4''l.
 
I -c11 .(' u 4''. i 41 Ib4 u 111 444 41)'.4 1(IS11 ; Ili444144411141
(1,1,1141,'g 11.11 1 

j('4Illa 4''. I,( 11411 4'ln hi, 4h- III 1114-11 ,4i444%4 Ito4 1%\ 4 4(4cil144' 4 141111S 

\11 it (I I-444'' (I''.'' 
192ii m '441I, 1ct4(44m111.414%4 4,I 441'4'41.44 1 bi14 1).44.11%'l /441.14\\,I'. 114411 

4111i,.14 444tll 441 [ 4dII 44444414%,14 11111 

'.41114441 Il44 14 44414 4144.1 444.,41 li44lt'144141gli444, 4'1444 It(­
I'llj . 441gI)I- I4l.~ j4'444'44.igc' \'.-, 1141 I 1444441 (%cc Iil(1 14 ).
12 V; 

1)14)l4'il4 ~ 141 I' S4'4'I.g'Ill 7 
114%114,411 .4 4444414 4''.4'44.4.4 '4 4 1 411) 4of 1144 I.,111 .m 1 1114c. 1141411 

1144lw lit- iII. Il VIll( 1 Iliuc g1441.114j444444'IIl 41w g' I'I)41 

~ ~ 14)4 

144)1)41.i441441 144 u 

11411 I I x Ii 23~ 2'; , '.lc1.4 4444mi44 .1.1 444'.4 I144
il%.4%'.(4'1IXI; 

jti-tll4I. 'iI ( 4444) l4 j4444444l'i.4)44'. 1111c 44'\1 144(lI14-y '.lilt- I4 .44441 4 

II11/Ilis.4i1' 44''. 441I . 1 1444'4 
hull fill4% 4444144444'4 tl % 

11114''. 1144114 14I ,%4 .444444414mg m N Iw,' 11)11, 1144)I (~'CIII4.gf4' 
I4441414 1.14 4II 


Ili dwl I')b4insi4 A4 s (.441 g444 sm i(4144'
21j. lilt- i'..m ll 
(0111144I4 .444 44444'.44144'1 I(4 4 Ii1- i 4.444141 ' 4444'.44441 

' mi 'i..44144' Ill14414 
11441 I4i )I'j4 14.44'.,I 

44114' Ilid 4114'.' hIII 1. 411%till .44s. g444' 144 'II.44444q%, 11.4 ( 441 4444 '.44"c%, .444'11111'. '44, 

ab11)114411.41 high41 j4114011-111 Illg'44l.I is.44 '1.4-s 'ish )Ill 1141-44- 4% i4I.41141 

/'~z'iu'ime,, p4,44'Iif I r )I I4.144c .I..4sc 


I Ili% I4'I*41144414%141 41444''I.I 444( 14141 1 .)I, k'a'si ~ii'.
 
1114 ' ll 444444 Ili . 444 '., 4144'.I(.I t '' I It. ( 7) 

4444 4'.%.i I II 
14 (4i 4 14ti'41ggI4' (2) i4444'' Ilimi . I bic44144g P i'.l %is4.4l I'IIntml4)414'% It 

%4'n' 141 . 1 4 1111 Il lI 144 44'4l I 4.4(4.44.4 44414 4' .44 444.i4II 

4 11'1441111111 g i I j44 1 
tltt' gellIl On Illcl' l 414 41% 4 I 44.14j)144 ).11 iis'i 'll 
1110I til(4'imi , j41444l('14 114 4'4. Jl 44.44c\4).l '.il 1, , 

441til , I4 4 44 44 li' ilt.'o 
4IC'4'I)j)I~'l4 49 414% 41 \it 1441%).I411)44i%('41 l4dIi4-l4'll 61144'1 ii- 4 

http:111i,.14
http:441'4'41.44
http:44'.4'.114.I4


400 Donald J.Schrlckel and Waiter L.Clark 

TABLE~ I 	 F'requenc)' distribution 
for groat -protrin per. 
cenu~ges of F.*-derived 
oat lines frouu .a bulk 

I'roil NIiiliv 
percentage o 

33 2 
29 5 

27 2 
25 4 
23 27 
21 46 
19 71 
17 29 

gr().II-jfolvitl 4441114Il 
A~ fi- o i fI(- %.I tt4 xI 111 itIIt %%i Ic It-%14 II I ittI III I I Ic%I mw 1III(I r Iest 

at-ra~gt 11411 I 1(1 '2',' Iightci III j)1441ill t44111Vt 111.111 (1() whl 'alt-livt' s 

Colip'JldI(I .11SIII1iI.II itt S(~ IlIgiici-j)11411i1I*cl. Iv~ \.IIIp~t.%443Ibem.4 
oa)-t omi I 2. IIwls l R4i)l, 4I4,PI44Ik'4I I),i I.,m h %l4II LI24 1 lic 44.1 %.ci% 	 H. 

Sit 'Ind., Ely AI l11 [ ( 4llll list'nIl4l cI(11411 IM41%%,t11IIil.(i t fil .111'vl 

%'.lliV%%% IliglicitA(4 gom40 0 (lug Imiluil~l 44)laiIII(4 .114 )4lllI( .tl. WI(hi 

4 4laldt% 

for (tilluwir 11161) 1970) 1971I 

ClintlAid 64 19e.1 17.9 19.2 
Goiphrr 17.4 16.3 17.4 
Jayc rr 19.6 I14.0 1N.5 

[AiIRA 16.6 17.6 
Orbit 17.2 16i.3 16.8 
Canajdian OAI12111 19.8 
111fsls 166-2287A 19.2 19.7 
Illiniolix-1771 A29.1 
Wisconsin X 12119J.I DAIL 19.1 19.5 
Wiscolnsin X 1656.1 20.0 

Note: Amino atcid analy 141 a~cording; it) lakrf (4). 

http:SIII1iI.II
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I IICTIl IIh(1 0f I CIvI4I 4l4IiI I IIIC4I pI&i I IIIg(.i vI1 44 44oIII 'III'4 6 

.Ici Ippv44~1. I-.lei-IN Si p 
(4Iftli.4114. 4111%Ilss 14 %.fill(' 1.it1141110'. 

am-tahv ti' s Ioh lIm.i 1161s4, c tittIl v%.14 
lI c.01% 01401 iIX"- 11A II' '.1114111111A1 

%()IIli-) A relm44 1 lill4 4'Is.4 i44t.4I 14i644I 164.6 111.11k.lI6I'.'%' f'ilI ic l4 'i I a144.IIII1146\ 
.11C,6. *Ap~4,\4l '010(44(I (A1[Ill, '.l44i 46% .4 ill Ilict S. l)(14.411.4t4 1l(4 1It(6m% 

fit it I 1) 1 lq iqgIc 4 g14.611I\illi4 ll A.'. 444411 4 \\Il Ill I ).If (4 4 11i 1 1()1 lit'. '..c .111 ( 
Ik4,6III%(. III (ml sI'.11i4IllI~g :4i4. II'iit 1,If( 1 11/o4 tIllt 444i44' lihi.6144'6 

1141111 Is.Iil. g)4l.44' mi444.4444 ici11444m i Ili 10l' ~4i('44 121, '.44444 s.44441)1 

1omii 64t4444 44 4114461 44%il i til I44%(. I.64 14'.444t t'l i'. 411' Il Dc i44t1 (of 

64.111c 1 16 4,kwc Ow444g4u .I'. ilc I)i.44iillici 1411111 't44ic 1 I. 1AI c41t 

l1i1f1 till. i.'.i\li 41(4444 %%.I.11 fillIit 	 Ilii s44cg4I44 p444.%44i i) 11tl4t6I .1 

'I(4444414 1 12 	 '..4ici(44444/Iw2 1 .444 .444 idin41%1 It 114 hi44gh4(' 

(di14ttlti. .1444 I I i.4'. 14iuIi i i 44 c4i il f I ii I ic I44!. 4gI I)24 gci'11 % %%I I­
%Ic(4 Ict( till ill 14.14444 0.44pl4.4'.IgI4 I'm ill"IllIic hig Ill' 1I64'.6('44((..41Iti' 

mill44' fiii lici 4.446~444c ld mill Iitg .6l%41 It'. s 4441'1 144.444Ict 144gIl 44 4IN. 

liI4galkv.6 461.4 	 g'' \14.44 1114444 1 .444444i44,4441'14litl imii 1.4iIl ).441 444 ii.I
 
witivel \ .1 41,1.l j4444gc4444 It %%.v,'.)I 1441. ili.i
,'1"1" 14411iI4 
It'44tie lit 11.i\1, s'.i du4I,.41 m i l Is4 I Ill 'i %.I(.(444444' dc~i'.44 lii-i144414 
miillinig 1'.'.l hit'14444, h4I4441 li IN) I ( c Ilm(i In4144444i44 I Iii.imIt'.i .(41I 
(14444%.4114 '4*tS'.'. 44 14 m44.4 .4 ,4 1i411 1 6(4cfi , 11 t Ill ~I114,11 ig14141144 444 i 4'144 
%toldo,,I, IH.I 1.p14'.I".ItI444441 %hi14411 ( Ill 1 1)4444144.441141 i 144)14'. 4'. i444,44 41446'. 

It'l4' i14 .1 g(Iii44 it h1144 i 1444 tiIlitll 
()t 1114c .441 ,iit Ici' (111444144411 gcI44lhl If(IIi Ichim4, 44644161 I .14444j4.141 

01.07 	IM41.i4g144.iI '.'.i414
1 

44llil 144.44 jlitt44i1 ti illiclli fti W4. Il~l \ .. 
4111,1 6 4 sscs(', mill 1hi'1 64.% 4lf ii-1) '. uI I .6'.4,4 114i4 I , It-Ii i totI4 Iti 
114%11,141nIIi4hgh Imo6 .44Iii m4twa Ill .1 %ti ,ill '.44(14.(4464,4 tl4 I 44 .cI 44.444'.s 

141('( A4 	 Illc.illt-fdoI'1'4I4 v( ()I' \ T1 will:.(I .41 1 loti444 h 4144 lI.144 

%evitd14)IiC C,4~'' (.141 I(Ii.I i4t ili ill .4(414. ill 1144.' 14,%44144'1 [4461 
14, Iiu 44%).In %c414.Il4 lilt- pj441444.4 I4(44i'4.1geii,pig6g4144j.I444'4 (Ii'.'.'. 
WC'IV I 4 1%Vi1'.4I4 1%'c is" IIIIIIII Ii'-. Ii -%It6 %% I iI m­'1111 1q'. 4. i .(I II II 

silI llv %\ull 'i-ifis w4..6 '.4444464 it high 46I4'144("1i 1 44k %%lit A1 ifi1i44 
j1441i4I'.46l %441164. Ii'.'144111 114.41t~I()1t. .4%1.41t444%. till%M.414(4'1t.1\ lilli. 444(-6 

mhi 11 46 444,4% 444 iliiiiiIiild.1ltd . licv i.4king .1 %4(444461 1444k. ilit 
4IIt'4441%14tJId l 4 CAI411)I)4.I lit'' V441'IIID iowi, oMdi (4, *)). I't'ili %fidl 4141 

IK' tilled4 .1%jN)14'4.1i.II hplt-I11% 'itioiilt IiI%'. IK' '..'Ir( led lil ii 16116l 44111 ;1114l 
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402 Donald J.Schrickel and Wafter L. Clark 
Fr", (11) inlveimigdaeEI fill pe~oit-iII w(PIIIagt of' mulzageii-derive lilies 

ofoas4I .I iIIg hlis%%()I k t4iII4iig 4111l ll lld1ge'l-4Icriv'4 lice sl.iad 'e by ' fllng 
Tllaka nditIkaigl (27). 1Ic ipllllC4 oat1 4 .114I I andi~lIeed equal 

numbe%( if mi'tl4g I',%.c 4 1 ,144 1('Ilvt k'IlIl(. ill clI4gll -hI'Ieb o'l livlIr 1tile 
Ipilal.1114' 41144kllilgl jX'4'l.4g4'p mwai%4%l 11114'.I 14' 1114 II IK'1i4)IilI('.% 

2lil$v 1111. ';~ jo 44 411% gIIl4)1 Ow. i II~f(- kj liic .I.14 9Ijt uII 

lDa'l IIJ.'J' glil.. (of 4Ills.1114114'11(m.4%c lI'ifl.4%luc114 l.l4,lllI .4(1%
~%I.4ll1jil4i fI lit.Ilcc IIIII'icII-4 1,1 111.4(14' 411 1d III4 , 11I il4 e '41 11.1114 -I 

4ages11exigh i1 IhlIll4ifOw.4 Ili,% I 41144' ic.I %114i( 41(4e wa%.4'I11,1ht 

ill (I'g c % i% t~ -lo11.1o .\I x' A: 1 111. 11 lllilII ( c .II('4'I%'4 fillc 4 1111'4 i nes44' 

23411. id4111'4 241' 1114114'.14 .144k22III pioic 4II'.1111I 114 1 141%%lilcd 

1butklilies '-Is.11 2911t14 11-11.1114114111 1c111Ow' 1111411k % .11441 m114 414'1 l).,A tIII 

'It IIII. I . i II I) 1 1114 (I4buIIis%I -1. 1114 g .1 iII.4 -d -d p(J)II) 110 c I I c lllI 

mimai iII 4444.iksc 111 114.4lcNom 4ljl- (I bcf-14 41 c ti 111111 (:141411,11441ullilrs 

withI pl~g~lgl"ml jll ~m~c ~I . 114-s 111%lIIl41( II*la ggI% tilt-1( 
P014( 1II ltli''111.4441.......................................................................­

441444 ­( Id4- l'-ilSI c bc1 I N(- Is. 1 - il lIg p ilc l g an,rI (.1 
Bil c i~ m ~ st ed ~ I'c d 11'("l. 111Iil6fs%.%I~II~ 
iv i 2 - 3 (Ii lc 2 . 1Il 19" m 441111.(Il e22tIC 

19h sI)I((II) h1o a (i N(I46luIllIpcI) lim \i 11g 43mt 

TArI. , Ig a .1f 111.2I)1 ilc [m 01K4)1r)l "l .18lig5sfr(i 

l Islats( c' )I u. 

a (1r~1414,,,1414'n111W~4(lEIIAIIn 4Ildg~ ilil fdll 14I11 

http:1114114'.14


Relationship Between Grain Yields and Protein Percentages 403 

filent i4prolviti Imulies ill Ihe oat seed (23, 25). Si a4 ill (25) has (J)"o %ed%mall 
proteill guallilles ilplival ilig ill alcm ()ill- Iell %a(imlcs 12 ILI %,,al ici 1m)[Iiiia­
tioll. It call Im.Ili cSililled 111,11 1lic high-pi weill St lail 1%(if 41.11S11.1% c lill 11v, M 
fat ger, III tocill hill lics pc I st-4.4 1. 11 1lll%,:s II Ill-. IIll- 111(licill (M licill Iif .1 single 
.well 111.1% be dviclillim-d %%Illi Ille 'lid ()I Oil. c1c(Ilml 1111(it)S(ilpf" SI.14)11 

Suggesk micelling illc scglcgalilig 11%14-Sillig 111(imilti.il Sc(A.. 
and SI%ing Illc ('1111)1 %4)poll Ill .11.1IlI-,p4)lIiml, Own. ('111 bc g(.l 11161,114-41,111cl 
(Icte( ling Ow w(wilbill.ml. I Ill- So fill It 1.\ IIllivill Similill 
plails to 1111lialt. .1 ligmmls %Itl(l%4)1 gc(Illit-lilt 14-1.1114-11,011pS40 Imovill, %%*Ill 
4101vi (milpomcill.'(01 ille kcilicl. .11401ig %%Illi(111-1111.11M, 9cliclit., lim'slig.1­
6mis (26). 

Ymitigs 02) li.v, ic(cm1% imcs6g.lit-d Illc Imilcill (IINIIII)IIII(m Ill Illv iml 
kelficl ()I sccll Ill- 14-1)(mcd 111.11 Illc 1)1,111 11141 cn(h)SIX-1111 wil­
Ilibilic(Illic l.lIg(.SI 'Illiollillfil Imorill 1()flic gil).Il. Wilt-1401A lllfl(.lll4)1 illv 
914).Il Im Ic.im-fl. illc blan kwighl .1ild illl( kilcss Im Icascd: (mm-l"ck, Olc 
%%viglil()I Ow clidlisim-1111 41,-( lcasc& Ncl dic plocill 14 im ('111 I'll Iml ()l 1)41111 
dw bl.111,111d ill Im Icascil. Silitch.11141 dissc(Ilml %,ls tim-41 I'mill.1111 
Ow f(ll!l (I'll ilm 114011S, Ilic (1.11a %lif)[1141 Ix. iliff-Ilm lcd %\Ill]Simic 4.111114111, 

I fic 11111,11(m im l., ()I I 111H lilgll(.v -plO cill 41,11 I)IIJ1.114% Ill. 1101 
Scliotis \%11(.Il Illc (.11111c gif"ll 1'. 14)be ilscd (1,111111cf( sm 11 .1" Ill StillicL111%. 

(cicals, I I)(,I(. IcIll'illis Illc ywslig ill ()I 
ilam . 411 IfA ltlic. 11(m ccl , %\I)(.I)11.11 1111111 is Illc plillic (4111SIllcla­
lion, (32),mggcSISIIl.iI dic llmII %1(.I(l IsIlLck 14)[OcIfmcl Vilb 
it high-pimcill 11 Is 4.111mloging, hm\u\cI, Illat all IM141.11st, ill (.11­
(Im IX-1111 1)14114,111 mm illp'lilics 1111im it ill lf)l.ll gill.11 pillivill.41111cl IOIXI
 
list--. 111.1 ltv Imilld 14,1 1111S high-pillivill Holm.
 

RELATIONSHIP BETWEEN (;RAIN YIELDS 
AND PROTEIN I1ERCENTA(;ES 

Flv 0 1) 111m. liovell glowlialld timid 
&4 effitivill (if mil(cliflalud S41111(cs ()I vlivlg Ierds: .111d tile 
filvialtilt. lclfcalcdh illdl(aft." Ill'il glain Niclds .111d Intolvill (fillivills ill ille 
guaills .11c llcgallwh 14-Lilvd. I Ill-%(- killd%Ill filldings led lo 
tile am-plam (.()I I111tv'ro w/ mb tpgrlf f fill %/11tit Ill d(Cillilgoll Il1lIl)g(-IIIhS()Ip­
tioll of 31H kg;ha. 

Ilh(k and Kempilimm, ( 1) lim- sho%%ii ilil% II)IN'lill N) I.(. ill clim. 
Illm 1,00%11m cd 111.11 1)()1( lilt ill cs, (mild 

allsoll) mill II 1114m. 1111mg(.11 111,111 Ilic c(Illiulcill ill 31K kg 11.1.1 lit.m. 111141. 
iligs miggeslell 111m dic mwplcd tilmclsll lit.g.11M. bi-IMICII 
graill siorldsaildgi;1ill pmIcIll IxI Ivillagcoi (milt I Ix. ml III)IIII-d to 111.1de(Illille 
1W)iI ilitlogot-11 ill 1111m vx1lclimellis. I'llc iflipli(allml is 111,11 Ow IcImmol-11 
flegative ormlelatil-)IIS illc pllvllfmypitall Ivill, bill lit'l gellillsim Ill migill.

TWO fumll tile wIlcill litorl.11111v ille lieltillovill to Ille pictedilig 

http:1111mg(.11
http:32),mggcSISIIl.iI
http:l.lIg(.SI
http:w(wilbill.ml
http:111(imilti.il
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,idts c( .11.(119) t-eporwcel that wheat culdivars Atlas 0 andNfid(leio 

AtaI )WiP (ilore iI% prodLct iv'as i raditi onal ortlt ivars ini extensive tests 
w IIV 

Iwo cult ivars exIhiJiIC(I from1 0.9 to 
ovv 3 yvaIr% antd lial.m' ilte. VvtI dIVse 

3,21X lllll pitiwin ill tutui gi .111. IlllI4mm vt al. (17), tiing Atlas 66 as a 

.I..I %islatd VVl"C(~4(-yl whorat 
soom111 I gti IV% 1(4! high P' oll, I( 

1 	 high giiu yichis with a1aild Il)iIIVlines thati ;it(. 11,11d( leV' WiIi NK' .tti~I( 

Fwe 0I 1) 11.1% ();it (tlIIi4%a iI4Il IilVill I ,14 ('%]I-i114(ltlwilee il 1
ftIrd 

v'.I led butwen 'iil deliteII Andi .I(IV( 111.1tv ItvvI% 1,01. p)I.itt-c l 


gtltI. Ill tI Vit' ('\jNim 1114141%, life (lim41Il1(414% lt-It%V11 gi N.ici(I antd

lillI(4gvII 

thic 114WI 11iiolmll (gits ,Iule1((i 11 litl(gt'l lt'I ili/alterl'\14V11114t'I4 

w4 heV lilt,leased. itile1l4.la ightl 

j441II VIllage ill niew cuI-
Idles (4111114(ltII% liIt-d i "1(141 i 14ll lieV-l 

gt'II.tit poxl('14.I% 1(41high %i(1(1% and( hilgh 

PROTEINNUTRITIONA 1.QUALITY OF OATI 

aI k4 11,1%s m t1till lI.IIV(I
;it tl It W411 111(1111 %11144it . I oit do'4(4)44'.(.4 ~~ . k1(.((.1 it1% 

~ Ii Iis% R-1t1, 114%' 111(II (hI I t l t'%I ss ~,l I(. IitI vase oIf 
(Ill pla.t Ilfoa 1144.111i-Is (1 

s I t, (4,1 I N pts a; l -d1Vit Iv 
hat1vvsl fIg %%hI I If( 11.1111(a11 I(.I pvI s. I lm4 (.% V. , 

t-
Ihl 4i '141 4 I511( 14. 1 heu 1(41111I )w(it I (I414 I I ( 11 Il11, a144il I P ll 

fool ( 

(it j4141(iI1 ill
(7) 	 I'it6 4'~VI11tit ((444j)44ili(44 .111411441141 Ol~ 1 41,tIIV 


IwI44 1(41- 111,11 tilt mot4,1 1.%l gsl%. iich
441 1111 I4 
stV .It't l41.(411 % 1.~4'I 

i m 11 411 ((41(1111414 1(41, all4 15'!~ll(I stll)­f1ill 1%jitlV4S4'.lI (I 4(414i(NI 


I 1.1 Imp 4lIlIglIIlI 
 V114 V%~ill i114e 111411141it11
j)1v(IIb%Ow11,1Loll It.II( 

i,Itll I(441 V(imI 4411V(I (i.11% h{(411V4 oms ame 
p~aotiII haIve utIhII/Ve 	 (1114 

TIABLE. 4 ftaiig(' ((I gl.4114 4(1(1%mid4(Jgi44.p41(14iI 

pmemge mid.44'41( r4tic 1(444 betwee'n 

tese two' traits1 fr 11) (4.11 lilie's mod14 

(i4I1iv44 W-4( ((WI 41n4undrh gm i 4414ii it)l1 441o 

p r It( Co-rrlAl ioncondiation niaw (14 

16.0420.6 11-42 +0,04Adequate 

Source: Frev (11).
 
£1Hignifail Jilf rrrn 4' ~Atp - 0.05.
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produced't~ f't'oin b~lends of' o)itl %a I(vivedl I)' 41s) I'% gi ai14rI4 I hetill lit o1)1 i l(hII 

ma~rket stor'age I'mcilhic','.whit I mai~kes it imlpossible4 i) %imv1% mt1 iml~41 J11% 

4(111111 ,111a111 g14)eIoatSpeificlivl ('Ilih.4.(2 4Ilve'4 the4 liii .44 4.111111III 

H 2) ipie %I .111411 1.41lIfl('4is 44,11'..11''. w to 0(11 11 chigI .41m1lm 14 ,I 114 (i 

of sevl Itiill I'.itiric141Il kIII%11pi '1,1%,.1114441 11111 li lM~it 111 1the 

j)1411.ill L('111414 11 1.11s14 ilt 2.%1-1(- iIs' l I i; Ili'.1' 6.I 1,44 % I (4I.411 I ' l l 

1AiillI Il' t (d l lIIII II41 I)'. 4'lIi(dicIill4141.4 III f4114'ill N314 8s11141 11 

FA0 i s(IIimidmd' (4 IIlIIglll,4 1(is1114 .4(14.1),14and11 441 11' 11144I141 14 11 (if 
the4 F'4A0 *411111, I llc~l 1141 ()It 44 4 i % nd 11ii'..4ilI11'%illi i (\III) ( i g,4I% bc'% 

ev4'ili c 11 It ( t( l itIll, icii illI/414I c(b.1 it'4 '.I( Ili4 II 44 i%114 l 1114 444 14Ics ( ' I m I II(g dIll 

()I, si41t4 In-( m i-.4'.I vlIig i 1111 Iit . 1 1,4 441'Ihil1's,.;111i4%I 11 '.44111I 11' 

%(il'(I \% Ill lI'?1Ii 14..'I, 14414 141 II411 l( ),4 t''1 411141144 II'.Isc .11141 111 1itl 

g4'111('1 1441ri,41 I('lc11.1( I '4dwsc1114l'IlI%, 11R .IIIcdI,4' I 114g lp Ims lcitt4% 

d(4)1 t11() c.st%Ill'44( '444m ill IImIi '.lilpilIt 4441m'II bcc'.iiI 114441 441 4 dit'.1(I l 

(29iie %shd il mc4'4th t''( 1141c i I li4II1I'. 1114'.4 14414, ('Ilsi )111i 1'1111%4 

1114)11 %I(% II 414 1'. 144m'4'41('41il 111 .ill)) lll4 -1 1.1 ll 11 14 ,6 

(lilicit'IIII. Igli'l p illi-l 1'I I. 14 1..'1 41111 (I%1411j4 44Iml b\ 4.I . h4414, 
III)4'I 1.11ki 4(411 4l11 44ll (I'Ill ().It ill j41444 l''ilt .11 .1m4' ll II' d14 

4.'.'II(lI. .4141 11114% 1411 gci mi( 441(Ii( 4'11d111 II n144.ilic l jl41i1 [widIl 

rmlilies 
wcda)14 li woltII4)Mr of )111igliIl, I ~'limc Stll fI dkgmv 

Pi;R'.lisihw im.)hc'irig iitdPIs(.1 j fil Pj'.1()IIii.h. 1% gd(IICdiOI1o 
,101I%IIc~ck' j~4III 
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TABLIE 5 	 Proicin effiviency rahilos (II'R) of cereal 

IproIiciii ill dilo; osifr ils 

Proirin lIlcill li-41114g r ill' it-i 

sourtr Oa~ 7_511 1J..51 9.01.10.04, 8.o- I Iood 

WdIN 2. 2.5 1.8 '. 
Rye 2.2 1.8 1.1 
Barley 1.7 it; 2.0 

WheAl 1.41 1.7 0.9 1.7 
Sorghum 0.7 
Rice 1.7 

awiliwd 	k Ili ph Iin (Iid i) Iinei iviI)lhll it1 11111i heiocri I iwelJ1 

couiiii, 0601i I 4411111.1%l% %%Jill findings fill 111.11/c /illi, /citi j141i4'il% add 

aid~l(21). 	Iiv%(10i) fotiud thm (I'll . 1)141i11 t'ligct(4,9.314I)4111IiI 
15.8,7, ai11 Im(*l%I IIiI:I)Illip l Id 0k%I of( (1 I n II I 19l. 

repollitIAIb%.[J i N! Ifl l IllI.Jill 7Il 19 1l.l i 11,1 Il ( 

b(b-1,a s w % i IJ(. M,(.l .A4m l al12g l I ~ il'l 11 14 

acd(111Ry vt1 0 i 4. dill) 440%il.1%(Il. 41 aNbc~ 111p 

1aiM li.%I ca irn /4144, %5.!)%ald c 6 t.111111t I 

WhiT A (I Po w g 4 piiddin11 11445111 

Cornhu Kfr in 59) 
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'ABI.F, 7 I'rr irl (if' ithrssrntijl ,im aut i i Iltir pirim'ilo I'rl~, *rr'jdl 

Amonintuo (ll Rol' (l.ih',h,'dl)Oatl 0 1WI Itt.h 14%,c 1 hI'1 fAO' 

I ,'lII"4.11 4.84 '~ lh '~ 1 4.2 

L euttlw 
I.$%fil-

9j 
13. 

7.7 
.5 

II A,
11.5 

7. ? 
IA 

,. 7 
I.,., 

b.. 
?.(1. 

4.N 

M o"1h IIIi11c '2.) I. 211 1.7 1.7 I . '. 

I'h,,otIllllm'" '.2 4' P, 55 4.1l ',I 2. 

I1''m ml.5 '1.7 I'Il I. 1 .4| 2.7 2.A 
I !%11141111.111 I1 2,11 1.. I . I I i.4 

I m-im 4.'I 2h 2.24 21.7 2. l, 2.5 

VAhlli, 51.0I , .4, , 44 ',7 4..1 

4 Ewl,. (1)) 

~t ,Iti, ,~ 117 l.' (I 17' I,. i~~ 

I ,.17 4.ilh.,i 

( mim , (12 1 11.1 1 1 A I1In111 ("Ill
 

I"41 lilt 11.N ,1 II 42 1.i I).if 

I A-Ut 1#14- 0I 1 11.1114 UII1w t 77 1166 1I. 
I'swll h I 1 ) o1 7 114 '1 0. I ' 111 i IIlf, ,ill 

N vll hitolifi hI 1 1 11 i1.-ll h II I0.1111 t (tIm Im I N111 
Ph l$l lAllAMl' 11,71 1hfIll lit001 1 (1IN W IN. 

Ihio'¢ll 11,47 11,,IN IIAI I i.Vt 1o'l ( O. I1.3 

'IIl~tphitil m I II11, It1(IN il1,fi1 1) I1 I.1lh(1 I. 1 3 Iw 
,


I siltosltir (). tI II.171 o115 .H f 11,*17 (1,44 
%'-lra1,111 11.1! 12 1I.h1 (I.1i 40 3r p)1I1). 


, a UF,,: ,%Ilitpld hlim ()hIf , 1
.i1 1ill 

I !vilmhlln lh"111. 

'III(. .lll6l11),141di(,Jilm ilHim~l ill 4).Ils k Iv'llhilk.11llfll 40%tlIIIN ,IIII to "aitlt 

Illleofa llll11 RcI rm111 . ll illt s Il l 1 V%h141111111114r111 . %w-hmX( 1 (1 11?/ll, Ih14. 

h~i oI lk,m]'. I"Il 1 ( I.fill(- 11) 1 I fl l111oil ~ dlll 1 1 2 1)41I11 li , Ihlis hf Ifl RI1()11 
Imitlld 11111%sliglIll 1111,11 IiHI I"'l%'ccllgo1,1111 1.o i11inldlcll IX-11 1 %ll(, 

Ilxl( i'll1,19c, Illlilt- jI11,ifl11 S.111 11Il %c,1.Ihic .4%1lJ1t'( )I lilc' 2S9ll(1,1 11 
,

o11:1'1\ ,%.i h -1. i11 Ik 
IN I I I 11 - I ofI II Iii1 Ilic IIi,1\1111 , m1111 11111h '111 1%.1Is % 1 2 '; 11c'111 

!.).?"', I, t I1 1, 2 '; 1 c'11 11fi 1 It1,14. 1 1 itII I) II I f I%. " I 1 1 Il ,11 -%su lIf 1 1 %,1111111 

d wl 1h (dt41.11S I , ll I ( ',ll. ,%c111111 I l.lca.16 %i11c 1 111111.111 l l hlpc 1111111 i l 

III.IjlHIll11 off 111,1 \ . l %l I-, . If JliIs %,l~l~ .11 1'. 1g1c111'1i ltII Ihi~s \I lh 

c ml il 41l1ll illll )l ll ll I l11gh I01f(I mgl!4ft1111hl I - fihllIitill, 11ih 

A %cl eI ( I111l'l l I lic %I b lihh llnt itl 12 1I) 1- 3. ofI( il'll tlookX lit %%, r 1 iI 

,Ilillrill ' Ihe'lllli milll iiS .l11 3A,114 , IIll I, (of3I.PI0) lhc llilillllllill %%.1% ,.,.1li 
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TAB .' I'mrrot ,ill ir ii and 
4isill4l 44ill4 Iln grdill 4I 
• 'Pit$. # fill, Iitimi 

I lilt- 1111141,4 't 44 

If lrl I 7,43 2'. I i.7 

' :.Ysi 4.ti 433 1 ', 4.1 
1hrr,.i ,"w 1t.t '.4 1.4 
(:.4I,'.s. 1.7 Ill, 
VAIllow '1,7 5,7 .9j 

'rt0,.i . 1. 1 II 1t 1 , 

pllll , 1I .,l7I. 
A.ImgIb6I " 4 Il 1'l., i 41.,,4 .411%A1ic44j1 c,4344-4 , lI 

V.5% . 'ilb .1 1.141111111 %*tloi.4 oo' I ll11(t Off-1,'1.IolI hl14-I .ig' 

1111%. )lo~ 1 44433 111 1111144.'illli 4I1'I 4I4 IIl4434%i I4 '' 4h' ,11. .133 Ii l l I1|111(o11% 1 

llig lio lll4g.l' I i 111 4411 1 4144l1 1.44 3 14 11 t14 344 114I (Ink 

. 01114 , 0 I4o44 114 O w IN fit i 1Iill4.1141% Im , , IIN3l3lot3114I ' ll' r Il1 1 . 

11414413434 1411141 I11lll3 .4 1 111 ,11 1114 


it, %1 I.I4 I3I4I3I3II- 


iii .43141lltI111,111s 441 14 fill( %, Ili, 1 , 1114 1 
04 ItlI I 43h 4ll I 11,0 1 ,1I I i I,I% ,l l , loll I I I It1t3%1 I N1 IItI It , I I, I ,III., 1,,l l I ll l l 1I.1hi,11 . li,4 .h - i1i i11. l ll. 1l N ll1 ii l(i I lh-%I t l11 ' I h I I I 

4.,144.44 4 l 1 fill,h 443111, .14hi
11111ol h 114 l.1, 11114. f!4 4 ,1 Ill.3 1-i,.ii1hl111li,111 1h14"ll l i1,t,1I%1% ., ,, ~ ,,l,, ~ ~ ,,I11 Lll'IfoIllt4 i'lli lu 16 .. l114 I 3ll , I I4344'fi,l I" ll .4II443.4h '3 hilll I ) 4.111 ' 411 II'3 .4 

Ilkl'll111 114hr 1 1 fit I , 4'.ill 4 

1414144431.44 44443 Ott4444434431 3 11441 iil#IZ1 34li %I3,4. 4 .4 '14. 143116 

llI,, 33 1 4 . 34% 4443l, 4 1Il44 13,13334 I 1 1l 1414 114:3 1113 
I,I441 144 4 1 - I , .,443.l1I131414 i 1. I%All, l , ki Ik.414114 I 'lI 1.,, ,*2,1, h,'of11 .lici 1 1 1111I 3 . .1 1mh ;,ih-111 1111 kN4 I i( l~ i~ iI,, 1,, 'lI 1|1:h 

Imlit l ll 1 314 441 44 .11 4l 344ot , 1. 3h4l111.4 i1, ' 4 ,. l .il . 1,,,1 

1.,11. t14414'll 1 4 ll"34
1 14).114.ill 14 143444l, 4 - 4 .1\ ,Ih14 1 1 

.t t 1 Iw o .4 114 . II 4 I .1, ,, , 3li 1 \ 4 %Ill4 .41114 l - %li,1, 11 44 ,lull4 I .i 1 16 1 .# ' Ill 

Ill1401v lll  IK'Iq' l 'IIK s i , .ill .1,I 
' 

,I i NI)I I,t~) 1 l 11 1 flow; I, , IM 1.,1ligll t14,1h11 4ill, 1 'm iI '111 ,13 , ,3 Ih, I I I II I of3 1 14441. .11111, ,I1 % 431113 11 1 1 I 

11 14434 ll , , 4 .4 i Illl . 44 if 14 .41 34to 4. " , **li11I tIl 

I 1 11m 411 .1l k 43, 11M11!. I 1 . h.414lll41 Ih1 It 1u1 l lll1, -1 I1 141 11 If t 1%ll 

hi 19.701ifi,tooo~ Ili 11434411443. ~'lI' (1141 114% 14 1~\ 44ill 4 *i 14coolu.111 11 
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Service, U.S, D~epartm:enit of'Agricultilie, andli(Ilie Wisconsiti AglicLiltulral 
F~ieiliii Slilijon. Several thous1and4 grailn %dIlllp ler - llalye(I for pro­
leili coliletilac(%l(I Cl 11will( .II4)Id4Iy. A IliCIited IK' osaiIIlles .4154numbe 

are .ilitII1/ed1fiJ daillo acid4 prof1ile, ol t4)llCill, or oIIWI ltulily criteria. 
 III 

(.4)II(IulbstI.hIC( 'Ilist iidies oi )11314graill quil1lit 'lld11( oI l ie phy'siology of' 

SUMMARY 

IIi4I( Iluli4)io1, avlabdle (dm oil)grail) prI4leill for oat Ssuggest tile faollow. 
log: 

I. llieie ap)peal to be)fou)r sources of geules for*inicreasinig groat-jproleil 

1111%n2, ( )a eill ha ; high bil~bogical v'.itic e ilative to)ot1hier cereals. 
31. The4 m11ii14) m114d4311jlipi011 of' groial prI4)tiII is (fIliti. (4)I1%114I1 for .11I 

le'vels of1 j)I4)IiII j)(l (Ililag(. A11114)IgII so)1114 I ct.lIc 411ois ar~e (14voled to3 
54icim ilg 1134%.,I I *3be111114)1o1m14d(A314Jlipsili4)Il ill oat1 p)IowtiII and1414)1.414).-
IoI%. a.iIIIi tii liIng Icsls '%it h gi ai II hom4 ifIll 41,4 (41ili , tile Ilii.to 
elliJll is SiIlJI)IN 13) im1 14.Isc I11c g14).lI-J)I4)ill (441314IlI. 

4 IiIikals %iIih 22 1(,2 VImj wn(E134411tilI. llop)j1fiII~i.4 IlliiltI I'scl-ch will 

IIII1ll)ms, Io l'.. J1.II(%fllt a.44 oali histl(is4co141414' l111criJ)I *'IIproveliuelU 

[/I dhim',i 0/ ihi%ptipi'i cani /id 4)1On . 508 (!/ Questions 
and Answers.] 
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STATUS OF PROTEIN QUALITY 
INTRITICALES 

F.J.Zillinaky CIMM VT Mexio 

'I'ritik.Ile*%reti1il)llii)l4)i(t ,1f' lhti1d 1eCDCwilvl e jcie uld t-yc 
species. t-lt'xdjl()id t lit iclC (Iigilidt ilig f'roilu c'rose betweeilEl thu tamI 
wiaI1Its an ilid I.ve %111)%11Igreater proml~ise of, deveI9loing ilto a1yiC ha' 
p~roduct ive ( I of) I I it I lic tit idi 4hlICl11 [fieIIs psobaie 'vl0%%Vl)CllesoweU) 

A~fifl-flulgid it .114'implmlI~tllcll j)l()grdiill %-it% lx-gll at (:CI T ill 
I 167. tlil4)lgl Rot) ke.It.lci lI91In(l.iolI %l)49l%0ICd ()tl4pc aiiligueillt 

I1 I172, hl ( Canaijani gflwinIIll [oll tile 1t~lt. pIellocI throIullgh 
lo illc Ca onal Icvc~o'ehiitgl Ageclytle join plil of4)4(h ,,ili,i, fllcili~, 

EVALUATION OF NUTRITIONAL QUALITY 

i VhIlionl%ofIll pastIlecild, dwi ( IIIA6vlo eievI grinsil have emphsiz~~ied 
hys~'i(a.l p)l4,j)lIit'%, Illo ilionlal-qhil h arm(bIdteisic%.lie tha 111 I 14w. 

ever, (-i bWloulgllta gi lel. io~olVIss%o, t i ithe ltot- tIlorlet Ilaw 
1)V1 pfiijlihtoiimo, its mh.4a IlloiC lvIlill foods19((1. 4~'lie% (f strainsIDi%(

of, anlaiii, hil l1ev. dll I ot Ilc (I oils Ila\ illg hiigher levels of, vsst'iitial amilllo 
.ttIlav sii, It I()%% it I lhe (fif I -Iellies ill notlI-it ioall (judhlil) thll (aI 1)4tII dlitilig

sirailis otifo dit liibit ing StIlaiwes il1 graill(14)1) ics. I )is(o\.elics Elf growt h-i 

412 
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negaiv~e I'ior ill lworkiiiM wil IIt i ii l ( mIIA . IIn('.iI1ig lilt p1 pot.. 

tti loisit i lgt IIi un'sI(i s I II 11 it III lls .lIOseil I 11(1ba slifi ~iII.%% 
ril ya vilabl l oI(life I ( l 41 i(4 e lt i ()I lq%~(15 ll)id41 I44 ~4ill ll­

depressn tilg lijdt 11141 li itil111po j))l(im 41(~IVidIi.ilt% 

eL CIMMY FINDglINSc.11lil I 111lm'l(laikIIllii~ 

tile )igu ISbl)41l(o It' l (11 im I(4ill 1 p b IsliglIic j eo4'I 1111m 41 bcvg 411 ­

creat,~se litt a)IINS.11C J(44 il I laigc 144l 4)414it 1111(I4 1(114t-114,IIj%I )a 

I 4 11('41 c.( .114j)~IiS4o i4)'1I, (of 1hu 4').!It'i 441 1%11%4IcpiII S )4ti1 111t'onIit 

poS~till ii'I )pll'il .a iIIil c id I p (v 11c ia iiilis 

I('~ i at ii ic 4ll(') ) I h~ttlilgh il 411iii % ill,iti ill 141%as (44114 14)1 %iti 

I)'5,lt'i4. N'T IiiliIllt 54itill I4II ilc 41 t,fitI the C4. Is pmg hl-gaIllgt. aln.'I lift 

f) m ';1144 'it' 4Ill Ic 4I%ilS ('4%' IIthsle vi441t) tiI 511%1111k1141, iI i~4) m I l 
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several years and had observed that the weanlings had a predictable linear 
growl response for 7 to 10 (lays. The vole proteii requirements were 
sufficiently low that satisfiactory growth could Ieachieved with the l)rotein 
)rovi(de(l by a single grail s)iSeurce. Voles also are very selsitive to growth­
deplres.sinlg flr.i
 

The first t.sills From t'lie ,4assayswere (lisao))4,iniiig, althoigh triti'ale 
lilies had Ix-el (h0,1n that wrt,( i(lere(l t(h leh l)(st (ombinatiotn of 
graill th)(, Niel(h, llotin (inlent, an( )lcCIc,' age (IlIlsiie. Elliott was 
uldis(c44Iag(,d, 114owever, and sugge.ste(d lhat '.e st, ( hill a larger litilx.r 
(if stiai11s fol ialalsis,. le later ran lii ,a,,ilf, 191lltr ploeill efiiiel(V o) 
straiins Ihat had bl)Ieei (hnsel f(r Iis 11s.fIvoil a gItll)(iofaII()51 300() strains 
(liscal ds,m-II(ht (41 511.115 tidt ,,,,'('Ilt.iallv shrivelel, 5Cr low illprolci' l ' 
(oinltlnt, (4Iv'cI% low illI'. ,ii, p)e(li lIge). 

Vith these sti1is, lie oIltillt(l a olc l),,'lii ar,,' indhex (VIll) wilh aver­
age valiies (Ilil0 thlee aninials) langing fiom 0)07 t)3.5. Ablotil 17 valuies 
weie below I. VI and 2) ,1thet' VIl vahtis were equal to Mr greater thall 
fhe valiues o)tainel fog aseiu. It was assillied that tielohw avelage values 

were (liy 14)low jiiIauliiI . low%valtics ori low availihiilitics fin1 essential 
amllillo m id'. or o)lhl i l ltlliclll,, m) I(olhe'p tl(.c ofl;ilinicl~abolic (o( l­a (II~ 


po4unds; thlese. llie %Neiediscat d. 
l.iles with vialiiescCItll too441g4r(l Ihalli,ia5Clt1 (4lIasil (hesjlaclehl lt(l

aIndl were nllimli~ll . it.h asso(iiol %%its lulled( l)chticll pllil (,ff­

cieiu aties an 111the pelu(ilage oI l sine inlthe lioleii ( i al441, i 
(olitlill 

Using fhli same sllainls, \'illegas investigate(l [he lssibilitN thai t .le5r(ili­
oIl% Iiight be (41, of I le ailtillieal(ilites ill ititicales. Res(lcinols hld been 
lonild iIllCI aild SC r.ele ' giowih deplessiil ill pigs it1(lI-,tc(l 4)(ialls rats. 
Villegas lotil(l that ih. Ililik-alh stlains had .a Is4r-ciliol (miltellt generally 
closer I(owea.it Ithall 14)1,V, and that 11ost of the strains showinig low pr()tei 
effi.:itiv ratios (PER) 4i41nv(lle i,.alsisalso had low IesoIr(ili(l values. 

()ill p4I(gri~l1 ailsoi henclitcl fi 44111tlhe Ies(.ll-ll (f, IiItililllists ssotkiitg
withl(iollicl IIIIIiiiit allinials. .1ani",M((;iliis,ofIWa~shington Slawl. 

(\VSL'), g.ni,,'eisii %m(kil ilh l)(hIllr ,,hinl demon(s5tIratedC(l that lS(, beaus, 
a n cill lltaiil
alld ,.,', ill m, gloi~vll-ifilliiing ,,llbstlue((s. lhic oiG.ered( toi 

I-til iltIIIiliiiiial I rials with( hiik, 11l liIg hells lo help *ealse(he lroli) 

s'olll1iiiale1/1his ls.IIl il lhitilliliollal (11ali% of4 Ilitic'ah.s,Mc[;inn,NdIIIA6 i ism: i,'('1lleIli%,it-scaldoh 41teItIiiIiI4i~lI tt~ 

rye, aini ,lieal iliia Itpol pliepared(eai lI% ill 1972; soie l lil ptrliit 

COMIutisiin \%15wer: 
. est lr d ,iks lhie)l(,ilis of (,real(litlis, l i,( ii evaliil ti giallits 

I1i5st plltill other Soulces, ifIe Supplemeniiited wiilh l alilliliai(ls Froni 

nllaliiigftill I sills lli t( lie o iiailied. 

2. Amiong lest (lits mi:llliinlg 1,117 li(tein,n, of' which was derived 
fr(llnl iildtnlix and the reirin(ler Iuoili the grains 1Ile teste(d, soybealln illeal 

supportedllsililialitlal bet'ler chick growlh I ll ally of tle celeal grains, 
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:3. No sigiiflicamii dIIif'. Clli1 ill chick growt weit I'Mluiiu aitii ig lil fit-si 

five lriticalalt .Iipj)es 14 ICI tll%'('l ('I %Iidl been'Iw%4h(44, had1( stltICC gill 
1i 1.1 1 I%'tiII 

five samles were not)siginilithl djllei elitII om1 the l'lR lIi smhIe.III InvtI. 
-IowCveI, smlwI)Cll liteal sll)4)led4 sigIil i iiik lme11cI gi i)%%Ii Iliati the 

Itle basis f I)liit jI I w ek I 141\o Ic%. I lIIt. 1 .IvI Iles (d I hlest 

it. III .1,IiiIl ill whit II H13441 tIICI a %4 iC4 11%%44tIIi "(.I(,( (1ilssAW%~(l, so4111e of the 
lt'iliC.IIC' gavle 11l11 I i li( d(Il ht~emi(I Somlne of1lilt-I I k gi mk Ili ta %\i4 lw. 

those that1 sliom-l ietj)(41%es IC) jeiliC'ill slp% laj)Jl('Il(14I.
5. Sigiiim( dilcifeICI Ili Ili1k %\(-IC 1441114 mg :Vic' gioill *i4imI llIervi1I 

1silIill%441IliiC 11C' g14)wt'I ll IIIC' simt, (dl W hIllil i. I lww%(1ClI IR(Ist 

l' eocI CIJt(ire 14)1 4111 1112411%IIdi I%%%astVI iic%II)1 4)illl t ili Illilt 

NLjti t'icil8'4 il nt klt' i ll ti ;IlI I Jim %III. 114 i44411141iIIfili I). 'I~IC 4 l 

6.'~e1O e vaegg )I4chi111 114411. iII)I/ l l %11ilWahlg mia ol11 

Hae 1)d ll)111 1)1i 4i(11 hi 1(11(.dIc lailg lule Ilyll 
4andll oel ll , sIil.i lil IIlllt%4~ c 

ili14)1141111 441t fish)1(111l 
1-I I-llI114l %11]4wCIIlll(4% e e 

7)11.Wh~eni %Wilst41Iht' J)IC)IC'ill(I ept~c le)Wt'~t'I11 I4I Jtot'I 
(OlWC~I M Acsg %a 411 ()tI('.IC' Iigh ll iW i mole.uipl It' %l4ledilC)i'Im 1)4it SIC% 


than ha~tll, l~i t' flIlCl i)llc 1J)ig l eggb\11I)4)114 l imc(I llIg 4tiil
 
*'liIlic~
4tl~)1 -IHII pict%411tm4 I lic 11li2114 Addin1% sille an IiIllct21111. il 

uggusecrul e IIpC Ili()Iill( It'nI.4 l~Iid~~IV41111i~eis ~ 
9.itIll ll x lites, III 5)(ii m lt''lb Sl4tN(ll ihS41l lic l )~eIuI 

t it l )CilmItdiety l 4lt'l i-~I g lllie ) Illie f IaC)It lo f thes pliII)0 

of*fihi'L Iii C(illill el illand lol1 lla th eIlsl~ Ct liejc4)li) o 

or1 jlwe auth h)ilillilolIsom oflote t'fiitt atis i~ll hi tain.4lt ol 
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2. The voles represent , lieterogeneous population, providing a wide 

range of v;lue s anionga inialk when fed certainldiets. 
3. Apparently, tlie meadow vole can achieve a salisfaIclory growth re­

siX)tise wilh the Ievels of Isine that ocur illmost triicales. We know that
Ivsiie is aillessential aillilo .cid, which is limlitintg inlcereal gralls conisumned 

ill,,1,
I)y clcks, 111111 an)d ,wiiv.I lwc'vei, ilce I le IhV.,iieccolltent of, grain
sail)le uill le Inilsilcl vln ' asily ill1ie1 ll)abolllo)ry, these dala 11u|t I)e
obtaiiei , i ll.ilt issa :to sti)lle - Ieio a li.! o'i's, if'troll the this aliiilia isto
he U'sed ii Screeninglo fin tit iotlll (llailih.

4. hc variabili6 in r mlion of diffil ilahillals is (ol siidel h,' mally

iivesligalols to be Ibc lost seliotus declterlt t he, ise of voles. l'his 
pioblem has beeni ciloullicicl with raits mid other test aiimals, also. Ex­
perilliiilers 1ising rils aild iii(t, ilahave Shown the best wav t) reducevaititl)i is to use hoiiioJ,~gouts~itis o~faimnals,. otr solll, iiposes ishilis

suitable.I lwevrl, l'lr' isa daliicI ililcttpieing dalitaI'r(ollill 
 o I siligle
hlloitiogous si lint I(ll to hl here is Ito)iilorejustifica- populioii.. ' 

iioli ill
ailllilgiltat the 'allesoblained I1oii all iiblrd line of'lest iinials 

sl' lile whole pl)4l)illiloll Ihan the petilotiniliiu of'a single iibred iline
 
of Iil iclIt's tpl-rsilss Iril(iles generally.
 

FUTURE CONSIDERATIONS 

[he p tlaIntreeder is(Ontinually ficed with the prol)len of how to iea­
sure per'orliira atnid inctease tile ratge ofadaptation, lie has to live withvarialility of (l,11,. Ic hait%cl 11)aclcp) tle fiictthat, ei utnider tie 
IIll(sl
ideal testiig (ol(lilioiis he will ollhlaili vat iabilitv atinotig locatiois atiI 

Strainsi., Ititicilvs show a w,'ide range iii )tolcillctttlt antd aiiiil) aci(d
colltctt. lh'Ivhiliittiots tiladel with lv'Ios,chicks, laving llens, ai(d rats have
indlicated hiit thellle lle signiflailt (liffelrcsli iliihii utritional quality of'
the l)rolcillallig ttitiale strainis, r,t;rdlcess of tile level oI'protein occ€:ur­
ritng illthe gaiti. 

Is llilliliilnlal 4lui.liil iipoiiltl ulli to 4 itsotigh pill ()ill f'foits into imi­
pro)vliilit I1So, how call wc ii;1k, lli4gess i1ost apidl aid cflicieilly?Each veatr iii the, triticale iogrti al)ltl 50,000 straii s art. grlowI illsiiall
pllots. 'lhiese straills tre S(reei(t'l Ir l t Ilvpe , f'itilit' ,seed Iie,disease
resistatce, tilililig, adI olhei ;ig4liiii( (hlai~lcticis6s, iciliaps I,50)alv t'eil(ltle (.4l(tol lllteliliiltii~) ie~ l test h\ e ti, aiil I~ o 1( ni a~ke,it to)the,l0( 


regulatr advall(ed trs. I'Uiil this poiit ill the llto(css, iilliiihas beel 
dolle to selc t(If iiitritiiial (ojtliltl,vcitI illthc ( ritiou l%il1. 

Usingstuall s ilples (5 g), \'illgt ihs beti ille ti make(htlii(al ilis 
of,thie ix.rrce itage oi'prot) il Isiiie, .li1(I'tre5r(itioI (ltillit (i)l, percetlig ()l'
500 to I,00lilies petr year. With 1()-g saliples, Elliott aid R. Baier illade 
'2001 o 3())ioaissail)'s withi olCs iii1!72.(:hicksi ljuiriaoutii ikgf'se(if r 
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i relia)lc evaiticIijol, .t1l .1 I-1'in t- nl tria euI ' iolmi 3() ) 0( kg,'( in',,a1
(IcIlling ulpon how tInai hirts adIe- u lsed Ing i. e exlurille~ivl is 

The greatest l)ossi)ilit f. )! pIog 'ss l) ,,Is 14)lie ill %,e ningi IIlh. 0)s(el­
vatio liies Ihllat are sunIfficielutlv llo1 /.gouts h4 I)o( 4sie(lcd fo' ihe pie-n
limllav yield Ist.'I is t)lstimtlla gioup) of I ,()() to 1,.5() lines per year,
which can plovidle uip to 500 g ot' See(.d above the oniial IC(tlilie.(.Ilts for 
f'ourtiher hfidI tests and reserve. 



COMPARISON OF HIGH-LYSINE 
GENES AND MUTANTS 
IN BARLEY AND MAIZE 

L. Munck Institute of Genetics, Lund, and the 
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Sweden 
B. 	Eggum National Institute of Animal Sciences, 

Copenhagen, Denmark 

Barley and maize are the only cereals that have been shown to have 
Mendelian, simply inherited major characters for changed amino acid com­
position of endosperin. Comparing these two very different cereals on the 
basis of genetic variation in allino acid composition could provide support 

for a breeding strategy to improve nutritional quality in all cereals, including 
wheat, triticale, and sorghu mu. 

Genes strongly associated with morphological endosixerni character have 
been discovered For both mnaize and barley. Although ilie high-quality­
protein maize genotypes seein to have been selected mainly by anino acid 
analyses among a limited number of mutants displaying modified starch 

418 
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performatice, the live improved barle' genotypes were selected h' specially 
devised screcening mlethods (Table I). 

'Fle dye-billding (1)1() iethod (Ill) wits usedlf) select the first high­
lysine barley cultivar. Ilipil-o' (CI-39'17). F'rom lit' woh hbtltv collictin (7, 
22). A recessive gene (1 's) hcated in fte seve nth chiroms'mu'e was lmuld in 
Hiproly (12, 20). 'The gene increases fhe hsinc graimsil i g N level in 
endosperil about 301/(. 'le.Riso group il 1)e.imnark (2, II) also has shown 
the efficiency of, fhe I)IIC ,iellod lotn screening lot hasit aiiniio. avids 
(lysine). Six ligh-l)l(I ,,utlnts were fninld at Riso in llnlt14age'i-trcaled 
Ibarley ,nrial l(llsistIi),g ofa~ I(,I))lIzd lli,n ueli c (3). Ilwo) 

of* these llllltilts (Imtants 2) and 8i) (contain,aIuht 15(, lmiC hsine 
grams/IW)g N than th paret varict ,(Carlsheng II) (see l.able I). A Ieeliilh 
liscove edllititant (iima, 1508) From is ;ai,fle loiii v'arie.t iml)rtantl 
ire'akili-ogh, showing hsie co)lltelt increais of abl)oLt .15(/; (5.9 gilig N) 

in the pre'liminar N ses. I oot.r knowledge., this is tlhe highest 1hsine level 
reported lfor a real se(d. 

In barley, and mol st ohelr,cereals, lsin. andolliel essential amino ,id.s 
(grains/Ii g N) with t(I prte.ill and %-f Iheanicgativelv (orn'elte(d with 
atnide ctltcit lrotc'iii; thle lafter relationship was1o" iseo! b' I(4t-Viuf (27) 
in screening fort lysine Content. aiot iigi.-lsiue bar-loft-Viuf foudl altie 
ley cultivar ((:1-71 15) displaving a ivsini increase )falout 15, . IL.siie is 
relatively constant ill(:1-7115 anl Iliplolk, at vaioils levels of ,nittgn 
f'ertilizer. Amiong tie. notrtal (ontlIs, hsine shows a siollgh' negalive 
cortelatiol with crilde (ol4t('lill eilliet viui.lhlep)roletil, oilg to genetic. 

material ortto eiiviloiiienital eflects (2 1). (:-71 15 also is silotiio to iuinmal 
liles wheti 1),1: values a e (omup,'da i at li samle (ltide pllt'iul Ievels. 

The lysitie-rich embryo of badt.c is small (3.5 t of tht whole sced)o I.5",s 

cotmpared to thoIlie lar"ge ,,azle ,ll) (10 to 20%). lhe mnai/e eHn, makes 
a itch greater ((ll riblitioti 1)tlit' l]sinc colteill )1t lie seed thaltdoes the 
iaI'ley etnbr . ill (cereals, ge.ies t hat ill ftetiece anliiuio4acidl'lius, ,io)slderiu 

composition should be coilpint.dI ()Il an cu(hospe)utniln basis withIthe eli ,ryo 
retiive.(I (17, 19). 

INCREASING HIGH-QUALITY PROTEIN 
PRODUCTION PER HECTARE 

Nelson (23) icpoi ted that high crude. protei,, piercentage ill t;aite seed 
illal does I() appeal to IX.i relevant parailieter Im selection in l)lalt 
breeditig, because therec will Iwa tendet' 1) ac't iltla lines displaying a 
high protein c ntetnIt because o(I)oor starch svnthesis. Iliproly ((:-39h7)
prodced vy low yiels ,hling oie third of commiercial Swedish va­

rietics. Ili)oly,'seeds were shriveled and dis)lawdo hwer I.0)0-kernel 
weighl and iehl capacit y ('op;i,-eod to atlp'stiliilbly is54getic "sisterliti" 
(C1-431f2) with ideit ical plant phe,,oty ,.I loweve,. b oliaiiging the getie 
background (4'1he lys gene frotn lipro ly to high-yielding varittit's. the poor 

http:coilpint.dI


TABLE I Summary of present high-lysine genes and mutants in barley 

Improvementh of.-


Gene Lvsinea I sine content
 
Barlk" s%mlbol (g/16 g. N) in protein (%) Reference
 

Hiproly lys 4.0-4.3 20-35 llacberg and Karlsson (7) 
Mumk ct al. (22) 

CI-7115 (468) 3.6-4.1 10-20 Iott-Viucf (27). (28) 
Mutant 29 4.2 16 Doll (2) 
Mutant 86 4.1 14 Doll (2)
 
Mutant 1508 5.9 45 Inicrwrn et al. (II) 


a Normal barlhv lvin. rams/16 g N varies from approximately 2.8 to 4.1 g at crudc protein levels from 16 to
 
8%., rt-spec ttsthl\
 

b Approximation rc-rrod tot the improvement of an "isogenic- line with the same level of crude protein as the Q"
 
high-I'sine mutant.
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iies ilue sot)'ii()' it) Mnla In h Siiuc- \itid pvuIitllait b\ *Jmuti lIn ihite 
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422 Munck, Karisson, TaIlberg, Knutsson, Eaker, and Eggum 

4S4 

IG U~lR F. I s iiiiil .i it i t i. I , f *t11 i
gl. I. 111 I o 111l~lfl114i h
 

11.1 hiI 11i cit~iIII1144121I r m lS(1 4" 1 i c.'.IuI. I)4I ~il 111 1.1 c
It I Iu it. 1 ii
 

miml t14/%Il'% ii 4-I tis i ig t Itr 17,tt1.211)% '14% 41 . li' h g i 1
 



Seed Morphology and Appearance in Relation to Amino Acid Composition 423 

11011 Sii1l-l i k.l It-% I( I I t12K. [,(g( II(i t I I JII II III I igil c 1: 1J"00. I'iep­

aiIo4411l i4I .1444,4 111 1I4g tSt 144 4 4 4 i' 44 4. 14 414 ld)~4I1 

i I dg S144m 1111l I gI lIl I4 I , 1t*4441III4I41d 11.if Ic I III I I ScI dI o I) a pe aIIe 

16 kitIl dlaIt l44I()~ III-%% 4oq 114-2 illailll %%iltIiligli-h~ iII(llIclliv (1)
filvo4% li ll 411412%cIs 111,11 Ow1 v414bviiil( atl' Ilill it-oi4112(1 
e12114 I4ciIII gIlt .111(1 . I)14411-ill-I glIling genit" thait iit (144%t]1 lIiked. 

4)li11241 bi% i(3%ittg intiit .444%s 1 ilt- Oic.vIS 44.1% tI 
ge~lt%., IIdi 11 14 144%%'itig mit h44t%%cct4 a 4 1 -t4ix III- gente iiil a 
.jHlw244-4 cgilitting g(i.1c 

A i ilalt %ji411444i 1%liI4i 

1% be1 Ilticet tr1ijiet 

Ij%144i1i ill I%% Intlt%%)11%iihithet ulciI% 
dispjlii~lit i 14ld t4414I)Np)4i ii. st-ios u14)11%(( 11 I lloii% ilite SIl14Illit' 4) 

j)4iIilI Hiail ) 1441)411IK- %(-I pi tilit i%t. -'lii liti S11141112 ther It(-% b~alle()I 
t1111III4I lilt4 I hI4git.41 44441%444t 41441 dilo %%ill pltvide new1 il-Ilf4i4.joiI 
allow Ilit. I12I.4114I4%Iip INI1%wetI Seed24tIioiphulog) .1111 tI'dli),'4s ill ('14414spclItI 

http:hI4git.41


424 Munck, Karlsson, Tallberg, Knutsson, Eaker, and Eggum 

COMPARING BIOCHEMICAL EFFECTS OF
 
HIGH-LYSINE GENES
 

A similar pattern of'changes in tile Osborne extraction fractions (15) was 
shown fir all the mutant genes that improve the aminlo acid pattern in maize. 
The niore-lysine-rich fractions (albumins, globulins, and glutelins) showed 
relative increases in the percentage of total enldosperm protein, whereas the 
lysine-poor prolamine showed decreases. This finding also seems valid for 
barley mutants. Extraction of single lys barley eldospernis (nondhied, 
yellow-ripening stage) and sul)scqueit amino acil aridyscs irvealml a clou-
Wling of the wather-soluble albuni n fraction compared to the controls (18).
The lysine-argininc tatin also was changed, indicating a reorganization in 
the relative anoun t oft lie water-soluble proteins; this was verified in polyac­
rylanide elect ro ploresis of' the wateir extract (18). Figure 3 shows eclc­
trophoretic sep:aations of water-soluble proteins from enlosplerns of the 
Hiproly and Kritina varieties as compared with three F. segrcgants from 
the cross between the two varietics. Parents and scgregaiits represented 
several endospertns of individual plants. 

Water extract Froum fliproly (dried seeds) was higher in lysine (mol %)
compared to nortnial-ly'sinc cultivars cither low or high in prorein (21).
Ingverscn anl Koie (9) counlibned column chroinatography with gel eclc­
tiolhoresis and obtained interesting indications that the major increase in 
lysine content in I liproly could be duc to a drastic increase of' one or' more 
ext'emely lysine rich proteins from tile salt-soluble proteins (albuinins plus
globulins) (10). Si milan minor ('hanlges also weie reported in this fraction of 
the high-lysine mutlanls (inutannts 29 and 86) as well as the imol)ved cultivar 
CI-7115 (Table I). 

Contrar'v to findings for opaque-2 maize, the prolainine fraction of' 
Hiproly is only sliglitly dccr'eascd (20%) when compared with the normal 
see f'act inms. NMIst Osborne fractions in Hiproly aHd lys bairley, except the 
piolamins, shiowmd a sirongly increased niethionine-cystiune ratio due to
decreased cysti.('aid iicieascd methionine. Th'lus, the hys gene appears to 
have prodtlc,d st vyetal side elf''(ts in addition to its in luen'e on lhe water­
soluble proteins (19).

The ext ratabi ity of protein IFractio is in lys barley scems to behetter thati 
that of iorinal barley dtle to a less S-S-bridged glutelin network (19). Prola­
ruins in cereals lre s oved imainlv in piotein bodies. 'hl'he developmcnt of 
protein bo)div, is 'etarded in piolaiiin-low opaqete-2 and flory-2 miaize, 
whereas pro)to(in bodics inn hs baIley scem to be ittact (19). 'hlie% w, ex­
tretiely high lysine barley nit alin 1508 ('l'able I) shows similarity to 
opaqte-2 and llonlr-2 itaize intnaits with (1) draslic decreases iii the 
I)t'olamtius (front 3117( of' lotal c'nude piotcili ill tle control to 1(17 iti the
utant), and (2) radical increases il albumins plus ghlblins ('onm 27 to 

4i%), as reported by' Ingversen and Koic (10). Th'erefbre, a strong reduc­
tion of' protein bodies ('old be expec(ted in barley nutant 1508. 
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of water extracts foti stingle non(iiied '(losperiis at yclow-rilptithig stage. En­
(lospernms from ililyo a hai/ev (Krisiimi) corniared 

VIGURE 3 Segregatio h ill Ia ht Ic)(vactyaini(h elect rolihoresis 

atil a tnitiial-h.inc )lait li 
with a high-lysite, a toillEai- vsillC,inn Ii h icr)ztygous haliey pl i iii I le I hinl 
the cross Itiproiv (9) x Ktislilla (d). A niitdit inigrationi, "his !,ifeir; Pi 8.6, geles 
15'7 ,. Extraction with 200 l of 112() pet eilclioS li , !1) Al heilg ii(l(l(I Io Clich 
gel. 

Fron Ilie breeleis poit o)f view, it seelis aJpropiate hi (t clnlude Illat, 
although cru(le pioteini is extel'eniely variale, traits sich as Iysile gi aii s/I16 g 
N, iysie-argiliitie iild ('Eslile-ni(iliouiiie ratios show veivc. high hrilail­
ity. Ii ftct, the liost strikiig fiidliig of the ahove-teiitioilncd bihe'y hrcd­
ijg work ili Swetden and l)eninilrk is that even very sitmtall imtiproveiints, 

suich a I0(i/inii grains/16 g N, (ili he selected thliotgh Ih( i)IIC 
11il11(d Mti(d atC itul to0 heti,biien iir itall' slaile hetetc (lilferet 

hlSol'vleatrins nd tes in the)11get1empa with a taldaid iaterial.Several "nminor" genest' thc ba'lc kg o n( ;ill illleia(I with theinl e l)l~ 
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"major" ones, generating modified levels of gene expression. This is exem­
plified by the lys gene in barley (Table 2), where lysine g/l 6 g N, irrespective
of crude protein content, is prevalent at three levels: normal, high lysine, 
and high lysine modified. The differences are genetically and environmen­
tally stable and can be reploduced (19). Glutamic acid (gramls/16 g N)
decreases and aspartic acid increases regularly at elevated lysine levels. 
"Minor" genes should be considered for changes in endosperm proteins, 
especially in breeding the polyphoi(ls (wheat and triticale). 

EVALUATION OF NUTRITIONAL QUALITY OF 
IMPROVED CEREALS IN FEEDING EXPERIMENTS 

Proteins friom the multicellular aleuron layer of barley are difficult for 
animals to digest. In wheat and maize there seem to be fewer problems with 
protein (and amino acid) availahility .)wing to the generally unicellular 
aleuron layer of these cereals. Figure 4 shows the true digestibility for rats of 
17 amino acids from high-lysine (liproly) and normal-lysine barley. The 
important essential amnino acids, lysine and methionine, show a very low 
availability when, for example, compared with glutainic acid and serine. In 
Hiproly the least-available ailino acils show a greater increase in availability 
when compared to the tont rol ihati do the niost-availal)le amino acidls. The 
increase of the lysine-rich water-soluble proteins in Hiproly, therefore, 
seems to be relected in improved lysine availability. 

Nit rogen-balamce sttidies (19) were perforuied on rats (Table 3) to com­
pare the nutritional qualit y of tle high-lysitne morphological deviates show­
ing no starch-protein adherence (Figure 2) with that of high-lysine barley
adherent controls (Figure I). A related Imormal-lysine barley control also was 
included. Net protcin ut ilization (NPU) was increased by about 70% in the 
high-lysine lines, comipared with i07c in the nornmal control. The 
starch-protein adherence trait of he high-lysine lines did not appear to 
affect true digestibility, Ibiological value, or net protein utilization. Conse­
quently, tlie morphological chara('ter associated with tlie lys gene in barley 

rABLE 2 Modification levels of the expression of the lys gene in barley 

(;lulamic Aspartic 
Crude protein tLysioc acid acid 

Strain (%) (g/16 g N) (gi6g N) (g/I6 g N) 

Iltproly 17.7 4.0 21.7 6.3 
"hogenic" C1-4362 17.2 3.0 25.2 4.9 

Stgreganl Hiproly X normal F4 pAnt.
Normal lysine i 3.9 3.6 24.1 6.4 
Itigh lysine 12.1 4.5 20.5 8.0 
High lysine modified 13.4 23.03.9 6.8 

Note: Amino acid analyses according to Eaker (4). 



Evaluation of Nutritional Quality of High-Lyalne Cereala in Praocte 427 
True digestibility % 

100 

APAM's Normal high protein reference
 

I / Hiproly
 

90 

I I 

fyi met ala asp gly tre tyr ilu vat phe Iru arg cys try his glu nor
FIGURE 4 Com)ariso1 of a high-lysine, high-protein bailev (Hiproly) with a 
normal-lysine, high-protein reference with regar(I to rat true digestibility (6) of 
individual amino acids. 

seems to have had no observable effc, ,,,. quality. Rat NPU with lys barley 
was shown to be equal to that of opaque-2 maize. The adherence character 
may cause acce ptance prol)iems and should be studied further in the Middle 
East, Far East, and South America, where barley is a major food for about 
200 million people. 

EVALUATION OF NUTRITIONAL VALUE 
OF HIGH-LYSINE CEREALS 
IN PRACTICE 

Data discussed in this paper represent only the early stages ofan accelerat­
ing (levelol)ment 
 in the field of genetic protein engineering in cereals. 
Higi-yielding, high-lysine commercial varieties certainly will be released,
and t heir beneficial effects will be established in nutrition laboratories anid 
hospitals. The major question is will the new varieties play a1n a(le(uate
nutritional role in the (aily use of feeds and toods? Only thborough scrutinly
of how cereals are selected, treated, and used ill socie., cian proviie an 
answer. The high-lysine barley breeding progralm at Svalof il Sweden isil ly 
a part of a general interdisciplinary prograin to improve the cereals' nutri­
tional value for seed. This work has been iii progress since lie early 1960s 
[see compilation )y Munck (19)]. Screening stu(lies in the market (ficom
positional and deterioration problems in cereals, feed supplements, and full 
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TABLE 3 Nutritional quality in feeding tests with rats, displaying different lys lines of barley 

Number of 

Protein in 

seed Lysine 
Nitrogen true 
digestibility 

Biological 
value NPU 

Cal" 

Sample 
Normal control 
High-lysine 

diets 
1 
2 

(%) 
12.6 
12.9 

(g/16 g N) 
3.25 
4.05 

(%) 
84.0 
85.9 

(%) 
71.2 
79.2 

(%) 
59.8 
69.0 

starch-protein 
adherentHigh-lysine 3 12.5 4.07 85.8 78.9 67.7 0 

starch-protein 
nonadherent 

Note: Nitrogen-balance tests with rats restrictively fed at 9.3% crude protein level in diet. Five animals just 
weaned were individually fed 9 days. Method according to Eggum and Mercer (5). CLRI 

2 
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feeds have indicated that the introduction of high-lysine barley will provilezero-level economic and nutritional value unless matched appropriatelywith a screening technique to assess quality, along with a premium-price pro­gram. The simple dye-binding (DBC) technique to estimate basic aminoacids is ideal for this purpose. A simple, battery-operated field instrument 
could be constructed.

In developing countries, cultivating high-lysine cereals for food is a much more complicate(l and diverse problem than introducing high-lysine barleyin Swedish feed rations. If the high-lysine cereal is not characterized by someeasily recognizable morphological trait, difficulties will arise in its distriblu­tion and use. This is especially true among subsistence farmers, wherecontrol and extension service notare likely to be available on the scaleneeded. The new, high-yielding, high-lysine maize varieties are likely to bemixed and intercrossed with normal maize; thus, they would not provi(le astable contribution to human nutrition. Morphological markers regulatedby the government coul(l be introduced tentatively on the plant or seed of allhigh-lysine varieties released. These characters should I)e chosen so as not to 
affect acceptability.

It is evident that several characters of the cereal plant, besides nutritional 
quality as determined in laboratories and hospitals, are essential for itsoverall nutritional vale to be incorporated in the social structuri'e. Becauseman is not able to taste or smell essential amino acids in the cereal proteinform, indirect, visible, apparent vate characters must be attached to thevarieties. When the ilarmer is able to distinguish the variety from others, liemight later associate it with improved nutrition and health of his lunily orwith increased animal feeding performance. Still, extension work for thesubsistence faraner is anii inimense undertaking. A "package of locally ad­justed simple techui iqtes" must be introduced with benefits that the farmercan personally recognize and exploit. To be able to catalyze nutritionalbreakthroughs, the plant breeder and his associates must fill a methodology(19) to evaluate how tle productioul chain selects and transforms the cerealraw material and what this signifies for consumers. The directors for such aprogram will have to create their own vision of how life should be lived, andhow plants and society should be optimized to accommodate their vision.They must then be equally successful in int roducing this ideal into the plants

anti into the social fiabric of the community. 

H. DollJ. Ingversen, and B. Koie (Atoineiiergikomtiissiotietis forsogsan­
laeg, Riso, DK-4000 Rokslidle, )enmark) generously supplied us with un­published data on their interesting new high-lysine barley mutants. 

[A discussion of this paper can be found on p. 508 of Questions 
and Answers.] 
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Part X 

WORKSHOP: CHEMICAL AND BIOLOGICAL 
ANALYTICAL TECHNIQUES 

Workshop discussion centered on (1) chemical analytical techniques, 
and (2) biological analytical techniques now used in research programs for 
the breeding of high-quality protein in cereal grains. 

CHEMICAL ANALYTICAL TECHNIQUES 

Protein Content 
Participants agreed that the micro-Kjeldahl method is best for determin­

ing the protein content of cereal grain, and can be used ina variety of forms. 
The simplest version of the procedure is the AOAC method (1), which 
involves digestion of tihe sample with sulfuric acid and steamldistilling the 
almionia at high pH1 into a boric acid solution. The alinioniun) borate 
forme(d is then titrated with standard hydrochloric acid. A more rapid 
lo(dification of the micro-Kieldahl method is direct Nesslerization of (te 

digest and determinationi od' the aimount of amnioulinla c)olorimetrically (2). 
The most rapi(l tec('hni(ue isto analiyze the amuitotia fIomed il lhe digestion 
step with hilewcevicolllily/(.'lis,hlwl-ver, is the most costly method 
from tile staldl)oint of' equipluent required. 

The rapid-biuret mnethod of johnson and Craney cannot he used for the 
determination of protein in opaque-2 maize (3), but could be used for other 
low-pigmented( cereal grains. 

432 
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Lysine Content 

Other amino acidi, The automatic amino analyzer is based on tile ion­
exchange principle and is probably tie most accurate method for tie ceter­ruination of lysine, tryptophaln, and other amino acids found in cerealproteins. h also is theimost costly froii tie standpoint of the original cost ofequipment, upkeep, and manpower. Most analytical clemists consider the
amino acid analyzer as the primary standard, since it can determine the levelof all the amnino acids in proteins with an accuracy of ± 2%. "Ihie basic
principles of the automatic amino acid analyzer have been described 1)y
Moore et al. (,4).

"The autouatic amio acid analyzer is closely followed in accuracy by tie gas-c romi:tographlic method. BothI the ioi-exchange and gas­
chromatographic methods require the use of a protein hydrolysate. Inaddition, the gas-chromatographic methd1 reluir-es the conversion of theindivilual aminn acils into volatile derivatives, adling one more step to tileprocedure. Methods using the gas-chromitographic column specifically
lysine have been developed by Scheile et ai.(5). Gehirke and collaborators (6) 

R 

have described gas-chrotnalographic methods for all the arnino acids found 
in cereal proteins.

A third method that is useful for lysine and the otlier amino acids is tlie
microbiological assay method. Two versions are available: (1)the traditional
method, which involves titration of the lactic acid produced by tie test
microorganism (7), and (2), a more recent method lhat inwolves a Plate assayin which tle diaiieter of the colony of bacteria is measured. Here the size of,the colony depends on the concetraion of the amino acid being tested (8).The estimated cost of a complete amino acid analysis of a cereal grain bythe preceding methods would be in [tie range of $4(0 to $75 (U.S.) per

analysis if done ina conmercial laboratory. No cost estimates have been
made of a comiplete analysis ina research lal)(r'atry such as at CIMMYT or
 
Purdue.
 

By using auotatir saipling devices on 
tile aimino acid analyzer, it is
possible to complete a lysine determination in15 minutes. By programming

the equipment for 24 hours, 96 lysine determninations could be made perday. Even withlieitttoiated swistnci, however, a large aiinitn of lechnician
time is required for the weighing, grinding, defatting, and hydrolysis of the 
samples. 

Lysiu, only. ''ie enzymatic lysine (lecarboxylase method (9) is fast and
highly specific for lysine, and can )e used in a well-equipped laboratory. Inthis method, the enzyme specifically releases carbon dioxide from lysine ina 
protein hydrolysat., and the carbon dioxide is measured quantitatively. Forefficiency, the method requires tle use of a 'rechnicon autoanalyzer or its 
equivalent.

Lysine and irypophan. Se veral coloriietric iiietlio(ls ire now available for
the determnination of'lysine anid tryptophan in cereal grains. "Flietryptophan
method now being used at CIMMYT (10) is probably the simplest amid fastest 
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method for a single amino acid. Fortunately, the tryptophan level in maize 
relates very well to tile lysine level and to the quality of the protein. 
CIMMYT has used this procedure very successfully as all initial screen for 
protein quality in maize. The principle of the method isto digest a defatted 
finely ground sample of' endosperin with papain overnight, and then to 
measure the aniount of color formed in the supertate with a modified 
Hopkins-Cole reagent containing ferric chloride and glyoxylic acid. 

Three colorimictric methods are available for tile determination of lysine. 
Most wilely used is imethod originally developcd by Tsai et al. (1i) at 
Purdue University and modified by Villegas at CNINIY'I' (10). In this 
method, the defatted finely ground endosperm samlple is ligestel with 
papaiti to release the lysiiie. The lysine is then reacted with 2-chloro-3, 
5-di nitropyridiite and (ie color measured quallitatively. The other two 
methods involve ext raction of the corn protein with alcohol and alkali: the 
first uses triiiitrIol)eizeiiesulf,,nic aci(l (TNBS) as a reagent to derivatize the 
lysine (12); the second uses (linitrol)eiizeiiesulfonic acid (DNBS) (13). In 
either method, tie TNBS or DNBS proteins are hydrolyzed for a short 
period in HCI. The pyridine method is more rapid than the '1'NBS or tie 
DNBS methods (10). 

In the (INNIYT laloratory, Villegas has calculated that the cost for an 
analysis for trtyptopiha1 and iiicro-Kjehlahl protein is approximately $0.90 
(U.S.) per duplicate saiple. The cost of deternmining lysine with the pyridine 
method is approximately $1.60 (U.S.) per duplicate sample with the 
necessary nittogen deterliniatiou. 

IndirectI 'sin ''lie dye-binding method (14) is a (olorinietric mnethodas.sa,. 

that is less specific for lysinie than tle preceding methods. In this method an 
azo (lye is added ill excess to tile finely polwdered lefatted sample. Then the 
(lye that has not become Ioniild to the basic amino aci is(argimline, histidline, 
lysitie) iti the inaize proteili is measured, and calculations are nade for the 
aniount of (lye that is bound.The amount of dye bound by the sample pet 
unit of, nitrogen correlates well with tihe level oflysine in that sample. Munck 
has estimated t hat (in Sweden) tile cost of"assayinlg a single maize sample by 
(lye binding, witi tile necessary nitrogen ,letermiation included, costs
 
almut $1.80 (U.S.).
 

A turidiietric mietld for inlirectly analyzing f,I lysimie was developed 
at the USDA laboratory inPeoria and has beei describeI previously by Wall 
(15). In this miethd tile zein is extracted froi tile fiely grouind dcfatted 
slnple with alcohol. lhen it is precipitated and tile quantity iiieasured 
turbidinletrically. Wall foun1d a negative correlatioul of 0.9 between the zein 
and the lysimie (ontelt of, the sample. Ill a coitinccial laboratory illtile 
United States, a sample imalyzed fo lysiie phlus total nitrogemi would cost 
about $6 (U.S.). 

In sutimary, the methods availableir deteimnitiitg all the amino acids in
 
itcereal protein are tile io-exchang tiethin ld using tile autoiiatic aminito
 
acil analyzer, the gas-cliromatographic method, and the microbiological
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nethod. The samtette methods caln It usv(I foltihe (tletertilitlinl ofd 
lysine only. III addition, [he followilg (lire it ar iavailabile Ihlemet(.ho flot 
deterintlioti of* lysine: lethoI. low­the lysille dIec(a)bhxvlaseletv atn I (,)it 
pigicnet Cereals) coloiinetri" methods invol vini g 2-Iilo)r-3,
5-(linitroplyriuhe, ifiit rtolntiiiisulfilic"t;litl, .tIitl (lifti()Iredlt'iitlflllir 

fit 'i_' 
als) alld the turidiliiet'ic ,teil tilet 1,01. lf ti,,e. III addilioll. t rapil 
colorinlctric ietiol caii bc used 1,0. tihe deternItnation of .lophallll, Since 

.il. Indi(liiC('t ll1s ;, lie (lel.-hiiiliiig mtetihod (for low-pngiient creI­

t 
lhe theorrelat ion is vtr high letweet tlr ptoplial level aIn( Isill, Ievl ill 
niilize, it is po ssible to (it'rvOit i scteeiiilg p)rog Iam tsitl irg,,)t)plihdin 
anialysis alolle, fo~llowed h lysine lhe saleteriniilationis ()it ples giving the 
highest tryplopllhan vdile.. l'rtpllhall atilysis (costsin1ile ss per sallele 
Ihatn (toes lysine analysis. 

BIOLOGICAL ANALYTICAL TECHNIQUES 

that iletWorkshop partricipants agreed the mical met hods |,)r lysite 
ainalysis, isdlesc'rihbe(d, correlate verv well with tile biological valtle of' the 
Cereal grains, minize, wheat, hafle', all oails. 'le lvsie leterminiatilns 
ol)taite(l oil sorglilitil tnititi'iles lo 1ot (orrelate well with the biological 
valu olfliest Iatiials, hcaust lie lresetice of lii'os that (oinl)ille with 
the p otein or are toxic to tile test ainimal. li tllec as Axltellcise (ISorghIItii, 
nllotd, anilitis lilliiv the biological respolnse. lo illtwo saililplesw exapiil)le, 
of sorglghulll with the samel siule (flltllt, if on1e s1 llim)lsild be high illc 
tailnin, its lbiologi(al valei mmldil(leasultr iitIih lwrt.l liai %otiltl t Saillle 
with less tannin (olitet.Ill Ithe ase oft iticales, iasiildi(mlt.(l 1)%illinsk 
toxitil or inhibitors lle 0iliI iini('aiti selections. I'liesc toXills have il 
ibeeil itlltifiedl. 'Ille woliksip Icmillilsthlialt additiollill stidie's be cill­
ric(lot to idelliitv and isolate the iihiiiitors om toxilns lpilsit lill (itaill 
samplles of titicales so that the (leitli(il of oxiis call be itlli­nalilit Ihe 
tifled. Ilopefilly, lieilists an then (levise siill)e illeliods foldlcllli(allh' 
i(lintil'ilg 01 (l(e('tii est ilhlll th tessitv ililiiiliigtil loils, i til(de 
tile toxil )iologicaly. Although the exialt ialtile ) the protein lpiiliing 
fitlto(s) ill s(rglltll is not known. (hlitiiial iiitllil., lt0 deintliliig the 
level oft litailins of p)l'litioli i( ili (lilisills( gllhlli alt. availil)le. 
"lhiis it is possible toi)lt(i hi'h fililllls,of s higllli%Nill siow I low 
biological valei. 

Unitil otelil Il (l t,ilml il(aillt dt1hl liig toxills m oit- g(issi­
(It.,ils h 

sli i be tested (I) hil it Ilow ilteill Icle (;lllllll i teillc effi­
inhibilitinig .aglltsill Ihe li kslI o uemiieinls dim tAes(l'ti niis 

1li,/ ) Ili 
(dieicy iati(i (PER) and (2) Ifr feed (ti( tui %iato (1FIR) %it I the lighest 

1 i)ssilI , ilithe dil, loS(well I tIxills. (ele'll glltill llsolevel oftille (itli 
should b tested ;ittheiliiiilili tili IIllifelliilll Iv 1elln lossible.pl)l 

(It is not lM)ssil) iIl I lstlii I5'A pi iteit .) I'lie weighl 
gaillsob)tait(l oilta patliular (tell grail ilt ititiiiiilitl loliiili ttluire. 
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1mcii level Would liK a sc IIiliive illiloorof lie relative iluaiity oif the protein 
li ile cerePIal graint. As Matter nted~, t his is file level at whidhlimilimum 
MOiVelrioll ill j)I41ciI1 to tira is 0Ihtdillel, (ollculrre'ltb's withi imaximiuml 

Weight gaiul. 
Ilalidijllit%(111 Iiided that I iI ie lV(ct-ussa lip 1W mIlllist ll imls 101. tiles 

mirt'clinl it-%%w v'.l icliC% 14)(viCC am t)in i -l.il% plesct.1.)e(le.41 	 dlo 

(lee( Owi ma11.1111sli hu0114 file 

liialmNta , e uhlimis shld4 h~e 4lt%kcd ipII 
toxill hiave been tell, 	 il ill ughl 11;1(k lip 

M ietr ieilial 11ii (I1IlIaialiveiV 

intiiie the Own~l%) tt. 4 111 b~e lonli( t Ia ulilj­iie IiC42lg 1)(gli 

Tile ICIllt%iIII '14yu441~I *iwe, feeiiig tests% ilh it- 1.411111mistW. and1( %o4)k 

iniciate thait ad4ili4)Ill wsc(.1 Itis Il4cle Owl (liit ( N ()I' file2% l(414411111 41 

I10 11Mi %ilcit,. IcsI ,I1li61I,41% fu i (Iic cli.ialng heI%well ille dilletetill 

g 4 sultvl 	 4)1tilt' 600)t,the ,412% )Iin. the~i 144(l 41i il aogit .1 %llbl4I 

fiUl ra is l( ll i .4111c%. lj(.fl ~i)(g(1 ).~el 

REFERENCES 
1. A.O.A.( 191.4. moii oft114I 441 A%%0( 2.1114lI Ill Offiialu. ()Iial d 441III.I%% thet 


Agi ittiild ( llicl2%l%. WIill edl., PP. 7 11-7 15.
 
2. %loiii%01, G~ R. 1971. AnalI. Bix twcin. 13:527-532. 

sc and1 


'172. .1. Bi~d icn , ?17 2S2K 2M3 1
 
301:1 I190- 12061. 144 lilt- mpil44Iu)Im 14)41144'o. I . I 11111411. S. \14)4414. 

5. /.% 114114. I I. 11 .alld I . BI.1141immi IIllos A nal Bgii hum1) t' I 112 15U 

,11,00lf 111 I,'41 41 oli44444M ulI 

111441.1114) , 1775373 I I 
Mrd. i ll 1441 w14)4 ' , m'),1q 11114 itj1 4m..I 

, 119711 i4)44 7.20111M. Bol411144t A.1 lii micn a, 2'N 
Ihe 

S% 111 1 , I. .t I)4 1114, \%11114I'I,1111 \ N , 21 "3 '' 1 
1. WileI. 1I Ml., and1 \t ' 1%.4)4441 I '4t7 AII11),4 A\i' tI tw1 . 14-4 1illl 

-19:572-)79'. 

ai.414), I %I (41444 on41 

j:,~hio4 . 144 Am) '44.' I -,Ii 16d 21r 7141 \I')N
 

12. 	 Sui,, S4 1% 14 Iimbuimmimi4 imi .f I M14iti. 19701. 

13. 	 Omtm. \1 1'4.72 1 III 11411)i).14im ii! k4.4)4 in4 4414.41 I14il . A1 Iaid 

111141 /I t. I 14444141 odI ), S~''i"''.'~'''' 444 m.444 141441iti' A.~i t1h1ibi111 4 

I'd14%, ID.(.14 W64I c.cal (i b4m, 3 1 1.1) 19)7 

1. P.11111%.. " .1)41d\') I 1.171I %i p~14j1.1114 IlhodI44 Ili 

C%Iitll41114) Ik'I)4 in) '.41)14444 1161111 2 2 444114 141441111114 

I. W N~\.41. h4'.441k ') 

t)41U1) and44 j/4)44 



WORKSHOP: METHODS OF INTRODUCING
 
IMPROVED PROTEIN VARIETIES
 
AT THE FARM LEVEL
 

fParticilw iitsi llte disu,.Usio(l gl.Ot ) InclilIed rep)cscllilliv.,s froillIati. Ainri(cI. 'Eurlope, Afrit-a and ditiAsia, I)rvidigit wide plUec­8ruin ofex ltric.i ('i t Iol)il lih i3s.It , vi ici.iIll .igi.(d tlit (l.Ilitv m iaii
had .i ver it'-i (4I(. ill hIIht %clh4l)i4lg Im l(. 

pear ill 111tw (% ctype's. hight I -\ iicife 'I", ci Iti4(%c %%]Ill.a'. (d wideh.'uvIc''ld. ,,,l( dl4isas. aII( fii lcking graiunillst.( I le'sisil c. bem'l)tn., tvillble. 
'll' Il 41)1(11,, IIs ii, I ( I, IIIg iI IhI ,I (d i tciiI ,iI icl it', ofI Iaize aiiII h tiii e(.v(l '.I ili dlld felili I l (,d O %e()hl(, (epI iing hl)4)l (I) the 

)I~ri.(il);p nII 1 ile (iliill s a.ni,,i d on.il fei nis, ahs litiiiit 1,I4i/t. i
i lII;i4%, 4) as% d)(I"h(.(. ;ll.krkeh i) dlli:lioIn) an(i (2) social, utlh i , ;11111 political
 

differenit vs.
 

PRINCIPAL USES OF MAIZE 

Animal Feed 
Th' us4e o)l(ipI,lity p ro)tein flulize for tliig aniimials 031 f'arspl)r-esetleiIlhe tlsisi sillli ill, es)ecially for feeling swille. The grail type aniid colortre le'ss iinporlu .it;111( Ihe sJ)eicihiCLlr growilh difrerel(es .lr eass I()tde-

Illolisl l4tc. 
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The provision of small quantities of quality protein maize to farmers with 

instructions to use it to feed some of their pigs, while maintaining other pigs 

on normal maize, would be sufficient to demonstrate the feeding value of 

the quality proteiin maize. Programs of this type are already underway in 

Brazil, where there are 68 million pigs, and less than 20% of the farmers 

provide feeding supplements to their pigs. 

Human Food 
Quality-proi.ein maize as a hunan food on farms ik somewhat more 

diffictlt to inlroduce. The yield, grain type, and general characleristics of 

the quality maize must hleat least equal to the local maize varieties. 
Attempts are being made in Latin America to introduce quality maize 

along with vut improvedl package of ;!gronoinic practices. 
Where a Few pigs are kept on a fFir!I, they can be used to dleniotstrate the 

food value of tie qolalitv maiize. 
Proposals Fron l.atini Au erica and Africa suggest tile VALe of'the incor­

poration of q tality uaize iv school Initch pograilns to st imtilate interest. 

Extension, oluioulst rations, filns, and educatiom at tile ftrin level (and for 

doctors, tiinversities, scthools, and for politicians and government employees 

concer'ed with tiiriers) were all nmentioned as being of' possible value to 

eilco(llrage h li'nlers I)grow tile improved mIlize for litnillal ollStillption oil 
tthe Umii. 

Free Market Production 

Fice market production of quality protein maize requires a competitive 

prodmt,or (e that reteives special subsidies to encourage farmers to grow 

it. Also, there is need for a su flicient narket demand to warratt production. 
Utilization miust be eiwouraged through the piroductlion of acceptable 

food produls, such as baby food, macaroi, soups, drinks, dookies, and 

Sclool hIlitches. 
Millihg andiilnlt'ilfaoiiing qutdlities itust l,aidllplt-d to indilstry, or 

indusi ry liUS ;idap their techni Liues to the qumalit y prodtut. lhe cost- profit 

atiillnmust be favorable to incoiurage inidtisliiail iescalch. 
Several proigramis are beiig atteipteld tliioughoul th( w'orld to use 

quillity-potll iiizie. ill iiirii '. Further attielilts imwait a1hard­

eillospei.ii, high-yielding versio illthme new inliize. 
A fimin coiiniilicilIlby govertnients to exploit quality iai/e for both 

livestock ainthuliain o( stilil )tiont is essenl iilif widespire;id aidol)t ifi is tole 
effeclted. 

SOCIAL, ETHNIC, AND POLITICAL DIFFERENCES 

Social, ethnic, and political differences among countries will significantly 

http:eillospei.ii
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influence the specific techniques used to inlroduce quality prlteii tmaize 
into wide-scale use. 

Authoritarian governmenlts woull be able to Cffect genieral use very 
qluickly, if t licycollm.iil themseve (lituht s to (so 50. Some tis heonot have 
tiionogast ric animals, such as pigs. il significant utiiihcts to) usc as (htnlst 
ration animals. MeithodIs of f)od p))reparationl also (lifltr fitoml (mtttry to 
coutntry, thus infltueccing tile l-pe of' tIaite rcquird(l. 

Finally, the workshop grtup strcsscl their )clicf that thc nlew1hatol­

cndosperrt ty)es how slarting to flow from hrccditg programs could ap­
preciably alter the pattern of*aceptatwe ill t itxt Few years. 



WORKSHOP: ECONOMIC AND SOCIAL FACTORS 
IN ACCEPTANCE OF IMPROVED 
PROTEIN VARIETIES 

Gro'(up IW dlim-Imed( (ollo.i ll.In smxial tiluto)ls ill hl~l ccrllloce{ of' 
Impl|rovedI prottliin vattl i. l d allled'it%(list tls.il I ;it dIeve(lopiil IgII agendal~r hI'ai Iitil C O 'I lt(1("Itg',.1(1 It%(' I 

jroic i w I ( i i( . lI I I IN, I m IIIlill, 

f iorc t to I()I it I ' ieI .I(( 
;I
,ill)Ill(h e 

I ik'l IlI) lII ist, I i I i( 11( 

C(eIllll)i%l %. 

Ill ll c', ll hl~ I\ illiii ,r~~l l #(. i lI~i iik., i , f,, .0llli. , 

, 11 1 111 I llg I Ill slt I .I Iu ll 1 Il. iklll I INl114,101" 1 . 1,figh,~ l.% sIlc
 p lii o l II l I mIIIil l ) .11l4hI ll .lt 1 ll11l il
 ,l1,,lll. %%.isNl I%. d .1%. 1, IN slwhll.,I f,-i(d h, S ,llc .1 1 lf I I ,II I, L~ I , . t' 

hIn(l ic.li Il' l- l , l l,,,I% ,, ,l ic l 11 .ight Ic v.,, li %I,,s , ,i ,41 lllr , *lll.llll
 

I ! .11 1 1 I'~ ll I II Jil II hI I II III i dc I (
t lllg,, I II %%o 1 l1I~.11 Ig I I ll 

11II %iil )1 1 ,,.iAt I 11 1 l Ilc .1 ,liill il € l l ­h1111i .111, 111 i h1%il1 11 , 11l, , 1 1 11111 %1111.1 l ol', 
Ath ,% 1111 If t,l l ,14ifI Ii IIiiilm t /I-, i fm gl.I~h 1 \ i1pi , h iml tI- t '2q 111.1hI Itii t AI ll t,'l 
totl i flill ,14( ll ll ,I t%,.lI i tg Ill illl iI llil 1,l i h .h' l i , (.1I 41 lu ilr ill I% 

ll 'l O il-i Ii,, ,llw ll Ill(i ll I i NiiIll IIi l I 1 1 1.i1 N i , 1 1iI~ll(• ,IIf (ofii. lil l'itin . 

So%i 'tli4 l,%d 4l1 i i h1i1. % ,I ilrnliliril II) ihl si liiiI iIit., t,t l i lp$ 
Illrtl I Ii p lilil li0 , ') Il* illio l I, , (3) 
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inltegratedt grait-livestock producers, (4) comnmercial prod ucters ofI gra..in
(those who sell the bulk ofthe production fromi their Itrins), (5)iinstituitionls(for examlte, school lInticit prograins aod hospitals), aind (61)other co)Ilu in ers. Finally, it was recognized that [lhe problett of iniprovitig ntitionl tIllisthe. Seeli ini tl it e(Xt of a Specific litle p~eriodl.

ITo plomiray ffict relevanlce oflhoking at d ie ntr it ional ptob~lemis of sj)eci­
1wc groups ill SlWci lid little jleriods, a potent jal soltotolhroughi for._tificatioui was conisidered. thwseist ersn ihl lttatv I~ime
urbtli)00ool tile shmoitI mill]. Ill the bunguiim, ltijait5rltv ~~a
lage over getit iliiprovelmiell I'l (rllps Inla dcdoillc. For lie( 1111,11l poor),fortificationll aY [lot bc feasilile, evel ill the slioti lIutll, utiiss I ltsl~rt atnd
'list rihiitaon s~ st lls art. vast ly itijlovcol.
 

To umake c( 6v(te honles, tic j)4)tIl v mmkikei 
 eeds iiforllatioll about tilerelative 04)5t andl~ beiels Ifrom lteIl~tv xhoe-~t al l h e'm(lasses of pwt('Itial Ili(I HIies bN Ilgion td for givenl lttle p)(tiods.
Iledi(fssjoil tlell till liid to the kitnds 'f lidiiInaluon ll ha 1)4otic IlmakersWOUldI jul41 tIS.flll ill *lSS(SSnIIg Il( oStS iled.( %%ith)amploitig nltliliollIn'SI .15 

tlloigl mtiiftd oyl,lvhlle.2 lll.lu
 
,,%it Onh)5
1411 jsslit( %..at,gtt Adhilsing itllIpI4mcd illai/c ,;llgng Imic tlitc


(ldass(if pim)41110 cis. It %%.sis
.1gliet Illmictthsl0oesi to i1(((')I tfic lic%% Ill.1im
mit I x.ll O 1 1111,11 tnuhl11 t 14mllit~ gIm)ntlstl it %%.Is5 thatiIgI(((t all
ilitegtated gtOS(i lIllnillt Ji~ll4g1.Ils,11 I(c101 055.11 %. I Ie( J)lfpgt .InI %solotd 
feiatui e 11111)1us cit l tics ( 1iijf t ( ( 1, )1115 Ill Iiev souse (d haintg
lwtil-.l it 
 h~~~l.btilso1mIliglItIAd5 14t5 ,11t 14(411 5.ie ios Ill(e41
pbl' 1100's, .111d 1 I lu v\14,1sIImi Ploiai.
 

smiilt( 11.1St 
 i llgot151g tilt- 111.11ki hI stillilltillig Ilc 'hifilimlt (f
l1imfctl 5.11 14c11( 1mniig tIll 1111A1 (mi 14.1 uIs. hiighunI'i . kut1)1 %4)lldpl(5
Ix 41Ifewl %hlhtfliti ItIgh -11t11Il l 4ll i ill. IlIghlu 111 45 lmsssot,

i'ti thell INhiiIlt 1b4mili~g it, till-
 1.111mipI,,in \tuIl4l, 111.ltItOIilhI(4* (Af
 
pl~tie Eiffliias 1 
 (411l.1 s ilcir icti i f1ci(4 thug h~lli~iII4 (i tiS )loplll (1 clI ll lull L1,cud 111,11/c'
 

It 'l%.l slggr~t(4t thu .1a 
 %.I\ 1(4 s1(4(1 .l(pit1ill.II(Ih1iIbc 1)4(411 isthu1tu1u 
1Ih1ligm illc It154#Ii Iliugl 411uu11 l,1hI111.1/ h\5 Ini luitui~ igs'sin ­
tIlam. I111114 4.I% 
 1 lic Ill11 1 45\ .ui,11.ugs 4t11 ,ItrI'ju~. 211. /c.% 1
IiCHli edff~shji4uihu .1I1l.1 IiIff 5 li l4 is, .ii#11 tll I1gI14t SitIdls '011114t 

tttml/I-144g i mtuight .114,h11 high 4jul~iIIIS pltolill 1111114 1011,tlmh. 

li.41IN-1'it .111-,111 lin '11 \ ItI ( I IlitII I I I Ii 1 11.11 Is1 I I I I ( %(.I(I I t-II 
.I% 'llhlli g. '.111111g, 1114 ssuhg11, l.1 l14 1 11,11lig flli 1111110 thu.il 4(1111c% 111141 

tt trI 'lls41miu tfhllal 1 1,4)l u t1hi1s 114 4011ti1h 2lliht 14' 10t1.1. .11f 4 
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costs. If, on the other hand, separation is not necessary or if it could be 

achieved readily, another set of costs is implied. 
the costs and benefits fromSimilar information is also necessary on 

alternative systems for increasing the availability of lysine and tryptophan. 
only some of tile critical dimensions of theThe committee totchled on 

problem. The ideas implicit in our discussion were that policy makers have 

alternatives, that choosing among these requires information, and that this 

canl)est be grouped aroun(l Classes of beneficiaries and tileinformlation 
diffusing, produciig, and utilizing high-qualityactivities associated witi 

protein nmaize. 
Aside F'rom tlw valual)le infi rniatio i)presented at tile conference on 

nutrition, (hcinlical Content, and agrononlic characteristics, few of the ques­

tions emerging troni our discussion have beeti answered. Effective policy 

making will require a careful examination of these (uestions. 
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In France, M. Pollacsek and collaborators have developed a program for 
converting local inbred lines. Their selection program is oriented toward 
selecting stlains that maintain phenotypic flintiness in a homozygote 
opaque- 2 kernel by using a genetic system of 'complex determinism inl which 
flintiness appears tobe (tie to genie dosage while lysine content slays al high 
lcvCls, l)onlinianl Sll)pressOr genes (Sill)' o2) with a 15 to 16 ratio and 
others of liiologeli ;i(lioll ;llso hiv(e beell ,lectedall Studied. Ihe ability 
of, these gciies t) phenotlypi(aly 1)l)yupress o)pilqllt l etll showil, butfls 
lysinie (onleit aikIN%,i5Shown to have teelIreclutdtd t normal percentages. 
Further reseai(h is being )lanllled to dis(ove Sul)press(or gelnes capable of 
mlaintaining *i high Ivsilic (illitilt andI I.stoling flint grafill. 

ll Italy, tseiclih is Iweing ('mili teld .at ilit ec ies".iiftl cellters. At ihe 
Institute (f {;Cle(.iiet s oft lit Uniiiv rsitv of Mila, F. ()ttaviallo Ias tentere:l 
his stlilies ol tie vaniiahilitv oIf tlie plenii )i, eff'(is ()I tle ,p uIl '-2 gene 
within an 1, )o)ulaltini f ,illii a oItc- 2 single (loss., inferior kernel 
weight iin olaqwu kcLi lsycal s to tnl),,nl ;I Iliililli(a.l 't etlt'( I of'aie (h-It .l~ll 
opaquie-2, ald, pit ) lll n liti('t g,"".es f.f inlg ,,if" llli((tY0es-Ie 

sio)ll.
 
l lll tl I()I tl (' l dcItl lj, l gtilt adl diflel(ill IIi,(lifi(lt selmslo pro­

(lcll high . 1t 1 (f0 ll itu . PI , 'ii ll nd ,,ih :ifilliilIIl\ %\(-It- 1 l,)lhll Ito 
e (,o h dI If lt-i( h , kgi4 lllIt ,ihuai l l f ll ii.il lIt\%%a sottditi ll 
Ah Ii ilt if till viiik,llq ir-2 g,'siih \ lwsiffhiu iii l h i l,thi til\h(­cll 

nlinle ( thug lim. (ihf- is f gfii % icighl. iill I u cil. Iheivill and %.i 
,ls)l iiling ;i Il i ,f IlIs' ghIugiti Ii s h.isI l 'u iiilli 1 .llI.lIhs il I .\,ll fill 
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plasin hais permitted selectiotn of' sectat sources illtilhe Hoticult ural Re­
search Cetnter ill Miiioprio (Comto) (see Table 1). 

Geinerally, tile floury-2 gene appeared ill miost Ilaliall, Ruolialiiaii, anld 
Southern Euvojlm flint variieties. Ahl))l 9K' oftlic flinti samIcse po4lliated 

by>tile floiiix-2 liiinolygoiis stock sIU)wcd Il(iii%-2 ill tlilt %Uc(I p.ieltit, vither 

tttlifiottiIV mI scgregdilig will i lfe~t.iit fivqutul.ics. 
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TABLIE 2 Biochemkal compsition of maize grains in percentage of nondcfatted dry grain weight* 

Lpids (%} Protein %) Tryptophan (%) Lysi-e (M) 

L *4~% LAurwan 

A 
a %.Assoa,nlhu 

C [ilbfial ft 
D tk unh-fwi ire 
I. twI flo 
IF C27 d1rq 
G Les61 1TMN 

H MO 4" o 
I SuW- 0h druts 

L M) rud w s 
SD"T" des 

33jwr11 
74 

10 
Q0 

27 
-10 

31 
10 

34 
35 

4.12 
4.(0 

4.0) 

4.60 

3.30 

A.40 
S.U0 

3.94 
%.53 

3.61 
4.30 

5.92 
5.70 

.. () 
5.910 

5.40 

5.40 
6.00 

5.30 
6.V) 

6.00 
640 

7.71 
7.36 

7.10 
7.60 
7.40 

7.o30 
8.10 

6.65 
9.15 

8.30 
8.50 

12.40 14.70 
10.80 13.40 

12.00 13.40 
10.10 13.10 
10.90 13.30 
10.64 12.80 
10.60 13.30 

10.30 13.70 
11.09 12.70 

10.54 12.80 
1.30 13.10 

17.07 
15.90 

14.90 
16.10 
16.00 

15.00 
16.00 

37.20 
14.35 

15.02 
14.90 

0.12 
0.12 

0.18 
0.12 

0.12 

0.12 
0.12 

0.11 
0.13 

0.12 
0.13 

0.16 
0.16 
0.18 
0.16 
0.16 

0.16 
0.18 

0.16 
0.16 

0.16 
0.18 

0.21 
0.20 

0.18 
0.19 

0.20 

0.20 
0.22 

0.19 
0.20 

0.20 
0.21 

0.12 
0.12 

0.18 
0.12 

3.21 

.19 
0.24 

0.22 
0.16 

0.10 
0.14 

0.32 
0.27 
0.31 
0.28 

0.31 
0.31 
0.32 

0.30 
0.24 

0.26 
0.23 

0.52 
0.43 

0.43 

0.44 

0.42 
0.43 
0.40 

0.38 
0.32 

0.42 
0.33 



TAILE. 2 ons-_ 

-- +(!.) Pro in(%) Tryptophan 1V1 Lysi (V.) 

-r , - I t" tM1 tmm x tma tmm x Imax tmin 3 llOUR 
Ii. lcbm ,'+ t 

* 
Si 
C 
D 
L 
I! 

I 

I4 
gAr a"ImI, 

tl". al 
,% f. 

C-'a f.4 ' 
, ,W,-d 

40A -, im 
I.,,4 t,,i 

wo -wv" &l". 

i+ 
%4 

-1 
1C2 

%* 

44 
_m 
37 

q 

1.+ 
4 04 
4.53 

1,72 

1.31 
1 2 
1.21 

24 

,71 
5 
5.,0 

S,.', I 
%.o4 

',.2* 
5.57 

5.11 

r,..5 

7.55 
7.0q 
7.07 
7.-1 
6.4r 
7.0(I 
t). " 
7.4 

.3I 

.. 
I0.8R. 
I I.o3 

10.17 
10-40 
II_12 
10.4% 

I 1.21 

14.47 16.)4 
12.40 i4.q-' 
12.75 14.47 
1272.4 14.64 
2'4,.I 14.01 

12.1' 13.S4 
2.47 4.S1 

12.19 13.84 
1256 13.90 

l 

0.11 
0.14 
0.14 
(.I "j 
('3 
0. 

I2 

0.12 

0.12 

0.16 
0. 1 s 
O.S 
1 7 

0.I; 
1).1 f 
1,17 
(.16 

0.16 

0.21 
0.23 
0.21 
0.21 
0.20 
0.20 
0.21 

1.21 
0.21 

0.27 0.35 
0.18 0.30 
0.19 0.29 
0.19 0.30 
0.2! 10.30 
0.21 0.29 
0.18 0.30 
0.1S 0.29 

0.20 0.25 

0.43 
0.42 
0.40 
0.41 
0.39 
0.38 
0.42 
0.40 

0.30 

u 
. -R, 
l,,,, , , , 

3%S 
.t. 

4.S% 
,.,7 

b.lO 10.77 
10.84 

12.77 
12.Q*2.57 

14.76 
14.24 

i 12 
0.12 

41.16 
0.17 

0.21 
0.22 

0.08 
0.16 

0.27 
0.28 

0.45 
0.39 

S WMAZlr, *= fl 4 V fAA'-l34 WI24 1 .48 .12 15 01.11 0.134 0.23 0.33 o0, 
f4 A o vw, 62 4Ilk 1,.2-4 6.32 Ilo.7 13.0. 15.75 .13 ().15 4.17 0.15 0.23 0.31 

L4 

M 

- -
-

Low ,I s, 
a *VtwtiW 

, 

k,&.4 

4t 2.1 
4 ,.41 

% ,6 1.1 

J'da t~m~'+t, 

_oi 
4% 

4_. 
, -

7.70 
.f q 

s.02o 

141.92 
4.94 

4.74 

13.05 
12 . I 

12.43 

I5,..iS 
15.21 

15.12 

.13 
(1.13 

0.13 

0.15 
0.15 

0.15 

0.16 
0.17 

0.17 

0.26 
(1.16 

(0.17 

(0.30 
0.25 

0.24 

0.34 
0.33 

0.31 

. 

Nm 



448 A.Brandollni 

TABLE 3 Correlation coefficients of several factors for samples from Italy and 
mRomania"

rFryptophan Lysine Density volume 

Total protivin 
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hilly, 607 w inpic.; kii ma: A 201 %arnmidc. 

1'101611~ 1A.Il. IbIi dCAUed 11-:irg.t.v1i 111 ItotII Si:Ile-gl.aiIl light A,,ut g,.ail 

Iloininti 

itlc14 111 14 .14-wt %%Iigg1 III 1.a I t 

4rIII~IIlg% C , (41(434 ' C I I a1 li 
it %1114.hi .1141.li 11 I ,4 1 1.I114 c11 i .II I ki 1tg 

Ie(4140rol 1t ill(ii l.4 1 11 1-111) 1 (111( ,1141, 
ilI I III,,, j11 l 41 I &.Is ('4 %.1 4itl(I 411.~..4(Q 314 A.14111 4 M 411 4 4114 gjIti 

I% I .t, 4 ow Olc.4.1 lit 3S4%.l# % I% doo4 111% 

lollOg 4" 4.4.14 lltitIIlg Il I'~ .1 ll t I fill j iv I I ~l 44 I l 
t Ii I 1. 444. I,) 4a uli caA 

1 , ll ~Ii i 1(4A4U it~ % t 

1X t'lagi.I II Ili.( .44 A 
1

4" III hi( l.4*144 ti(41441 4. * 1 11 .4 . ,411%II .44it 4E 5 

i tilli 41 4441401 1411,1 4I 4t(I4 A t l I II '? g i'l o %1111

( Iti 


%ril111Ig I14.1 1 * 1 i tI , %Itll A .s "i Al l 


istipl4.I 4i lo ill %(1 %4n'1 it~ 1t'. % 1. il il -1 11111 0*,~ 'N I \Ait4'I 4 t .44 1 Ill w . 

1 t lt o 4& , gh il 

4
, Ai 4.1i 4 ' 1 .4 [fit A4 4 .11 p44 44*4144114iridbpfhra Iti iI 1I lilit45 .4 ~ -1H 144 .14 J 

http:OIUld08+0.11


References 449 

ho61ii l Iii, 11. K...,i III Pi I'liwi . 197 1. ( )i Iim tvu viic n-m %%filllilt- X 
auild ICN Il,(% t I(-(Iifig 1114.I4 Iho 41 gh~ s~till- 111,4j./c4'( m i 1 h'ill VAI % cilig 

193-2011 
O llaviailm,1I ..IiilI I .1111. j'I , I 0 1.!4.4111.11m,4 %.1lI.41II4I44 1.044414 11 f 4 1~il% 1 

"4E1.1411c.44114 I l.44/4. ill k I \Ii11444li \1.11/i So4 IghIIIIII S'4 4144 I t ( AR. 

IP' A(, hvi 4.14Ii144 19%,4 pit I 7o14I4 Ii 1 .. 4.44 4 ~ iiiii 

%4kI'l. 1' \~ 84 .1lI I',444 .1444\1 I l I , ) 111 Wlit 1 '.1' 1411 44,1 %~ I 11.11,11 .., II 
4 'il2"u/I 41.44 II wm m/r4,1 PiI kil i \ h/ S\ il mm4.441%l' I I (' \ 10

I ' I, II 1.1 1 1 1~I 1.4144 'hI '. ~ ' l 4144 4, 144 4141 41 
IIId 

li IIl i,I') 144 id1%,m I4,i '2
Ki 4ti 1.i 444 1144 li4 4444t / qvipi li - li '.41/V

It4ct44 i 1a.'411(4 -I 4111 NI'I 14~~l41 4 h1,44.4 Bli I44IGI l'll III. '4. 
K141l111ca,% (I'tr Al I f. k4 I. I *'I'il'l 111 .4 41li4 il I liI ll I visi l lilt44 

4111114141 4 4 I. 4 I '14,111 '4444 m4,4.114414I I 44l II I$4. IN *li I 'I; I. 
%logntitti .41 IioiIS I I4444444 \4 i t mii44 I ii i, i Id,,4Ii4 PG 244.i l,..1 p I N')44lb11­

liii.44414ij 4.I'll (4 444 4 . , 1,;1 1411 1.6.i t f I IIII ,I fl 
Ilv -4i*444 .11 1.4 . tlI , -it, 44II 14it I fll.4 .I 444440 14 44444*441 _ _ 14 I I I~ 1 44.4 l . .4 'l fli444 1444.,11 1#4 .31 m is) ,It1. 4 .ua I If 1-"4 4I 
ltf ltII I I i.11~* u s;4I104 1i I 4I I itIt 14 14 1 1.44 1 &1 ~ *4 a-d .' 



EFFECTS OF NITROGEN AND PLANT 
POPULATION ON GRAIN YIELD, 
PROTEIN CONTENT, AND QUALITY 
OF AN OPAQUE-2 MAIZE HYBRID 

0. Marlanl Istituto Sperimentalo per la Cereale
 
Coltura Sofiono di Bergamo, Bergamo, Italy
 

I I' III llirli, iit I ii-.l I .iit Iit r ,fill hr ; ltIt ii.iiitr If )-l.luo-2 
ll i | sit Iro. r ii w( i um.1iii l w.ll IiIh . Irlllish i I I-. ItN lII %IIfI%, lhdw I ltill iII 
. U¢ li t1Ill-il IM-1 Ifiulfr l Iill 1.ah Il1I, WI iii I .1llI,I hr t 1I.I% l Ilih 14-,1111 # 

friiile~ ~ ill aim l ~ 0111) t -~aaaaa ~ llI w!.1l' ( I h -~~aal loiiiii - 2 liii­
f I iIlaJ l~l+.Ia 4iSI li+l ll% '.1II 1I. .4.ll 1 III ,'1% It Ii11.1laf l l 

E.XPER I %IVNIA1. IRV.U1A S 
I .1111 r I1 . H ki )1.4, )illill 1I' I'. il lilll Ii1 Is. ir . ( l X i.I illIll 

ti.for li III I'., I..' . i, i lhl a .aan.i, ld ., . ,11It. fill I' li,,ialaalh) 

gt ,Asa IlIl %..I% llgl- I I4 I11 Illh.la it .,i ill 1 I,00I .11%K lI 1 1g.i a.,(,Ma4ia tI 
t .lik II . l . h11Ill", I 'i%I( .11A Aila Ia.ilh. aifl it a,In c s i . ll 1 , 

11l1117ii .I1 1 1ll, It t I . I ,,io lh,. 1 R I I I.iI I,l I l 11411u., N 

lit jil ;11 1 .5ill 14 .4lhl1j i If 41.4 Ill jluo I, ah l I t lof 1.3I , Ill I*s tl * 1 itI 4 'k Al,IaIr som I 11i.t 
Ji % h iuII .l .i h No 1.a IliH I I 4 I',1,t . iar? l I .r o . il ,11 ll 
014111oltlwor0 1 I ir, It fliill,,Kv to t~tc f, 

()ire II,- , it .11 s .it .. t gl.,i ll , ,l li Islifh, ,,,.01 111 1 lit I.,LAI 111 It l-' 
tlsllh oIt ki.,,lgisil,, ' ii t"#Alo b(i l l I-$ lor, I Ii fo 1.414 lotItir 1 , .411,I tl too 



TABLE I Bergamo. 1970-19711. Effects of increasing nitroren rates and plant population on 
G 
P 

grain yield at 15.5% moisture (q/ha) 
protein production (kg/ha) 

T tryptophan production ig/ha) 

Nitrogrn (kgha) Average
of populations 

0 100 200 300 and years 
Year Plants/m G P T G P T G P T G P T G P T 

1970 

N rate 

4.0 
5.6 
6.9 

56.4 
60.4 
60.4 
59.1 

487 
525 
487 
500 

7.38 
7.90 
7.50 
7.59 

61.5 
66.2 
75.3 
67.7 

553 
580 
627 
,87 

8.36 
9.00 
9.74 
9.03 

61.7 
66.1 
73.9 
67.2 

563 
574 
654 
597 

8.31 
9.26 
9.76 
9.11 

64.6 
65.4 
70.8 
66.9 

602 
593 
649 
615 

9.14 
9.34 
9.91 
9.46 

61.0 
64.5 
70.1 
C.5.2 

551 
568 
604 
574 

8.30 
8.87 
9.23 
8.80 

(asvg)
1971 4.0 

5.6 
54.3 
55.9 

443 
438 

7.66 
7.49 

52.5 
54.7 

458 
461 

7.61 
7.82 

5-;.8 
54.6 

476 
477 

8.02 
7.92 

54.8 
61.1 

501 
539 

8.44 
8.55 

53.9 
56.6 

469 
479 

7.93 
7.94 

N rate 
6.9 62.7 

57.7 
484 
45" 

8.09 
7.75 

65.1 
57.5 

554 
491 

8.85 
8.09 

60.5 
56.4 

528 
494 

8.77 
8.24 

59.8 
58.6 

542 
527 

8.55 
8.51 

62.0 
57.5 

527 
492 

8.56 
8.14 

(avg) 
1970-1971 4.0 55.3 465 7.52 57.0 505 7.98 57.7 519 8.16 59.7 551 8.79 57.4 510 8.11 

2-year 

5.6 
6.9 

58.1 
6!.5 
58.4 

481 
485 
477 

7.69 
7.79 
7.67 

60.4 
70.2 
62.6 

520 
590 
539 

8.41 
9.29 
8.56 

60.3 
69.4 
61.8 

525 
591 
545 

8.59 
9.26 
8.67 

63.2 
65.3 
62.7 

566 
595 
571 

8.94 
9.23 
8.98 

60.5 
66.0 
61.3 

523 
565 
533 

8.40 
8.89 
8.47 
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TAILE 2 Rieti. 1970-1971. Effects of increasing nitrogen rates and plant population on 
G grain yield at 15.5% moisture (I/ha) 
P protcin production (kg/ha) 
T tryptophan production (kg/ha) 

Nitrogen kg/ha) Average 

Year PLnts/m 2 G P F G P T G 

_50100 

P T G 

!50 

P T G 

of populations 
and years 

P T 
1970 

N rate 

(av)
1971 

Nrate 

4.0 

5.6 
6_9 

4.0 

5.6 

6.9 

68.! 

75.4 

83.7 

75.7 

60.3 

76.3 

83.1 
73.2 

53; 
542 
590 
556 

523 

637 

689 
616 

8.99 

9.06 
10.38 
9.48 

7.30 

S.62 

9.39 
8.44 

67.8 

91.9 
85.9 
78.5 

61.9 

71.6 

83.1 
72.2 

567 
651 
685 
634 

535 

607 

714 
619 

9.31 
10.59 
11.23 
10.38 

7.37 

8.74 

9.22 
8.44 

68.0 
78.7 
88.4 
78.3 

61.0 

79.6 

82.7 
74.4 

615 
669 
747 
677 

582 

732 

738 
684 

9.52 
11.45 

12.38 
11.12 

7.99 

10.27 

9.84 
9.37 

71.3 
83.3 
91.5 
82.0 

58.0 

70.5 

83.4 
70.6 

655 
704 

709 
689 

547 

620 

751 
639 

10.46 

11.67 
11.79 
11.31 

8.12 

8.6V 

10.26 
8.99 

68.8 
79.8 
87.4 
78.7 

60.3 

74.5 

83.1 
72.6 

593 
641 

683 
639 

547 

649 

723 
640 

9.57 
10.69 
11.19 
10.48 

7.70 

9.06 

9.68 
881 

(AV)4
1970-1971 

2-year 

4.0 
5.6 
6-9 

64.2 
75.8 

83.4 
74.4 

530 
589 

639 
586 

.14 
8.4 

9.88 
8.96 

64.S 
76.7 

84.5 
75.3 

551 
629 

699 
626 

8.34 
9.66 

10.2 2 
9.41 

64.5 
79.1 

85.5 
76.3 

598 
700 

742 
680 

8.75 
10.86 

11.11 
10.24 

64.6 
76.9 

87.4 
76.3 

601 
662 

730 
664 

9.29 
10.13 

11.02 
10.15 

64.5 
77.1 

85.2 
75.6 

570 
645 

703 
639 

8.63 
9.87 

10.43 
9.64 

an 
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Effects of Higher Protein on Grain Properties 465 
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406 Blenvenldo 0. Juliano and Henry M. Beachel 
TABLE 4 Summary of protein quality indexes for four milled rice samples based 

on weight gain in while rats 

0 to 5% Data olowing 
diclary proi in net growth 

Prolein LyMine Relative UlilizatIlr Ritive Utilitable 
connlt t t'nl quality prwein quality proltin

Variety (%N X 5.95) (g16.8 g N) (%) (%) (%)a (%)h 
Intan 5.7 4.3 80 4.6 47 2.7 
IR.8 7.3 3.8 75 5.5 46 3.4
IR-8 9.7 3.7 71 6.9 43 4.2
DPI-76-1 14.3 3.4 57 8.2 42 6.0 

Source: Bressani ia l. (4). 
8 DaiIrd oi 75 I'm (.ci'.

b Relalive (ltalijty X proleilc *onll/ I00.
 

NITROGEN METABOLISM 
In tIitilstIIo I i twv'.llt s I ('pt ti leir rice 1))i ilet aiid Nli kktlsCtn (24)

iid b S It%l vt'i/ i ai:ll R ic (3 1 ) I)I (ill it.r ((Ic lil, ()Lt Cs ilt ilitced t hitrl 1u~i, 
w edl lowl ill ht.\(. had,<l 4 i i.llistvll t('lh.(l onl 1i1t. %%e~ight ;id ililitogell 

(:t tll t tll I-I tl hi-ol )I(( wt(dliligs 11 iowli ill s,<ll (1 , 1..,').F i('hll5 %l Iit's+al 
the IRRI i,l< i 11'.)2ttlli s httca'il dII'li t' litII I high.32 tftv IgrailrinI 
p oIte ll llmi ,hitll 'd iii i(.ilSIt iC ItI(I ll Iiiu' l(i th'liinis lh1,1ll Ilid i ht, Iih( " lh i ghaitiiigliw"' %,ilhi\II g(l-~tpl wit~lll \ic'hl, It-pildlus" (dl Ihic p] welll'i 

jollt'le illl 9 i l l 29). (:i , illpiii (t1l ,i. Ill) tml ll Ih.il lit", %%Jil11 ilghYiel o f*" ,gra li it) ti1) hi4, .1i 11)(11t. It1<(- .11t1fill(- m clIll I ll <<l il S.1) (ill .iV(.tctt! fi'.l' ll IIht. (lihii < t(ofp iili ,il lic' linidl-i ilkx sl,ig '. Simi c' slinihl i \()hllili-' 

o I(iI iit i l 1 111i thli dtIi1lt :1) idw h( i)). h il ,i i uihldoyi l i  
I1l
I)an fliatll I -tt-,ilill |ie(Itxiil (ilit tt (i)li llow t1iitmlsioi'll hto t 'ef illl-1rll, In will i ldh , hill llilit' , illiii) miill-, Ill IhIll ',ll,. 

"l'ht'h'v ~lllig (li Iliiilk\ g i~ ls 10 114tI R7- l ! lFhaltl ,i il41uI 1(-\'0 of, 
S o lublel Ill~ii l l 1dI tI<cc ill l Ii~ lti l . 
iill ilul<, 1)4).i1 illi 11t.11lt lic !lilts 

,ill. ,t1dgl U',llcl ( lipmit \ il l lt .llilillo 
gIht ill I R/-8t (29),1+!l Ill i I I1"c(s %illIt 

11i1i I v%,Jim %iI (-Stllh ill<4)11h4-l lit c, (8I). 1 iiI , Ih I li ,111 ( liil ­oI (ii II;lllol( ;I 
lillll IlI (lll Icai 1)1.1(1h h( l i ghx~h, ( mllis 'I, l if) bciI d'li ( I IN I 'l-lled lo 
Ihte Nic'ld (d gl,iill ill(14-ll ., 1)1 ll IIilt (if ill(litill ,itlililli iiih~i ll In Ihet 

(It'vt' l oil lalq11!il .,iis It)lite It ii (l. u ic~i t~ile ltageof graliiily hl p 

pli nl (29)t. 

SCREENING FOR IlIGllER LYSINE 

Lysine Variability 

I ll4i-y~li' hix ,i<i' l((,i ielxi Ited (3J2). All holtigh ~omn.in~io n surveys
( I ) lid Ilt'dillg liiiiili n stholol c'hildhIt ~incii (3J)sho~w ithatl s is noliOIefilrst 
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limiling e9miidil .tki)1114) add ill ri( C(1(% hsile 11i.1% Iw hIte fig %lliviitig 

11,1111 pihhic%ilk olliw AIig piuptim ilv mIiighii -i vil %w.121 

ihiClt I vit'iit li t i.9. l~ld iilii III'I iaii I g i c s[~Il mi ll i ,; I l 

Sceingic and identifii ww momiit i12 

Iligii Aiiiehl% litt g 11 1.8 (2 1.1 I A, 1,1011111,1i *l\l'% 1111 4.11c>1(11.1 

1,411111 

ticisilloIhi A t IllIt-i, ig' , *I ~l t it)m7Nl -I a hy 
Iihi% ,ihi I3I.Valillit. Aul)lidwtI~ (M:Il X.11 ,1111.1-11-7 ii'ilN11 Alm lilt 

4litifi ill m %, i 73,~ lo 
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HETEROSIS OBSERVED IN OPAQUE-2 
HYBRIDS FOR YIELD AND 
YIELD COMPONENTS 

I.KovAcs Agricultural Research Institute, Hungarian 
Academy of Sciences, Martonvdsdr, Hungary 

Studies i('e ,ilted ht, c ',',ItC dltcalad i )l) wid I(.l it-ld(t' ml litl 
yie'hl imq<ilt s il I IillII t.(ft i IIws (AgI icm-2 hx bi idIs %%ifI i I ients gteel­
it 'ally alik e 'ill so , d t-g t . I[ I Ih i l l , 'I I , I tl I f' hIfisI( <h'l(l t. oc I; I' p lblis hId it i f m~ ' 

evaltli;tihsi )I siIlilI I h with iot iiil mi n./(I).] )it ss%Il ci (',,v a i (CIlt'l Ii 

tile iii it-stilts ,I tiCt Ill('itllt.()I l' si,)s%ill scmt' .l1l ol)lah it.(' inigl-cto-s 
lihrlids ail l l pI ll t. \v:li( l h1%1)rhld. 

MATERIALS AND METHODS 

()pen-pollilitIvd V'II ictits, llJiio " A ()I, l lil(i), itil(II IlI ') 2, 
were selfkd for fie gelleraliols, andI sele(tion was timade for tile most 
ilill orlaill I il sl. F'mltlI IhI c'cl ct-( Iionsi, 28(1) ii(llic, ilied i€ linel ic, se(l ct ed,~t 
illd .+ll(I cd %%illt%m ilii -l 1tCll : ii It fi-21i (),ai 11 'IP 1-1 (2. Follty 

pli ts IIoi (.4 OIa IiM 0 lld C 4v\lI illtI Ii clt2 h c(I ildividtiill11% dtlr 
hilltl te ismt i ild u1it it %l i;'idI dhiing 1971. ( )I thie 2S ii rcdi11 M.ito4 

Iiiw developCed)jWI ll li'Sli A, cil hil,-ii ,lel)ged(I it)S li A 3, seen' to Syll A 4, 
aind thlite to Sui A 5. 1 letlirosis was expi ese as hetrrokim index, lie ratio of, 
tlie obscrved valli of, lt hybrid to that of' Ilte average of its two partis. 

470 
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RESULTS AND) DISCUSSION-

I ahlvc I %11111,1 Il/c*.I 111,.1%I41igc Iked i )It . IitIt N,1411%itiht1 .11itI1 itd14 t)I IIpo 14t' Iv 
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111 
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J,(14It~~I", f)1ill ItItIII I4441.4i.I4 1,( 1,lilt I.41.41114m4.41pc ~. 
)ii~g 1 1,.1% itIc\.(1041 V; ) I lic t lagI I SINill,4 Ic\ If 1 .1Ill I( ss (111."'; 

(3 1 141 t.1%s)44 1141I. 41111 p.I!iiI 44114N til 41 lt i.4444'44' ~ 
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4 . 'li11l IIi~ 4' ill IlIi0-ldsIII'44 %.41111c III illei1 1cs4' S%1 A 3, S~.im A\ 1.
IiIii 1(1% 

mid~~-S114 A 'I I Il'I - i ll II4,4114( c4liJ4444t14l. til 4444s414 \ '.414I1114's Is~4'j4 I-ll' 111I%it'ItI()I Ill 14't II? l44'.4(11I 1 1 114\\,I.4' S ' V 4 111I(o Mi Ili 4444141 II4LjIc., I I rf4,IIiII(-I(-III-I)Ict.iit , 11 - , I111 I )4jt111 4444lI41444I4I4g ,f IIl %4)1S.414.i IIi 1j,g11 414444i . Ii I I I 'isgi4 11 
I NII I ;I I -s I I,14aIII 1 t14 , 44-4..I \14 141%\IN,t I~.,' itI 414411c.111, .111thet hilci I112,2' 1 

-1 ,W ifi.lciu v114(44flil 'Is Ow44'c w~il'.4 llc(~)I 

IIle 114)1muilli 141141 1111c4.(2
 
T1w lII.141i444.Iijl) 4(I'.44t44 
 Il4c pciw144 444,444(4'.1 I'I 441 , mfill c (In44I4icIwo Ics4vi's I, '.141l4 n iU gi4I 

Ii. 
I :1144c' 444 idui..i 441 ,1 \i4.Ill4 (1.7-Ill-1.,'.ignii( itl4 .14 144l04. 1 ; It\ 0I 

v tiI('l h\'' 144 .hisitllI 11 iil ka 44141i hu cd bI41 4.' I , '. I I41144\1144\1 

1'AIlILI' I Avvcr, 4 lict1iv t'ios index'.t~of 1 .4l(- 4i~tI lpoit-ui4' Ind4 N].Ill of 4, 44Jld(441(fly)IlUifll 44'l. d44 b I) 4osi44 ig44wili1 liOw14sil s' syil It 4.:26 .141dI ll I-I 
l4l.4444 2 1 . 7 8 

2844( 44 Iint'. X S'.r4, I 14, li4 1 1 A 1. 1 '- 11 1. 2 1 121. 7 1.0 14.- 92.75.44 
'28 444h4444144(44 X IHPIi4-I 13M.8 10)7.6 1 Ill,1 1214.3 1101.6 107.3 147.2 (17.5 
hN.l huf-os'j' inch4 4 x4, 141.1 1443.4 I 4N.4I4I9.2 111.4 10-5.4 223.A 96.2 
Noev , v'ir leIt'4g 4(I4(4); 2, n birU(44rof rows; 3, uiu mbr 4of lur 1141)5, 4,OOO-gra ii wright (g); 6, ShVc II 

14cr r4ow; 4, kri- Iilgih 1( mm);
Ilangr4(4144dgC- 7, $acid per pla iii (K); M.4IVt tyid Imm4(4- (i "U. 
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4 1,Kovdos 

TADIIE 2 Yiv iI 6 )II q h i00, Prfdud il iie Irstrs Ny IiH 6-26 ooiIi4Ijuur u 
fill, III 

'h', i J.. I.IIt.I (11) Vf.ld iii 

Nut 14I.s, %s I t , 1 IIIP I I Ai 1
JK' ,,I ih" nwa11 
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$ Si A 3 12 '.,.5 113,) 21 .1 Ili0.$ 

4 Sri A 3l 3 2III.' 192, 199.4 90.0 
5 Syti A 1 17 IhO 173.7 17t.N KS.4 

6 Si ii A 'I I N 21014 II,1KO, 1114.6 94.0 
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' %;, ,. l ) If,((,)I)m), Ic'lll 1 l l iti c,h l .,+, I m c,.1 %%II1I Ilci l.1,is, i:1(h ,\ III 
opaylull -2 sigh, I I ( ,s,1 s I ,i , li tll ,III% Iw1t1,'1,,i , i4~(-, ill4m 11 I I1( II. 111c.111 

l Wkh. I , I I11 , 11 III II c Ic,',I N,-(11), .1..'1 It11 I, 1 11 1:)(- 1 if. ,, . Is I II %N 1) \%2 
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re t's , ()I Ihi(' .N liona~l Yie ld I Il ,,l('!)i: (II ( ,X). '111i11i 

I i lc I l lll 1,11Sim 
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FIGU.RE, I Rchittishi I'lll ('I 4 IlilillstI I4*'steli4'4 'of) T41411 1114014 44 ltII4 Oiw 

Slij It 6-261 mid4 fill, I.I
 

\Sin It pliil(cu all4 m*ange gi'uiii \ildI Ill 1',0601 Lgh1.1; Sili\ %idIIev 
6.0111) kg li,. 

SUMMARY AND) CONCLUSIONS 

14444'lil44111(.14.1 4IS ill lym)(111-2 jIll)! (( lijit%, sihIIilm ut' 114 lII() Ili 
illbit((l. 't Is 11p411444(4,111 1

) 11111441 l4'IIlllI Ill 44111bii 4(IiI). j)144g1.hill. ill 

('lIIlcmsII )I \gilici1. 14114. l N1114i 1't, j4ipin(Im14III' (.mi 144%IhIl i/~(It.4% 

1)4,1)1(1% %111411((l. I lhcIt~4N~ 14 I lw d (441 iiit\i 41111)44114iiI% ~%%s11 l Im4 

I'41 gi 4 2 1 I ' 4 7 8 

Syr4 A X SN t It '23.11 MX.") 12.9 M.5 21,). ') 83.8 I'I.7 X1 
S',II A 201.01 iX.4 -10. 5 H. 2' S 81.', IXS1.2 81 
SVii It 22.0) 17.8 11.0 7. '1 2311.', 8X'I, I K' .5 ml 
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Not#-.%: I .4.4 I444g1h J m44)1, imber 41 44% 1414444144[441klt1 1. 1t-4 ; 1, k( iI It igill (111m); 
5, I*llll-graui w~ight (g); 6, Ow4Ihlrng p4rn 4441.4g; 7, 4,i14Ill pcr plawu (m) M~, th%%it Ifl0-ts-i ngIji. 
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PROTEIN QUALITY AND NUTRITIONAL VALUE 
OF HIGH-LYSINE MAIZE (Short Communication) 

V. G. Ryadchlkov Laboratory of Protein Quality, 
Research Institute of Agriculture, Krasnodar, USSR 

The higheCI-(luadhI i)t 4tto l (A ,)I) ,,,I 2 ,-Ili/(., 4 ).IEtd I (I i)rJI lili~aso 
flll'lze., is atllLb llotd to ',iglilII( '1111( Ili g(l~'s, ill Ill(- loplljio,..%of plow(lli 

frlctioun (I - fi). I Il(.S(. ( IlIlllgE ", .4l(c .(4( ),llp.oli(cd iA .111 ill( I ill Ihlc 
p~ropl 1rlls (At sllic' c( Sli,,lJ mllilim mlIds': IN,in(' h ( l oi . isi,', 50 to,)717( ,. and li N t I t i1 Icii h , 101() .4 I4(' )Ill tii IiI,(Iw .1III I m .4(i l 

sIhow%11( wlv ,'c' (t I.)ih) 2()' ,i hmv) lill I %,' idt imil IIIll(. 

Ifo%1V ,, I, m , i,. (11l1cl ',1i11it l ,411d'4 I7'f. ( 4hi1 1 6 ; l I h tlAill'
('o)l{('li Il (y m.pic'(-2 nm li/c d( ,', . Ito 7 1()S 't 4, , i)lt dl %I[h 1:1 Iti IV/, ill 

IIoili~l IIa i/c glhllilni( ,(4 iI,, I.';, %cli,, , 20'.osit 21'; ; .ioI I\ losil(' allld 
lhlll hi I lo h.;Ill l , ,ll l I li/...illv ;lit- " I';, \c'IS.us lo,tt'i. .l 

FEEDING TRIALS WITlH YOUNG PIGS 

iBrt-liig %ILili", 4t 41),l 1C- h\Ittii ii Ki .sil'w lidI R("41II( Il IIlIitw(' 
o" Ag i tillu( di h(iIc g ',wi )(' %i,,(4I ho, M. I. I Imllihl4i v. Ill 1969- 197), Ih)( 
ctfli4in( yfoh,)i dlii-2 m II foo ( lh i gj)i Wd ('\ Ihll,l d Illd(I(l 4 4)llllI(.r­
('ial p i~)il(ti()ll (o)lldili()l ,( IN a1 illl I Il la,,loda~l dit-'A. I1 . Ihl-v l tio~ll 

,Consiste(l of'a.1 .inglc e C ,l(01 %4.(%(.idlI)ng ((.(hl i)OI.4t jlu le'sigas. (7). 
Ta)le I %|i1llidllm i/.s th (llet di hf II ii. !oomli LJUo ilw li-e fill pigs.. 4er 
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TABLE I 	 Efficiency of high-lysine maize for pigs (25 to 100 kg) fed diets with differcnt protein leves isummArnzed data from C 
farms in the Krasnodar area) 

in dwt 	 ~ C1Lte~ 
1

rGroup Composition of diets 	 (Gra"m, .oTitT- k CMii , C Cain ,ir*-4 

I Opaque-2 maize (77%). sunflo er oil meal (8%). pea (7%). alfalfa eral 15.0 544 10_14 CS',4 

(4%). cast (1.7%), mineral mixture (2.3",) 
2 Control: noirnal maize (77 ); the ,thr t ompornits are the same as tn 15.0 519 IN# 5.., 100 774 11411 

group 1 
3 Opaque-2 mativ (4SV'., untloer oil meat 07). pea (3%. alfalfa meal 12.5 522 111 4.," .7 t24 *7 

(4%). ,east (2 ' mineral mixture 13-) 
4 (jornol:normal maize 191'"); th, !hrr , omponens are the same as in 12.5 469 100 5.751 1(V -1, 1" 

group 3 
5 Opaque-2 maize 01 ' ast 2.31). altalfa meal (- '.) mineral mixture 11.0 522 12S S.4' 5% M 

(2.7%) 
6 Control: normal maize (l .); the ,iher 4ompornnts are the sxme as in 11.0 40 100 &2_-' 100 6ql IW 

group 5 
7 Opaque-2 maize (W3V).-,alfalta meal 14.,I. mirx-ral mixture (3'.) 10.0 430 14l5 S; bb W 6'7 
8 Control: nrormal matze (9371). the othcr ,-mpricnt are thr same as in 10.0 223 1(NJ . 100 "5 too 

group 7 

Note: All the diets were enriched uith itamin B, (25 Mg) and itamm 1), (200 It') per kg of feed. 
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TABLE 2 Coefficients of dli-emion. nitrogen retemntin and h-sriw a*-&I4 for plp We 
normal and opaque-2 maize 

T rnrw 

Rr'sur trd .44 Jab~iq 

-' 
 "
Item 	 Unit Opa4ur \-7oa! Op'qyr +%?ArSMI 

Coeff-icent of N digestion 
Apparent % 82.1 - II 77. - 74.1 1.4 7IA- S= 
True % 89.4 - 1.0 .7.7 4.1- I.t, 84 S-

Lysine 	availability 
Apparrnt % A3.7 " 23- 7k 1.2 A7.9 -3 7 1 -.4 
True 	 % 89.0 • 1.4 - 9)2. '0.3 .0. 4..7 0.5 * 

N 	retaied,.N absorbed 
Apparent % 56.0 1.3 51.3 2.0 61A .Q 1741 - 1.9 
True 	 % 6..0 1.5 6f.4 4.8 71.2 - S7.4 2. 

Endozentus N (inttinal) 
LN true dizrstcd 9 0.08s1 o. 1 It O,6s 0.13: 
in % of "paque-2 % 100.0 I .5 1000 20.51 

Total wasle of endoenous Njag 
g N true retAitd 9 0.162 0.211 0.1 M O.$4 
in% of opaque-2 % 100.0 1U).3 im0.0 :.6" 



TABLE 3 Effects of increased or decreased cnintent of ui.mr ammo acids innpaque.2
proteiza on growth rate and feed conversion n rats (initial bod, weight. 41 g; 
feeding period. 21 days.six rats in each group) 

LI.-rri.,ng I L:.rAr,, 

%,Wf, 1 red'gain %right FerdlginGroup Cmosithin ol dwtik irn I, ( guin wi 

1. Opaque-2 mauize 93', vizamins mineral 1.70 5.10 1.84 5.59.
 
mixtur (.%). Su.1io0tr oil (',)


2. Normal maizr J9374. vizamin mixture 12%). 0.81 10.5 0.66 10.80 
suntIIA t-r oil i 2-i. MIAIn M1 Urit 3" 1

3. Normal maize ('b.0%t. mixturr ot r%stalaminl) 0.78 954 0.90 8.90 
s, '.,(4"'t. rammI .Z-,mn -ral mixturr 

( 5%)-un~th ,rr ,,tl ( 4"-11mAi, star h {26.5%) 

(Amino ,,~ u is the 'ar-w as in 
Zroup -21 

4. r,,up *- 00.35:) 
 -1.15 

5. Grou 3 - tr~pt&'phan td.0$':J 

7-54 

6. - 1.12 713VGroup 3 + h %inr (0.35' + tr ptophan (0.08%) 1.3,6 9.91 11.57. Group 6- iuni f' 2.14 
S.(05?2d 2.11 3.97 4.63

8. Group 7 - phcn Itan n (0.19 ) - tIrosie 2.09 4.27 ­

10.16-1 
9. Group S+ aspart acid 10.17%) 2.46 3.94 -0. Group 9 - lu amic ac ui(0.5%) 2.10 4.0 -_

III. Group 3' cucin (0-5217.) - 1.15 7.46 
aa 
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similar to those ol)served for the opaque-2 maize (group 6). Addition of 
these amino acids individually was not very effective (groups 4 and 5). 
Aspartic acid supplements were effective. High rates of growth were ob­
served when leticitic content was reduced to the level at which it is found in 
opa(]lc-2 maize (p < 0.001 for experiment I andp < 0.05 for exleriment 2). 
Lower concentrations of pihenlylalanine, Iyrosinle (group 8), and glutamic 
acid (group I10) did not affect tile growtlh rate significantly, but did increase 
some feed- gaill ratios. 

Notes: For the first experimelt Svn A o, was taken; For the second, 
high-lysine hybrid K-SI. To maintmitn the same N content in all the groups 
with supplementation or reduction of amino acid concentration in the 
diets, the total amio acid mixture was increased or decreased for the same 
amount. Nlixtnre of crystal I.-amino acids contained( (% diet) alanine, 0.3; 
arginie, 0.22; aspartit acid, 0.27; cstine, 0.09; glutamic acid, 0.72; glycine, 
0.15; histidine, 0.1; isoleticine, 0.14; leucine, 0.53; Ivsiine, 0.12; methionine, 
0.09; phe nylalanilne, 0. 19; prolilie, 0.36; serine, 0. 16; threonine, 0. 14; tryp­
tophan, 0.03; tyrosine, 0.16; valiiie. ).2. 

The data sl)wed lthat the bit ritioiiml v'alue of opaque-2 maize was as­
sociated positively with (I) ilicleased Ivsine and tryl)tolphan content, (2)
greatly dcrelased leteineco+ntent. and. (3 ) inwcased asparltic acid colcentra­

tion, restilting in a better total ailiii) atid composition for feeding aiinials. 
The Krasiodar Iustitute is develo)ing high-proteinl, high-lysine Iuaize 

that combines 15 toI 17(' protein with 0.65 to 0.7( / siti i e the grain. 
These initial lics have piroteii (Iality equal to milk protein, a finding that is 
subst ant iated by oti experimlelts with rats (Table 4). When the aminals were 
fed a diet of high-protein maize with ().5,t4 si~, h growth ratel was onllly atlysi i i, thle r %- iF l( V sO l Na 
little less than that (f allill als Ied i) or I()(,*'( protein I m (Iv skimmed milk 
(group 5). 

l)Dta Froln 2-year t rials ill the Slate Performance Ntrscry suggest that 
high-lysiue inaizes are bcinlg developed rapidly tlla will compete in graill 
yields with Ihe high-yiehIiig inirtal "a ict is. 

According to data obtaiqwl from five localions i tihe K asinolar area in 
197), tle yields ofthe best high-lvsine maize hybrids ranged Frm 51t) kg/ha 
below the standards f"tormal maize to 4 10 kg/ha above. In data from 14 
lo-ations in the North (attcasts ill 1971, the Ukraieiand Moldavia hybrids 
showed a yield linge from 210 kg/ha below the normal maize standards to 
,150 kg/ha alve. '[i'c biological trials of these hybrids inldicate that their 
n;atritional v.1ltiC is similar to tile iniitial stock ol oplaqut-2 maize. 

SUMMARY 

I. When feeding pigs opaque-2 maize. it is possible to reduce protein 
intake upI, 20%, as compared with normal maize, and obtain sinilar growth 
rate. 



TABLE 4 Weight gain and feed/gain inrats fed high-protein opaque-2 maize (the twenty-first day of the experiment) 

Experiment I Experiment 2 

Average daily Average daily
Protein Lsisie weight Feed/gain ProteinGroap Compositson of diets Lysine weight Feed/gain(%) (%) gain (g) (g) (%) (%) gain (g) (g) 

I. Hoth-protrein opaque-2 maize 16.5 0.54 7.4 3.13 14.7 0.55 2.69 3.8I igwh-protein norrr~l mzr 17.3 0.30 0.75 8.76 - ­3. O1aqu"-2maize 10.3 0.39 1.67 5.10 8.3 0.334. NorirrJ rnjau 9.8 
1.87 4.8 

0.25 0.82 10.49 8.4 0.225. 0.76 8.4Normal mnaiz (6(v'.). dr-t skimmed milk (30%). - - - 14.7 0.75 2.92 3.1
sitnfl-octr ,i(5.8). mineral mixture (3%),
 
aa, 2 .
it M 


O k)r d milk (45'., sunfkwer oil (8.).
kim _- 15.9 100 2.91 2.9
mAzr ItarIh 141': 1. tibcr 12-0. minral mixture)
 
12 it.
iiamin mitmur" i(-,;) 

.%04: The dain, ot cnrup, I to 4 tcintained 92n maize grain. '% vitamin mixture. 3% mineral mixture, and 3% sunflower oiL 

co 
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2. Apparent digestibility, nitrogen retention, and lysine availability are 
much higher for opalue-2 maize than for normal maize in feeding trials 
with pigs. 

3. The considerable waste of metabolic nitrogen shown for normal maize 
is associated with lower digestibility and nlitrogen retention. 

4. High Ibiological values of this new type of maize can ie altribluted to 
higher lysile alnd lriptoplii 'oliceli ration and to oliplele change of"tle 
total ilililio acid ()1pOsition-Ilie sigliflicati d(t'creases of lecitie, particu­
larly. 

5. ltigh-proiiin maize, with ilicreased lysine content, exhibits a 
super'ior tiitritlnial va ie similar to the protein valie of' dry skimmed 
milk. 
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PartXII 

Questlons and Answers 

PAPER BY BRESSANI (pp. 38-57) 

"'WI&' j)Vles ill 14, '.lippjicliI4Im( ni~ii/c (11. gaver PER vali(' ill 2.-P
(2) %%~'.% flati).1 c 2 *1*1/c - '.lml4.l Ico'I j11 In4) MI ll4 IN-IIcl iii..,1 11441111,l 

R: (1) 1 ii %\i s'.ctijtI icft ihlii ,1.i Ill It %,ohi44 221 1 lgiic,,e,
it is (111114 ii l~% 145 i i it,kl % ill It 4mc4 %lilt .144' 14 4 llig It) 14% 4'4 III *ill 
tj%'s Ili(. %44451141114jIf111 l\ l i,I~ .11111 %%J''I' .11141ll, 1) AI' 

(2)" I f-i .n%%I4I-i k, 11lilt1 111. 14I rIl% .1 .1'.\ r i4, ()IIugE'4444144411'44 

1,11$/4 '1140%11 .141141 . .44 'I4 4 1 41 114 4 4 
'411e4It%,,Qi(2) 1144411 '.lit I fl'( if 111.41I/ic 14 . i 14414411444114 'it Ill).111

~It44l tI5\I".4ii m m1Illg% sill.411% 1 11u(II11 itkIII 1Ii 11115. 4 14 14.. 
111.il4~)l1414.14l 1 411141141/ ' ld l .111f l 

Q4 ( ) lkil r lit) 1 ' .Ip.11111 4414Il )1i it)% I N ,ml4te lI~ ud %fil111
1114 tI 4 ' 

483 



484 Questions and Answers 

Rt (1)Quality protein is, of course, essential for efficient use of protein; 
therefore, lysine and tryptophan levels higher than in normal maize are 
important. However, it is also important to increase protein content 
from albut 9 to 14%. 
(2) Higher protein will allow children to obtain their protein needs with 
less bulk. The desirable levels of lysine and iry)ptophanl wouM lde about 
300 nig of lysine/g N and about 70 Ing of t ry1 toplihti/g N. 

Q: What is tl intedical tcat iiiil of' tile (ili(lreltl in tile die( trials? 
Could.just itedicille, plus lygietlile l nil resths?' lil, skew Noll 

R: Whei a (hihl comes into4 the lieial)oliH illf (if litnes illwith pro­

tein inalhiutllilioli signs), lie is first given lle( It(olh c S( Illtilli,, followed by 
the feediig of v'ilanills and (almi s.A Iew (Is l,iti lie is givetn llo­
tein, with siiall aiioliils fist , ai( then Hiliiteasing levels Il! to 2 1o A 
g/kg/da . R'(oviN Iakcs 2 to3 itliiifis. lo ing this pelilod of tilie, tle 
chilh is (Iled (Ifiili( il, Ml Im lasis. Ruotei v is follhwcd seliesllls b a 
ofilII(lii( il inl hi llielli i illasillts. It is esseni l to staill dife the 

,
hiallh of hilt ,s111ss asas 5 (iblllhl.vt otetl i dleple­i ,i IiI4i e teili l 
tiollwill it l il~lt ili 'vlhilioii.ilil 'i 'illi 

llo iaiiv-mo dil siillitieiltvQ: What h. iipp, h illtin if l i l i n­

etlils antd Sit,1itilus. (1t %lIItfksjuui." 

R: NliniilIs aitif s lamijis %%il mIi~t.asc 4ltl1i11i1fi% i.dfutt I tof14om1 

Will 41i1% 1111 (.114.4 iedit1 l9. ilili,, I1 n i I\,ti4 l omit. dhat 

. . II I 41111, 11i, I l Ih ilJS %%1 h1-i ,SII I j II( ,, Ih I 1lt .111 Ili it, I II'I 1 % -I '-i~Is aill ll.ii flsit l.infi~ , i ii li i)454~~l~ s i,iIiiiiihliilIIlh ~ 
1 i l oi litii m iQ : li ,iulu,lll ili ill,d , lli ii n l Il- i ii l i slii titIj,

the leai 'Ii llllil, ,liiih l~illll ll'l~ , I %ll. sii to,llli ll 111 n~l'tf, ne iie,, 

that i tlll. i, , 1 ,111i 

Ili: Iil l)'I IIiIh'. tl tal,11 I' .i4-11144iii%)I'lII ' l4illh-
Is-fitsi 
lit, 11i4 iIllllit liil it I 1 %% iii1 . liI ,lll ii I litlI( , Ir iti. 72ii .l li li',g iIt f i illlll lt'lll­

(,it ~ iil, tf~, li ti t,, 4 l h11i ',ti0IlhI', 4 illhil, ii , t ittt.~%hn-i ii4. 

l I ut I' .i i I c 1,|SI Itl II I I1l, 4 I I 1i4t11 i i 4 IMii I, I1 iti 411d 

pR1 I 2i g Il ilma 1,111% 100 1 4.11 Lgl.1% 

Qt AIf'hellIil 4 I(l i fi All .ill %iil-ColuiC.Klfll %A iJf u d it I l. 

1 ifhit., Ibutltitt l I .I I1tili9l4 j I i .at i1 u % ft, $4111 11H1414dt fl lut Vltv. 
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Questions and Answers 485 

ous endosperm was not l)ettel- tlai norml. You indicated that perhaps
this might be (ICe to availability of' amino acids. Nevertheless, if' I under­
stood correctly, vitreous whole grain was shown to be better than 
opaque-2 whole gi|ill. Ilow would you ac('()ulut flr this? 

R: You did not corretlv iIIheistanl le Iesults. ()paque-2 grain gave
better perforiliace than Mexicall modiliCd (vilrlvolus) whe I'd as whole 
grain to rats. 'hIi modifie'd was li.mi, sirior to ;ioriiial naize. The 
CIdoSperili of the modified was ,inclrh iClifio to ill- CIIldosni,r of 
opaque-2 a.i/c (I(CA 11-208). li l modified cidospcllii was equal to 
niormilal lilii/c whole griill. This woulld be expected, be(allt Ih normal 
maize also moiiiiiiI th, germellc l 1 idmile tIhan !,7( (rude piotein,
wherteas iemod lijul ( I( laiiliel 1)iik abotit Il.,t', iplr i ili. As 
you, know, th' geii moifisiili(, t Ih l iiI llil\ andI0 ltllii leel isvet') iillp lllailil ii l l hil l PI1dR. Ille mio~difie'd ((fill (Mxl' ic'ali.) %its 

gro i in Cill, (Cololml lia,andlli g lsissln,,el that it m tlli tild 
slighily less lhsiln thlili 11-208X l ij --2. 

Nflli ulQ: )I. hlilts oillil Im iltll tlli l \aills loti V'ili iis opailii -2 
high-I ilie ciihldos iplill ' 'is nollipill l h14 lilliil lii/c grail whlii led to 
Iills. Alit I l,chs iil.s (,fc ,( i(1i I i( ll(os)(' i III !1' p i ((es 1e, lotas' 1il.l 
lilllilll (o mli~ilil)Im imI 

R : ' e' %%milhlI'.uiii. ,iili' J ,i.l k4 'cdb% lii . i.o itsull,, ,isil I lirliI lil t 
Q : Ill %oll .,11icIn ,, ,I.iil\ gaill Ill If,1\ %cig4iII t .,s I1I11( h liighit'i with ;i 
dlicl Ili Yli,1i/c' il" l40 ',ili Ill,; pI ) [illl ,I1 l if i rill 'i-2

, 
nllil'c I m 


I i1,7t Ipioll-lili dic' Ill\~i (Opll iill, 
 p I k\ ilil'c IiS 1 \loll ll i l,,I 

,I1 'lliil 11 I 1i1;441l1 'll \\,i4I" 'ii111. 1 1111/ 4 ( i P V; .l dit1'l.i 111 s - 4iliWo'llid )t i pl ,,ic (1,lllllil'll fml OIl lil i 'l lll, 

,R : A\ I 1ill' ic ii,vl , i fi liwl lim iill1 ,11/4, lp liN .IM 11-.ml Ili!',i 41 l,111.111 1 tp(.l-
II .1111i1',lh '\ ,t .1 11111 , [1(il 'k 111.11i (t14)c" ,yfl i ll c~ ?! 11l.1l/c ,' 1%1l( h is,il ' , ()1 

, ,(14, 4 Itili it) k\ ,ill c li 1)1(110 1.1 i. ,1ii1l l li '. iiiili , \\ l l If( i.Off, 
ilcis I sicd 

? 1ilil m vflil lll 1q),1i111 411, .ti4i44 i ti liit illd%,Ilil, . g11liii, ll s ( isk'olcmii lm cl Ill 41,iilil1 .1 i l IIH \l , 1 I (d I ill . m~ I-0 jll ,\iffc .1 l'l' 

b i.4 Il, ' 1,i11)illli ,i1i 11.ilit l'll% i ili l l I 'ltht i 1i ti, lil IIi l1.14t 41t14li i ll1. fitlt I mi. 1 1.iit,l l ll Iu sI ,i hk tilmlll l t f 1i1ri4 v-2IIII , 

I11411141 iil1 11Ihl.1, ihllti'lli'l 1 ill i ' , i I l gi i " "ll ill -lIII fVilli 1.1% .llllllli g-l fll i%%if% ,Ilillf l , Cloill1 
1W . l v ~ llil I l l l 'li l lil# '! h \ ii ~ ', ,ll, iII1 ,i ,l ih ll 



486 Questions and Answers 

PAPER BY SCHEUCH AND 	FRANCIS (pp. 102-119) 

Q: 	Is the lysine content of the double-mutant (fl/fl, odog) better than 
Many double mutants are superior tothe single-nutant opaque-2? 

opaque-2 alone iinlysine content. 

R: Although we probably have these double and single mutants in high­

land cotiverte( inaize varieties, they have not been positively identified 

and coipared. )r. Cassalett reported that the double mutant is inter­

mediate in qullity between opaque-2 and floury-2 single mutant types in 

lowland backgrounds. 

Q: Htave you observed any deviation from normal floury endosperm 

phenotYle ill the double-inutant opaque-2/floury-2 introduced into An­

(leall mai '? 

R: 	We do not have a (houble-intutant opaqtue-2/floury-2 in the highland
 
iln the zoile. Present in fornlat ioll suggests that
nlaterials illany country 


tile double Iltntill with floury-I appears to be idellical to the single
 

ntitatit with opaque-2 alone, illiliost backgroinlids. 

Q: l','(, iiik a qualitative test. Stu(ih as tile stailning of tiltell-V l that 
dosjweni, might s,lal a sIi)l(s with i ItiIpioteill 4i,;ality Ioin those
 

with Io%% Il lBoitlt-1 i.als %o)(ld haw' lw /itll (olittlit.
titel i?lhlitt 

R: I hat niit bc ,ahiiiiiIg I Mlot in lit s f(Ni h i S( h(ni. MNaIIVm-'l 	 Il( 

piotoin (sollietitn'. Iis 5 to 7/ ) owilig to
 

Ill i ,l.1014h \t4c sh hlillIlp)lI.Ill lisc 4)h(' iii(th)11)I%, with
 
highlanid nui1 i~ls aic lo% ill 	 hn 

;lg( giillile". 
l (o )li ('t,,i e ff l( l t Ii r st. (' l ( ll ( \ p (s ,f i 1 c klc ( o mll ('11ll,11c o )ll o l l s ( ) v-;-­

\cs
ieftic% v. il .I1 ilic Ii,,(1i11,4I p1l' 1 l( '11ll. 

Q : IllI,thtll,tlllg liy lj)445,h saitl; tisol g'll)tln'ts and4 qiil'll(\ 
piellot slc"of 1 iItO14) ,11 11d mibiititlions, olt t,akenl 1 '1 11(Ui( t-12 as 


illo .' ih 1,. 4i)n '4 14 iilo) ili( .it isll this
,it4lLlt 3 ,111 t cl l 5j)'i u(l l)44%%ilb14 

Il ctl iItl lmics"
%%ill lli4.cii il ceI hid six-i ll( 4 

P.: ll tI45 111111i,11 t1ii \ 4i" 1.114hIl,it'+l, hill t lil )144 st'c pt 4lltilll% 

d 114114t i I ll 11l4.4111 I lic" 4'\l4ci i i m illplll, (O ill Iol',il i 

' 


ille 1 4l, 11c4 1 11tll ilhiiii, I. .111d iIh1'pll hil.i4h1ii41fl5iiig 'le~t of 

It,1li l il t4m."c1t1high ti4ill l II4iill liii !I. lltise1i1h 4k ghl i, it su, Il 

i l4 14 
'>,, I 14. iliildi.li; iii1li14114 ,4.11 iil.itil4 i if", ilhl fl 

i hi4Sl l Ii)Q: ,SllIl.i gililli 4(11111 (lo'1i .t) PIt 'tll ( .il (44h4l) his bctl 

h411,1%t.li4 1 ,1'.5 Imll i lilllli.11 i i t l"l,-lh' l. lii i ,l it 1ot1111i ii:411illl, i,% 

it|fel­li.1%c m c!l~lil.41kin ' lh'l,((lll11%,ic~h l Ih1.il %%clilligt locTli INl'"ibihc 

lilt-.' 


1 1 1 1%, l il hI il41115I 1%"[0 l ll k,It',. 1|ti lt- )l(111t .
 
1.1111 (44 i 111.1114 t s ", uill 111111114411.l sill '? Ih In mh4114, l ike 

hlol 

K~lI h1~i ,', c \ 1%1 .1 % gt, iin( l l llio llig O W(I',ilti l'll' I IIll %', ld clI .ili i l ai . l 
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of maize, both highland and tropical, and these have not been studied as 
far as I know. 
Q: Are you not concerned about the identical phenotypes of tile native 
floury-I varieties and those converted to opaque-2? H-ow will these be
distinguished for commercial purpose ian(Ihow can a premium be given 
to the high-qualityv typesr 

R: This could be a prol)lem. However, since the great mnajority of this 
floury maize in the Andean zone highlands is converted lireci I, itnever 
moves beyond the farmii where it is grown. This Imininizes tile problem,
but we might search for ;ai appropriate niarker linked to tile opaque-2,
which would help illselecting and positively idenlify-ing the high-quality 
types. 

PAPER BY DUDLEY ET AL. (pp. 120-135) 

Q: Your (olnlntenl that lmard-eldosprn()ilopaqLes ai' lot lecessaly )r
the United States-is it based on got similartile tlct Ihat Voln ields with 
opaque-2 as compared with ortials? What about Illc ttlh ptramiieteirs,

sunch as losses illlar\cst, Ioit c vuLliii liiv to st,,Itd-grain i'secls, and

possilble diffhiillcs ill tili/atioii owing to soft-endospix-n mll itcr?
 

R: The cotimi(lt %,%;is iaseId (,l siliil %sihl %%hll solt-cilospc Ill t les.

Since our ihd ttiak., were ,,11liici htaiseid, diffiCIcv(Cs ill IivCS[ los­
ses we 
 lilketi i1h) atoillill. Althoulgh stift-(lldos I Ill be-ItI iis)pus ac­
(el)iabl, Iuoc Ipitl a(m.)l.i(c Iiiightl be obtained %,il aitder­
Celltlosix-i1 IIs .
 

Q: lltcitabilh s'alli'es illgviie' l %e%(I(. Iallhel high, cS",,) thoseja1ll, filr 
( ('Xl)lliillgrain ihld. ,il %t(i 'MIN t ll('s iv so lliglh" 

R: 'Iso fmitlo s till , hmeIlt IIlvud ill it,,,blilis Ihe e ­n Ihe li(. %auliies,pelill ci s, %%(-I(- p~l,,,icd high Imilll,im ,', , I, .1%clNv. 10,,,11 , (55,000)( 

Ill
t11s, 1c 1t 1c). %sll(l, in cl .,('tIt'ltcd i i bi , .#of tit i ('111c..lIll%()Ill .i ilit5 Sc tmillh ,tlih c IXilillills %%c ( ic %1i (lilt'1ill Illl, Io­
(,llll iii 
 I ct1 I ll s\ Ig1 it -c ilt iilltc'l lit li Itm ,soill! 
hijas lil,Ih(til,ll)ihlt SIiii.ill vs thll.s-. 

Q,: Inl %4111l ,h I ld Ix.' g('l1(.Ii( h
4) IIIlllt %m Ihlc c'\p1,lll,lIIloIl highl­

liei i"bill, ( Ii ,hillittis%i.u1 Ill ilt141m' 141 lwnuili, I( sif(. I)o %ittill%' illd~i(.ll'1l1lcIl(llI 
 il~ l'l( 
 I)l I.I 'i m (,V~lllv llrllllilllilal-

R: Ilighnle hm i.ilhiilit, I %it-li is liiI l te illh i inghct g'lit'ic vaili­
m fllh l sill mll . *%itlm Ihl l ltill (.ici 's allliI I , Si \,lil

( .X"%ill I.Iuldlt, I lliik Iihl i lsju ltlii'villhluu4.l(, 1114.IsitiviUtei itlltl s aund 
hiiligteils atl."tl s l,14 
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Q: What selection pressure are you using in your population improve­
ment? Would tandem selection, giving priority first to yield and secondly 
to percentage of lysine, provide high yield and good protein with less 
laboratory dependence? 

R: Selection intensity was one faimily selected out of live. A tandem 
selection progran should be eff'cctive and practical. However, I have not 
calculated its predicted effectiveness relative to other systems. 

Q: How did you collect sanl)les for lysine and proteir' analyses? 

R: Bulk samples were collccted from each plot directly from the stream 
of shelled corn coming fron the sheller and were thoroughly mixed 
prior to analysis. 

Q: What sort of a breeding prograin or selection scheme do you re­
commend fir (onverting the opaque-2 lines to vitreous ,paqlue-2 lines? 

R: We do not have enough in frniation oin genetic control of the mod­
ifiers studied to make precise reconnieil(lation;. However, any system 
appropriate for a tuaitititive character with high heritailitv should 
work. 

Q: Do Noli iaVe iI ol)selVratiols al)0,it car' mholds (,in oiUe-2 hybrids 
comparedil('( to) Ii(llllills? 

R: We do tilt have dcihild (Xleiltclitl (flid. Iloxvcvr ill.man 
opiaquc-2 hbrids appein to bc resistant whilc olhers, ;ite slsceptlible. 

Q: lrotii l, (iclltagt is a Iiiii(iII (aoimzlig oilil v;iii;obh"s of st;il(h
(111, d, b%\c'mili 

Rath,,i ihai,, c\l,,ss sclti, gali Im, hsilicantlol vill ill Itn1ms ol 
prno~hltliq), II i thllc, a.itl.,u~ thi, I l\ Ic'g tll ll cil. 

iel(tll eliges, %mllto I'l it hciie.) l illl I(i ihilk ill it'llls (i total vahit of 
Iksinc atndl pit i l n,ci kcn cl mid((glll4i,111,1ln m h t m~ l),' IlltilltiIllicit­
lio,)l Ih(Icl %;Illt(' IM-'lichI;Ilc(' 

RI: (h)it sele ioi~i jiogiaIii s hiosto ()ii kiloigiaiiis 4)1 l~sme plihctaic. 

lIt-ml(c, I *igicr ilot1.1ksilic mo hlbo l toi Pio1uo oil f oilone 

ia(tit ll Illloo, ll ,e ~ tlilage %,lms. I %c~ci, I ,(cnl.liHi pe(ell­il.iii l eI',( 

lilgt' ofl l\sill' is ,ll l gliVsih oils ,liot'.
iltIcssli' I hlIp il,i,t( lt iuolii 

I h('Icht :'o, looth ll'lllO .110(110 .11)1( i l olltS ,I ll cill s IiO (( 11 
lI')ll. t lc t' 

Q: Yotl ilili(.tll. loots hioiit,ilflhllSlh lsiiio g illos1 ii lli g N. \iih lkil-

I 11t1 '\j '0u .O( us ,l),posiit .i5 iiulil 1t0 d r-biimlinig, lc i is Illc w lOh 

iilidit% % i,)II-c'\(hi.tilgt % nilii ihii s hdo ~
silh Isil' Ill,i1s.\ alh ,Wi s ll 

i l o NIoll ml h'Ii Olc lit galli( , ilCotioill of Iksillc glimis el1 Ili g 
N 1,, i imtlt' lii ,i ii? 

R: 'IlIe all ms,'s itsel I ct (ilt 1 il Ilshe Ir+.titusli .ipWe ,lid not (1t to 4ol. 
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sider the negative correlation of lysine grains per 100 g of protein in 
selecting for lysine per hectare. 
Q: I thought that selection For higher protein leads to lower lysine per
100 g of protein. Was your conclusion that, when breeding for more 
protein, you could obtain more lysine per hectare or per 100 g of pro­
tein? 

R: The conclusion was that selection for percentage of protein increases 
the percentage of lysine in the whole kernel. 

Q: In your research in selecting for lysine and yield in synthetics, might
your results have been differeni if' you could have used animal-feeding
trials as a base for deternining gaims or improvemenit rather than chem­
ical values? Should this not he the approach if the echnique could be 
worked out, raIther thani the chemical iechnique? 

R: If animal-fielimig icsponse %%ere related to viehl illa different inan­
ner than is liet percentagc of lysini illtihe, graill, lhe resuhs would havediffered. I would thatagree auilial-Ieuling rials are [Ie ultiliale test.
However, for intclsive selection piogrlains, large nummbers of sam,,les 
per day are required. To date, lite lost of minal-feeditig trials is much
 
greater tllai clcmi(;ml amnal;tical teclnique's.
 

PAPER BYJOHNSON (pp. 139-153) 

Q: )o you hia1%(-n1111otiiC (iiollile Icltiive periformance of planta baja

afil irclic-2 it 
es if0 mloiii.tile bakgotimds?
 
R: 'lhepl/ata /1(1lip .I sloh I olumt<,lelmlml of high planl populations

and gives iellllvvIh higliem 
 jiohls isplam dIeisit isiicreased. At lower
 
sland denisl, gl,mim 
 tIlls wtd Io Ic lbilt colimll. 
Q: IllIiomllmml mill, Ni'hld is isuuhllktao t mlI.).5i'giainr
m imoisture (omtenlt,
o(n the aIvergc. Wlat tigumie is s1.0li,oq.iuo2 (i(ill to get ;ilaidequ;lte 
nmeasun e oI il Id husil­( st%%.Igll pIl 


R: Moistimme pci Ill~igo(, l to Issil 111indosimed lvel folbci ill.1ta% ovml-
Clilmlimg icliIs, bill Ilhul,. ho l .,,,If f,iumol I ii 
 m Iio 

a difle nicum s ,,,ilmiml Io,oim 


go ttd h,01sellig
h.il ,I 
 ui,u ,li.
 

Q : I sciIlslt,I 10 thuI (,h.11 (N(It- hl I1) Iisc('l sI II il\cl agei -fl(if
cros,.fd plallis %he(I- l t ,icicoi, t lltlliilg torlh' If I ( (<t s'nii dlegiev.
This Woul m ii,I a i(lIiithimi %|hollhii ,1 h illof iig,m.ioi i iiug (loss(-%
ifIhl s(I l o l iie,. i l is .111oi -l-)( dl)IIIIlotl s lia\ D) %ou 
haite ms ifol o o lilg thin. -

Ri You +%oul *I%%ilcl(, a )ossibh il itIiiiio imuigli (i till 

;11% i miatiioil o(imm piossiuilil % 

if Ite Imal.
inKgs l-ing Illadawe
lt. able all',velIge. ill
pelholl,i. .1s oimjhmtcod to 
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random matings. Otherwise, there would be no reason to expect a drop; 
and, in fact, the open-pollinated increases of seed derived from these 
materials have not shown reduced levels thus far in the trials. 

Q: Why (lid you use full-sib selection in population improvement? Did 
you see a particular advantage to other selection, such as S, selection? 

R: The decision was illlarge measure an arbitrary one, but the principal 
reason was to utilize a system that provided rapid recombination in 
terms of time. The S, procedure requires a longer time to complete a 
cycle, and therefore would need to provide a much higher gain per cycle 
to justify its use. 

Q: East African, high-ahitude materials show a positive response to envi­
ronment and atitude, whereas materials from low-altitude programs do 
not. What does your planta baja material do? 

R: The meaning of "positive" response is not clear, but the planta baja 
selections can be moved farther into other environments than we have 
found possible with the original populations. This may be at least in part 
a function of tile shorter length of' growing cycle required for the planta 
baja types, and their improved resistance to lodging. We really have not 
attempted to study the point Noll raised. 

Q: Are reciprocal selectii )tprogenyv being tested over several altituides 
for wide a(laptalolli, For exallmple, From 10 to :01,000 1i elevatioll? 

R: Although we would like to evaluatie progcu ies in as widely varying 
elviroliietlts as Issible, there are limits. The tropical materials simply 
(to not lilature at 3,0 0 11elevalioll, so we are not using such an ex­
tremne at this uime.here is provided among materials. iodiffereiitiationi 
at Such an ll.exlltellle(eliVilolllltm 


PAPER BY SPERLING (pp. 154-165) 

Q: The lem iatit Fl +la l.argo ini seemns to be atypi­mu.s your experiments 
cal whel (0ollpleI t( tle aelage of'(iother M)PIulaliolmS. Can you de­
scri)e tle v-ial V, its oI igi,, telaliomiships, anld so oil? 

R: Fratic(s LItigo vight-iowe( from tl( )omiuican Republicis .inl det'm 
that Ibelonigs to tIhe t;,'(l,hanIdel alld Is ( halt(ltli/ed by) a small­
(liallieer toh. I he n1ol m, ( ,11-biull not Ih(opm ie.-'2 (tlivelsio-was 
extrenely susd cltiloe slalk lots, thtts Itsuilting illIow hield. 

PAPER BY ORTEGA ET AL. (pp. 178-192) 

Q: You gave iilfollillalion almota ite telative sts(epliililyIto *mtta;ck by in­
sect of individual lailie, of ntaile, What is tile sittation if the Stored­
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grain insects pests are given free choice of normal, opaque-2, and hard­
endosperm opaque-2? 
R: Our free-choice tests have indicated that soft-endosperi types (regard.
less of the presence or absence of the opaque-2) are considerably morevulnerable to stored-grain insects than are materials with harder endo­
sperm. 

Q: (i) Moisture content of normal, opaque, and molified grain in stor­
age at 750 F, plus 85% relative humidity, varied over the storage period.
Why?
(2) Was consideration given to determining the presence of aflotoxin on
the niol!y opaque and modified corn ears? 
R: (1) All grains, whole, toas a tend reach a moisture stability orequilibrium that varies with the relative humidity of the environment 
where they are phiced.
(2) No, we got infOrnation concerning the rate of development of 
Aspergillus spp. only. 
Q: You showe(l slides with good infections of'Ftwarium spp. l)id you arti­ficially inoculate the cars? If so, would you briefly describe the proce­dure of ilioctilation >o Also,used. would you describe the procedure
for the artificial inoculation with l)iplodia spp.? 
R: As shown duitig the preselation, not all the experinients in the dif­
ferent locations were inl()ulaled. At llatialpan, we inoculated with alixtllne of s)ol-es (If Ibihi) Dillia spp. and Fwa-niu sillp. by sprayingthe silks a wcck after cii tCerge(ie. l)iplh i is grown if) So aked, sterilizedwhole oat kernels fIM Abmi -t Illollllhs. F'toarilint is gl(wil ill I lixture of
opaque-2 (orn aid hlt iaw, ailso fo0r ab()l t lll(iltlhs. 
Q: Tlhe s jakei silclkvdClI imitCicsiig discasc and insecl liiends in the
op(lque-2 iliic iiiltovc'iltl pmgIit. ist Ailic; has 
 beell lit veryball' by aniiv %i()fill andi(1 sl(k Vins llttllk, which the sjpeakei did notnlellioen. Is anm %oi k being (lone oc lseIo t) oSCI'IiS llii/c pestls? 
R: We ile wol kilg tllwaill(l the d.1hlopiuril of a ;ill i l ests­tanlt plllPlaionl thilt oligiiiatild 114)111 gelliii(II illleli ilislii, alil t -stilts
shollw we* aieC iiillIl livi n g its l4'sistil e. Stlirik viilts is a dis.ase Ihlatexist ,MInotl Ill xim~. ()It ih)( ()Ilhl'l h1.1ild, (oes

,I %Iliilt-Icsi~l plopliill haslil i()ll 
biten dcvchol 'd fl()ill (C,tlIj1)b' 1II clli 111,,il. 

Q: The oriiig (Ifltle e(.i, cslel tighl (l%'( iheIil. has beell oib­
served il I. iililI)ti iiiI ii I il lh clle itval1ils Iisases adll ilisects.Was thisII si%el ? !1 I ellll ln itlt Ihill Ix- d;i hlilc iling l)htijl live, andhemle at gleil diffeicie(cs ill IIl iel iihatetials, if 1)11 file ones yo'U are 
working with. 
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R: We have observed variable results with materials with tight husks, as 
far as their reaction to ear-rotting organisms in the field. We consider 
there are additional factors, not only the husks, playing an important 
role in disease resistance. Our presentation indicated, and your question 
also suggests, the close relationship found between earworm damage and 
incidence of ear rots. We also have found that maize cultivars with tight 
husks (for example, Zapalote Chico, a Tuxpefio called hoja blanca from 
Central Veracruz) and a tight "silk channel" are less damaged by ear­

worms. 

Q: Do you think the effect you described, the susceptibility to some 
pathogens of soft-endosperm opalue-2, can be attributed to physical, 
nutritional, moisture, or what factors of the endosperm? 

R: We have not studied the cause of susceptibility or resistance in some 
materials, because all tile oplaque-2 versions (1o not show susceptibility, as 
shown during our presentation. It depends on the genetic background. 
Perhaps. ii tile case of susce p tible genotypes, the coniination of all tile 
factors you have menlioned, plus others, is the reas m for such a suscep­
tibility. 

Q: h" your breeding programs for desired resistance, it would appear 
most lesirable to get into a jprograi, of dlevcloping ),opulations for 
specific diseases-ifately devheloping multiresistace. You would have 
every known possiblc source of geIletic resistace observeI throughout 
the world as inputs into these l,,l)tlations. 'lhce population ,,oul be 
rather specific, with the opaqtC-2 being it, hlloded. 

R: We are irying to intidth as many lcsistalitt lattots as possilble in our 
breeding progt am. ()paiew-2 ,,nci ,0ols 1e ,aild simultaneously 
with the d(e'lolpltiv ot, ,II,',, i g noliam l poptilatlins. 

Q: At etc ally ,lillit,(cls it ins( 
opaque-2 and fi,,urv-'2 jlienot vcs? 

and disease reactions between 

R: We have not woketI with lhoury-2. 

PAPER BY VASAL (pp. 197-216) 

Q: Why not ittoclie a genlit seed color marker in opaque-2 maizes to 
clearly distinguish tIhem Ioim totial iaie? 

RI We (in imtrodi(e . Itlai/es ratherthe sed ((,hoi atker iii opaque.2 
easily. Ilowevt ii ttetotisutiel s ii a j).ttli(ltilat atea have deli­hMI. 

nite pch'et(cs lt a (i tail giain (olom ; thereolte, introduting color Io 
the opaque-2 seed ttay p<s 5)tlle problem in its ameplanice. 
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Q: In the diallel analysis of various vitreous types, you refer to P1, P2, 
and so oil. Were these stocks homozygous? 

R: The parents used in developing tile diallel were fairly true breeding 
for modified phenotype opaque-2 character, but may or may not be 
completely hotnozygous. 

Q: Have you found the endosperm of modifiel opaques to be a little 
softer than that of the true normal types? It seems so to ile. 

R: Visually there seems to be 1) difference between the vitreous fraction 
of modified opaques and the true normal types. The vitreous fraction of 
molified types may be somewhat softer, but we have made no such de­
terminations as yet. 

Q: What effect does location of vitreous fraction have oil weevil resis­
tance. Which location would you recoilimendl? 

R: The plant protction group itaCINtMYT has conlducted a test in 
which they included oa;q ies an d modified opaque-2 nmaterials. The 
entry of the weevils intto tle molified opaque-2 grain was at random 
and not esse iially restticted to the soft fraction. "l'here!'Ore, it is not cer­
tain which location of, tihe vitircous fraction coitributes to weevil resis­
tanice. 

Q: Your (fata have stuggestcd ,an increase iii protein cot tent and marked 
decrease ill Irvpt-phia (,," g protein). 'hat was the situation with re­
spect to irypltol)la coiniiten oin a sample basis? 

R: Oi a samlle basis, ilier' was ,also a dtcrease in tryplophall. 

Q: Softe (f \()il. (lait ulj(li(;Ilt.s a lower yield ill tile meolitied versions as 
t'onipe to I lie'i opaquo'-2 (otinterlpats. What is the explanation for 
this? 1I relation to this poitlt, would Noll like to elaborate oti your selec­
tioti scliciie tfr tiio0lificus with rfcteretict to sample size, selection inten­
sit y, and SelectIiou (iiit'ta? 

R: The mateiial that )i. Speiling uised ill his study (espe6i.dly the lod­
ified tpes) .;fwil(from tlie first y'cle of selectionl, anl it is likely that 
111.iy eVats that wel. seletted calie fron progenlies 1ha.t have below­
aver'age I)t('l'ii ial( e. lowt-ve. ill the dlad that I prest'ited here, most 
of, the tiodified types have undicingolie ftnlihe select ofi and most of' 
heti welre ,til)Vt t tol their opqte (oltitelpats. Modifiedt ypes Coln­

Iam-ed loIi oiii l (otliiltltlaS were somewlat Imer ill yiehl, ill the it­
leleties ill most (ases were not Sigtificaill. Fu lie-Iillore, sinice gene ac­
tiot cotlit ollitng Illodi jii, is of paltial oilmlice, shtih selection schemes 
its full-sib1, hall-sib, atnd S, (which exploit aolhlitive getietic variance) could 
be ex)ectedto stoc(eed in acctutilating tile frequency off fravorable mood­
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ifiers. First, the larger the sample size, the better it is, however, thisagain depends on the frequency of modifiers in the opaque-2 popula­tion. Second, intensity at approximately 20% would be adequate. Andthird, with regard to selection criteria, one needs to consider all ag­ronomic trails together in families that throw a high frequency of' mod.ified phenotype kernels and also have accepta)le levels of protein quality
and quantity. 

PAPER BY BAUMAN (pp. 217-227)
Q: Is opaque-2 corn oil higher or lower in polyunsaturates than oil from 
normal corn? 

R: It would be slightly lower. 
Q: Has a comparison been made of the yield of opaque-2 hybrids as afunction of availalble potassium? 
R: I believe such a study is being male in Brazil. However, I would notexpect a great difference, because the difference in quantity of polas­
siumn ol an area yield basis is quite small. 
Q: Have yol obtained 100% true-breeding modified types? 
R: Yes, for all pralical purposes. However,is influenced 1y environnem. the degree of modificationWe generally have a grealer expression in
the Florida winter nursery.
Q: Since you froutl(1 a positive and significant correlation between pro­tein and 11, magnesium and zinc, (1o you think there is a possibility thatthe accumulationi and translocation of these elemems are limiting factors
 
in protein or lysine content?
 
R: I doubt it, but really do not know. This relationship should be inves.
tigated further. 
Q: Can one incorporate the vitreous opaque-2 type in otherwise ag­ronomically desirable opaque-2 inbreds by backcrossing technique?R: It may be possible, but an alternating selfing and backcross proce.
 
lure should be tried.
 

Q: How can one be sure that the vitreous kernels that approach normal 
phenolype are actually opaque-2 and not normal? 
Rt This is quite easily done by crossing the vitreous type as male to astandard opaque-2 type, which will give an opaque-2 phenotype. 
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PAPER BY FORMIAN AND HIORNSTEIN (p .132-61) 
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Questions and Answers 507 

the educational system have a full understanding of what is required, 
Ways must he found to bring university staff into international food 
programs. 
Q: l)o yon think that tile level ofI training (Ph.1)., NI.S., and so on) is 
indisiliasable low tiledvelh nelnt of tiese progranis? 

R: No. People withIless acadelictIrailling (ol certainly develop this 
program, hIiin st ie i ilwmblred, ho wever, that people with the higher 
academic tialificaliolis arc usually those who are promoted into roles of 
decisioi making. This allows fIr i risk-it is possible fIm people with 
higher degrces, but less knowledge of tile program, to be promoted into 
decision-making posts. As a result, more incorrect decisions could be 
made. 

PAPER BY MATTERN ET AL. (pp. 387-397) 

Q: Some of' tile proleill concentrations sho,.wn il your presentation were 
exlreneclv high intlile F, r tile bulked progeny generations. Are these 
levels icpl,)0ucible, and can we Inmpc o reach tliese levels in a cominer­
cial whemt %'-,i'lct r 

R: lI'll(" samples wete gi own at Yumna, Arinima, under high fertilizer 
levels, and .lpalillN is e 11lr s ne heat stress during the latler por­
lion of ll g nwing Seasm. It is iiplrnssible to predict protein level in 
wheat in a gieit clt Newar, hecus4'of Ill( Il]predictable eiviirotiment. 
i1 lee., %h%.1s1% iltll a ge'netic i)ctitnial for mle pl)leili will always be 
StltlimuI it)ints. l iUlnll 1mitial glowing conditions and yield
levels, I iould inl x t'( I Imi(nnit il varietics i eqtal the 257c protein 
(llln t of the" higlo'r iiatel ials sI wit. 

Q: IIslo i ,\ haIiV.lieu1esC WVeC biossa,,ed this year, and what could be 
said about elf it i iati)s ill thesc lints? 

R: Itt it Iii st 'c 44t (t)jitins, we ioassayed approximately 200 
Sainl)ltes. ( ah illtinlls <Ianil thest have notIeell cnipleted. Not all were 
diifetlnl lines; ,4nmte MIseldupliatiaMs of liles raised at differelt loca­
lions, Rc (,hll,I We. iweitea wd til (iapacityIby pitlchiasinig new cages, and, 
with 1)1mali(c, (Al eu Mslt ()Io%%V MIt efli(ieic'y. evaluations 
have lt( fil F'I ()ne is thatI'lie all basis. geieralizationi statistical 
dilfetemcs ii i glaiui FI*R %ales(allsheat he dete(ld. Prntcini cUilntity, 
plolvil qualit.1 , digcslibilitx (anld fat(ols that have not been isolated) are 
ilvolvvci ill tllese diletfmes, Ilowever, one (;Ii usually separate those 
Inatetial wlit h can 1e pr.:dicled to be "golod" sources of protein from 
"llmcdilill" tilld "p(o)r" sources. 



508 Questions and Answers 

PAPER BY SCHRICKEL AND CLARK (pp.398..411) 
Q: How does the quality of protein in oats compare to opaque-2 In 
human nutrition? 
R: Bressani has shown (about 1963 or 1964) that opaque-2 had a higher
biological value in child feeding than common oats. No nutritional 
stulies of high-protein oats versus opaque-2 maize have been made. 
Q: lodi has two times the oil content of most cultivars. Have there been 
any problems with storage or processing of this high-oil variety? 
Ri Not to my knowledge. Natural antioxidants stabilize the oil in stored 
lo(Ii oats. Steaming, plus drying and rolling, serves to stabilize oats be­
cause the heat treatment inactivates lipase and oxidative enzymes. 

PAPER BY MUNCK ET AL. (pp. 418-431) 
Q: Wiat are the phenotypic characteristics of the five or six EMS­
induced mutants you reported in barley? Are the, smaller and shriveled 
in any way? 
R: Referring to )r. I)oll ()enmark), minor changes (:cur in plant
phenotype. Seeds tend to I.e slightly smaller. The 'et / high lysine mut­
ant 1508 has slightly smaller seeds and yields about 90% of the high­
yielding parent variety, Boni. 

Qt ['lease provide infOrination on the screening procedure your group 
uses for identifying high-lysine mutants. 
R: The dye-binding (DBC) procedure is used, as referred to in my 
paper. 
Qt What evidence exists that the new EMS-induced variants in barley 
mendelize? 
Ri Referring to IDr. )oll (Denmark), the mutants with a 10 to 15% in­
crease in lysine were not giving clear-cut segregation ratios, which might
be expected front our research on lys barley, because of the influence of 
a variable gene )ackgrounl. lire high lysine level of two of their lines 
wis confirmed by us in Svalof. The very high lysine mutant 1508 was
selected with ,ingle-plant analysis in MI by Doll. Six plats were found to
be high in lysine emerging from the same Nf. line. This should indicate 
the finding of' a genetically stable nmutant. 

Qi Why is Inyptophalnl not reported in your anlil() acid evaluatiolls? 

Ri In comlparison to maize, tryptophan in barley is high (1.3 g/16 g N)
and sufficient, fron tle nutritional point of view. There does not seem 
to be an association of increase in lysine with tryptophan in lys barley, as 
there is in opaque-2 maize. 
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