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A Study of Methods in Barley Breeding'
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INTRODUGCTION

An analysis of the yields of 5,842 plant selections made from the
progenies of 379 barley crosses is presented in this bulletin. The
crosses were all definite matings In a series planned with several
objectives in mind. The 28 parents were chosen not only because
they had given some indication of qualities that might be useful in
breeding superior barleys but also because they would afford & skeleton
survey of both the large coliection of barlevs in the Division of Cereal
Crops and Diseases and of the geographical sources of useful types.
In addition to the study of these major and several minor problems of
varieties, the metheds of conducting the experiment were designed to
gain information on fwo ways of ?mnciling hybrid progenies. The
procedure is most easily presented by narrating the origin of the ex-
periment and reciting the problems that arose.

The writers were confessedly feeling their way because of doubts
as to the best methods of procedure. The place of backcrossing in
barley breeding is slowly being defined. On the other hand, it was
felt, that the field of free segregation had not been adequately explored.
Many cominercial sorts had come from simple cresses followed by
selection, but this method also had obvious lirnitations. The writers
have made hundreds of erosses at various times over & period of vears,
but alwavs there was a lurking feeling that some other cross might
have been better. There was little known about the valus of varieties
as parents and there were t0o many to choose from. Not only were
our commercial sorts available for the experiment, but the Division
als¢ maintains a Jarge collection of introductions for breeding pur-
poses. This collection had not been widely used in the making of
hybrids, except as a source from which to satisfy specific needs such
as disease resistance or genetic characters, Many of these introdue-

I Surhimitted for publicntinn Mpy 15, 1938,
17422 "—i—1]




2 TECHNICAL BULLETIN 720, T, 5 DEPT. OF AGRICULTURE

tions are of unquestioned superiority in this or that Iittle mountaia
valley or oasis of Asia or Africa where they were collected. What
this superiority means to the hreeder can be determined only after
years of effort and for only a few varieties at a time, but here was an
opportunity to include nt least a sample of this collection.

Once made, the unusually large number of hybrids offered an
opportunity to study methods of handling. There were numerous
options, but it was finally decided to compare a system of pedigree
cultures with a composite where all the crosses were mived together
and grown in a field plot.

The combining of so many and so diverse objectives in a single
experiment naturally caused difficulty in the presentation of the
results. The evidence is so interwoven that references to widely
separated tables have been found necessary on most of the major
topics. While this is unfortunate from the viewpoint of presentation,
tlie agreement between the results, when approachied in so many ways,
Is gratifying.

Not all of the questinns raised have been answered, but on several
points the evidence is unusual'y convincing and there are no contra-
dictions to explain.

Evidence is presenied on a number of major and several minor
factors in barley breeding. The parents are evaluated as to their
own worth, and the significance of their behavior is correlated with
their geographical origin and with such facts as may indicate the
value of the collection.

An inherent inferiority of six-rowed X two-rowed crosses is pointed
out, and the vields of pedigree hybrids carried in bulk are correlated
with the yields of the selections from these hybrids. Data are also
presented on two ways of bandling hybrid populations, and a third
method is suggested.

It will be noted that these problems are the problems of the practical
breeder. The fundamentals of genetics and plant hreeding are the
same. but the plant breeder has problems that pertain to tus specific
objectives. The possibilities of experimental studies in piant breeding
have been overshadowed somewhat by the tremendous activity in
fundamental genetics, and it is hoped that a little information is here
added to the highly important. and certainly not overenphasized,
field of experimental plant breeding.

PLAN OF THE EXPERIMENT

MATERIAL AND METHODS

The parent material finally chosen for the experituent, consisted of
98 varieties of barley. It wus planned to make all the possible 378
combinations among these parents. As explained later, 379 crosses
were fnally inciuded. Once made, the hybrid progenies were grown
for a number of generations in bulk, maling nsc o1 titne to reduce the
number of heterozvgous types and of natural selection to eliminate
the poorer segregates.

There were three steps in the handling of the material that are of
major importance in the analyses presented later in this bulletin:
(1) The handling of the pedigree crosses, (2) the later classification of
the pedigree crosses into yield groups before sclections were made,
and (3) the growing of a composite bullk of all crosses.




METHODS IN BARLEY BRUEDING
Pepicrse CRrOSSES

Each of the 379 crosses was grown at Aberdeen, Idsho, for 7 geners-
tions in single 10-foot nursery rows by the bulk method. No plaut
selections were made until the eighth generation, but the crosses were
pedigreed in the sense that their identities were maintained and records
were kept, both of identity and yield. Annually, at harvest time, the
entire progeny of each cross was threshed in a nursery thresher.
A sample was saved from this seed to continue the cross the following

€ar.
¥ YieLe Grouves

As a basis for determining the number of plant selections to be
made from each cross, the 378 crosses were divided into 5 yleld groups
on the basis of their preselection yields. During the years in which
these crosses had been carried individuslly in bulk without selection
some of them had been found to yield much more than others. The
only plausible explanation is that the biotypes which constitute the
population of the high-yielding combinations are better. High-
vielding crosses, therefore, should be better material from which to
make selections. Acting on this thought 15 selections were made
from the highest-yielding group of crosses. Ten selections were made
from the cresses that fell in the next lower group, and 8, 6, and 5
selections respectively were made from those in the 3 low-yielding
groups.

COMPOSITE

¥rom each of the 379 ¥; nursery rows an equal guantity of seed was
taken and mixed to {form & composite lot. This seed was grown in a
field plot at Aberdeen and carried in bulk through 1934; that is, from
ench crop encugh seed was saved as 1t came from the thresher to plant
8 ho-acre plot the following year.

Praxt SgLECTIONS

No plant selections were made until the eighth generation, grown in
1935. In the eighth generation an acre of zround was space-planted.
One-half of the plot was devoted to the 379 pedigree crosses. the
identitles of which were still maintained in the space-planted area.
On the other half of the plot, seed from the 1934 field-plot mixture
here designated as “composite’ was space-planted. At harvesttime
the plants from hoth the beds of pedigree crosses and from the half
acre of space-planted composite were pulled singly and examined, and
the hest ones were saved. Asstated under the heading of Yield Groups,
the number selected fromn any speecifie cross was deterinined by the
vield of the cross in preceding generations. From the composite a
number of sele auns were saved equal to the total pumber saved
from all of the pedigree crosses.

TEesTING 0F SELECTIONS

In the planting scheme ci 1936 the 5,842 selections were grown in
comparative wield tests. [f 10 selections were planted {rom cross
@ X b they were followed by i0 frown the composite. Thus, alternat-
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ing throughout the planting, there was a total of 2,821 rows from

pedigres crosses intermingled with 2,921 rows from the composite lot.

Trebi was planted as a check once in every 20 rows. By using beds

containing a multiple of 20 rows and placing the first check in row 5,

El?l checks on any one bed fell haliway between those on the adjacent
eds. :

At harvesttime each row was harvested separately, and the grain was
fiailed outin a cloth bag. This system, although laborious, prevented
both loss and mixtures. The dis-
posal of each row was determined
by both yield and quality. Its
vield was compared with that of the
nearby checks and with the adja-
cent rows. Some rows with satis-
factory vields were discarded be-
cause of obviously poor quality.
Others of only fair yield were re-
talned because of superior quality.
On the whole, however, there was
2 high positive correlation between
vield and quality.

B PLaNTING SCHEME

Ficure 1—Nuwmbering system for a When the 370 crosses were first
complete series of crosses allowing planted, the writers were carrying

each cross to be planted between its ; -
parents with the least possible num- o0y other experiments and econ

. omy of land and labor was impor-
ber of rows. tnnyt. They therefore desir elzl a
planting scheme that would place each hybrid between its parents with
the least possible pumber of rows. It may be apparent to others,
but the writers struggled mightily before it became apparent to them,
that with an odd number of varieties a triangle could be used to
arrange the planting list in such a way that only one more parent row
is required tban there are hybrids in order to place each hybrid be-
tween its parent rows. The method of numbering fhe rows is illus-
trated in figure 1, which is uot a diagram of the pianting, but solely
an eid in determining a suitable sequence of row numbers. The dia-
gram is used only as a convenience 1n obtaining the row numbers, the
order of which is determined by using the last parent named in each
combination as a parent in the eross to be planted next, as follows:
Parent or hybrid: - Parent (:E hybrid: Row Nu.
T S A -

B e e mr e mm -

=1 =N E N LS Bl
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The results are not so perfect with 28 parents, particularly when an
error or two was involved in carrying out the pattern. However, very
few extra rows of parents were required.

The planting list thus obtained not only served :its original purpose,
but, since the same order of planting was continued throughout the
experiment, it had a direct bearing on the validity of the results
obtained. It isimpossible to find sufficient uniform soil to grow 6,000
rows of grain in a single block. The field used in this experiment is
probably one of the best testing fislds in the United States, but some
parts were better than others. The planting scheme, through pure
accident, resulted in a random distribution that was highly effective.
With regard to any one character or the progeny of any one parent,
the rows concerned were distributed over the whole area in a most
satisfactory manner.

Sufficient space is not available to present a diagram of the actual
planting., As a sample of the distribution, segregates of which Multan
was one parenf are found in the following rows: 1-9, 502-508, 515—
322, 1197-1204, 12141323, 14941509, 1526-1531, 1616-1626, 1637—
1647, 2418-2422, 2429-2436, 26242630, 26372642, 2892-2899, 2009
2013, 33493354, 33613360, 40484051, 40584066, 42834288, 1294
4299, 48714876, 48834880, 49684975, 49844092, 5875-5882, and
5892-58099.

Each group of rows includes all the selections from 1 of the 27
Multan crosses. For instance, rows 502 to 508 consist of selections
from Multan X Meloy.

VarieTies UsSeEp 45 PareNTs

The 28 parents were chosen by a method which in itself was a com-
promise between probability and frustration. Europe, Asia, and
Africa were divided roughly into regions that offered conspicuous
differences of environment. As stated previously, the objeet was to
find new factors of superiority if possible and tw combine them if
found. It was apparent that the greater the number of parents the
larger would be the number of opportunities for fortunate combina-
tions, and the grenter the diversity of origin the better would be the
sampling of available barleys. Perhaps even more important, if the
varieties were well selected the experiment might throw & little light
on the usefulness of the extensive enllection of barleys in the possession
of this Division. This sample for obvious reasous was a pitifully
small portion of the whole. The choice of parents was of vital im-
portance, but the bases for choosing were vague. There are no barleys
native to the United States. Since thev are self-fertilized, the vari-
eties now grown in the United States, with the exception of the Amer-
ican hybrids, are still as representative of the sections from which they
came as are the more recent introductions. On the basis that varieties
now grown on farms had something that made them superior under
American conditions, 11 important commercisl varieties and 4 minor
ones were chosen as parents. These, in order of listing in table 1,
were Orel, Trebi, Flynn, Wisconsin Winter, White Smyrna, Horn,
Manchoria, Glabron, Hannchen, Lion, Oderbrucker, Club Mariout,
Alpha, Atlas, and Meloy.
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TasLel.—Descriptionof thevarielies used as parentsandthe place of their probable origin

oL Grai N Rough | Covered Fak;::hib
Fuvindt LI . rain Awns or or g hairs ;
Variety No. [FOwS | oter or | smoeoth { neked |Congor Origln
hoods awns caryopsis| short)
Num-
ber
3] Coveredt | Long | Indis.
f e [ldo.. Do.
2 .o, L {o__do__| Soviet Union
& . orou dfo. o] Short (| Armenia.
7 i e bondes (Laode. o] Bybrid (Scotland).
6 due. .. odo |..do. .ol du ... da__| Northwest Africs.
6| White_._..|...do _} Bmoath_|___do__. .. Long..} Exybrid {Lion X
Clob Mariout).
3 wt?iite and |__.do__} Rough_ |__.do...._ _| Brlians.
8.
21 White ..._|._.do. .| Semi- |._ do.___ Smyroa.
Smooki.
Beora. .. .._________ 2 |._.da, .. . P Rough..|.__do._. .. Northerp Europs.
Everest___._. . 6 Blue_____}. _-do o | Naked..|...do .! Mount Everest,
Mugehuris_ __ 6. ..do. ... ...do ;... do.. | Covered | __ Manehuria.
Glsbren, ... 6 Whiteand |._.do..! Smooth _|._.do.. .| | Hybrid {Lion X
blie. Manchuris) X
Alanchuria.
21 White_____ _..do__| Reugh_, -t Northern Earope.
¢ | Black____. .--da. .| Smanth i Soviet Unign.
6 | White. ... ...do _, Reough. -} Northern Europe.
6| ..do_._..{ _.do .[._do.. Egvpt.
6 Blue. .....f...do_ ). do.. . Do,
2| White... |...do..| ..de_....|... Hybrid {Manchy-
rig » Champion
of Vermont).
Atlas ool __ 4118 & 'I‘ri;:!ce of i._do._j._.do___. .| Northwest Africo,
; e,
Hpn River ... 26 § cefo--de L Chins.
Sandrel ... _ N ] Worthwest Sfrien.
Mnison Carré_ | 3387 i & De.
Polmelin Blue _ 3609 ! k4 Palestine.
Alperian _ . 179 ; 6. | Northwest Alvien.
Good Delta. 3801 - 6 Egypt.
Minia. . .. 3556 8. 1 Do,
Meloy .. ooooaas I R G ... Bybrid (probahiy
i : i Heoded X Const),

t T L refers to pvision of Ceresd Crops and Diserses, formerly Office gf Cerenf lovestigations.

There were thus 13 varieties to be selected from the collection, i. e.,
13 to be chosen from thousands of potential parents, any one of which
might reveal a hidden fressure. The best that could be done was to
round out the hist with as wide a geographical distribution as possible,
using the commercial sorts already selected as & framework. A
limited amount of information was available on the general collection
so that relatively promising sorts could be utilized. Multan and
Lyallpur were chosen from India, for instance, because they had
produced good yiclds in nursery trials in the Southwest. Three
strains from Egypt—>Minia, Good Delta, and California Mariout—
were taken in addition to Club Mariout, already included because of
its commerciel standing in the United States. One of these new
sorts came from the basins around Minia, snother frori the Delta,
and a third from the dry hills of Mariout. This last is here called
California Mariout because of its similarity to the commercial variety
of that name. Each of the Egyptian barleys had shown some promise
in nursery trials. Arequipa, Sandrel, Maison Carré, end Algerian
probably originated in what are now the French provinces of north-
west Africa. Everest was found high on the slopes of Mount Everest
snd had snown little of value besides resistance to summer frosts
when grown in the Upited States. Hap River, from the valley of
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that name in China, appeared fo be by far the best of the varieties
from Ching. proper. 1t may even have been distributed for farm
trial at one time. The description and geographical distribution of
the varieties in the completed st are shown in tables 1 and 2.

TABLE 2.—Average yield of 2,021 selections grouped cecording lo the geographical
origin mf ;mrerat variciies

|

I b Averase
Origin i Varieties | Selections vied Variaties

1 of selections

i

Number | Number {ricmis
Northerest Africa 51 LI 480.8 | Algerinp, Areguips, Atlas, Muilson
Carré, Bandrel.
488, 2 | Trebi.
487, 3 | Californis Mariout, Club Meriout,
Good Delts, Minia.
459.8 { Han River,
458.4 | Lyallpur, Muhan,
457.9 1 Qra, Lien.
4545 ' Wisconsin Winter,
445.4 . Palmells Blue, White Smyrna.
494.7 | Everest.
Alpha, Flyon, Glabron, Golden
Pheasant, Aeloy.
37,7 | Henpchen, Horn, Menchuria.
Oderbrucker.

Arinenin
BEYpt .. -

Chins.. __
Indin

-

East Mediterranean
Mount Everest.....
Hybrids

e I e B bk 1 1 e

North Eurasia

The origins of the 28 varieties are not all & matter of record and,
in one or two instances, might be open to guestion. The source of
Sandrel is speculative and based solely on similarities to varieties
still growing in north Africa. Actually the plant was isolated from a
two-rowed Moravian barley secured from a European seedsman. The

variety produces its best yield in the United States on the eastern
range of the north-African types and therefore is not quite typical
of that group. On the other hand, it is obviously not from northern
Europe and is at least Mediterranean in origin. In a case like Atlas
the historical inference supports the logical classification. Actually
Atlas is a fleld selection made in Califormia. The California barlevs
came into Mexieo with the Spaniards, and the vnrecorded migrations
lend logically to north Africa. Most of the varieties, however, trace
definitely to their places of origin and are typical of the sorts found In
the fields of the respective regions, Six of these varieties were picked
up by the senior author at the place oi origin. Four of these were
plant selections made in ripe fields of standing grain,

From the description of the varieties found in table 1 it will be seen
that there are 21 six-rowed and 7 two-rowed barlevs. Twenty-two
varieties were characterized by rough awns, 3 were smooth, and 2
were semismooth, that is, smooth for the basal one-third of the awn,
Meloy was the only hooded variety, and Everest the only naked one.
There were about as many white barleys as blue ones. It will be
noted that 2 varieties, Glabron and Wisconsin Winter, contained both
blue and white kernels. Glabron, so far as known, is quite uniform
except for color. The Wisconsin Winter used was probably mixed
with another pure line of the same variety. The odd number of 379
erosses is partly due to this mixture. It had been planned to make
all the possible combinations among the 28 parents, but the actual
number of erosses ineluded was not 378 as planned. One combina-
tion, Arequipa X Good Delta, was not a suecess, so this combination
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is missing. Tt was found, too late, that the supposedly pure line of
Wisconsin Winter first used actually was mixed with a second winter
strain. When this was discovered, the correct type was isolated and
most of the crosses involving Wisconsin Winter were romade. By
chance Wisconsin Winter X Horn and Wisconsin Winter X White
Smyrna were included twice, the wintexr strain differing slightly in the
two matings. This gave a net number of 379 crosses, 208 of which
were six-rowed X six-rowed; 149, six-rowed X two-rowed: and 21,
two-rowed X two-rowed.

EVALUATION OF THE PARENTS USED

The value of a variety as a parent can be appraised by two distinet
series of ohservations: (1) The average yields of the pedigree
crosses before selections were made and (2) the yields obtained in
1936 from the selections themselves,

The yield of the pedigree crosses before making selections is here
best indicated by the number of selections made, as the number of
selections made from any one cross was determined by the average
yields obtained from that cross in the years the unselected progeny
was tested. Since each one of the 28 varieties was used in 27 crosses,
the total number of selections indicates the vields of 27 crosses over a
series of yesrs. The best parents, as judged by these data, are, of
course, those with the greatest number of selections. shown in table 3.
Parents from the progenies of which more than 210 selections were
made were Atlas, Arequipa. Club Mariout, Minia, Flynn, Trebi,
Maison Carré, Sandrel, Good Delta, Algerian, and Han River.

TasLe 3~Performance of progenics of varietios in 1936, showing nwmber and
average yield of selections, number saved, percentuge saved, nhinber of crosses with
no superior segregales, and nwmber of superior and outstanding selections

L Average Crosses {Oustand-
Fari fxicld qall Selections oL L with ne  Superigr | UMD
Variety seiee. imnde Seleeltons saved superior selevtions ms'zvsel?c-
- tiansy selectians inos
Grams  Nwwmber  Newmber  ferceni Number  Numter  Number
Atlas . . ..o . ... a4 200 kT . a ™ 34
Areguipa oo Em 33 o 12,1 ¢ a5 %}
Club MMarl 405, 9 230 il 43.9 ] il I8
Minls __ 4980 9 i34 48, & 3 n 3
Flynn. 02,6 847 Fn .8 ] 3 15
Trehi. | HBR.2 264 in3 | a9 a0 EH
Malsan Camé, L. fh7. 2 T3t a7 W L] 4% i0]
Smpdref. _______. . . Lot 304 o3 1O .2 ij b 0
Gand Delta . . veaee oy ERL o R2 i 0] 41 15
Caolifernin Marieur . T ) 200 2 n 1 kn 12
Alperire ... I iRk Y 32 ) 3LA 10 40 I
Orel .. Mem i tmiaes i 1347 52 P 7.2 14 £ b
Han River_. | £530%.0 an a7 5.3 11 T4 h
Lyalipur_. . EETN ivh kT 2.4 It bl T
Fdom..__._...... P . 456 6 a 2 af 0 16 14 4
Palmelia Doe . .. [ 57 ] 4.z % i 1
Wisconsin Winter... .. | } 454 K 180 5 . i 14 4
Mooy e L H 45 ¥ 15) alh 326 i i |
Muiten .. et N 454 6 X2 55 v 13 24 Y
Manchuris U HE &M 55 o i5 21
Everesbooan.. PR A4l ¥ 173 o 15,4 i i 4
Hannchen. ... [ 441.0 188 36 if.1 iy i~ £
White Smyrns, . - 438,38 - j121] 38 B a i6 2i 2
Alpba.. .. ._ w———— 43,7 - i ar i34 i1 13 4
Harn., ... 3006 . 185 i i o 1% ] 7
Oderbrucker. ... . 4374 ' 150 k1l 228 % ] 5
Golden Pheasant - 0.8 . 84 35 8.4, =5 2 i
Glabron.. __......... ......... 380.6 | 185 52 5.3 o6 in 3
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Selections were made from the 379 crosses in 1935 and tested in
1936. The average yields of all selections tracing to the various par-
ents (table 3) are in surprising agreement with the vields of the un-
selected rows as indicated by the numbers of selections from them.
The varieties producing the higher-yielding segregates are identical
with those named above, except that California Mariout replaces
Han River. Undoubtedly these 12 varieties were outstanding as par-
ents at Aberdeen.

Before discussing the individual merit of the varieties, it may be
best to consider their adaptation. Some of the features are more
easily understood when the parents are grouped according to their
geographical origin. When the varieties were chosen, it was thought
that each might contribute something of value at Aberdeen even
though they themselves were not adapted to Idaho conditions. There
was a hope of combining two intangible sorts of superiority that might
rest on different unknown factors.  The results are inconclusive. Oec-
casional matings revealed promise in some ill-adapted varieties, but
more often such parents, even those with good records elsewhere,
were disappointing. A geographical arrangement, however. does re-
ve{ll some definite relationship, even though it fails to explain the re-
sults.

Actual data are presented in table 2, and the same data are shown
graphically in figure 2. Barleys from north Africa, Armenin, and
Egypt are about equal as parents. There is & conspicuous interval
between the vields of the segregates of these crosses and those from
other regions. The drop from the average of the Egyptian parents
to that of Han River, from China, the next best, is more than hsalf
(28.3 gm.) of the entire range of avernges (52.1 gm.) from the best
to the poorest parent.

If the geographical distribution is regarded as representing three
belts, the result is curious. An inapection of table 2 shows that
northwestern Africa and Egypt provided 9 varicties. A middle belt,
comprising the Balkans, eastern Mediterranean countries, Armenia,
the southern Soviet Ulnion, India, Mount Everest. and Chins, is repre-
sented by 10 varieties. From northern Europe and Manchuria, 4
vurieties are included, and there are 5 hybrids. mostly of north Euro-
pean and Manchurian parentage. When ranked by performance of
their progeny, the @ varieties from north Africa and Egypt are all
among the hest 11 (table 3) of the 28 varieties. One of the 11 is
Flynn, which traces to Egypt through one parent. In other words,
these African varieties have characters highly desirable at Aberdeen,
despite the fact that not one of them is now in commereial cultivation
in southern Idaho and none is considered sufficiently promising to be
in the present field-plot tests.

The really unique barlex. however, is Trebi. It comes from Ar-
menia, where the environment is guite different from that of the
African bsrleys. In its commercinl acreage in the United States it
overlaps only on its western and southern mutrgins the area where
African types are grown. It does not do well in California, the center
of culture of the African types. Yet Trebi, as well as the African types,
has qualities that cause it to yield well at Aberdeen and, furthermore,
it transmits these qualities fo its progeny. Tt is possible that here
characteristics not found in the north-Afriean types are being utilized

1782017 - 40~ —2
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to obtain high yields in the same region where characteristics of the
north-African barleys result in high yield. The same thing is partly
true of Han River in the middle belt. Orel and Lyallpur, also of this
group, were barely included in the better half of the parents. Out of
the middle belt there are, thus, four varieties, Trebi, Han River, Orel,
and Lyallpur, of better than average merit. From northern Europe
and Meanchuria, and from those hybrids one pearent of which was
northern, there was no variety of superior merit on vhe average.

D AVERAGE YIELD IN GRAMS OF ALL SELECTIONS
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VARIETY AND NUMBER OF SELECTIONS

Frgure 2.—Average vield of all selections, and number and percentage of superior
selcctions from eight superior parents and from one inferior parent.

Fiynn, a barley of hybrid origin that was better than average, sraces
to Africa and the southern Soviet Union.

In all analyses of the data there are definite indieations thatthe
average vields of the segregates are a direct index of the value of the
parents. In fact, s high average yleld of segregates could only be
obtained where the individusl strains are good. It is always possible,
however, that some particular mating may vesult in an unusually
effective combination and that some otherwise ordinary varieties as
parents may be responsible for occasional segregates of outstanding
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merit. Time alone can definitely determine this point. The other
analyses presented depend on numbers for their validity. The indi-
vidutl errors are submerged in the averages. Sufficient information is
not available to properly evaluate any single selection. The hest
information at hand is presented in figure 2. It will be noted that
Atlas, Club Mariout, Minia, Trebi, and Sandrel produced an unusually
high percentage of superior selections. As their average was about
thie same as that of several other varieties, they muss nlso have been
responsible for a greater number of inferior selections than Arequipa,
Flynn, and Maison Carré. Arequipa is an interesting parent.” The
vields of segregates from crosses in which it was a parent differed less
than for most of the varieties used. The average yield wes high, yet
the number of outstending selections was not exeeptional.

To avoid eonfusion, data from table 3 for only a few of the 28 vari-
eties were used in figure 2. The position of Glabron indicates roughly
the point where the wvarious eurves would terminate if all varieties
were included. Occasional selections, even from the poorer parents,
rank high among the otrtstanding ones. For instance, 2 phenomenall
high-yielding strains were isolated from Everest progenies. The hull
of Everest segregates, however, is so poor that most of them have
been discarded, regardless of yield, as being obviously unsatisfactory
to the barley trade.

If the varieties are listed in still another way, a little light is thrown
on the possibilities in the collection. In table 4 the varieties are
arranged sccording to their previous records. Sixteen varteties had
shown se much promise in piot tests that they had been distributed
to farmers and are grown commercially. Seven others had shown
suflicient promise in nursery trials to be grown in field plots. Five
varieties were included that had never been tested in field plots but
that were good representatives from their region of origin, as gaged
by nursery yields at some place in the United States. The basis on
which the parents are raniced in this table has been broadened to
include the number of selections made, which is based on the vields
of the crosses previous to 19335, the percentage nf crosses saved, and
the number of outstanding selections, as well as the average vield of all
selections. This affords a better appraisal of the parents, but it does
not change the order much. On these bases thé same 12 purents nre
still the better ones. These 12 are so distributed in table 4 that 5 are
found wmong the commercial sorts, 3 have been tested in plots. and
2, Minia and Good Delta, have been grown only in nursery trials. Re-
cdluced to percentage of good varieties in each class, there are 31, 71, and
40 percent, respectively. Percentages based on small numbers may
mean little, but whether the error was small or large, the fact remains
that good parents were found in all three classes. T'wo conclusions
couid be drawn from this: (1) It is obvious that the collection may
contain better parents than any that have been used; (2) from a differ-
ent viewpoint it would appear that the varieties in general culture
have been well chosen, that most of their genetic factors are specificaily
adupted to areas where they are now grown, and that ususlly they are
not good parents when used elsewhere. The varieties from the plot
test that almost made good averaged a higher percentuge of good
parents than did commercial varieties not locally adapted.
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TanLe 4.—Varielies arranged according fo lheir previous place in American agri-
culture, with their average rank as measured by number of selections made, per-
ceniege of seleciions saved, number of oulslanding selections, and average yield of
all seleclions

Average rank of variety previnusly grown jn—

Nursery, plof test, and commereinlly| Nursery angd ploi test i Wursery only
|

(1} Atlas. (5) Areaui{:a. (2} Minis.

{3) Trebi. (8) Sandrel. {10} Good Delta.

{4} Club Mariout. (8} Malson Carrs, 521] Palmeilla Blua,

{7y Flynn. (9) Algerian. 27) Everest.

{12} California Marlout. ! {11} Han River. {78} Qolden Phesasant,

(14) Licn. {13} Multan.

{15} Manchuria. (18) Lyallpor.

(18) Wisconsin Wioter,

(17} Orel.

(10) Meloy.

(20) Horn, |

{22} Hanochen, . .

(23} Oderbrucker. : :

(24} Alphs. !

(25) Qlahron i

(20) White Smyrza. i i'

1 Included becanse of 1ts similarity to the cotnmersial variety of the sate mne,

Quality is, of course, important to the breeder and should have a2
place in evaluating the parents. Infertor quality is diseussed in a
number of places in this bulletin. High quality was obtained in
many crosses and from many parents. Segregates of Atlas and
Mimsa were perhaps of more uniformly good quality than any others.
Many segregates of these crosses produced strikingly beautiful grain.
Minia, inctaentally, would never have been included had it not been
for the deliberate eflort to find new characters by & geographical
survey for possible parents, '

Some of the interesting features, however, had to do with neither
yield nor quality. In such alarge group of hybrids, it is to be expected
that abnormal forms would appear. However, the number of these
was much greater than might have been expected. Most of the in-
dividual plants on the acre of land space-planted in 1935 for the
purpese of making selections were very good. There was, however,
a sort of undergrowth of shortened unusual types that was visible
throughout the field. This undergrowth was more conspicuous in
the composite lot, but in that lot the parentage was unknown. From
the characters involved and from observations on the 379 hybrid
populations kept separate, it was evident that Lyallpur entered into
the parentage of many of the freaks. Kverest and Multan also made
sizable conftributions.

A number of wholly new types were found. Another was isolated
in which there was an extreme type of dwarfing. The most interest-
ing form came from a cross of Meloy on Palmella Blue. Meloy is
a six-rowed hooded barley, and the other parent is a two-rowed
awned sort. Omne of the segregates from this cross was two-rowed
with hoods on the end of the lemmas where they would be naturally
expected, but the lemmas of many of the kernels also produced two
awnlike projections lateral to the hood. When the selection was
zrown at Sacaton in the winter of 1936-37, these projections usually
bore hoods. So far as known, this structure is new to barley.
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SIX-ROWED X TWO-ROWED CROSSES

There 1s one discrepancy in the evaluation of the parents that is
expleined by a further examination of the results. The two-rowed
parents did not produce segregates of high average vields. Yet many
of the two-rowed varieties were very high yielding sorts at Aberdeern.
. White Smyrna, Hannchen, Horn, and Orel are well suited to conditions
there. An analysis of six-rowed X two-rowed crosses, however,
shows these crosses to be strikingly inferior., Although sueh crosses
are easilv made and fully fertile, it is evident that some unrecognized
incornpatibility exists. This is apparent botl: in the yields previous
to selection and in the vields of the selections made. There were
209 six-rowed X six-rowed crosses, 149 six-rowed X two-rowed
crosses, and 21 two-rowed X two-rowed crosses available for this
study. It will be recalled that the pedigree crosses were grown in
bulk for 7 generations before selections were made. Yields were
recorded during this period and the 379 crosses were divided according
to these preselection yields into yield groups ranging from very low
to very high. The percenteges of six-rowed X six-rowed, six-rowed
X two-rowed, and two-rowed X two-rowed crosses were deisrmined
in each of these groups and are shown graphicelly in figure 3. The
lowest-yielding group is composed mostly of six-rowed X two-rowed
crosses. The highest-yielding group, on the other hand, consists
mostly of six-rowed X six-rowed crosses. The yield curve of the
six-rowed X two-rowed crosses is essentially opposite to that of the
stx-rowed ¥ six-rowed.

These results, while hardly needing confirmation, are in full agree-
ment with the vields of the selections made from these crosses in 1935
and tested in 1936. The actual figures are found in tables 5 and 6.
The average yields of all selections from the different kinds of crosses
are presented.graphically in figure 4. The graph is based on the yields
of 2,921 selections. The 961 selections from six-rowed X two-rowed
crosses produced an average yield of 428.9 gm. as compared with 482.0
am. for 1,789 selections from six-rowed X six-rowed crosses. When
the figures for the six-rowed X two-rowed segregates are broken
down, a mysterious fact becomes apparent. T%ne low yield of the
six-rowed segregates might be explained by the small lateral kernels
usually produced on six-rowed segregates from six-rowed X two-rowed
crosses. Strange to say, however, the two-rowed segregates sre
clepressed more than the six-rowed, as is evident in figure 5 and table 7.
The average yield of the two-rowed selections from the six-rowed Pl
two-rowed crosses is amazingly less than that of the two-rowed
segregates from the two-rowed X two-rowed cresses. Included in
the 961 selections from the six-rowed X two-rowed crosses were 16
selections homozygous for intermedium. They yielded slightly more
than the two-rowed segregates but, when added to them, increased
the average less than 1 gm.
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Ficuere 3.—Inferiority of six-rowed X two-rowed crosses shown by placing 379
erosses in D suceessive yield groups sccording to preselection yieids. Relative
vields of 148 six-rowed X two-rowed crosses as compared with yields of the
209 six-rowed X six-rowed and the two-rowed X two-rowed crosses are in-
dieated by proportions of such crosses in each group, expressed as percentage of
total number in group.

TABLE 5.—Performance and selection data by groups !

Data on perfoymance previgus to 1§38

|
i i Crosses

Oroup No.

Selections |

madefrom | Crosses | Selections | grerowed | six-zowed | Two-rowea

hS
alx-rowed I two-rowed | two-rawsetl

1.
H
1

Number Peyce Pereent
385

Pereent
60 3 4.8
BS5 3 0.
460 A 20.
525 X B. i

! 5 selections were made frem each eross in group I, 10 from each croas in group 4, ete.
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TABLE 5.—Performance and selection data by groups—Continued

Drata for 1938

Crosses
Averyga | with oo
) out-
Smd.
selec-
tlonz

Bupe-
tior
saloc-

June 12.8
Juns 13.2
June 1.7
Juae 12.1
June 10,1

w
=
<t
=
]
o
-
]
P

SIX-ROWED X SIX-ROWED
SIX-ROWED
1,705
SIX~ROWED X TWO~ROWED
SIX~ROWED X TWO~RQWED

SIX-ROWED X TWO-ROWED
TWO—ROWED
465
TWO~ROWED
17

TWO-ROWED X TWO-ROWED

CLASS,DESCRIPTION  AND NUMBER OF SELELTIONS

Fioure 4.—Average rield of 1,788 six-rowed selections from six-rowed X six-rowed
crosses, of 171 two-rowed aelections from two-rowed X two-rowed croases,
and of 961 sclections from six-rowed X two-rowed crosses, the last-named
group eomprising 480 six-rowed selections, 465 two-rowed selections, and 16
intermediums {not represented as s separate group).
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TaBLE 6.—Number of seleclions, dale of awn emergence, height, and coerage yield
in grams of selechions originating from crosses of siz-rowed X siz-rowed, siz-
rowed X fwo-rowed, two-rowed X two-rowed, and from a composile mizlure of

all these combinalions
SAVED AT ABERDEEN

Ave.age

date of Average
AWD Emer- height

gonee

Orlgin Selections

Cenlimedera)
June 10.3 856
Jure 12,5 B5.9
June 13.5 858

June 108 87
Jope 31.3 BL.&

June 11.1 88§ I

DISCARDED OR SENT ELSEWHERE

June 11.7
Juune ifd

Jope 43
June 126
1,652 | Jone 13.5

3,68 | June 13.0

TOTAL (ALL S8ELECTIONS

Pedigree crosses: ]
Sixvowed X slrrowed . i 1,780 | June 1l
Six-rowed X two-rowed . 461 | Juze 13.3
Two-rowed X two-rowed . 171 ¢ Fune 14.1

T R . 2021 | June 12,0
fte. ... .. . . . 2,021 | June 126

Grand total . 5,842 , Jupe 122 BT.5 I

The writers can offer no explanation for the reduced yield. Reduc-
tion in yield, however, is only a part of the inferiority of such crosses.
The full size of the lateral kernels of the six-rowed parent is seldom
recovered in the six-rowed segregates. The lateral kernels are often
so small thet many of them would not be recovered in a commercial
threshing cutfit. less extreme cases, the reduced size of the Iateral
kernels results in poor quality. The effect of small laterals on total
vield is no$ known. Although the average of all selections was low,
there were occasional sc_repgates that produced very large yields.
Some strains thus produced superior yields despite the small size of the
lateral kernels. Many of these strains had to be discerded because
of low quality. Of course, there were a few six-rowed selections from
the six-rowed X two-rowed crosses in which the laterals were com-
parable with those from the six-rowed X six-rowed crosses.

The only evidence that appears favorable fo six-rowed > two-rowed
crosses is really unfavorable. The highest average. yield of selections
saved (table 7) came from the six-rowed: selections out of those
crosses. The average is high, because the quality was usuvally so
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poor that only those rows with very high yields were saved. Eighty
percent were discarded.

‘TaBLE 7.—Number and average yield nf seleciions grouped in marphological closses

Selections Avarage yisld of —

Chauracte: of relections
All Selections
salectivns

i )
Six-rowed from— Number | Number | Grams
1,780, 758
480 G
Compostie. ... . ... . 2,708 1,237

B S . 4,472 2,002

Two-rowed rom— i
Biz-rowed ¥ tworowed ... ... . PO ] W
Two-rowed X two-rowed : { 39
Composite 3z

41

1ntermedinm : 1

]

Two-rowed X two-rowed i - . o 150
Composite_____ .. ... _____ 1,237

Tatal.... ; 2,844

Blue (rom—
Six-rowed X six-rowed .. ... ... . .. a1
Six-rowed X two-rowed _ . _ R, p——— a2

L, B84
Total. oo e I, 008
4, 856

Rough. . [,
Smooth. . #88

71
Hooded . . . 1%
Covered.. R 5, 783
Noked .. . .__lITTTITTTTC el 50

It is interesting to note that, although the whole experiment was
conceived and carried out with no thought of making a contribution
to genetics, the behavior of the six-rowed X two-rowed crosses has im-
portant genetic significance and is revealed, and perhaps could only
be revecled, by & rather unorthodox approach.

METHODS OF SELECTING FROM PEDIGREE POPULATIONS

The only object of the practical breeder in making hybrids is to
produce a superior variety. Except in backcrossing, which is not
within the field of this bulletin, the problem is to find the best segre-
gates. Hach breeder has his favorite method, but they differ mostly
in the time selections are made. Some prefer to select in the F,
generation and to reselect until desirable homozygous strains are
found. Others wait until most of the heterozygosity disappears.
There is not much actusl evidence on the value of the different
methods. In this experiment selections were made from the pedigree
crosses in the eighth generation. Very few discernibly heterozygous
forms were found, and it is thought that many of the weaker strains
were already eliminated. However, the only definite evidence that
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might be used as & guide in breeding from pedigree crosses is the corre-
lation between the yields of the pedigres rows before selection and the
yields of the selections made in the K generation.

An analysis of the yield groups in table 5 revesls this relationship.
It will be recalled that the 379 crosses were placed in 5 groups accord-
ing to their yields before selections were made. From the very low-
vielding group 5 selections were chosen. From the very high-ylelding
group 15 were taken, ete. In table 5 it will be seen that this relation-
ship was meintained in the yield of the selections tested later. That
is, the plant selections made from the low-yislding group in 1935 were
consistently low in yield in 1936, and those made from the high-
yielding group were consistently high. Not only was this yield rela-
tionship maintained, but there was no discrepancy no matter from
what angle they were appraised. The average yields of all selections
ere in the same order as the yields of the groups of erosses before
selecting. The same is true of the selections saved. Such & com-
parison s, in a way, favorable to the groups in which fewer selections
were made in that those saved theoreticaily represent only the very
best strains (18.2 percent in group 1, table 5) while in the groups with
a higher number of selections saved not only the best sre supposedly
present but also poorer ones. This is even more true with the per-
centage of superior end ouistanding selections. Yet every single
class remains in the same order. It 1s obvious that the classification
previous to selection was significant and that the season of 1936 was
comparable with that of previous years and the test valid. So much
coincidence eould not be accidental. Moreover, the correlation of
the preselection vields of the crosses with the vields of selections made
later has been pointed out twice before in this bulletin {(pp. 8, 13). This
relationship was evident when the yields of both crosses and selections
were listed by parents and again when they were classified according
to whether they Involved six-rowed Xsix-rowed or six-rowed X two-
rowed matings. Thus, when the 2,921 selections of known origin
were divided in any of three distinct ways, the preselection vields were
shown to be significant, and from the standpoint of the practical
breeder it is evident that the low-yvielding crosses offer little hope of
superior selections and may as well be discarded.

COMPARISON OF SELECTIONS MADE FROM PEDIGREE
CROSSES WITH THOSE MADE FROM THE COMPOSITE

The composite was made bv mi.ing equal amounts of seed of the
same 379 crosses in the F, generution. This mixture was grown in a
fleld plot year after year. Equal numbers of selections were made
from this plot and from the pedigree crosses, 2,921 from each. A com-
parison of the two methods, however, is not simple. An inspection
of table 6 would indicate that the composite method wsas the hest.
Not only Is the average vield of all selections from the composite
better, 480.4 gm. as agalnst 463.4 gm., but & larger number was worthy
of further testing. From the pedigree crosses 965 were continued,
and from the composite 1,269 were saved for test in 1937.

Tt has already been polnted out that six-rowed X two-rowed crosses
are Inferior in yield., Granting that the breeder is able to select
good plants, there would be a much smaller number of selections from
the composite tracing to six-rowed X two-rowed crosses. This is par-
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ticularly true because the six-rowed selecfions from such crosses often
have poorly developed lateral kernels and would not be chosen. A
more detailed analysisis made in fable 7. It will be seen in that table
that the six-rowed selections from the six-rowed Xsix-rowed crosses
yielded 482.0 gm. as ageinst 485.3 gm. for those from the composite.
Here again there are complicating factors. Some of the six-rowed X
six-rowed crosses were poor, and too many or too few selsctions may
have been made from them as compared with their rate of elimination
in the composite. Yet if they have been eliminated by naturel se-
lection, it is hardly an argument sgainst the composite method. Tt 1is
impossible to compensate for all i%e factors that mey be present and
it cennot be predicted as yet from which method the very best selec-
tions will be obiained. Bo far as is now apparent, the composite
method is at least equal to that in which the identity of the crosses is
maintained. Theoretically the best selections should still be found
in both lots, and the results here reported indicate that this is the ease.

PLANT CHARACTERS

A number of plant characters were studied with the hope of dis-
covering the most desirable plant type. Perbaps there is an optimum
height, a most favorable date of flowering, ete.. but a careful analysis
of the datea leaves some doubt. Superficially, when all the tables are
studied, it would appear that the perfect plant at Aberdeen is 90 em.
hich; that it flowers between June 5 and 13; and that it is six-rowed,
rough-awned covered, and blue in color, "Part of this descnpt.lon
seems incontrovertible. For instance, it is apparent in table 7 that
the two-rowed strains produced lower average yields than the six-
rowed ones, no matter how the comparison 15 made. The hooded
forms also are inferior. The average yield of all selections was 471.9
gm. The 98 hooded streins produced an average of only 386.6 gm.,
which, as may be seen in table 3, is far below the average of Meloy,
the parent from which the hooded characteristic was derived. Ob-
viously hoods or lack of awns are & handicap at Aberdeen. Naked
barleys appear slightly less productive than covered ones. The 59
naked sorts produced an average yield of 405.1 gm., whereas all 173
strains from Everest, the naked parent, produced an average of 444.7
gm. (table 2). If the absence of hull is compensated for, the figures
would be closer together, but as the 444.7 average includes the naked
ones, it would require 15 percent of hull to make them squal in weight,
The peruentage of hull never reaches thig figure on well-developed
grain, and the hulls of Everest segregates usually are very thin. The
naked sorts are, therefore, inferior in yield in this cxperiment, and as
Everest was crossed on 27 other varieties, the results are presumably
of significence.

The value of the smooth-awned barleys is more difficult to deter-
mine. It appearsin table 7 that the rough-awned sorts were distinctly
better on the average. In table 8 the yields of the rough-, smooth-
awned, and hooded selections are arranged by date of awn emergence.
The reason for this arrangement is more apparent in figure 5. It so
happened that there was a frost on June 9. The low temperature
seemed to affect the smooth-awned sorts more than it did the rough
ones. Smooth-awned sorts emerging before June 9 were essentially
equal to the rough-awned ones in yield. The frost is probably only a
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partial explanation of the difference in yield. The factors associated
with smooth awns are only partly understood. The lemmas and palets
of smooth-swned berleys, for jnstance, usually are not so frmly
cemented to the caryopsis as is the case in the rough-awned ones.
Floret sterility is much more common. Almest without exception the
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Ficors 3. —Average vield of rough and smooth selections arranged by date of
awn elnergetice, showing effect of frost of June 8 on smooth-awned selections.

stigma hairs diseppear about in proportion to the dissppearance of
teeth from the awns. This doubtless is a factor in sterility. The
writers believe that possibly the best commereial barley might be one
with some roughness left at the tip of the awns. The teeth here are
small and not objectionable. Slightly rough forms are characterized
by a larger number of stigma hairs than is found in the fully smooth
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forms. Tt is also thought possible that the high correlation of teeth
on awns and stigma hairs sometime may be broken down. However
complex the reasons, the average vield of the smooth-awned segregates
is somewhat less than that of the rough ones. Oceasional smooth
strains do produce high yields, and only the probabilities seem ecer-
tainly less.

TABLE 8.—Average yield of rough, smooth, and hooded selections and lotal of all
selections by date of awn emergence

Selections snd yields

Date of awh Rough Smooth Hooded Tatal
EINBrEencs

. Average | .- Avernge Avery,
Number § “iong *““’h"! vield vield

Grams
Before June 1 2. \ 3 136.0
Jupe 1 .. ... 3 . 430.8
. 480,
463,
447,
497,

ol 239.1 1.0
After July 1 i)

Total....... . 4, B3f 1768

h3 B0 =T T 4 =y =]

O | en e 00 9 50 800 B0 0D 62 e 4 1 1 = e 00 ] o] £ e M O R

The optimum date of awn emergence, which is probably 1 or 2 days
earlier than flowering, covers a considerable range of time, It will
be seen in table 8 and in figure 5 that high yields were obtained from
selections the awns of which emerged between June 5 and 14, ineclusive.
This period is thought fo be significant. Tt is complicated only by
the grouping of the better parents. The average awn-emergence
dates of segregates tracing to specific parents are given in table 9.
Although the awns of the average seleetion from most of the hetter
parents emerged between June 9 and 12, the averages of Han River,
Trebi, Arequuipa, and Algerian are later. In fact, the average of the
latest parent, Golden Pheasant, came before June 186.
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TaBLE 9—Varielies listed in order of daie of cwn emergence and again in order
of height, with the rank of the average yicld of all selections from the 27 crosses in
which such variety wayx one parend

T T
Average | Rapk of I " Rank of
Fariety dateofawn | average ' Variety ATETEEE | nver
emergenee | yield | g : wied
. | centi-
Jine i i omaters

Flynn 8.8 5 Palmella Blue .. . i 76. 5 16
California Marionr____...... 8.7 14 - Califoroin Moriout. .. : word s}
Ciub Mariout.. - 27 2 Good Delts ._.... 8.3 2
Minia_ ... ..o - 4.7 4  White Smymna._ 80.3 | o3
Palmeliz Blus_. - 2.9 % Minla ... 82.8 ; 4
AtiBs. ... ... - 10.0 1 Lion...... B3.0 15
CGood Deits.__. 10. 4 ¢ Flyan__. 83.9 3 5
Maison Carré. . 1.7 7 Eversst__ §4.5 ! 21
White Smyroa. 110 23 Meloy. .- 8.8 18
Licn 3.2 15 Maison Carrd. . 849 n
Multan. e 1.2 13 Lyallpur . 85.7 14
Meloy ... 1.3 18 Hap River £86.3 i 13
Han River 12,0 13 Muoltap. .. £6. 4 ]
Trebi .. 2.0 6 ‘Trebl. ... 866 [
Lyalipor__ 121 14 Ardas . 8561 1
Sandrel. . 12.4 $° Sendrel... 86.6 )
Everesi-..- 26 21 Algerian. . ... 86.9 | 11
Wisponsin 12,8 15y Clob Marien £7.0 - 3
Giabron 13.0 28 Wisconsin Winter. 57.9 157
Manchitri 13.1 o  Haaoehen..o..o.. ES.6 - 2
Arequips 13.1 % Golden Pheasant i 2.3 n
13,7 i I 25

13.9 25 . Oral . - _ 0.5 ! 2

14.3 24 Alpha.. il ' g2 4

14.5 25 Arequips - H 935} 2

4.5 22 (Flabron 1 948 =5

Oral ! 4.5 12 ManeBurdS L oo 1 36. 6 r 2
Golden Pheasant. . ooomoa ' 158 27 Oderbrucker. o cececeean i 69.5° 26

It is difficult to discover what it is that any one parent contributes.
Occasionally there is a factor that seems signifieant. For instanee,
the variety California Mariout is very early at Aberdeen, but it does
not yield well there. Since 1t is among the better parents and since
very late selections (table 8) did not produce high yields, it is possible
that eariiness was the yield factor contributed by this variety that
placed it among the better ones.

The relation of height to yield is much more complicated. The
heights reported represent the length of culm as measured from the
base of the spike to the ground. When the selections are arranged
in height groups {table 10}, there is an obvious peak of yield at 90 cm.
This pesk is difficult to interpret. The problem s complicated
both by soil variations and the distribution of good parents, No
field is entirely uniform, and the better spots produce the highest
vields and at the same time the taliest plents. Since the average
height of the progenies of 9 of the best 10 parerts falls on 85 cm,, 1t
is thought that the 90-cm. peak is probably about 5 cm. too high.
Because the same inference can be drawn from independent data in
table 5, where the average height of the selections in the best two
yield groups is found to be 85.1 em., it would seem tbat the highest
yields, if soil variations were accounted for, would be from selections
averaging about 85 cm. in this year. Of those with progeny height
averages greater than 90 cm., only Arequipa is found among the
best 10 (table 9). The lower trend of yield of those selections teller
than 90 ¢m. may be due, at least in part, to the parents involved.
Even with a soil correction, it would seem that the best selections
were slightly taller than average as compared with the mode of the
population of the crosses from which they ceme. Possibly the same
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vigor that resulted in high yields added something to the plant
stature.

TaBLe 10.—Number and average yield of 5,842 selections arranged by height
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The value of color is not established. Most barleys from regions
of bright sunlight are characterized by blue pigment m the sleurone.
It 1s possible that it has a mild protective function. The nvernge
yleld of 2,908 blue strains (table 7} was 476.4 gm.; the average of
2,844 white strains was 467.1 gm.  Considering the numbers involved,
this would be significant if they were strictly comparable, but they
are not. As has been shown earlier, the six-rowed X two-rowed
crosses were inferior. Bix of the seven two-rowed barlevs were
white. When the figures are broken down, the white barleys from
the six-rowed X six-rowed crosses are seen to be better than the
blue ones from these crosses. On the other hand, the blue from the
composite were better than the white from this same source. If blue
pigment has any function, it is too slight to be of much lindrance to

the plant breeder.
YALIDITY OF THE TEST

The experiment reported was on an extensive scale, and all anatyses
made by the writers indicate an unusual agreement so far as the
inajor features were concerned. As mentioned earlier, all characters,
varetal progenies, and strains obtained by different methods of
handling were in large number and distributed in a highly random
manner. The agreement between the rank of yields of the pedigree rows
and the rank of yields of selections made therefrom was striking.
The crosses were carried as unselected populations for 7 generations
before selections were made. Yields on each cross before selections
were made were at hond as well as the yleids of the selections mude
in the Fy and tested in the Fy generation. Each variety was crossed
on 27 others. When the average vields of the unselected populations
of the 379 crosses are zrouped by parents, an index of the usefulness
of the varieties is obtained. This is expressed in table 3 by the
number of selections made. The 12 parents, from which more than
210 selections were made, included 11 of the 12 with the highest
average yield of selections. They also are responsible for the greatest
number of superior and outstanding selections.

When the 379 crosses are grouped according to their preselection
vields into yield groups independent of parentage (table 5), the
grouping is again in absolute agreement with the vields of the selec-
tions macde later. The better groups account for an even ligher
percentage of the superior and ocutstanding selections,
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If the preselection yields of the six-rewed X two-rowed crosses are
compared with the selections made from them, it will be found that
they are in the same relative position to the six-rowed X six-rowed
and two-rowed X two-rowed (figs. 4 and 5). The six-rowed X
two-rowed crosses are definitely inferior in each case.

One source of possible error was not covered in the analyses. The
308 Trebi checks produced an average yield of 556.8 gm. #s compared
with 471.9 gm. for the 5,842 selections. Trebi has long been the
leading variety at Aberdeen, and it was thought possible that the
high yields of this variety might adversely affect the adjacent rows.
It W‘]ﬁ be seen in table 11 that this was not the case. In fact, the
adjacent rows were better than those not adjacent. This table nat-
urally raises the question, unrelated to validity, as to how many
strains may eventually prove to be better than Trebi. Obviously
this cannot be answered as yet, but it now appears thet there will be
2 considerable number.

TasvLe 11.—Effed of a high-praducing check on adjacent rows

1 ! - ! Aversge
Qipss ) Rows vield
|

{ Number Grams
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Trebi check . 550.8
Adjacent rows alé | 4743
Rows oot adfacent

5,76 I iTL&

PLANS FOR FURTHER WORK

It is realized that more questions have been raised than answered
in this experiment. Evidence on two or three important questions
has been obtained, but there remain numerous others that are worth
Investigating despite the fact that all such studies require an immense
amount of work and much time. Plans are under way to continue
the study of methods. At the same time a more elaborate breeding
program based on improvements suggested in this effort is being
evolved. The new plen may result In a breeding scheme of much
greater value. One of the weaknesses of the scheme presented was
the absence of compound matings. All possible combinations were
made, but no combination brought together more than two parents.
The project now being developed utilizes compound matings as its
basic conception. A systematic series of bridging crosses is being
attempted. Single crosses have already been made as {ollows:
aXb, eXd, eXf, gXh. In & second moating these F; plants will be
crossed to ol tain the double crosses (@ X b} X (e X d) and (e X} X (gxXh}.
In 2 third mating the double crosses would be eombined as follows:
[{@Xd) X (e XK e XHX (gXA)).  As segregation will already have
started at the time of the second crossing, a greater number of crosses
would need to be made than in the first mating, while in the third
mating a very large number of seeds would be desired. In the
third mating every seed is essentially & new cross and will presumably
result in & different combination of characters. The possibilities of
unusually favorable matings and hence, of exceptional segregates,
are increased by the increased number of hybrid combinations.
For obvious reasons no two-rowed varieties have been included.
Three projects are now in progress in which different parents are
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used for the making of crosses suliable for different sections of the
country. It is thought that for this type of breeding the plan now
being attempted has great possibilities.

SUMMARY AND CONCLUSIONS

A total of 379 barley crosses were grown for 7 generations in separate
rows in which their identities were maintained.

Equal amounts of seed of the same 379 crosses were mixed in the
F, generation and grown in & field plot as a composite lot through
the seventh generation in 1934.

In 1985, 1 acre was space-planted, half of the area being seeded to
pedigree crosses and half to the 1934 composite.

An equal number of selections {(2,921) was made from each lot.

In 1936 the selections were grown in effectively random order and
compared in yield.

For Aberdeen conditions, the best parents came from north Africa
and Armenia. Fair varieties were found from the Balkans, southern
Soviet Union, India, and China. Barleys from northern Europe and
Manchuria were not promising.

The best parents were Atlas, Minia, Trebi, Club Mariout, Arequips,
Sandrel, Flynn. Maison Carré, Algerian, Good Delta, California
Martout, and Han River.

Varieties grown commercially in the United States usually were
found to have too many characters specifically suited to their localities
to be highly useful as parents in & distinctly different area.

Some varieties that were not quite equal to the best ones in plot
tests proved to be highly desirable parents.

Two varieties, Minia and Good Delta, that had not been sufficiently
promising in nursery tests to be grown in plots, were found to be
superior parents. As the Division collection is made up of such
barleys, it probably contains many varieties that as parents are the
equal of the best-known sorts.

Hybrids resulting from crosses of six-rowed X two-rowed barleys
were inferior in vield during the seven generations they were carried
in bulk, and were likewise responsible for very few high-yielding segre-
gates among the selections made in the eighth generation.

The yields of the pedigree crosses before selections were made
were & sound indication of the crosses from which high-yielding
segregates might be expected, and the low-yielding crosses could have
been discarded on the basis of their preselection yields without loss.

Growing a number of crosses in a composite mixture was appar-
ently equal to the method of pedigree cuitures.

Six-rowed segregates were better than two-rowed ones.

Hooded segregates were definitely inferior to swned ones.

Naked segregates were slightly less productive than covered ones.

Midseason barleys were best adapted to Aberdeen conditions.

Smooth-awned forms averaged greater floret sterility and slightly
lower yields. Some individusal smooth strains may prove to be the
equal of the best rough ones.

Segregates of average or slightly more than average height probably
were hetter than very tall ones.

Biue color in the aleurone probably was not related to vapacity to
yield.
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