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HIGHLIGHTS OF FINDINGS, REAFFIRMED CON­
CEPTS, AND GENERAL COMMENTARY 

The distribution of characters within the world barley population 
is not at random. 

Barleys from different world areas are different. 

Evolution in barley has occurred throughout the world; it has 
occurred at different rates in different places. 

Some characters predominate among world barleys and are widely 
distributed geographically; others occur in limited proportions of the 
population and are concentrated in strabs from specific world locales . 

The predominant characters occur in many combinations; some of 
tbe less preponderant onH:. are restricted to a few combinations. 

The predominant characters probably have been involved in a long 
succession of evolutionary events and have undergone more change 
than the less preponderant ones; they are less restricted to association 
with specific characters tban tbe less preponderant ones. 

Witbin Airica and Asia, characters are not derived from anyone 
or two centers of evolutionary activity, but are obtained from 
different locales over thewbole of tbe badey growing area. 

Great phenotypic diversity among barleys from one source docs 
not necessarily imply that tbe greatest number of genes may be 
obtained from that source. 

Extensive cross-fertilization with attendant recombination may 
OCClli· in some environments. 

Barleys from adjacent world regions may be basically different, 
but still be similar for a specific character. 

Some characters in the same or adjacent regions may remain 

dissociated from one another. 


.Man has been influential in the migration, perpetuation, and 
evolution of barleys. 

Genetic recombination has great evolutionary significance. 

Only a yel".)' small portion of the potential genotypic din'l·sity of 
barley is represcnLed among 6,200 strains in the World Oollection of 
Barleys. 

BasIC plant types for modern improved yarieties may han come 
into being within the confines of the germ plasm that was endemic: 
to the locales in which they arose. 

'Modern breeding has accelerated and eA-panded eyolutionary change. 

Information about the world distribution of plant characters may
make plant exploration more effective. 
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SOME QUESTIONS RAISED 

Why are some characters predominant? 

If predominant characters are superior, h9.vl;' all such characters 
been recognized and used in plant improvement work? 

Why are some characters concentrated among strains from certain 
areas? 

Why is there more diversity of type among strains from some areas 
than from others? 

What will. additional data and refinement of existing data reveal? 

Are other crops characterized by condit!ons similar to those found 
for barley? 

How may the world's germ plasm best be obtained and preserved? 

What is the significance of obtaining combinations of characters 
compared to that of individual characters? 

What is the potential for evolving new basic highly productive 
plant types? 

IV 
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SOME EVOLUTIONARY ASPECTS 
OF CERTAIN MORPHOLOGIC CHARACTERS 
IN A WORLD COLLECTION OF BARI,EYS 

By DAVID J. WARD, Agricultural Administrator (formerly Research Agrono/l!i~i, 
Crops Research Division), A.gricultural Research Service 

Barley, one of the oldest of cultivated plants, has been grown in 
Africa ancl Asia since antiquity. The crop has been subjectecl to 
evolutionary forces for many centuries, presumably as one or more 
wilcl species initially and subsequently as a cultivatecl annual perpetu­
ated by mlln. The selective and migratory iufiuen(;es of peoples hay!:' 
heen interwoven with forces of nature in cletermining the makeup of 
modern-cllLY culti ,.-ated barley. 

Over the ages mutagenic forces have brought about heritable 
changes in barley. Within the world population of cultivated barleys 
are many inclividnal plant characters that clistinguish one strain hom 
another. The expression of these characters is governed by genetic 
factors. Forces of evolution have assembled them into diverse geno­
types, as evidenced by widely different combinations of characters. 
The great diversity among barley genotypes and tbe yersaWity or 
certaiu ones for interacting f!1Yorably with climatic and biologic 
integrants of local envil'onments h!we enabled man to cultivate tbis 
patriarch of domesticated grains over tJle vast temperate areas of 
t.he earth. 

Gains in plant productivity and quality of product have been 
effected in the past till'ough selection among the diverse types occur­
ring naturally' in the world and, jn the 1110st reeellt era, through 
controlled hybridization. The advent of phwt improvement through 
breeding placed special significance ou genes or genotypes that ha,e 
evolved in barley over the centuries. The principal vehicle for 
improving plants today is that of combining different germ plasms 
bearing valuable genetic factors .. BTeeders of SmitU graiu rely almost 
exclusively on naturally e,olved genic materials for denJoping im­
proved varieties. A strain may h!we value for as little as a single 
gene that it carries. Present knowledge indicates that the potential 
for improving cultivated barley depends in Jarge measure on tile 
availabIlity of useful genes or combiuations of genes and on lllllU'S 
abiliLY to bring these together tbrough breeding. In the last analysis, 
this is but the diJ:ecting and e:-.:pediting of e\~ollitionary processes. 

None of the small grains is native to the Western Hemisphel'e. 
T.heir culture here was initiated by immigrants from Europe. Jn 
recognition of the value of geneti.c diversity ,,-ithin the world 
barley population, the "C.S. Departmen t of Agriculture has been 
introducing [lnd perpeLuating foreign strains for llmny ycurs in It 

Ilorid Collection of Barleys. The collection is mnin taincd so tb tl.t 
the germ. plasm it contains may be used by scientists engaged in plant 

1 



2 TECH.t."ICAII BULLETIN 1276, U.S. DEPT. OF AGRICULTURE 

improvement work or basic research. At present about 8,000 culti­
vated strains are propagated by the Oereal Crops Research Branch. 
In adclition to foreign introductions acquired by the New Omps 
Researeh Branch, selections made in the United States hom Old 
World barleys and superior lines developed in this COUD try through 
controlled hybridization are included in the collection. 

In recent years, collection strains have been evaluated by scientists 
at many e1..-periment stations in this and other countries. Breeders, 
pathologists, entomologist!:l: and physiologists h!1ve p!1rticipated in an 
intensive search for useful germ pJasm with which to effect plant 
improvement-be it the development or varieties with superior 
agronomic characters; resistance to disease or insects; or tolerance to 
heat, cold, or drought. Thus, much of this effort has been devoted to 
factors that may seriously limit the productivity of varieties presently 
grown by farmers. Often, however, the search among world barleys 
for useJul genic material with which to counteract new deleterious 
conditions has been little more than !1 mndom probing oJ the collection 
stocks. 

The relin,nce on the collection for useful germ plasm points up the 
need for enlarging our acqui1intance with the world hru'ley population. 
We need knowledge of the evolutiona:ty background of the crop. 
,Yhat is the Jrequency of occurrence and geobrraphic distribution of 
char!1cters, individu!1l1y !1nd in combination with one another, in the 
world barley population? vYhere !1nd how did the genes for these 
characters arise? '1'0 what extent !1re the ch!1l'acters associated with 
one another and how did these associations come about'? ,Yhat has 
been the role of man in the history of barley? These are but a [e',' of 
the enigmas that confront us. This study was conducted in an 
attempt to answer some of these questionR, with the particular hope 
that an increased understanding of evolutionary phenomon!1 m!1y 
suggest methods by which the development of superior germ plasm 
C!1n be hastened. Another objective of this study was to deyelop and 
eV!11uate some techniques by which additional studies m!1Y be 
eft'ectively carried out. 

LITERATURE REVIEW 

Various theories about the origin of cultivated plants have been 
proposed since the pioneering work of de Candolle (6).1 Willis (SO) 
gave a new stimulus to the general fields of pl!1nt geogrnpby ilnd evolu­
lion with his "age and area" hypothesis) which suggested tbaL Lhe 
area occupied in a country by any given species depends on the age 
of "the species in that cOUJJtry. Y!wilov (2U, 27) attracted widespread 
attention with his "centers of origin" concepts. He postulated several 
basic world centers, separated from one another by great deserts or 
mountain l'!1nges, in which most oJ the vurietal wealth of om Jl1!1jor 
crop plants is 10c!1ted. His theories were largely based on observa­
tions oj' plant materials that indicated areas wbere thC're was a 
maximal diversity of combinfttions of characters. He initiaJJy sug­
gested primary cC'nlers of origin for barley jn Africa [tnd Asia, but lILter 
cited ollly the AJriC!LI1 area. 

1 Italic numbers iu parenth('sps r!'f('r to Lit('ratur('~(,it('(l, p. 111. 
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Takahashi (25) hns swnmnrized several nulhors' criticisms 01' 
Vavilov's theory by indicn,ling that it is q ueslioI1!tble whether centers 
of diversity !lecessarily coincide with Ol·igin al cenlers of origin of 
cultivated plants. " 

Most recently Brueher and Aberg (5) suggested two major gene 
centers of barley-one in Ethiopia, the other in lhe highlands or 
8ikkim and southem Tibet. 

Most studies on the natUl'e of world barleys have been devoted to 
the theoretical question of ((origin." ViLVl10v (26, :27'), 'who wa::; 
keenly aware of the signillcance of basic germ plasm 1'01' plan t improve­
ment w01'k, and also Orlov (15) ob:'·0rved world barley strains fol' 
certain specific plant characters, but they denJt with these characters 
only in a general way. They considered the strains hom the stand­
point 01' the overall diversity of varieties from different wOl·ld areas 01' 
from the standpoint of combinations of characters that might indicatp 
new bo tanicnl varieties in the sense of KOl'llicke (11). 

Japanese studies of some barley characteristics have a more prnclicnl 
applicl1,tion to phwt breeding and genetics .. These investigntionH 
Imve been swnmarized by Takahashi (25) under the following het.d­
ings: ea) origin of hereditm'y variations and their migration, (b) geo­
graphic distribution of genes or genotypes or btlrley in relation to 
selection, and (c) geographic I'egulari ties in gene distribu l ion in barley. 
He suggests that HlUtatiolls and tmusporL by man are key ngents 1'01' 
the spread of variant Jorms or crop pln,llls. He indicales lhnL wid('­
spread distribution of certain types Illay result hom the superiority 
of theil' genotypes and that their relaLive e\'oluLionnry ages are 110t 
necessarily determining ftl.CLors. Selecli ve Jorces nre suggested a,; 
haying influenced the nature oj' the world barley PO]Julation. A 
preference for white-keJ'nelecl vs. pigJl1C'l1ted stl'llins ill cOlllmerce j,; 
Iloted as being a force 1'01' elilllinH.tillg ,1.11 unwanted cl1l1radC'r. Lse oj' 
the naked types in lhe Orient is cited as ail example of the fL'>:atioIl or 
lL llew benefie.ial ch!lmcLer. The sC'll)ii.>l'aehylic bllrleys used ullcL(,j' 
conditions of he!Lvy mnlluring iII In,pan ure presented itS 1111 ext11l1pl(· 
of RI1 ndaplive genelic challge. A predoluilHtnce or 10llg hair rllebilla 
types illllong orientnl bll1'l('.\'s is considered to be all other-lh!lll­
adaptivC:.; genetic Clhl.Ilge th,tL hIlS become fixed. 

Takahashi concluded from his studies with limited Illaterials lh111 
certain burley chilra<"lC'rs JlJlLy be prevnlenL in llllWy tll'l'ns of the world. 
\\'herens olhers miLY he Jound in more or less l'l'stricted areas. 
Although his conclusions may have been based (L priuri on the Ja('l 
lhat "some" straius from an UI'NL have lhe chilntd('rs under stud,' 
(rather than on inf'ol'l.rmtioll !lbout the cOlllpuru.l.in frC'queney with 
whicb the chnracLers occU]' in diffen'nt arC'lts), his lm::;ie concept is 
worthy of further consideration. 

Diil'erences llre suggested between barleys of tll(' oriC'nLtll and 
occidentall'egions. These rpgions are said to be distinguished 1'1'0111 
one anoUJ('l' by a line established by thp southC'I'J.I limits of spring 
barley on the Asin,tic Conlinent. 

Harlan (10) bas sla.ted that "it is wd] known tbat th~' \ra1'iabilit.\ 
or n species is not distributed uniformly 0\'('1' the runge or ( be species." 
He postulatcs CO) tbnt centcrs of diversity nre lurgl'ly the result or 
exceptiolHllly active cvolutionnlT 1'orces operating ttl pres('llt in tbos(' 
nreus. His tl'ilvcls ns a plnl1t explorer brought to his ttllt'llLion small 

http:cOlllpuru.l.in


4 TECHNICAL BULLETIN 12i6, U.S. DEPT. OF AGRICULTURE 

areas in which concentrated varietal diversities of diii'erent crops exist. 
'l'hese are termed "gene microcenters" or "discrete concentration 
pllltel'ns." 'rhey were noted on plains and in mountainous areas. 

:'fost biologists agree with Stebbins' (21) assertion that mutation 
is the ultimate SOUl'ce of variation. A fundamental principle of 
de Vries' (28) mutation theory is that specific characters have occurred 
without any relation to their possible significance in the struggle 1'01" 
life. The implication of the randomness of the natme oJ mutating 
characters also carries an implication of l'Undomness of the geographical 
location of the individuals in which the mutations OCCUl·. 

.Although Lotsy's (12) idea that cross-l'ertilization results in the 
origin of new types has not been accepted in biology, East (7) and 
Stebbins (il2) have pointed out that the broadest base within which 
lllLtmal selection can operate is afforded by sexually reproducblg 
organisms in which each new mutation affords a basis for potentially 
great numbers of new genotypes. Harlan (8) refened to the almost 
incomprehensible number of types that are possible within the 
world's barley population. Harlan (10) stated that "centers of 
di\~ersity look much like the type of thing l'ound in composite cross 
populations." 

l'~early all model'll \vritings on evolution devote considerable atten­
tion to the impact of natUl'al selection on the essentially "blind" 
variants in livings things. Sheppard (19) nnd Stebbins (:20) indicate 
that sound evidence exists that natural selection is a real guiding force 
in the evolutionary adaptati.on of plants. Lotsy's concept that 
selection is the cause for the extinction of many new types seems to be 
generully accepted. :'luller (13) has \\'1'i Uen that "selective elimina­
tion gi \'es conditions under w'hich tbe 'filter' can really assume t heil' 
shapes." Suneson (23) and Suneson and Ste\-ens (24-) iouml that 
barley genetic chamcters, like varieties, do not sun'ive equally in 
mixtures ill field plan tings, nor similarly at differ en t locations. Two 
varieties from an ini tiaI mixture of equal parts of Jour varieties were 
prncti<:ally missing fl'Om the population after 16 yrurs of ('ropping. 
~eatby (14) has called attention to tbe selective effect 01' Jllall in 

directing evolution by pointing out that the foUl' vurieties of wheflt 
that occupied 95.S percent of the 1fu.nitoba wheat acreage ill 1936 
were Jound on only 6.7 percent of the acreage in 1941. 

Baker (4-) recognized the migrlltory poten tifll of seU-Jerlilizl'd ('rop;; 
by ])otillg that a single propagule is sufIieiell t to start a sexually 
reproducing colony. 

MATERIALS .. 
The records for the 6,200 strains that constituted the CS. Depart­


ment of Agriculture World Collection of Barleys in the spring of 1951 

include notes classifying the indh-idual strnins for a llUlllbt'l' oJ plant 

ehal'llcters. Da La fo1' 37 of these characters within 7 spike eat('gories 

were used in this study. The chal'llcters are listed in tnblc ] , together 

w:ith the code dcsignations by which they nrc identified jn tbis publi­
cation. :Most of them are illustruted in figUl'es 1 llnd 2. '.1.'11 ('se 
 <II 

designations are peculiar to tbis study alld arc not intendpd llS sub­
stitutes for the accepted gene symbols for the charactprs. The 
charilCters lun'e been described and evaluated as to suitability 1'01' 

classification purposes by .1bel'g and \ricbe (1,2, S). 

http:adaptati.on
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TABLE 1.-Codes used to designate the 37 characters in 7 spike cate­
g07·ies for which 6,200 stmins in the "Wo1'ld Collection of Barleys are 
cla,ssified 

Spike category and character Code I 

1- Head type:6-row_____ __ ______ _ _ _ _ __ _____ __ _ ___ ___ _____ ____ ___ _ ___ 6 
2-ro\v___________ ___ ___ __ ______ _______ ____ __ __ __ ___ __ __ 2 
Deficiens________ __ ___ _ _ __ ___ ___ ____ _ _ ___ _ _ _ __ _ _ _ _____ _ D 
Ii. i'rrc(Jularc_ _ _ _ _ _ __ ___ __ _ _ _ ____ ___ _ _ _ _ __ __ __ __ _ __ __ __ I 
Intermedium_ _ _ _ __ __ ____ __ ___ __ ___ ______ __ ____ _ ___ __ __ 'G 

U- KerJlel color:White_ ____ ____ __ _ _ ___ _ _ ____ ______ _ _____________ _ _____ \V 
Light blue_ ____ __ _ ___ __ _ _ _ ______ _ _ _ __ ___ ____ ___ ___ __ __ I.B 
Blue_________________________________________________ B 
Dark blue______ ___ __ _ ___ _ ___ ____ __ __ _ _ __ ___ __ __ __ __ _ _ _ DB 
Black________________________________________________ Bk 
Purple_____ .. __________________________________ -- -_____ ]) 

IIJ- Awn condition:Rough________________________________________________ R 
Smooth____ ___ ___ _ _ __ ___ ___ _ _ _ _ ____ _ _ ___ _ _ _ _ ___ __ _ _ _ _ _ Sm 
SemisIDootlL______ ____ _________ __ __ _________ ___ _ _ _____ SS .. Hooded______ ___ ___ _______ __ _ _ __ ___ __ __ ____ _ _ __ __ __ ___ II 

Awnless. _____ . __ _ _________ ____ __ ____ __ __ __ _ _ __ _ ___ _ _ _ A 


IV- Caryopsis: 
~ Covered_ _____ _____________ ________ ____ _______ ___ _ ___ _ C 

K aked______________ .____ _ _ _____ _ _ ___ ___ ____ ___ __ ___ ___ x 

V- Rachilla hairs: 
Long_________________________________________________ L 
ShorL____ _ ___ ___ __ _ _ ___ _____ _ _ ___ ___ ______ ____ __ __ ___ Sh 

Y1- Awn-glume mtio: 

Glume awn equal to-
Length of glume___________________________________ 1.0 

17~ timcslength of glul1\e ___________________________ 1.5 
2 limes length of glum"_____________________________ 2.0 
21~ times length of glullle ___________________________ 2.5 
3 times length of glulllC ___ --------.------- ___________ 3.0 
31~ times length of glume___ .. _______________________ 3.5 
4 timeslcngth of glulne_____________________________ 4.0 
4H limes length of glumc ___________________________ 4.5 
5 timcs lcngt.h of glull1e _____________________________ 5.0 

VII-A\v1l-spike ratio: 

Lemma awns cxtend beyond Up of spikc--
H length of spike __________________________________ 0.5 

J,ength of spike____________________________________ 1.0 
l~ times length of ,;pikc__________________ __________ 1.5 
2 limes length of spike______________________________ 2.0 
2% times len~th of spike ____________________________ 2.5 

a 1irnes Icngth of spik(' ____ -------------- ---- -- ---- _I :).0
~)~.tim('s length of spikc ____________________________ 3.5 
4 tllneR lcngth of splke ____________________________ ~. 4.0 

1 Code designations relate ouly to this study. 
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'fhe notes for the characters in spike categories I to V were recorded 
from plants grown illlt!er the arid environments of Aberdeen, Idaho, 
and Sacaton, Ariz.2 The awn-glume and awn-spike ratio notes were 
recorded at Madison, v'{is.; Aberdeen, Idaho; and Sacaton, Ariz.s 
The kernel color notes are based on the gross impression that meets 
the eye when seecllots of the individual strains are observed. White 
indicates that the kernels hav~ no blue, black, or pill'ple in the aleu­
rone, pericarp, or hull tissue. Blue indicates color in the aleurone, 
but not in the pericarp or hulls. Black and pmple indicate color in 
the pericarp or hulls or both, without regard to alemone color. 

Results of studies to determine the genetic factors governing the 
expression of barley characters and the linkage groups in which they 
are located have been summarized by Robertson, Wiebe, and Immel' 
(16) and Robertson, Wiebe, and Shands (17, 18). CUITent genetic 
symbols for the factors representing several of the characters included 
in this publication are given in table 2. 'fhese factors are listed 
according to linkage groups in table 3. None of them are known to be 
closely linked with one another. 

The collection records include information about the somce of the 
seed of each strain. The individual somces in the collection records 
are listed in table 4, together with the number of strains obtained 
from each somcc. ~Iost of the source designations relate to geo­
graphic places or areas. Some, such as Engledow, Dickson, Pissarev, 
and VaviloY, relate to scientists who collected materials from different 
parts of the world. Strains from some of the sources are endemic 
to the areas from which they were obtained. Those from other areas 
have been moved from place to place by man. The barley r:ollection 
includes materials ranging from stocks that have been perpetuated 
by primitive peoples living in a wide range of latitudes and ele,rations 
to improved lines developed in advanced societies through the ap­
plication of modern plant breeding techniques. 

2 The 4,360 strains that comprised the barley collection in 1946 were classified 
for characters in spike categories I to V by G. A. Wiebe and .M. N. Pope from a 
field planting made at Aberdeen, Idaho, in that year. The remainder of the 
strains were classified by G. A. Wiebe and D. J. Ward in 1951 and by D. J. Ward 
in 1952. All of the spring barle:;' classifications were checked in the field at 
Aberdeen, Idaho, in 1951 by .T. G. Moseman and D. A. Reid. 

I Most of the nearly 4,100 strains that comprised the barley collection in 1942 
were classified for awn-glume ratios hy Ewert Aberg from a field planting made in 
Madison, Wis., in that year. The remainder of the strains were classified for 
this spike category by D. J. Ward in field plantings at Aberdeen, Idaho, in 1951 
and Sacaton, Ariz., in 1952. Awn-spike ratio classifications for all of the strains 
were made by D . .T. Ward at Aberdeen and Sacaton in the same years. All of 
the spring barley awn-glume and awn-spike ratio classifications were checked .. 
in the Aberdeen nursery by D. A. Reid and J. G. Moseman. 

t. 
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TABLE 2.-Gene 81.Jmbols jor genetic jactors jor a number oj barley spike 
characters 1 

Spike category and character Gene symbol Code 2 

Head type:6-row _____ .. ____ _ _ _ _ _ __ ___ __ __ ____ ___ ___ _ v 62-row___________________________________ V 
2Deficiens_ _____ __ ___ ____ _ _ __ _______ _ _ _ _ _ _ Vt D

H. irregulare_ ____ __ ___ __ ____ __ _ _ _ ___ __ __ _ Ir I
Intermedium____ __ ____ ____ _ _ _ _ __ __ _ _ _ _ _ _ _ Ib U 

Kernel color: 
White lemma, pericarp, and aleurone_ __ _ _ _ _ _ b-bl-re-J WBlue aleurone ___________________ . _________ Bl LB, B, or DB 
Black lemma and pericarp _________________ B Bk 
Purple lemma and pericarp ________________ Re P 

Awn condition: Rough __________________________________ .R RSmooth_______ _ _ _ ___ _ _ __ __ __ _ _ _ __ ___ __ _ _ _ r SmSemismooth_________________________________________ _ SSHooded_ _ _ _____ ___ ___ _ _ _ ___ _____ _ __ __ ___ K HAwnless_ _ __ __ _ _ _ _ _ _ ___ ___ _ _ _ _ _ _ _ _ _ _ ___ __ Ik A 
Caryopsis:Covered___ ___ ___ _ _ _ __ _____ __ ___ ____ _ _ __ _ N CNaked_ _ _ ____ ___ _ _ _ __ __ __ __ __ __ __ __ ____ _ n N 
Rachilla hairs: Long ____________________________________ S 

LShort_ _ _ ____ ___ __ ___ __ _ _ __ _ _ __ _ _ __ ___ _ _ _ s Sh 
Awn-spike ratio: Spike density ____________________________ L 


Raohis internode number__________________ Rin 

Awn length_ ____ ____ _ _ _____ __ ___ _ _ _ _ _ _ __ _ Lk 

1 Symbols are presented in a general sense only; e.g., the genetic backgrounds 
for the different intensities of blue aleurone have not been identified. A more 
detailed listing would include multiple alleles in some instances and complemen­
tary factors in some others. 

2 For explanation of codes, see table 1. 
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TA.BLE 3.-Linkage groups in whi.ch genetic jactors jor certain barley 
spike characters are located 1 

Linkage group and Gene Code 2 Spike category 

character symbol 


I: 6 ____________ 6-row .. __________________ v Head type.2 ____________ 2-row.. __________________ V Do.Deficiens ________________ v t D ___________ Do. 

Purple lemma and pericarp_ Re2 P_----------- Kernel color. 

Rachis internode number__ Rin Awn-spike ratio.

Awn length______________ Lk Awn condition or 

Awn-spike ratio. 

II: 
Black lemma and caryop­

s~ Bk__________B Kernel color.Do _________________ Bk__________B& Do.Do _________________ Bk__________Brub Do. 

Purple lelllllla and pericarp. Re P_----------- Do. 


III and VII: 3 
Blue aleurone____________ Bl2 LB, B, or DB_ Kernel color.
Rough awns_____________ R ___________ •

R4 Awn condition. 
Smooth awns ____________ Sn1- _________r4 Do.C ____________Covered caryopsilL _______ N Caryopsis.N ___________Naked caryopsis _________ n Do. 

IV: U ___________Intermedium ____________ Ih Head type.
Blue aleurone____________ Bl LB, B, or DB_ Kernel color.Hooded_________________ H ___________ K Awn condition.
Awn length______________ Lk5 -------- Awn condition or.. --.--­

Awn-spike ratio. 

V: 
Rough awns _____________ R ___________ R Awn condition.
Smooth awns ____________ Sm__________r Do.JJ ____________Long rachilla hairs _______ S Rachilla hairs.8h___________Short rachilla hairs _______ s Do. 

Spike density____________VI: Lc ----------- ._- Awn-spike ratio. 

1 The connection between the genetic factors cited and the classifications used 
in this study is only general ill some cases; e.g., it is known that R4 gene relates to 
the expression of barbing on awns, but the strains in this study have not been 
classified for the presence of this particular gene. 

2 For explanation of codes, see table 1. 

3 For explanation of this group, sec ROBERTSON. 'VrEBE, and SIlA:>DS (18). 


-4 
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TABLE 4.-Sources oj seed jor the World Oollection oj Barli!1IS, and 
number oj strains obtained jrom each source 

Source I Strains Source Strains 

EUROPE: AFRICA: 
BRITISH ISLES: Number NORTH'AFRICA: Number

England_____________ _ Algeria_ ______________ 4552 
Engledow 1_______ _ 15 EgypL_______________ 51 

Orkney Islands _______ _ 1 Nlariout 1_________ 69 
Minia 1___________ 12Scohland_------------- 8 

1---- Delta_______________ 28 
TotaL_____________ _ 76 SinaL______________ 1 

"Morocco______________ 8 
NORTH EGROPE: North Africa__________ 56 

Denmark ____________ _ 23 Sahara______________ 2 
Finland______________ _ Tunisia______________________ _18 
Germany ____________ _ 100 Tunis_____________ 23 

Bavaria____________ _ 4
Thuringia__________ _ 	 TotaL__________ 2951
Silesia _____________ _ 1

HollancL_____________ _ CENTRAL AFRICA:I, Ethiopia______________ 36,North Europe ________ _ 1
Norway_______________ 10 TotaL______________ 86,Poland______________ _ 86
Sweden______________ _ G9 SOUTH AFRICA:Svalof 1__________ _ 4 	 Rhodesia______________ 2 

Union of South ArriclL_ 4
TotaL___________ _ 329 TransvaaL__________ 5 

1=== TotaL____________ 11CEKTRAL EUIWPE:
Austria ______________ _ 53 Subdivision totaL_ 673Belgium _____________ _ 5 
Czechoslovakia _______ _ 13 ASIA:Bohemia___________ _ 5 WEST U.S.S.R.:?I'loravia ___________ _ 8 	 Ukraine _______________ --------
France_______________ _ 82 Kharkov__________ 28

Vilmorin 1________ _ 1 Odessa____________ 1Hungary_____________ _ 7 Valki 1____________ 125 
Romnnb_____________ _ 4 Crimen_____________ :3
Switzerland__________ _ 15 

TotaL____________ 157 
TotaL _____________ _ 198 

SO UTH U.S.S.IL: 
Armenia ______________ --------

SOUTH EUROPJ!:: 	 Gonzah 1__________ 2
Bulgaria_____________ _ 2 yerevan__________ 1Greece _______________ _ 1 	 Azerbaiclzhan_________________ _Italy________________ _ 19
PortugaL____________ _ , Baku_____________ 3 
Spain________________ _ Ciscaucasia____________ 40

42
Yugoshwia ___________ _ 	 Otruda Kllbansklll_ 3162 Kasaflltc 1_________ 8 

1---- Dagestllll_____________ 2 
133 DerbcnL _________1 1 

TotaL_____________ _ 

I1=== Georgia ___ ------------ 5 
OT!iER;: ?\fount Kazbek 1___ 2EuraslU_______________ : 1 THlis______________ , 4

Europe__________ - ____ ! 19 
South Russi~l----------l 6f 

TotaL_____________J---2-0 TranscaucasIa_ -- -- ____I
Dickson 1_________ 6 

TotaL_________1 171Subdivision totaL ____ j,===,=5=1 
See footnote at end of table. 

http:U.S.S.IL
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TABLE 4.-Sources oj seed jor the World Oollection oj Barleys, and 
number oj strains obtainedjrom each source-Oontinued 

Source 

ASIA-Continued 
CENTRAL U.S.S.R.:Uzbek_______________ _ 

Bukhar:L ________ _ 

TotaL _________ _ 

EAST U.S.S.R:Siberia______________ _ 

TotaL _______.______ _ 

OTHER:Russia_______________ _ 
Pissarev 1 ________ _ 
Vavilov 1_________ _ 

TotaL_. ________ _ 

NEAR EAST:Arabia_______________ _ 
Iran_________________ _ 

Pcrsia _____________ _
Iraq_________________ _ 

Mcsopotamia_______ _ 
PalesLinc_____________ _
Syria ________________ _ 
Turkey ______________ _ 

Smyrna__________ _ 
Anatolia ___________ _ 
Asia Minof-________ _ 
Northeast Turkey___ _ 

Total. _________ _ 

MIDEAST:
Afghanistan __________ _ 
Baluchistan __________ _ 
Chinese Turkistan_____ _

Kashgar_________ _
India ________________ _ 

Kashmir___________ _ 
punjab ___________._ 

NepaL ______________ _ 
Mount Everest- __ _Tibet________________ _ 

Tuekistan__ -----------
TotaL_____________ _ 

FAR EAST:
Ohina __________ --- __ _ 

.1\orth China _______ _ 
Korth\\"cst China ____ _Japan _______________ _ 

ICorea _______________ _ 
~'lanchuria ___________ _ 
IVIongolilL ___________ _ 

TotaL _____________ _ 

Strains 

Number 

4 

4 

32 

32 

223 
47 
86 

356 

3 
102 

11 
25 
22 
5 

28 
804 

2 
1 
6 

49 
1,058 

168 
1 
5 
2 

489 
57 
1 
2 
3 

24 
12 

764 


199 I 


1 

2 


269 
13'1 

43i I 
I,0421: 

Source 

ASIA-Continued 
OTHER:Asia__________________ 

Central Asia___________
Orient ________________ 

TotaL_. _____________ 

Subdivision totaL____ 

SOUTH PACIFIC.:
Australia______________ 

New South Wales____Java__________________ 

TotaL ______________ 

Subdivision totaL ____ 

SOUTH AMERICA.:
Argentina _____________
Brazil ________________ 
Chilc _________________ 
Paraguay_____________ 
Peru__________________ 
Uruguay______________ 
Vcnczucla _____________ 

TotaL ______________ 

Subdivision totaL____ 

CENTllAL AMERICA:
Guate1l1ala ____________ 

TotaL ______________ 

Subdivision totaL ____ 

NORTH AMERICA: 
U.S. 	DOMESTIC SF~ 

Ll];CTIONS:Alaska____________ 
Canada 

Sask~t~I~~~a;l==
.l\fcxico ___________ 
United States: 

Arizona_________ 
Arkansas________ 
California_______ 
Colorado________ 
Georgia _________ 
Iddoho_________.__ 
Indiana_________ 
Iowa___________ 
Kansas _________ 
Kentucky_______ 

Strains 

Number 
23 

4 
1 

28 

3,612 

52 
1 
2 

55 ... 
55 

26 
1 
7 
2 
5 
1 ... 

15 ... 
57 

57 

=3 

3 
-< 

3 

:~O 
49 

1 
21 

4 
I 

60 
12 
1 
7 
5 
1 ~. 

() 

'1 .. 
f'cc footnote at end of table. 
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'fABLE 4.-Sources oj seed jor the World Oollection oj Barleys, and 
number oj strains obtainedjrom each. source-Continued 

Source Strains SOUi'ce Strains 

NORTH AMERICA-Con. U.S. BREEDING LINES-
U.S. 	DOMESTIC SE- Continued 

LECTIONS-Con. United States-Con. N1lmberlCansas____________United States-Con. Number 	 4
Michigan _______ 	 lCentucky _________2 	 4
Minnesota ______ 	 Maryland_________22 	 8
MissourL _______ 	 Michigan___________1 	 2
Montana________ 	 Minnesota_________4 	 88
Nebraska _______ 5 MissourL__________ I)
New Mexico_____ Montana__________4 	 a
New York_______ 	 N ebr.aska __________2 	 8 
North Carolina __ New Jersey ________ 2 
North Dakot,L.__ 13 

5 
New York_________ 7Ohio ____________ 3 North Carolina_____ 6

Oklahoma_______ 7 North Dakota_____ 8Oregon _________ Ohio ______________ 
Pennsylvani!L ___ 

2 
Oklahoma _________ 

4 
1 	 2Oregon____________South Carolina __ 5 14 

South Dakota ___ 5 Pennsylvania______ 1
Tennessee _______ :: South Carolina_____ ]Texas___________ 

10 South Dakota______ 20Utah ____________ 8 Tcnnessee . ________ 1 7
Virginia_________ 	 Texas.____________5 	 6
W ashington ______ 	 Utah______________ ' 6 	 16 
West Virginia ____ 3 Washington________ 4
Wisconsin_______ ;)9 West Virginia ______ I

Wisconsin _________ 
of Agriculture __ 5 I 

U.S. Department 	 Hl
Wyoming__________ 
U.S. Departrnent of

TotaL______ 369 Agriculture ______ 328 

'rotal.________U.S. BREJWING LIXES: 	 680Alaska ________________ 
6Canada_______________ 

35 Subdi \'ision 
totaL _______Unit.ed States: 	 1,0'WArizona___________ 2

California _________ 7 SOURC]!; UNKNOWN _____ 4lColorado__________ UGeorgia___________ 1 Subdivision totaL ____ '.11Idaho_____________ 2Indiana___________ 	 _________2 GrlDld totaL 6, 200Iowa______________ 2 	 . 
r Dickson-J. G. Dickson, American pathologist who madc a plaut exploration 

trip to southern Russia in 11)30. 
Engledow-F. L. Engledow, British scientist who collected seeds Jrorn dh'('rSG 

world areas. 
Gonzah-Villagc in Armenia, U.S.S.R. 
lCasafute--Area on northern slopes of Transcaucasian i\{ountains. 
Mariout-District along Mediterrar'ean coast of Egypt. 
Minia-City on Nile Rive.r in Egypt. 
l\-Iount Kazbek-Mountain in central Transcaucasian range. 
Otrada Kubanska-Site of experiment station llear city of Arma\'ir, Souih 

Soviet Russia. 
Pissarev-V. E. Pissarev, Russian plant explorer. 
SVfilof-Site of experiment st:J.tion in Sweden. 
Valki-Site of experiment station, southwest of Kharkov, lTkmilll', U.S.S. R. 
Vavilov-N.1. Vavilov, Russian plant breedcr. 
Vilmorin-Vilmorin-Andricllx & Co., French seed firm. 

646718--62--2 
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METHODS 
Spike character code designations and source records for each of 

the 6,200 barley collection strains were puncbed in cards for use with 
electronic data processing equipment. The data from the cards were 
organized for tabulation to yield information about the frequency of 
occurrence of the spike chal"tlCters, individually and in combination 
with one another, together with information about the source of seed 
of the strains considered. These data were analyzed for each of the 
individual characters and for the existing two-, fi,-e-, and seyen-chnr­
Iwter combinations. 

The designation fC chn.racter combination" is used to describe the 
joint occurrence of individual characters hom the indicated number 
of spike categories; e.g., 6-W= two-character combination (all possible 
two-way conjunctions of the spike caJegories), 6-W-R-C-L=fln­
chnrncter combination (spike categories I to V only), (md 6-'IY-R­
O-L-] .Oa-g-1.5n-s=seven-charucter combination (spike Ctltegori('s 
I to VII). 

The indi,-idual character and two-character combination analyses 
were conducted because they afforded the most direct approac1i to 
ncquiring information about the world barleys. The fiyc- and senn­
character combination analyses were ciuTied out as much for prartiettl 
reasons as for any thought that they would be more inrormatin' thun, 
say, studies of three-, four-, or si.,,-character combimltions" The 
seyen-cbaracter combinations were analyzed in order to use ull th(' 
dllht in th(' study. The five-chanLCt('r combination aSSilY was con­
cluct('d after the 'se\-('ll-chamcter comhimltions had be('n· tn1lltlatpd , 
wh('n it l)('came e\-id('nt that the awn-glulne ilnd awn-spike l"ntimnwn' 
SPITing to suhdi\-ide the five-chametE'r combinations into 111lll1r 

(,ornponen t pa.rts. 
];"or thE' .1l10st part, this study is conc('rnecl with different approHchf's 

{o making comparisons between, and drawing inf('rences from, qliuf's 
for the proportions of the strains haying ('[tch of the rharndl'rs nnd 
thE'ir combinntions. Comparisons were mnde within thE' srope of tlH' 
('ntire eollE'ction and within segm('nts of the collection or ("OIllPOIWI\( 

parts of th('se segments, selected on the basis of geographic- hetors or 
it ('ombination of plant cha.rilcters and geographic origin. This pro­
('edure was followed hecituse of the limited numb('rs of 8tl"llil1:; froIll 
some sources, some impr('cise source listings, and the complexity of 
t11(' task of dealing with the many sources that are reprE'8rntrd in thr 
hnrlE'Y collection" 

Fi,-e major subdi,-isions of the collection sourcE'S nrr ulilizl'(l in 
in t('rpreting data in parts of this stucl}T. 'fhe}- a 1"(' listed hC'low wi t h .. 
brirf comments a bou t the nature of tbp barley stnlins i In"01n'cl: 

EUUOPE: Includes materials that probably tracc back to srcd~ ('(].fricd by 
migrating Asians; these materials ha,"c sineI.' bc('n subjcct('d to some 
intensive selection and impro,"ement. 

AFurCA-ASIA: Source of thcmo5t profuse assemblage of dh"('rsp geup[ ic 
stocks, including many true endemic strn.ins [,pprf'spnling the (·nd-prod­
ucts of centuries of evolutionary ehn.np;p-·tlw source of strains that br:;t 
renn.1 the intrinsie nn.turp of culti,'atocl bnrlpy. .. 
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U.S. 	 DOMESTIC SELECTIONS: Includes materials introduced into North 
America by early settlers and succeeding generations up to the early 
1900's and selections therefrom; materials that afford a uuique oppor­
tunity for evaluatiug the impact of the migratiou and advancement of 
peoples on the world barley picture. 

U.S. 	BREEDING LINES:. Includes a large proportioll of the best strains and 
varieties de\'eloped through hybridizl1tion since 190Q-germ plasm that 
affords a basis for measuring the impact of controlled hybridizatioll, 
using superior genotypes, on the badey picture. 

SOUTH l'ACIFIC AND SOUTH-CENT.RAL AMERICA: Source of materials intro­
duced from the Old World plus some strains developed through hybridi­
zation. 

The most difficult and time-consuming pm·ts of the dntlL processing 
for this study were accomplished through the punch caJ'd medium. 
However, numerous manunl calculations were made after the machine 
tn.bula tions had been completed. 

Senrnl footnotes throughout the text refer to an appendix. ~IaI1Y 
data computed fot" this study were too ,'oluminous to be included in 
this publica tion. Howe,er, reproductions of these data in ill) appendix 
to a 1961 'Unh-ersity of Minnesota dissertation of the saBle title can 
be obtained from l-ni,ersity' :Microfilms Inc., 313 North First Street, 
.ill1ll111-bor, ~Iich. tOrder No. 61-4(15) . 

INDIVIDUAL CHARACTERS 

RESULTS 

Proportions of Strains in Which Characters Occur 

Entire Collection 

The proportions of the 6,200 ,Yorld Bnrleys in which the indi"iduil 
spike characters occur arc giyen in ttlblc 5. ~0n.1C chtlnletel's OCCtll' 

in only a limited proportion of stmins "'bile ot110rs iln' found in It 

large proportion, the mnge being from 0.05 p('J'cent to 88.3 perc('.Il1. 
The cbnnlcters that occur in the gl'e!ltest proportion of the strains 

with in the l'espccl i \'e spike categories arc ItS follows: 
Spike Spike 

cutegory: Character cut('P;ory: Ch(!ructcr1_______ _ 	 VlL ____ _G rows of ked:;. 	 Lemtllll-aWll:;-pxteuc!­1L _____ _ White kernels. 	 beyond-ti p-of -spi k('­
HL ____ _ Rough awns. 	 to-ll-cliRtanc('-('Q ual­IV______ _ ('ovcrpcl kl'f1ll'I:l. 	 to-l }~-tin\(':;-thp­V ______ _ Long mchillll hairs. 	 lcnp;t h-of -the-;:;pike, 
VL_____ _ UluInP-tlwn-cq lml-to- (1.5a-s) . 

l(·nu;th-of-glume, 
(l.Olt-g). 

These will be referred to as the precioml:nant chnmeters. Six of these 
charnders oeCllr in morc than 55 pcrcent of the slntins within their 
l'espective spil:e categories; the sennth OCCUI"S jn more UHUl 40 percent. 
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TABLE 5.-Proportion oj 6,200 strains in the World Oollection ojBarleys 
that have each oj 37 characters within 7 spike categories 

I' 
Spike category and ch8.1:acter Percent I Spike category and Cha..racter Percent 

(code)l (code)l 

--------------------·1--------1'I 
Head type: 	 Rachilla hairs:6 ______________________ _ L _____________________ _ 

2 ______________________ _ 71.0 Sh____________________ _ 60. 9 
25. 1 39.1 

I ______________________ _ 2.0 Awn-glume ratio: 
D_____________________ _ 

1.0 ____________________ _
U______________________ 1.2 2.0 ___________________ . __ 55.2 

.7 	 16. 82.5____________________ _Kernel color: 	 11. 2 'V_____________________ _ 1.5____________________ _55. 1 	 9.0B_____________________ _ 3.0 ____________________ _
16.5 	 6.0DB____________________ _ 3.5____________________ _
13.1 	 1.1LB ____________________ _ 4.0 ____________________ _7.1 	 .5Rk ____________________ _ 4.5____________________ _5. 7 	 .15.0 ____________________ _2. 5 	 .05p----------------------Awn condition: 	 Awn-spike ratio:It_____________________ _ 1.5 ____________________ _
88. 3 	 42.2Sm____________________ _ 1.0 ____________________ _

6. 0 	 .29.3SS ____________________ _ 2.0 _____________________2. 7 	 17.0H_____________________ _ 0.5 ____________________ _
2.6 	 3.7A_____________________ _ 2.5 ____________________ _.4 	 2. 63.0 ____________________ _

Caryopsis:C_____________________ _ 3.5 ____________________ _ 1.7 
87.5 	 .44.0____________________ _12.5 	 .2~----------------------

1 For explanation of codes, see table 1. 

The disparate backgrounds for the predominant chamcters .D1tl.y 
be noted in the following SWll.D1ary drawn from information presented 
in tables 2 and 3. 

6 (6-row) ________________ _ Itecessive condition at a single locus in linkage 
group 1.W (White) _______________ _ Itecessive condition at several loci, some of 
which are in linkage groups I, II, and IV; 
dominant condition at 1 or 2 loci of unknown 
linkage relationships.It (Rough) _______________ _ Dominant conditions at from 1 to 4 loci, some 
of which are in linkage groups III-VII 
and V.C (Covered) _____________ _ Dominant condition at a single locus in linkage 
groups III-VII.L (Long) ________________ _ Dominant condition at a single locus in linkage 

group V. 


l.Oa-g (glume-awn-equal­ Unknown. 

to-length-of-glume) . 


1.50.-5 (lemma-awn-l)!r Determined by the interaction of an unknown 

timcs-length-of-spike) . 	 number of complementary factors governing 

spike density, rachis internode number, and 
awn length; the greatest nUlnber of these 
factors being presumed to be dOlllinan t. 

In contrast to the large proportions of the strains in which the 
predominant characters occur, 25 of the 37 characters occur in less 
than one-sixth of the strains in their respective categories. Sixteen ... 
of these occur in less than one-twentieth of the strains in their l'espec­
Live categories. 
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Of the other-than-predominant characters in spike categories I to V, 
all of the known factors controlling them are dominant except those 
for smooth awns, awnless, naked caryopsis, and short rachilla hairs; 
the gbuetic background for H. irregu.lare is unknown. Little is known 
about the genetic background for the awn-glwne ratios. Strains with 
high awn-spike ratios are usually characterized by long awns and 
short, lax spikes, a condition that probably represents the interaction 
of the "Lk, IJ "rin," and "1" genes. Strains with very short awns 
(0.5a-s) oIten have dense spikes, a situatioil in which the actions of 
the "]1\:" and "1" genes are probably beinge:-..]>ressed. :Many of the 
strains with lemma awns extending beyond the tip of the spih to a 
distance ranging from equal to the length of the spike to one and 
one-half tinles the length of the spike (l.Oa-s to 1.5a-s) are charac­
terized by long awns and lax spikes, situations in which the actions 
of the "Lk," "Rin," and "L" genes probably are e:-..]>ressed. 

Subdivisions 
Data on the proportions of the strains from each of five subdi,risions 

of the collection that have each of the spike characters are included 
in table 6. Although 'the general pattern of the predominance of 
certain characters remains evident, exceptions to the pattern cited 
for the entire collection may be noted-the 2-1"OW head t}]>e occms 
in the greatest number of the strains obtained from Emope; more 
strains exist with short rachilla hairs than with long ones in barleys 
from the Ameri('as; and a strikingly greater proportion of smooth 
awn types occur among Lhe strains developed through hybridization 
in North America than among any other group. 

Geographic Distribution of th~ Characters 
Proportions of Strains Having Each Character Obtained From 

Each Subdivision 
Information about (1) the proportions of the collection constituted 

by strains from eadl of the subdivisions and (2) the proportions of the 
strains with each character that have been obtained front these sub­
eli \risions is pl'es('nted in tnble 7. African and Asian soW'ccos haY(' 
yi.cleled the greatest proportions of the strains. Although somco of the 
charactrrs w('r0 not found among barleys from some of the subdi\"i­
sions, all w('!'e found among the African-Asian strains. In a genrral 
wa:.v, the proportions of the sort listed undt'l' (1) and (2) abo\"c tt'nd to 
correspond to one another within thp respt'cti\-e subdivisions. Th0J'(, 
are s('\"el'u1 nota.l)1e t'xceplions Lo this. ~fore than on0-foW'lh of (he 
2-1'0\'" strains an' included umong lbe 12.1 perc(,11 t of till' strains 
obtajnpd from EW'ope. More than one-half of (Ilt' inLermedium and 
smooth awn types are indudpcl in the 11.0 percrllt of the strains 
dcve10pt'd through breeding in Korth America, ptc. 

r 
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TABLE 5.-Proportionoj strains in the World Collection oj Ba,Tleys jrom 
each oj 5 SOUl'ce subdivisions that have each oj 37 chamcters in 7 spike 
categol'ies 

Spike category and 
character (code) 1 Europe 

Africa­
Asia 

South 
Pacific­

South and 
Central 
America 

U.S. 
Domestic 
Selections 

U.S. 
Breeding 

Lines 

Head6 type: _____________ _ 
2 _____________ _ 
D ____________ _
T_____________ _ 
U ___ .. ________ _ 

KernelVl' color: ____________ _ 
JJB __ . ________ _ 
B _____________ _ 

·DB___ ----­ ----IBk____________ _ 

Awn~~;D'cliti~~~-----I
R ____________ _ 
Sm___________ _ 
SS____________ _ 
H ____________ _ 
A _____________ _ 

Caryopsis:C_____________ _ 
X. ___________ _ 

Rachilla hairs:L _____________ _ 
Sh____________ _ 

Awn-glume ratio:
1.0____________ _ 
1.5 ____________ _ 
2.0_____________ 
2.5____________ _ 
3.0____________ _ 
3.5 ____________ _ 
4.0 ____________ _ 
4.5_______ • ____ _ 
5.0____________ _ 

Awn-spike ratio:0.5. ___________ _ 
1.0 ____________ _ 
1.5___________ _ 
2.0_____ . ______ _ 
2.5 ______ _ 
8.0 _________ •• __ 
3.5_____ . ____ • __ 
4.0 ____________ _ 

Percent 
43.8 
55.0 
1.1 
o 
. 1 

67.4. 
11. 1 
13.0 

6. 5 
1. 6 
.4 

94. 8 
1.5 
2.3 
.5 
.9 

95.6 
4.4 

67.0 
33. 0 

63.5 
7.2 

12.4 
7. 9 
6.4 
1.6 
.8 

o 
.1 

1. I 
46. 7 
l!2.2 

7. (j 
.3 
.1 
.2 
.1 I 

I 

Percent 
73. 3 
22. 5 

2. 4 
1. 7 
.3 

53.4 
5.1 

16.3 
14.7 
7.2 
3.3 

92.9 
3. 4 
2.6 
.9 
.2 

83. 9 
16.1 

66. 4 
33.6 

53. 2 
9. 3 

17. 5 
12.4 

6. 0 
1. 0 
.4 
.1 
. 1 

4.6 
28. 2 
4.2. !J 
18.4 
2.6 
2. 0 
.5 
.2 

Percent 
78.7 
1!J.9 
o 
o 
.7 

35.3 
] 1.0 
27.2 
24.3 

7 
1.5 

93.4 
1.5 

7 
4.4­
o 

91. 9 
8.1 

26.5 
73. 5 

77.9 
7.4­

11.8 
2. 2 
o 

7 
o 
o 
o 
2.2 
6. 6 

25.0 
42.7 
11. 8 

5. 1 
1.4 

7 

Percent 
85. 1 
12.6 

.9 
o 
1. 4 

56. 3 
14. 4 
19.5 
6.9 
2. 6 
.3 

82.5 
3. 2 
1. 1 

12.1 
1.1 

94. 8 
5. 2 

28. 2 
7l.S 

35.9 
12.9 
24.4 
14.1 
7.8 
2. 3 
1.4 
.3 

o 
.3 

28. 7 
34.2 
20. 1 

2. !J 
.3 
.3 i 

o ! 

Percent 
78.1 
16.3 
2.1 
o 
3.5 

55.3 
10. 6 
17.9 
11.5 

3. 5 
1.2 

g4 
29.6 

5. 0 
10.4­

.6 

96.0 
4.0 

42.6 
57.4 

64.1 
7.5 

14. 1 
7. 5 
5. 3 
1.0 
.4 

o 
o 
3.4 

21. 6 
4.5.7 
HO 

2. 5 
1.6 
.1 

o 

... 

1 For expitlilatioll of codes, sec table 1. 
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TABLE 7.-Pl·01)Ortion oj all stl'ai71-8 in the lYorld Collection oj Barleys 
jrom 5 source subdivisions, a'ncl propol·tion oj strains ha.vi71g each oj 
37 characters in 7 spike ca.tegories that came jrom each source 

South 
Spike category and Africa­ Pacific­ U.S. U.S. 
ehnructer (code) 1 Europe Asia South and Domestic Breeding 

Central Selections Lines 
America 

Pucent Percent Pucent Percent Percent 
Allstrains__________ 12.1 69.1 2.2 5.6 11.0 

Head6_____________ type: _ 
7. 5 71..3 2. 4 6.7 ]2.12 _____________ _ 

26. 5 61. 8 1. 7 2. 8 7. 2D ____________ _ 6.0 80.3 o 2. 5 11. 2 I _____________ _ o 100.0 o o oU ____________ _ 2.3 27.9 2. 3 11. 7 55.8 
Kemel\V color: 

]4.8 67. 0 1.4 5. 8 11. 0 LB ___________ _ 18. 9 4.9.9 :3.4 ]1. 4 16.4B _____________ _ 9. 6 68.3 3. 6 6. 6 11. 9 DB_____ . _____ _ 6.0 77.4 4.1 2. 9 9.6Bk________ • ___ _ 3. 4 87.0 .3 2. 5 6.8
P_------- -. ____ 1.9 90. 9 1.3 .6 5.3 

Awn condition:R ____________ _ la.O 72. 7 2. 3 5.2 6. 8Sm___________ _ 3. 0 39.5 .5 a. 0 54. 0SS____________ _ 
10.1 66.9 .6 2. 4 20.0II____________ _ ?_. 0­ 23. 6 3. 7 26.1 44. 1A ___ •_________ _ 30.4 34. 8 o 17.4 17. 4 

Caryop~is:C_____________ _ 13.3 66. 3 2. 3 6.1 12.0N ____________ _ 4.2 88.6 1.4 2. 3 3.0-
Rachilla hairs:

IJ_____________ _ 13.3 75.4 1.0 2. 6 7. 78h____________ _ 
JO.2 59.3 '1.1 10.3 16. 1 

Awn-glume ratio:1.0____________ _ 1:3.9 06.6 3.1 3. 7 2.7
1.5____________ _ fl. 7 71. 3 1.8 8 1 ~l. 12.0___ •________ _ 9. (} 72.1 1.5 8.2 9. 22.5. ___________ _ 8. 5 76.6 .4 7.1 7.43.0____________ _ 13.0 70.0 o 7. 3 H.73.5____________ _ 17.4 59.4 1.4 11.7 10. 1 
4.0__..________ _ 19.4 54. 8 o Fl. ] n. 74.5 ____________ _ o 80.0 o 20.0 o5.0____________ _ 33. 3 66. 7 o o o 

Awn-spike ratio:0.5____________ _ 3. 6 84. 7 1.3 .4 ]0.01.0____________ _ 19.4 66.5 .5 5.5 8. 11.5____________ _ 12. 1 70.2 1.3 '.L 5 11. H 2.0.____________ 5.4 73.5 5.5 6.6 fl. 02.5. ___________ _ 1.3 71. 9 10.0 6. 3 10.53.0____________ _ 1.0 80.7 1.0 10.63.5____________ _ 8. 0 76.0 4. 0 4.04.0____________ _ }l. 1 77. 8 11. 1 ~: bI o o 

1 For explanation of codes, see table 1. 
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Analysis of Character Distribution Patterns 

A listing of the proportions of the strains from an i.ndividual source 
that have each of the characters in each spike category constitutes 
a "character distribution pattern" for the strains in the collection 
from that source. Data from individual sources were brought to­
gether to determine the possibility of consolidating the sources into 
logical world barley regions. They were analyzed to determine 
the degree of similarity of distribution patterns for the different 
sources. Comparable patterns were frequently in evidence when 
the spike chamcter data were alined according to the geographic 
proximity of the sources. ,Yhen the patterns for adjacent sources 
were comparable, the data were pooled to yield a regional distribution 
pattern. Clear-cut differences were noted between these regional 
patterns, although the actual lines of demarcation between the areas 
with different character patterns were often indistinct. Certain 
sources lying geographically within a distinct spike character region 
gave patterns contrary to the general pattern for the region. The 
geographic factor was accorded fIrst importance ill these cases and 
tbe data were incorporated \\rith those for the region as n, whole. 

Re~ions Postulated 

Thirty-one geogl'llphic regions within the five subdivisions of the 
collection were postulated from the combined plant churn.cler und 
geographic information. 

The sources comprising the regions are listed ill Lable 8. I11 pages 
that follow, these regions are identified by the code numbers shown 
in tbis table. In general, the regions in the Eastern Hemisphere 
were established because the barleys obtained from those areas Jl!we 
certain characters in a grea.tel' proportion 01' the straills thnn do the 
barleys from other areas. However, regions 2 and 9 were established 
because the barleys from those areas, although lacking distinguishing 
characters, were different from those of the adjoining regions. There 
were insufficient strains from the South Pacific and from Soulh and 
Oentml America areas to justify an attempt to est!tblish specific 
geographic regions. Geographic and ecologic factors and the current 
varietal distribution pattem, as revealed by uniform yield and hnrdi­
ness nurseries conducted by the U.S. Department of Agriculture 
ill cooperation with the State experiment stations, were used to 
establish the source groupings for the United States. The l::)taLes 
were organized in to seven regions. These regional ali nC'Illcn ts wel'e 
used for both the U.S. Domestic Selections iind tbe C.S. Breeding 
Lines. Region 18 corresponds to region 25, 19 to 20, etc. 

.... 

• 

4. 

• 

.. 

... 
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TABLE S.-Sources of strains in the World OoUection of Barleys grouped 
by regions 1 

Region Source Region 
No. 

Northwest Europe_______________ _ England_____________________ _ 1 
Scotland 
Orkney Islands 
DenmarkEurope______________________ _North and Central Europe________ _ 2 
North Europe 
Holland 
Germany 

Bavaria 
Thuringia 
Silesia 

Poland 
Norway 
Sweden 

Svalof 
Finland

Southeast Europe________________ _ Belgium_____________________ _ 3 
France 

Vilmorin 
Portugal 
Spain 
Switzerland 
Italy

Southwest Europe_______________ _ Czechoslovakia _______________ _ 4 
Bohemia 
Moravia 

Austria 
Hungary 
Rumania 
Yugoslavia 
Bulgaria 
GreeceEthiopia________________________ _ Ethiopia_______ • ____________ _ 5North Africa ____________________ _ North Africa _________________ _ 6 

Sahara 
Algeria 
Morocco 
(Tunisia) 

Tunis 
Egypt 

Delta 
Mariout 
Miniu 
Sinai 

PalestineSyria_______________________ _Black.Sea areu__________________ _ 7 
Turkey 

Anatolia 
Asia Minor 
(Ukraine) 

Crimea 
Odessa 
Kharkov 
Valkie 

See footnote at end of table. 



20 TECHNICAL BULLETIN 1.276, U.S. DEPT. OF AGRICULTURE 

TABLE S.-Sources ofstrains in the World OoUection oj Barleys grouped 
by regions I-Continued 

Region 


Caucasus area ___________________ _ 


Near East, l\Hdeast, and Russia___ _ 

India___________________________ _ 

Central Asia _____________________ _ 

Manchuria______________________ _ 

lCorea__________________________ _ 

China__________________________ _ 


Japan __________________________ _ 

South Pacific ____________________ _ 


:-:~e foolnotp- at end of table. 

Source 

South Russia ________________ _ 
Ciscaucasia 

Otrada Kubanska 
lCasafute 

Dagestan 
Derbent 

Georgia 
Mount Kazbek 
Tiflis 

(Armenia) 
Gonzah 
Yerevan 

(Azerbaidzhan) 
Baku 

Transcaucasia 
Dickson 

(Turkey) 
Northeast TurkeyArabia ______________________ _ 

Iraq 
Mesopotamia 
Iran 
Persia 
Baluchistan 
Afghanistan 
Turkistan 

Bukhara 
RussiaIndia _______________________ _ 

lCashmir 

Punjab
NepaL______________________ _ 
Mount Everest 

'Tibet 
Chinese Turkistan 

lCashgar
(China) 

Northwest China 
Mongolia
Siberia (2-row naked) 
Central Asia 

Pissarev 
Vavilov 

Asia
Manchuria ________ • ___ . ____ _ 
Siberia (6-row covered) I(orea_____ . _________________ _ 
China_______________________ _ 

North China 
OrientJapan _______________________ _ 
Australia ____________________ _ 

New South Wales 
Java 

Region 

No. 


8 

.... 

9 

10 

11 

12 

13 
14 

15 
16 



21 MORPHOLOGIC CHARACTERS OF BARLEYS 


TABLE S.-Sources of strains in the World Oollection of Barleys grouped 

by regions I-Continued 

Region Source R~gion 
No. 

South and Central America ________ Argentina____________________ 17 
Chile 
Uruguay 
Paraguay 
Peru 
Brazil 
Venezuela 
Guatemala 
Mexico 

United.States: 
U.s. Domestic Selections 

Far West___________________ _ California ___________________ _ 18 
Arizona 
New Mexico 
Utah 
Idaho 
Montana 
Washington 
Oregon

West North CentraL_________ _ North Dakota _______________ _ 19 
South Dakota 
Nebraska 
Colorado

North CentraL______________ _ Minnesota___________________ _ 20 
Wisconsin 
Iowalndiana_____________________ _East North CentraL _________ _ 21 
Ohio 
MichiganNortheast__________________ _ New York _____________ - _____ _ 22 
Pennsylvania 
West Virginia

South CentraL ______________ _ !(ansas______________________ _ 
Missouri 
Arkansas 
Oklahoma 
TexasSoutheast___________________ _ Virginia _____________________ _ 24 
Kentucky 
North Carolina 
South Carolina 
Tennessee 
Georgia 

U.S. B.·eedino Dines 

Far West___________________ _ California ___________________ _ 25 
Arizona 
Utah 
Idaho 
Montana 
Washington 
Oregon

West North CentraL . ________ _ North Dakota _______________ _ 26 
South Dakota 
Nebraska 
Wyoming 
Colorado 

See footnote at end of table. 
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TABLE 8.-Sources of Strains in the World Oollection ofBarleys grouped 
by regions l-Continued 

Region Source Region 
No. 

United States-Continued 

u.s. Breedi11g Lines-Continued 

~innesotaNorth CentraL______________ _ 27 
Wisconsin 
IowaIndiana_____________________ _East North CentraL _________ _ 28 
Ohio 
~ichigan

NortheasL _________________ " New York___________________ _ 29 
New Jersey 
Pennsylvania 
~aryland 
West Virginia 
I~ansasSoutr.Centrw_______________ _ ______________________ _ 

30 
~issouri 
Oklahoma 
TexasSoutheast___________________ _ Kentucky ___________________ _ 31 
North Carolina 
South Carolina 
Tennessee 
Georgia 

1 Based on geographic factors, plant characters that distinguish strains of 
one region from those of the others, and known varietw distribution patterns. 

Regional Character DistributionPattems 
The character distribution patterns fol' each of the regions are 

illustrated in figure 3.4 

EUROPE.-Among the European regions, the strains from North­
west Europe (region 1) and from Southwest Europe (region 4) are 
distinguished by a large proportion of 2-row head types. The strains 
from North and Central EUl'ope (region 2) are fairly evenly divided 
between 6-row and 2-row head types, whereas the barleys from South­
east Europe (region 3) are preponderantly 6-rowed. Region 3 includes 
more blue kernel strains than does region 2. The character distribu­
tion pattel'ns for regions 1 and 4 are very similar except for a pre­
pO!l.derance of strains with a 1.5 awn-spike ratio in region 1 compared 
to a preponderance of strains with a 1.0 ratio in region 4. 

SOUTH PACIFIC-SOUTH AND CENTRAL AMERIcA.-The strains from 
the South Pacific area have proportionately more strains with dark 
blue kernels, hoods, short rachilla hairs, and Mvn-spike ratios of 2.0 
than do those comprising the remainder of the collection. The 
pattern for the Sout.h and Central American stmins also deviates 
from the remainder of the collection .in similar ways. The proportions 
of strains with blue kernel types and short mchilla hairs are somewhat 

4 Spike character proportions for the individual sources and for the regions are 
included in tables I and II of the appendix referred to on p. 13. 
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greater among lhe barleys obtained from South and Centrnl Alllel'ica 
than among those froID the South Pacific. The hooded charader 
was noL obselTcd in strains frOID the southern part of the 'Yesiern 
Hemisphrre. 

U.S. DO~[ESTIC SELEcTIOxs.-The U.S. Domestic Selections do not 
include as great a proportion of head types other than 6-ro\\" as the 
remainder of thecolledion. Only the l"ar Wrst (r('gion 18), West 
N'orth Central (region 19), and East North Central (n'gion 20) regions 
are comprised by any apprreiable proportions of strains \\"ith a head 
lype other than 6-row; i.e., 2-rO\L The hooded cha,meter is markedly 
present among the Domestic Srlections, particularly in tbr l'egions 
[rom the East (regions 22 and 24). The prepond('rance of short hu.ir 
mehiUa types among the U.S. Domestic Selections is in clirert contrast 
to the picture for the remainder of the collection. Only the Far 
,,:-pst and West Korth Central regions include any nuu'ked propor­
(ions of strains \\ith long rachilla hnirs. Also only these regions ha"n' 
signifleant nUlDbers of strains with an awn-glume ratio of 1.0. TIl(' 
other regions in the CS. Domestic Selections subdivision haw grrater 
proportions of strains with high awn-glume ratios than is the rase 
with the remainder of the coUpction. The awn-glume ratio pattrrns 
for rrgions 20 to 24 are markecl by tlwir dissimilarity. .Although 
nUIllC'rous differences exist brtween the patterns for the individual 
regions, the differC'nt awn-spike characters ocelU' in proportions of 
the domestic selertion& that correspond quite closely \\ith those for 
thC' n?mainder of the collection. 

U.S. BREEDING LrNEs.-With the ex('eption of characters in tilC' 
head type and caryop"is spike categoric's, the spikC' rharuetrr distribu­
tion patterns for the regions constituting the U.S. Breeding Lint'S 
subdi-dsion are marked by their dissimilarity. Of special in (erC'st is 
the comparatively lrtrge proportion of blur kC'md types among lhr 
strains from regions 29 to 31 as cOFtLpared with those from re~ions 
25 to 28-a reflection of a demand fOI~ whitr kernC'l types among titr 
malting barleys gro\\:-u in the Korth Cc'ntral Statrs. The disparitiC's 
between the proportions of rough or smooth awn strains from thr 
same groups of rC'gions also rC'flect diff'L'rpnt objeetiws in the brrC'ding 
programs. The data in tablr 6 indicate that only slightly [110re than 
one-half of the brC'eciing linC'" strains ha\'C' short hair rachillas. lL iii 
evident. fromfigurr 3 that thC' djffrrC'nt mcltilla hair types are not 
uniformly distributed among thC' L.S. Brercling Linrs, but (hat rach 
type is concentrated in stmins f['om certain regions. ThC' t,'1'('at('st 
proportion of thr strains, excC'pt (hosC' from region 30, ha\"e an aWIl­
glume ratio of 1.0. ~o gr[.lC'ral trrnd is eYident among th(' awn-spikr 
ratio patterns for thC' different rC'gions. 

AFRICA AND ARfA.-The u.rras in Africa ancI Asia whrl"e thr indi­
vidual chararters appear (0 bC' ('oI1cen(rntecl or occur in a largr pro­
portion of the stru.ins arr summarizrc\ in tablr 9. Stmins from all 
thC' regions px('ept the Krar East, l\Jid{'ast, and Russia (region 9) an' 
distinguished b:v one or more rharacters t hal arC' ('on('en (ra.tt,c1 in til(' 
region in question. Somr chamdrl's, sueh as 6-row, occur in a, li1r~e 
proportion of the strains from most of tllC' regions, whereas olb"r", 
such os .2-1'0\\", oC(,UI" in only a few l'rgions or a sin~k region. 'I'llI' 
characters among thr Af,icI1n and Asian barleys thaL dislillg~[ish til!' 
strains of onC' region from those of other rC'glons arC' nott,a in lahlC' 10. 
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FIGURE 3.-Proportion of burley coU€:etion strains from 3 L world regions that 
24 have each of 37 spike characters. 
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Regions in Which Individual Characters Occur in Comparatively
Large Proportions of Strains 

Table 11 indicates regions in which each character is concentmted 
or where it occurs in a comparatively large proportion of the strains. 
This table was developed by designating j'egions in which the propor-

TABLE 9.-Regions in Ajrica and Asia in which each of 37 characters 
in 7 spike categories among 6,200 strains in the 'World Oollect·ion oj 
Ba1"leys appears to be concentrated 

Spike category and Region ~ 


character (code) I 


Head type:6 _______________ _ 
Widely distributed.2_______________ _ 
Black Sea area (7). 
Ethiopia (5).])---------------I _______________ _ 

])0.U ______________ _ 
Korea (13), Japan (15). 

KernelVV______________ color: _ 
Widely distributed.LB _____________ _ Caucasus area (8), Korea (13).B ______________ _ North Africa (6), India (10).])B _____ ,, ______ _ 

])0.
Bk ______ .. ______ _ Ethiopia (5), Caucasus area (8). 


Ethiopia (5), Central Asia (11), China (14)
p---------------Awn condition:R______________ _ 
Widely distributed.Sm _____________ _ Black Sea area (7).S8 ______________ 

])0.H_______________ 
Ce.ntral Asia (11). A ______________ _ 
China (14). 

Caryopsis:C______________ _ 
VVidely distributed. 
Central Asia (11).~---------------Rachilla hairs:L ______________ _ 
VVidely distributed.Sh _____________ _ 
Ethiopia (5), Manchuria (12). 


Awn-glume ratio:
1.0______________ 
Widely distributed.1.5 _____________ _ 

])0.2.0 _____________ _ 
])0.2.5 _____________ _ ..Central Asia (11), Manchuria (12), Korea (13), China 

(14).3.0_____________ _ 
Manchuria (12), Korea (13), China (14).3.5 _____________ _ 
Rorea (13), Japan (15).4.0_____________ _ 
Korea (13), China (14), Japan (15).4.5________ ____ _~ Korea (13), Japan (15).5.0 _____________ _ Japan (15). 


Awn-spike ratio:
0.5 _____________ _ India (10), Japan (15).1.0 _____________ _ Widely distributed.1.5_____________ _ 
])0.2.0 _____________ _ Ethiopia (5), ~orth Africa (6). 

2.5 ______________ North Africa (6). 
3.0 ______________ ])0.
3.5 ____ . ________ _ ])0.4.0 _____________ _ ])0. 

I For explanation of code", ~ee table 1. 

2 RC'gion numbers, in parenthe~c", refer to listing in table S. 
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TABLE lO.-Oharactel·s oj slrai'ns from Ajrica (mel Asia in the lVo1"ld 
Oollection oj Barleys that distinguish strains oj one geographic l'egion 
from those oj other regions 

Hegion Xo. ~ 
Spike category and 
character (code) I 

5 (j 7 8 9 JO 11 I:! r:-'-l-"- J5 
Uead lYPl':IL _____________________________________________________________ _

2___________________ ____ ____ -./ _______________________________ _ 
D ___ .. ______________ ",f ___________________ .. ____________________ _1___________________ v _______________________________________ _ 
U _______________________________ -___ ____ ____ ____ ____ ..J ____ .,J 

l\:ernel color: ..,. 	
\V__________________ ____________________________ ."r ___________ _ 
LB _____________________________ " ________________ ."f _______ _ 
lL _____________________________________________________________ _ 
J)]3_________________ ___ v _____________________________ •_____ _

• 	 Hk__________________ " ____ ____ ...: _. _________ . _______________ _ 
p ___________________ .,,' ____________________ .,,1 _______ • .,,1 ___ _ 

AwnR. condiiion: __________ • __________________________ . _______________________ _ 
::;11\. _ .• _______ • ____ • __ • ____ ." _____ ._. _. _____________________ _ 
SD__ • ______________ •• _______ .,,: ___ • ___________________________ _ 
B. ___ . ______________________________________ v _______________ _
A___________________ ____ ____ ____ .y ____ ____ ____ ____ ____ -V 

Caryop:;is:C ____________________________________________________ • _________ _ 
X __________ •___ • ___________________________ v _______________ _ 

,B,achilla hair,,: L ___________________________________________________________ • __ _ 
BIL _________________ -V ___ • ___ • v _______ • ____ " ___________ _ 

A wn-gluIIle ratio:1.0__________________ ____ ____________________________ . ______ _'~' 

1.5___________________________________ ._0 ___ • __ ._ ._._ • __________ _ 
2.0__ . ______ . ______ • ________ . _______________ • ___ . _______ • ___ . ___ _ 
2.5 _____ ......... _____ .. _______ ... ___ ... __________ ... _____ ... _.. "'\' ____ .. ______ _ 


~t~====:=========== ==== ===: ==== ==== ==== ==== :=:~ _~_ ~ __~ C=:-1.0____ - ____ • __________ • __ • ______ • _______ ._ .. _. __ ._. ___ . ___ . ____ _ 
4.5. ________________________ • ____ • __ . _______ • _____ .__ .,,' .". 
5.0 .- .. _____________________ • ____ • __________________ • ___ . -v 

;\wIHi[Jik(~ ratio:
0.5..______ . ____________.• _____ ._ .. __ ____ ____ ____ ____ v~ 

1.0______ • _______________________ • __ • _______ •• _____________ .• __ _ 
1,5________ . ____ • _____________ • _______________________ • __ • _____ _ 
2.0. ____________ • ______• _________ . ______________________________ _ 
_ .;L ____________________ _ ."f ____ .. ________ • _____________________ _') ­
a.o_____________________ . 
:>.5 ___ •_________________ _ 
,1.0. ____________________ _ ~ i::: :::: :::: :::: :::: :::: :::: :::: :::: 
1 }'or explanation of cod('s, see table 1. 
2 For list of region", see tuble 8. 

lions of lhe strflins bn,YU1g pn,C'h ehn,raet('r C'qUflJ or ('xc('('(l llJ'bitrnrily 
selpetcd proporl ions of all strains froD! Uwsc r('gions. Thrse base 
propol'tions arc giY('n for the chm'n,cLC'rs, (ogC'lbC'l" with rangrs to iodi­
('f\,tc the sf1ln]](·st n,nd larg('st proportions of tilr strnins wit il t hOSl' 
cbm'ILct;('l'S from any regions. 
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The predominant characters from the head typE', awn characteristic, 
and (,flJ'yopsis spike ca,tegories are preponderant in the strains from 
most of the regions. The other characters in t1wse spike categori!'s 
occm: in a limited number of regions. In only a few of these regions 
do these chal'ncters occur in a markedly higher proportion of strains 
than the oth('1's. The remainu1g spike cnkgories are mflJ'ked by dis­
tTibut ion patterns in which seyeral of the characters occur in (,OIll­

paraliYely large proportions of the strains from sewl'al regions. 
Howe\-er, the differences betwe<.>n the proportions of strains with eaeh 
ebar.acLer arc not so sizable. 

Patterns indicating the concentration of certain ('haruct<.>)'s in cer­
tain geographic areas al'e most striking in the awn-glume and I1wn­
spike ratio ('akgories. 

Examples of Concentration of Characters in Certain African or 
Asian Regions 

Certain ('haractel's are concentrated among strains from specifie 
regions. A. few examples are eitcd in the following paragraphs. 

2-now.-S0li1'ces from wh('nce a high proportion of 2-row tyPt'S 
haye been obtained are ginn in table 12. Only fiye regions are 
represented. Four out of fiYe of the Asian sources are in the Black 
S<.>a an'a. Only thl'ee l'<.>gions, all European, are repJ'c-s<.>ntc-d in acldi­
tio'll to the .t1sian areas. ~fore than 85 percC'llt of the 2-row hiIJ-!C'Ys 
in the collection are from Europe and Asia. About 71 percent of tiw 
2-row biIJ'le~Ts from Emopc and Asia are from the sources listed in 
table 12. The 2.,l'OW eu.flJ·actcr oecms in 64.5 percent of th<.> strains 
obtained fron fhe Asian somces listed. 

HooDED.-Table 13 ('ites the Asian somc<.>s for t/1(' hooded ('harnc­
t('}'. Tbrse rdatr pl'irno.l'ily to the genf'rru a·1'ra of tbr Himalayan 
Mountains and affiliated ranges in Central Asia. ~rbe hooded 
character comprises only 2.4 percent of the barleys from regions 9, 10, 
11, and 14. However, 97 percent of the hooded barleys from Ail'icil 
and Asia were obtained from these regions. ~ , 

TABLE 12.-Asian and European sources from which more than half the 
strains acq,uh'ed for the lVorlcl Oollection oj Barleys are 2-row head 
types 1 

Source [I Rrgion I' Source IH('~ion 
2\0. " );0.

---------------------:1---------------­
1Asia: I Europe (continued):Syria___________________ j 7 Bavaria ________________ _ 2

Turkey ____ ___ ___ ___ ____ 7 Polaud _____ .. ___________ _ 2 
KharkoL __________ . _____ 7 Svalof (~wrd(·n)---------- 2 
Valkie__________________ 7 t Czechoslovakia,... ________ _ 'lAsia_______________ .___ 1J I BohemiR_______________ _ 4

Europe: : Moravia ________________ : 4England________________ J .1 l Austria _________________ { 4
scottand ________________ l/ ]! I1ungary ________________ /' ';I 
Denmark________________ 1. I ¥ugoslavia _____________ _ 
Germany ________________ , 2 I 

4 

I; 

1 68 percent of all strains in the collectio.n with the 2-row chnractr[ wPre ob­
tained from these Sources. Boldface type indicates that more than 75 pt>rceut of 
the barleys obtained from these sources are 2-row types. 
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TADLE. 13-Asian sOUl'ces .oj hooded strains included in the World Col­
lections oj Barleys 1 

Source Source Region 
to. 

R~~~n II No. 

Otrada Kuballsku __________ , 8'I-----------------~-----Pissllrev __________________ _ 11
RUSSi:l ___________________ _ !J Vavilov __________________ _ 

11IlldiH____________________ _ 10 '!' China ____________________ _ 14N epaL ___________________ _ it I, North Chinu ______________ _ 14Tibet____________________ _ 

.1 

1 Of the 38 hooded strains from Asian sources, not more than 10 were from allY 
Olle source. 

AW~-SPIKE RATIOs.-The proportions of the Egyptian strains 
and the remainder of the collection that have each of the awn-spike 
ratios in covered kernel types are illustrated in figm-e 4. It is evident• thnt the Egyptian barley spikes are distinct from those obtained 
from the remainder of the world. The Egyptian btlrleys have short 
rachises !Uld lemma awns of 11. normal length. The net result is 
a high tlwn-spike ratio. , 

RACIIILLA J:L.uRs.-Ruchilla hair proportions for strains from some 
major African and Asinn sources are giyenin table 14. Barleys 
frolll Ethiopiit and Manchuria are distinct from those of other areas 
because of the striking preponderance of short Tachilla hair types 
among them. It does not follow, however, that the strains froJ"; these 
two sources are similar in other ways. Figme3 indicates that whereas 
there is u striking uniformity of morphologic type alllong the :Ma.n­
chmiun strains, the Ethiopian strains 111"e characterized by a diversity 
of types. Also, ncarly all the 1fanchurian barleys are 6-ro\\', 
white kernel types, hut the Ethiopian barleys include numerous 
deiiciens and H. irl'egulares ill addition to the 6..:row head types .and 
a fairly even distribution of w:hite, blue, black, und purple kernel 

'7'.. Of STRAINS 

30 f----­

101---­

o.J..II_i.-J.. 

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 

AWN·SPIKE RATIO OF COVU£D UIUYS 
FIGURE 4.-Proportion of barley coll!'ction strains (con'red kernels) from Egypt

and from the ,rest of the world that have each uf 8 awn-spike ratios. 
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types. It is of interest to note the cont.rast between the mohilla 
hair proportions for the Ethiopian and :Manchurian barleys and the 
proportions for barleys from adjacent COWltries. 

TABLE 14.-Prop01iion of strains from several African and Asian 
sources in the fVorld Collection of Ba1'leys that ha've long and short 
mchilla .hail's. 

Rac.hilla hairs 
Source Strains 

Long Short 

Number Percent PercentEthiopia ________________________________ -?1_. ?_367 27.8North Africa 1__________________________ _ 300 60. 7 39.3Turkey ________________________________ _ 804 64.3 34. 7Afghanistun ____________________________ _ 168 95. 2 4.8India __________________________________ _ 
489 89.8 10. 2 Russia ___________________ - _____________ _ 223 71.3 28. 7 
198 85. 4 14. 6 

Cluna__________________________________ _ 
Manchlli'ia _____________________________ _ 434 26.7 73.3lCoreu _________________________________ _ 
Japan.._________________________________ _ 134 100. 0 o 

269 93. 7 6. 3 
Turkey________________________________ _ 

804 64. 3 34. 7 
Northeast 'l'urkey___ - - __ - - ___ - - - ______ 49 28.6 71.4---j
Caucasus area___________________________ _ 40 70.0 30, 0 

1 Represents sources comprising region 6. 

Differences Among Strains Within a Region 

The results of the character distribution patte1"1l analyses for the 
individual sources permit some broad generalizations about barley 
types from a region. The data .ut the botLom of table 14 indicate 
that these generalizations may not always afford a sound basis for 
dra\\rjng precise conclusions about the nature of all barleys within 
a eoullt!'}" or a region. The distribution of racbilh hnir types iUllong 
strains from Northeast 'I'Ul'key is unWm. that for straills listed under 
the Caucasus 01' TUl'key source designations. The basic d!1ta for 
this study revenl that the greatest number of strnins from Northeast 
rrul'key are 6-rowed. This is con lrary to the general pattern for 
Turkey, from whence mostly 2-row strains have beeu obLained, 
but it is similar to the pattern for the Cu,ucasus area. 

The Northeast Turkey strains were illcorporuted into region 8 
because a large proportion of the strains from the Cnucasus area, 
as distinct from the specific Caucasus source, nre 6-row.. short hail' 
rachHla types. This is not to say tbu,t there are no strnins with 
th.is makeup among the gelleral group from Turkey. 

Some Changes in Spike Characters Through Breeding ... 
Figure 5 pres en ts for comparison the proportions of strains witu 

each charactcr among the Domestic Selections and Bl'cedillg Lincs 
from the seven U.S. regions. Tlle ebnracter distribution pattel'l1s 
for regions 18 and 25, etc., are shown side by side. 
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Spike CrJregories 
Head Kernel Awn l~woch.il;;--;';~ll A.n spike IIype color condition ~ hair., rO:lo ro~j

2 I VI B BK R SS AI! rl:lls~l, 1.5253.54.5 p:5T52.53.5
6 0 U LB DB P Sm H I.G ilL 11.0 2D 3.0 4,9 5 , ID 2D 3.0 4.0 

I 
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TABLE 15.-Summary: Direction of change8 in 8pike characteristic8 of 
breeding line8 of barley developed in 7 U.S. 7'egion8 a8 compared with 
introduced 8election8 initiaUy grown in the8e region8 

Area .and region No.2 

8pike category and 
character (code) I Far West North East North- 80uth South­

\VestJ North Cen- North east, Cen- east,
25 Cen- tral, 27 Cen- 29 tral,30 31 

tral,26 tral,28 

Head type:6_______________ + ____________ _
2_______________ + _______ + ____________ _ 
D _____________________________________________________________ _ 
1 ______________________________________________________________ _
U______________ + + ____________ _ 

KernelW color: ________ .______ _______ _______ + _____________ _ 
LB_____________ _______ +B_______________ _______ _______ + + 
DB_____________ _______ _______ _______ _______ + + 
Bk_____________ + + + __ ._________ _ 
p--------------- ------- ------- ------- ------- ------- ------- ------

Awn condition:R _____________ _ -:­
8m_____________ + + + + + +
88____ .__________ _______ + _______ _______ _______ + + 
H______________ + + 
A ________________________________________________________ _ 

Caryopsis:C_______________ +
N_____________ _ 

Rachilla hairs:L______________ _ 

8h___________ . __ + + + -I- + + 


Awn-glume ratio:1.0_________________ .. __ _______ + 
1.5_____________ _______ + + + + 
2.0__________________________ _ + 

2.5_____________ _______ + 

3.0_____________ + +
3.5_____________ _______ _______ __________________________ _ 
4.0_____________ _______ _______ _ _________________________ _ 
4.5 ____________________________________________________________ _ 
5.0____________________________________________________________ _ 

Awn-spike ratio:0.5 ____________________________________________________________ _ 
1.0_____________ _______ _______ + + 
1.5_____________ _______ _______ + + 
2.0_____________ _______ _______ + + 

2.5_____________ _______ _______ _______ _______ + + 

3.0_____________ + _______ _______ _______ _______ + + 
3.5 ____________________________________________________________ _ 
4.0 ____________________________________________________________ _ 

I For explanation of codes, see table 1. 

2 For list of regions, see table 8. 
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Several changes in the morphology of the heads of American vari­
eties have been effected since the advent of controlled hybridizfLtion. 
These are summarized in table 15. The smooth awn and long hair 
mchilla characters that were incorporated into varieties through 
hybridization constitute the most striking examples of such changes. 
The use of the smooth awn character in barley improvement work 
in the United States has represented a considered action on the part 
of breeders. There seems reason to doubt that this was true for 
the long hail' mchilla trait; rather it would seem to have been a 
side result of breeding to change some other characteristics of the 
plants. 

CoMMENTS 

Oertain characters are predominant among world barleys. Some 
occur in a very limited way. 

The predominant characters are very wideiy distributed geographi­
cally. 'With the exception of the 2-row character among European 
barleys, short hair rachillas in selections from barleys introduced into 
North America, and a 2.0 awn-spike ratio among strains from the 
South Pacific and South American areus, the predominant characters 
among all the collection strains occupy the same position among the 
strains from the five component subdivisions; It might be reasoned 
that these characters are the oldest evolutionwise, that they have 
best met the challenge of natural competition and hazards, and that 
they best suit the needs of man. 

The characters that occur in but a limited proportion of the col­
lection are generally restricted in their geographic distribution. Some 
insight into evolutionary activity in barley may perhaps be achieved 
from a study of these characters. The African-Asian portion of the ;1

collection revealed that the characters studied are not concentrated 
in anyone or two centers of evolutionary activity, but that they occur 
in different specific geographic (ecological) locales over the whole of 
the barley-growing area. The occurrence of the 2-row types among 
strains from the Black Sea area; the deficiens, H. irregular'e, and short 
hair rachilla types from Ethiopia; the types with high awn-spike 
ratios from North Africa; the types with low awn-spike ratios from 
India; and the hooded and naked types from the OentralAsia areas, 
point to a concentration of certain characters among strains from 
certain regions. These regions may be considered to be "centers of 
concentration" for specific characters. 

Information about the frequency of occurrence and geographic 
distribution of characters (character distribution patterns) in world 
plant populations may be of value in determining methods to use in 
selection and breeding to obtain superior genotypes. Available strains 
from sources indicated as being "centers of concentration" for spccific 
characters, e.g., resistance to rust, might be evaluated first in a search 
for a gene or genes with which to combat a new problem. Breeding 
programs using methods involving the interpollination of many 
varieties or strains might be strengthened by taking character distri­
bution patterns into account in determining the size and scope of the 
parental group and the number of progeny needed to obtain desired 

r recombinations. Deficiencies in programs involving narrow germ 
plasm bases may be highlighted by data giving some indication of the 
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prospects for obtaining diverse genotypes within the scope of the 
parental materials used. 

Since many of om crops were derived from the Old World, plant 
introduction work is fundamental to an effective national plant 
improvement program. Oharacter distribution data, particularly 
those relating to "centers of concentration," hold a special significance 
for planning and conducting effective plant exploration work. Search 
for a specific character, such as resistance to rust, might be directed to 
one or more world locales from whence similar characters had been 
obtained with greatest regularity in the past. 

The ICcenters of concentration" concept; implies that t'\TolutioDary 
change in barley has OCCUlTed in the many parts of the world where the 
crop is grown. One may hypothesize that it was in these centers that 
the specific characters arose. Lacking proof of this, it may be stated 
that these centers are areas in which the characters became established 
and have been perpetuated in reproducible plant types. This points 
up the fact that it is not enough just to have a precW"sor to evolutionarv 
change, e.g., mutagenic agent; the right genetic background anel 
environment must be available for the new character to become 
established. It might be that the 2-row character, for example, has 
arisen in barleys in many areas in Africa and Asia over the centuries, 
but found its true DiChe in the Black Sea area. 

The character distribution analysis of world barleys calls attention 
Lo al'eas in whicil certain characters are conspicuous because they occw" 
in either large or smail proportions of the strains from geneml or 
specific world areas. The extent to which the true picture among the 
world barley population is reflected by such an analysis is determined 
in part by the number and type of characters studied. 'rhe regions 
postulated in this study might be revised, refined, or subdivided by 
the inclusion of additional characters. 

This study provides new information about relationships, or tite 
lack of them, between barleys from ditreretlt, SOlU'Ccs. Certain mis­
conceptions that have arisen in barley literature lilay be corrected. 
For example, Weaver (29) concluded that it was fair to assmlle that 
ancient Egyptian barleys were derived from Ethiopia. The results of 
tilis study indicate that there is very little relationship between th(' 
strains from these SOlU'ces. 11m'ked differences between barleys from 
Ethiopia (region 5) and Egypt, as represented by :Korth Africa 
(region 0), are shown in figlU'e 3 for characters in five of the seven 
spike categories. As was noted in figure 4, Egyptian strains are 
particularly distinctive because of their high awn-spike ratios. Otber 
data not included in this study indicate that, on the a\'eragf.', Egyptian 
barleys are several inches shorter and mature several days earlier 
than those frorl! Ethiopia. 

'1'he results of this study suggest that man has carried muny of the 
different characters out of their African and Asian babitats in to 
Emope and the 'Western Hemisphere. The distribution pILtterns. for 
the regions indicate that he has been selective in determining which 
characters to utilize. They may also indicate rf.'stl'ictiollS of new 
environments as to which introduced types are adapted. The lllrge 
proportion of 2-row types among the Emopean strains might be 
attributed to the conq nests of the Westel'll Goths and the wesLwiu'd 
migrations or people" of the Ottoman Empire since it is likely that seed 
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carried from the Black Sea area would include a goodly proportion of 
2-row types. Central Emope yielded a preponderance of 6-row types. 
'l'his may reflect the influence of a different human l1tigration pictul'(" 
but it may also be that these types arc better adapted in tltis area. 

The broad representation of the different chamcters among the 
foreign-derived U.S. Domestic Selections is Imther evidence that mall 
hns been a dynamic force in the migration, perpeluation, and evolution 
of barley types. Apparently the early settlers grew barleys from many 
world aeens, n,mong ,dlich cedain types were found to be best adapted 
to this country. 'l'bere sec'InS reason lo assume that 111a,ny 2-1'0W types 
were brought to America by immigrants from Emope, yet a large 
pl'Opol'tion of the slrains gl'Own in the t:nited Stn,tes tlu'ough the cady 
1900's are characterized by having six rows of kernels. 'l'he striking 
preponderance of short hair rachilla types among 'Vestern Hemisphere 
badeys is fmther evidence that man has !1pplied selection pressures 
on the world barley population in acquiring plants adapted lo th(' 
el1virollments where he grows his crops, evell lbough probably un­
knowingly for characters suC'h as this one. 

j\{arked changes were effected in the chamcteristics of the U.S. 
barleys following the advent of controlled hybridization. Man had 
a new tool [or directing and e)..-pecliting evolutionary change. In 
the changes in the characteristics of the U.S. varieties through 
breeding) we find evidence of conscious change and of other changes 
that may have been effected without their having been recognized 
or deemed to be important. The comparative preponderance of 
hooded types among the U.S. strains, as compared to other suh­
divisions, reilects a preference by farmers for a plant type devoid of 
the discomforts that are associated with lhe harvesting or eating 
(by animals) of rough awn types. 'l'he concentration of the smooth 
awn character among 1.:.S. Breeding Lines refleds a different course 
of action that was followed to serve the same objective. 

TWO-CHARACTER COMBINATIONS 

RESULTS 
Combinations Present 

'l'he characters in this study may occur in 549 5 possible two-character 
combinations j i.e., the joint occurrence of individual characters from 
two spike categories. Among the 6,200 world barleys, 451 combina­
tions e:,.;st, about 82.1 percent of the potential. 

Proportions of Possible Combinations in Which Individual 
Characters Occur 

If we assume a conclition in which the inclividual chamcters occur 
in equaluwnbers of strains and are associated with one anolher in a 
completely random way, we find that the characters within eacb 
spike category might OCClU· in equall1lnnbers of two-character com­
binations; for example, hC!\d type characters, eltch 32 i kernel color 
characters) each 31; caryopsis characters, each 35. Tbese constitute 
the maximum possible lllmlbers of combinations in which tbe indi­
vidual characters may occur. 'l'he proportions of lhe possible two­

6 There are no own-spike ratios for hooded or I\.Wn!c5s strains. 
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character combinations in which each of the individual characters 
occur, within the scope of the 6,200 collect.ion strains, are cited in 
table 16. The Iollo,ving characters from the respective spike cate­
gories occur in all possible two-character combinations: 
Spike Spike 

Cate- Cate­
gory Character gory Character 


L ____ 6 rows of kernels. VL __ Glume-awns-equal-to-length-of­
the-glume (l.Oa-g). Glume­

1L__ _ Whit~ kernels. awns-twice- the-Iength-of­
the-glume (2.0a-g).IIL __ Rough awns. VIL _Lcmma-awns-e:1..i;end-beyond­


IV ___ Covered.kernels tip-of-spike-to-a - distance­

twice -the - length - of - the­


V____ Long r~ehilla.hairs. spike (2.0a-s). 

TABLE 16.-Proportion oj possible 2-character combinations in which 
each oj 37 characters in 7 spike categories occur among 6,200 strains 
in the World Collection oj Barleys i.., 

Spike cat~gory and Percent Spike category and IPercent 
character (code)l character (code)l 

Head type: Rachilla hairs:6 ______________________ _ L _____________________ _
100.0 100.0Sh ____________________ _2______________________ _ 91.9 94.3 

71.9 Awn-glume ratio:])----------------------U_____________________ _ l.0____________________ _71. 9 100.01______________________ _ 2.0 ____________________ _62.5 100.01.5 ____________________ _
Kernel color: _ 2.5 _____________________ 92.9'V_____________________ 

100.0B_____________________ _ 3.0 ____________________ _ 92.. 9 
96. 8 89.3])B____________________ _ 3.5____________________ _
93. 6 67.9LB____________________ _ 4.0 ____________________ _93.6 60. 7Bk____________________ _ 4.5 ____________________ _87.1 39.35.0 ____________________ _
67.8 28.6P_---------------------Awn]1 condition: Awn-spike ratio:2.0 _____________________100.0 100. 0 1I_____________________ _ 1.5 ____ ---_____________ _·87.5 96.6Sm ____________________ _ 1.0__________________ -- ­78.1 93. 1SS____________________ _ 0.5 ____________________ _
75.0 89. 7 1\_____________________ _ 2.5 ____________________ _
68. 8 82.83.0____________________ _

Caryopsis: 82. 8C_____________________ _ 3.5____________________ _
100.0 51. 74.0 ____________________ _94.3 48. 3 ~----------------------

1 For explanation of codes, see table 1. 

The characters from spike categories I to V and the 1.0 awn-glume 
ratio from category VI are predominant within their respective 
categories. Although the predominant chamcter in category VII, 
an awn-spike ratio of 1.5, does not appear in the above list, it occurs 
in all but one of the possible combinations. 'Yith thc exception o[ 
the intermedium head type, hooded awn condition, and .2.0 awn­
spike rat.io, the order of preponderallce of the characters in table 16 is 
the same as that shown [or the individual characters in table 5. 

Data .in table 7 .indicate that 55.8 percent of the interOledium 
types and 44.1 percent oIthe hooded types in the collection occur 
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among the U.S. Breeding Lines. This would seem to c)..-pla.in the 
occurrence of these characters in more two-character combiua.tions 
than is the case with some other characters that occur in greater 
proportions of the collection strains. There does not seem to be any 
reiLdy explanation for the preponderance of the 2.0 awn-spike ratio 
character among the two-character combinations. 

Proportions of Existing Combinations in Which Individual 
Characters Occur 

The proportions of the existing two-character combinu.tions in 
which the individual chamcters occur are shown in table 17. If 
the characters occurred in equal numbers of strains and were associated 
with one llllother in a random way, they might occur in equal pro­
portions of the combina.tions that involve the characters within 
their respecti,e spike categories; for example, head type chtlTacters, 
each .20.0 percent; kernel color characters, each Hi.7 percent; CiLry­
opsis characters, each 50.0 percent. The proportions of the existing 
combinations in which the individual characters occur do not agree 
with these values. Some of the characters do not occur in t1ll possible 
combinations. The values for the most preponderant Chllrt1cters 
are weighted by the deficiencies among the less preponderant ones. 
Thus, the proportion of the existing combiruttions in which the 2-row 
ChnTilCter occurs is larger than the theoreticnl value in spite of the 
l'tlct that this character was found in only 91.9 percent of the combi­
nations in which it might have occurred. 

TABLE 17.-PrOpoltion oj existing 2-character combinations in which 
each oj 37 characters in 7 spike c(Ltegories OCCIlI' among 6,200 strains 
in the lJ'odd Collection oj Barleys 

j 

Spike ca.tegory and Percent Spike ca.tegory and IPercent 
character (code) I character (code)1 

-------------------;------1-------------------,-----IHead ______________________ type: _ llachilla hairs:G 
25.2 5 L. 52______________________ _ 
22.8 ·18.5 
18.1 &h ~ ~ ~ ~=== ====== == ~ =====1 

1I])----------------------_____________________ _ 
18.1 A\~~t:~l~t~1~_~I~t~~~ ________ --I 1;1. 91______________________ _ 
15.7 1'1. !) 

Kernel color: la.81'-______________________ i rg======= =:===== =: ==: =!2.5. ___________________= .j18. 3 13.8X.O ____________________ _
17.8 13.3B - - - - - - -- - - - -- - - ---- ­])B_______ --- --- ______ --I--I 17.2 I 10.1LB____________________ _ 17.2 :t 9. ()4.5 • ________ 0

](j. G !! 5.95.0 ____ .. _ . ___ ._________ ;1:1. () :; '1.3~:~=:===::: :::=== ===:=: I 
U=____ =::=::::::::::: 

_____ 
=:==:1

.. ! 

Awn11_______________ condition: . ___ _ AWll-5pikp ratio:
2.0 _. ______ •. _______ ••2·1. '1' H 

! 

15. 511 _____________ . ___ ._ 1.5 ______ . __ . ______ . __ •21. 4 15.0
HIII________ •• _______ _ I!l. 1 1~ __ • ____ •••• _. __ •. _ 14.4 
H!:L_._______ __I 18. a la. !J0.5 ___ .. ______ .. ____ . 

A _________ _ ry -
Hi 8 ...... j) .. ~- ... -- ""---~ ... - ... - 12. R 

C[lI-Y°P:;i>': :~.()---------- _.. _-.- 12.8C____ . ______ ._. ____ _ :3.5. ____ .. ___________ ..52.2 8. (JN_____________ . _______ _ -UL __ oo _____ •• _ •• ____ •47. 8 7. 5 
------------,..,-------_._----- ----_.-.- ..._-

I Jeor explanation of codes, see table l. 
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PROPORTIONS OF COMBINATIONS VS. PROPORTIONS OF STRAINS.­
Data in table 18 indicate that the proportions of the two-character 
combinutions in which the indiyiduul chal'l1cters occur are not of the 
S!Lme magnitude as the proportions of the stl'l1ins in which they occur. 
It is striking to note that some individu!Ll characters occur in rela­
tively large proportions of the existing two-character combinations 
as compared to the proportions of the strain" in which they occur. 

Proportions of Strains in Which Existing Combinations Occur 
ENTIRE COLLECTION.-The proportions of the 6,200 stmms in 

which the existing two-character combinations occur !Lre presented in 
table 19.6 These values range from 0.02 to 76.7 percent. 

In a .fixed population, the values for the proportions of the strains 
that hiwe the respective two-character combinations !Lre in part it 
function of the product of the proportions of the strains in ,,-hich the 
component characters occur. No two-ch!Ll'fictcr combination mtl)' 
occur in i~ greater proportion of the strains than does the lenst pre­
pondemnt chtlracter in the combination. '1'herefore, the proportions 
of the stmins ha,-ing each of the combinations within ench two-spike 
ci1tegory combination are successively smaller as the less und less 
prepondel'fint churacters are involved in the combinutions. The 
association of a churacter in one spike catcgory with a purticular 
character in another catcgory, to the genoml exclusion of its companion 
characters, rcsults in. the proportion of the strains hi1ving this combi­
nution closely upproximating its muximum theoreticul y!tIue. On 
the other hand, certain characters occur with one anothcr in con­
siderably fewer than the maximunl possible number ·of stmlns, giying 
proportions thut are markedly less than the theoretical nllues. 

The principal (most preponderant) two-chumcter combination 
within each conjunction of two spike categories is comprised of the 
predominant individut>J chanlcters from the categories inyolvcd. 

SU13DIHSIOXs.--The proportions of the strains in the subdh"isions 
tLnd the entire eollection that are constituted hv some of the two­
character combinations itre prescnted in tiLb] e ~W:7 Dnta 01 the sort 
presented in tn,blc 19 are !l.ssembled for the heud type characters in 
coml,;nntion with the clmntcLcrs from the l'elllitining spike categories. 
Th pl'oportions of the stmins with these combtnations corroborate 
the pre\-ious c\-idcnce that different character patterns prenLil in 
barleys from diITercnt world areas. 1,Yheretls 1110re thlln huH of the 
bilrleys from Europe are 2-ro\'{ types with white kernels, less than 
one-fifth of the stnlins .[r·ocn the other suhdi\-.isiollS hil\"e this makeup_ 
A. llLUCh liLrgl'l' proporLion of the African-Asian G.,row types han; 
long nlchilliL hlLil's Hum do the struins from HJ1Y other subdi\"ision. 

a Additional dala for combinations o('clirring among strains from carh of the 
subdivisions are included ill tllbl(; HI of the appelldix refl'rred to on p. 13. 

7 Additional data for aU existing two-character cOltlbinatiulls am inclUded in 
table IV of the appendix referred t.o on p. 13. 
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TABLE 18.-Proportion of allsfrains in the T-Vorld Oollection of Barleys 
that bear each character and proportion of all2-character combinations 
in which these characters occur 

Spike category and character All 
(code) I strains 

Head type: Percent6 __________________________ _ 
71. 0

2 __________________________ _ 25.1 
1 __________________________ _ 
I> _________________________ _ 

2. 0 
U_________________________ _ 1.2 

.7 
Kernel\V color: 

B_________________________ _ 55. 1 
16. 5I>B________________________ _ 
12. 1IJB________________________ _ 7.1Bk________________________ _ 

5. 7 
•• 0 -

Awnp--------------------------condition: 
') 

R______________ ---- _______ _ 
88. 3 

88_________________________ _ 
Sm ________________________ _ 

6. 0 
2.7II _________________________ _ 
2.6 
.4 

Caryopsis: 

A_________________________ _ 

C_________________________ _ 
87.5 
12. 5~--------------------------Rachilla hairs:L_________________________ _ 
60. 9Sh _________________________ _ 
:3n.l 

Awn-glume ratio:1.0________________________ _ 
55.22.0 ________________________ _ 

_.0 ________________________ _ 16.8.. ')1.5 -________________________ _ 11. 2 
9.03.0________________________ _ 
6. 0 

3~ 

1.14.0 ________________________ _ 
4.5 ________________________ _ .5 

.15.0 ________________________ _ 
.05 

Awn-spike ratio:1.5________________________ _ 
42.21.0________________________ _

• 2.0 ________________________ _ 29.3 
17.00.5 ________________________ _ 

:3.72.5 ________________________ _ 
2.63.0________________________ _ 
1.73.5 ___________________ . ____ _ 

4.0 ________________________ _ .4 
.2 

I For explanation of codes, see table 1. 

Strains having 
each character 
that occur in 

each 2-character 
combination 

(average) 

Percent 
3. 1 
3.4 
4.3 
5. 0 
4.3 

3.2 
3. 3 
3. 4 
3.4 
3. 7 
4.8 

3. 1 
4.0 
4.2 
:3. 6 
-1. 5 

2. !l 
3. 1 

2. !l 
3.0 

3.6 
:3. 6 
8.8 
3.8 
4.0 
5. 3 
5. () 
9.1 

12.5 

:3.6 
3.7 
:3. 4 
:3. !l 
4.2 
4.2 
6.7 
7.1 

2-character 
combinations 

Percent 
25.2 
22.8 
18. 1 
15. 7 
18.1 

18. 3 
17.8 
17. 2 
1- ')

(. ­
16.6 
13.0 

24. 4 
19. ] 
18.:3 
21. 4 
16.8 

5f)-. l)­
47.8 

51. 5 
48.5 

14. !l 
14. \1 
13.8 
1:3.8 
13.3 
10. 1 
9.0 
5.9 
4.3 

15.0 
14.4 
15.5 
13.9 
12.8 
12.8 
8.0 

i 7.5 
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'fABLE 1fl.-Proportion oj strains in, theWorlrl Collection oj Barleys tlwt Ita,ve ench combinntion oj 2 characters possible ! 

nmOllg 37 charactas in 'l sl>ike categories ~ 
.... 

Spik(' cntpgory ]lend Type Kernel Oolor Awn Oondition t.:> 
i\lld chamelp!, -.J 

5')(e(Hkl I 

6 j~I-]-)_1_1~1~ 1,13 I 13 I DB I 13k P _TI_'_I ss 1£ A c:lSIll 
~ 

Kernel color: Pet. Pd. Pel. Pcl. I Pcl. Pel. Pel. Pct. Pel. Pcl. Pel. Pet. Pel, Pet. Pel. Pet. t:1 
\\'---_... _. -. 33.0 10.8 O. 7 0.2 0.5 t'.l 
LB ....... _•• _ 6.2 .8 .03 .03 .02 "d 

!'3B,.. ___ .•• _ ].I, 5 L ·1 .:3 .2 .1 
DB._. __ .. \11.8 .n . 1 .2 .02 o 
HIC_. __ ._ •. 2.0 1.\l ,6 .2 .08 '%J 
l' ..__ . ___ . _ 1.7 • :3 .2 .3 0 

A \\'11 cOlldition: ~ 
1l. ___ . __ .. __ ~0·1.. 0 20, 7 1, !) 1.2 .5 ·18.0 6. 2 15.0 12. 1 .1. 7 2. -1 ..... 
Hm .••••• _. 3. S 2. 2 .03 0 ,02 3. !) .4 .8 .5 .5 0
HK.__ • __ ..... .7 2. 0 .02 0 .02 1.6 .2 ,3 .2 ,4 0
lr •• __ • ___ ,.• 2.3 .1 . 1 0 .1 1.5 .2 .4 .3 .2 .08 
A.- ._._ .. _._ .2 .1 0 0 0 . 1 .1 .02 .02 0 

Cnryopl'is: IlOSO ••• _._ .... 60.2 23. 7 1.0 1.2 .5 (. 7 0.2 1·" 0 12.2 5. 2 1.6 76.7 5. n 2. 7 1.8 0.4
::s. __........ 10.8 1.4 .2 0 . 1 7.3 .0 1.0 1.0 .5 .0 11.6 . 1 .02 .8 .02 


.. .. 




.. ,'! ~ t 

Hachil1n hairs:L . ___________ 37.8 21. 3 1. 0 .3 35.8 3.5 8. 5 8.1 3. ~~ 1.6 53.5 3. 0 2.2 .0 .3Sh___________ · 'l 
33.2 3. 8 1.0 .0 .3 10.3 3.6 8. 0 5. 0 2. ,1 .0 3,1. S 2.1 .5 1.7 .03 

Awn-glulllc mLio:~ 1.0 __________
C> 2!).8 23.0 1.7 .3 .4 31. 7 3.3 8. 0 7. 4 3.0 . !) 46.8 4. 2 2. 4 1.5 .3... 1.5 __________ 

7.7 . \) .08 .2 · OS 4. '1 .8 1.8 1.3 .4, .2 8. 3 .3 .05 .4 0
2.0 ______ • __ • 15.5 .6 .2 .5 .06 8. 3 1.2 3.5 2. 5 .6 .7 15.5 . n · 1 .3 .02
2.5 __________ 10.6 .3 .06 .2 .06 6. ,1 .n 1.!) 1.2 .4, .5 10.5 .3 · on .3 .02
3.0 _________ . 5.7 . 1 . 05 .03 ·0')

~ 3. 4 .6 1.0 . '1 .3 .2 5. 5 .2 · as . on 0 
3.5 ________ ._ .2 .2 .2 .1 0 1.1 0 0 .02 01.0 .08 a 0 · 03 .5;1-.0 __________f I
.5 .02 0 0 0 .2 .08 08 .05 .05 0 .5 .02 0 0 04.5 __________ 0 0 0 a .05 0 .02 0 0 .02 . OS 0 0 0 a 


.05 a a 0 0 .03 .02 0 0 0 0 .05 0 0 0 0 

Awn-spike mUo: 


· OS5.0__________ 

0.5 __________ 3· ? 
~ .2 .02 0 .2 1.0 .4 .4 .6 .2 .05 3. 6 .06 .021.0 __________ s15. !) 12.0 .05 · OS 20. 3 1.7 3. 2 2.4 1.3 .4 25.1 2. 6 1. 5 c1.5 __________ ." 20. 7 10.6 1.2 .li .2 22. 0 3. 3 7.4 5. 8 2. 6 1.2 3S. n 2. 5 • !)2.0 _________ " 15.1 1.1 .3 • 4, · OS li.n 1.2 3. S 3. 2 1.2 .7 16. 1 .7 .2

2.5 _________ . 2. 5 .Oli 0 .06 0 1.1 .08 .8 .5 .2 . 02 2.4 .08 .06:to__________ 1.6 .02 0 .03 0 .0 .08 .3 .3 .08 0 1.6 .05 .03
3.5 _________ . .02 0 0 0 .2 0 . 1 . OS 0 0 .4 0 0• -I4.0 __________ 

· 1 0 0 0 0 .06 .03 .03 .02 0 0 . 1 0 0 I
See footnote at end of table. 
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TADLg 1CJ.-Propo)·tion oj strains in the World Collection oj Bm'Zeys that have each combination oj 2 characters possible ~ 

amonfJ 37 characters in '1 spike categories-Continued ~ 


...
Cal'yop,~j5 Rachilht Hail's Awn-GJumc llntio 	 to:I

Rpikp t'lIll'~OI'y Ilne! 	 ... 
Chlll'lll'tl'l' (endp) I Ql 

C I N L I Sh 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 c:l 
1Jl 

Kernt'l color: I Pel. Pcl. Pet. Pet.'V ________________ _ 	 Pet. Pet. Pet. Pct. Pet. Pet. Pel. Pet. Pet. ~ IJB __ .. ___________ ._B_____________ _ 	 "d 
!"3 nn _. __ , ... 0. ___ _ 

UK..... _.. ___ • ," .... 	 ~ 
p---- ----.---.

A	\\"11 1.;It. condition: _________ .. ___ ._ 

Sm ____ • ___ .. _____ _ 


RH ...... _.. "" .If_. ________ _ 
A _________ _ I

C'lll'yop:-;is:0 _________________ _ t!l 
Xo __ . __________ _ 

... • 	 ~ • 



., -,.
"! ... ,. ,. ... , ... ~ ., ..., -" .­'~ " T 

'" 

RachiJIa hairs: L__________________ 
Sh _________________ 50. 3 10.6 

3i.2 1.!J 
A\\'n-gluJUe mUo: 1.0______________ •. _ ;19. 3 5. !) 3S.S 16.41.5.________________ 

7.3 1.7 6. 0 3.02.0_________________ 
14.:3 2.5 9. 42.5_________________ 7. " 
n.8 1. 4. 4. 8 6. ,13.0_________________ 
5.1 .9 2. n 3.13.5 ________________ 1.0 .1 .6 .5 ~ 4.0_________________ ~4.5_________________ .5 .05 .3 .2 'tI.0(1 .02 .08 0

5.0 ______ '" • _______ .05 0 .05 0 ~ 
A \\'n-spike I'll! io:0.5_________________ 8

2.5 1.2 3. a • <I 2.n O. a 0.1 O. 2 O. OS O. 02 0 0.02 0 
1.0_________________ • ,1 

0 
1.5_________________ 26. 7 2.6 20. S S.5 18.3 1.7 a. ,1 a. ,1 1.8 .2 0 0 S 
2.0_________________ ai. ·1 4. 0 2·1. 5 17.7 20. " '1.6 8. 5 5.4 2.7 .5 .2 0 .02 

2. li 8.3 10. a 8. 3 1.6 4. 0 1.6 1.2 .2 .1 .03 .032.5 ______________ 1-1. "0_ 

2. 3 .3 1.3 La 1.6 . a .3 .2 .1 0 .03 0 0a.o. ________________ 
l.(i .06 1.0 .7 1. 3 .05 .2 03 .03 .02 0 .03 0 

~~.5 __ ... _.. ___ ......... ____ ~
4.0_________________ • ',I 0 .3 . 1 .a .02 .03 0 0 0 0 08..1 .02 . 1 .05 .1 0 .02 1 0 0 0 0 0 I
I For explanation of codes, see table 1. 
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TABTJE 20.-SmlMARY: Proportion of all strains in the n'orld Oollection of B(Lrleys and proportion of strains from tJ; 

5 source subdivisions that have each combination of 2 characters possible between 5 head type characters and 32 
other characters in 6 spike categories ~ 

8pike category and code 2 	 ~ ... 
~ 
'IlIracl 	ty\)C character and Kernel color Awn condition Catyopsis Rnchilla ~a. 

SlI xlidsion I hairs 
~ 

~1)W 	 LB 13 DB 13k R 8m SS H A C N L Sh 
f;,;j------------------------------ t;l 

6: lD ______________________ 15.2 9. ij 12.0 6.1 O. 8 O. S 4.1. 9 O. 9 O. 5 O. 4 0 41.0 2.8 19. 1 24. 7 
~ 

A ______________________ 
S____ - _________________ S6. I 4.3 Ia. !) Ia. 0 3.7 2. 3 71.5 .5 .3 .9 .1 58.9 14. ,1 44. 9 28.4 o 

I>j
8. 8 	 25.7 23. 5 .7 1.5 72. I 1.5 .7 4. 4 0 72. 8 5. 9 17.6 61. 1]8. " 

]3])----------------------______________________ 'l2.8 H. 4 H;.2 6.9 1. 4 .a 69. 0 3.1 . S 11. 5 1.2 81. 4 3. 7 16.7 68. 4 t;
39. 6 9. 7 16.5 10. 9 1.0 • .'i 37.6 28. 3 3.7 8. 0 .6 76. Ii 1.6 28. 7 49. 4 T_______________ ____ 	 !;tJ

~ 

3a. 9 6. 2 14. 5 II. 8 2. n 1.7 64.0 3.8 .7 2. 3 .2 60.2 10.8 37.8 33.2 
2: E______________________ 

51. 6 1.6 1.0 .3 .3 . I 51. 8 .6 1.7 0 .9 53. 4 1.6 47.7 7. 3A______________________ 
16.1 .7 1.7 1. 1 2. 5 .3 17.2 2. n 2. 3 0 .05 21. 0 1.5 19. 8 2. 1

S______________________D______________________ 16.2 2.2 .7 .7 0 0 10.0 0 0 0 0 18.4 1.5 8.1 11.8 i11. 7 0 .3 0 .6 0 0 .n .3 0 12.0 .6 10.0 2.613 ______________________ 	 11. " 
13. 1 .9 .6 .6 .9 .3 1a. 1 1.2 1.2 .9 0 15.3 1.0 10. 7 5. 6T__ . ____ ____________~ 19. 8 .8 1.4 .9 1.9 .3 20.7 2.2 2. 0 .1 .1 2a. 7 1.4 21. 3 3. 8 

~ ... 	 ) .• .. • ~ ... 	 ... 



~., 

" 
., ~~ 

"
., ., T .. 

T 
.,

~ 

., 


D:E____________ _________~ 

A ______________________ .4 0 0 . 1 .6 0 1.0 0 0 .1 0 1. 1 0 .3 8 
S ______________________ 1. 3.8 .05 .4 .2 .7 .3 2. 3 .05 .02 0 0 2.3 . 1 1.1 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
B______________________ .3 0 0 0 .6 0 .9 0 0 0 0 .6 .3 .9 0])---------------------­

1'____________________ .7' 0 0 0 .9 .4 1.4 0 0 .7 0 1.5 .6 1.5 6 
.7 .03 .3 . 1 .6 .2 1.9 .03 .02 .1 0 1.9 .2 1.0 1. o 

1: 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0A______________________]~---------------------- .3 .05 .3 .3 .3 • <1 1.7 0 0 0 0 1. 7 0 .4 1.S_______________________ 
0 0 .7 0 0 0 .7 0 0 0 0 .7 0 0 7 ~ ]3______________________ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0])---------------------­
0 0 0 0 0 0 0 0 0 0 0 0 01'______________ _____ 0 0 m
.2 .03 .2 .2 .2 .3 1.2 0 0 0 0 1.2 0 .3 9

U: 
~ s 

A______________________ . 1 0 0 0 0 0 • 1 0 0 0 0 .1 0 0 
o 

S______________________ 
]~-----------~---------- .2 S.02 .05 .02 0 0 .3 0 0 0 0 .3 .02 .3 0 

.7 0 0 0 0 0 .7 0 0 0 0 0 .7 .7 0 
B______________________ 1.4 0 0 0 0 0 1.1 0 0 .3 0 .8 .6 .6])----------------------T____________________ 1.9 0 .9 0 .7 0 2. 3 . 1 .1 .9 0 2. 8 .7 1.8 1. ~ ~ .5 .02 . 1 .02 .08 0 .5 .02 .02 . 1 0 .5 . 1 .4 

-.-----~~ 

See footnotea at end of table. i 
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'fAllLB 	20.-SUMMARY: Proportion oj all strains in the World Oollection oj Barleys and proportion oj strains jrom 
5 source subdivisions that have each combination of 2 characters possible between 5 head type characters and 32 ~ other characters in 6 spike categories-Oontinued 

~ 
Spike category and code 2 	 ... 

t-:) 

C> 

subdivision 1 A wn-glurne ratio Awn-spike ratio 
lIend type character and 	

~ 

c:l 
~ 

1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 0.5 1.0 1.5 2.0 .25 3.0 3.5 4.0 
I;:j

--------------------_.----------- i!I 

6: E______________________ 	 ~ 
11. 9 4. 6 11. 0 7.6 6.1 1.4 O. 8 0 O. 1 O. 4 11. 6 24.1 6.7 O. 1 0.1 O. 3 0.1A ______________________ 
29. 9 8. 2 16.1 11.7 5.9 1.0 .4 .07 .07 4. 3 16. 7 30. 3 16.3 2.6 1.9 .4 .1S______________________ 	 ~ 
61. 8 3. 7 11. 0 2. 2 0 0 0 0 0 2. 2 1.5 18.4 33.1 11.8 5.1 1.5 .7 
23.3 12. 7 23. 3 13.8 7.7 1.7 1.4 .3 0 .3 23.0 27.3 18.4 2. 9 .3 .3 0B______________________])----------------------	 1.6 14.8 35.8 13. 1 2. a 1. 6 .2 046. 2 6. 5 12. 8 6.8 4. 7 .7 .5 0 0T____________________ 
29.8 7.7 15.5 10. 6 5.7 1.0 .5 .08 .05 3.2 15.9 29. 7 15.1 2. 5 1.6 .4 .1 I2: E______________________ 
50.6 2.5 1. 2 .3 .3 .1 0 0 0 .7 35.0 17.4 .8 .1 0 0 0A______________________ 
20.9 .6 .5 .3 .07 .02 .02 0 0 .09 10.9 10.4 1.0 .05 .02 .02 0 ~S______________________ 
15.5 3. 7 0 0 0 .7 0 0 0 o 5.2 6.6 8.1 0 0 0 0 


])---------------------- 13. 7 .4 1.2 .4 .4 .02 0 0 0 .6 6.2 7.8 .7 .02 0 0 0
B______________________ 10. 9 .3 .9 .3 0 .3 0 0 0 o 5.215.7 1.4 0 0 0 0 E3 
'f____________________ 

.23.0 .9 .6 .3 , .1 .08 .02 0 0 .2 12.9 10.6 1.1 .06 .02 .02 0 

.., 	 ~ ...... '. .. A 	 .. ).. ~• 	 "" 



,. - ., ,.,..\~~. '" . p ~• 

D:E ______________________ 
A______________________ 1.0 o I . 1 0 0 0 0 0 0 0 .3 .7 0 0 0 0 0

S______________________ 1.9 .1 .2 . 1 .07 0 0 0 0 0 .5 1.5 .5 0 0 0 0 

D ______________________ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

B______________________ .6 0 .3 0 0 0 0 0 0 0 0 .6 .3 0 0 0 0


2. 11'____________________ 0 0 0 0 0 0 0 0 . 1 .3 .9 0 0 0 0 0
1.7 .08 .2 .06 .05 0 0 0 0 .02 .4 1.2 .3 0 0 0 0I: 

1;'A______________________ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0~---------------------- 0 0 
S______________________ .4 .3 .6 .2 .05 0 0 0 0 0 .07 .9 .6 .1 .05 0 0 

D ______________________ 0 0 .7 0 0 0 0 0 0 0 0 0 .7 0 0 0 0 

B______________________ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 


T ____________________ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

.3 .2 .5 .2 .03 0 0 0 0 0 .05 .6 .4 .06 .03 0 0 
 IU:E ______________________ (.).1 0A______________________ 0 0 0 0 0 0 0 0 0 0 .1 0 0 0 0 SS______________________ .2 .02 .08 .05 0 0 0 0 0 .2 .02 .02 .05 0 0 0 0 .D ______________________ .7 0 0 0 0 0 0 0 0 0 0 0 .7 0 0 0 0 


B______________________ 1. 1 0 0 0 0 .3 0 0 0 0 .6 .6 0 0 0 0 0 

T ____________________ 2. 2 .6 .1 .3 . 1 . 1 0 0 0 1.0 .3 1.2 . 1 0 0 0 0


.4 .08 .06 .06 .02 .03 0 0 0 .2 .08 .2 .08 0 0 0 0, ~ 
1 E=Europe; A=Africa-Asia; S=South Pacific-South and Central America; D= U.S. Domestic Selections; B=U.S. Breeding I 

Lines; T=total collection. 
2 For explanation of codes, see table 1. :; 
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Proportions of Strains With the Respective Characters 
That Have Each of the Other Characters 

ENTIRE COLLECTION.-It has been noted that 33.9 percent of the 
barleys in the collection are characterized by the 6-row', white kel'llel 
combiniLtion. This does not give us any inkling as to what proportion 
of the 6-row types are white, and vice verSiL. Table 21 8 includes this 
information for all two-character combinations that occur in the 
collection. vVe note, for example, that a considerably larger pro­
portion of the 2-row strains have white kernels than is the case with 
iLIly other head type ehamcter. This is not to say, however, that 
most white kernel types are ,2-rowed. Nearly 85 percent of all 2-row 
types have long rachilla hairs, but only 35 percent of fill long hair 
mchilliL types are 2-rowed. 

In contmst to the data in tiLble 19, the proportions in table 21 are 
independent of and do not in any way reflect the magnitude of the 
proportions of the 6,200 strains in which the individuul characters 
occur. They range from 0 to 100 percent. Nevertheless, the largest 
proportions cited opposite each 01' the characters listed within each 
spike category on the left-hand side of the table usually relate to the 
predominant individual chamcters from the other spike categories. 
Following are instances in which characters other than the most 
predominant ones in the respective spike categories occur in the 
greatest proportion of the stmins with the key character: 

Key character Key character
2 _____________________ _ LB_____________________ Sh.] .Ou-s. 1 ______________________ _ P. 


Sh. ~S~-~= === ====== === ====== ~:Oa-s.
SS_____________________ l.Oa-s.2.0a-r;.U_____________________ _i===~================ H ______________________ SIl.0.5a-s. A__·____________________ 13. 

These and other combinations involving the less predominant char­
acters are evidence that factors in addition to tlmt of the function 
of numbers influence the extent to which the individud characters 
occur in combination with one another. 

SUBDIVISIONs.-Information about the proportions 01' the strains 
with each of the head type charfLcters, from the £iye subdivisi0Bs 
and the entire collection, that have each of the chamcters in the 
other spike categol'ies is presented in table 22.9 It was noted in 
table 20 that a large proportion of the strains obtained from Europe 
are 2-1'ow, white kernel types. Ire now see that the European strains 
do not have a monopoly on the white character among 2-row types. 
The greatest proportion of 2-row sLrfLills from all the regions is white. 
On the other hand, the large proportion of smooth a\\'D, 6-row strains 
among the U.S. Breeding Lines noted in table 20 is confirmed as a 
condition peculiar to these stmins. 

8 Additionnl data for all existing two-character combinatiolls arc included in 
Table V of the appendix referred to on p. 13. 

g Additional data for all existing two-character combinations are included in 
table VI of the appendix referred to on p. 13. 

..., 

, . 
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l'AurJB 21.-Ji'or each of 37 c1utraclers in 7 spike categOl'iC8, ]JI'Ol)orlion of strains in the lVol'lcl C'ollection of B(£l'ieys 
having each dwmcter that OCC1l'I'S in each J)ossi.ble combinaMon of that c1W'?"(I,clC7' with other individ1wl chm'acters 

~{~li(~~1~:~;~~~2 _____.,____Kcr�:l_~_O_IO~__ ,~__ ., __~I____..-:\\\~~.~_n(_Ii_t.I_·o_n____,_ Caryopsis ~J_H._ac_'h_ill~a_l_ln_i_rs o ~ 
~ 

',Y ~ __(:e_.)1___ 11_~~I.__]_3~, D13 I Bk L-':~_,I_H._~~I~J_~J~__c, _I_N_I_I._I Sh 
o 

HrllU type: 1 o ......I I 
6.____________ 'J7.81 8.7 20. ,,1 H,i. 7 ',".1,1 2.·1 !){,).2 5.:3 1. 0 3.2 0.3 84.8 15.2 53.2 ·16.8 c 
2_____________ 78. n 3.3 5. (l :3. (l 7.5 1. 1 82.3 8.7 7. \)1 .4 . (l H1.4 5. (j 8'1. n 15.1 

D____ -.._ ___ :13. a 1. (j 1·1. a 7.1 a!. 7 I!.!) !)2.0 1.6 .8 4.8 0 !)2.1 7.!) 50.0 50.0

1..___________ Hi. i 2.8 18.1 1!).·1 18. I 25.0 100.0 0 0 0 0 IOO.O 0 2:3.6 76.4, ~ 
U_____________ 65. .I 2.31 18. (i 2.3, 11. ° 0 70. 1 2. :3 2.3 Hi. 3 0 70. 1 20.0 62.8 37.2 

1 ~ 
Awn-glullle raUo Awn-spike ratio ~ 

UJ 

~=~J...I.~_~ __2.~ 2.5 1~3~~J; ..~_~~~0·~.5_ -5~0·~1-~;·~~~1 2.5 ~~ 4.0 
t» 

li_____________ '12.01 10. \) 21. 8 lA.O 8.1 1. 'II O. i 0.1 0.1 4.5 22. '1 4.1. 8 21. 2 3.5 2.3 0.6 0.2 
2_____________ OJ. iii a.5 2.5 La .5 .3 .1 0 0 .8 51.2 ·12.1 4.4 .3 .1 .1 0 
])_____ ~ ______ S~.51 4.0 7.0 3.2 2.,1 () 0 () 0 .8 18.350.516.7 0 0 0 0 ~ 
L ___________ 25.0 10." a8. \) .13. S 2.81 0 0 0 0 0 4.2 5l. 'J 86.1 5.6 2.8 0 () rJl 

U__ ~ ________ . 62,SI 11.° 0.3 o.a 2.:31 4.7 0 () 0 3·I.O 11.6 25.6 11.6 0 0 0 0 
1 

JFor rx.p!t\nntion of eoell's, see tnb Ie 1. 

c.n ....... 
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TABLE 21.-For each of 37 chamctel's in 7 spike categories, proportion of stmins in the lVorld Oollection of Ba.rleys ~ 
having eaeh chamcter that OCC1Lrs in each poss1~ble combination of that cha.meter 'With other individual characters-Con. ~ 

Spike category Hend type Awn condiliop Caryopsis Uachilla hairs 

tllld chnmcter 


(code) I 
 ! 
6 I SS AI_~I_~I I-"--I~_I-~I I_~I I C I N I L I Sh ~ 

Kernel color:\V ___________ _ .... 
t.'){\ 1. (i: :36.0 1.2 o. ,II 0.8 87. 1 7. I 2. n 2.0 O. 2 80.7 13.:3 65.0 35.0I,H__________ _ --t87.2 11. G .5 . S' .2 87.0 5.5 3." 3.0 1. 1 87.5 12.5 48. 7 51. 3lL ___________ _ 0>

87. 7 8. 5 1.8 1.3 .8 00.5 I. 7 1. 8 2. 1 .n 88. 3 11. 7 51. (i 48. '1DlL________ _ 
!l0. 1 0.0 1.1 1.7 .6 02.5 3. " 1. 7 2. 2 . 1 02. (i 7.4 01. 7 38.3HK__________ _ cl
50.7 33.0 11. :3 3.7 1.4 8.2 6.5 3.7 .3 no. 7 0.3 58.9 41. 1 81. " [Ilp------------- (i7.5 11. 0 0.7 11. 7 o 06.8 o 0 3.2 o G·t 3 35.7 65.6 34.4; 

t::I 

Awn-glume mUo Awn-spike mtio ~ 
~1.O~ 1.5-- 2.~- 2.5_ 3.0 - _ 3.;··-~.~~_ ~.5l 5.0_1 0.5 1 1.0 1 1.5 1 2.0 1 2.5 1 3.0 1 3.5 1 4.0 
g; 
::dW ____________ 57.5 8.0 15.1 11. {i 0.1 1. 0 0." 0.1 O. Ii 3.5 :lG.O 40.1 12. U 2.0 I. 6 0.4. 0.1 Cj

Ul___________ 4(i.2 11. 0 17. I 12. a 8. n 2.;3 .1. I (j .:2 G.:2 2it 7 'Hi.O 1.7.:1 1. 1 I. 1 0 .5 
IL ____________ '.18.7 10.7121.0 11.7 u.2 1.01 .5 .1 0 2.U 10.244.722.7 4.(i 2.1 .8 .2 
D1L_________ 50.5 .10. I 10.:3 n. ] :1. 21 1. 2 .·1 0 0 ..\. n 18.2 4:t n U. I 3.4. 2.5 .6 .1 ~ .I.lk____________ (i7. (i 7. a 10. I G.:2 5.° ' I. 7/ .8 0 0 :l." 22.5 4.·\' 8 21.] 2.8 1. 4. 0 0 
p----_________ 37.0 0.71 20. (i 18.:2 7.8 0 I 0 . G 0 1.!l 15.0, 4.n.4 2n.2 . (i 0 0 0 ~ 

1 

• " ..~ .. " ).,. ..." 



I 
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"" 

ll('ncl typt.: KCl"llcl color Caryopsis Rnchilla hairs 

pDB Bk u N L Sh 

A wn condition: 

'_6_'-=-.~ I-T--;;-I w /. LB l_B_' 1-
I 

~IL___________ 72.5 23.4 2. 1 1. 3 O. (i 54. a 7.0 Hi. 9 13. S 5.3 2.7 SO. 8 13. 2 60.6 39. 4 oSm___________ 62.6 36. (i • ,Y 0 I .3 li5. :3 0.5 12.9 7. 5 7. S 0 98. !) 1. ] 04. 8 35.2 

SS___________ • 20. 0 72. 8 . (\I 0 . 0 58. (j 8. \} ]0. 7 S. 3 13.6 0 !)!). 4 .6 7!). !) 20.1 ~
l 

H____________ 87.0 4.;1 3.7 0 4.3 55.!l 8. ] ]3.7 11. 2 8.1 3.1 68.3 31. 7 36. 0 04.0A_____________ 00.9 30. J 0 0 0 30. ,j 21. 7 30.1 '1.3 4. 3 0 95.7 4. 3 01. 3 S.7 ~ 
C'l.... 

Awn-glume ra( io Awn-spike ratio 
(') 

1.0 1~1-='----2:J~I~1 4.0 I 4.5 I '.0 I 0.' I l.0 I l.5 I 2.0 I 2.5 I 3.0 I 3.5 I 4.0 ~ 
H____________ _ 52.0 n.'11 17.5 ]I.SI 6.3 1.2 0.5 0.] 0.1 4.1 2S.4 4.4.0 IS.2 2.S I.S 0.5 0.2 ~ Sm__________ _ 70.7 'j.O H.2 5.6 4.0 0 .3 0 0 1. 1 44. 1 41. 1 11. 6 1. 3 . S 0 0SS___________ _ ~ 

87. 6 1. S 4. 7 2. " 3. 0 0 0 0 0 . 0 55. 0 33. 1 7. 7 2. " 1. 2 0 0H ___________ _ ,57.1 14. n lJ. 81 11. 8 3.7 . (j 0 0 0 _________________________________________ _ oA____________ _ n.l. 3 0 4.3 -j.3 0 0 0 0 0 _________________________________________ _ ~ 

1 t:tt 

For explanation of codcs, sec tnble 1. § 
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TAll!,1-: 21.' -,For each oj 37 c/tal'actersin 7 spik:o categories, Pl'opol'tion oj strains in the WOl'lrl Oollection oj Barleys ~ 
hal1inO ea,eli charactor that occ1O'S in each 2)ossible combination oj lhal cham,ctel' with other incliviciual characters-Con. 

..... 
t-:IHt'nrl type I K('rncl coloI' Awn condition ... 

Spike eat('!!;ory . 0>1._-------,---------,---1 
~ 

lind chnrndl'r I 1 I I I 1 I I 1 I I I 1 cl 
(code)' ."'•._6_~_1_)_!-I--l-r-~ .. ~III-]-l-~~-J-)-~.~~~~ ~ 

C'nryopsis: I I I I 
C. __________ ._ 68.8, 27.1 2,] 1.3 0.61 5J.Gi 7.1 10.7 13·!11 5.91 1.81 87.71 0.8\ 3.1.\ 2.01 0.4 ~ 1
N • _ •.• _... ~~_~.1J. 2.L~l 0 1.21 58. 'II 7.1 15.41 7.7 4.2 7.1 02.7 .5 .1 ~__._l ~ 

1 o 
"'J

Awn-spike ratio 

I 
~ 
~ 

Io. 5 1. 0 1. 5 2. 0 2. 5 3. 0 3. 5 '1. 0 

1--------­
2.830.542.710.4 2.0 1.8 0.50.'2I O. 8 20. 5 :30. 0 21. 0 2. :3 . 5 0 . 1 

1 

.. .... • A.._ 4...'"' " 



----

.. 	 .. .~ ~ ~ ~ .. • T .' 	 .. 

Head type Kernel color Awn condition 

6 2 D 1 lJ W I I"B B DB 13k I P It Sm SS H A 
-----------~Rnehilla hairs: 1.____________ _ '> ~ 	 B ~62.1 35.0 1.7 O. 5 O. 7 5.7 UO lB. B 5. 5 _. I 87. \} G. 4 .U 1.5 0.6Sh_______ - ___ _ 	 58.8184.8 	 9. 7 2. 6 2. 3 .7 49.2 9. 3 20.4 12.9 6.0 2.2 88. \} 5. 4 1.4 4.2 .1 ~ 

~ 
Caryopsis L Awn-gluu)e ratio 	 Awn-spike ratio I o ~ 

'1.0 2. 0 2. 5 3.0 3.5 '1. 0~~~~ 2.0 2.5 ~~ 4.' 5. 0 ~ 1.0 I.' 	 S 
1,__________ - __ 

82. 6 17. 4163. 8 !l. S 12. 1 7. S 4. 7 1. 0 O. ;I O. 1 O. 1 5. 5 34. 1 40. 3 13. 6 2. 1 1.7 O. 5 O. 2Sh ___________ _ 
95. 1 4.9 41.!l 7.8 23.9 le.4 8.0 1. 3 .6 o 0 .!l 21. 7 45. 2 22.3 3. '1 1.7 .3 . 1 

----,----- I
I For expl!\lIi1tion of codes, see table 1. 
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'l',\DLE 21.-Fol' ('(tCh oj 37 characters in 7 spike categories, proportion oj strains in the 1Vo1'Z(l Oollection oj Barleys ~ 
havin[l each character that OCC1l1'S in each possible combination oj that character with other individual charcu:ters-Con. 

~ 
Spike ontegory I lI<:'ad type'I Kernel color AII'll condition 
nnd chtlraclcr •_______c,. ~ 

(code)! ~,_6_1~I~J_I-l~I~I~L~I._~I~L~~1~1~\_1I_1 A 

to 
Awn-glumc ratio:1.0__________ _ 41. (i 3. 0 o. [, 0.8 57.•J 5. \l H6 la.4. 7. 5 1.7 8·1. 7 7. 7 4. a 2. 7 O. 6

5·.\. 01.5__________ _ .n 2. 5 . () 49.1 1).1 1(l. 7 14.7 4. 7 2. 7 02. I :3. 0 .5 4.3 o ~ 
85. 8 n.8 t?:l2.0_________ ._ 2. 7 .4 ,.1\). 6 7. 2 20. 7 .15. 1 a. 5 a. 0 02. 2 5.1 .8 1.8 .1
H2. 2 3. S 1.0 .0 2. 7 . 1 2.5. ________ _ (l;J. fi 2. \l • (j 1.4 .(i 57.0 7. 8 17. :1 10.7 :-l.2 4.0 0:3. 5 3. 0 

3.0____ • _____ _ ]0.5 17. :l 7. 0 O.- "I :v~ o:t 0 .1. 1 1.4 1.6 o ~ 
\]0.2 :2. 2 .5 .3 5G. 2 

(}a.5_________ •• 0. 8 
1 o 2. () 47. 8 V.\. 5 1·\.5 1·1. 5 8. 7 o n8.(i o 1.4 o ...S!l. !) 7. 2 t-:I4.0. _____ . __ •. no. 8 :t 2 o o o ·18.4. ] G. I 1 n. 1 9. 7 9. 7 o !lO.8 :l.2 o 

o 
o 

() 
o 

-I 
·I.!L __ • __ _ o 20. 0 o o 20.0 100. () o o ~O>100.0 o o o o 60. 0 
5.0_. ____ .•• _ 100.0 o o o o li6. 7 a3. 3 o o o o 100.0 o o () o 

q 
rn 

A\\,IH;;pikc mtioCnryopsiR Rnchilla hnirs t::I ---,------ l';J 

_. 0 :I. 0 :!.0r. .1. 0 ~ C X L I 8h O. 5 I I. () _,,~,I__~I .) . 

L<.~.,, -<"--- .. -.- -- :; 
1.0________ .. __ S\). ;\ 70. :~ 2~l. 7 5. 3 aa. 2 :\6. \l 15.0 a. 0 2. <\ O. (il 0.2 

10.61 .2 01.5_________ . 1S.6 lill. 1 :3::1. n 3. li 18. (j 51. .\ 17.7 :I. 6 .5 E; 
2.0________ c 

Sl. " 20. 1 50. G 2::\. 0 1.8 I. I .2 . 1 ::tI85. :3 J.1. 7 4'\. 1 55~ tl .6 
2.5_________ .. I4. :~ \.0 .:3 0 0S7. :1 12.7 <12.7 57. :! 2.0 an. 7 M1.2 

it) .) I!l. 7 1. n ~ 5 0 0 
c:l.O ___ ._. __ R.I. n 15. I -\7. S .J~. - 1. .\ :\0. a 4·1. G 

a.5 ___ , __ , ___ .\.1. !l: a·\. s ·1·1. II 15. \l 0 I. '.\ 0 0SR. '\ 11. G 55. 1 J. '\
4.0 ______ :.12. a :15.5 25. 8 G. 5 0 0 0 ... tHl. :3 O. 7 51. (i ;IS. ·Ii 0 
4.il __________ 0 ·10.0 0 ·lO.O 0 080.0 20.01 Ion. 0 :;!o.o 0 ! ~ 5.0. ___ • ______ tOO. 0 o I 100.0 g I o I 0 a:t 3 (ill. 71 0 0 0 0

I 
,...., .'7' _-,-?_k.~~ 

,0 ••"'_-- _,, ____" ' .... ,"• __ c_,"'___ ....... ..,.___ __ .... _.__ '---0" I __" 


.. .. • A ... ... ... .. .. .. 
'" 



~ ~.. .. • ,. • T ... ... ,. T • ... • 

.~------- ~r -,.-.---.~--

]fend type l\:rrncl color I AII'll condition 

_G_I~I_D_l__~~~I_H_I~_~J~-'_J>~LH.·J·-~;1ll I ~S L~I_A_ 
Awn-spike rntio: I .' I I ' I I I0.5. __________ 87.3 5.7 O.-J 0 G.n 52.4 JI.S ItS 17.5 5.2 1.3 (l7.S 1.7 O.L_. ___ -- ___ _ 

1.0___________ 5·1. -.1 4a.O 1.:3 .2 . a lio.51 5., 7 10 \)1 S.2 4. ,.1, 1.:3 85.8 0.0 5. , .. __.. _ ------ ~ 
1.5 __________ • 7lU! 25.0 2.1) 1.'.1 .4 52.2 7.7 17.51 J:l.li G.11 2.0 02.0 5.8 2.1- _____ ----- ­
2.0 ___________ .88'01 G.·I 2.0 2.5 .5 .10.8." 7.2 22.11 lKO 7.11 ,1.:3 \)4.7 '.I. I 1.2i ___ ----- ­
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Comparisons Between Proportions of Strains From Each Sub­
division That Have Each of the Combinations and Propor­
tions of Strains in Entire Collection That Have the Same 
Combinations 

Numerous differences between the proportions of stru,ins with 
given two-character combinations have been noted among the several 
subdivisions. A statistical analysis was conducted to determine if 
they were Teal OT were only due to chance. The deviations of the 
subdivision proportions from the proportions for the entire collection, 
plus or minus, and standa.rcl errors were calcula,ted for the two­
character combinations. This technique sacrificed some precision 
because the comparison of, say, the 6-"'IV proportion for the European 
subdivision with that for the entire collection embodies in part a 
comparison of the EW'opean subdivision with itself. This is particu­
larly true for the African-Asian subdivision that represents a major 
portion of the collection strains. However, additional precision is 
not needed to arrive at the proper conclusion relative to most of the 
combinations. 

PROPORTIONS OF STRAINS I~ ,VHICH COMBeB.TIONS occuR.-Oalcu­
lations ba.sed on the data in table 20 are summarized in table 23 in 
terms of significant differences between subdivision proportions for 
two-character combinations involving the 6-row character. These 
findings give added credence to previous observations on the character 
distribution patterns. Oombinations involving other characters 
exhibit similar differences. 

PROPORTIONS OF STHAINS WITH THE R1~SPECTIVE CHAHACTEHS THAT 
HAVE EACH OF THE OTHEJR CHARAC·.rEHS.-Differences a,mong the 
subdivisions for the proportion of the 6-row strains that have each 
of the cha1'ficters in the other spike categories are summarized in 
table 24. The findings are based on data in table 22. Many of the 
differences noted in this table arc confirmed as real dIstinctions that 
exist between 6-row types grown in different world areas. Com­
parable distinctions exist for other characters. 

Frequency-of -Occurrence-of -Characters and Associa tion -of­
Characters Analyses 

We have learned that 19.8 percent of the strains in the collection 
nre 2-row, wJ)ite kernel types (table 19); that 78.9 percent of the 2-row 
types are white (table 21); and 36.0 percent of the white barleys arc 
2-rowed (table 21). The fIrst percentage value nO'ords us an under­
standing of the frequency of occurrence of strains with two TOWS of 
white kernC'ls. The second and third percentages reveal the ext('nt 
to wlJich the characters are associated-coexist. For example, bnrleys 
with the 2-row headlype are preponderantly white-kerneled; however, 
white kernels nrc not jimit('d to occurrence in 2·:row heads. The data 
in tables 20 and 22 afford a basis for conducting "frequency'" and 
"association') unalyses, respectivcIy) among the two-character com­
binations. 

.. 
, 
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TABLE 23.-Two-character combinations involving 6-I'OW heacl type jor 
which the proportion oj strains jl'om each oj 5 source subdivisions in 
the World Oollection oj Ba1'leys differs significantly, plus or' minus,jl'om 
the proportion jrom the other' subdivisions 

South 
Africa- Pacific- U.S. U.S. 

Europe l\'~iu. South and Domestic Breeding 
Central Selections Lines 

6-rolV head type America 
combined with 1_ 

(E) CA) 	 (S) (D) (B) 

______I___+ _=__~-=--~_-=--~I-=--~_-=--
KefIlel color: 

\V_____________ _____ A 	 E _____ _____ D E _____ E ____ _ 
S _____ _____ BD S S 

B .. LB____________ A _____ _____ 	 E _____ _____ A _____ A ____ _ 
D _____________________________ _
B _____________________________ _ 

B_____________ _____ S S _____________________________ _ 
D D _____________________________ _ 

:-.... DB____________ _____ A ESE _________ ..., .A. _____ "____ _
S D _____ A _____ _____ S _________ _ 
B _____ _____ D _______________________ .. _ 

n ________________________ _ 
Bk _______ ._____ _____ A E _________ _ A ____ _ A _____ A 

S 
D 
BP __________________ 	 A E 

D 

B 

Awn condition: R _________________ _ 	 A E E _____ E _____ _____ A 
S B _____ B _____ B _____ _____ S 
D 	 DSlll________________ _ 	 B ----- --.8-- ----- --n-- ===== --n-- --E--

A 
S 
D8S_ .. ______________ _ B B 	 B E 
A 
D 

ll_____________ _____ D D _____ D E E
B _____ _____ AB A 

S 
Caryopsis:

C_____________ _____ 	 A E S E E E ____ _ 

S D A A A 
D B 
BK ________._____ _____ 	 A 

I ~~~~~ ~~~~~ ==~== ~~~~~I==~== ~~~~~1==~== 
1 For explanation of codes, see table 1. 
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TABLE 23.-Two-character combinations involving 6-row head type 
jor which the proportion oj strains jrom each oj 5 source subdivisions 
in the World Oollection oj Barleys differs significantly, plus or minus, 
jrom the proportionjrom the other subdivisions-Oontinued 

South 

Africll- Pacific- U.S. U.S. 


Europe Asia South and Domestic Breeding 

Central Selectio-1s Lines 


6-row head type America 

combined with 1_ 


(E) (A) (S) (D) (B) 

______I__+___~__~I--=--~__~_-
Rachilla hairs: E __________ A _____ A E A 

S _____ _____ B B S
L_____________ _____ A 

.B D _____ _____ _____ _____ _____ D 
B __________________________________ _ 

SI1____________ _____ S S E E _____ E S 
A _____ A DD D A B ______________ _B B B 

Awn-glume ratio:1.0______________ .. __ A E S E E A E SA ____ _S D J3 A S __________ B D ____ _D ----- ----- D 
B ----- ----- B1.5________________ _ A 

E __________ --A-- --E-- ----- --8-- --j)--
S _____ _____ D S ______________ _D 

B
2.0 ________________ _ 

DA E _____ D _____ _____ E ______________ ===== ===== _____ _____ D 	 A --£)-_ 
S ______________ _ 
B ______________ _ 

E _________ _ E _____ _____ A2.5____________ S A 	 E S _____ _____ DD S A _____ _____ DB 	 B 
Awn-spike ratio: E _________ _ A _____ A ____ _0.5____________ _____ A A 

S 
D 

1.0___________ _ B --j)-- ===== --:fu-- --:fu-- ----- --8-- --j)--S A E _____ _____ A A ______________ _D S S S ______________ _ 
B B ______________ _ 

1.5________________ _ E _____ _____ A _____ _____ EA S _____ _____ B _____ _____ SB2.0 _________________ A E s E E S E sA ________________________ _SD _________ _ D 
B J32.5 ________________ _ 	 E _____ ESE SA 
S A -----.----- -----1----- -----
D R -----1----- -----1----- -----B3.0________________ _ A --E-- ----- E =====,===== --A--'[--:fu-- ===== 
B D ----- -----i----- ----+----D S 

For explanation of codes, see table 1. I 
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TABLE 24.-Six-row head type strains having characters in the other spike 
.. 	 categories for which the proportion from each of 5 source subcZivisions 

in the TVorlcl Collection of Barleys differs significantly, lJl'US or minus, 
from, the proportion for each of the 0t1~61' subclirisio7ls 

South 
Africa­ Pacific­ U.S. U.S. 

Europe Asia South and Domestic Breeding 
Central Selections Lines 

u-roW head type ~ America 
combined with I_It 

(E) 	 CA) (8) CD) CB) 

\+1- +1- +1-\+1- +1­
'-I-'--'--'-'--I---'-j--

Kernel color: til I w_____________ S A E -----"1"----- E E 1'-_____ E ------
D S ______1______ A S ______ S ------
B ._____ ______ ______ D ______ ,______ ------ ----- ­

___________ . E A ~ --~C_j:===== --A:-- --E-­
__________ ._ D , 	 B 

B. _________ ----; 

DB ___________! D 

i 
BL________ ---L---l 

x__ _ B 
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TABLE 24.-Six-1'0W head type strains havingchamcters in the other spike 
categm'ies jor which the proportion jrom each oj 5 source subdivisions 
in the Worlel Collecti01v oj Ba1'leys differs significantly, 'pl1£8 or minus, 
from the proportion for each oj the other subcZivisions-Continued 

South 

Africa­ Pacific­ U.S. U.S. 


Europe Asia South and Domestic Breeding 

fi-row head type Central Selections Lines 


combined with 1- America 


______I_~(7E):......-_I_~(7A)~ (S) (D) (B) 

-----1--+- -=- -±-I-=- ----±- -=- ----±-I-=--±-_=_
Rachilln. hn.irs: L ________.______ S E ______ ______ EA E S AS ______ ______ AD A DD ______ ______ B B 

Sh_____________ A 
B --IE-- --lE-- ------ --E-- =====: --~C- --S--S S A A ______ ______ DD D B ______ B _________________ _ 

n 
Awn-glume ratio:1.0_________________ _ A E S ]~ A E sA ___________ _S D B S A 

B J) B D 
B 

1.5____________ -.---- D S --.--- ------ A S ------ ------1 D 
D ~ ------ ------ ---~--2.0_____________ S I,______ S ______ ______ E S ______ ______ E 

B ;------ B ------ ------ ~ B ------ ------, 15 
2.5_____________ S .------ --S-- ====== ====== E --S-- ------ --S-- E

B ______ B ______ ______ A B ______ ______ A 
D ______ ______ ______ D 

:.:::_::::::::::III::~~:~::::~~~ ::~:: :~:::: ::~:~ -:-:-~I::~:-ll~:J~~~;~ 

Awn-spike fIl.tio: B i------ ------ -----T----- ------;------ ------ ------ -----­

0.5 _____________ ------1 A t} ======1====== ====== ====== ==~~=: ====== :=;~== 
1.0_____________ S \-_____ S ------11------ E S ,______ S EB ______ ______ ______ ______ A B ,______ ______ D 

• I fIR ======'======i=====:C==== 
1.5_____________ ~ ====== 8 __ ~_J==:== ~( ===:::\ ~( I B l--~--

======':===== --~-- ======l--~-J=====C=:==2.0_____________ _____ R ====== ====== S B ------ ------ s ______A B 1 \ A 

S B ======{} ======!=====1:====;===~==2.5-.___________ ______ A E ------ E --.___ g IS! E I S 

i~ :====: ======/ fj ====== ::====;=====: ..==::c==== 
3.0__________ --T--- --I ~ --IE-- ====-- ~ :====l===::r-;CT-j,;--l--:s--

S D _____ J ]) -----.f------}' S " D ---- __B ______ ......1. ___________1______ 13 ______ •_____ _ 

i 
.'" 

.. 


.' 

·0 

For exp\n.nation of codes} see table 1. I 
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MORPHOLOGIC CHARACTERS OF BARLEYS 67 

FREQUENCy.-Table 25 10 affords rankings of the head type two­
character combination frequency data based on the horizontal rows 
of figures within each individual character block in table 20. Rankings 
based on frequency of occurrence are raidy comparable for all subdivi­
sions; therefore, patterns within most of the character blocks are quite 
uniform. 

AssocuTION.-Rankings of the head type two-character combina­
tion association data represented byfigmes within the vertical columns 
beneath each character in the manner shown in table 21 are given in 
table 26. II An example follows: 

Example: 

Entire collection 

6-row Association 

ranking 


w____________ 61. 6 5 Interpretation:
LB ____ . _______87.2 3 Within the kernel color category, dark
B _________ ... _87.7 2 blue is more restricted to association with
DB _____ • ___ . -90. 1 1 the 6-row character than is any other color.
Bk_____________50.7 6 

6~ 

'1
p __________ • ___ 5 

The rankings in table 21 reveal marked differences among the sub­
eli \"-isions. 

In many instances, the chru·acter within a spike category that mnks 
highest for association with another character oeems in the fewest 
strains. 

FREQUENCY VS. AssoCIATION.-Tabla 27 includes a listing of 
characters that occur most frequently with each individuD.l character 
and of characters that are most closely associn,ted with the individual 
characters. In the "frequency" portion of the tabla tha predominant 
characters from the spike categories are cited almost to the exclusion 
of all other charn.cters. On the other hand, them is no consistent 
pattern within the "association" segment. Nearly every character 
is listed. It is evident, though, that the predominan t charnders from 
the respective spike categories n,re not restricted to Il.ssociation with 
given chamcters to the extent that the less prcpouderrult ones are. 

10 Oomplete frequency rankings for all two-chnral.;ter combinations in the entire 
collection and the five subdivisions :Ire included in table VIII of the appendIx 
referred to Oil p. 13. 

II Oomplete association rankings for all existing two-character combinations 
are included in table IX of the appendix referred to 011 p. 13. 
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TABLE '25.-Por 8trnill8.1i'om 5 8OW'Ce subdivisions and for all stl'nins in the lVol'lrl Oollection oj Ba1'leys, a mnlcing 
(~r the frequellcy ,!/)ith 1.l'kich c1wmclcrs in 6 spike cale{Jol'ies occur in combination with ea,ch chamctel' in the head­ ~ 
type C{(t('!fory 

o 
~ "--------------,-. ",----------
t:d 

B('nd typo amI sOme(' sl1bdh-ision 2 23'-.- ~Spike enll'p:oIT ' -------C:- I 
])and c~~~~:~)l~,tl'i. I. 0 2 I ul ~ 

~ 

~ _ ~__J~-; AJ H-l~lBJ TT~.TA H I'---"D1--'-13T1~1~1~1~1~1~1 g I~I~I~I~I~I lTI 1~1~1~1~1~ 
'" 

Kpl"IH'lrojor:! I' t II 1 I ' 
-J 

\\'._. ___ • __ 1 1 ] :3 ]! J 1 I 11 1 1 1 l 2 1 2 2 1 " _________ 5 ] 1 1 1 ~ 
LB ____ ••. _:{ 4 ,,[ ;~ '\ 4,2 5 2 _._ 25 G ________ • £i () _________ 0 a _________ 4 ~ 
lL . ____ .. _,1 2 , 2 1. 1 2 j 2 2 l:~ a :313 ":3 :3 ___ • _ _ _ __ a ·1 1 __ _ _ _ _ a 2 __ _ _ _ _ 2 2 
1)]' , -, I '1 ,.) " 'J ') 1 I '1 'J, I· '3 - r <) <) 3 4. ,)--~- ..... - .. i ~.t I' - • !J (1 .I. .. .1 __ .. ~t: l, l D ___ - ..... ___ t) - --- - __ --- ~ ___ - __ -7- ~ 
H'C,.- •. --,515 0 .j 5 5 ·1 2 ___ 2 2 2 1 2 _._ 1 1 2 3 _._._. __ .3 __ • _________ :3 3 1"0 
}'--- ______ : (j li :i li Ii fi li (j _. _._ ii (j " _____ • :3·1. 1 ________ ] _________________ _ ~ 

Awn condition: j oR. ______ ._1 I I 1 1 1 I ] 1 1 ___ 1 ___ 1 1 ______ 1 1 1 1 1 1 >%j1
Km_ - •. _'1 2 :~ :! :l 2 2 4 21___ --. 2 2 ___ I 2 ____ - __ -. a ________ .. ___________ . _________ a aKH _____ -Ia ·1 ·lif> ·1 <1 2 3 ___ :2 2 :~ ___ :l __ ._. __ .4. __ ,, ___________________________ :l g;3 
H. __ -".-j'\ :2 212 a a .-- --- --- :~ '1 ;j 2 t. __ 1---I". 2 2 __________ •• ______________ 2 2 2 el 

1 

IC'nr~:.(;l;~j~;-·-T" f> "_,'1,5 f>!:~ I 'I \--"--- ---1 4 __ -; ... 1--- --- --- --- --- --- --- --- --. --- ...- --_ --- --- _-­

(' ---.. -I I 1 I 1 II J I 1 1, 1 1 1 1 I __ I I 1 I ___ ] 1 ______ 1 1 1 ___ I I 1 
::\ j.,.) i) f ') .) I) OJ I) .) I' .) . ., j I) 0) I i) 0) .) .) ] ? 'J 2Rurl;iIl;ll{;lil:~: ! ~ - - -, - -1- ~ I ~ -1- j - - •• • .. .. --- ~ ­--- - - - _----------- --. - -

L _____ . 1 '2 I 2 21 2 I I I 1 2 I I I 11 12 2 ---1 J I] 2 _________ 2 1 I 2 ] 1 
H11 __ .. _ .. ! I 2 1 I I 1 I 2 :1 2 I: 2 ,2 2 1 .... _ .. _I 2 1 _.. I 1 __ _ __ _ 1 1 __ _ _ _ _ 1 1 2 

..
--' .. .. • .. .. ... ... .--- - ... , 



..-.... ".~~ -."\'. .. .. ~ T .. T' ~'t ~" 

Awn-glumc I
J'nlio: 

l.0 ________ ] 1 I 1 1 I 1 1 1] 1 I 1 1 J 2 .• _______ :2 1 1 1 1 1 
1.5 ________ 5 -1 3 ,1 ·t 4. 2 2 2 a 3 2 H _________ :l 3 _________ 3·1 2 2 
Z.O ____ • 2 2 .2 1 2 2 3 3 2 2 3 2 :2 ___ 2 ___ 2 J 1 ______ 1 2 4 2 
2.5 ________ :l :l 4. :l 3 :~ 4 'J 3 3 <J '1 ________ .. 4 .J _________ 4 3 a 2 a.u. _______ '.1 5 5 5 5 4 Ii :3 5 5 _________ 5 5 _________ 5 _____ ... _. ___ ·1 6 
a.5 _______ I (j (j (j (j () (i (j ___ :l (i (j ______ '" ___ \ __ .. __ • ___ ._. ________ • _. __________ 2 '1 5 

.I.(L __ '- __ ·17 7 7 7 7 --- (\ --- --- --- 7 --' --- -- -- --- --- --- ---1-- --- --- --- --- ---1--- --- --- --- ~ 
:~.5_ ------- --,- ~ --of S s L__ --- --_., -':---"--i-"" .- --. --- --. -- .. --- --- ---1--- --- -.- _.- .-- --- --- o,1.0._. __ - .. S 9 • ________ 8 ______ .• _,. ____ . _ .,_ .. , __ I _____ • _____________ , ______ -- ____ .-- --- --- --­

~ 
.\ \\'n-~]lik(' I I !:q

ratIO: oD.li. '" .[.[ 5 5 fi. ·t " ,1 ·1 41 _____ . __ .. -_ :314. ___________ . _________ I ______ 2 1 t"' 
l.lJ, .• ____ 2 2 li 2 2 :2 J 1 a :2 :2 ] J :l ______ 2 2 __ • 4 _________ 4. ___ 3 ___ 1 3 3 o 
1.5. __ .____ 1 1 2 1 1 1 2 2 2 1 1 2 2 1 ___ 1 1 1 ___ 1 _________ 1 ___ :3 ___ 1 1 2 S 
:?tL _______ a :3 1 :~ ;{ :~ a a ] :3 a :l ___ 2 ___ 2 ___ 3 ___ 2 1 ______ 2 1 2 1 ___ 4 3 o 
2.5 ____ .__ Ii 5 a .[ ·1 5 5 5 fi 5 ________ .1____________ a _________ 3 --- - _____ --- --- --­
". ________ 1 i. 1 < ().I;) ) ___ \l ___ , _______ ) ._. __________________ 0 ______ --- n --- --- --- --- --- --­
;~.lj _... _. 5; 7 . (j 5! 7 7 ___ li ... .I ___j___ (i .__________________________________ -_ -_- -- ____ -- __ -_ --- ~ 
·1.0 li ' ~ 1 R _____ ' R ,-' ___ \__ .1 _________ !______ -___ - ___ - -- ____ --- --- --- --- --- --- --- --- --- --- --- ~ 
.) ° (' (' I I -'- (. ('t:! -­

.__...:.-....:...__ 1 i I, I, I ~ 
1 For ('xplllnnlion of roell's, s('e tabln 1. ~ 
2 E=Europe; A=Africa-~\~ift; S=South Pacific-South and Central America; D=U.S. Domestic Selections; B=U.S. Breeding (f) 

I.ines; T=Totnl rol\('ctioll. ~ 
OJ 

~ 

~ 
~ 
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'l'AlH.g 2G, For slra ills Jrom Ii source subdivisions (LlHl/ol' all slmins in lhe lYorZ(l Collection oj Barleys, a 1'ankvng ~ 
1l'ilIli-n e(tch of (J 8j1ik'C' categories (d the e;t'tent to U'Mch each (~f its cha1'C1ctas tends to be aS8oci(ttecl with each character g 
in the head type ('aUIJOI'Il ~ 

tel 
llpnd typo and SOUI'CC sllbdh'isiol1 -

I • __ __ •. _ ••c ~ 
~pi],l' ('nlq!,ol'\' I I ~ 
awl (~;;:I~~';t~,t('i' I II ~ I J) I U 

( . - ,.. ----_ .. ~- _. ~..-- --~- -- - '---;---.--,-;-­ .... 
l\:l 
'Ij E,: ,':; ~.. D B T ~.:.: ~.l ~ I~-'~I~I~J~~J~I~I~J ~'_ ~I ~I s-'~~J~L:lr~J~J~I~I~I~ 
~ 

0> 
'­

Kl'l'm'] ('olll!': 1;. I I ,I I I I I I I ' cl 
\\' • I - i ' - 1 - .J 'J I 'J ') • I ')" I [j G 0) 3 '),. . .. - •- !l : :~ ; ~ :1 . :' I ;- ;; -," ,I .) '. ', •• 'I - .j I '! .. - r - - - - - - d 1 - 1 1 ~ ?~
LB... ,~;.j I.J I .! ,I ·11 d 1- 'j.1.1 .,. !J ••• 1._ •• __ b ,J _ •• _ •• _ •• D I • _______ • 4 
B .•••. ~;~i·1 ,I ~ :2 'ij.l .J :l G ,i :11. ..1 .. _. a ·1 l ___ •. ,·1 2 __ ._•• 2 2 t:::1 
1)1' 1 i I ~.~ 1 1 (' [' '! r G .J r I I r 'I "'1 - t=J>. , . I J, .J _.J _.. '".. ...J '.-. '" ...') -.",. _. - ••• DI.,
Bk. •. . ;i ; li 1 tl ti ti :; 1 1 21 •• _ 1 2 1 ::: . _• • .. _ 2 • _. ___ • _.. __ • 1 1 ~ 

.\\\'ul;;I;l~lili\lil: I'·' 11 1 5 ,I 2 I 5 1·1.:2 "-- "_.]:l --- --- --- J --. --' --. --- --- --­
~ IL ".. :l 2 .[ :l .i (2 ;)·1 2 1 ·1 2 1 ___] :2 2 I 1 ] I. 1 l :2 2 2. 

8,I,n __ ..•.. __ :2 ·1 II I :2, a .,:2 ._ .j 3 ,2 __ .. ___ " ,I '" ___ .....____ .,_ ... ___ .-. __. 4 4. 
~B.. ,t 5 1 ·1 ·1 I;i :2 1:2 1 " :~ 1___ ._ .... :1 . __ ••• _______ • _•...•• _. __ . _._ a 2 §
II _.. 1 J 1 ~ a) I .... _. ;~ 3 5 1 _' __ ... __.I 1 I' _" ....._.. _ ___.' .". _."__.I L 1 H 

.L ...•. ___ :1 --, 1 I ,I 1 Ia t_. __ .... _:2 __ ,." •. __ • __ . "_,, ___ - _. __ .. --_ - •. --0' -- "-- --- --­

('l\I'YllP~is:
('___ __ 2 2 1 :2 111 I :2]:2 2 :2 1 I •. 1 l '-"--' ] 2 2 2 
X _____ . •. 1:2 2:2 :2 } 2 2 2 2] 12 1. 2 11 1___ 'J.,._ ... I".""'!_._~I~ _ ... 1... _ ... ___ 1 -'4 1 J 11 IH:1Cliillll hairs: t I 2 L __LJ__ .1 :2 
~h •. _". ___ 1 1 1 1 1.1 1:2 :2 2 :2 :2 :l 1 1 2 ___• 1. 1 '--.'- • .1 1 1 L. ___ 2 2 2 
L ________ 2 j ~ 1!:2 2 :2 I' 2 I 1 I :2 :2 1 1 :2 L/1 I 1 .I 1 

~. 4. .... .. ~ ... ... .. .. ~ .. ;. ~ 
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1-4
t:5 
o 
l:!; 
Z 
H 
oTA UL1~ 27.- hllN~,id1Wl ('/wraciers that OCClII" most jl'l'quently a,nd w'e most closely (£ssociated with each of the other :>­
t<c/w1'aclel's in 7 spike cate[j01'ies amon[J the 6,200 simins 'in the lVorld Collection of Barleys 
b:l 
o 

FI'Pqlll'II(,Y Association 2 ~ Spih t'ntl'~ol'Y _.~ __.~_. ___._.___... _.-'__ _ t;<j 

lind rlulI'nl'tl'l' i i: j . I I ,..:; 
(rocl(·)1 (IPHd I 1\:£'1'- ; Carrol H.a- : AWI1- A\~'n- Hpacl ]\:£'1'- Om,\,- 1 lllt­ Awn­ Awn­ z 

~ 

IY]ll' 1)('1 AWllS I apsIs " ('llIlIlt i ~1\ln1P SllIkl' Lypp I1pl AWl1s apsis chilln glulIlo spilw H
('0101' I hllirs Ira! in ratio , colOr hnir:; ratio I'atio t" 

. j. I I, , -J 
C>-",---~. -.". ·:-·-·--l--·-I·-··--~I--" ''''--~.-'. ,­

npnd ty})p:G____ .. ~4.5/5.0": I ]t 1 ~ ! L j 1. 0 ! 1. 5 .. - ..... - i 1) ¥ I, r, N Sh '1. 0
2... __ _ 5Il1.0 1.0\\. 1t! t; '~J, I ]. 0 I 1. Q ------." tiS 0 ~-D.• __ \\ I R I (. I L.Il'lh 1. OLD _____ .1 13k H 0 Hh 1.0 1.5 tlL __ ..• 1'. ' It ' (; I Sit 2.0 1. ~ -_____ p. R q Jlh 2. () 2.0/2.5 tzj 

U \\ ! H elL 11.0 (l.u - ___ . .1 HI. H N ShfT.. a. 5 O. 5 ~ l\('l"Ill'1 coIO!': 
W ..... (! n ( ; I T • 1. () 1. ~ ~ 1·.-.. SIH N' L 5. 0 1.0 o 

>r<l,B__ J 

li H, C l'ih L () .I. I) , {j I ___ . _ A OIN Sh 5.0 4. 0 
B. (j H C 1. ' 1. () 1,5 I' 0 .... A (' HI! 2.0 a. 5 :>­

QDB o It (' L' 1.01,5 H. eLI 2, () :3,5 
~Bk.. o It CLI.O 1.5/ j) HS C Sh 'I. 0 2. 0 

P ..... o H. C L l.() 1.5 1 N L 4. 5 2. 0 
AI\'I! l'Olldit iOl1: 

IL 1I• ..l ~ 
(j \\' CLI.O 1.51 P N' SII .1. 5/5. 0 I a, 5/4. () 8 

8m tl \\' eLL0 I. 0 ' 2 13k • - _.• j C L 1.0 I 1. ()
SS, ~ \\' (' L 1.0 1.0 2.m !----_._j C J, 1.0 I L 0 ~ 1. 5 j _______ _H. (i W C Hh 1. () \.; 13k N' ~ 1. 0 1. ______ _A (i 13 eLI. () i 2 ' LB C L 

... . .. 'to .. .. .. • ~ • • • 
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C'nryopsiH:
C••• __ ..N____ . ___ . 

HnchiUn hllirs:
L .. _•• __ _ 
Sh • __ 

J\ \\"lI-gl11llll' rat io: 
\.0 .•. 
1.5._ 
2.0 
.) -
~.:>. 

3.0 
3.5 . 
4.0. 
4~;L .. 
5.0 . 

AWIH'pikl'mUll: 
0.5 ..• 
1.0. 
1.5 
2.0 .. 
'J "~.i). 

3.0... 
3.5_ 
4.0. 

I
ul \\' H.
(\1 W It 

(j; W H. 
{j I \Y H. 

Ii \ \\' ' Ittl \y It 
Ii. \Y R 
(\! I\' n, 
o I \\" R 
Ii I \\' R 
li! W It 
li! \Y H. 
u1 \\' H. 

(j \\', H 
Ii W I H 
(j \\' H 
(i \Y It 
(j \\' H. 
() W H. 
() \\' R 
Ii \\' ]t 

--,->"--"- .-
I For l'xplnnllt ion of (:0(\('::;, liPC t nllll' L 
2 Xot illll'IHh'tl to imply gl'lwtir linkt\)!c. 
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<';h 
::'ill 
Hh 
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L 
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L 
L 
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:->h 
:->11 
L 
L
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].0 
l.0 

1.5 
1.5 

1.5 
1.5 

1.5 
1.5 
1.5 
1. Ii 
1. Ii 
1.5 
1.5 

2. O.:t () 
:2.0 

1. 0 : ___ ..... 
1. 0 
1. 0 
.1. 0 
1. 0 
1. 0 
1.0 ,."._. __
1. 0 t _______ _ 
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(i;
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P 
1.1\ 

Bk 
LB 
l' 
V 
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LB
LH 
P 

LH 

]'13 
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])13 
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LH 

Hm 
II 
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n 
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II 
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IV}! 
H. 
H. 
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It 

It 
SH 
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H. 
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I T.1'" 

GIN 
C 

N 
C 
C 
N 
G 
C 
G 
G 

L 
Hh 
Hh 
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1 L

I L 
.I Hit 

L 

I
H11 
i:'\h 

LfBh 
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4.5/5.0 
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1 
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Theoretical Proportion of Strains That Might Be Constituted 
by Each Combination 

ComputatiOlls were made to determine the theoretical propol'lions 
of the strains tiuct might hu;vc e,\.ch two-eha,ructer combination if tbe 
distributioll of ('hal'llcters had been at rn,lldom Wltblll the limit') of the 
proportions of all the strains ill wluth Nteh character occurs. These 
figlU"cS were obtained by multiplying together the Ilctnul proportions 
of the stmlns in wIDeh Clceh of the components of t,he combinu,tions 
occur; e.g., ch!U'!tcter ",." (50%)Xchul"H,cter "b" (50%)=theoreticul ' 
proportion. of 25 pcrccnt {or the two-character combination "ab.t1 

The computed theoreticul yulues wel"e puil'ed with the figures for 
the actual proportions of the strains that have the respectiYc two­
character combinations. 

CIII-SCg,·AREs.-C'm-squal'es were computed using the actual and 
theoretictll data for the two-character combinations within euch 
possible ('onjwlclion of t\yO spike categories. The chi-square values 
were lllllul'ge, reflecting the fact that certnin combinu tions of the "hl1l'­
uct(,l'S in p.teh spike en tcgOl',r occur in gl'C;l tel' or lesser proportiolls of 
til(' ~tmins thun would be (;'xpcC'tcd if the chnmetrl'S Oe('UlTPd together 
In it mndom wny. The ehi-squnre '(!llues for ull possible two spike 
cnteg'olT conj !tnctiolls are listed in tuble 28. 

TMlLE 28.- ·Citi-8fJ.1)al'e 'l'aZues for each 1)08Sible ;2 spike caleUlJry cum­
billalion am()ll{j tJ,2{)O ,~lruil(.') in tlte World ColLectiolL of BarlfY·~) 

Combination ; Chi-square II Combination Chi-;;qu3.re 
. \"ruue " yalue 

C(lr\'O!l"b umI- iii Ht'ad type aud- ­
'HNld tyP!~ __ -_ ~_ .... 1O~. tJ~ \ Kerupl col?:____ . ____ . $~7. 40 

Kerud colo1"- ____ •• _ 101.10, AwncoudlllOl1._. __ . ' 2!) 1. 5-.1 

A \I'll C'ouditioIl_ __ _.. 115.03 Ii A\\'n-glumerJ.tio __ ... 1,2:37. S5 

H.ilChiUu. Imir,, ______ • 214.0() I. A\\u-"pike ratio .. __ . 745, 12 

Awn-glulllc raUo _____ : 41. 55 11 Awn ('ouditiol1 and· . 

A \l'n-"pike rdio. _••• _; ]37.5U '\ KemP] r.olor__ . _. __ 75.23 


It:'ll'hilhl hairs and-- I AWll-glull1u ratio -_.- 155.22
JIend type _________ . 51!), 68 l; Awu-spikt- ratio _' __ , 111.71 
Kern!'! color _______ .. 8:). 36 ,1 Kl'rnl'l color lllld­
A\I'n condition .• ___ ._ (II. 80 L Awn-glullll'rutio. ____ . 150. 71 
Awn-J{lUIllP n,tio. ___ . :riU.27· AWll-,.pikr rutio _____ .\ 344.2:3 
AWI1-""lkc rutio. ___ __ 251. It) Awll~glumt'.ratiounduwn- 1

l:lplkl' rutlO _______ _ 2U4. a1 

l. COlllplltc.d from comparisons of th(' actual proportiouB of collectit)D strains 

cOl1l'tH ut!'(] by th(' n·",pt·ctin· ~-ch:tra('t('r ('ombinatiolls wil h th(.'!Jf('tiral pro­

portiOllS of the strains tlH'Y might han· C'I)!I"tituted had tliP puiril.g of the charac­

ters Ul'PU at random withiu the limits of the proportiOIl,; of Ull' l:itraius in willch 

each character occur,;. 


C()~lIllXATl()J\":; '!'HA'!' oecen 1:-1 GH£Al'J.;;H on L};:;~lm PItOPOHTlUN:; 
OF ti·.rHAINS 'rITAX WAS l'UJ.;;QUETWALLY C()~lprTEl).· The propol'tiolll;
pI til() I wo-ehuructer ('ollluiuations ill\'ohillg each character that 
occur in great<·j' OJ' lesser proportions of tbe strains thun would luwc 
been cxpedcu had tlJC characters hren distributed at ruudom arc 
gi\'en in table 20. The proportions of the combinations whose acLulll 

http:Chi-;;qu3.re


~ 

• 

• 

:MORPROLOGIC CHARACTERS OF BARLEYS 75 

TABLE 29.-Proportion oj 2-character combinations in which each oj 
37 characters in 7 spike categories occur in a greater} et'Iual) 01' lesser 
number oj stra.ins than theoretically computed or are misl;;ing (W")hO 
6,200 strains in the Worl(l Collection oj Barleys 

2-character combinations in which nl.vnl)'lr 
of strains was-

Spike category and character ________,..--___~ __'H_ 
; , i
(code)l I Greater IEqual to Lesser 

".~' 

I than computed than ~li,,,.. in\;; 

_____________, computed I computed '_..•. ~ __ 

Head6 type: II Percent I Percent II Percent ; Percent _______ .- _______ _ , 02. 5 3. 1 34. 4 • 0 

2 __ ... ,.._ 25. 0 II 6. 3 59. 4 i U. 4
D__ _ 25. 0 6. 3 40. (\ , 28. 1 

L_. 37. 5 i 6. 3 I 18. 8 37. 5 

U ____ .. 21. 9 15. 6 i :34. '1 28. 1 


Kernel color: W____ _ 41. !J 3. 2 I 54. 8 1 0 

LB____ 38. 7 ~~. ~ I :32. 3 6. I)
B___ _ 35. I) .3,). :) 1 25. 8 3. 2 

DB __ 41. 9 6. 5 ;) 5. 2 6. 5

Bk.__ 5J. 7 G. 5 

I' 

29. 0 J2. l) 

38. 7 6. 5 22.u ! 32. 3 
p-------­ , I
Awn condition: R________ - _.. _ 59.4 3.1 I 37. fj o


Sm_____ _ ______ _ 21. U 6.3 50.0 21. 9 

88 ____ -_-------_-- 21. !J 6.3 4u.9 25.0
II____ __________ ._ 45.8 16.7 20.8 16.7A_________________ . ______ ' 16. 7 12.5 29.2 41. 7 


Caryopsis: '
C______________________ _ I
45.7 17.1 37.1 I ori_______ . ______________ _ 
37.1 11. ,I 42. U . 8. 6
I,

Rachilla hairs: i I
L _________________ -- .. --, 42. U 11. '1 '15.7 o 
45.7 8.6 40.0, 5.7Awn~~lu~;;ati~~------ .. -- - ---I I 


1.0___________________ , I !60.7 7_ 1 32.1 o
1. D _________ _ 50. 0 3.6 39. :3 7.1 
2. 0_________ . - _- - -- . 3;').7 1 a. 6 60. 7 o

2.5 ______ . ___ •• ___ _ 35.7 ! 10. 7 46.4 7. J 
3. 0 ____ .. ______ • - .. ­ 32.1 10.7 46.4 ' 10.7&5____________ _ ,

28.6 21.4 17_ 9 : 32. 1 

~ 0__________ .. 25.0 17.9 17.9 3U.3 
~ 5_________ • ____ _ 

21. '1 3.6 14.3 ' 60.7 
5.0_______ --. f21. 4 7.1 3. 6 67. U
!Awn-spike ratio: I
0.5______ - .... 2U. 6 7.4 51. 9 11. 1 
1 I
1.0_____ _ 40.7 7.4 44.4 7.4 
1. 5____ _ 3. 7
51. U 18.5 :L5.U 
2.0 ____ - __ . 5;).6 i 14.8 29. (j 'j o 
?-.0- __ .... .. 37.0 7. 4 87.0 , )8.5 
3.0___ . 29.6 I ]8.5 33.:3 ' 18.5 

.).) ? !3.5 __ 14.8 I 11. 1 51. U

I
.j. 0 __ _ 3. 7 \ 14. 8 =>5' ui 55.6 
i "'I 

------------!..--------~--------... -.--.-­
1 For explanation of codes, sec table 1. 

64.6718-62--6. 
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values equal the computed ones are also included. The characters 
whose numbers of strains per two-character combin... tioI1 deviate 
from the computed nwnbers for the greatest proportions of the 
combinations are gellerfiJly the most predominant ones from the 
respective spike categories. Of the characters within each spike 
category that have the largest proportion of two-character combi­
nations in which the nwnbers of strains are ((greater" or "lesser') 
than the computed llwnbers, fiye in the "greater" column Ul'e the 
predominant characters within their respective spike categories and 
foUl' in the {(lesser" COlWll11 are the second most predominant ill their 
category. 

Combinations Not Present 
The two-chUl'acter combinations that were not found in the collec­

tion are listed in table 30. High awn-glwne and awn-spike ratios· 
deficiens, II. irre{}Ulare, find iniermedium head types; pmple kernels; 
and smooth, semismooth, hooded, and awnless types are im~oh'ed 
in the greatest number of the missing combinations. 

In nearly thrce-fomths of the missing combinations, at least onE' or 
the cl.Htl'actCl's occurs in less than 3 percent or the strains. 

TABLE 30.-·PosS'ible 2-character combinations among 37 charactersiu 
'7 spike categories that w'e misS'ing from the u}200 strains in the lVortd 
Collection of Barleys, and proportion of stmins in which they might 
have occU1'/'ed had distribution of chamcte7'S been at random 1 

ProporliOfl II IProportion 
of strains in H of strains inI 
whlcb tbey /' 	 which the)' 
1111ght Invc 	 illightba,·oI 


Spike category and .Missing orcurred hau Spike category anu Missing occurreu 
charncter (coue) , distribution character (l'Oue) 1 hud distri. 

been at I jbutlon ~en 
random· 11_______.1 _____1:_11_1r_n_Du_o_ill_' 

Hend type: 	 Percent Head Type-­(L ___________ 	 XOlle ________ . -_. Continued P('rcOItr ___________ _2 ____________ 	 4.5a-g____ 0,0251 3.5a-s____ 0.0048 
5.0a-g____ .0120 4.0a-s____ . 002'1 
;LOn-s____ . 0502 G. ___________ p _______ .! .0175 

D___________ 	 A_______ .0080 A _______I .0028 
3.5n-g____ . 0220 -loOa-g. __ .' , 0031)
4.Qa-g____ . 0100 ~.511-g__ ._! . 0007 
"Lna-g____ . 0020 o.Oa-I!____ , ,0003 
5.0a-g____ .0010 2.5a-~ ___ .r .0182 
2.5a-8____ . 0520 3.0tHL __ .! _Oil!) 
:3.0a-s____ . O:HO II' 1 3.3a·"____ . . 0028 
:3.5a-s____ . 0080 I r 4.011-S____ j .0014 
-LOa-s____ . 0040 Kernel color: 	 I IL ___________ 	 f\m______ .0720 \ \y. __________ Xone ____ • __ • ___ _ 
SR_______ .0324 Ii LB __________I'1.5a-g ___ , .0071 
11. _ .____ .0:312 II :3.l)a-s____ 1 .0284
A_______ .0048:! B.___________ ;}.Qa-g.---i .oosa 
X ------- .1500 il DB ________ .1 .~.;>U-g---.! .01:31 
:Lja-g____ . 0132 i. , i).0u. g.__ .l • OOGIi 
"LOu-g____ . OOGO :' BL__________ ~ ,Uia-g"._J ,0057 
4.;jn-g____ .0012 ; ?Qu-g____ ' . 0028 
5.0u-g____ . OOOG 3.:)[1-5____ .022b 
O»a-s____ 

1 
• O·H4 	 ·1.0a-s____ l . 0114 

See .footnotes at cnd of table. 
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TABLE 30.-Possible 2-character combinations among 37 characters in 
7 spike categories that m'e missing from the 6,200 strains in the World 
Oollection oj Barleys, and prop01iion oj strains in which they might 
have occul'red had distribution of characters been at random I-Con, 

Proportion Proportion
of strains in of strnins in 
which they whichthoy
might have might have 

Spike cntegory and Missing occurred had Spike category nnd Missing occurred 
character (coue) , distribution clmracter (coue) , had distti­

been at butiou been 
random 3 ntrnndom3 

Kernel color-	 Rachilla hairs: PercentL____________ None ____Continued PercentSm ______ Sh___________O. 1500 	 4.5a-g____p ----.-------	 O. 0391SS _______ .0675 5.0a-g____ .0196
A ________ .0100 Awn-glume
3.5a-g____ .0275 	 ratio:
4.0a-g____ l.0___________ None ____.0125 	 ­ .... -----­5.0a-g____ .0012 l.5__________._ 4.0a-8____ .0180
3.0a-s____ .0425 .11. ______ , .0360 
3.5a-s____ .0100 2.0.__________ None ____ 1________ 
4.0a-s ____ .0050 ?...... 0- ___________ 3.5a-s___ . . 0448 U_______ .0175 	 4.0a-s___ ) .02243.0____________Awn condition: 	 3.5a-s____ 1 .0240R ____________ None ____ 	 4.0a-s____--------	 .0120Sm __________ 3.5a-g____ 	 A _______ .0660 	 .02403.5___________'1.5a-g____ 	 .0060 2.5a-s____ .0286
5.011-g____ 	 3.511-5____.0030 	 .0044
3.5a-s____ 	 .0240 4.0a-s____ .0022
4.0a-8____ 	 D _______.0120 	 .0220I ________ 	 I ________.0720 	 .0132P ________P_-------! 	 .1500 .02758S ___________ 3.5a-g____ j 	 .0297 Sm______ .0660
4.011-g____ 	 .0135 SS_____ __ .0297< 

A _______ 4.511-g___ -' .0027 .0044
.5.g11-g____ j .0013 4.0 ___________ 0.5a-s____ .0185
3.Da-s____ .0108 3.0a-s____ 1 .0085 
'1.0a-s___. ; .0054 3.5a-s____ 1 .0020
L ______ -1 .0324- 4.0a-8____ .0010D _______.0675P --------1 	 .0100R ____________ 4.0a-g____ 	 I ________.0130 	 .0060U _______,!.5a-g___ -I 	 .0026 .0035 

.0013 p-------- .0125SS_______;~~~~g--::I 	 .0312 .0135A ____________ l.Da-g____ 	 H _______.0360 	 .0130 >
A _______ 3.0a-g____ 	 .0240 .00204.5___________3.511-g____ I 	 .0044 l.OIl-S.___ .0293 

4.ga-g____ 	 .0020 l.5a-s____ .0422
14.iJll-g____I .0004 2.5a-s____ .0026 

i 5.011-g____ .0002 3.5a-s____ .0004
'~ 

.0080 '1.0a-s____ .0002I 2 ________ f-_:::::~IU _______ 	 .0048 D _______ .0251 

.0028 	 .00201 ________ 
p------ --	 .0100 .0012U _______Caryopsis: 	 .0007:r C ____________ N one ___ .1 .. _______ 	 LB______ .0071N____________ 	 DR _____ l5.0a-g____ ; 	 .0063 .0131Bk_______3.5a-s____ ! 	 . 1375 .0057L ______ .I 	 .Sm ______.1500 	 .0060 

See footnotes at end of table. .. 




78 TECHNICAL BULLETIN 1276, U.S. DEPT. OF AGRICULTURE 

TABLE 30.-Possible 2-character combinations among 37 characters in 
7 spike categories that are missing fl'om the 6,200 strains in the World 
Oollection of Barleys, and proportion of strains in which they might 
have occurred had distribution of charactel'S been at random 1-00n. 

Proportion Proportion
of strains in of strains in 
which they which they 
mighthnve mighthu\'e

Spike category and Missing occurred had Spikc category und Missing occurred
character (code) , distribution character (code) , had distri­

been at bution becn 
random 3 utrandom 3 

Awn-glumeratio- Awn-spike ratio-
Continued Percent Continued Percent4.5 __________ 88_______ 3.0___________ D _______O. 0027 O. 034-0H _______ U _______.0026 .0119

A _______ j .0004 p-------- .04-2581':._______ .0391 4.0a-y---- .00855.0___________ o <l" - . 00l!) 5.0a-y---- .0009 ..l.(j~-s' ____ 3.5___________ D _______ -"----, . 01·17 .0080 
.) - f ________;.va-s____ 1 .0013 .00483.0a-5____ U _______.0009 .0028
3 -. ~ LB______.<la-s--_·· .0002 .0284
4.0a-s____ r, Bk_______.0001 .02282 ________ ! P ________.0126 .0100D _______ 8m ______.0010 .0240L _______ , 88_______.0006 . ()108 U _______ N _______.OOOS .1S75B _____ ___ .008S 2.5a-y---- .04-48DB______ I .0066 S.Oa-y---- .024-0
Bk_____ --I .0028 S.Sa-y---­ .0044 
p-------- .0012 4.Sa-y---- .00048m ______ .0030 5.0a-y---- .000288_______ 4.0 ___________ 2. _______ .0013 .0502fL ______ D _______.0018 .001,0.It_______ f ________.0002 .0024N _______ U _______.0063 .0014Sh____ ___ Bk_______.0196 .0111,

Awn-spike ratio: ( .OOSOp-------­0.5______ L _______ ; 8m ______---- .0444- .012088_______4.0a-y----i .0185 .0054 
S.~a-y----i .0019 1.5a-y---- .01801.0___________ 
4.oa-y----l .0293 2.5a-y---- .0224 
5.0a-y----! .0147 3.0(!-y---- .01201.5___________ 4.5a-y----t . 04-22 S.5a-y---- .00222.0___________ None ____1________ 4.0a-y---- .0010

? - ___________~.v D _______ i .0520 4.5a-y---- .0002U _______ i .0182 5.0a-y---- .0001 
S.~a-y----1 . 01388 
4.oary--- _! .0026 

.0013S.Oa-y----, 

1 Italics indicates reciprocal entry. 

2 For explanation of codes, S('e table 1. 

3 Example: 2-row occurs in 25.1 percent of the strains, and 0.1 percent of the 


strains have an awn-glume ratio of '1.5. Theoretical freqnency for 2-4.5a-g=
0.251X 0.001=0.0251 percent of the strains. 
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The theoretical proportions that each missing two-character 
combination might comprise of all entries, assuming a completely 
random distribution of the characters in the collection, are also given 
in table 30. The data indicate that 61 of the missing combinations 
would not be e:-"llected to occur in the 6,200 strains; i.e., less than 
0.016 percent. Of the remaining 37 combinations, 23 would not be 
expected to occur in more than one entry. Only two combinations 
would theoretically occur in more than four entries. 

Summary of Distribution of Combinations Among 
Entire Collection and Subdivisions 

:More different two-character combinations occur among the 
barleys from Africa and Asia than from any of the other subdivisions. 
An analvsis of the occurrence of individual two-character combina­
tions anlong the different subdivisions is afforded by table 31. The 
greatest diversity is found among the African-Asian strains and the 
least among those from the South Pacific and South and Oentral 
America. lUthough no other subclh-rision closely approximates the 
African-Asian diversity, the U.S. Breeding Lines subdivision ranks 
second. Most of the 172 combinations that have been obtained from 
all of the subdivisions include at least 1 character that is predominant 
in its respective spike category. 

TABLE 31.--SUi\IMARY: Distrib1ttion oj 2-character combinations among 
6,200 strains in the I'Vorld Collection oj Barle:lJs an(t among strains 
jrom 5 source subdivisions 

__2-_c_h_lL_ra_c_te_I_'c_o_m_b_i_n_lL_ti_o_n_s_I__S_'t_rl_ti_n_s_I!I__2_-c_l_lfi_r_:.lC_t_c_r_CO_I_l1_b_il_ut_t_io_n_s_I_S_tr_u_in_s_ 

I
Possible among 37 characters Number U.S. Domestic Sc\rc- SumberUons_______________ _in 7 spike cutegories______ 5-10 302 
1=== South Pacific-South

America____________ _Present among all strains___ _ 451 
Missing among all str,tins __ _ 08 Present only among strains 
Present among strains from from­

all source subdivisionL __ _ 172 50Africa-AshL __________ _ 
Present among strains from U.S. Breeding Lioe\:' ___ _ o 

each source subdivision: 1_ U.S. DomeRtic Se\ec­
lVr,ica-Asi,i.___ ~ -: _______I 4451 tions _______ -- __ -- ___I 1 

T~urone ______________ _ 
Europe ______________ _ 
U.S. Breedwg Lwes ___ _ 3{H I 1 

317 II I 
1 From among the ,151 combinations present among all strains. 

Distinctiye Two-Character Relationships Among Bar­
leys From Some Specific World Areas 

U.S. Dm.1ESTIC SEr.EC'l'IO~S (R,\.CHIr.Tu\. IIATRS-HEAD TYPE).-Data 
in table 32 reveal that U.S. Domestic Selections wi.th short or long 
rachilla hairs arc 6-l'OW or 2-row types to about the same exlent as tbe 
stmins in the foreign component of the collection. As previollsly 

http:R,\.CHIr.Tu


80 TECHNICAL BULLETIN 1276 J U.S. DEPT. OF AGRICULTURE 

noted, however, most of the domestic selections have short hair 
rachillas. On the other hand, long hair rachilla types are preponderant 
among the foreign strains. 'rhe domestic selections apparently do not 
constitute a random cross section of world barleys. 'rhey IDa:y have 
been drawn from a linlited segment of the foreign barley population. 
l'he basic data for this study indicate that the following sources may .A 

be primary African-Asian centers of 6-row, short hair ruchilla strains; 
i.e., eomparatively large proportions of the stmins from these m·eas 
have this combination of characters: 

Ethiopia Northeast Turkey 

Delta (Egypt) Transcaucasia 

North Africa Manchuria 

Turkey 


TABLE 32.-Pl'oportion of strains among the U.S. Domestic Selections 
s1lbdivision and the foreign component of the 'World Collection of 
Barleys that have shol't- and long-haired 1·achillas, and proportion of 
these stmins that have 6- (Lncl 2-row head type.'3 

Segment of collection Rachilla hairs Head type 

Percent - . !PerCe!ll,>
{ShOrL _____ {fl-"" ______1 ". " r 71.8U.S. Domestic Selectioos_______ 2-row______ 3.0 

:,.Jong_______ {o-row______ 59.228.2 2-row ______ 35.7 
oc {o-row ______ 83.0

Foreign componenL ___________ '------ 34.0 2-row ______ 10.5 
{6-row ______ 61. 81,oog_______ 05.4 2-row ______ 31. 9 

TURKEY (HEAD TYPE-A,\\,N COXDITION).-It was noted in table 9 
that the Black Sea area appet1rs to be the main center of concentration 
for 2-TOW strains. Appro~TInately 80 percent of the smooth awn 
strains in the foreign component of the collection are 2-row types. 
The data in table 21 indicate that 84.9 percent of all 2-row types have 
long hair racbillas. The results in table 33 indicate that the 2-row and 
long hair rachilla characters in barleys from Turkey occur in approxi­
mately the same proportions of strains having characters for barbed 
(rough) and barbless (smooth and semismooth) awns) respectively. 
A comparable picture is evident for the relationship between the 
6-row and short hair rachilla characters as they occur with the awn 
types. Turkish 6-row types are ahnost exclusiyely characterized by 
rough awns aml short rachilla hairs. Conversely, about one-third 
01 the 2-row types from this area have smooth 01' semismooth awns 
and nearly all of tbem have long rachillit hairs. 
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TABLE 33.-Proportion of strl.LiTls Jrom T~trkey in the World Oollection 
oj Barleys that have 6- and 2-1'010 head types and that have short- and 
long-hail'edmchillas, and proportion oj these strains that have rough and 
smooth awns 

Items compared Awns 

Percent Percent 
Head type:

6-row______________ _ D8.7 
37. D {~~~~~l~ ~L~-d s~;;tismo-;tl;_~~~== == 1.3 

2-10W______________ _ 67. 8 
62. I {~~~~~l~~~;ds~mi~;;;a"a"th-_~~===== 32. 2 

Rachilla hairs:
Short______________ _ D3.8 

35. 7 {~~~~~l~ ~~-(lse;;;is~;a"a"tll-_~~== === 6.2Long______________ _ 71. 564. 3 {~~~~~I~~~l-dse~l-i;~l-a"a"tl;_~=:==== 28. 5 

TURKEY (HEAD TYPE-RACRILLA HAIRS) .-Rachilla hair proportions 
for the 6-row and 2-row strains from Tmkey are compared with those 
of strains with these head types from the remainder of the collection in 
table 34. The preponderance oC long hair rachillas among all 2-row 
types is evident. The combination of short hair rachillas and 6-1'OW 
head types is not unique to the Tmkish strains. It was noted in figme 
3 that the strains from Ethiopia andlv[anchmia, most of which are 
6-rowed, are characterized by a preponderance of short hair rachilla 
types. The pictme for Tmkey is lmique because of the nearly opposite 
rachilla hail' patterns for the 6-row and 2-row types, 

TABLE 34.-Pl'oportion oj stmins jrom Turkey and oj all strains 
(except Jrom TU1'key) in the World Oollection oj Barleys th(Lt have 6­
and 2-1'010 hea(l types, and proportion oj these strains that have short­
and long-haired rachillas 

Segment of collection Head type Rachilla hairs 

Percent Percent 
{ShorL _____ 86.5Turkey_______________________ 37. D Lonp;_______ 13.5rrow-----­ {Short______ 

2-rO\L _____ 62. 1 I..ong_______ 
4. 8 

95.2 
{ShOrL _____trow '13.8 ------ 75. D Long_______Entire eollection (e;-.:cept Tur- 50.2"ny) _______________________ {Short- _____ 1D. !l

2-row ______ ID.6 Long_______ 80.1 

ETHIOPIA (ll. IRREGULARE-OTIIER HEAD TYPES).-Il. i7'l'egulare 
occurs only among strains from Ethiopia. Only one strain of this 
type has been obtained elsewhere-that one ·was from Argentina, into 
which it was undoubtedly introduced. rl'he datiL in table 35 afford 
a basis for comparing the occurrence of characters from spike cat,e­
gories II to V inH. i7'l'emllare strains with the occurrence of the same 
characters in Ethiopian strains that have the remainder of the head 
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type characters. The character distribution patterns are surpris­
ingly compaTable. Thus, a head type character that has been very 
much isolated geographically occurs in strains that exhibit a diversity 
of type simih)'r to t·hat of strains from the same locale with the other 
head type characters, most of which are not limited to occurrence in 
that area. 

TABLE 35.-Proporlion oj H. irregulare and oj other head types that 
occur with each character in 4 spilce categories among Ethiopian strains 
in the -World Collection oj Barleys " 

Head type
Spike category and character (code)! 

H. irrc{Julare I Other 

Percent Percent 
Kernel\V color: 

L__________________________________________ _ 16.9 38.8 
2. 8 1. 7B__________________________________________ _ 

16.9 10. 5 
19.7 8. S 
18.3 26.4 
25.4 13.8

IAwn~~-~~===~============================:====~:lcondition: 
100 100 

o o!ter:;~:::-:-::::~:~~:::~::~~~~~:~:::~:~::~::-I o 
o 

o 
oA______________________________________ .c -i 

Rachilln hairs: II o o 
L _________ ·~ ________________________________ 23.9 28. 78h_________ __. __________________________ _ 76.1 71. 3 

CarY(!~~i~"~________ . ________________________ • __ . __ 100 88.4 
?·L_~______ . ______ . ______________________ , o 16.6 

! For explanation of codes, see table 1. 

COMMENTS 

The two-character combination analysis has broadened our lmowl­
edge about the individual characters. For example, the 6-row 
character occurs not only in many strains from all oyer the world, but 
also in combination with all the characters from the other spike 
categories. Oonversely, the H. irregulare head type, found only 
among strains from Ethiopia, is an example of a reverse situation in 
which some characters do not. occur in combination with several of 
the characters in this study. 

The occurrence of the predominanli and individual characters in 
all possible two-characlier combinations; the presence of the differen t 
two-character combinations in f1'om ve1'y small to major proportions 
of the strains; the failure of certain combinations to exist among the 
6,200 strains-these findings point up the significance of the f1'e·· 
quency of OCCUlTence and geographic distribution patterns for the 
individual characters in determining the two-character combination 
picture. The most p1'edominant individual characte1's are exten­
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sively distributed among strains from many Africrul nnd Asian m'eas 
and some of the less prepondern,nt eharactcrs m'e concentrated llnlOng 
strains from eertain specific regions. The two-character combilltltions 
that occm in lnrge proportions of the strains invol,e at least one 
predominant chnracter. The less preponderant two-character com­
binations il1Yolve chm'acters t.hat occur in limited proportions of the 
stmins. 

The least preponderant of all the chamcters, a 5.0 awn-glume 
ratio, does not occm in 20 of 28 possible combinations. 110re thtHl 
85 percent of the missing Lwo-chm:acter combinations would not be 
expected to ocem in more than one strain. 

To a considl'rable degree, the extent to which a character exists 
in differen t two-character combinations may be a function of the 
number of strains in which it occurs. The number of different strains 
bearing certain individ llal characters mny he a function of the exten t 
to 'which these characters are cOllcentrate(l in barleys from specific 
world regions. The concentmtion of certain characters among strains 
fronl specific regions may be a functioll of such things as the e\'olu­
tionary age of the cl1tU"acters, the impact of the characters on 
the adaptive qualities of the plan ts in which they occur, the role of the 
ehnmcter in determining the productivity of the plaut, or the suit­
ability of the chal"itcters for meeting the needs of man. 

A different pictme is eviden t, when only the breeding lines nrc 
considered. Here the needs and desires of man have been imporUtu t 
in determining the composition of the genotypes. III certain instances, 
characters that occur in only very limited proportions of the world's 
barley strains or that are eoncentrated among strains from given 
world areas haye been incorporated into large proportions of the lines 
developed. through hybridization. 

Although numbers are of considerable significance in determining 
the two-chttracter co~nbination proportions, "frequency" de Lenui­
natiolls may not afford t), true in sigh t in to the relationships betweell 
the churneters. For example, it is not enough to determine only the 
proportion of the strains that are 2-row, white kernel types. To be 
complete, the analysis must reveal how the characters are associated 
with Olle another; e.g., to determine whnL proportiono£ the 2-row 
strains arc white and, conversely, 'what proporLion of the white kernel 
types arc 2-rowed. From the "frequeney" npproach we lenrtlecl that 
a little less than one-lifth of the collection strains lUlve the 2-row, 
white kernel combination. The "associntion" approach revealed that 
more thnn three-fourths of all 2-row types ha\Te white kernels, whereas 
only a little 1110re than one-third of tbe whi te kernel st/'ains nre 2­
rowed. Differen t evolutionary backgrolUlds for these characters arc 
suggested by the data tbat show that the 2-row chamcler is somewhat 
restricted in its areas of geographic distribution, whereas the while 
kernel cbaracter is not. 

The forces goyerning the concentration of C'cl'btin chnmcters in 
some rather specific world areas undoubtedly havc had much to do 
with tbe two-character comhination pic lure as it is eyieJc>ncrd hy the 
collection slrains. For example, the concentration of purplr kernel 
and short hair rachilla t:y-pes nmong the Ji:titiopiall-del'ivedstrnins is 
undoubtedly responsible for the large proportion of the JI. irre(J111al'e 
strains that have these characters. The markedly greater proportion 
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of smooth awn types from tbe Black Sea area that are 2-rowecl, as 
opposed to 6-rowed, refleets tbe concentration or both tbe 2-row and 
smootb awn characters in tbis part of Asia. This suggests an initial 
evoluLiotHlry tie between tbe 2-row and smooth awn characters. Of 
these, tbe 2-row character occurs more frequent.Iy in the collection 
strains and its geographic distribution is more widespread. One migbt 
speculate, tberefore, that the smooth awn character arose at some time 
subsequent to lhe evolution of the 2-row character. 

Mn,ny of the results of this study indicate a remarkable in termi11glillg 
of the genetic factOrs governing the e2..-prcssion of the spike r1mrncters. 
Geogrllpbic barriers han', been surmolU1 ted for some of the combina­
tions to have come into being. The defieiens-hooded combination is 
n, case in poin t. These two characters seem definitely to be CO)1­

centrated among strains from tbe Ethiopian and Cen tral Asi!tn regions, 
respectively. The collection records indiC!lte that all bu t one strain 
with this combin!ltion were developed through hybridization in North 
At11el·iea. 

Tbe African-Asian strains, w.itb all of the individual characters, 
afforded the greatest number of two-character combinations. A 
considerable number of the combinations were found only among 
strains from this subdivision. 1fosL of these must have evolved 
througb natural processes, with man exerting some selection pressure 
and acting as an ngen L for migratioll. The U.S. Breeding Lines C011­
stitute the next most import!tnt source of two-churRcter combination 
diversity. 1:fany of these combinations were undoubtedly obtaiJ1.ed 
in slrains from other subcli.,risions, but a number of tbem were e1Tected 
through controlled hybridization involving introduced straills. The 
third most importtmt source of diversiLy WitS Europe. Here, too, IH'W 

combinations invoh-ing foreign derived germ plasm may hRve been 
created thl'ough hybridiziltioll. Tbus, ,ve have 11 pict.ure of substantial 
evolutionary dmnge occurring in a natural way in African and .Asian 
barleys over the celltUl'ies and of additiol1nl accelentLed change through 
controlled hybridization among strains acquired from diverse SOlu·ces. 

The different rates amI directions of evolutionary activity in biu'leys 
from (lillerent world areas aTe indicated by seveniJ exceptions amoilg 
the subdivisions to the two-chamcter combination pattern for thC5 
entire collection. For example, the combinations in stmius from 
Europe reflect the preponderance of the 2-row character in that 
subdivision. The comparatively large proportion of short Jmil' 
rachilla types among strains from the Americas and the isolated 
occurrence of II. il're[!ulare strains among Etbiopi!Ul strains are the 
foundntions for some two-chn:racter patterns that are unique. 

The role of man in fostering evoluliOlHlry change is most evident, 
in the U.S. Domestic Selections and Breeding Lines. The Yery 
presence of the crop ill North America is evidence of man's sigl1ificant 
role as an agent for the migration of plall~ germ plasm. Thil'ly-rour 
of the characters in tbis study are represell led among Lhe U.S. Domes­
tic Selections. These characters ocelli' ill 302 of the 549 possi ble 
two-character comhinations. From these and other i11troduced strnins, 
354 two-character combinations have beell incorporated iuto the U.S. 
Breoding Linos. 

P()ssibly the best indication of the impn.ct of modern pJan t breedcl's 
on the world barley populu,tion is the story of the 5-row) smooth awn 
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combicntion Ulllong the collection strains. The U.S. Breeding Lines 
are illnde up of a. much higher propOl-tion of stmins with this COlll ­

binntion HUlIl are those from allY other subdivision. A.pproximately 
95 percent of the U.S. Breeding Lines with smooth u;wns ha.ve a 6-1'ow 
head t:rpe. 

Although the smooth awn chul'ILCter is concentrated among 2.:row 
strains hom the Black Sea. areR, it also occurs in a limited number 
of 6-row stmins. One of these, the variety Lion irom southern 
Russia, was used in the United States as the first pill'eutal line to 
incorporate the smooth awn chu,racter into adapted varieties. The 
Lion gene for smooth awn has been the basis for tbe development of 
nearly all of the smooth awn types in the United States. 

FIVE-CHARACTER COMBINATIONS 

RESULTS 

Combinations Present 


Combinations involving indi.vidual cha.1'acters from spike categories 
. 	 I to V are referred to as five-character combinations. In all, 600 

such combinations are possible. Only 169, 01' 28.2 percent, are 
pI'esent, although the collection illcludes more than 10 times the 
minimum number of strains needed to represent each combination. 

Proportions of Possible Combinations in Which Individual 
Characters Occur 

The proportions of the possible five-character combinations III 

whicb Lhe inclividual characters occur are given in tnble 36. Major 
differences exist between the proportions for the chnnLcters within 
the respcctiye spike ca.tegories. Only the 6-row and 1'ough awn 
clwrt"Lcters are present in more than half of the combinations in which 
they might theoretically occur. 

TABLE 36.-Proportiun oj possible 5-character combinations in which 
each oj 37 cha,mcters 'in 7 spike categories occur among 6,200 stmins 
in the Worlel Collection oj Barleys 

-------------~----~----------------~---

Spike category and 

I
Percent :' Spike category aud IPercent 

character (code) 1 chamctcr (code) 1 

----------------!------II--------------------, 
Head6__ type: 	 Awn condition: 

~ _________________ _ 	 II55.8! R ____________________ 68.32____________________ _ 41. 7, Sm___________________ , 30.0]9.2 I 88 __________________ _ 
UJ)--------------------_____________ _ 15.0 i H ___________________ _ 18.3 

16.7I ____________________ _ 9.2'1'1 A___________________ _ 7. 5 
Kernpl color: 44.011I Caryopsis:\V___________________ _ c _________________ .__ 30.7B___________________ _ ao.o II 'N __ ,.. ___ ... _... ____ "'_ _ ; Hi. 7 

25. 0 I, Huc-hilla hairs: 
n-	 0 'I'I 31. 7.)0. ,J. - - - - - - - - - - - - - "' - --Bk ___________________ 1 21. 0 I Sh •.,________________ _i:~~~======= ===== == ===i 24.7 

p--------------------I 14. 0 I 
-------------'~,~.--

1 For explanat.ion of code'S, clee table L 
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Proportions of Existing Combinations in Which Individual 
Characters Occur 

The numbers and proportions of tbe combinations in which each 
of the characters OCCUl' are given in table 37Y This table also inc1udes 
a record of the proportions of the struins with each churacter that 

TABLE 37.-Proportion oj all 5-character combinutions among 6,200 
strains in the World Collection oj Burleys in '[chich individ'ual char­
acters occ'ur; proportion oj these combinutions that constit-ute 8 percent 
or more oj the strains in which each churacter OCCU7'S; and propori·ion 
oj stmins having each character that occurs in these predominant 
combinations 

Combinations that con­
stitute 8 percent Or 
more of the strainsSpike category and char­ All combi­Numberacter (code)1 nations 

Combina- I Strains 
tiolls 

Percpnl Percent I Percent 
All 5-character combinations_ 1G9 [ 100. 0 

------------t----~-----

Hend type:
G_______ •. _.. _....... G7 39. G 4, 5 42. 5 
2~ ____ ._. ___ . _______ _ 50 29. G '10 G4.9 

E-:.-:.'. ~ .~ ~ =-:=~. : - . : . : u_________ . __ ... ___ ._ 
23 
]8 
11 

13. G 
10.7 

G.5 

17. '1 
11. 1 
'15,5 

57.0 
4G. 5 
73. G 

Kernel color: 
\y--------._--Bk______ .... _ 
B _____ .. ..,.
DB _____ __ 
LB ____ • __ . 

4"1 
85 
30 
25 
21 

25.0 
20.7 
17.8 
1'1. 8 
)2.4 

0,1 
8. (j 

10.0 I8. 0 
14. ;3 

78. 0 
5G.O 
SO. 5 
79. '1 
75. G 

p---------
Awn condition:R. _____ _ 

1-L____ • 

14 

82 
3G 

8. a 
'18.5 
21. 3 

21. '1 

8. G 
8. 3 

G:l.3 

.,l:3.3 
55.9 

SnL__..•. . .....,.... 
S8. ___ ._ .......... . 
A_____ ,' ... _ .... . 

22 
20 

9 

18. 0 
1l.8 

5.8 

]:3. 5 
]5.0 
'1'1.4 

G1. 8 
iiG. 8 
78. 2 

Caryoptlitl:C.___ __ 
N __ •. ___ . 

n9 
50 

70. ,~ 

29.6 
2.5 
'1. 0 

43. G 
51.4 

Raehilla hairs:
L ____ • __ 
Sh______ ___ ._. ____ _ 05 

74 
5G.2 
'la.8 I 

5.3 
4.1 

G7.7 
GJ. 5 

1For expinnatiull of codes, see table L 

12 Five-character combinations hwolviul; pach charactl"r that occur in 8 P<'J"C(,llt 
or more of the tltraiud luwing that character ure jlleluded in tul;lc· XI (If the appell- ... 
dix referred to on p. 13. 
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OCCill' in fhrc-chamc(.cr combiuations involving 8 pel'cent 13 01' more 
of the struins with thu.t Clltu·acter. For most of the charact.el's i1 few 
combini1tions represent lilrge proportions of the strains. Nearly 
huH of the (j-1'OW strains oecUI' in only 4.5 percent of the combinations 
tlmt involve this chnmctel'. The proportions for most of the char­
adeI'S run higher than this. :"10re than 80 percen t of the stmins 
with blue kernels occur in only 10 percent of the combinations in 
which tbis character OCCUI'S. 

PHOPORTIOXS OF cmIBINATIONS VS. PHOPORTIOXS OF STRAINS.­
Dati). in table 38 corroborate the previous observation that the 
proportions of the combinations in which the individual characters 
oceur nre not necessarily of the same magnitude as the proportions 
of the strains ill which they OCCUT. The u-row he!ld type is present 
in 71.0 percent of the strains. It is found in only 39.6 percent of 
the combinations. Oll the other hand, the intermcdium head type 
ocellI'S in only 0.7 percent of the strains, but it oceUI'S in 10.7 percent 
o[ the combinations. The least prl'ponderant ehumct('I's occur in 
Inrger proportions of all the combinations relati\re to the total number 
of strains involved than do the prl'dominant chnracters. The average 
proportions of the strains thnt occur in el1ch five-chllracter combi­
nation generally become larger as the proportions of the strains in 
which the individual characters oCCllr become smaller. 

Exnmple: 
On the aYera,!!J', (':teh of the five-clutrncter combimttioll:{ involving white kerne I 

color occura in 77 stmins. Th,) white kernel character occur.~ in 3,413 strains. 
There are about 11 strains, on till' average, that have each of the combina­

tions involving purple kcruel color. It occur,; in 154 str:tin::;. 
The figure 77 comprises II le,;,;er proportion of 3,'11a than 11 does of 154. 

The white kernel charaet!~r occur" in more than 22 times as llllLnv strains as 
the purple ChUntctl'r. However, white occurs in only dlightly more than three 
timed tl:l llltlny five-character combinations as docs purple. If the proportions 
of all five-character combinations in which these characters OCCllr were of the 
same order as the number of strains in which they occur, the ratio for the 
Dumber of five-character combinations would be 03 to 4 instead of 44 to 14. 

The l'elatively high proportions of the combinations ill which the 
intel'medium and hooded chnracters occur are traceable to modem 
breeding procedUl'es for barley improvement. (See table 7.) 

In ull instances, the proportions of combinations in which the pre­
dominant characters from each spike category OCCUl' are less than the} 
proportions of strains ill which they ocelli'. The opposite situation 
prevails for nll other characters. The ratios for the spread between 
the proportions of strains vs. combinations generully become greuter 
as the 1l1.unbers of strains in which the characters occm become 
smaller. 

13 BUBe yulue lll'bitrn.rily ('~t[l.b1i..;IH:cl after in,;peclion of the data. 

http:fhrc-chamc(.cr
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TABLE 38.-P.roportion oj all strai,rts in the Worhl Collection of 
Barleys that bear each character and proportion oj all 5-character 
combinations in which these charac ers occur 

Strains having 
each character 

Spike category and character 
(code) 1 

All strains that occur in 
each 5-character 
combination 

5-character 
combinations 

(average) 

Head type: 	 _ Percent Percent Percent6 __________________________ 
71. 0 1.5 39. (}2 __________________________ _ 
25.1 2. 0 29.6 

D_____________ -------------i 2. 0 4.3 13. 6 
1.2 	 9.1 6.5 
.7 5. 6 10.7{r~=~==~==========:==:~~===:1IKernel color: 

55.1 2. 3 26.0VV______ -------------------, 
16.5 3. 3 17.8 
12.1 4.0 14. 8 ~iB~~===================:===iLB __________ - - ---- -- -- - -- - -' 7. 1 4.8 12.4Bk_________________________ 1 5.7 2.9 20.7 

2. 5 7.1 8.3p--------------------------!
Awn condition: 	 i 

88. 3 1.2 48.5 
6. 0 4.5 13.0 
2. 7 5. 0 11.8 
2. 6 2.8 21. 3 ~~~~~~~~~:j~~::j~::~~j~~~! 
.4 11. 1 5.3 

Caryopsis: 
87.5 .8 70.4 
12.5 2. 0 29.6§i~~======:=_:==========:===:Rachilla hairs: 

L _________ ., - ---- - - ,- .. , 60.9 	 56.21.1 ISh____ - _______ . _____ - __ •. __ _ 39. 1 1.4 43.S 
I 

I For explanation of codes, see table 1. 

Principal Combinations 

Only 16 five-character combinations occur individually in more 
than 1 percent 14 of the strains. These will be referred to as the 
principal five-character combinations. They are listed in table 39. 
The number of strains in which each of these combiOiLtions occurs is 
given alongside a computed number of strains in which it might have 
OCCll'red had the distribution of characters been at random. Per­
centages of the deviation of the actual numbers from the theoretical 
numbers are also listed. The computed figures were obtained by 
multiplying together the actual proportions of entries in which the 
individual characters occur, as explained in the two-character com­
bination section. 

The 16 principal five-character combinations represent more than 
three-fomths of the 6,200 strains. Two-thirds of the principal 
combinations occur in more strains than might have been eXlJected if 

14 Base value arbitrarily established after inspection of the data. 
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the characters had been distributed at mndom within the scope of 
the collection. Four of the five principal combinations that have 
fewer entries than e:.\.-pected differ from a comparable combination 
among that group by only the rachilla hair characteri"tic. The 
principal combinations involving the 6-row character with fewer 
strains than the calcuLated number have long mchilla hairs. The 
principal combination involving the 2..:row type with fewer than the 
calculated number of strains has short mchilla hairs. The great 
preponderance of long hair mchilla types among 2-1'0W strains was 
noted pre,":iously. ,More than haH of the strains with the 6-W-R-C­
8h combination were obtained from Ethiopia, Turkey, und :Man­
churia-centers of concentmtion for 6-row, short hair rachilla strains. 
Thirteen of the principal combinations involve the 6-l"oW character; 
only two involve 2-row. 'fhe same ratio OCCllI'S for rough vs. smooth 
awns and covered vs. naked caryopsis. 

TABLE 39.-Actual and computed number of strains for each of 16 
5-character combinations that Occur in 1 lJercent 01' more of 6,200 
strains in the World Collection of Barleys 

Strains Deviation
5..character combination I from 

computed
Actual C"mputcd 

lVumber Number Percent2-\Y-R-C-L__ .... _.. ___ .................................... . 
 885 397 +122.96-W - R-C-Bh.. . __ ....... _ ..... "' .... ___ .. , .. _.. _, 8:31 72fj +14. (j
()-'"\V-R-C-L___ _.. ______ ~ ___ .. _t f)51 l,l:'W -42.36-B-R-C-Sh ........... _. __ .. _ ............... .. 
 '102 210 +83. (j6-DB-R-C-L...... ___ .... _ .. ___ .... ___ _ a87 251 +5·1. 2 
f)-B-R-C-L............ _ ...... - .. -. - ..... - ........ 1 :326 342 
 -'1. 76-\Y-R-N-L_ .......... _ .......... _.... __ ......... ' 
 302 162 +86.4
6-DJ3-R-C-Sh.. ... -.. ---- - .......... ----I 260 
 If)l +61. 5f)-LB-R-C-Sh...................... __ .. _............ __ ........ ; 
 177 9{ +88.32-W-R-C-SI1.. ................ _.. __ .. _, ..... _ ............ 1 
 126 255 -102.4
6-LB-R-C-L..................... _ _....................... .. 115 	 -21.8
147
6-\V-Sm-C-L................ _...................... .. 
 00 78 +26.9
6-B-R-N-L........................... .. ............ .. 1)7 '10 
 i +98.06-Bk-R-C-L.... _ ........ ...... ...... .. .. _.. _ SO " 118 ! -:32.2
6-W-S1l1-C-Sh......... ___ __ 
 (iU 50 	. +38.02-W-Sm-C-L................. .. 
 02 	 i 27 I -·t20. f) 

f 
I For explanation <)f character codes, sec table J. 

Combinations Not Present 
Nearly three ..fourths of the possible five-character combinutions do 

not OCClli' among the collection strains. 
Data in tnble 40 indicate that 45 percent of the fivc-churactel' 

com binntions existing in the collection include three Ot· morc pre­
dominunt chlll'llcters; 87 percent include two 01' more. The duta in 
table 37 indicate that some of the less preponderant characters occur 
in comparatively few combinations. These datn indicate that the 
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very secondary awnless character might not occur in more than nine 
combinations with any other character, whereas the predominant 
covered caryopsis and long hair rachilla characters might occur 
together in as many as 95 combinations. 

TABLE 40.-Number oj 5-chal'acter combinations and proportion oj all 
combinations involving jrom 5 to 0 predominant individual characters 
among 6,200 strains in the World Oollection oj Barleys 

5-character combinations 

Predominant characters (number) 
Proportion of 

Number total combina­
tions (percent) 

5 __________________________________________ _ 
4 __________________________________________ : 1 O. 6 

14 8. 3 
61 36. 1 
71 42. 0 

1~======~=-=:=========================:======I 19 11. 2 
3 1.8 .
5===========================================1 

CoMMENTS 

To have a potential for the occurrence of all possible five-character 
combinations in the collection, it probably would be necessary for the 
characters within each spike category to occur in approximately like 
proportions of the strains, perhaps with not more than about 25 per­
cent deviation from equal values. 

Example: 
Spike Categories 

I II III IV V 
EqUaL______ O. 20XO. 166XO. 20XO. 50XO. 50=0.00166 

Proportions of 10+ strains out of 6,200 
strains having 25 percent de- I II III IV V 
each character. { viation(minus) O. 15XO. 12 XO. 15XO. 38XO. 38=0. 00039 

from equal. 2+ strains out of 6,200 

It would further be necessary for the characters from the different 
categories generally to occur with one another in a random way. 
These conditions do not prevail! 

The disparities in the frequency of occurrence and geographic dis­
tribution of the individual characters are reflected in the five-character 
combinations. N early three-fourths of the possible combinations are 
not present.

It may be hypothesized that the predominant and widespread 
characters from each spike category have occurred in strains that 
have undergone relatively more evolutionary change than Lave those 
bearing their less preponderant counterparts. The occurrence of the 

.~ 

... 

.. 






91 

••, 

, 

.. 

i 

• 

• 

MORPHOLOGIC CHARACTERS OF BARLEYS 

predominant characters in the greatest numbers of five-character 
combinations (with the lowest proportion of strains, on the average, 
per combination) seems to support this idea. The widespread geo­
graphic distribution of the predominant individual characters and 
their thorough intermingling with the other characters in two-charac­
ter combinations would seem to explain the fact that fewer strains 
have the 6-W-R-O-L combination than might have been ewected; 
i.e., althouCTh there are many strains with the 6-W combination, 
neither of these characters is restricted to association with the other 
one, etc. 

In contrast to the deficiency of 6-W-R-O-L strains, there are more 
than twice as many 2-W-R-O-L strains as might have been expected 
had the characters been distributed at random. About 57 percent of 
the 2-row strains have the W-R-O-L combination. Nearly 65 per­
cent are characterized by the W-R-O combination. The DB, LB, 
and N characters exhibit a similar tendency to occur with certain 
characters. It was noted previously that the 2-row head type and 
naked caryopsis characters are concentrated in barleys from definite 
areas in Asia. Less pronounced, but significant centers of concentra­
tion are evident for the DB and LB kernel color characters. These 
findings suggest that the strains bearing the 2, DB, I.JB, and N charac­
ters may be the product of appreciably less change than those in 
which the more predominant characters occur. 

The general limitation of the 2-row types to the W-R-O-L combi­
nation suggests a possible explanation for the relatively high propor­
tions of tlie five-character combinations in which the less preponderant 
characters occur (table 27). '1'he following data from tables 5 and 21 
illustrate a hypothesis in this regard: 
6-row (71.0 pcrccnt) : Percent 2-row (25.1 percent): Percent

White__________________ (47.8) White__________________ (78.9) 
Co!orcd ________________ (52.2) Colored ________________ (21. 1) 

100.0 100.0 

Assuming a random distribution of the collection strains in a field 
planting, we find that about one-half (O.710XO.710=O.504) of ran­
domly distributed IliLtural crosses might involve 6-row X 6-row. 
Somewhat more than one-third of them might involve 6-row X 2-row. 
Only slightly more than one-twentieth might be 2-row X 2-row, most 
of which would involve white X white. It is e'vi.dent that a greater 
change in the proportion of white vs. colored kernels would occur 
among 2-TOW than among 6-TOW types as a result of outerossing. It 
might be reasoned, therefore, that by virtue of strains bearing the 
6-row character having undergone greater evolutionary change than 
their 2-row counterparts, any change involving the 2-row strains is 
more apt to result in a new combination of characters than is a change 
among the 6-row strains . 

646718-62-7 
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SEVEN-CHARACTER COMBINATIONS 

RESULTS 

Combinations Present 
Combinations involving individual characters from spike categories 

I to VII are referred to as seven-character combinations. In all, 
43,200 such combinations are possible. It is significant to note that 
only 14.4 percent of these might occur among 6,200 barleys. Actually, 
only about one-seventh of this maAimull1 number of combinations for 
the collection are present-2.1 percent (885) of the possible number. 

Proportions of Possible Combinations in Which Individual 
Characters Occur 

The proportions of the possible seven-character combinations in 
which the individual characters occur are cited in table 41. None of 
the individual characters occur in as many as one-tenth 1)£ the com­
binations in which they might possibly be manifested. Fourteen of 
the 37 characters exist in less than one-hundredth of the combinations 
in which they might possibly occur. 

TABLE 41.-Proportion of possible 7-character combinations in which 
each of 37 characters in 7 spike categories occur among 6,200 strains 
in the World Collection of Barleys 

Spike category and character Percent Spike category and character Percent 
(code) 1 (code) 1 

Head type: Ftachilla hai!-!>:6 ____________________ _ L __________________ _ 
2 ____________________ _ Sh __________________ _ G.7 2.3 

1.9 1.8D___________________ _ 
.7 Awu-glume ratio:r____________________ _ 1.0_____________ • ____ _ 7.2U___________________ _ • G 2.0 __________________ _ 
· ,1 3. 21.5__________________ _ 

•• ;JKernel'V color: 2.5__________________ _ ? ­

4.0 2. 3B___________________ _ 3.0 __________________ _2. 4 1. 7Bk__________________ _ 3.5________ - ______ • __1.7 .7DB__________________ _ 4.0 __________________ _ 
1.6 .5LB__________________ _ 4.5 ________________ ..
1.6 .085.0 __________________ _

P_------------------- .9 .06 
Awn condition: Awn-spike__________________ ratio: _ 

Ft_~ _________________ _ 1.5 
7.6 4. 8SIU__________________ _ 1.0 __________________ _
1. 1 a. 7H___________________ _ 2.0 __________________ _
.7 3. GSS __________________ _ 0.5 __________________ _ 
.G 1. 1 

1~___________________ _ 2.5 _________ ________ ~ .'1.0· 1 
~ 

.'3.0 ___________________ _ Caryopsis: .6C___________________ _ 
3.1 .2 
1.0 . 1~-------------------- ~:g =====~===== === ==: =~ 

1 For explanation of codes, see table 1. 
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Proportions of Existing Combinations in Which Individual 
Characters Occur 

The numbers and proportions of the combinations in which each 
of the characters occur are shown in table 42.15 This table also includes 
a record of proportions of the strains with each character that occur 
in the seven-character combinations involving 2 percent 16 or more 
of the strains having that character. The predominant individual 
chamcters occur in large proportions of the combinations, but only 
a small proportion of the strains bearing these characters are marked 
by any given combination. There are some distinct differences among 
the seven-character combination patterns for the individual characters. 
For example, less than one-tenth of the 6-ro\Y strains occur in com~ 
binations that individually conn:n'ise 2 percent or more of the strains 
'with that character, whereas nearly two-thirds of the 2-row strains 
occur in such combinations. All the awnless and high awn-glume and 
awn-spike ratio strains occur in combinations tbat involve 2 percent 
or more of the strains baTing these characters. 

PROPORTIONS OF COMBfNATIONS VS. PROPOR'l'IONS OF STRAIXS.­
Data in table 43 indicate that the previously noted relationship 
between proportions of strains and proportions of combinations in 
which individual characters occur holds true for the awn-glume and 
awn-spike I'atio characters. 'l'he average proportions of the strains 
having each character that OCCLU' in each co.mbination arc appreciably 
lower in the seven-character combinittion analysis thun in the two­
and five-character combina,tions. The magnitudes of the propor­
tions. of the existing seven-character combinations in which the 
individuol characters occur most closely approximate those for the 
proportions of the strains in which the individtml characters occut". 
In addition to the 6, W, R, 0, andL characters, pre,iously mentioncd 
as oCCLU"l'ing in a lesser proportlon of the nve-chnmcter combinations 
than of the total number of strains, the 2-row and 1.0 awn-spike 
ratio characters occur in lesser proportions of the sevcn-character 
combinations than of the total munber of strains. 

15 The seven-charader combinations involving each character that ()ccur in 
2 percent or more of tha strains having that character arc given in table XII 
of the appendix referred to on p. 13. 

16 Base value arbitrarily established aftcr inspection of the data. 
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TABLE 42.-Proportion oj all 7-cMracter combinations among 6,200 
strains in the World Oollection oj Barleys in which individual cMr­
acter8 occur; proportion oj these combinations tMt constitute 2 percent 
or more of the strains in which each character occurs; and proportion oj 
strains having each cMracter that occur8 in these predominant 
combinations 

Combinations that con­

stitute 2 percent or more 


Spike category and char­ All combi­ of the strains 

acter (code) 1 Number nations 


Combina­ Strains 
tions 

Percent Percent Percent 
All 7-character combina­tions___________________ 

885 

Head6 type: 
585 66. 1 0.5 7.7 

w _____ ~ ______ ~ _______.) 163 18.4 4.3 65. 4 

I ____________________ 58 6. 6 22.4 58. 9
])-------------------­ 48 5.4 31. a 54.6U____________________ 

31 3.5 3. Z za. 3 

Kcrnel color: 
\V ___________________ 

289 32. 6 2.4 38.0LB___________________ 116 13. 1 8.6 3R 8 B____________________ 
174 19.7 5.7 40. 5DB _________________ • 119 ]3.4 10.9 58. 5Uk___________________ 
121 13.7 8. 3 39. 5 

7. 5 45. 2 
Awnp--------------------condition: 

66 18. 2 
It____________________ 

664 75.0 .6 19.0Sm __________________ 98 11. 1 12.2 49. 1SS___________________ 
55 6. 2 16.4 59.4Ii____________________ 
59 6. 7 ]3.5 54. 1A________ ~: __________ 9 1.0 100.0 100.0 

Caryopsis:C____________________ 
676 76. 4 . 6 19. 4N ____________________ 209 28. 6 3. 8 34.5 


RachiIla hairs: 
L ____________________ 
501 56. 6 .5 28. 6Sh ___________________ 
384 43.4 3. 6 40. 4 

l.0___________________ Awn-glume ratio: 
344 39. 2 2. 0 34. 21.5______ 1:3. 9 51. 32.0___________________ ----- -- ... - .- ... 122 11. 5 
1.53 17.3 8. 5 54.8 

?_.<l- ___________________ 12.5 59.6lLl 9.93.0___________________ 
83 9.5 9.6 51.43.5___________________ 
35 4.0 42. 8 70.94.0___________________ 
22 2. 5 100.0 100.04.5___________________ 
4 .5 100.0 100.0 

~O___________________ 
3 .3 100.0 100.0 

Awn-spike ratio:0.5___________________ ..58 6. 6 17.2 64.71.0___________________ 200 22.6 5. 5 56. 91.5___________________ 262 29. 6 3.8 ;~8. 82.0___________________ 192 21.7 4. 2 31. 92.5___________ _______ .,~ 56 6. 3 17.8 60. 13.0___________________ 
32 3. 6 21. !) 71.23.5___________________ 
10 1. 1 100.0 100. 04.0___________________ 

6 .7 100. 0 100. 0 

1 For explanation of codes, see table 1. 
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TABLE 43.-Proportion of allstraina in the World Oollection of Barleys 
that bear each character. and proportion of all 7-character combinations 
in which these characters occur 

8trains having 
each character 

8pike category and character All that occur in 7-character 
(code) I strains each 7-character combinations 

combination 
(ave rag':) 

Head type: 	 Percent Percent6 __________________________ _ 	 Percent 
71.0 0.2 66.1 

?---------------------------- 25.1 .6 18. 4 D_________________________ _ 
2.0 1.7 6. 6 

11 _________________________ _ 1. 2 2.1 5.4
1 __________________________ _ 

.7 3.3 3.5 
Kernel color: 'V_________________________ _ 

55. 1 .3 32. 6 B_________________________ _ 
16.5 .6 19.7DB________________________ _ 12.1 .8LB________________________ _ 	 13.4 
7.1 .9 13.1Bk________________________ _ 
5. 7 .8 13. 7 

p------------------------- ­ 2. 5 1.5 7. 5 
Awn condition: It_________________________ _ 

88.3 .2 75.0 
88_________________________ _ 6.0 1.0 11. 1 
8m________________________ _ 

2.7 1.8 6. 2II ________________ .________ _
A_________________________ _ 2.6 1.7 6. 7 

.4 11. 3 1.0 
Caryopsis:C_________________________ _ 

N_________________________ _ 87.5 .1 76. 4 
12.5 .5 23. 6 

Rachilla hairs: L _________________________ _ 
60. 9 .2 56.6 
:39. 1 .3 43.4 

Awni~b~~~_~~t~~~ ________________ ] 55.2 

8h_________________________ _ 

2.0 ________________________ _ 	 .3 38. 9 
16.8 .7 17.32.5 _________________________ " 
11.2 .9 12. 51.5 ________________________ _ 
9.0 .8 13.83.0________________________ _ 
6. 0 1.2 9. 43.5 ________________________ _ 1.1 2.9 4. 04.0 ________________________ _ 
.5 ·15 2.54.5 ________________________ _ 
.1 25.0 .4 

.05 33.3 .3 
5.0________________________ _ 

Awn-spike ratio:1.5_________________________ , 42.2 .4 29. 61.0_________________________ ! 29.3 .5 22. 62.0 _________________________ , 17.0 .5 21. 7 0.5 _________________________: 3.7 1.7 6. 62.5 ______________________ ---l 2.6 1.8 6. 3 
1.7 	 3.1 3. 6 
.4 10.0 1. 1~:g::::4.0 _________________________ == ==::::=== ==== === ==:;1 
.2 16.7 .7 

I For explanation of codes, see table 1. 
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Principal Combinations 
Thirteen of the seven-character combinations occur individually in 

1 percent Ii or more of the strains. These will be referred to as the 
principal seven-character combinations, They are listed in table 44. 
Only seven of the principal five-character combinations listed in 
table 39 occur in this group. The principal five-character combina­
tion, 2-W-R-C-L, is subdivided by two combinations of awn-glume 
and awn-spike, characters; 6-W-R-C-L by two; and 6-W-R-C-Sh 
by five. rrhe 6-B-R-C-L combination and th09 last seven of the 
five-character combinations listed in table 39 do not occur among 
the principal seven-character combinations. Eleven of the principal 
seven-character combinations occur in a greater proportion of the 
strains than might have been e:xpected had the characters been dis­
tributed at random within the scope of the collection. The principal 
combination that occurs in the greatest proportion of the strains, 
2-W-R-C-L-1.0a-g-1.0a-s, occurs in more than 10 times as many 
strains as might have been expected. The two combinations that 
occur in fewer strains than e}.-pected are comprised of the predominant 
characters from each spike category, considering both the 1.0 and 1.5 
awn-spike ratios as predominant characters. :More than half of the 
2-row barleys in the collection are characterized by the combination 
W-R-C-L-1.0a-g with a 1.0 or 1.5 awn-spike ratio. No comparable 
situation exists for any other character. Not as many as half of the 
strains with any other character occlli' among all principal combina­
tions invoiving that character. 

TABLE 44.-Actual and computed number oj strains for each oj 13 
7-character combinations that occur in 1 percent 01' more oj 6,200 
strains in the World Collection oj BCLrleys 

Strains Deviation 
7-character combination 1 from 

computed 
Actual Computed 

Numuer Number Percent 
2-W-R-C-L-l.O-l.O ____ . ______ .. ... - - - - - ... 2 '175 44 +979.5 
2-W-R-C-L-LO-J,5__________ f 

2 :~;H 92 +2Ga.0 
6-W-R-C-Sh-2.Q-L5____ .. ____ • __ .- - - --- 123 51 +1·11. 2 
6-"\V-R-C-Sh-2.5-L5 __ . ________ .--> - - 112 3·1 +229. '1 
6-W-R-C-Sh-2.5-LO. _•. ____ . 104 24 +333. :~ 
6-W-R-C-J.r-1.Q-1.5 ______ . 79 26l -69.7-
6-W-R-N-J.r-1.0-1.0 ___ .. __ 72 26 +176.9 
6-B-R-C-Sh-LO-1.5_____ "._ 71 51 +39.2-
6-"\V-R-C-T.r-1.0-1.0 ___ . _.. ... - 69 183 -62.3 
6-DB-R-C-J.r-LO-1.5. __ . _ .• _ . - 69 58 +19.0 
6-W-R-C-Sh-2.0-2.0___ . _ . - )~) 21 +200.0 

-- . ­
('" 

6-DB-R-C-Sh-LO-1.5 ___ .0. (l2 37 +67.6-
6-W-R-C-Sh-2.0-1.0___ ." __ " . - .. - . (j2 a6 +72.2~ ."

I 
I For explanation of character codes, see table 1. 
2 52 percent of all 2-rows occur in these combinations. 

17 Base value arbitrarily selected after inspection of the data. 

.. 

.. 

.. 
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Combinations Not Present 
More than 97 percent of the possible seven-character combinations 

~. are not represented among the collection strains. 
Data in table 45 indicate that 21.9 percent of the seven-character 

combinations in the collection include five or more of the predominan t 
characters; 50.8 percent include four or more; and 81.0 percent 
include three or more. The data in table 42 indicate that some of 
the rare high awn-glume and awn-spike ratio characters might not 
occur in more than three to six combinations among the collection 
strains, whereas some of the predominant characters might occur 
together in several hundred combinations. 

The findings presented in table 46 indicate the extent to which 
the different awn-glume and awn-spike two-character combinations 
are affiliated with the predominant characters. The average number 
of awn-glume-awn-spike ratio combinations per five-character 
combination becomes less as fe'.ver and fewer predominan t characters 
occ:ur in the five-character combinations. Not only arc there fewer 
five..character combinations in those instances wherc the number of 
predominant characters is low, but there are fewer awn-glume­
awn-spike ratio combinations per five-characler combination. 

TABLE 45.-N'-umber oj 7-character combinations and proportion oj all 
combinations in'Volving jrom 7 to 0 predominant individual characters 
among 6,200 strains in the World Collection oj Bc,l'leys 

7-character combinations 

Predominant characters (number) 
Proportion of 

Number 	 total combina­
tions (percent) 

5 0.1 
83 ~ 85__ _ 267 19. 0 

4__ . . ....... _ 	 3aG 37.9 

3__ .. ... _.... ... . 	 168 30. 2 
2 __ . _. .. 25 9. ,l 
1._ ._ ........ ., '_'" . 1 .G 

.. 
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TABLE 46.-Number of 7-chara,cter combinations involving from 5 to 0 
predominant individual characters among 6,200 strains in the World 
Oollection of Bat'Zeys, and the average number qf a1J711,-gZume-awn-spike 
ratio combinations per 5-character combination 

7-character combinations 

Predominant characters (number) 

Number 

Average number of 
awn-glume-awn-spike 

ratio combinations 
per 5-character 

combination 

5 ______________________________________ _ 
,13 43. 0 

:===:====:::=~=::===::::======::==::=:::I 
242 
365 
204 

17.3 
6. 0 
2.9 

28 1.5 
3 1.0 

______________________________~l.______~_____________!========================~=~===========~I 

CoMMENTS 

The great increase in the number of possible seven-character combi­
nations over that for the five-character combinations is a result of the 
numerous classes used in recording the awn-glume and awn-spike 
ratios. This is indicative of the impact of quantitative characters on 
diversity within a plant population. 

Many of the attributes that determine plant productivity and 
quality of product are quantitatiye in nature. The implication of the 
data on the proportions of the possible seven-character combinations 
present in the collection strains would seem to be that only a small 
fraction-seemingly an infinitesimal one when the great numbers of 
plant characters are taken into accountr-of the potential barley 
genotypes have been acquired. 

The comparatively large numbers of different awn-glume-awn-spike 
ratio combinations associated with five-character combinations in­
volving four or more predominant individual characters versus those 
involving fewer predominant characters is further e.vidence that 
strains bearing the predominant characters have undergone more 
evolutionary change than their less preponderant counterparts. 

In addition to the tendency for 2-row strains to be limited to the 
W-R-0-L-1.0a-g-1.0a-s/i.5a-s makeup, the 6-row, short hair mchilla 
combination stands out amount the principal seven-charader combi­
nations. Slightly more 6-row strains in the collection have long hair 
rachillas than have short. The comparatively large numbers of strains 
from Ethiopia, Turkey, and :Manchuria-centers of concentration 
for the 6-row, short hair rachilla combination-undoubtedly account 
for the large proportions of strains with this combination of characters. 
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TWO-, FIVE-, AND SEVEN-CHARACTER 

COMBINATIONS 


RESULTS 

Summary of Proportions of Possible Combinations 

The proportions of the possible two-, five-, and seven-character 
combinations among the collection strains ar,". summarized in table 47. 
The collection affords a fairly complete representation of the two­
character combinations that are possible amonO' the 37 characters in 
seven spike categories. The representation of the genotypic potential 
is markedly less among the five-character combinations and only a 
very small proportion of the possible seven-character combinations 
are present among the collection strains. 

TABLE 47.-8DE\[ARY: P08sible n.'Umber of 2-, 5-, aM 7-character 
combinations oj 37 characters in 7 spike categories, and act'Ual n'Umber 
lJresent, among 6,200 strains in the Wadel Collection oj Barleys 

Type of combinution Possible Present 

Number Number Percent2-character____________________________ _ 549 451 82. 15-character _____________________________ _ 600 169 28. 27-character_______________________ . _____ _ 43, 200 885 2.1 

Minimum Numbers of Strains Required To Represent 
All Individual Characters and All Possible Two-, 
Five-, and Seven-Character Combinations 

The minimum numbers of strains required to embody all the indi­
vidual characters in this study and all possible two-, five-, and seven­
character combinations are O'iven in table 48. 'rhe individual char­
acters and all possible two-cbaracter combinations might be included 
in a very few strains. ~Jany more strains would be required to repre­
sent all possible five-character combillittions. The collection includes 
nearly 10 tinles the minimum number of strains required for embodying 
all possible five-character combinations, yet only slightly more than 
one-fourth of the possible combinations are presen t. A very large 
number of strains would be required to represent all the seven­
character combinations; the 6,200 colledion strains represent appro:\.i­
mately one-seventh of this number, and they include only about one­
fiftieth of the possible seycn-character combinations. 

'r' 
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TABLE 48.-Minimum number of strains of barley required to embody 
each of 37 characters, and all possible 2-,5-, and 7-character combina­
tions, in each of 7 and in all spike categories "". 

Strains 

Spike category 
Individual 2-character 5-character 7-character 
characters combinations combinations combinations 

Head type: N'umber Number Number Number 
All characters _______ 5 45 600 43,200
Any given character__ I !) 120 8,640 

Kernel color: 
All characters _______ 6 54 600 43,200
Any given character__ I !) 100 7,200 

Awn condition: 
All characters _______ 5 45 600 43,200 
Any given character__ I 9 120 8,640 

Caryopsis:
All characters _______ 2 18 600 43,200 
Any given character__ I 9 300 21, 600 

Rachilla hairs: 
All characters _______ 2 18 600 43,200 
Any given character__ I 9 300 21, 600 

Awn-glume ratio: 
All characters- ______ !) 72 43,200 
Any given character__ I !) 4, 800 

Awn-spike ratio: 
All characters _______ 8 72 43, 200 
Any given chnracteL_ 1 !) 4, 800 

Each character and all 
possible combinations___ 72 600 43,2009 I 

Summary of Proportions of Possible Combinations in 
Which Individual Characters Occur 

The proportions of the possible two-, five-, and seven-character 
combinations in which the individual characters occur among the 
collection strains are listed in table 49. Comparisons within propor­
tions given for the individual characters heur out the relationships 
noted in table 47. On the hasis of each or the characters, the differ­
ences hetween the proportions for the two-, fiYe-, und seven-character 
combinations are somewhat greuter for the less preponderunt chur­
acters within each spike category than for the predominant ones. 

... 
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TABLE 49.-Sul\Il\IARY: Proportion oj the possible 2-, 5-, and 7­
character combinations oj individual characters within 7 spike cate­
gories in which each oj 37 characters occur in the World Oollect-ion oj 
Barleys 

Combination 

Spike category and character (code) I 


2-character 5-character 7-character 

Head type: Percent Percent Percent6 __________________________________ _ 
2 __________________________________ _ 100.0 55.8 6. 7 
D_________________________________ _ 91. 9 41. 7 1.9 

71.9 19.2 .7 
U_________________________________ _ 
I __________________________________ _ 

62.5 9.2 .6 
71. 9 15. 0 .4 

Kernel'V color: 
100.0 44. 0 4.0B_________________________________ _ 
96. 8 30. 0 2.4DB________________________________ _ 
93.6 25.0 1.6LB ________________________________ _ 
93.6 35.0 1.6Bk ________________________________ _ 
87.1 21. 0 1.7 

p---------------------------------- 67.8 14.0 .9 
Awn condition: R___________________ - _____________ _ 

100.0 68. 3 7. 6Sm_______________________ .. ________ _ 
78.1 30.0 1.1SS_________________________________ _ 
75.0 18.3 .6 

A _________________________________ _ 87. 5 lG. 7 .7
fl _________________________________ _ 

68.8 7.5 . 1 
Caryopsis:C________________________ . ________ _ 

100.0 39.7 3.1 
94. 3 16.7 1.0~----------------------------------Rachilla hairs: L_________________________________ _ 

100. 0 31. 7 2.3Sh_________________________________ _ 
94.3 2·1. 7 1.8 

Awn-glume ratio: 1.0________________________________ _ 
100.0 --_ ... _----- 7. 22.0 __________ _____________________ _~ 100. 0 3. 22.5 ________________________________ _ -- ... ------­

92. !} 2.31.5________________________________ _ ---------­
92.9 2. oj3.0 ________________________________ _ ---------­
89.3 1.73.5 ________________________________ _ ---------­
67.9 .74.0 ________________________________ _ ---------­
60. 7 .54.5 ________________________________ _ ---------­
39.3 ----- .. ---- .085.0 ________________________________ _ 28. 6 ---_ ... ----- .06 

Awn-spike ratio:1.5________________________________ _ 
96.6 4.81.0________________________________ _ ---------­
93. 1 3.72.0 ________________________________ _ ---------­

100. 0 3. 60.5 ________________________________ _ ---------­
89.7 1.12.5 ________________________________ _ ---------­
82. 8 1.03.0 ________________________________ _ ---------­

3.5 ________________________________ _ 82. 8 -""'-------- . 6 
51. 7 .24.0 ________________________________ _ ---------­
48.3 .1----------1 

I For explanation of codes, sec table 1. 

.. 
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Summary of Proportions of Existing Combinations in 
Which Individual Characters Occur 

The proportions of the existing two-, five-, and seven-character 
combinations in which the individual characters occur are summarized 
in table 50. As was noted previously, if the individual characters in 

TABLE 50.---8Ul\UlARY: Proportion o.lthe existing 2-,5-, and 'I-character 
combinations in which each o.f 37 characters in 7 spike categories occur 
among the 6,200 strains in the World Oollection o.f Barleys 

COInbination 

Spike category and character (code) 1 


2-charactcr 5-characterl7-character 

Head type: Percent Percent I Percent6 __________________________________ _ 

2 __________________________________ _ 
 25. 2· 39. 6 66. 1 

22. 8 29. 6 18. 4 I>___________________ --- ___________ _ 

1 __________________________________ _ 
 18.1 13.6 6.6 

11_________________________________ _ 
 15.7 6.5 5.4 

18.1 10. 7 3. 5 
Kernel color: 

~----------------------------------_B_________________________________ 18.3 26.0 32.6 
17.8 17.8 19.7I>B________________________________ _ 
17.2 14.8 13.8LB________________________________ _ 17.2 12.4 13.1 &Bk________________________________ _ 
16.6 20. 7 13.7 
13.0 8.3 7.5p----------------------------------Awn condition: It_________________________________ _ 


8In ________________________________ _ 
 24. 4 48.5 75.0 
88_________________________________ _ 19.1 13.0 11. 1 
1I_________________________________ _ 18.3 11.8 6. 2 
A_________________________________ _ 21. 4 21. 3 6.7 

16.8 5. 3 1.0 
Curyopsis:C_________________________________ _ 

52.2 70. 4 76.4:N_________________________________ _ 47. 8 29.6 23.6 

Itachilla hairs:
L_________________________________ _ 


8h_________________________________ _ 
 51. 5 56. 2 56. 6 
48.5 43. 8 43.4 


Awn-gluIne ratio:
1.0________________________________ _ 
14. 9 39.22.0________________________________ _ ---------­14. 9 17.42.5_______ . ________________________ _ ---------­13. 8 12.71.5________________________________ _ ------- ... -­
13.8 13.9 

,~------3.0 ________________________________ _ -­__________ 113.3 9.53.5________________ - _______________ _ 
4.0 ________________________________ _ 10.1 -_ .. _--- ... -- 4.0 

9. 0 2.54.5 ________________________________ _ ----_ ... _--­
5.9 .55.0________________________________ _ ---------­4.3 .3 


Awn-spike ratio: 

1.5~ _______________________________ _ 

15.0 32.11.0________________________________ _ 
14. 4 24.52.0 ________________________________ _ , 

------- ___ I0.5________________________________ _ 15.5 ==========, 23.5 
13.9 7.12.5________________________________ _ ---------"'" 

3.0________________________________ _ 12.8 ---------- 6.9 
12.8 3.93.5________________________________ _ ---------­8.0 1.24.0 ________________________________ _ ------_ -­
7.5 

.... 

.7---------- .. 
1 For explanat,ion oC codes, see table 1. 
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each spike category occurred in equal proportions of the strains and if 
the characters were associated with one another in a random way, 
they might occur in equal proportions of the combinations; for example, 
head type characters, each 20.0 percent; kernel color characters, each 
16.7 percent; caryopsis characters, each 50.0 percent; etc. The propor­
tions for the two-chamcter combinations mostnearly approximate this 
condition j those for the seven-character combinations digress the most 
from this theoretical situation. 

The predominant individual chamcters from the respective spike 
categories occur in the greatest portion of the two-, five-, and seven­
character combinations involving characters in their respective spike 
categories. They occur in rellltively greater portions of the combina­
tions as the number of characters in the combinations becomes larger j 
e.g., 6-row occurs in 25.2 percent of the two-, 39.6 percent of the five-, 
and 66.1 percent of the seven-character combinations. For most of 
the other chamcters the reverse of this pattern is in evidence. As 
additional numbers of characters are included in the combinations, 
the general tendency is for the proportions within each spike category 
to more closely approximate the values for the proportions of the 
strains with the individual chamct.ers. (See table 5.) 

The greatest ranges between the proportions of the chameters that 
occur in the largest and the least number of combinations within the 
respective spike categories occur in the seven-chamcter combination 
values. 

Relative Diversity of Spike Types Among Strains From 
Some Major Sources 

An attempt was made to evaluate the relative diversity of spike 
types found among strains from eight major African and Asian sources. 
The results of this analysis are presented in table 51. The diversity 
among the Ethiopian strains as compared with the uniformity or 
those from :Manchuria has been observed in field planting or the 
collection. The :Manchurian and Japanese struins were Tanked low 
for all measures of diversity used. 'rhe strains from other sources, 
for example, Turkey, indicate considerable diversity when certain 
measures are applied and very little when others are considered. 
Ethiopian barleys demonstrated fewer differen t individual characters 
than did those from four of the sources, but they evidenced the 
greatest diversity from the standpoint of most of the measures applied 
to the chamcter combinations. 

r 
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TABLE 51.-Strains from 8 African-Asian sources in the World Oollection of Barleys ranked according to relative diversity ~ 
of type (based on data for 37 characters in 7 spike categories, and 2-, 5-, and 7-character combinations thereof) ~ 

Combination 

2-character 5-character 7-character AllIndividualSource ranks, Icharacters mean ....Average Proportion Average Proportion Average Proportion 
t.'Ientries per of possible entries per of possible entries per of possible ~ 

combination combinations combination combinations combination combinations Q> 

t:I 
Num- N1l1n- PeT- Num- PeT- Num- Per- ~ 

ber Rank beT Rank cent Rank beT Rank cent Rank ber Rank cent Rank
Ethiopia______________ 28 5 1.4 5 46.2 1 7. 8 2 7.8 1 1.9 1 0.45 1 2.3Russia________________ ~ 

29 4 .9 2 39.5 4 6.0 1 6. 2 3 2.0 4 .26 4 3.1China ________________ 30 1 .9 2 38.7 6 9. 4 3 3. 5 5 1.9 1 .24 5 3. 3 ~ India_________________ 
30 1 2. 0 6 42. 7 3 15. 3 5 5. 3 4 3. 9 6 .29 3 4. 0Turkey_______________ 30 1 3. 2 8 44.4 2 18.3 7 7.3 2 5.8 7 .32 2 4.2 ~!{orea________________ 24 7 .8 1 29.7 7 14. 9 4 1.5 7 1.9 1 .16 7 4.9Japan ________________ 28 5 1.2 4 39.1 5 15.8 6 2.8 6 2. 8 5 .23 6 5. 3 

Manchuria____________ 24 7 2.7 7 28.1 8 48. 2 8 1.5 7 8. 1 8 .12 8 7.6 

I 
....A .. ... .. 
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CoMMENTS 

The very low proportions of the possible five- and seven-character 
combinations that are present among the 6,200 collections strains are 
of special significance when the germ plasm potentials of the collection 
and of the world barley population are considered. These findings, 
together with the previously noted concentration of certain characters 
in specific world regions, seem to suggest that much of the potential 
diversity among world barleys may never have been realized because 
of the relative geographic isolation of strains bearing many of the 
plant characters. 

The occur-cence of the predominant individual characters in large 
proportions of the different character combinations appears to be a 
reflection of their widespread geographic distribution and may indicate 
that they are comparatively aged evolutionwise. This is particularly 
evident when comparisons are made between the results for the seven­
and five-character combinations. The results presented in figure 3 
suggest a possible explanation for the occurrence of the 6-row charac­
ter, for example, in a greater proportion of the seven- than of the 
five-character combinations. There are very few strains with head 
types other than 6-row in the collection from the areas from which 
strains "it.h the lowest or highest awn-spike ratio types have been 
obtained; e.g., the greatest portion of the strains with awn-spike 
ratios of 2.5 or higher were obtained from North Africa, an nrea that 
has yielded barleys that are almost exclusively 6-rowed. 

The comparative diversity of types obtained from different sources 
is of significance in attempting to evaluate the extent of evolutionary 
change in different areas. This diversity is a rather elusive thing to 
measure. Within the scope of this study, Ethiopian barleys express 
fewer individual characters than do those from, say, TUl'key. On 
the basis of this single criterion, which certainly is an important facet 
of evolutionary change, Turkish barleys might be thought to have 
undergone more change than those from Ethiopia. When the charac­
ter combinations among the collection strains are taken into account, 
however, Ethiopian barleys seem to be more diverse than those from 
the other sources considered. 

Diversity resulting from t,he evolution of new characters, partic­
ularly those that are governed by single genetic factors, is attributed 
to the phenomenon of mutation. Diversity that is reflected through 
new combinations of characters may be due to mutation or to recom­
binations following cross-fertilization. Even in a self-fertilized crop 
such as barley, individual characters may achieve widespread distri­
bution within the world population more readily tJu:ough cross-fertili­
zation than through mutation. 

It may be that mutational change has occurred at a more rapid rate 
or for a longer time among Ethiopian barleys than among those from 
other areas, but this is open to doubt since strains from some other 
sources include a greater number of individual characters. The 
results of this study suggest that much of the diversity among the 
Ethiopian strains has been derived through cross-fertilization. The 
environment at the high elevations may in some manner result in 
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structural or. developmental peculiarities in barley flowers so that 
airborne or insect borne pollen may reach receptive stigmas. 

DISCUSSION 

The frequency of occurrence and geographical distribution of the 
various characters would seem to have evolutionary significance. 
That is, fnHluent occurrence along with widespread distribution would 
imply ageduess or adaptiveness of certain characters, or perhaps their 
desirability to man. :Moreover, the occurrence of these predominant 
characters in all possible two-character combinations and in relatively 
large parts of the five- and seven-character combinations would 
indicate that they have been involved in a long succession of evolu­ ..tionary events. 

The concentration of some of the less preponderant characters in 
specific world areas-the center of concentration for one character. 
being geographically removed from that for another-implies that 
evolutionary changes hlwe occurred ilcross the Jar reaches of the 
barley growing areas. The "centers of cOllcelltmtion" concept holds 
great significance for plan t exploration find improvemen t work. 
Certain world areas may be the most fruitful source of certnin 
chnracters. This nssumes a special importance when characters such 
as disense and insect resistance are considereu. 
~1any important plant traits, such as yielding ability and hardiness, 

are quantitative in naLure and are governed by the interuction of 
severul or many genes-combinations of characters. To the extent 
that individual characters are isolated from one another by whatever 
means, the world's plant germ plasm fails to realize its full genotypic 
potential. When the picture for the world's barley population, as it 
is reflected by this study, is enlarged to include all of the plant char­
acters, only a tiny fraction of the genotypic potential may haye b(~en 
realized. 

Selections have been druwn from the whole of the world's barley 
germ plasm for use in plant improvement work. The transition from 
the broad base of germ plasm to the tiny component constituted by 
modern advanced breeding lines and improved varieties might be 
visualized spatially as a pyrumidlike configuration with irregular 
angulation. This angulation, as it rises from the base of the pyramid, 
depicts varying phases of advancement, leveling off, and retrogression, 
but overall a discernible trend toward improvement. The blocks 
that we might imagine ncar the pinnade of the eyer-unfinished 
pyramid embody the modern breeding lines and improyed varieties. 
They represent a very small component of the germ plasm base i a 
component in which the constituent parts may have the greatest 
number of traits in common. 

Each new requirement placed on the world's germ plasm for meeting •the needs of man and animals has served to shunt aside as unsuitable 
another segment of the whole. The following data [rom the co11ec­
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tion illustrate this principle, each additional character being considered 
as a new requirement to be met in developing or acquiring a superior 
barley strain: 

Num-
Composition of Strains ber 

6-W-R-C _________ . _ _ _ ____________________ 1,482 
6-W-R-C-L_________ _ _ __ ___________________ 651 
6-W-R-C-L-1.0a-g_________ . .. _ _ _ _ _____ _____ _ 290 
6-W-R-C-L-LOa-g-L5a-s_______ _________________ 79 

i=~~it~~~~==~::==~===:====~==~=======:====::=~=== ~:!g~ 
To the need for compatible parental germ plasm em~odying SlIT­

vivability and reproducibility have been added the requiretn~nts for 
general adaptation to environment. 110re specific demands no,\' 
exist for such things as greater productivity of grain or foliage or for 
a superior quality of produot. For given world areas, only very small 
proportions of the world's barley genotypes embody the chat"acter­
is tics required for gr'o,ving the crop efficiently in those areas. Tho 
significance of tillS cannot be overemphasized, for man has enjoyed 
only limited success in artificially inducing or synthesizing plant 
characters that have not been fOlmd previously among Nature's living 
herbarium. To an e'-en lesser extent have ways been found to match 
natuml forces for stabilizing new characters in genetic background~ 
afl'ording vigorous well-adapted plants. 

It is of interest to speculate about the origin of the basic adapted• types that served as the foundation blocks for the U.S. small gr'ain 
industl,y, many of whose characteristics may still be obsC'lTed in 
CUl't"ent varieties. They came into being before the ad,'ent of COIl­
trolled hybridization as a tool in plant improvement work. Theil' 
evolution may hase required a great period of time. It may havC' 
InYoh-ed thc phenomona of mutation, cross-fertilization, and natural 
seleetion, perhaps with the latter two forces being the more important. 
To a considerable extent, they must have been developed within LitC' 
scope of the gerlll plasm that was endemic to their immediatC' arC'as. 

It may be that new basic adapted types , ...-ill need to be eyolvC'd 
before substantial gains in productivity can be added to those already 
achieved through hybridization. The basis for this thought might 
be best explained by discussing one aspect of the hard red winter 
wheat industry in the United States. This industry in the Great 
Plains "breadbasket" became possible with the introductioIl of 
wintC'r-hardy Turkey wheat from southern Russia. r.rhe hardiness of 
tillS type of wheat is not known to be equaled by any other. For 
this reason, it serves as a basic lype among wintC'r varieties grown in 
areas of rigorous winter climate in this country. .Although numerous 
advances have been made by selecting superior strains from within 
the original heterogeneous type and by incorporating disease and 
insect resistance and other attributes into hybrid progC'nies, the 
Turkey germ plasm of necessity pervades all U.S. hard red winter 
wheat varieties. It follows then tho.t, in gC'neral, this germ plasm 
may set the productivity ceiling for hard red winter wheals developed 
by conventional breeding. 

646718-62-8 
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Although Turkey wheat best illustrates the point of the above 
discussion, the condition described is not peculiar to hard red winter 
wheats. The comments about a basic type pervading commercial 
varieties have considerable application to other small grains. Crosses 
between standard varieties and advanced breeding lines unquestion­
ably represent an exceedingly narrow germ plasm base compared 
with that of the world grain population. 

The potential for developing new hard red 'w'inter wheat varieties 
with the marked increases in productivity that will be needed in the 
future to feed an e:-..-panded population may be limited unless new 
high-yielding basic hardy genot~ypes are secured to supplant or com­
plement the Turkey germ plasm. The results of the barley study 
indicate that it may be possible to do this. The data suggest 
that only a segment of the genotypic composition of world wheats 
may have been present in the geographic locales in which the Turkey 
type arose. 

Germ plasm from all over the world is available for inclusion in 
today's breeding nurseries i strains bearing genes that may have 
been isolated from one another may be brought side by side. The 
phenomena mentioned as possibly being involved in the evolution 
of basic adapted types are component parts of present-day breeding 
efforts. In general, methods e:-..-ist or are within the realm of possi­
bility for bringing to bear all these evoluntionary forces in a sequence 
of plant improvement events much e:-:pedited and intensified over 
that found in Nature. 

The results of this study indicate that a great potential for new 
combinations e:-..-ists among stmins in the World Oollection of Barleys. 
The approximation of the diversity of type noted among the U.S. 
Breeding Lines to the centuries-in-developing African and Asian 
diversity indicates that the rate of evolutionary change through 
recombination has been incre!ised manyfold since the advent of 
purposeful hybridization. 

Evolutionary change has occurred at different rates in different 
world areas. This was noted by comparing the relative diversity 
of type among strains from such sources as :Manchuria and Ethiopia. 
The basic data for this study show that nearly 84 percent of the Man­
churian barleys have the combinations 6-W-R-O-Sh or 6-W-R-C-JJ. 
Only slightly more thun 20 percent of the Ethiopian strains have the 
above combinations. Most of them occur in combinations that 
involve less tImn 8 percent of the strains. 

Evolutionary change may be measured in different ways. It was 
noted that more individual characters occur among the Turkish 
than among the Ethiopian strains, yet the Ethiopian barleys reflect 
the most diversity of type. 

This study serves to emphasize the evolutionary significance of 
genetic recombination follov,,-ing cross-fertilization. It is necessary 
to postulate hundreds of successful mutations, many of them in types 
in which one or more mutations already have become fixed, in order 
to rationalize the evolution of the many seven-character combinations 
through this medium alone. On the other hand, a modest number 
of mutations, particularly in the case of the several characters that 
are known to he controlled by single factors, followed by cross­
fertilization would readily account Jor all of the combinations. 

'. 
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As a matter of conjecture, it might be hypothesized that the original 
cultivated barley plant was comprised of the predominant individual 
chn,racters from the seven spike categories. One would not speculate 
that these characters entered into all the combinations with the other 
charactCl'S through the mutational process. Oross-fertilization seems 
to be deserving of greater recognition as a force in evolutionary 
change. Seemingly, little variation might exist without mutation, 
but assuredly little variation would be in evidence without the cross­
fertilization mechanism for the recombination of the characters. 

SUMMARY 

Data classifying 6,200 strains from the World Oollection of Barleys 
for 37 morphologic characters in 7 spike categories were analyzed 
in an attempt to (1) gain a new understanding of the nature and scope 
of the collection, (2) evaluate some world barley population character­
istics as they are reflected by the collection, and (3) acquire additional 
insight into the evolutionary background for this crop. 

Individunl characters occur in as few as 3 (0.05 percent) and in 
as many as 5,475 (88.3 percent) of the strains. 

Predominant characters in the spike categories are: 
L ____________ . __ 6 rows of kernels. 
1L ______________ White kernels. 
IIL _____________ Rough awns. 
1V _______________ Covered kernels. 
V ________________ Long rachilla hairs. 
VL___ __ _____ ___ _ Glume-awn-equal-to-Iength-of-glume. 
V1L_ ____ __ __ _ _ _ _ Lcmma-awns-extencl-beyond-tip-of-spike-to-a-distance­

equal-to-l*-times-the-Iength-of-the-spike. 

They are widely distributed geographically. The less preponder­
ant characters arc limited to more localized areas. 

No consistent relationship is evident between the preponderance 
of the characters and genetic dominance or recessiveness, although 
most of the less preponderant characters arc considered to be con­
trolled by dominant fllctors . 

Distinct differences exist between barleys from different world areas. 
World "regions" representing some different barley types are 
postulated on the basis of "charncter distribution patterns" (propor­
tions of the strains having each of the characters): e.g., Ncrth Africa, 
Ethiopia, Black Sea Area, Oaucasus llrea, Nellr Ellst .... 

African-Asian regions yielding greater proportions of strains with 
specific characters than other regions are designated "centers of con­
centration" for these characters. Centers are postulated for most of 
the less preponderant clmracters; e.g., II. irrcgulare (Ethiopia)­
smooth awns (Black Sen llrea)-hooded (cen trill Asill). . . . 

Within Africa and Asia, characters arc not derived from anyone or 
two centers of evolutionary activity, but arc obtained from different 
locales over the whole of tbe barley-growing area. _ 

The greatest number of the characters found among the Old -World 
barleys are also present among strains from the United Stlltes, into 
whicb the crop was in troduced. Oertain Cbllrllcters concentrated in 
limited worldlocules and occurring in only a few introductions baye 
been incorporated in to many U.S. Breeding Lines. 



110 TECHNICAL BULLETIN 1276, U.S. DEPT. OF AGRICULTURE 

About 82 percent of the possible two-character combinations (the 
joint occurrence of individual characters from two spike categories) 
are present in the collection. 

Predominant characters occur in all possible two-character com­
binations. The principal combination in each two-way conjunction of 
spike categories is comprised of the predominant characters from those 
categories. 

The distribution of the characters ill two-character combinations 
is not at random within the scope of the collection. Some characters, 
particularly the less preponderant ones, are associated with, but not 
genetically linked with, certain characters to the general exclusion of 
other characters with which they might be associated. Certain com­
binations are peculiar to strains from specific areas. 

The greatest number of two-character combinations is found among 
strains from Africa and Asia, the next largest among U.S. Breeding 
Lines. 

:Most of the two-character combinations that are not present in the 
collection involve the least preponderant characters. The frequency 
of occurrence of these characters is generally so limited that most of 
the missing combinations might not theoretically occur within this 
collection. 

About 28 percent of the possible five-charilcter combinations (the 
joint occurrence of individual characters from categories I to V) are 
present. 

The predominant characters occur in the greatest proportions of the 
five-character combinations, although only tbe 6-row head tYlle and 
rough awn characters occur in as many as one-half of the combinations 
in which they might be manifested. About 45 percent of the com­
binations include three or more predominant chllracters; 87 percent 
include two or more. However, the combinntion invoh-ing all of tbe 
predominant characters occurs in only slightly more tban one-half as 
many strains as might be theorized if the characters were associated 
with one another in a random way within tbe scope of the collection. 
On the other hand, other combinations involving less preponderant 
characters occur in more than twice as many strains as would be 
theorized. 

For most of the characters a few fiye-character combinations repre­
sent large proportions of the strains. However, only 16 of tbe 169 
existing combinations o(,cur individually in more tban 1 percent of the 
strains. Two-thirds of these occur in more strains than might haye 
been expected had the characters been distributed at random. 

Only about 2 percent of the possible seven-charnctcr combifHllions 
(the joint occurrence of individual characters from the seyen spike 
categories, two of which involve quantitative characters) Ilre present. 

The predominant characters occur in the largest proportions of the 
seven-chal'llcter combinations, but only small proportions of the strains 
bearing these chal'llcters are marked by any given combinations. 
None of the individual characters occur in as many as one-tenth of the 
combinations in which they might possibly be manifested. Only 
13 of the 885 existing combinations occur indh-idullIIy in 1 percell t 
or more of the strains. 
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Nearly 60 percent of the seven-character combinations include four 
or more of the predominant characters-; about 22 percent include five 
or more. 

The combination that involves all of the predominant characters 
occurs in less than one-third as many strains as might be theorized if 
the characters were associated with one another in a random way 
within the scope of the collection. On the other hand, the same 
combination, except that 2-row is substituted for 6-row, occurs 
in more than three times as many strains as might be theorized. 
Another combination involving 2-row occurs in more than 10 times 
as many strains as might be theorized. 

A minimum of 9 strains would be required to embody all of the 
individual characters in this study; 72 for all the possible two­
character combinations; 600 for the five-character combinations; and 
43,200 for the seven-character combinations. 

The rough awn character occurs in 100 percent of the two-, 68.3 
percent of the five-, and 7.6 percent of the seven-character combina­
tions in which it might possibly occur. No other character exceedEl 
these proportions. 

The predominant characters occur in greater proportions of the five­
than of the two-character combinations and in greater proportions of 
the seven- than of the five-character combinations_ The re\"erse of 
this is true for most of the less preponderant characters. 

Strains from Ethiopia manifest more diversity of typ~ than do those 
from some other major Old World sources, although those from some 
of the sources include more different individual characters than do 
those from Ethiopia. 
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