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HIGHLIGHTS OF FINDINGS, REAFFIRMED CON-
CEPTS, AND GENERAL COMMENTARY

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

Barleys from different world areas are different.

Evolution in barley has occurred threughout the world ; 1t has
occwired 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 strains from specific world locales.

The predominant characters occur in many combinations; sorae of
the less preponderant onss are restricted to a few combingtions,

‘The predominant characters probably have been involved in & iong
succession of evolutiopary events and have undergone more change
than the less preponderant ones; they are less restricted to association
with specific characters than the less preponderant ones.

Within Africa and Asia, characters are not derived from any one
or two eccuters of evolutionary activity, but are obtained fromn
different locales over the whole of the barley growing area.

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

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

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

Some characters in the same or adjacent regions may remain
dissociated {rom one another,

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

Genetic recombination has great evolutionary significance.

Only a very small portion of the potential genotypic diversity of
barley is represented among 6,200 strains in the World Collection of
Barleys.

Basic plant types for modern improved varieties may heave 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 expanded evolu tionary change.

Informetion about the world distribution of plant characters may
meke plant exploration more effective,

IIT




SOME QUESTIONS RAISED

Why are some characters predominant?

1f predominant characters are superior, have all such characters
been recognized and used in plant unprovement work?

Why are some characters concentrated among strains [rom certain
areas?

Why is there more diversity of type among strains from some arens
then from others?

What will additional data and refinement of existing data reveal?

Are other crops characterized by conditions 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 BARLEYS

By Davio J. Warne, Agricultural Administraior (formerly Research Agronomisi,
Crops Research Division), Agricultural Research Service

Barley, one of the oldest of cultivated plants, has been grown in
Africa and Asia since antiquity. The crop kas been subjected to
evolutionary forces for inany centuries, presumably as one or more
wild species ipitially and subsequently as & cultivated annual perpetu-
afed by man.  The selective and migratory influences of peoples have
been interwoven with forces of nature in determining the makeup of
1modern-day cultivated barley.

Over the ages mutagenic forces have brought sbout heritable
changes in barley. Within the world population of cultivated barleys
are many wdividual plant characters that distinguish one strain from
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 the versatility of
certaln ones for interacting favorably with climatic and biclogic
integrants of Jecal environmenis have enabled man to cultivate this
patriarch of domesticated grains over the vast temperate areas of
the earth.

Gains in plant productivity and quality of product have been
effected in the past through selection among the diverse types occur-
ring naturally in the world and, in the inost recent era, through
controlied hybridization. The advent of plant improvement throuvh
breeding placed special significance on genes or genotypes that have
evolved in barley over the ceaturies. The principal vehicle for
improving plants today is that of combining different germ plasms
bearing valuable genelic factors. Breeders of small grain rely almost
exclusively on naturallv evolved genic materials for developing im-
proved varieties. A strain may have value for as little as & single
gene that it carries. Present knewiedge indientes that the potential
for improving cultivated barley depends in large measure on the
availability of useful genes or combinations of genes and on man’s
abilisy to bring these together through breeding.  In the last snalysis,
this is but the directing and expediting of evolutionary processes.

None of the small grains is native to the Western Hemisphiere.
Their culture here was initiated by immigrants from Murope. In
recognition of lhe value of genetic diversity within the world
barley population, the U.S. Department of Agriculture has been
iniroducing and perpefuating foreign sirains for many yenrs in u
- Wosld Collection of Barleys. The collection is maintained so that
the germ plasm it contains may be used by scientisis engaged in plant

1
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improvement work or basic research. A¢ present about 8,000 culti-
vated strains are propagated by the Cereal Crops Research Branch.
In addjtion to foreign introductions acquired by the New Crops
Research Branch, selections made in the United States lrom Old
World barleys and superior lines developed in this country through
controlled hybridization are included in the collection.

In recent years, collection strains have been evaluated by scientists
at many experiment stations in this and other countries. Breeders,
pathologists, entomologists, and physiologists have participated in an
intensive search for useful germ plasm with which to effect plant
improvement—be it the development ol varieties with superior
agronomic characters; resistance to disease or insects; or tolerance to
heat. cold, or drought. Thus, much of this cffort has been devoted to
factors that may seriously limit the productivity of varieties presently
erown by {avmers. Often, however, the search among world barleys
for uselul genic material with which to counteract new deleterious
con(iitions has been little more than a random probing of the collection
stocks.

The relinnce on the collection lor useful germ plasm points up the
need for enlarging our acquaintance with the world barley population.
e need knowledge of the evolutionary background of the crop.
What is the [requency of occurrence and geographic distribution of
characters, individually and in combination with one another, in the
world barley population? Where and how did the genes [or these
characters arise? To what extent are the characters associated with
one another and how did these associations come gbout? YWhat has
been the role of man in the history of barley? These are but & Jew of
the enigmas that conlront us. This study was conducted in an
attempt to answer some of these guestions, with the particular hope
that an increased understanding of evolutionary phenomona may
suggest methods by which the crevelopment. of superior germ plasm
can be hastened.  Another objective of this study was to develop and
evaluate some technigues by which sadditional studies may be
effectively carried out.

LITERATURE REVIEW

Various {heories about the origin of cullivated plants have been
proposed since the pioneering work of de Candolle (6).! Willis (30)
gave a new stimulus to the general fields of plant geography and evolu-
lion with his “age and area’ hypothesis, which suggested thal the
area occupied in a countyy by any given specics depends on the age
of ile species in that country.  Vavilov (20, 27) atlracled widespread
attention with his “centers of origin” concepts. 1Je postulated several
basic world centers, separated [rom one unother by great deserts or
mountain ranges, in which most of the varictal wealth of our major
crop plants is located. His theories were lorgely based on observa-
tions of plant materials that indicaled areas where there was a
maximal diversity of combinations of characters. He initidly sug-
gested primary conters of origin for barley in Alrica and Asig, but later
cited only the Alrican area.

! Ttalic numbers in parentheses reler o LiteraturefCited, p. 111

*




MORPHCQLOGIC CHARACTERS OF BARLEYS 3

Telkabasht (25) has swnmarized several aulhors’ criticisms of
Vavilov’s theory by indicating that it is gueslionable whether centers
of diversity necessarily coincide with original cenlers ol origin of
cultivated plants. .

Most receantly Briicher and Aberg () suggesied lwo major gene
centers of barley—one in Ethiopia, the otber in the bighlands of
Sikddm and southern Tibet.

Most studies on the nature of world barleys have been devoted to
the theoretical question of “origin.” Vavilov (26, 27}, who was
keenly uware of the significance of basic germ plasm for plant improve-
ment work, and also Orloy (15) obrorved world bau'{ey strains for
certain specific plant characters, but they dealt with these characters
only in a general way,  They considered the strains from the stand-
point of the overall diversity of varieties {romn different world areas or
from the sinndpoint of combinations of characiers that might indicate
new bhotanical varieties in the sense of Idrnicke (11).

Japanese studies of some barley chiaracteristics have n more praclical
application to plant breeding and genctics. These investigations
have been swnmarized by Takabashi (25) under the following head-
ings: (u) origin of hereditary varlations and thelr migralion, () geo-
graphic distribution of genes or genotypes ol barley in relation to
sclection, and (¢) geographic regularities in gene distribution in barley.
He suggesis that mulations and transport by man are key agents for
the spread of varianl forms ol crop plants.  Ide indicales Lthat wide-
spread distribution of corlain types may result from the superiority
of their genoivpes and thai their relutive evolulionary ages are not
nccessau-i']-:_' determining fnelors, Selective forces are suggesied as
having influenced the nature of the world buarley populstion. A
preference for white-kerneled vs. pigmented sirnins in cominerce is
noled us being o foree for cminnting an unwanted character. TUse of
the nulked types in the Orient is cited as an example ol the fxation of
n new beneficial ebarncter. The semibrachylic burleys used under
conditions of heavy manuring 1n Japan are presented as an example
of an adaplive genelic change. A predominance of long hair raclilla
types antong oriental barlevs s counsidered to be an other-than-
adaptive genelie chunge that has become fixed.

Taknhashi concluded from his studies witlr Limited materials thas
cerluin barley chiraciors may be prevalent in muny areas of the world,
wherens others may be found in mwore or less restricted areas,
Although his conclusions may have been based a priore on the fact
that “some’ strains from an aren have the charncters under study
(ralher than on inlormation about the compurative frequency with
whiel the characters occur in different areas), his basic coneept is
worthy of further consideration.

Differences are suggested between barleys of the oriental and
occidental regions,  ‘These regions are said Lo be distinguished from
one anolher by a line established by the southern limils of spring
barley on the Asialic Conlinent.

Harlan (70) has stated that “it is well known thatl the variability
ol & specics is not distributed uniformly over Lhe sange of the species.”
T{e postulates (9} that centers of diversily are lurgely the result of
exceptionully aclive evolutionary forces operating al present in those
areas. His {ravels as & plant explorer brought to his allention smali
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areas in which concentrated varietal diversities of different crops exist.
These are termed ‘‘gene microcenters™ or “discrete concentration
patterns.” ‘They wore noted con plains and in mountainous areas.

Aost biclogists agree with Stebbins’ (21) assertion (hat mutation
is the ultimate source of variation. A fundamental prineiple of
de Vries’ (28) mutation theory is that specific characters have ocourred
without any relation to their possible significance in the struggle lor
life. The unplication of the randomness of the nature of mutating
charncters also carries an implication of randomness of the geographical
location ol the individuals 1n which the mutations oceur.

Although Lotsy's (12) idea that cross-lertilization results in the
origin ol new types has not been accepled in biology, East (7) and
Stebbins (22) bave pointed out that the broadest base within which
natural selection can operate is afforded by sexually reproducing
organisms in which each new mutation affords a basis for potentially
great numbers ol new genotypes. Harlan (§) referred to the almost
mcomprehensible number of types that are possible within the
world’s barley population, Harlan (10) stated that “centers of
diversity lock much like the type of thing found in composite cross
populations.”

Neurly all modern writings on evolution devote considerable atten-
tionn to the impact of natural selection on the essentially “blind”
variants In livings things. Sheppard (18) and Stebbins (20) indicate
that sound evidence exists that natural selection is a real guiding force
in the evolutionary adaptation of plants. Lotsy’s concept that
seleclion is the cause for the extinction of many new types seems to be
generally accepted. Muller (78) has written that “selective elimina-
tlon gives conditions under which the “fitter’ can really assume their
shapes.” Suneson (28) and Suneson and Stevens (24) found that
barley genetic characters, like varieties, do not survive equally in
mixtures in field planfings, nor similerly at different locations. Two
varieties from an initial mixture ol equal parts of four varieties were
practicully missing from the population afler 16 years of eropping.

Neatby (Z4) has called altention to the scleclive eflect of man In
directing evolution by pointing out that the four varieties of wheat
that occupied 65.8 percent of the Manitoba wheat acreage in 1938
were found on only 6.7 percent of the acreage in 1941,

Balker (4) recognized the migratory potential of sell-fertilized crops
by noling that a single propagule is sufficicot Lo start a sexually

reproducing colony.
MATERIALS

The records for the 6,200 strains that conslituted the U.S. Depart-
ment ol Agriculture World Collection of Barleys in the spring of 1931
include notes classifying the individual strains for a number of plant
characters. Dala for 37 of these characters within 7 spike categories
were used in this study. The characters are listed in table 1, together
with the code designaltions by which they are identified in this publi-
cation. Most of them are iHustrated in figures 1 and 2. These
designatiops are peculiar to this sludy and are not intended ws sub-
stitutes for the accepted gene symbols fer the characters. The
characters have been descuibed and evalusted as to suitability for
classificalion purposes by Aberg and Wiche (2, 2, 3).
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TaBrLe 1.—Codes used to designate the 37 characters in 7 spike cate-
gories for which 6,200 strains in the World Collection of Barleys arve

classified

Spike eategory and character Code?

I— THesad type:

H. frreguiare
Intermediam
IT— Kernel color:

Light blue
Blue
Dark blue

VI— Awn-glume ratio:

Glurne awn equal {o—
Tength of glumes oo e
134 {1mes length of glume
2 times length of glume
ou4 times length of glume
3 times length of glume
34 times length of glume
4 Limes length of ghane
4% Lines length of glume
5 times length of ghime

GAD A RO Iy b e

cuhooonbno

[ Y-,

VII—Awn-spike ratio:
Lemma awns extend berond tip of spike~-

Length of spike

13 times length of spike
2 times leagth of splikeo o ieeaas
24 times lengih of spike .-
3 thnes length of spike
3% limes length of spike
4 thines lengih of spike el

! Code designations relate only {o this study.
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The notes for the characters in spike categories I to V were recorded
from plants grown uncer the arid environments of Aberdeen, Idaho,
and Sncaton, Ariz® The awn-glume and awn-spike ratio notes were
recorded at Madison, Wis.; Aberdeen, Idaho; and Sacaton, Ariz.?
The kernel color notes are based on the gross impression that meets
the eye when sced lots of the individual strains sre observed. White
indicates that the kernels have no blue, black, or purple in the sleu-
rone, periearp, or hull tissue. Blue indicates color in the aleurone,
but not in the pericarp or hulls. Black and purple indicate color in
the pericarp or hulls or both, without regard to aleurone color.

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

The cellection records include information about the source of the
seed of each strain. The individual sources in the collection records
are listed in table 4, together with the number of strains obtained
from each source. Most of the source designations relate to geo-
graphic places or areas. Some, such as Engledow, Dickson, Pissarev,
and Vavilov, 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 rollection
includes materials ranging from stocks that have been perpetuated
by primitive peoples living in a wide range of latitudes and elevations
to Improved lines developed in advanced societies through the ap-
plication of modern plant breeding techniques.

? The 4,360 strains that comprised the barley colleetion in 1046 were classified
for characters in spike catepories T 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 1651 and by D, J. Ward
in 1852. All of the spring barle; classifications were checked in the field ak
Aberdeen, Idaho, in 1951 by J. 75 Moseman and D. A. Reid.

1 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 ficld 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. J. Ward at Aberdeen and Sacaten in the same yvears. 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.




MORPHOLOGIC CHARACTERS OF BARLEYS

7

TABLE 2.—@ene symbols for genelic faclors for o number of barley spike

characters L
Spike category and character Gene symbol Code ?
Head type:
G-TOW e v 6
R OW e v 2
Deficiens. . .. __ ... Vt D
H. drrequlare. o oo e Ir I
Intermedivm_____________________________ It U
Kernel color:
Whits lemma, pericarp, and aleurone_._..____ b-bl-re-J w
Blue aleurone_ . _ . . . _ . oo . Bl IB,B,or DB
Black lemms and periearp__ .. ______.__ B Bk
Purple lemma and pericarp.. _______.______ Re P
Awn condition:
Rough o e R R
Bmooth______ e o ._. r Sin
Semismooth_.___ . |ecoaaoooo 83
Hooded - - o oo K H
Awnless_ . __ L L. .__ Ik A
Caryopsis:
Covered. oo oo . N C
Naked. oo iaimmns n N
Rachilla hairs:
Long e 5] L
Bhort. . e i g Sh
Awn-spike ratio:
Bpike densiby . . . .. L s
Rachis internode number._ ... Rin  |ecmaos
Awnlength_____ . ________________.__ Lk oo

1 Symbols are presented in a general sense only; e.g., the genetic backgrounds
for the different iniensities of blue aleurone hnve not been identificd. A more
detailed listing would ineclude multiple alleles in some instances and compilemen-

tary factors in some others.
T For explanation of codes, sce table 1.
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TasLE 3.—Linkege groups in which genetic factors for certwin barley
spike characters are located !

Liokage group and Gene Spike category
character symbol

Head type.
Do,
Do.
Purple lemma and pericarp. Kernel color.
Rachis internode number_ | Ri Awn-spike ratio.
Awn length Awn condition or
Awn-spike ratio,

Block lemms and earyop-
i Kerpel color.
Do.

Do.

Purple lemma and periearp. Do.

JIT and VII:3
Biue aleurone Kernel color.
Rough awns R Awn condition.
Smooth awns Da.
Covered caryopsis C Caryopsis.
Naked caryopsis Da.

Head type.

Kernel color.

Awn condition.

Awn condition or
Awn-spike ratio.

Rough awns Awn condition,
Smooth awns Do,
Long rachilla hairs_ _ L Rachilla hairs,
Short rachilla hairs _ Do.

VI: Spike density Awn-spike ratio,

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

 For explanation of codes, see table 1.

3 For explanaiion of this group, sce RoserTson, WriseE, and Snaxos (18).
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Tapre 4—Sources of seed for the World Collection of Barleys, and
number of strawns oblained from each source

Source Strains Source Strains
EURQOPLE: AFRICA:
BRITISH ISLES: Number JNORTH *AFRICA: Number
Ingland_ . ________.... 62 Algerin__ _ .. _______ 45
Engledow t________ 15 Egypbo o 51
Orkpey Islands_ ... 1 Marioub o ________ Go
Seotland...____________ 8 Mipia 1L ___ 12
Deltn o __. 28
Totaloom oo 76 Sinai___________.__ 1
Moroeto__ oo 8
NORTH EURQPL: North Afriea. oo __ a6
Denmark_ .. _____.__. 23 Sonhara____________. 2
Finland . __ . _________ 13 Tunisia._ _ _ oo o e a| e
Germany - oo oo oo 100 Tuols e oo - 23
Buovaria_ . ____.___.. 4 -
Thuringia_.._.___.___ 1 Total ..o 295
Silesin_ . ____.___ 1 -
Toll: = CENTRAL AFRICA;
Ilroll(mdw ““““““““ 17 Ethiopia. oo ___ 367
North Eurepe. ... 1
L]0 P —— i0 Totale o 367
Poland___ .- . 36 .
Sweden. - _.oLoLoaooooo 69 SOUTIH ATRICA:
Svalof ' 4 Rhodesin__________ R 2
Union of South Alcica__ 4
Total __ . 329 Transvaal o ______ a
CENTRAL BUROPE: Totalooe - _ i
Austrin o _________ a8 I -
Belgium - ... 5 Subdivision total___ ﬁb‘r:&_
Czechoslovakia_. ... 15 || ASIA
Bohemin__ oo 3 WEST U.S.8.R.:
Moravia___________ 8 UResine oo oo b
France o L..... 82 Kharkovo oo o 28
Vilmorin ' ________ 1 Odessa oo 1
Hungary oo 7 Valkilooo o ___ 123
Romania____ .. ..._._ 4 Crimes_ oo oeee 3
Switzerland. ... _____ 13 —
Totalooo oo~ 157
Total .. oo 193 .
ota SOUTH U.8S.R.:
SQUTH BUROLE: A ot T
Jg}ulgar it ? 1 Yorevan,_ . _-_.. 1
Peete oo Agorbaidehan. . o laaoooooo
Ity oo 19 Bakw. oo 3
Pcrt\lg'll “““““““ 4},‘, Ciscauveasin . . oeooan 40
Spain_ e o 1 Otrada RKubanska '_ 31
ugoslavia ... 62 Kneafute ' . 8
: 2
Totalmmmecooe o i S vt it B
IR | Georith e e e s 5
OT‘HDR." Mount Kezbek 1___ 2
Turasia__ ... .. I Tifes o 1
Turope . oo ; 19 South Russid_ ... : 6?
Total oo T B vy s IR
Subdivision total____. 7l Total oo i 171

See footnete at end of table,
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TaBLE 4.—Sources of seed for the World Collection of Barleys, and
number of strains oblained from each source—Continued

Source Strains Source Strains
ABIA~—Continued ASIA—Continued
CENTRAL UBS.8.R.: Number OTHER: Number
Uzbek . _.________| _.____ Asia______________.__._ 23
Bukhara_ o _.___.._ 4 Central Asin_______.____ 4
ot e 1
Total.. . Orient
EAST U.S.8.R: Totaloocoomeeooo 28
Siberia_ .- ] 32 Subdivision total_____ 3, 612
Total .. ___________ 32
o ——=—— || SOUTH PAGIFIC:
OTHER: Austrelin______________ 52
Russine . oo 223 New South Wales_ .. _ 1
Pissarev f__ _______ 47 Java_ . _____ 2
Voavilov__________ 86
Total ... ... __ 356 Total oo 55
NEAR TAST: Subdiviston total _____ 55
Arabia_ . ________.__ 3
Tran oooTTTTTTTI 102 || SOUTH AMERICA:
Persia__ o ____ 11 Argentina _________..__ 26
) 5: 1+ PR 25 Brazil L ___. i
Mesopotamia________ 22 Chile. ... .._________. 7
Pulestine oo oo ___ 5 Paraguay. .o 2
Svrie . 28 Pertlen oo 5
TurkeY. o oo __ 804 Uruguay ... _____.. 1
Smyrng_ oo __ 2 Venczuela oo oo oo 15
Anatolia____________ 1 . oo
Qsia Minor ... _____ [ Total oo a7
Northi Turkey.___
or 'l'zl;ztl' urkey i 0:2 Subdivision total_____ 57
MIDEAST: CENTRAL AMERICA: ]
Afphanistan. . _____ 168 Guatemala. .. 3
Balvehistan .. . _ 1 Total 3
Chinese Turkistan______ 1 O
Tadi B Subdivision total...__. 3
Rashuir .. 37 {| NORTH AMERICA:
Nepal,soononol 2 US. DOMESTIC SE-
Mount Everest___. 3 L}jg’TiO‘\ 8: 30
et i Canada _-._.._ 1 19
Turkistan..._-..... 12 Suskatchewan._ 1
Total_______________ Th4 Mexico_ _.._______ 21
FAR BAST United States:
L HE : Ari
Chind - - oo 199 Asizond- o------ H
North China________ 1 Culifornin 60
Northwest China..... 2 Colorada.__ . ... 12
Japan_ .. __ 269 Georgin R 1
Korea__ ... 134 TduhO-o . 7
Manehurin. ... __ 434 Todizan. ... 5
Mongolin . o oo ___ 3 Towa. .. j
Tatel___________.__ 1,042 L Ransus________ 4
|——=e— RNentueky_____._ 4

Yo foolnote nt end of inble,
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TABLE 4.—Sources of seed for the World Collection of Barleys, and
number of strains obtained from each source—Continued

Source Strains Source Strains
NORTH AMERICA—Con. US.BREEDING LINES—
U.8. DOMESTIC SE- Continued
LECTIONS—Con. United States—Con. Number
United States—Con. | Number Kansas_ ... 1
Michigan_______ 2 Kentueky_ . _..____ 4
Minnesoba_ __ . __ 22 Maryland. .. ____ 8
Missouri_______. 1 Michigan_ .. ....._ 2
Montana.___.__.__ 4 Minnesota_________ 1)
Webraska_ . _____ 5 Missouri.___.._____ H]
New Mexico_.__. 4 Montana._________ 3
New York______._ 2 Nebraska. _._______ 8
North Carolina_ . 5 New Jersey _.______ 2
North Dakota. .. 13 New Yorkoooo._._ 7
Ohio.____.______ 3 North Carolina.____ 6
Oklahoma_______ 7 North Dakota_____ 8
Oregon________. 2 Ohion . 4
Pennsylvania____ 1 Oklshoma____.____ 2
Scuth Caroling_ . 5 Oregon.._oo-._____ i4
South Dakota.__._ 5 Pennsylvania______ 1
Tennessee__.____ T South Caroling_____ 1
Texas_._._..___. 10 South Dakota..____ 20
Utaho_ . ____ 8 Tencessee .o oo 7
Virginia_________ 5 CXAS .. ... 6
Washington.. ... 6 Utab . 16
West Virginia____ 3 Washington__._.__. 4
Wisconsin_______ 35 West Virginin._____ i
U.5. Department Wisconsin______.__ 19
of Apriculbure. . 5 Wyoming_ ... ... - i
— U.8. Departinent of
Tobd.______ 369 Agrieudbure . _ 328
.5, BREEDING LINIS: Total. o .___ 480
Adaska_ oo ____ [ —_——
Conada__.___________ 35 Subdivision
United States: total ____.__ 1, 049
Arigona . _._.__. 2 e
California_____.___ 7 || BO0URCE UNKNOWN__.__ 41
Colorado._________ 9 _—
Georgia_ . ________ i Subdivision fotal..___ 41
Tdwho ___________. 2 —
Indiana- .. ..____ 2 Grand total__________ 8, 200
Towa oo 2

t Dickson —J. (. Dickson, Amcerican pathologist who made a plunt exploration
trip to southern Russin in 1930,

Engledow—F. L. Engledow, British scientist who collected seeds from diverse
world wrcas.

Gonzab—Village in Armenia, U.S.8.R.

Rasafute—Arew on northern slopes of Transcauvcasian Mountuins.

Mariout—Distriet along Mediterrarcan coast of Egypt.

Minia—City on Nile River in Egypt.

Mount, Kazbek—Mountain in central Transeaucasian range,

Otrads Fubansks-—Site of experiment stabion near city of Armavir, South
Soviet Tussia,

Pissarev—V. B. Pissarev, Russian planb explorer.

Svnlof—Site of experiment station in Sweden.

Valki-—Site of experiznent station, southwest of Kharkov, Ukraine, U.8.8.R.

Vavilov—N, 1. Vavilov, Russinn plant breeder.

Vilmorin—Yilnorin—Aadrieux & Co., French sced firm.

648718—02—2
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METHODS

Spike character code designations and source records for each of
the 6,200 barley collection strains were punched 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 spilke characters, individually and in combination
with one another, together with information about the source of seed
of the strains considered. These data were unalyzed for each of the
individual characters and for the exising two-, five-, and seven-chat-
acter combinations.

The designation “character combination” is used to describe the
joint occurrence of individual characters from the indicated number
of spike categories; e.g., 6~W=two-character combination (all possible
{wo-way conjunctions of the spike categorics), 6-W-R-C-l.=five-
rharacter combination (spike categories I to V only), and §-W-R-
(-I-1.0a~g-1.5a-s=seven-character combination (spike categorics
I to VII).

The individual character and two-character combination analyses
were conducted becanse thev afforded the most direct npproach to
acquiring information about the world barleys. The five- und seven-
character combination analyses were carried oub as much for practical
reasons as for any thought that they would be more informative than,
say, studies of three-, lour-, or six-character combinations. The
seven-character combinations were analvzed in order to use all the
data in the study., The five-character combination assay was con-
ducted alter the seven-character combinations had bheen tabuluted,
when it became evident that the awn-gluome and awn-spike ratios were
serving 1o suhdivide the five-character combinations inlo many
component parts.

For the most part, this study is concerned with different approaches
to making comparisons between, and drawing inferences from, values
for (he proporlions of the strains having cach of the charmcters and
thelr combinations. (omparisons were made within the scope of the
entire collection and within segments of Lhe collection or coinponcil
parts of these segments, selected on the basis of geographic factors or
a combination of plant charancters and geographic origin.  This pro-
cedure was followed beeause of the limited numbers of s{rams from
some sources, some imprecise source listings, and the complexity of
the task of dealing with the many sources Lhat are represented in the
barley collection.

Five major subdivisions of the collection sources are utilized In
interpreting data in parts of this study. They are listed helow with
brief comments about the nature of the barley strains involved:

Evnore: Tncludes materinis that probably trace back te seeds carried by
migrating Asians; these materials have sinee been subjected 1o some
intensive selection and improvement,

ArFrrca-Asia: Source of the most profuse assembiage of diverse genctic
stocks, including many true endemic strains representing lhe end-prod-
ucts of eenturies of evolutionnry change— the source of strains that boest
reveal Lhe intrinsie nature of enitiveted barley.




MORPHOLOGIC CHARACTERS OF BARLEYS 13

U.8. Domestic Serkcrions: Includes materials introduced into North
America by early settlers and succeceding generations up to the early
1900°s and selections therefrom; materials that afford a unique oppor-
tunity for evaluating the impaet of the migration and advancemeut of
peoples an the world barley picture,

T.8, Breevixg LiNgs: Includes n large proporlion of the best strains and
varieties developed through hybridization since 1900—germ plasm that
affords a basis for measuring the impaet of controlled hybridization,
using superior genotypes, on the barley picture,

SourH Paciric axv SouTu-CENTRAL AMBERICA: Source of materials intro-
duced from the Oid World plus some strains developed through hybridi-
zation.

The most difficult and time-consuming parts of the datn processing
for this study were accomplished through the punch card medium,
However, numerous manual calculations were made after the machine
tabulations had been completed.

Several footnotes throughout the text refer to an appendix, Many
data computed for this study were too voluminous to be included in
this publication. However, reproductions of these data in an appendix
to a 1961 TUniversity of Minnesota dissertation of the same title can
be obtained from University Microfilms Inc., 813 North First Street,
Ann Arbor, Mich. (Order No. 61—4615).

INDIVIDUAL CHARACTERS
RESULTS

Proportions of Strains in Which Characters Occur

Entire Collection

The proportions of the 6,200 World Barleys in which the individua
spike characters oceur ure given in table 5. Some characters oeewr
in only a limited proportion of strains while others are found in a
large proportion, the range being from 0.05 percent io 88.3 pereent.

The characters that occur in the greatest proportion of the strains
within the respective spike categories are as lollows:

Spike Spike
CaleEory: Charocter citomory: Charucter
I G rows of kecls. Lemma-awns-extend-
White kernels. hevond-tip-ol-spiko-
1. . .. Rough awns, to-a-tislanee-¢qual-
IV Covered kernels. to-IM-times-the-
Liong rachilla hairs. length-ol-the-spike,
Gluine-pwn-gual-to- {1.50-s).
lengih-of-glume,
{1.0a~g).
These will be referred to as the predominant characters.  Six of these
clinracters occur in more than 33 percent of the strains within their
respeclive spike calegories; the seventh oceurs in more than 40 percent.
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TaBLE 5.—Proportion of 6,200 strains in the World Collection of Barleys
that have each of 37 characters within 7 spike categories

Bpike category and character | Percent | Spike category and charaeter | Percent
{code)? (codej?
{

Head type: Rachilla hairs:
B~ 71. 0 L& 60. 9
e miieaoo 25. 1 She v 39.1
D 2.0 Awn-glume ratio:

N N 1.2 1 55. 2
L3 7 20 . 16. 8
Kernel color; -8 11. 2
______________________ 55.1 1.5 . 9.0
B . 16. 5 3.0 .. 6.0
LB . 13.1 0 SR 1.1
LB emaen 7l 40 e 5
Bk e 5.7 L 385 1
P 25 5.0 el 05
Awn eondition: Awn-spike ratio:
______________________ 88, 3 s U 42. 2
Smo__ ... ____ 6. 0 1.0 . 29.3
2= T 2.7 20 .- 17.0
H oL 2.6 0B . 3.7
A .4 3% S 2.0

Caryopsis: 3.0. L ___ 1.7
G . 87.5 3B oL 4
N . i2. 5 L 2

! For explanation of codes, sce table 1.

The disparate backgrounds for the predominant characters may
be noted in the following summary drawn [rom information presented
in tables 2 and 3,

6 (B-row). ... Recessive condition af 2 single locus in lickage
. group I.
Wo(White) . oo Recessive condition at several loci, some of

which are in linkage groups I, 11, and IV;
dominant condition at 1 or 2 loci of unknown
linkage relationships.

R {Roughd oo . Dominant eenditions at from 1 to 4 loei, some
of which are in linkage groups III-VII
und V.

C (Covercd) o o oo Dominanft condition at a single locus in linkage
groups ITI-VII.

L{Long) oo _ Dominant condition at & single locus in linkage
group V.

1.0n-g (glume-awn-equal- Unknown.
to-lcngth-of-glume).
1.50-5 {lemma-awn-1%- Determined by the internction of an unknown
times-length-ol-spike). number of complementary {actors governing
spike density, rachis internode number, and
awn leopth; the greatest oumber of these
factors being presumed to be dominant.

In contrast to the large proportions of Lhe sirains in which the
predominant characters occur, 25 ol the 37 characters oceur in less
than one-sixth of the strains In their respective categories. Sixteen
of thesc ocour in less than one-twentieth of the strains in their respee-
Live categories,
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Of the other-than-predominant characters in spike categories I to V,
]l of the known factors controlling them are dominant except those
for smooth awns, awnless, naked caryopsis, and short raciulia hairs;
the geaetic baclground for H. irregulare is unknown. Little is known
about the genetic background for the swo-glunie ratios. Strains with
high awn-spike ratios are usually characterized by long awns and
short, lax spikes, & condition that probably represents the interaction
ol the “Lk,” “rin,” and “1” genes. Strains with very short awns
(0.5a-s) often have dense spikes, & situstion in which the actions of
the “Ik” and ‘1’ genes are probably being expressed. Many of the
strains with lemma awns extending beyond the tip of the spike to a
distance ranging from egual to the length of the spike to one and
one-half times the length of the spike (1.0a—s to 1.38-s) are charac-
terized by long awns and lax spikes, situations in which the actions
of the “Lk,” “Rin,” and “L" genes probably are expressed.

Subdivisions

Data on the proportions of the strains from cach of five subdivisions
of the collection that have each of the spike characters are included
in table 6. Although 'the general pattern of the predominsnce of
certain characters remains evident, exceptions to the pattern cited
for the entire collection may be noted—the 2-row head type occwrs
m the greatest number of the straing obtained from Ewrope; more
strains exist with short rachilia hairs than with long ones in barleys
from the Americas; and a strikingly greater proportion of smooth
awn types occur among the strains developed through bybridization
in North America than among any other group.

Geographic Distribution of the Characters

Proportions of Strains Having Each Character Obtained From
Each Subdivision

Information about (1) the proportions of the collection constituled
by strains from each of the subdivisions and (2) the proportions of the
strains with cach character that have been obtained from these sub-
divisions is presented in table 7. African and Asian sources have
viekded the greatest proportions of the strains.  Although some of the
characters were not found among barleys from some of the subdivi-
sions, all were found emong the African-Asian strains. Tn a general
way, the proportions of the sort listed under (1) and (2) above fend to
correspond to one another within the respective subdivisions, There
are several nolable exeeplions to this. More than one-fourth of the
2vow slrains are included among the 12,1 pereent of the strains
obtained from Europe. Aore than one-half of the intermedium and
simooth awn types are included in the 11.0 pereent of the strains
developed through breeding in Novth Ameries, ofc.
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TasLE 6. —Proportion of strains in the World Collection of Barleys from
each of § source subdivisions that have each of 37 characters in 7 spike

categores
South
Spike calegory and Africa- Pacific- U.8. U.S8.
character {code} ! Europe Asin South and | Domeslic | Breeding
Central | Selections Lines
Asnerica
Head type: Percent Percend Percend Percent Percent
T 43. 8 733 787 85.1 78 1
e 55.0 22.5 18. 9 12. 6 16. 3
1 SR 11 2,4 4] .2 2.1
I ¢ L7 0 ¢ G
k9 SR .1 .3 .7 14 3.5
Kernel eolor:
W emaan 67, 4 53. 4 35.3 56. 3 53, 3
LB . 11.1 5.1 1.0 14. 4 10.6
B __._ 13. ¢ 16, 3 27.2 18. 5 179
DBl 6.5 4.7 24. 3 6.9 11. 5
Bk . 16 7.2 LT 2.6 3.5
P .4 3.3 15 .3 1.2
Awn condifion:
R G4 & g92. 9 03, 4 825 54, 4
Sm.__._..__._ 1.5 3.4 1.3 3.2 26.6
88 - 2.3 2.6 .7 1 3.0
) ] .8 4.4 12,1 10. 4
A aa.. .9 .2 3 il .6
Carvopsis:
G . 95, 6 230 419 g4. 8 56. 0
N o mmmemao-l 4. 4 6.1 81 5.2 4 D
Tachilla bailrs:
Lo e 67. 0 66. 4 25,5 28 2 42. 6
Sheciceaooo 33.0 3G 73.5 7l 8 57. 4
Awn-glume ralio:
0 I 63. 5 53.2 7.0 35.9 64, 1
I 7.2 G 3 T. 4 12. 6 7.5
P | 12. 4 17.5 i1 8 24, 4 i4, 1
b8 7.9 12, 4 2.2 4.1 7.5
b | I, 6, 4 6.0 o] 7.8 2.3
b 30 S 1.6 1.0 ) 2.3 1.0
40 .. .8 .4 o 1.4 .4
[ 37> S 0 .1 4] .3 0
5.0 e .1 L1 ] 0 0
Awn-spike ratio:
0.5 e s 11 4. G 2.2 .3 3.4
10 oo g6, 7 28. 2 6.8 28 7 21. 6
R 42. 2 42. 9 25. ¢ 342 45 7
b3 ¢ S 7.6 18 4 42.7 20. 1 14. 0
b D .3 2.6 JILg. 2.0 2.5
E 38+ S 1 2,0 51 .3 1.6
3 T L2 .8 1.4 ¢ .3 .1
I SN i .2 7 0 0

{ For cxplanation of codes, see

fable 1.
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TasLe 7.—Proportion of all strains in the World Collection of Barleys
Jrom 5 source subdivisions, and proportion of strains having each of
87 characters in 7 spike categories that came from each source

Spilke eategory and
vharaeter (code) !

Europe

Afrien-

Azis

South
Pucific-
South and
Central
Amerien

U.s,
Domestic
Helections

U.s.
Breeding
Lines

5.0
Awn—sgike ratio:

Percent

12,

1

Percent

69.

1

Pervent
2.2

Percent
5.6

Percent
11. ¢

L2
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LR W et OO Rk Oe0s W oo
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L e R e B Rew]

MmN
D DO e e 2
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WO WDS oW
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3.4
4 8
6. 3
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3. 4
. 5

O D W,

H ..
OO D oh g n=~]

IR O COC b= O i OO

e W 00 e G

B €20 W] £ 20 ST C LD

T T
SO0 =]

._.
B G
Lo N N L e Y O -1

ot e I3
IS SR MG SIS
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LRt e T s |
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[

,_
SO NI
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! 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 individual source
that have each of the characters in. cach spike category constitutes
a ‘character distribution pattern” for the strains in the collection
[rom 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 [or the different
sources. Comparable patterns were [requently in evidence when
the spike charncter data were alined according to the geographic
proximity of the sources. When the patierns for adjacent sources
were comparable, the data were pooled to yield a regions! 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 indistinet. Certain
sources lying geographically within a distinct spike character region
gave petterns contrary to the general pattern for the region. The
geographic factor was accorded first importance in these cases and
the data were incorporated with those for the region as a whole.

Regions Postulated

Thirty-one geographic regions within the five subdivisions of Lhbe
collection were postulated from the combined plant charueter and
geographic information.

The sources comprising the regions are listed in table 8. In pages
that follow, these regions are identified by the code numbers shown
in this table. In general, the regions in the Eastern Hemisphere
were established because the barleys obtained from those areas have
certnin characters in u greater proportion of the strains than do the
harleys from olher areas. IHowever, regions 2 and 9 were established
because the barleys from those areas, although lacking distinguishing
characlers, were different from those ol the adjoining regions. There
were insufficient strains from the South Pacific and from South and
Central America arens to justily an allempt Lo estublish specific
zeograpbic regions. Geographic and ecologic factors and the current
varietal distribution pattern, as revealed by uniform yield and hardi-
ness nurseries conducted by the U.S. Department of Agricullure
in cooperation with the State experiment stations, were used to
establish the source groupings for the United States. The Stales
were organized into seven regions. These regional alinements were
used for both the T.8. Domestic Selections and the U.S. Breeding
Lines. Region 18 corresponds to region 25, 19 to 26, ete.




MORPHOLOGIC CHARACTERS OF BARLEYS 19

TasLE 8.—8ources of strains in the World Collection of Barleys grouped
by regions !

Region Region
No,

Northwest Eurape England
Scotland
Orkney Islands
Denmark
Korth and Central Europe
North Europe
Halland
Germany
Bavaria
Thuringia
Bilesiz
Poland
Norway
Sweden
Svalof

Boutheast Europe

Vilmerin
Portugal
Spain
Switzerland
Ttaly
Southwest Europe Czechoslovakia
Bohemia
Moravia
Austria
Hungary
Rumania
Yugoslavia
Bulgaria
Greece
Ethiopia iopi
North Africa
Sahara
Algeria
Morocco
{Tunisia)
- Tunis
zypt
“ Delta
Mariout
Minia
Sinai
Palestine
Black Sea area i

Anatolia
Asiz Minor
(Ukraine)

Crimea

Odessa

Kharkov

Valkia

See foctuote at end of table,
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TaBLE 8.—Sources of strains in the World Collection of Barleys grouped
by regions '—Continued

Regicn

Souree

Region
No.

Cauessus area

Near East, Mideast, and Russia____

Japan_ e oa..
South Paeifie____._.__.____________

sne footnote ot end of table

South Russia
Ciscaucasis
QOtradas Kubanska
Kasafute
Dagestan
Perbent
Georgin

{Azerbaidzhan)}

Bakn
Transecaucasia

Dickson
{Turkey)

Northeast Turkey
Arabla_____ .. _______ S
Iraq
Mesopotamia
Iran
Persia
Balychistan
Afghagzistan
Turkistan

Bukhara
Tussia

Tihet
Chinese Turkiséan
Kashpar
{China}
Northwest China
Mongolin
Siberia (2-row naked)
Central Asia
Pissarev
Vavilov
Asia
Manehurie_ ... o _____.__
Siberia (6-row covered)
Koren e
Ching . ol .
Neorth China
Crient
Japan._._ . . . . ..
Australia_ oo .
New South Wales
Java

10

11

12

i3
i4

16
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TazLe 8.—Sources of strains in the World Collection of Barleys growped
by regions '—Continued

Region Region
No.

South and Ceniral America Argentina 17
Chile
Uruguay
Paraguay
Peru
Brazil
Venezuela
Guatemala
Mexico

United States:
U.8. Domestic Selections

California
Arizons

New Mexico
Utnh

Idaho
Montana
Washington
Oregon

West North Cenfral North Dakotsa
South Dakotn
Nebraska
Colorado
North Cenfral Minnesota
Wisconsin
Towa

Ohio

Michigan
Northeast New York
Pennsylvania
West Virginia
South Central Kansas
Missouri
Arkansas
Oklahoma
Texas
Southeast Virginia
Kentucky
North Carolinn
South Carolina
Tennessec
Georgin

LEast Noréh Central

teeding Lines

Far West Californin
Arizouna

Utah

Idaho
Montans
Washington
Oregon

West North Central. .__.......] North Dakoto
South Dukota
Nebraska
Wyoming
Colorado

Hee footnote at end of table.
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TasLe 8.—Sources of Strains in the World Collection of Barleys grouped
by regions —Continued

Region Source Region
No.

United States—Continued
/.8, Breeding Lines—Continued

North Central Minnesota
Wisconsin

East North Central

Michigan
Northeast New York
New Jersey
Pennsylvania
Maryland
West Virginia
Soutl Central Y

Oklohoma
Texas
Southenst Kentueky
North Carclina
South Caroling
Tennesses
Georgia

! Based on geographic factors, plant eharacters that distinguish strains of
one region from those of the others, and known varietal distribution patterns.

Regional Character Distribution Patterns

The character distribution patterns for each of the regions are
illustrated in figure 3.4

Evrope.—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
[rom North and Central Europe (region 2) are fairly evenly divided
between 6-row and 2-row head types, whereas the barleys from South-
cast Hurope (region 3) are preponderantly 6-rowed. Region 3 includes
more blue kernel strains than does region 2. The character distribu-
ticn patterns for regions 1 and 4 are very similar except for a pre-
ponderance 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.

Soure Paciric-Sours anp Centran AmerIcA.—The strains from
the South Pacific area have proportionately more strains wich dark
blue kernels, hoods, short rachilla hairs, and awn-spike ratios of 2.0
than do those comprising the remainder of the collection. The
pattern for the Soulh and Central American sirains also deviates
from the remainder of the collection in similar ways. The proporlions
of strains with blue kernel types and short rachilla hairs are somewhat

¢ Spike character proportions for the individual sources and for the regions arc
included in tables I and 1I of the appendix referred to on p. 13.
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greater among Lhe barleys obtained from South and Central America
than among those from the South Pacific. The hooded characler
was nol observed in strains from the southern part of the Western
Hemisphere.

U.S. Dosrgsric Senserions.—The U.S. Domestie Sclections do not
include as great a proportion of head types other than §-row as the
remainder of the collection. Only the Far West (region 18), West
North Central (region 19), and East North Cenlral (region 20) regions
arc comprised by any appreciable proportions of sirains with a head
type oilier than G-row;Le., 2vow. The hooded character is markedly
present among the Domestic Selections, particularly in the regions
from the East (regions 22 and 24). The preponderance of short hair
rachilla types among the U.8. Domestic Selections is in direct conlrast
1o the picture for the remainder of the collection, Only the Far
West and West North Central regions include any marked propor-
tions ol strains with long rachilla hairs. Alse only these regions have
significant numbers of sirains with an awn-glume ratio of 1.0, The
other regions in the U.S. Domestic Selections subddivision have greater
proportions ol strains with high awn-glume ratios than is the case
with the remainder of the collection. The awn-glume ratio patterns
for regions 20 to 24 are marked by their dissimilarity. Although
numerous differences exist between the patterns for the individual
regions, the different awn-spike characters oceur in proportions of
the domestic selections that correspond quite closely with those for
the remainder of the collection.

U.S. Breepixe Lives—With the exception of characters in the
head type and carvopsis spilie categories, the spike character distribu-
tion patterns for the vegions constituting the T.S. Breeding Lines
subdivision are marked by (heir dissimilarity, Of special interest is
the comparvatively large proportion of blue kernel types among the
slrains from regions 29 to 31 as corupared with those from regions
25 to 28-—a refleclion of a demand for while kernel tyvpes among the
malting barleys grown in the Novth Central States. The disparilics
between the proportions of rough or smooth awn strains from the
same groups of regions also reflect different objeetives in the breeding
programs. The data in table 6 indicale that only slightly more than
one-half of the breeding line strains have short hair rachillas. It is
evident from figure 3 that the different roachilla hair types are not
uniformly distributed among the U.S. Breeding Lines, but that each
trpe is concentraled in straing from cerlain regions. The greatest
proportion of the sirains, except (hose [rom region 30, have an awn-
glume ratio of 1.0. No general trend is evident among the awn-spike
ratio patterns for the differeut regions.

Arrica axD Asta—The areas in Africa and Asia where the indi-
vidual charaelers appear to be roneentrated or oceur in a large pro-
portion of the strains are summarized in table 9. Strains from all
the regions except the Near East, Mideast, and Russia (region 9) are
distinguished by one or more charreters that are concentrated in the
region in question. Some characters, such as 6-row, occur in a large
proporiion of the sirains from most of the regions, whereas othevs,
such #s 2-row, occur in only a few regions or a single region. The
characters among the African and Asian barleys that distinguish the
strains of ene region from those of other regions are noted in table 10
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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 concentrated
or where it oceurs in a comparatively large proportion of the strains.
This table was developed by desigrating regions in which the propor-

TaBLE 9.—Regivns in Africa and Asia in which each of 37 characters
tn 7 spike categories among 6,200 strains wn the World Collection of
Barieys appears to be concentraied

Spike category and Region 2
character {code) !

Widely distributed.
Black Sea area (7).
Ethi%:ia (5).

qQ,
Korea (13), Japan {15).

Widely distributed.

Caucasus area (8), Korea (13).

Nort% Afriea {6), India (10}.
o

Ethiopié {5), Caucasus area (8).
Ethiopia (5), Central Asia (11), Chins (14)

Widely distributed.
Biaci}c}Sea area {7).
©

Central Asia {11}.
China (14).

Widely distributed.
Centrat Asja (11).

Widely distributed.
Ethiopia {5), Manchuria (i2).

Widely distributed.
Do.

Do.
Ce(ntr)al Asia (11}, Manchuria (12), Korea (13), China
14

Manchuria (12), Kores (13), China {14}.
Kores 513], Japan {15).
Korea (13}, Chinea (14}, Japan (15).
. Korea (13), Japan (15).
5.0 Japano (15).
Awn-spike ratio:
0.5 . India (10}, Japan {15).
Widely distributed.

Do,
Ethiopia (5), North Africa {6).
Nortll:'l) Africa (6).
0

Do.
Do.

! FPor explanation of codes, tee table 1,
* Region numbers, in parentheses, refer Lo lsting in table §,
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TapLe 10.—Characters of strains from dfrice and Asie in the World
Collcetion of Barleys that distinguish strains of one geoyraphic region
Srom those of other regions

Region No.?
Spike culegory and
character (code) !

10 11

Iead Lype:
4

L
Caryopsis:
C

N e mamm_ L
Itachilin haies:

I For explanation ol codes, sce lable 1.
* For list of regicus, see tuble 8.

tions of the strains having each characler equal or exceed arbitrarily
selected proporiions of all strains from these regions. These base
proportions are given for the characters, together with ranges to indi-
cate the smallest and largesl propovtions of the streins with lhose
characters lrom any regions.

61671802 -—4
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Tasre 11.—World regions m awhich the proportion of strains equals or exceeds arbitrarily selected base values for each of 37
characters in 7 spike categories among 6,200 strains in the World Collection of Barleys!
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The predomingnt chavacters from the head type, awn characteristic,
and caryopsis spike categories are preponderant in the strains from
most of the vegions. The other characters in these spike categories
occlr in & limited number of regions. In only a few of these regions
do these characters occur in a markedly higher proportion of strains
than the others. The remaining spike categories are marked by dis-
tribulion patterns in which several of the charaeters occur in com-
paratively large proportions of the strains from several regions.
However, the differences between the proportions of sireins with each
character are not so sizable.

Patterns indicating the concentration of certain characters in cer-
tain geographic areas are most striking in the awn-glume and awn-
spike ratio categories,

Examples of Concentration of Characters in Certain African or
Asian Regions

Certain characters are concenirated among straing from specifie
regions. A few examples are cited in the following paragraphs,

2-now.—Sources from whence & high proporiion of 2-row types
have been obiained are given in table 12. QOnly five regions are
represented. TFour out of five of the Asian sources are in Lhe Black
Sce avea. Only three regions, all European, are represented in addi-
tion to Lhe Asian arcas. More than 85 percent of the 2-row barlews
in the collection are from Europe and Asin.  About 71 pereent of the
2row barlers from Ewrope and Asia are {from the sources listed in
table 12, The 2-row charscter occurs in 64.5 percent of the strains
obtained fron 'he Asian sources listed.

Hoopep.—Table 13 cites the Asian sources for the hooded charac-
tor. These relate primenly o the general ares of he Himalaven
Mountains and affiliated ranges in Central Asia. The houded
chsracter comprises only 2.4 percent of the barleys from regions 8, 10,
11, and 14. However, 97 percent of the hooded barleys from Africa
and Asis were obtained from these regions. 4

Tannk 12.—Asign and Furopean sources from which more than half the
strazns acquired for the World Collection of Barleys are 2-rew head
types?

!
Source Region Souree Zogion
No. No.
Asin: Burope {continued):
Syeid_ . ____ 7 Bavaria_ . .. 2
Turkey . oo 7 Poland . ____ 2
Kharkof___________.___._ 7 Svalof {Swerden} . ... _ 2
Valkie oo e 7 Czechoslovakia__________ 4
Asin._ L. o ooo.oo- 13} Bohemia_ . ... _._ . ... 4
Burepe: y Moravia_ ... ______ . 4
England_________________ : Py Ausbrin. oo : 4
Scotland . __ ... __ it MYongary _______________ X 4
Denmark_____.____. ... i i Yugoslavia_ o .o ..__... 4
Germany aco e omooooo 2.

' 68 pereent of all strains in the collection with the 2-row character were ob-
toined from these sources. Boldface tvpe indicates that more than 73 percent of
the barleys obtained from these sources are Z-row Lypes.
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TapLr, 13—Asign sources of hooded strains included in the World Col-
lections of Barleys?

Source Region Source Region
No. No.

Pissurev

Otrada Kubunska
Vavilov

Rwssid. oo

Tihet

Indin.____________________ i Chins
|
i
i

! (Of the 38 hooded strains from Asian sources, not more than 10 were from any
one source.

Awn-spIke ratios.—The proportions of the Egyptian sirains
and the remsainder of the colleclion that have each of the awn-spike
ratios in covered kernel types are illustrated in figure 4. 1t is evident
that the Egyptian barley spikes are dislinet [rom those obtained
Iromy the remainder of the world. The Egyplian barleys have short
rachises and lemms awns of o vormal length, The net result is
a high awn-spike ratio. .

Racmwra wars—Rachills hair proportions for strains from some
major African and Asian sources are given in table 14. Barleys
from Ethiopia and Manchuriz are distinet from those of other areas
because of the striking preponderance of short rachilin hair types
among them. It does not [ollow, however, that the sirains froru these
two sources are similar in other ways. Figure 3 indicates that whereas
there is n striking uniformity of morphologic t¥pe among the Man-
churian strains, the Ethiopinn stralus are characterized by a diversity
of lypes. Also, wvearly all the Manchurian barleys are 6-row,
while kernel types, but the Ethiopian barleys include numerous
deficiens and H. irreguiares in addilion to the 6-row bend types and
a fairly even distribution of white, blue, black, and purple kernel

7. OF STRAINS

40— excleding Egypt - e —— —fgyptisn straias
5131 strain / 159 strains

0.3 1.0 1.5 2.0 2.5 1o 3.5 4.0

AWN-SPIKE RATIO OF COVERED BARLEYS

Ficenre 4 —Proportion of barley coilection strains (covered kernels) from Egypt
and from the rest of the world that have each of 8 awn-spike ralios.
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types. It is of interest o note the contrast between the rachilla
hair proportions for the Ethiopian and Manchurian barleys and the
proportions for barleys from adjacent countries.

TapLE 34.—Proportion of strains from several African and Asian
sources tn the World Collection of Burleys that have long und short
rachilly hatrs.

Rachilla hairs
Saurce Strains
Long Short

Number Percent Percent
Ethiopia. . _ 367 27. 8 72.2
North Africa! 300 60. 7 39, 3
Tuorkey_ _ _.____ 804 64. 3 34.7
Afprhanistan 168 95. 2 4. 8
India. . 489 89. 8 10. 2
Russia___ _______ o _.__. 223 71. 3 28. 7
Chine____ . 138 53 4 14. &
Manehuris . o __ . 434 26. 7 73.3
Korea_ ...l 134 100. 0 0
Jdapan.____ o _. 269 93.7 6.3
Turkey . 804 64. 3 34. 7
Northeast Turkey_ . .o ____.__.______ 449 28, 6 7l 4
Caueasus area__ . ___ ... . 40 70.0 30.0

! Represents sources comprising rogion 6,

Differences Among Strains Within a Region

The results of the character distribution pattern analyses lor the
individual sources permit some broad generslizations about barley
Lypes Irom a region. The data at the bottom of table 14 indicate
that these generalizations may not always afford a sound basis for
drawing precise conclusions about the nature of all barleys within
& country or a region. The distribution of rachilla hair types among
strains from Northeast Turkey is unlike that for strains listed under
the Caucasus or Turkey source designations. The basic data lor
this study reveal that the greatest number of strains from Northeast
Turkey are 6-rowed. 'This is conlrary to the general pattern for
Turkey, Irom whence mostly 2-row strains have been obtained,
but it s similar to the pattern for the Caucasus ares.

The Northeast Turkey strains were incorporated into region 8
because & large proportion of the strains from the Caucasus area,
as distinct from the specific Crucasus source, are G-row, shart hair
rachilla types. This is not to say thai there sre no sirains with
this makeup among the general group from Turkey.

Some Changes in Spike Characters Through Breeding

Figure 5 presents for comparison the proportions of strains with
each character among the Domestic Selections and Breeding Lines
from the seven U.S. regions. The characler distribution palterns
for regions 18 and 25, etc., are shown side by side.
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TasLe 15.—Summary: Direction of changes in spike characteristics of
breeding lines of barley developed in 7 U.S. regrions as compared with
introduced selections nitially grown in these regions

Area and region No.32
Spike estegory and
character (code) ! Far West | North | IMast | North-| Soutk |South-
West, | North { Cen- | North { east, | Cen- | east,
25 Cen- itral, 27| Cen- 29 [iral, 30| 31
tral, 26 tral, 28
Head type:
& S S P — e e [P S
2 e e—eean Ll L 2 P L S (PO
D) AR (RN RS NS SRR R AN S
) R S (NI EPSTPUR (SRS U FVRPIRPIOION PRI MRS S
U .. - — +  |eeao--- & e (RO JEPN
Kernel color:
W e NI R —_ -
LB e - —_— = fomoooas S I P
B | S P b e +
DB . e N IR + +
gk ............. - + S N SN & U PR R
Awn condition:
Bm__ .. + -+ + + + +
{13 S IR S A (PUPUVOUR I N, S A P
H. ... N S PP + — e -
A e e e —
Caryopsis:
G e S U USRS [EVSPRVEVIVRSY [FPVRRUIIN (NN SR SR
N e St (U IR NS FRDR IR RS
Rachilla hairs:
L. i + -+ -+ + +
51 o S E P — — — - -
Awn-glume ratio
3R PV (S M + + S +
1.5 e + — - — +  j.__
20 e | e PO = femmmma- —
2% JRURRPPN I — - — + - -
30 oo - — - <4 + L P
N TR I U S (SURUUPUV FUUURR [ [
40 |l e (RVRRURORUN IRVRPRR (R
4.5 e e e e e
70 S RO (NN NUOUPROTY ASIURPRP [N IS SIS
Awn-gpike ratio:
L ) P [ D PEDEDEDESER WD DRSS IR
10, ... i U R, + i S 4
| % SR S -+ —_ + El
2.0 )b __ - |- -+ + —
p-3X - SRR JRRNUUUR SN PRI PSR + L 4
30 L e e S e PP
b, 35 DRSS PPN PNRVRURPS FRURUUUURITN NNUNUROEVRUI VRPN AUV I
4.0 e e e

! For explanation of codes, sce table 1.
2 For list of regions, sec tabic 8.




MORPHOLOGIC CHARACTERS OF BARLEYS

Several changes in the morphology of the Leads of American vari-
eties have been effected since the advent of controlled hybridizakion.
These are summarized in table 15. The smooth awn and long hair
rechilla 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 worlk
in the United States has represented a eonsidered action on the part
of breeders. There seems reason to doubt that this was true for
the long hair rachilla trait; rather it would seem to have been a
side result of breeding to change soine other characteristics of the
plants.

COMMENTS

Certain characters are predominant among world barleys. Some
oceur in o very limited way.

The predominant characters are very widety distributed geographi-
cally. With the exception of the 2-row character among%ﬂm‘opean
barteys, short hair rachillas in selections from barleys introduced into
North Ameriea, end a 2.0 awn-spike ratio among strains from the
South Pacific and South: American aress, the predominant characters
among all the collection strains oceupy the sgme position among the
streins from the five component subdivisions. Tt 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 bess suit the needs of man,

The characters that oceur in but & limited proportion of the col-
lection are generally restricted in their geogrephic distribution. Some
insight into evolutionary activity in barley may perhaps be achieved
from & study of these characters. The Alrican-Asian portion of the
collestion revealed that the characters studied are not concentrated
in any one or two centers of evelutionary 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 Block Sen ares; the deficiens, H. drregulore, and short
hair rachilla types from Ethiopia; the types with high swn-spike
ratios from North Africa; the types with low awn-spike ratios from
India; and the hooded and naked types from the Central Asis areas,
point to & concentration of certain characters among strains from
certain regions. These regions may be considered to be “centers of
eoncentration’ for specific characters,

Intorination aboub the frequency ol vceurrence and geographic
distribution of cheracters (charancter distribution patterns) in world
plant populations may be of value in determining methods to use in
selection and breeding to obtain superior genotypes. Available straivs
rom sources indicated as being “centers of concentration’ for specific
characters, e.g., resistance to rust, might be evaluated first in a search
for & gene or genes with which to combat 2 new problem. Breeding
programs using nethods involving the interpellination of many
varleties or strains might be strengthened by taking character distri-
bution patterns into accouns in determining the size and scope of the
parental group and the number of progeny needed to obtain desired
recombinations, Deficiencies in programs involving narrew germ
plasm bases may be highlighted by data giving some indication ol the
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prospects for obtaining diverse genotypes within the scope of the
parental materials used.

Since meany of our erops were derived from the Old World, plans
introduction work is fundamental to an effective national plant
improvement program. Character distribution data, particularly
those relating to “centers of concentration,” hold o special significance
for planning and condueting effective plant exploration work, Search
for a specific character, such ns resistance to rust, might be directed to
one or more world locales from whence similar characiers had been
obtained with greatest regulariy in the past.

The “'centers of concentration’ concept implies that evolulionary
change in barley has occurred in the many parts of the world where the
crop 1s grown. One may hypothesize that it was in these cenlers that
the specific chiaracters arose. Lacking prool of this, it may be stated
that these centers are areas in which the characters becamne cstablished
and have been perpetuated in reproducible plant types. This points
up the {nct that it is nob enough just to have a precursor to evolutionary
change, e.g., mutagenic egent; the right genetic background and
envircnment must be gavailable for the new character te become
established. It might be that the 2-vow character, for exampie, has
arisen in barleys in many aress in Alrica and Asia over the centuries,
but found its true niche in the Black Sea aresa.

The character distribution analysis of world barleys calls attention
to greas in which eertain characters are conspicuous because they ocowr
in either large or small proportions of the streins [rom genersl 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. The 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 the
lack of them, between barleys from different sources. Certain mis-
conceptions that have arisen in barley litersiure may be corrected.
For exnmple, Weaver (29} concluded that it was fair to asswmne that
ancient Egyptian bacleys were derived from Ethiopie. The results of
this study indicate that there is very little relationship between the
strains from these sources. Marked differences between barleys from
Ethiopia (region 5) and Egypt, as represented by North Africa
(region G), arve shown in figure 3 for characters in five of the seven
spile categories. As was noted in figure 4, Egyplian slrains are
particularly distinctive because of their high awn-spike ratios. Other
data not included in this study indicate that, on the average, Egyptian
barleys are several inches shorter and mature several days earlier
than those [rom Ithiopia.

The results of this study suggest that man has carried many of the
different chavacters out of their African and Asian babilats into
Europe and the Western Hemisphere, The distribulion patierns for
the regions indicate that he has been seleclive in delertmuing which
characters to ulilize. They may also indicale resiriciions of new
environments as to which introduced types are adapted. The large
proportion of 2-row types among the European strains might be
atiributed Lo the conguests of the Westeru Goths and the westward
migrations of peoples of the Otloman Empire since it is likely that seed
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carried from the Black Sea area would inelude a goodly proportion of
2-row types. Ceniral Europe yielded & preponderance of §-row types.
This may reflect the influence of a different human migration picture,
but it may also be that these types are bester adapted ip tius area.

The broad representation of the different characters among the
forcign-derived U.S. Dowmestic Selections is {urther evidence that man
has been a dynamic force in the migration, perpetuation; and evolution
of barley types. Apparenlly the early scttlers grew barleys from many
world areas, nmong which eertain types were lound t0 be best adapted
to this country. There seemns reason (o assume that many 2-row types
were brought to Americe by immigrants from Burope, yet a large
proportion of the strains grown in the United States through the carly
1900’s are characterized by having six rows of kernels. The striking
preponderance of short hair rachilia types among Western Hemisphere
barleys is further evidence that man has applied selection pressures
ont the world barley population in acquiring plants adapted lo the
envonments where he grows his crops, even Lhough probably un-
knowingly {or characters such as this one.

Marked changes were effected in the characteristies of the T.S.
barleys following the advent of controlled hybridization. Man had
& new tool lor directing and expediting evolutionary change. In
the changes in the characteristics of the U.S. wvarieties 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 comparstive preponderance of
hooded types among the U.S. strains, as compared to other sub-
divisions, reflects a prelerence by farmers for & plant type devoid of
the discomlorts that arc associated with the harvesling or eating
(by animals) of rough awn types. The concentration of the smooth
awn character among U8, Breeding Lines reflecis & dillerent course
of action that was followed fo serve the same objcetive.

TWO-CHARACTER COMBINATIONS

RESULTS
Combinations Present

‘The characters in this study may occur in 549° possible two-character
combinalions; i.e, the joint oveurrence of individual characters from
two spike categories. Among the 6,200 world barleys, 451 combina-
tions exist, about 82.1 percent of the petential.

Proportions of Possible Combinations in Which Individual
Characters Occur

If we assume & condition in which the individual chrracters cceur
in equal numbers of slraius and are associated with one another in &
completely random way, we find that $he characters within each
spike category might ocewr in equal numbers of two-character com-
binations; for example, head type characters, each 32; kernel color
characters, each 31; caryopsis characlers, each 33, These constitute
the maximum possible numbers of combinations in which the indi-
vidual characters may occur. The proportions of ke possible two-

* Therc are no awn-spike rnfios for hooded or awnless strains.
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character ecombinations in which each of the individual characters
oceur, within the scope of the 6,200 collection sirains, are cited in
table 16. The following characters from the respective spike cate-
gories occur in all possible two-character combinations:

Spike Spike
Cate- Cale-
gory Character gory Character
I .. G rows of kernels, YVIio__ GIum&%wn&e(qual- to- Ienéth-of-
i the-glume (1.0n—g). Glume-
II__.. White kernels. m\'nsi- twicez- the- length -of -
. the-glume (2.0a—g).
IIL... Rough awns. VII.. Lemma-awns-extend -beyond-
IV__. Covered kernels Lip -of -spike - fo- & distance-
twice -the - length - of - the-
V_.__ Long r.chilla hairs. spike (2.0n-s).

TaBLE 16.—Propoertion of possible 2-character combinations n which
each of 37 characiers in 7 spike categories occur among 6,200 strains
wn the World Collection of Barleys

Spike category and Percent, Spike category and Percent
character {code)! character (code})?
Head type: Rachilla hairs:
S 100. 0 L 160. ¢
. FE RSN 01. 9 94,
D .. 71.9
U e 7L.9 100. 0
U 62. 5 i00. 0
Kernel color: 92. 9
W 100.0 92. 9
B oL 96. 8 85 3
DB ____ 93. 6 67. 9
LB e 93. 6 60. 7
Bk . 871 35. 3
P el 7.8 28. 6
Awn condition:
Rl 108, 0 100. 0
H 87. 5 96, 6
S e 78.1 93.1
s T 75.0 89, 7
R 68. 8§ 82. 8
Caryopsis: 82.8
O eaan 100. ¢ 8L 7
s 0L 3 48 3

1 For explanation of codes, sce 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 character in category VII,
&n awn-spike ratio of 1.5, does not appear in the ahove list, it occurs
in all but one of the possible combinations. With the exception of
the intermedium hesd type, hooded awn condition, and 2.0 awn-
spike ratio, the order of preponderance of the characters in table 16 is
the same as that shown for the individual characters in table 5.

Date in table 7 indicate that 55.8 percent of the intermedium
types and 44.1 percent of the hooded types in the collection occur
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among the U.S, Breeding Lines, This would seem to explain the
occurrence of these characters in more two-character combinntions
than is the case with some other characters that occur in greater
proportions of the collection strains. There does not seems to be any
ready explanation for the preponderance of the 2.0 awn-spike ratio
character among the dwo-character combinations.

Proportions of Existing Combinations in Which Individual
Characters Occur

The proportions of the existing two-character combinations in
which the individual characters occur are shows in table 17. If
the characters occwrred in equal numbers of strains and were assoclated
with one another in a random way, they might occur in equal pro-
portions of the combinations that involve the characters wikthin
their respective spike categories; for example, head type characters,
each 20.0 percent; kernel color characters, each 16.7 percent; cary-
opsis characters, each 50.0 percent. The proportions of the eustme’
combinations in which the individual characters occur do not agree
with these values. Some of the characters do not occur in all poss-',lble
combinations. ‘The values lor the mest preponderant characters
are weighted by the deficiencies among the less preponderant onpes.
Thus, the proportion of the existing combinations in which the 2-row
character oceurs is larger than the theoretical value in spite of the
fact thab this character was found in only 91.9 perceut of the combi-
nations 1n which it might have oceurred.

TasLe 17.—Proportion of existing 2-churacler combinations i wiich
sach of 37 characlers in 7 spike calegories occur wmnong 6,200 strains
wn the World Collection of Burleys

Spike category and Percent Spike eategory and Porcent
character (codejt characier {code)!
Ilead type: 1 Bachilla hairs:
T 25211 L e el 5.5
D e mmmimam—am——a 228 Sh o meeeeeea 48,5
D e 181 |} Awn-ghune ratio
U e 181 30 £ id. 9
| VT 1537 b ¢ 14,9
Kornel color L I J ! 13. 8
W .. 18.3 N - R 14.8
Bt 17. 8 P 133
L 17. 2 ¢ B P 113}
LB 1728 40 .. 9.0
BN .. G060 s e 59
B e I I E 2L I 4,3
Awn eondition i Awn-spike ratio:
R oo - Q040 B0 .., 15.5
1 204 - | VPN - 15,0
B e eaael . il F e e A 14, 4
T S +: 15 S5 1 ¥ TP 3.9
S : W85 25, .. ... . 12, 8
Caryopais: . . Bl e s 12. 8
e eimm e it 52.2 b T 8.0
N e 47, 8 A0 o 7.0

! For explanation of codus, see table 1,
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PROPORTIONS OF COMBINATIONS VS, FROPORTIONS OF STRAINS.—
Data in table 18 indicate that the proportions of the two-character
combinations in which the individual characters ocour are not of the
sume magnitude as the proportions of the strains in which they oceur.
It is striking to note that some individual characters oceur in rela-
tively large proportions of the existing two-character combinations
us compared to the proportions of the strains in which they occur.

Proportions of Strains in Which Existing Combinations Occur

ExTire coirecriox.—The proportions of the 6,200 strains in
which the existing fwo-churacter combinations oceur are presented in .
table 19.° These values range from 0.02 to 76.7 percent.

In o fixed population, the values for the proportions of the strains
that have the respective two-cliaracter combinations are in part 2
lunction of the product of the proportions of the sbrains in which the
component characters oceur. No two-character combination may
oceur in o greater proportion of the strains then does the least pre-
pouderant character in the combination. ‘I'herelore, the proportions
ol the strains having each ol the combinntions within each two-spike
category combination are successively smaller as the less and less
preponderant characters are involved in the combinations. The
association of a character in one spike category with a particular
character in another cutegory, to the general exclusion of its coulpanion
charactors, results in the proportion of the sirains having this combi-
nation closely approximating its maximuny theorctical value. On
the other hand, certain characters oeccur with one another in con-
siderably fewer than the maximum possible number of strains, giving
proportions hat are markedly less than the theoretical valucs.

The prireipal (most preponderant) two-character combinution
within ecach conjunction of two spike categories is comprised of the
predominant individued characters from the categories involved.

Buspivisions.—The proportions of the strains in the subdivisions
and the entive collection that are constituled Dy some of the two-
character combinations sre presented in table 2077 Data of the sort
presented in table 19 are assembled for the head type characters in
comt-nation with the characters from the remaining spike calegories.
Th proportions of the strains with these combinalions corroborate
the previous evidence that different character palterns prevail in
barleys [rom dillerent world aress. VWhereas more than hall of the
barleys from Kurope are 2-row types with white keroels, less than
one-filth of the strains [rom the olher subdivisions have this mukeup.
A much lerger proportion of the Alrican-Asian G-row types have
long ruchilla hairs than do the strains from any other subdivision,

? Additional data for combinations occurring wnong strains from cach of the
subdivisions are ineluded in tuble I1[ of the nppendix referred to on p. L3,

¥ Additional dala for all existing Lwo-character corobinations ars included in
table IV of the appendix referred tu on p. 15,
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TasLe 18.—Proportion of all strawns in the World Collection of Barleys
that bear each character and proportion of all S-character combinations
tn which these characiers vecur

Straing having
cach character
Spike category and character All that oceur in Z-character
{code) ? sbrains each 2-character lcombinations
combination
{avernge}

Percent Percent
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! For explanation of codes, sec tahle 1.




Tasre 19.—Proportion of stratns in the World Collection of Barleys that have each combination of 2 characters possible

among 37 characters in 7 spike categories

Spike eategory Head Type Kernel Color Awn Condition
and character
{eode) ! . ) i
; 6 2 D I v W LB it} DB | Bk P R Sm | 88 H A
Kerncel color: Pet. | Pet. | Pet. | Pet.} Pel: | Pet, | Pet. | Pet. | Pet. | Pet. | Pet. | Pet. | Pel, | Pet. | Pel. | Pet.
Wi 33,0 (19,8 0.7 0.2 0.3
LB .. 6.2 .8 .03 +03 .02
Booliiooiaa 1D L+ .3 .2 R
DB L8 20 o1 .2 .02
B, oias. 2,90 1.9 .6 .2 .08
P PN I it .3 .2 .3 0
Awn eondition:
Roiimaaaa. 64. 0 120.7 1,9 1.2 .95 M8 6.2 15,0 |12.1 4.7 1 2.4
SmoL.... 18.8 |22 L0310 .02:] 3.9 L4 .8 .5 .5 .10
] T LT 2.0 0210 0271 L6 .2 .3 .2 .4 0
Wi, 2.3 R o L1 1.5 .2 o4 .3 .2 .08
Al aiiaema 2 .1 10 0 0 o1 08 L1 .02 0210
Caryopsis:
G ime i 60.2 §23.7 1.9 L2 N Y G2 {6 (12,2 5.2 1.6 176.7 59 2.7 1.8 0.4
I\ 10. 8 1.4 c2 0 L1 3 .9 1.9 1.0 . b .9 116 1 .02 .8 .02

474
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2961000‘
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Liviccimimnne |37 8
Sce footnoté at end of table.
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Tasru 19.—Proportion of strains in the World Collection of Barleys that have each combination of 2 characters possible
among 37 characters in 7 spike categories—Continucd

Caryopsis Raehilla Iairs , Awn-Glume Ratio
Spike -eategory and
character  (code) !

C N L Sh . . 2 2.5 3.0 3.5

Kernel color: . L. . Pet. 8 . N . Pet.
W

FEALINOYIDV J0 ‘IdAA "$°0A ‘9431 NILETINE TVOINHOTL
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oM
oD
ceo " ‘oooo

! For explanation of codes, sce table 1.

O e i c e

Rachilla hairs:
Awn-glume ratio:
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TasLe 20.—SuMMarY: Proportion of all strains in the World Collection of Barleys and proportion of strains from
5 source subdivisions that have each combination of 2 characters possible between & head tyme characters and 32
other characters in G spike categories :

Spike category and code 2

Head t,y‘)c character and Kernel color Awn condition Caryopsis | Rachilla

subdivigion ? : hairs

B DB Sm SS E A N

6.
13.
23.

6.
10,
1L
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—
el S S S A e ol
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See footnotes at end of table,
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TaBLE 20.—SUMMARY: Proportion of all strains in the World Collection of Barleys and proportion of strains from
5 source subdivisions that have each combination of 2 characters possible between 5 head type characters and 32
other characters in 6 spike categories—Continued

Spike category and code 2

Head type character and .
subdivision t ~+ Awn-glume ratio Awn-spike ratio

2.5 (30135 2 . . R X 1.5 | 2.0 .25 (3.0

—
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COCOOD OOOOOO LOCOOD

COCOO0 QVOCOO OO0

U.S. Breeding

OO0 OO

COCODS

LI~ N -~
o ‘e ‘o "

U.S. Domesti¢ Selections; B

COCOTO OO

OO0

COOOCOO

o
B-HS
coo T

South Pacific-South and Central America; D

Turope; A=Africa-Asia; S
total collection.

D

1

Lines; T
: 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

Exrire conuecrion.—It has been noted that 33.9 percent of the
barleys in the collection are characterized by the 6-row, white kernel
combination. This does not give us any inkfing as to what proportion
of the B-row types are while, and viee versa. Table 218 includes this
information for all two-character combinasions that oceur in the
collection. We note, for example, that o considerably larger pro-
portion of the 2-row strains have white kernels than is {he case with
any other Licad type cbaracter. This is not to say, however, that
most white kernel types are 2-rowed., Nearly 85 percent of all 2-row
types have long rachilia hairs, but only 35 percent of all leng hair
rochilla types are 2-rowed.

in conlrask to the data in tuble 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 individual charscters
ocour. They range from 0 to 100 percent. Nevertheless, the largest
proportions cited opposite each of the characters listed within each
spike category on the left-hand side of the table usually relate 1o the
predominant individual charseters 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 strains with the key character:

Key characler Key characler
2 e 1.0a-s LB e Sh.
L 15’ Sm__ . 1.0a-5
I =1 O e 2.
. O 2,081, §g__LIITITITITTTIITTT 1.02-s
O U 0.58-s. 1{[ ______________________ Sh

Fi

These and other combinations involving the less predominant char-
acters are evidence thot factors in addition to that of the function
of numbers Influence the extent Lo which the individuul characters
gceur 1n combination with one another,

Susprvisions.—Information about the proportions of the strains
with cach of the head type characters, from the five subdivisions
and the entire collection, that have each of the characters in the
other spike categorics 1s presented in table 22% Tt was noted in
bable 20 that a large proportion of the strains oblained from Europe
are 2-row, white kernel types. We now sce that the BEuropean strains
do not have & monopoly on the while character among 2-row {ypes.
The greatest proportion of 2-row sirains from afl the repions is white.
On the other hand, the large proporiion ol smooth awn, 6-row strains
among the T.S. Breeding Lines noted in table 20 is confirrned us a
condition peculiar to these strains,

B Additional data for all cxisting two-charaeter combinations are inecluded in
Tabie V of {he appendix referred to on p. 13.

v Additionel data for all existing bwo-character combinalions are included in
table VI of the appendix referred to on p. 13,




TAaBLE 21.—For each of 87 characters in 7 spike categories, proportion of strains in the World Collection of Barleys
having each character that oceurs in each possible combination of that charvacter with other individual characters

Spike eategory
and chiaracter
(code)?

Kernel color

Awn condition

Caryopsis

Rachilla hairs

B

Sm

C N

I‘

Sh

Head type:
6

31l

4, ]
7. 8

18.:
11,6

oS =0
LR = e K

84. 8
94, 4
92. 1
100.0
79.1

Awn-glume ratio

Awn-spike ratio

ORI .

.0

91,
82 51
5. 0
62, 8

25

b

1.5

10. 9
3.5
4.0

19,4

11,6

2.0

3.0

20 25

N
(=1

21,
2,
7.¢

38.¢
9.
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121919,
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TasrLe 21.—For each of 37 characters in 7 spike categories, proportion of strains in the World Collection of Barleys
having each character that occurs in each possibie combination of that character with other individual characters—Con.

Spike category
and character
(code)t

IHead type ‘

Awn conditiop

Caryopsis

Rachilla hairs

D

Sm

58

H

N

L

Sh

Kernel eolor:
W

L1 Bt Rt LA A2

e K Rt ¥ 2R LA 0

1 =1 =100 U

ISR

W= -o

13.;
12,
11

9.
35.

7. 4

35.0
51.3
48. 4
38.3
41. 1
34.4

Awn-glume ratio

3.5

1.5

g
=

LTI =T ha O

SOV o =

=]

SN = -

o T = e

a8

TINLIADIYDY J0 "Iddd "S°A ‘9131 NILATIAE TVOINHIAL




Head type

Iernel color

Caryopsis

Rachilla hairs

D

W

DB

C N

L Sh

Awn condition:
R i

54, ¢
0. &
58. 6
55. ¢
30.

—

Pand
e = 00 =T 25
L5 b &S &1 5o

Awn-glume ratio

Awn-spike ratio

1.0

3.0

3.5

52,
70.
87.

57.1
91, :

O U0 =<1 I e

! ¥or explanation of codes, sec table 1,
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Tasre 21.---For cach of 87 characters in 7 spike calegories, proportion of strains in the World Collection of Barleys
having cach character that occurs in each possible combination of that character with other individual characters—Con.

Head type Xernel color Awn condition
Spike eategory

and character
(codeit 6

D ‘ W DB Sm S8 H

Caryopsis: I
C D

6. «f

5Q
D A

|

l

Jl 16.7] 139 5.¢ ) 7. ' 3.1
..1! 15. 4 . o 1 ) . 1

6S. st 27, ) . . 6] 5. G
g 118 {

!
i

TRachilla Awn-ghame ratio

. Awn-spike ratio
hairs

3035404 0los|rolLs|20

106. 4
21.0
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Head type Kernel color Awn condition

D 1 ] W B DB ' Bk ] Sm SS B0

Raehilla hairs:
58. 8 . % i

3 5.
49. 2 .9 6

Caryopsis ' Awn-spike ratio

¢ N {101 . . 3.0 (854 . . . 1. . 2.0 |26

82.6; 17.4) 63.8| 0.8
95. 1| 49| 41. 7.8

! For ‘explanation of codes, see table 1.
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TapLe 21.—For cach of 87 characters in 7 spike categories, proportion of strains in the World Collection of Barleys
having each character that occurs in each possible combination of that character with other individual characters—Con.

Spike category Head type Kerngl color Awn condition

and character )

(code)! .
6 2 D I u W LB B nn Bk | P R Sm SS 1T A
Awn-glumeratio:
10 oes 5401 416 3.0 0.5 0.8 57.4 5.0 146 13.4 7.5 Ly st 77 43 27 0.6
) I SR 85. 8 0.8 Lo 2.5 L9 4901 a1 1970 14,7 4,7 2,71 92,1 3.0 LD 4,3 (0]
2,0 e mlanus 02,21 3.8 1.0 2.7 4 49.6]  7.20020.7) 151 3.5 3.0] 92,2 5.1 .8 1.8 .1
22 S O B} 2.9 L6 1.4 ‘ol 570 7.8t 173 0.7 8.20 4.0 93.5 3.0 Lol 2.7 .1
b X | IR 96, 2 2, 2 .8 .5 L3100 56. 20 10,5 17.3 7.0 5.7 3,2 03.0 4.1 1.4 1. 6 0
B35 S99 72000 0 2,9! 47. 8 14.5 145 W5 87 0 098.6; 0 0 1.4 0
40 i 06,8 3200 0 0 48, 4 16,10 16,1 9.7 97 0 9.8 3.2 0 0 0
TR S | 100000 0 0 0 0 60.0f 0O 20.0[ 0 0 20,0} 100.0] 0 0 0 0
| L1000 0 0 0 0 66. 71 33.3] 0O 0 0 0. | 1w00.0 0 0 0 0
Caryopsis Rachilla hairs Awn=gpike ratio
¢ N 1 Sh 0.8 | L0 L5 2.0 2.5 3.0 3.5 40

| B I, 50, 4 10. 6 70. 3 24, 7 5.3 33,2 36,9 15, 3.0 2.4 0.6 0.2
1 I8 SRS S1. 4 18. 6 60. 1 33.9 3.0 18. 6 514 17.7 3.6 D .2 0
20 e 85, 3 14,7 44, 1 55. O .6 20. 1 50. 6 23. 6 1.8 1.1 .2 .1
2.5 mamimsis 87.3 1207 42, 7 57. 3 2.0 30. 7 48, 2 14,3 1. 0 ) 0 0
3.0 .. 84,9 15,1 A7, 8 52,2 1.4 30. 3 44, 6 10. 7 1,9 LD 0 0
2 SRR 88. 4 116 55, 1 4409 1.4 34,8 44,9 15,9 0 14 0 0

L | S LIRS 9.7 51.G 48. 4 0 32,3 35,5 25, § (VA) 0 1] 0

E: 5 O 80. 0 20, 0 100.0 0 20. 0 0 0 40. 0 0 40. 0 0 0

I | 100. 0 0 100..0 0 0 0 33.3 606, 7 0 0 0 0

A + a - A » > A & - a
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Head type Kernel color Awn condition

D ! y 1 B DB

Aw n-&pnl\t, ratio:
§7.3
S d
70. 3
886
05.0
97. 1
06,0

100. 6
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C N 1. Sh
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TanLy 22.—Proportion of strains from & source subdivisions and all of the World Collection of Barleys that have each
head type character, and the proportion of these strains that have each character in the other 6 spike calegories

Spike category and character (code), pereent ?

Head type Propor- ] o . : .
character tion of Kernel color Awn condition Caryopsis | Rachilla

and subdivision ! all . : hairs
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Tasru 22 Proportion of strains from & source subdivisions and all of the World Collection of Barleys that have each
head type character, and the proporiion of these strains that have each character in the other 6 spike categories—Continued

1

Head {ype Propor- Awnsglume ratio Awn-spike ratio
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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 Gollection That Have the Same
Combinations

Numerous dilferences between the proportions of sirains with
given two-character combinations have been noted among the several
subdivisions. A statistical analysis was conducted to determine if
they were real or were only due to chance. The deviations of the
subdivision proportions from the proportions for the entire collection,
plus or minus, and standard errors were calculated for the two-
character combinations. This technique sacrificed some precision
because the comparison of, say, the 6—W proportion for the European
subdivision with that for the entire collection embodies in part a
comparison of the Buropean 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 IN WHIGH COMBINATIONS occcur.—Calcu-
Iations based on the daia 1o table 20 are summarized in iable 23 in
terms of significant differences bebween subdivision propertions for
two-character combinations involving the 8-row charscter. These
findings give added credence Lo previous observations on the character
distribution patterns. Combinations involving other characters
exhibit similay differences.

PROPORTIONS OF SPRAINS WITH THE RESPECTIVE CHARACTERS THAT
HAVE BACH OF THE OTPHER cnaracrens.—Dilferences among the
subdivisions for the proportion of the 6-row strains that have eaeh
of the characters in the other spike cabegories are summarized in
table 24. The findings arc bascd on data in table 22. Aany of the
differences noted in this table are conlirmed as real distinctions that
exist between 6-row types grown in different world areas. Com-
parable distinclions exist for other characters,

Frequency-of-Occurrence-of-Characters and Association-of-
Characters Analyses

We have learned that 19.8 percent of the strains in the collection
are 2-row, while 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 affords us an under-
standing of {he Jrequency of occurrence of strains with two rows of
white kernels. The second and third percentages reveal the extent
to which the characters are associated—coexist. For example, barleys
with the 2-row head {ype are preponderantly white-kerneled; however,
white kernels ave not limited to oceurrence in 2-row heads. The daia
in tables 20 and 22 afford a basis for condurting “frequency’ and
“‘association” analyses, respeclively, among the two-character com-
binations.
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TasrLe 23.— Two-chardcter combinations tnvolving 6-row head type for
which the proportion of strains from ecach of & source subdivisions in
the World Collection of Barleys duffers significantly, plus or minus, from
the proportion from the other subdivisions

G-row head type
combined with —

Europe

(1)

South
Pacifie-
South and
Central
America

3

U.S.
Domestic
Belections

(D)

U.s,
Breeding
Lines

Kernel color:
W

1 Tor explanation of codes, see table L.
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TABLE 23.—Two-character combinations involving 6-row head type
for which the proportion of strains from each of 6 source subdivisions
in the World Collection of Barleys differs significantly, plus or menus,
from the proportion from the other subdivisions—Continued

South
Africa- Pacific- U.8. .8,
Europe Asia South and | Domestic | Breeding
Central | Belectioas Lines
G-row head type America
combined with I—
®) (4) ® (D) (B)
+ - + - + - + - + -
Rachilla hairs:
P (R A - P A LL__. A E A
I3 =T S R B ..o B B ...
T SN IR I RV N Do
L T RS RPN RGN SRR FRPORPINY SOV [
Sh________.___ SNV (R~ B P 3 E ... E [oeo-- E 8
D |_____ D A .. A _____ A D
B oo.-. B B {_____ B oo |eaaaoal
Awn-plume ratio:
__________________ A E 8 E .| E A E 8
) D B A |aeieaaas 8 O
D |.____|..__. D |____.__._ B D .-
B |acoao|aaaa- B o . SRV U IR
1.5 e A j O S A B o_____ 8 D
D =S W D 23 R N
DL 2 P N S,
2.0 e A E D |ecne- D E |- .- D
D ____________________ .C\ _______________
I O S S
=T IR S S
23 S ) A O T P E I N S, A
D = S I A [T P S D
£ J IR R D T PN S R
Awn-spike ratio:
_________________ A E .. A 3 A ___| A
(70 PR SN [NUVSPIUN JORPIUIUN UUIE EPRpITN R
1 N U RO (R N NV S N
I J IV PR RS SN VRIS SRS PRI
1.0 oo 3 A E DL B E |ao.-- B D
D 8 | _|aaa-- A A | __
8 B e ajaaafamaas
B T PR S F
1.5, | A N D N Al _|_._ L |_____
B [ PR I £ T PR I S Jeoae-
2.0__ . A B 3 E ... 1 ] E 3
= N P S A e
D oo 1 T (PO R RSO (RUORO S
B o|_____j . _. B ..._- S NI NI N
b 30 ) I A E 5 Eo___. ] E 5
ll __________ A. -------------------------
D |- T S VR PEPSY N R
B |- ... B o | |eaas
3.0 |aa... A E |._._ B oL . A E ..
B D |L.__. D ... (o e [ T PR I

1 For cxplanation of eodes, see lable 1,
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TaBLt 24.—Siz-row head type strains having characters in the other spike
categories for which the proportion from each of & source subdivisions
in the World Collection of Burleys differs significantly, plus or minus,
from the proportion for each of the other subdivisions

Afriea—
Lurope Asin

G-row head type
combined with — E

L ® &)

South
Pacifie—
South and
Central
Ancrien

U.8.
Donestic
Helections

U.B.
Breeding
Liges

3-

Ternel color:

E
i H
TSU S

Awn eondibion:

e

! For explanation of vodes, see {able 1,
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TapLe 24.—Stz-row kead type strains having characters in the other spike
categories for which the proportion from cach of 5 source subdwisions
in the World Collzction of Barleys differs significantly, plus or minus,
from the proporiion for eack of the other subdivisions—Continued

South
Africa- Puacific- U.5. .5,
Europe Agia South and | Domestic | Breeding
G-row head type Central | SBelestions Lines
combined with — America
(1) (A) G)] (D) (B)
- — + — + - + — + —
Rachilla hairs:
) PN 3 A T R i S I ) A
D ... 8 | feeeao AL A Do
15 N S P B ... B |l
B ||| emmme e e e e
=) | A 8 jomo_.- B i B o A ]
I 3 A . . W PO D
D B ... B ol .. b
B i
Awn-plume ratio:
) 1 R NP S ¥ S 3 DI R A E 8
g D 1 Ao B T S
HE T N SR I R O I B D .
B
) D TSRO I D L 2 (R S A L= T S D
5] By
L1 IR B N S I P S i [ S (R B

30 .

7% PR

Awn-spike ratio:
0.5

1 ['or explanation of codes, sce table 1.
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Frequexcy.—Table 2519 affords rankings of the lhead 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 fairly comparable for all subdivi-
sions; therefore, patterns within most of the character blocks are quite
uniform.

Assocrarroxn.—Rankings of the head type two-character combina-
tion association data vepresented by figures within the vertical colunns
bencath each character in the manner shown in table 21 are given in
table 26.1* An exampie fellows:

Example:

Entire collection

Association
ranking

Interpretation:

Within the kerncl color catepory, dark
blue is more restricted to association with
the G6-row character than is any other color,

1
U i | et

The rankings in table 21 reveal marked differences among the sub-

(ivisions.

In many instances, the character within & spike category that ranks
highest for association with another character occurs in the fewest
strains,

FrequeNcy vs. assocrarioN.—Table 27 iIncludes a listing of
characters that occur most frequently with cach mdividua! character
ond of characters that are most closely nssociated with the individual
characters. In the “frequency™ portion of the table the predominant
characters from the spike categories are cited almost to the exclusion
of all other characters. On the other hand, there is no consistent
pattern within the ‘“association” segment. Nearly every character
is listed. Tt is evident, though, that the predominant characters from
the respective spike categories are not restricted to association with
given charncters to the extent that the less preponderant ones are.

1t Complete [requency rankings for all fwo-charaster combinations in the entire
gollection and the five subdivisions are included in table VIII of the appendix
referred to on p. 13,

It Complete nssociation rankings for all existing two-character combinations
are included in table IX of the appendix referred to on p. 13.
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Tanru 25.—ILor strains from & source subdivisions and for all strains in the World Collection of Barleys, a ranking
of the frequency with which characters in 6 spike categories occur in combination with each character in the head-
type category

Ttead type and source subdivision 2

Spike eategory
and character 0 2 D I U
(code) 1

o
oe]

'E;A SIDIBIT I ELA TIEJTA]ISIDIBIT|IEJA|[SID|B|T[EIAISI{D|B|T

Kernel eolor:
W

_________ 1 31141 A N T O O O O L2 a2t 20 oo fooclend a1y fry 1
LBo e a3 idtdi3idglatats|2afdoersio. mmifemifom s O |am] O et sl 6 || B fafooiiioo] 4
B.oo.:i.... 2020 1 22028303033 3 a3 a3 a3 2 g 2 2
DB.ooo. S IRNE IR A U Y T 0 B N U - B IOOY L A 5 - 8 . % UONOOR SO OO O T SN 5. T (OO MUY AU B T G (0 SN M S B
Bk, ..., 5106l aLe I 222121201 D lundd B |omclamifoa| B [aca]onalasdua] 4 3
Y e 6161616161616 PR 5 T X T FUUG f: N (N B T " DUUNE I (ENPUOR U SN IO S PUPUIP CSUUN SN JUNRN (OUU) DU

FINLTAOIYHV JO "LAEA "$'0Q ‘9L8T NILATING TVOINHOWETL

Rocuroooid 131 111  ‘1 T | S T N T WA AU N T (O FURVAS N T N UUUOG oo (e 00 A U s (O O A 1

Smo, o, b 2033 322 oo el e s oo o8 3

inte IRRINPRNINS % B B I S SO O (O O TR A0 5 N S DO AR 0 - 00 S T OO IS0 SR OHUY DOV ' NS NS DRSS SORANCE MU VOO OSSO DRI S I 3

Mo ... P20 2 0203 18 eaducafen 34 413 2 i ol 2 2 e a2 2 2
SRS VADRSRCIRER SR 3 I8 DUI SRS - B 0 0 08 2N AU FRS! JRN 1 SR SO0 SN AR OSSN DS SO DN IR SN O DO NS IO O OO I
Caryvopsis: i i

SINSURIURUII S5 B A I B 1 1 1 141 1 1 || | S DS N | | T A DU (N U (RSO A N U A A PO A A O 1

Novedcwro 222 2at2r9yainiays ool tall1a(9)2 [P KSR PR FURUUU SV T R B I N 2 O 2
Rachilla hairs;

L2220 112411 L3 R =2 PR T T T P T DUV -/ IUVEN IUUSOR UOE T2 DN N N 2 B | 1

Shoo.....bt1i2 ttari2y2qa 2ty 223201 o2t | RN USRI U S S NS N SO IS B B S § 2

i a i Py A a " ' A A o e A [
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158

[
1

1 For explanation of codes, see table 1 . .
? B=Jourope; A= Africa-Asia; S=South Pacific-South and Central America; D=U.S. Domestic Selections; B=U.8, Breeding
Lines; T="lotal colloction.
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TanLy 26, -Lor strains from & source subdivisions and for all strains in the World Collection of Barleys, a ranking
within cach of 6 spike ecategories of the extent to which each of 1ts characters tends to be associaied with each character -
in the head type category

A ITead type and souree subdivision =
.

Spike eategory 5 ]
and charaeter i B
{code) ! !

Kernel eolor:
W

=

.

JU— b

LI e W B VIS )

¥
]

Awn condition:
Ty T

L.

S )

=

J11 PR
e

8N

Caryopsis:
3
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Tawun 27— Individual characlers that occur most frequently and are most closely associated with each of the other
characters in 7 spike categories among the 6,200 strains in the World Collection of Barleys

Associntion 2

Frequeney ;
_ i

|
Spike category |
and charneter I
:

1

{

A P I

Head | Ker- Cary-7 Ra- 4 Awn-| - Awn- Cary- | Ra- Awn- Awn-

type © nel | Awns chilla {ghunet - spike | Awns | opsis | chila ] glume spike
ieolor hairs | ratio ratio hairs ratio ratio

(rodedt

Tlead ype:

-d
e

o . ‘ ) 1 . Sh
el ] ) ) 1. . > 1.
, R I | Lish o, 1. ‘ Sh
ool 3 ; Sh
. u.. P . i Shl]:
Kernel coloi: ‘ : i
Y IR SIS : 1.5 2 3 ? 1
LB, . : 3ot C R DI 1. : N Sh
B 6 N s o L. 1 (R N Sh
DB, (T P 1,8 ] 1 1,
Bk... . : ! . : ] . | > ; Sh
| LN TR R : 1 1 ] L
Awn eondition:
R... :
Sm.
Ss.
H..
AL

Mo
ctorIoo

o

S oien

ICCOoOCO UICOTS O

TINLTIADIYOV J0 “T4TC 'S0 ‘9LE2T NIIFTING TVOINHIAL

b b e S
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[aie
(18411
PSS ow
S

i
banl
L

Sho_ ... ...
Awn-glame ratio:

i

o1 51 Bt B |

oo oo —
~

AouSNoOWMS

e
.
by

5.0
Awn-spike ratio:

pgd) ) St ]

e R e ub
10 00 10 1 b L0 1O s
oo oOmoto oLy

X

§
’
t

4

5
1.0
1.5
2.0
2.5.
3.0
3.5
4.0

f
i
¥

! For explanation of codes, see table [.
2 Not intended to imply genetic linkage,
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Theoretical Proportion of Strains That Might Be Constituted
by Each Combination

Computations were made to determine the theoretical proporiions
of the strains that might bave each two-character combination if the
distribution of characters had been at random within the limits of the
proporiions of all the strains n which eacl character oceurs.  These
figures were obtained by multiplying together the netunl proportions
of the sirnins in which cach of the components of the combinations
oceur; ¢.g., character ‘o (50%) Xchwracter “b” (509;)=theoretical
proportion of 25 percent for the two-character combinailon “ab.”

The computed theoretical valnes were paired with the figures for
the sctunl proportions of the strains that have the respective two-
characier combinations.

Corsquanes.—(Chi-squoares were computed using the actual and
theoretical datn for the two-character combinations within each
possible conjunction of {wo spike categories. The chi-square values
were all lurge, rellecting the fact thut certain combinations of the char-
acters in each spike eategory occur in greater or lesser proporticns of
the strains than would be expected i the charactors occurved together
in a random way., The chisquare vulues for all possible two spike
cuteory conjunctions are listed in table 28.

TanLg 28~ Chi-syuare values for each possible 2 spidee calegory com-
binution among 1,200 stroins in the World Collection of Burleys?

I

Combination . Chi-sguare

Cowbination - Chi-sgquare
ovelue o velue
Caryopeis aud-— i} Head type and— .
II{A:ul (A7 O 13y, 48 [5 Kernel eolor . .. ___ 337, 4n)
Kernel coloro___ .. _. 0719 Awn condition. ... : 201 54
Awn condition. o .. 115. 03 Awn-ghume ratlo. (. ©1, 2387, 85
Raehilia hales. .. .. 21408 1 Awnp-spike ratio ... Td5 12
Awn-elyme ratio_ .o 41. 33 { Awn condition and-
Awp-spike ratio. ... 137,39 § Kernel roloe.. o 75. 23
Havhille haier and —- i Awn-glhnne ratio oL 15522
Mead type. ... 219, 68 | Awn-spike ratio o .. i1l 71
Kernnt eotor_.oo._ .. 83, 30 ¢ Leroot color und— :
Awn condition .. __.. 01,80 ¢ Awn-glume ratio o .. 150,77
Awo-ginme rutiooL. .- 37 27 - Awnespike ralio. ... : 34423
Awn-spike ratio o .. 25116 Awn-glume ratioand awne- |
spike ratiol .. _ ... L 23048 31

* Computed from comparisons of the aclusl proportions of collection sirains
eonstituled by the re-peetive 2-character vombinations with theoretiend  pro-
portions of the strains they might Lave eonstitused had the pairing of the charac-
ters been at rancdom within the Hmits of the proportions of the strains in wihich
cach cliaracter occurs,

CoMBINATIONS THAT OCCUR IN GEEATER OR LESSER PROPORTIONS
OF STRAINS THAN WAS THEORETICALLY coMprreb. The proportions
of Lhe lwo-characier combinalions involving cach character that
occur in greater or Jesser proportions of the straing than would have
been expested had the characters been distributed at random are
given in tuble 20, The proportions of the combinations whose actual
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TanLe 28 —Proportion of 2-characler combinafions tn which euch of
37 churaclers en 7 spike calegories occur in @ greater, equal, or lesser
number of strains thun theoretically computed or are missing amwing
6,200 strains in the World Collection of Barleys

l 2_character combinations in which nurnber

: of strains was—

Spike category and charncter
(code}t ' i
| Greater \ Lqual to
' than
Ii computed |
i
i

i .
' Lesser '
computed ;| than ' Mrusing
! computed .

Pereent Percent Percent | Percent
62, 5 34,4
25, B4,
25 40.
37 18.
a1, 34

Hd,
32
25,
45,
a9,

Head type:

9.
28,
37. £
28,

oo
CIeo DI QT =
o S ke e

oo
—

41,
48,
35,
41.
5l

38

54,
2L
21,
45,
16,

L M

LEomE SomhiE

=1t O S b
fom i D e SR v ]

RBEowea

=1 =1t =les
[y Ly Pl |

e s
s
LoD i

NI ELEE TN

Curyopsis:
e e a 43,

Nt mrm e m—————— 37.

Tachilla hairs:
42

43,

— -]
e i
[T-pe

=112
o i
[=2]

Awn-glume ratio:

N 0 915 1 1 e

=] ]
[E RN e P RN B R N |
[l =) I Rar Ra i)
O Sl L0 T e e ] O -

5
A

Awn

[CSON

Mk s
el Sl S el

GO b= S0k G
G SO S BIN =

bal-adal bl nd ol o

L ——

1
1SS =15
e

1 Tor explanation of codes, sec table 1.
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values equal the computed ones are also included. The characters
whose numbers of strains per two-character combin.tion deviate
from the computed numbers for the greatest proportions of the
combinations are generally the most predominant ones from the
respective spike categories. Of the characters within each spike
category that lhave the largest proportion of two-character combi-
nations in which the numbers ol strains are “‘greater” or ‘“lesser”
than the computed numbers, five in the “greater” column are the
predominant characters within their respective spike categories and
four in the “lesser’” column are the second most predominant in their
category.

Combinations Not Present

The two-character combinations that were not found in the collec-
tion are listed in table 30. High awn-glume and awn-spike ratios;
deficiens, Ff. irregulere, and intermedium head types; purple kernels;
and smooth, semismooth, hooded, and awnless types are involved
in the greatest number of the missing combinations.

In nearly three-fourths ol the missing combinations, at least one of
the characters oceurs in less than 3 percent of the strains.

TABLE 30.—-Possible Z-characier combinations among 37 eharacters in
7 spike categories that are missing from the 0,200 strains in the World
Collection of Barleys, und proportion of strains in which they might
huve eccurred had distribution of characters been at random !

Propartion H ' !Pmporuon.
of stradis in | ’ » OFsLrains in
wideh Lhey which they

might huve might havg

Spike eategory and Missing  jweeurred had || Spike cotepory and Missing ooeprrad
charpcter (code)? dlstribuiion character {tode) had distrl-
treen at bution tken
randpm & jatrangom

ITead Lype: Percent || Head Type—
B e None o |.ooo . Conlinued Pereent
s d.5a~g____| 0. 0251 ) . 3.0a-s_...} 0.0048
dla—g_ .. L3260 4.0a-8.___ L (udd
4.00-5._. | . 0302 [ Pooeeeaot L0175
) A _o_.. ., GO80 Ao _.. | . 0028
3.5a-g.. . L0220 40p-go V(D035
4.0a-g.__ . 0100 dba-g._; 0007
4.5a—pg .| .0D020 A0a-g ., 0003
5.0a~g. .. . 0010 ~foo 0182
2582 .. . 0220 J0a-s_ .. 01)Y
3.08—=s____ L0340 P 3.5a-so._ 0 L0028
3.5a-s__ .. . 0080 S NV JN N V1
d0a-s..._ L0040 [ Kernel color: i |

) Nmo_oo_oo Lovroh o WL b Noneo ..
SR ___ Loz LD L. ¢d.ba~g_o_ . {071
Mo NITER l 3.58-8..._; . 0284
Aooooof L0048 Y B . Sla-g._..0 . 0083

Noooof L1004 DB. L.l {dbamgo . L0131
S.0a-p L0132 - 50a g L0066
dDa-p 0 L0060 ¢ Bk ..o _____.__ Clba-g o b L0057
4.5a-r . __, {012 Ch0n-g. 0 L0028
d0a-g.___0 000G . T 3.basso.. L2h
O.8a~5_..., .04 C40a-s____; L0114

See [ootnotes at end of table,
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Taprr 30.—Possible 2-character combinations among 37 characters n
7 spike cutegories that are missing from the 6,200 strains n the World
Collection of Barleys, and proportion of strains in which they might
have oceurred had distribution of characiers been ai random *—Con.

Eroportion Proportion
ol strains in ol strains in
which they which thay
might hove might have
Spike crbegory and DIfssing aeeirted had Spike cntegory and Missing ateurred

charagter (eagde)? distribution chinracter (oode) ? had distri-
been at bation been
random 7 at random ¥
Eernet color— Rachitia hairs: Percent
Continged Pereent Lo . None__ . _|ou__.___
____________ Sm_o_.____| 0. 1500 Sheoooe.____| 4.5a-g___| ©. 0391
b T L0675 50a—g-._ 0186

A ___ L0100 || Awn-glume

3.6a-¢_ . 0275 ratio:

4.0a-g .. L0125 10 Nome____|________
5.0n-g ___ . 0012 I T 4.0a~5__ . 0180
3.0a-s__._ . (0425 A 0380
3.5a-5__.. 100 2.0 . None__._{_.____._
4.0a-5__ . . D650 2.5 o ___ 3.5a-s_... 0448
[ L B17S 4.00-5____ 0224
Awn condilion: 30l 2.6a-s5__.. 0240
R . None___ f_______ 4.00-s5___. 0120
Sm___ .. ____133%a-g._._ (660 Ao 08460
4.5z ___ G060 3bho . 2.58-s__.. 0286
8.0a~g___. 0030 3.8a-s__.. - 0044
3.58-8.___ 0240 4.0a-s____ . 00322
4.0a-s5__.. 0120 Do .. 0220
I .. 0720 I ... G188
P 1500 J S 0278
8S L __ 3.50-g i .0297 Sm______ 0666
40a—-c._..0 0135 S8 o 0287
dba—g .t L0027 A .. 0044
50a-g____} . (003 40 . 0.5a-s____ 0185
3.5a-s.._.} .0108 30a-s....| .0085
4.0a-s._. . 0054 3.5a-s.__. 0020
fo_______ 0324 4.0a-s.__. . D010
P 0875 D . L0106
3 d08-g_ .. 0130 ¥ S . 0080
d.5a-g____ {1026 1 S . 0086
3.00-g._._ 0013 P .. 0125
I 0312 S5 ______ 0135
A .. 15a~g .. (3360 H_o_ .. 0130
3.00—p..__ 0240 Ao 0020
3.8a—g__.. {044 S| 108~ 06263
4.0a—g____! . 4020 1.9a-8..._ 0422
4.50—g....; .0004 2.ha—s_.__ 0026
B.0a-g___{ .0002 3.ba-s____| . 0004
D_o_.____. ;. 0080 d.0a-s_._. . 0062
R 0048 | . 0261
[ J 0028 D_______ . 0026
P 0106 R 0012
Caryopsis: ! U _._. . G007
c . None____i._______ LB.._ ___ o071
Necmmeooo--} 302-g.._., .00G3 DB _____ 0131
3.8a-s._.." .1375 Be __.__. 0057
I_____ . i 1560 St _. . 0680

See footnotes ot end af table,
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TABLE 30.—Possible S~characier combinations among 37 characters in
7 spike categories that are missing from the 6,200 sirains in the World
Collection of Barleys, and proportion of strains in which they might
have occurred had distribution of characters been at random '—Con.

Propertioh Proporilon
of skrains in of sfrnins in
whieh they whieh they
aiight have might have
Splke category angd Missing oceurred had Spike category and nlissing oceurred
character {gode}? digtribution charaster {(code} 7 had distri-
beer ut bution heen
radom 1 at random *
Awi-glume ratio— Awn-spike ratio——

Continued Pereent Continuned Parcent
4.5 ... 88 .. o, 0027 30 . Do_____1 00340
H_o___.._ . 0026 0. L0118
AL . 0004 P L0488
Sho_____. . 0881 40a-g____ . 0085
o O B -s.__ . 8019 S.0a—¢.__ . 0009
10ws._. | . 0L47 BB Do . 0080
2 50-8___ _; L0013 I ___ L0048
3.08-s_.. . 3609 O L0028
B.oa~s__. .t . 6002 LB __ . __ L0284
4.0a-5____| . 8001 Bho_..___ . 0228
2 . ! L0126 P . G100
DI T Sm_ Tl - 024D
I . 0008 oy S . A108
[ S . gopg N . L1875
B .. . 0088 L.6a~g.___ Q448
DR______ . 0068 S.0a—~g__._ . Q240
B o___.__ . 0028 Sda—g.... L0044
P o018 Soda—g____ L0004
Smo.____ . G030 S.00—g_ .. . 0002
S8 ... L0018 0 2 . . 0502
H.o___.__ L0013 Do ___ . 0040
P 0002 oL . G024
N__.___. . 0088 [ L0014
Sl il . Q198 Bl __.___ A
Awn-spike ratio: : Po_..____| .0050
B - e _ TN s T A Y Sm______ . 0120
40a—y .. L0185 S8 ... . D054
a.0a-g___ L0018 Loa-g__._ LGB0
5 ¢ S 4.5&—-{;_“_; . 0893 Bha—g_ __ . Dg24
5.0e—qg__.. L0147 3.00~g__ .. L 0{26
% S 4oa-g____, 0428 8.50—g..__ . D082
20 None. .l ___ 40e-g___.} .0010
2 e __ D_______ 0320 4.0a-g____ . Qooe
U...___. 0188 R 2 S . 0001

S.aa—f-.._i 0285

Gt o026

S.la-g____. o618

' Ttalies indicates reciprocal entry,

2 For explanation of codes, see table 1.

? Bxample: 2-row occurs in 25.1 poreent of the strains, and 0.1 percent of the
Theoretical frequency for —4.5n-g=
0.251 X 0.001=0.0251 percent of the strains.

steains have an awn-glume ratio of 4.5,
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The theoretical proportions that each missing two-character
combination might comprise of all entries, sssuming o completely
random distribution of the characters in the collection, are also given
in table 30. The daba indicate that 61 of the missing combinations
would not be expected to occur in the 6,200 strains; i.e., less than
0.016 percent. Of the reinaining 37 combinatbions, 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 irom Africa and Asia than from any of the other subdivisions.
An anslysis of the occurrence of individual two-character combina-
tions among the different subdivisions is afforded by table 31. The
greatest diversity is found among the Alrican-Asinn strains and the
least among those from the South Pacific and South and Central
America. Although no other subdivision 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.

TasLe 31.-—SoMyary: Distribution of 8-characier combinations among
6,200 strains in the World Collection of Barleys and among strains
Jrom & source subdivisions

Z-charncter eombinations Struins 2-gharacter combinuntions Strains
Possible among 37 characters | Number U.8. Domestic Sclee- | Number
in 7 spilke categories. . ___. 549 AT 302
=== South Pacific-South
Present among all strains__._ 451 America . _._._____ 241
Missing among all strains _ _ 98 || Present only among strains
Present amouag strains from lcom—
ali source subdivisions____ 172 Africa-Asia___________. 59
Present among strains from : U.S8. Breedivg Lines_ . _. o
cach soarce subdivision: | U8, Donustic Selee-
Afriea-Agid, oo oo 443 tlons ..o .. i
U.S. Breeding Lines____ 365 3 Turope. ..., .. 1

EDITES )+ 317

]

! From among the 451 combinalions present among all strains.

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

U.8. Dommsric SELECTIONS (RACHILLA HAIRS-IEAL TYPE).—Dala
in fable 32 reveal that U8, Domestic Selections with short or long
vachilln hoirs arc G-row or 2-row types 1o about the same extent as the
strains in the foreign component of the collection. As previously
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noted, however, most of the domestic selections have short hair
rachillas. On the other hand, long hair rachilln types are preponderans
among the foreign strains. The domestic selections apparently do not
constitute o random cross section of world barleys. They may have
been drawn from a limised segment of the foreign barley population.
The basic data for this study indicate that the loHowing sources may
be primary African-Asian centers of 8-row, short hair rachilla strains;
i.e., comparatively large proportions of the strains {rom these areas
have this combination of characters:

Ithiopia Northeast Turkey
Delta (Bgvpt) Transeaucasia
North Africa Manchuria
Turkey

TarLe 32.—Proportion of sirains among the U.S. Domestic Selections
subdivision and the foreign componeni of the World Collection of
Burleys that have short- and long-haired rachilles, ond properiion of
these strains that have 8- and 3-row head types

Segment of collection Rachilla hairs Head type
Percent Percent
Short.._.__ 71.8 Grow._ __._. 95, 2
T.8. Domeslic Selections._ - ____ : Zrow_ _____ 3.6
Leng____L__ G-row___._._ 29. 2
° 28. 2 {.‘2-1‘0\\' ...... 35.7
Short. . ____ 34. G G-row.___... #3.0
Foreign component .. ... ___.. : 2-row. . ___ 10. 5
65. 4 {G-row ______ 61.8
Tong oo .. : Zerow. . ____ 318

TURKEY (HEAD TYPE-AWN cONDITION).—It was noted in iable 8
that the Black Sea area appeurs Lo be the main center of concentration
for 2-row strains. Approximntely 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 rachillas. The results in table 33 indicate that the 2-row and
long hair rachills charncters in barleys lrom Turkey oecur in approxd-
mately the same proportions of strains having characters for barbed
{rough} and barbless (smooth and semismooth) awns, respectively.
A comparable picture is evidenbt for the relationship between the
6-row and short hair rachilla characters as they ocour wilh the awn
types. Turkish 60w types ave almosi exclusively characterized by
rongh awns and shorb rachiila hairs. Conversely, about one-third
of the Z-row types from this srea have smooth or semismocth awbs
and nearly all of them have long rachilla hairs.
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TaBLE 33.—Proportion of sirains from Turkey in the World Collection
of Barieys that have 6- and 2-row head types and that have short- and
long-hatred rachillas, and proportion of these sirains thel have rough and
smooth awns

Items eompared Awns
o Percent Percent
lead type:
G-row__ ... 27 Q {Rough _______________________ 98, 7
- Smooth and semismooth___._____ 1.3
oW g2 1 ({Bough___________. . 67. 8
- Smooth and semismooth. _._____ 32,2
Rachilla hairs:
Shert______ .. = Rough__ ______ . _____ . ____. 93. 8
88.7 {Smooth and semismooth________ 6. 2
Tong. oo Gd. 3 {Rough _______________________ 7L B
Smoath and semismooth________ 28, 5

TURKEY (#EAD TYPE-RACHILLA HAIRS).—Rachilla heair proportions
for the 6-row and 2-row strains from Turkey are compared with those
of strains with these head types from the remainder of the collection in
table 34. The preponderance of long hair rachillas among all 2-row
types is evident. The combinntion of short hair rachillas and 6-row
head types is not unique to the Turkdsh strains. It was noted in figure
3 that the strains from Ethiopia and Manchuria, most of which are
6-rowed, are characterized by a preponderance of short hair rachilla
types. The picture for Turkey is unique because of the nearly opposite
rachilla hair patterns for the 6-row and 2-row types,

TABLE 34.—Proportion of strains from Turkey and of all strains
(except from Turkey) in the World Collection of Barleys thut have 6-
and Z-row head types, and proportion of these strains that have short-
and long-haired rachillas

Segment of collection Heud type Rachilla hairs
Percent Pergent
B-row_____. 86. 5
Turkey. .. l 37.9 13. é
5 4,
2row.__.__ 621 95. 2
f-row______ 759 43. 8
Entire collection {(except Tur- . a6, 2
RO oo | 19. %
2-row_ _.__. 19. 6 80.1

IrHIOPIA (M. FRREGULARE-OTHER HEAD TYPES).—IH. irregulure
oceurs only among strains from Ethiopin. Only one strain of this
type has been obtained elsewhere—that one was from Argentina, into
which it was undoubtedly introduced. The data in table 35 afford
o basis [or comparing the occurrence of characters from spike cate-
gories JI to V in H. srregulare sirains with the occurrence of Lhe same
characters in Ethiopian strains that have the remainder of the head
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type chearacters. The character distribution patterns are surpris-
ingly comparable. Thus, a head type character that has been very
much isolated geographically occurs 1n strains that exhibit a diversity
of type similar to thab of strains {rom the same locale with the other
h{;ud type characters, most of which are not limited to occurrence in
that area.

TarLe 35.—Proportion of H. irregulare and of other head types that
oceur with each character tn 4 spike categories among Elhiopian strains
wn the World Collection of Barieys

Head type
Spike category and clinracter {code)!
H. irreguiare Other
Percent Percent
Kernel color:
L 2 16. 9 38 8
T e 2.8 .7
= S 16. 9 5
DB o e e 18.7 8.8
Bl e mmmm—————————— i 18. 3 20. ¢
___________________________________________ 25 4 13. 8
Asva condition
R e mmm—m e a0 160
Sm____. e e e e mmmmmmm—aaaE 0 0
B8 e E 0 0
L S e 0 0
A e imemmmmmmmmmanaaa : 0 0
Rachilly hoirs:
P VU e 23. 9 28 7
B e mmmmmm— e m - 76.1 71. 3
Caryopsis:
o e e ———————— e = 106 83 4
N oo... e e e 0 16. 6

! For explanation of codes, sce table 1.

COMMENTS

The two-character combination analysis has broadened our knowl-
edge about the individual charscters. For example, the B-row
character occurs not only in many strains {rom all over the world, but
alsc in combination with all the characters from the other spike
categories. Conversely, the . irregulure head type, found only
among strains from Ethiopia, is an example of & reverse situation in
which some characters do nof oceur in combination with several of
the characters in this study.

The occurrence of the predominant and individual characters in
all possible two-character combinations; the presence of the different
two-character combinations in {rom very small to major proportions
of the strains; the failure of certain combinations o exist among the
6,200 strains—these findings point up the significooce of the [re-
guency of occurrence and geographic distvibution patterns for the
individual characters in determining the two-character combination
picture. The most predominant individual characters are exten-
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sively distributed among strains from many African and Asinn arcas
and some of the less pr epondm ant chnracters are concentrated among
strains from cerfnin specific regions.  The two-character combinations
that occur in large propor tions of the strains involve at least one
predominant character. ‘The less preponderant two-character com-
binnlions involve characters that occur in limited proportions of the
slrains,

The least preponderant of all the characters, & 5.8 awn-glume
ratio, does not oceur in 20 of 28 possible combinations. More (han
85 percent of the missing lwo-charagter combinations would not be
expected to ocenr in more than one straio.

To a considerable degree, the exient fo which a charncter oxists
in different fwo-character combinations may be a function of the
nuimber of strains in which it oceurs. The number of different siraing
bearing certain individual characters may be a funclion of the extent
to which these characters are concentrated in barleys from spectfic
world regions. The concentration of certain characters among sirains
{romm speuﬁc regions may be a function of such things as the evolu-
tiohary age of the characters, the impact of the characters on
the adnptl\'e gualitics of the plnnts in which they occur, the role of the
charncter in determining the productivity of the plant, or the suit-
ability of the characters for meeting the needs of man.

A different pieture 1s evident when only the breeding lines are

considered. Here the needs and desires of man bave been unporiant
in determining the composition of the genotypes. Iu certain instances,
characters that occur in only very limited proportions of the world’s
barley strains or that are concentrated among strains [rom given
world areas bave been incorporated into large proportions of Lhe lines
developed through bybridization.

Although numbers are of considersble significance in delermining
the two-character combination plopmuons “fregueney?” determi-
nations may not afford a Lrue insight into the relationships between
the characlers. For example, it is not cnough to determine only the
proporlion of the strains that are 2-row, white kernel types. T'o be
coriplete, the analysis must reveal how the characters are nssocinled
with one another; e.g., io delermine what proportion of the 2-row
strains are whike and, conversely, what proportion of the white kernel
Lypes are 2-rowed. From the “lrequency’ approach we learued that
a little less than one-filth of the collection strains have the 2-row,
white kernel combination. The "associntion’ approach revesled that
more Lhan three-fourths of all 2-vow types have white kernels, wherens
only a little wore than one-third of Lhe while kernel sirains are 2-
rowed. Diflerent evolutionary backgrounds for these characters are
suggested by the data that show that the 2-row charneter is somewhat
restricted in its areas ol geographic distribution, whereas the while
kernel character is not.

The forces governing the concentration ol ecertain chavaclers ia
some rather spe{lﬁc world areas undoubledly have had much to do
with the two-character combination pielure as it 1s evidenced by the
colleetion strains. TFor example, the concentrention of purple kernel
ang short hair rachilla types among the Ethiopian-derived strains is
undoubledly responsible for the large proportion of the /. dregulare
strains that have these charneters. The mockedly greater proporiion
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of smooth awn fypes from the Black Sea arca that sre 2-rowed, as
opposed to §-rowed, reflects the concentration of both the 2-row and
smooth awn characters in this part of Asia. This suggests an initial
evolutionary tie between the 2-vow and smooth awn characters. Of
these, the 2-row character occurs more [requentily in the collection
straing and its geographic distribution is more widespread. One might
speculate, therefore, that the smooth awn characler arose at some time
stbsequent to Lhe evelution of the 2-row charactler.

Many of the results of this study indicate a remarkable intermingling -
of the genetic factors governing the expression of the spike charneters.
Geographie barriers have been surmounted lor some of the cambina-
tions to have come into being. The deficiens-hosded combination is
i case in point. These two characlers scem. delinitely to be con-
centrated among strains [rom the Ethiopian and Central Asian regions,
respectively.  The collection records indicate that all but one strain
with this combination were developed through hybridization in North
Ameriea.

The Afvican-Asian strains, with all of the individual characiers,
allorded the greatest number of (wo-character combinations. A
considerable number of the combinations were lound only among
strains from this subdivision. Most ol these must bave evolved
through natural proecesses, with man exerting some selection pressure
and acling as an agent for migeation. The U.8. Breeding Iines con-
stitute the next most important source of two-chareeter combination
diversity. Many of these combinations were undoubtediy obtrined
in strains from other subdivisions, hut a number of them were effectad
through controlled bybridization invelving introduced strains. The
third most Important sowrce of diversity was Kurope. Here, too, new
combinations involving loreign derived germ plasim may have been
ereated through hybridization. Thus, we have a picture of substantial
evolulionary change ocewrring in a natural way 1 Alrican and Asian
barleys over the centuries and of additional nceelernted change through
controlled hybridization among strains acquired from diverse sources.

The diflerent rates and diveetions of evolutionary aclivity in barlevs
from different world arcas are indicaled by several exceptions among
the subdivisions to the two-character combination pattern for the
entire collection. For example, the combinations 1o strains from
Kurope reflect the preponderance of the 2-row character in (hat
subdivision. The comparatively large proportion of short hair
rachilla iypes among strains from the Americas and the isolated
occurrence of I, errequlore stralns among Elhiopian strains are the
foundntions for some two-character patterns that are unique.

The role of man in lostering evolulionary chango is mast cvident
i the U.S. Domestic Seclections and Breeding Lines. The very
presence of the crop in North America is evidence of man’s significant
role as an agent for the migration of plank germ plasm, Thirty-four
of the characters in this study are represented among the U.S. Domes-
tic Selections. These characters oceur in 302 of the 549 possible
two-charaeter combinations. IFrom these and other introduced strains,
364 two-character combinations have been incorporated into the U8,
Breeding Lines.

Possibly the best indication of the impact of modern plant breeders
on the world barley population is the story of the 6-row, smooth awn
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combigantion among the collection strains. The U.S. Breediug Lines
are made up of a much higher proportion of strains with this com-
bination than are those from any other subdivision. Approximately
85 percent ol the 7.8, Breeding Lines with smooth awas have a §-row
head type.

Although the smooth awn character is concentrated among 2-row
straing {rom the Black Sea area, i$ also occurs in a limited number
of G-row strains., One of these, the variety Lion from southern
Russin, was psed in the United States as the first parental lime to
incorporate the smooth awn characier mto adapted varieties. The
Lion gene for smooth awn has been the Dasis for the development of
nearly all of the smooth awn types in the United States,

FIVE-CHARACTER COMBINATIONS

RESULTS
Combinations Present

Clombinations involving individusl charnciers lrom spike categories
I to V are relerred to as five-character combinations, In all, 800
such combinations are possible. Only 169, or 28.2 percent, are
present, although the collection includes mere than 10 tumes the
minimum number of straing peeded o represent ench combination,

Proportions of Possible Combinations in Which Individual
Characters Occur

The proportions ol the possible five-character combinalions in
which Lbe individual characters ocour are given in table 36, Major
differences exist between tbe proportions jor the characters wilhin
the respective spike categories. Only the G-row and rough awn
characters ave present in more than hall of the combinatious in which
they might theoretically cceur.

TasLe 36.—Proportivn of possible §-character combinations in which
each of 87 characters in 7 spike calegories occur among 6,200 strains
in the World Collection of Barleys

.
H

Spike eategory and Percent Spike category and Pereent
character {code) ! character {code} !
Head Lype: ’ ' Awn condition:
O e 55. 8 ) PR 63. 3
e ammama—n————— 407 T T« 30. 0
| P 19. 2 B e e 18. 3
e 15. 0 L PR 6.7
| S H A A e 7.5
Kernel color: o Unryopsis:
W oo e 4. G0 O e 307
5 S 30.0 ! N e o 16, 7
(11 SO 25. 0§ Haehilla hadrs:
)Y 35,0 0 | P, U 37
Bl 21.0 | R Y
0

| S Cmmm—aea 140 4
!

1 For explanalion of codes, see lable 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 ocewr are given in table 37.12
o record of the proportions of the sirairs with each character that

This table also inclucdes

TasLe 37.—Propertion of all §-cheracier combinaiions among 6,200
strains in the World Collection of Barleys in which individual char-
acters oceur; proportion of these combinations thet constitule 8 percent
or more of the strains in which each characler oceurs; and proportion
of strains having each charceler thal occurs in these predominant

combinations

Spike category and char-

All conmbi-

Combinations that con-
stitute 8 pereent or
more of the strains

.
acfer (code)t Number nations
Combina- Straing
tions
Pereent Percent ' Ferrent

All S-character eombinations. 164 100, 0 b
IIcad type:

G . _.._... G7 30.6 4.5 42. 5

D e 50 28,6 40 G, 9

n._. e 23 13. 6 17. 4 67,9

I L. . 18 10. 7 11,1 40, &

U e 11 6.9 43, 5 73.0
Kernel color:

WL B . 44 26.0 9.1 78,0

B _____. ... ot 35 2007 &0 56G. 0

Bo___... .. | 30 7. 8 10,0 80. 5

DB___. ... Ceee 25 14, 8 8.0 7Y, 4

LB .ol Z1 12, 4 14, 3 78. 0

) ! 14 5.3 21, 4 2.3
Awn condition: {

R e e g2 48. b 3.0 43. 3

H_ ... o . 36 1.3 33 55,4

ol | 1 22 14,0 13. 6 Gl. 8

B . 20 11.8 15. 0 50, 8

A o 9 35 44, 4 78. 2
Caryopais:

e e 119 70. &+ 2.5 43. 6

N e 50 20. 6 4.0 51. 4
TRachilla hairs:

T e Ll 45 36, 2 53 67. 7

Sho___... e mmrm— 74 43,8 4.1 61, 5

! Tor explanation of codes, see table 1.

12 Five-charactor combinalions involving cach character that oceur in § pereent
or more of the strains baving thal character ure included in tulble XTI of the appen-

dix refecred to on p. 13,
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occur in five-characler combinations mvolving 8 percent ** or more
of the strains with that character. For meost of the characters a few
cormbinations represent large proportions of the strains, Neamly
hall of Lthe G-row strains occur in only 4.5 percent of the combinations
that involve this charncter. The proportions for most of the char-
acters run higher than this. More than 80 percent of the sirains
with blue kernels occur in only 10 percent of the combinations in
which this character occurs.

PrororTioNs OF COMBINATIONS V3. PROPORTIONS OF STRAINS.—
Data in table 38 corroborate the previous observation that {he
proportions of the combinations in which the individual characters
oceur are not necessavily of the same magnitude us the proportions
of the straips in which they oceur. The G-row head type is present
in 71.0 pereent of the strains. Tt is found in only 38.6 percent of
the combinations. On the other hand, the intermedium hend type
occurs in only 0.7 percent of the strains, but it oceurs in 10.7 percent
ol the combinations. The least preponderant characters oceur in
lavger proportions of all the combinations relative to the total numbor
of strams involved than do the predominant characters. The average
proportions of the strains that oceur in each five-character combi-
nation generally become Inrger as the proportions of the strains in
which the individual characters occur become smaller.

Example:

On the nversgy, cach of the fvo-character eombinations invelvin g white kernetl
color ceeurs in 77 strains. The white kernel charactor oocurs jo 3,413 sbrains.

There are about 11 strains, on the average, that have ecach of the combina-
tigns involving purple keroel color. 1t occurs in 154 strains,

The figure 77 comprises g lesser proportion of 3,413 than 11 dovs of 154.
The white kernel charaeter oceurs in more bhan 22 times as muny strains as
the purple charaeter. Iowever, white occurs in only slightly more than three
thines as many Gve-character comnbinntions as does purple.  If the proportions
of alt five-character combinations in which these charneters oeeur were of the
same order as the number of skrnins in which they oecur, the ratio for the
puober of Gve-churacter combinations would be 93 to 4 instead of 44 to 14

The relatively high proportions of the combinations in which the
intermedivm and booded characters occur are traceable to modern
breeding procedures for barley improvement. (See table 7.)

In all nstances, the proportions of combinations in which the pre-
dominant characters [rom each spike category oceur are less than the
proportions of strains in which they oceur.  The opposite situation
prevails for all other characters. The ratios for the spread befween
the proportions of strains vs, combinations generally become grealer
as the numbers of strains In which the characters occur become
smaller,

1? Base value arbitrarily establizhed after fnspeetion of the data.
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TapLe 38 —Proportion of all strains in the World Collection of
Barleys that bear each characler and proportion of all g-characier
combinations i which these charuc ers occur

Strains having
each gharacter
Spike category and character All strajns | that cecur in | &-character
{code) ! epch 5-clizracter {combinations
combination
(average}
Head type: Percent Percent Percent
B e cmmamame i ma—aa 750 1.5 35 5
D e i e 25.1 2.0 29. 6
Do e 2.0 4.3 13. &
Y e .2 g1 6.5
L0 U Ep RSP i 7 5§ 0.7
Kernet color: |
W o e 55. 1 23 26. G
B e ; 16. 5 3.3 17. 8
DB o= 12,1 40 14 8
b 7Y £ S 71 4 8 12. 4
B e 687 2.9 20.7
< i 2.5 7.1 8.8
Awn condition i
R e i 88.3 1.2 43, 5
)2 J U { 6.0 45 130
37~ PR ! 2.7 5.0 11. 8
b= S U . 2.8 2.8 213
. A e el i .4 11.1 5.3
aryopsis .
. 87.5 .8 70, 4
N o e ——m 125 2.0 28. 6
Rachilla heirs:
G 60. 9 11 56, 2
Sh i aeiaaa.. 39.1 1.4 43. 8
i

! For explanation of codes, see table 1.

Principal Combinations

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

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

Y Base value arbitrarily established after inspection of the data.
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the characters had been distributed at random within the scope of
the collection. Four of the five principal combinations that have
fewer entries thon expected differ from a comparable combination
among that group by only the rachilla hair characteristic. The
principal combinations involving the 6row character with fewer
strains than the calculated number have long rachills hairs. The
principal combination involving the 2-row type with fewer than the
colculated number of strains %}ns short rachilla hairs. The great
preponderance of long hair rachilla types among 2-row strains was
noted previously. DMore than hall of the strains with the §-W—R-C—
Sh combination were obtained from BEthiopia, Turkey, and Man-
churin—centers of concentration for -row, short hair rachilla strains.
Thirteen of the principal comibinations involve the 6-row charncter ;
only two involve 2-row. The same ratio occurs for rough vs. smooth
awns and covered vs. naked caryopsis.

TaBrLe 39.—Actual and computed number of sirains for each of 16
S-character combinations that occur in 1 percent or more of 6,200
strains tn the World Collection of Barleys

i Strains Beviation
S-character eombination ! from
computoed

Actual | Computed

Number Nuwmber Percent
5 397 <123,
I 795 + 14,
G—W-R-C-L._ _. e : 5 1,129 — 48,
6-B-R-C8h__... . _____ _ _ . _. B J02 24¢ 483,
6-DB-R-C-L. .. . ..__. .. _. ... ._. __- i +54.
6-B-R-C-T.___. ... ... el : 326 3 -4
G-W-R-N-L___ _ S et +36.
G-DB-R-C-58h_. . + 61,
G-L3-R-C-8h__..._____. . - : +8§.

- e .. : — 102,

—91,
-+ 26,
: -+ 98
. e L —32
H-W-Sm—-C-5h_ . . L { ! +38.
2-WeSBm-C-Tooo .. . L .. . i

O T IO D 00 D0 O e T LS T R O

! Tor explanation of charaeler codes, see table 1.

Combinations Not Present

Nearly three-fourths of the possible five-character combinutions do
uot ocour among the collection strains.

Data in table 40 indicate that 45 porcent of the five-churacier
combinations existing in the collection include three or niore pre-
dominant characters; 87 percent include two or more. The dais in
table 37 indicate that some of the less preponderant characters occur
in comparatively few combinations. These data 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.

TapLE 40.—Number of 5-character combinations and proportion of all
combinations involving from & to O predominant individual characters
among 6,200 strains in the World Collection of Barleys

5-character combinations

Predominant characters (number}
Proportion of
Number total combina-
tions {percent)

B o e e e m e ———— 1 0.6

o o o e e e e e immmmm——————— 14 B3

S g1 36. 1

e e e e e e iimm——————— 71 42,4

Y o o e mmummm—————————— 19 11. 2

0 o e o e e — e — e am 3 .8
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 {rom equal values.

Example:
Spike Calegories
I 11 IIr w v
Equal _____.__ 0. 20340, 166X 0. 2030, 503X 0. 50=0. 001686
Proportions of 10+ strains out of 6,200
strains having 25 percent de- I IT T 1v v
each character. viation (mjnus) 0, 153X0. 12 X0. 15X 0. 38¢0. 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 prevaill

The disparities in the frequency of occurrence and geographbic dis-
tribution of the individual characters are reflected in the five-character
combinations. Nearly 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 rclatively more evolutionary change than liave those
bearing their less preponderant counterparts. The occurrence of the
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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 idee. 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-C-L combination than might have been expected:
1e., although there are many strains with the 6-W combination,
neither of these characters is restricted to association with the other
oitg, efe.

In contrast to the deficicney of 6~W—R—C-L strains, there are more
than twice as many 2-W-R-C-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~C-L combination. Nearly 65 per-
cent are characterized by the W-R-C 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 kerncl color characters. These
findings suggest that the strains bearing the 2, DB, LB, and N charac-
ters may be the product of appreciably less change than those in
which the more predeminant characters occur.

The gencral limitation of the 2-row types to the W-R—C-T. combi-
netion suggests a possible explanation for the relatively high propor-
tions of the five-cbaracter combinations in which the less prependerant
characters ocour (table 27). The following data from tables 5 and 21

illustrate o hypothesis in this regard:

f-row (71.0 percent): Percent 2-row {251 pereent):
White White

100. 0

Assuming o random distribution of the collection strains in & field
planting, we find that about one-hall (0.710X0.710=0.504) of ran-
domly distributed natural 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-lwentieth might be 2-row X 2-row, mosé
of which would involve white X white. Tt is evident that o greater
change in the proportion of white vs. colored kernels would oceur
among 2-row than among 6-row types as a result of outcrossing. It
might be reasoned, therefore, that by virtue of strains bearing the
G-row character having undergone greater evolutionary change than
their 2-row counterparts, any change involving the 2-row strains is
more &pb to result in a new combination of characters than is a change
ameong the 6-row strains,

£48715—62 7




92 TECHNICAL BULLETEN 1276, U.S. DEPT. OF AGRICULTURE

SEVEN-CHARACTER COMBINATIONS
REsULTS

Combinations Present

Combinations involving individual characters from spike categories
I to VII are referred to as seven-character combinations, In ali,
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 maximum number of combinations for
the collection are present—=2.1 percent (885) of the possible number.

Proportions of Possible Combinations in Which Individual
Characters Qccur

The proportions of the possible seven-character combinations in
which the individual characters occur are cited in table 41. Noue of
the individual characters cccur in as many as ene-tenth »f 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,

TasLe 41.—Proportion of possible 7-character combinations in which
each of 87 characters in 7 spike calegories occur among 6,200 strains
an the World Collection of Barleys

Spike category and character | Pereent || Spike entegory and character | Percent
{code) ! {eode} !

Head type: Rachilla hairs:
3 2R G 7 P 2.3
b L9 L] + D L8
E 3 U 7 1 Awn-glume ratio:
P ¢ 5 4 R 7.2
U e i b 1 TR 3.2

Kerael color: % S 25
L 2 4G b SV 2.3
B 2.4 30 ... L7
B o s Ly b 3% 7
B ] SR 1.6 40 ... 5
LB. . L6 L 3 T, - . B8
P .8 5.0 L ]

Awn coadition: Awn-spike ratio:
R 7.5 R 4. 8
11 Bl 1 3.7
H_oo e .7 2 o 3.6
L J ] S 1.1
A s .1 2%, T L0

Caryopsis: b 5 TR .6
S 3.1 7 J U .2
N 1.0 4.0 .. L1

1 TFor explanation of codes, see tabic 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.% "This table also includes
a record of proportions of the strains with each character that occur
in the seven-character combinations invelving 2 percent !® or more
of the strains having that character. The predommant individual
characters occur in lmﬁe proportions of the combinations, but only
a small proportivn of the strains bearing these charvacters are marked
by any given combination. There are some distinct differences among
the seven-character combination patierns for the individual char acters,
For example, less than one-tenth of the 6-row strains occur in com-
binations that individually coriprise 2 percent or more of the strains
with that character, whereas nearly two-thirds of the 2-row sirains
ocecur in such combinations. All the awnless and high awn-glume and
awn-spike ratio strains oceur in combinations that involve 2 percent
or more of the straing having these characters.

PROPORTIONS OF COMEINATIONS VS, PROPORTIONS OF STRAINS.—
Datn in table 43 indicale that the previously noted relationship
between proportions of strains and proportions of combinations in
which individual charscters oceur llof)ds true for the awn-glume and
awn-spilte ratio characters. The average proportions ol the strains
having each character that oceur in cach combination are appreciably
lower iz the seven-character combination analysis than in the two-
and five-character combinations. The magnitudes of the propor-
tions of the existing seven-character combinations in which the

individual characters occur most closcly approximate those for the
proportions of the strains in which the individual characters occur,
In addition to the 6, W, R, C, and I charneters, previously mentioned
88 oceurring in a lesser proportion of the five-charncter combinations
than of the total number of strains, Lhe 2-row and 1.0 awn-spike
ratio characters occwr in lesser proportious of the seves-character
combinations than of the total number of strains.

i The seven-character combinations involving each character that oecur in
2 percent or more of the strains hayving that character are given in table NII
of the appendix referred to on p. 13.

¥ Base value arbitrarily established after inspeclion of the data.
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TaBLE 42.~—Proportion of all 7-charocter combinations among 6,200
strains in the World Collection of Barleys in which individual char-
aclers occur; proportion of these combinations that constitute 2 percent
or more of the straing in which each character occurs; and proportion of
srains having each character that occurs in these predominani
combinations

Combinations that con-
stitute 2 percent or more
Spike category and char- All combi- of the strains
acter (code) ! Number nations
Combina-~ Strains
tions
Percent Pereent Percent
L4152 SN (PPN RO
585 66. 1 0.5 .7
163 18. 4 4,3 65. 4
58 6.6 224 aB. 9
48 5.4 3L A 54, &
31 3.5 32 23 3
289 32.6 2.4 38.0
116 13. 1 840 38.8
174 9.7 5.7 40, 5
119 13. 4 10. 9 58. 5
123 13.7 83 39. 5
66 7.5 18. 2 45, 2
664 75.0 . B 19.0
08 11.1 12,2 49,1
55 6.2 16. 4 39. 4
2% 6.7 13.5 541
9 1.0 100. 0 160, 0
676 76, 4 .6 19, 4
N 209 23. 6 3.8 34 5
Rachilla hairs:
T 501 56. 6 .5 23. 6
384 43. 4 3.6 4, 4
344 39.2 2.0 342
123 13. 9 1L 5 51.3
133 17. 3 83 54. 8
11 12. 6 9.9 59. 6
83 Qb 9.6 5l. 4
33 4, ¢ 42, 8 70. 0
22 2.5 100. 0 100. 0
4 .3 100, 0 100, ¢
3 -3 100. 6 100. 0
0.5 58 L H 17. 2 64, 7
10 e 200 22, 6 55 56. 9
1.5 o .. 262 29. 6 3.8 38. 8
N ) 192 21,7 4,2 3.9
b 86 6.3 17. 8 a0. 1
b 1 1 SR 32 3.6 21.9 71.2
% TP 10 1.1 100, 0 0. 0
L 3 1 SR 3} .7 160. 0 100, 0

1 For explanation of codes, see table 1,
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TarLE 43.—Proportion of all strains in the World Collection of Barleys
that bear each character and proportion of all 7-character combinations
in which these characlers ocour

Strains having
each character
Bpike category and characier Al that occur in 7-character
{code) 1 strains | each 7-character |combinations
combination
{averag:)

Head type: Percent Percent Pereent
6
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Principal Combinations

Thirteen of the seven-character combinations oceur individually in
1 percent 7 or more of the strains. These will be referred to as the
principal seven-charaeter 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. The 6-B-R-C-L combination and the last seven of the
five-character combinations listed in table 38 do not occur among
the principal seven-character combinations. Eleven of the principsﬁ
seven-character combinations occur in a greater proportion of the
strains than might bave been expected had the characiers 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-1-1.0n-g-1.0a-s, occurs in more than 10 times as many
strains as might have been expected. The two combinations that
oceur in fewer strains than expected are comprised of the predominant
characters [rom each spike category, considering both the 1.0 and 1.5
awn-spike ratios as predominant characters. More than balf of the
2-row barleys in the collection are characterized by the combination
W-R-C-L~1.0a-g with & 1.0 or 1.5 awn-spike ratio. No compsrable
situation exists for any other character. Not as many as half of the
strains with any other character occur among all principal combina-
tions involving that character.

Tasue 44.—dActual and computed number of strains for each of 13
T-character combinations thal occur in 1 percent or more of 6,200
strains in the World Collection of Barleys

Strains Deviation

7-character combination ! from
computed

Actnal | Computed

Number Number Pereend
2-W-R-C-T-1.0-1.0.__.. .. ... - 2 A75 44 +979. 5
-W-R-C-1-10-1.5___.___ ... ... _._... ? 434 G2 +263. 0
W-R-C-Sh-2.0-3.8.____. .. ... .. . _._. 123 31 + 1412
B-W-R-C-8h-2.5-1.5_______ . __ .. - 2 34 4220 4
G—W-R-C-5h-25-10._._ ... .. . 104 24 4333 4
6-W-R-C~T~1.0-15.__._. . . v 70 261 —09. 7
GW-R-N-T-1.0-1.0_...__. . - 72 i 4] +176. 9
6-B-R-C-Sh-1.8-15______. .. o 71 3L 4392
G-W-R-C-1-10-10____ . _... ._._.. .. 9 183 —52 3
6—DB-R-C-1~10-15_....._..... . ... 60 a8 +19. 0
6~W-R-C-5h-2.0-2.0___. . o R 63 21 +200.
6-DB-R-C-Sh-1.0-15__.._. .. . 62 37 +67. G
G-W-R-C-8h-—20-10___..._... _...... .. G2 36 722

!

' For explanation of character codes, see table 1.
* 52 percent of oll 2-rows occur in these combinations,

17 BPase value arbitrarily selected after inspoection 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-charncter
combinations in the collection include five or more of the predominant
characters; 50.8 percent include four or more; and 81.0 percent
include three or more. The data in table 42 indiente that some of
the rare high awn-glume and awn-spike ratio characters might not
oceur 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-charncter combinations
are affiliated with the predominant characters. The average nuniber
of awn-glume-awn-spike ratio combinations per five-character
combination becomes less as fewer and fewer predominant charncters
ocear in the five-character combinations. Not only arc there fewer
five-character combinations in those Instances where the number of
precominent characters is low, but there are fewer awn-glume-
awn-spike ratio combinations per five-character combination,

TasLE 45.—Number of 7-character combinations and proporiion of all
combinations ineolving from 7 te 0 predominant individual ehuracters
among 6,200 straing +n the World Collection of Barleys

T-character combinations

Predominant characters (number}
Proportion of
Numher total combina-
Lions {perecnt)

[P . - - ] 01
0. . e e e | 83 2.8
S_o_. . .. . e o 267 19. 0
4. e . .. o 336 37,9
b S R, A . 163 30. 2
S N 25 9.4
1._..._ . . | I LD
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TABLE 46,—Number of T-character combinations involving from & to 0
predominant individual characters among 6,200 strains in the World
Collection of Barleys, and the average rumber of awn-glume—awn-spike
ratio combinations per S-character combination

7-character combinations

Predominant characters (number) Average number of
awn-glume-awn-spike

Number ratio combinations

per 5-character
combination
B e e o - 43 43. 0
SV 242 17. 3
e o ammmaaa 365 6.0
S E LU u 204 29
U 28 15
| TP 3 1.0
COMMENTS

The great increase in the number of possible seven-character combi-
nstions 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 & plant population.

Maeny of the atiributes that determine plant produciivity and
quality of product are quantitative in nature. The 1mplication 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 sccount—of the potential barley
genotypes have been acquired.

The comparatively large numbers of different awn-glume-awn-spike
ratio combinations associated with five-character combinattons in-
volving four or more predominant individual characters versus those
involving fewer predominant characters is further evidence that
strains bearing tﬁe predominant characters have uridergone more
evolutionary change than their less preponderant counterparts.

In addition to the tendency for 2-row strains to be limited to the
W-R-C-L-1.0a-g-1.0a-s{1.50—s makeup, the 6-row, short hair rachilla
combination stends out emount the principal seven-character 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 Manchuris—centers ol concentration
for the 6-row, short hair rachilla combination—undoubtedly account
for the large proportions of strains with this combination of characters.




MORPHOLOGIC CHARACTERS OF BARLEYS

TWO-, FIVE-, AND SEVEN-CHARACTER
COMBINATIONS

REsuLTS

Summary of Proportions of Possible Combinations

The proportions of the possible two-, five-, and seven-character
combinatiens among the collection strains are summarized in table 47,
The collection affords & fairly complete representation of the two-
character combinations that are possible among the 37 characters in
seven spike categories. 'The representation of the genotypic potential
is markedly less among the fivecharacter combinations and only a
very small proportion of the possible seven-character combinations
are present among the collection strains.

TasLE 47.—SvaMany: Possible number of 2-, 5-, and 7-character
combinations of 37 characters in 7 spike categories, and actuel number
present, among 8,200 strains in the World Collection of Barleys

Type of combination Possible Present

Number Number Pereent

2-character : 451 82, 1

5-character 169 28 2
1

T-character E 835 .

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 given in table 48, The individual char-
ncters nnd all possible two-character combinations nught be included
in o very few strains. Many more strains would be required to repre-
sent all possible five-character combinations. The collection includes
nearly 10 times 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 present. A very large
number of strains would be required to represent all the seven-
character combinations; the 6,200 colleclion strains represent approxi-
mately onc-seventh of this number, and they include only about one-
filtieth of the possible seven-character combinations.
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TaBLE 48 —Minimum number of strains of barley required lo embody
euch of 87 characters, and all possible 2-, 5-, and 7T-character combina-
tions, in each of 7 and in all spike categories

Strains
Spike category ’ -
Individual | 2-characier | 5-charaeter | 7-character
characters jcombinationslecombinationsjcombinations
Head type: Nuwmber Number Number Number
All characters. ______ 5 45 600 43, 200
Any pgiven character.. 1 g 12¢ 8, 640
Kernel color:
All characters______._ 6 54 600 43, 200
Any given character__ 1 G 100 7,200
Awn condition:
All characters_ . _____ 5 45 600 43, 200
Any given character__ 1 g 126 8, 640
Caryopsis:
All characfers_____._ 2 18 600 43, 208
Any given character__ 1 g 300 21, 800
Rachilla hairs:
All characters___..__ 2 18 600 43, 200
Any given character._ 1 9 300 21, 600
Awn-glume ratio:
All charaeters_______ G b2 43, 200
Any given character__ 1 b [, 4, R0Q
Awn-spike ratio: )
Afl characters_____.. 8 i 2 P 43, 200
Any given character.. i 0y L 4, 80Q
Bach character and all
possible combinations__. it} 1 72 600 43, 20G

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 individusl charscters occur among the
collection strains ave listed in table 49. Comparisons within prepor-
tions given for the individual charscters bear out the relationships
noted 1o table 47, On the busis of each of the characters, the differ-
ences between the proportions for the two-, five-, and seven-character
combinations arve somewhat greater for the less preponderan$ char-
acters within each spike category than {or the predominant ones,
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TapLe 49.—SumMmary: Proportion of the possible 2-, &-, and 7-
character combinations of tndividual characlers within 7 spike cate-
gories in which each of 87 characters occur i the World Collection of

Barieys
Combination
Spike category and character {code) 1
2-character|5-charaeter|7-character
Hexnd type: Percent Percent Percent
B o e mmamiaie- 100. 0 55. 8 6.7
B e e e e m————————————— a1, 9 41, 7 LG
Do el 7L9 19. 2 .7
T i 82 5 9.2 .6
7 719 15. 0 .4
Kernel color:
W e 100. 0 440 40
B o e a6. 8 30.0 2.4
DB e 93. 6 25,0 1.6
I 93. 8 350 1.6
Bk .o e B7.1 210 1.7
P e 47. 8 14. 0 . B
Awn condition:
. C AR e mmmmmma 160. 0 68. 3 7.6
B o e ————— 781 30, 0 1.t
B e e e 750 18. 3 G
)3 87. 5 6.7 .7
N 68. 8 7.5 1
Caryoupsis
G e e e e e — e ————— 100. ¢ 30.7 3.1
N o e 4. 3 15. 7 1.0
Rachilla bairs:
) 100. & 31.7 23
1+ U 3 247 1.3
0006 oo 7.2
100, 0 | ... _ 3.2
G20 oo 2.3
G209 |loccacncmam 2.3
80.3 | 1.7
67,9 |oceoeoo o .7
60 7 oo .8
36T T I . 08
28.0 fococeean .06
192 LN L 4 8
0300 Jooce e 3.7
100, 0 Jocooaoeo o 3.6
83 T Jooeoeeeo e L1
828 |- 1.0
82. 8 . B
51,7 .2
48. 3 .1

1 For explanation of codos, sec table L.

|
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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.—SUMMARY: Prc}f;ortion of the existing 2-, 5~, and 7-character
combinations vn which each of 37 characters in 7 spike eategories occur
among the 6,200 strains in the World Collection of Barleys

Combination
Spike category and character {code) ! )

2-characterjS~-character|7-character

Percent Percent Percent
25, 2 |
22.
18.
15.
18.

B wood

18
17.

g
1
7
1
3
3
L2
.2
. 6
. O 7
4
, 1
. 3
.4
. 8
.2
.8
.3
5

et
G

-~
(]

i For explanation of 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 perecent; kernel color characters, each
16.7 percent; caryopsis characters, each 50.0 percent;etec. The propor-
tions for the two-character eombinations most nearly npproximate this
condition; those for the seven-character combinations digress the most
from this theoretical situation.

The predominant individual characters from the respective spike
categories oceur in the greatest portion of the two-, five-, and seven-
charscter combinations involving characters in their respective spike
categories. They oceur in relatively grenter portions of the combina-
tions as the number of characters in the combinations becomes Iarger;
e.g., B-row ocours 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 characters the reverse of this pattern is in evidence. As
ndditional 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 characters. (See table 5.)

The greatest ranges between the proportions of the characters that
oceur in the largest and the least number of combinations within the
respective spike eategories occur in the seven-character combination
values. e
Relative Diversity of Spike Types Among Strains From

Some Major Sources

An aftempt 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 diversily
among the Ethjopian strains as compared with the uniformity of
those from Manchuria has been observed in field planting of the
collection. The Manchurian and Japanecse strains were ranked low
for all measures of diversity used. The 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 different individual charncters
than did those [rom four of the sources, but they evidenced the
greatest diversity from the standpoint of most of the measures applied
to the charneter combinations.




TaBLE 51.—Strains from 8 African-Asian sources in the World Collection of Barleys ranked accordingto relative diversity
of type (based on data for 37 characters in. 7 spike cdategories, and 2-, 6-, and 7-character combinations thereof)

Combination
S Individual 2-character 5-character 7-character All
source ranks;
characters - mean
Average Proportion Average Proportion Average Proportion
entries per of possible entries per of possible entries per of possible
combination | combinations| combination | combinations| combination | combinations
Num- Num- Per- Num- Per- Num- Per-
ber |Rank|. ber |Rank| cent |Rank| ber {[Rank| cent |Rank| ber |Rank| cent |Rank
Ethiopia.._ . .._..__._ 28 5 1. 4 51 46.2 1 7.8 2 7.8 1 1.9 1{ 0.45 1 2.3
Russiao oo ool lo 29 4 .9 21 39.5 4 6.0 1 6. 2 3 2.0 4 .26 4 3.1
China__.__.._.. - 30 1 .9 2.4 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| 4.0
Turkey- - 30 1 3.2 8] 444 2 18.3 7 7.3 2 5.8 7 32 2 4,2
Koreowio oo e 24 7 .8 1 20,7 7 14.9 4 1.5 7 1.9 1 .16 7 4.9
o Japan. oo ool . 28 5 1.2 44 39.1 5 15.8 6 2.8 6 2.8 5 .23 6 5.3
Manchuria._ ... __.___ 24 7 2.7 71 28.1 8| 48.2 8 1.5 7 81 8 12 8 7.6

HIOLTOOMEOY J0 ‘I4Ed ‘§'0 ‘9421 NIIATIAE TIVOINEHOAL  H0T
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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 potentisls 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 charaecters.

The occurrence 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 exaraple, in a greater proportion of the seven- than of the
five-character combinations. There are very few strains with head
types other than 8-row in the collection from the areas from which
strains with the lowest or highest awn-spike ratio types have been
obtained; e.g., the greatest portion of the strains with awn-spile
ratios of 2.6 or higher were obtained from North Africa, an area that
has yielded barleys that are almost exclusively §-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 then de those from, say, Turkey. On
the basis of this single criterion, which certainly is an important facet
of evolutiopary change, Turkish barleys might be thought to have
undergone more change than those from Ethiopis. When the charac-
fer combinations among the collection strains are taken Into azccount,
however, Ethiopian barleys seem to be more diverse than those from
the other sources considered.

Diversity resulting from the evolution of new characters, partic-
ularly those that are governed by single genetic [actors, 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-fertillzation. Even In a self-lertilized crop
such as barley, individual characters may achieve widespread distri-
bution within the world population more readily through cross-fertili-
zation than through mutation.

It may be that mutational change bas occurred ab a more rapid rate
or for & longer time among Kthiopian barleys chan among those {rom
other areas, but this is open to doubt since strains Irom some other
sources include s greater number of individual characters. The
results of this study suggest that much of the diversity among the
Ethiopian strains has been derived througl cross-fertilization. Fhe
environment ot the high elevations may in some manner result in
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structural or developmental peculiarities in barley flowers so that
sirborne 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, frequent occurrence along with widespread distribution would
imply agedness or adaptiveness of certain characters, or perbaps their
desirability to man. Moreover, the occurrence of these predominant
characters in all possible two-character combinations and in relatively
larpe 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 have occuired scross the far reaches of the
barley growing areas. The “centers of concentration” concept holds
great significance for plant exploration and improvement work.
Certain world areas may be the most fruitful source of certain
characters. This assumes a special importance when characters such
as disease and insect resistance are considered.

Many important plant traits, such as yielding ability and hardiness,
sre quantitative in naiure and are governed by the interaction of
several or many genes—combinsations 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
1s reflected by this study, is enlarged to include all of the plant char-
acters, only a tiny [raction of the genotypic potential may have been
realized,

Selections have been drawn from the whole of the world’s barley
germ plasm {or use in plant improvement work. The transition from
the broad basc of germ plasm to the tiny component constituted by
modern advanced breeding lines and improved varieties might be
visualized spatially as a pyramidlike configuration with irregular
angulation. This angulation, as it rises from the base of the pyramid,
depicts varying phases of advancement, leveling off, and retrogression,
bet oversll a discernible trend toward improvemoent. The blocks
that we might imagine neer the pinnacle of the cver-unfinished
pyramid embody the modern breeding lines and improved varieties.
They represent 2 very small component of the germ plasm base; a
component in which the constituent parts may have the greatest
number of traits in common.

Iach new requirement placed on the world’s germ plasm for meoting
the nceds of men and animals has served to shunt aside as unsuitable
another segment of the whole. The following data from the collec-
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tion illustrate this principle, each additional character being considered
s & new requirement to be met in developing or acquiring a superior

barley strain:
Num-
Composition of Strains

e mmmmmmmllll2 1828
VO O 1291
. 651
6-W-R~C-L~1.05-g R 200
6-W-R-C-L~1.0a-g-1.5a-5 79

To the nced for compatible parental germ plasm emhodying sur-
vivability and reproducibility have been added the requirements for
general adaptation to environment, More specific demands now
exist for such things as greater productivity of grain or foliage or [or
a superior quality of product. For given world areas, only very smadl
proportions of the world’s barley genotypes embody the character-
istics required for growing the erop efficiently in those areas. The
significance of this cannot be overemphasized, for man has enjoyed
only limited success in artificially inducing or synthesizing plant
characters that have not been found previously among Nature’s living
herbartum.  To an even lesser extent have ways been [ound to mateh
natural forces for stabilizing new characters in genetic backgrounds
affording vigorous well-adapted plants.

It is of interest to speculate about the origin of the basic adapted
Lypes that served as the foundation blocks for the U.S. small grain
industry, many of whose characteristics may still be observed in
current varieties. They came into being before the advent of con-
trolled hybridization as a tool in plant improvement work. Their
cvolution may have required a great period of time. It may have
involved the phenomona of mutation, cross-fertilization, and natural
selection, perhaps with the latter two forces being the more important.
To a considerable extent, they must have been developed within the
scope of the germ plasm that was endemic to their immediate areas.

It may be that new hasic adapted types will need to be evolved
before substantial gains in productivity can be added to those already
achieved through hybridization. The basis for this thought might
be Dbest explained by discussing one aspect of the hard red wintoer
wheat industry in the United States. This industry in the Great
Pleins “breadbasket” became possible with the infroduction of
winter-hardy FPurkey wheat from southern Russia. The hardiness of
this type of wheat 1s not known to be equaled by any other. For
this reasen, if scrves as a basic type among winter varieties grown in
arcas of rigorous winter climate in this country. Although numerous
advances have been made by selecting superior strains from within
the original heterogencous type and by imcorporaiing discase and
inseet resistance and other attributes into hybrid progenies, the
Turkey getmn plasm of necessity pervades all US. hard red winter
wheat varietics. It follows then that, in general, this germ plasm
may set the productivity ceiling for hard red winter wheals developed
by conventional breeding,

G46718—02——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 commereial
varietics have considerable application to other small grains, Crosses
betiveen standsrd varieties and advanced breeding lines unquestion-
ably represent an exceedingly narrow germ plasm base compsred
with that of the world grain population.

The potential for developing new hard red winter wheat vorieties
with the marked increases in productivity tha$ will be needed in the
future to feed an expanded population may be limited unless new
high-yielding basic hardy genotypes 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 datas suggest
that only = segment of the genotypic composition of world wheats
may have been present in the geographic locales in which the Turkey
type arose,

Germ plasm [rom sll over the world is available for inclusion in
today’s breeding nurseries; sirains besring 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 exist or are within the realm of possi-
bility for bringing to besr all these cvoluntionary forces in 2 sequence
of plant inprovement events much expedited and intensified over
that found in Nature,

The results of this study indicate that a great potential for new
combinations exists among strains in the Werld Collection of Barleys.
The approximation of the diversity of type noted asmong the US.
Breeding Lines to the eenturies-in-developing African and Asian
diversity indicates that the rate of evolutionary change through
recombination has been incressed 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 {rom such sources 8s Manchurin and Ethiopia.
The basic data for this study show that nearly 84 percent of the Man-
churian barleys have the combinations 8-W—R-C-Sh or 6-\W-R-C-L.
Only slightly more than 20 percent of the Ethiopinn strains have the
above combinations. Most of them occur in combinations that
involve less than 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 recembination following eross-fertilization. It is necessary
to postulate bundreds of suceessful mutations, many of them in types
in which one or more mutations already have become fixed, :n order
to rationalize the evolution of the many seven-character combinations
through this medium slone. 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 facters, [lollowed by cross-
fertilization would readily account for all of the combinations.
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As o matter of conjecture, it might be hypothesized that the original
cultivated barley plant was comprised of the predominant individual
characters from the seven spike categories. One would not speculate
that these characters entered into all the combinations with the other
characters through the mutational process. Cross-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 Collection of Barleys
for 37 morphologic characters in 7 spike categories were analyzed
in an attempt to (1) gain & 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 backeround for this crop.

Individual characters occur in as few as 3 {0.05 percent) and in
as many &s 5,475 {88.3 percent} of the strains.

Predominant characters in the spike categories are:

Y s § rows of kernels.

I’ ... White kernels,

) 31 U, Rough awns.

B Covered kernels.

VY ol Loug rachille haira,

VI o Glume-awn-equal-to-length-of-glume,

B Lemma-awns-extend-beyond-tip-of-spike-to-a-distance-

equal-to-1¥-times-the-length-of-the-spike.

They are widely distributed geographically. The less preponder-
ant characters are limited to more loenlized areas,

No consistent relationship is evident between the preponderance
of the characters and genctic dominance or recessiveness, although
most of the less preponderant characters are considered to be con-
trolled by dominant factors.

Distinct differences exist between barleys froin different world arens.
World ‘regions’ representing some different barley types are
postulated on the basis of “character distribution patterns” (propor-
tions of the strains having cach of the characters): e.g., Nerth Africa,
Ethiopia, Black Sea Area, Caucasus area, Near East. © . .

Alrican-Asian regions vielding 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 characters; c.g., 7. irregulare (Ethiopin)—
smooth awns (Black Sea area)—hooded (central Asin) . . . .

Yithin Africa and Asia, characters are nos derived from any onc or
two centers of evolutionary activity, but arc obtained from different
locales over the whole of the barley-growing ares.

The greatest number of the characters found among the Old World
barleys are also present among strains from the United States, into
which the crop was introduced. Certain characters concentrated in
limited world loeales and occurring in only a few introductions have
been incorporated inte many U.S. Breeding Lines.
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About 82 percent of the possible two-character combinations (the
joint cccurrence of individual characters from two spike categories)
are present in the collection,

Predominané characters occur in all possible two-character com-
binations. The principal combination in ench two-way conjunction of
spike categories is comprised of the predominant characters from those
categories.

The distribution of the eharacters in 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 exelusion 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
itmins from Africa and Asia, the next largest among U.S. Breeding

ines.

Most of the two-character combinations that are not present in the
collection involve the least preponderant characters. The frequency
of occurrence of these charncters is gencrally so limited that ‘most of
the missing combinations might not theoretically occur within this
collection.

About 28 percent of the possible five-character combinations (the
joint occurrence of individual characters {from categories I to V) are
present.

The predominant charncters oceur in the greatest proportions of the
fivecharacter combinations, although only the 6-row head type and
rough awn characters occur 1n 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 characters; 87 percent
include two or more. However, the combinstion involving all of the
predeminant characters occurs in only slightly more than one-hall 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, other combinations involving less preponglerant
characters occur in more than twice as many strains as would be
theorized.

TFor most of the characters a few five-characier combinations repre-
sent large proportions of the strains. However, only 16 of the 169
exiséing combinations occur individually in more than 1 percent of the
strains. Two-thirds of these occur in more strains than might have
been expected had the characters been distributed at random.

Only sbout 2 percent of the possible seven-character combinations
(the joint occurrence of individual characters from the seven spike
categorics, two of which involve quantitative characters) are present.

The predominant characters oceur in the largest proportions of the
seven-character combinations, but only small proportions of the struins
bearing these charncters are marked by any given combinations.
None of the individual ¢haracters oceur in a5 many as one-tenth of the
combinations in which they might possibly be manifested. Only
13 of the 885 existing combinations oceur individually in 1 percent
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; sbout 22 percent include five
or more,

The combination that involves sll of the predominant characters
oceurs 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 ss might be theorized.
Another combination involving 2-row occurs in more than 10 times
as many strains as might be theorized.

A minimurn 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 exceeds
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 reverse ol
this is true for most of the less preponderant characters.

Strains from Ethiopia manifest more diversity of type 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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