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During the period in whicl cereal breeding methods were being
developed in North America, the late H. V. Harlan, of this Bureau,
became the chief desi cate of the complex bulk popula-

tion meth poputiation

wmezygous state. He also

vival under competitive selection,

The studies here reported grew out of the writers’ association with

this work.  Six differont COMPOsILes were grows for 6 Lo 24 generations.

This permitled observations on the persistence of specific characters,

the probable causes of nonrandom survival in the hybrid mixtures,

and the progressive changes in the yield of 3 composites grown for

13 to 24 generations. Companionafe studies on the survival of va-
rigties in mixtures have aidod in making the inlerpretations,

! Bubmitied for publication February 4, 1953,
HH8E—53
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REVIEW OF LITERATURE

" Most of the literature on bulk populations has been concerned
with detecting, in enrly generations, crosses that ave potentially good
selection stocks. Vailed conclusions have resulted from studies with
barley (6),* wheat (7}, and soybeans (8). The work with Composite
Cross II of barley indicates that bulk populations are at least as effec-
tive as pedieree selections in perpetuating superior genctic recombina-
tions (6). In threcsimilar hulk populations of rice grown in Arlkansas,
California, and Texas for eight generations, “all degrees of maturity,
height, grain type, and awn development survived” in sufficient nuin-
ber for seleclion (I, pp. TI14-718). Turthermore, (I, p. 716) “the
associztion of the characters studied . . . was not of such a nature
as to interfere seriously with the survival of desirable plant types . . e
This statement implics that some limitations on survival were imposed -
by linkage- '

A dislinelion between variety performance in pure stands and®
survivel capacity in misiures must also be recognized. “Survival in.
n, mixiure may nos relate to either vicld or discase resistance (14).
Of the 11 parent varielies included in Composite Cross L and grown
in mixtures at S stations for & 12 13 years, {he varietias Trebi, Coast,
and one other vaviety comprised 62 to 99 percent of the mixture in
ihe last year grown (J). Only 5 of the 11 varieties remained among
ilie best 3 survivors at any of the 8 localions.

The information on the yield of the random recombinations of
cortain characters vecovered from both buik and pedigree populations
(6) lias been useful in these investigations.

‘Anderson’s work (2) supporis the writers’ general findings and
their departure from the more asunl methods of analyzing hybridizn-
tion in secking to establish the relptive importance ol hiybridization
in cvolution.

MATERIAL AND METHODS

Composite Cross I (C. L. 4116)® was compounded by H. V. Harlan
{rom 32 crosses involving 11 varieties. These same 11 varieties also
wore used in o parallel study of su-vival in mixtures (5). The 11
variclies were crossed with 1 to 3 of the other wvarietics. After
harvest of Lhe Ty gencralion plants, equal parts by weight of each
cross were mixed together to forma the Composite. The T, to Iy
generations were grown ab Aberdeen, Idaho, and subsequent genera-
tions were grown at 10 localions for various periods. Cooperators
provided random socd lots from these generations for a study of char-
acter survival nnder compelition. From these seed lots 500 plants
were grown anl clussified annually al Sacaton, Ariz., or Aberdeen,
Tdahe ‘The maximum measure of changes involved 12 generations
(1925-36). Short-term data from Pullman, Wash, and Arlington,
V4., did not seem o merit inclusion.

Composile Cross IT (C. L. 5461) has been under coritinueus cullure

in California from the Fp to Fy generations, with only limited ex-

2 Ttalie numbers in parentheses refer Lo Literature Cited, p. 13.

1 ¢ T, refers to aecession number of glia Division of Cereal Crops and Diseases.

1 These data were obtnined by . V. Harlan, M. T. Marting, 1 Slevens,
G. A. Wiehe, and I L. Davis,
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traction of material for plant-breeding use. This stock consisted of
progenies from 28 varietics crossed in all possible combinations—a
total of 378 crosses (4). The parents were chosen to provide broad
genetic and ceclogie diversity. The successive generations wore grown
m conseculive years in drilled plois ranging from ¥o- to Ye-acre in
size. Planting rates varied from 55 to 70 pounds of seed per acre.
In most seasons the planiimgs were made before mid-December.  The
plants were harvested with a binder when fully ripe, and the secd
was given a minimum of selective sereening before replanting. The
objective was long-term cumulative natural sclection under normal
cultural conditions.

A random lot of seed was sct aside after harvesting the Iy, genera-
tion in 1936. The residual sced was then subjected to selection for
extremes in size. Thus, from the ¥, to Iy gencrations the largest
and smallest sceds were sorted out each year by means of screens and
an air blast. “The selected large and small seeds comprised less than
10 pereent of the total production of the previous generation. These
separates were grown m each suceessive vear under the same con-
ditions as the slock subjected only to natural selection. "The large-
secd fraction consisted of predominantly two-rowed types that were
not wanled. The Fy generation, therefore, was deliborately re-
constituted by hand-selection of enough six-rowed heads to provide
65 percent of the sced of that type. These selecied six-rowed iype
sceds weighed 57.7 mg., which is truly large for six-rowed barley.
The seeds were not sized from the Wy, to Fy; generations, bus the three
separate stocks were continved for compnrison.

Through the use of reserve F; seed, ib was possible to reconstitnte
the Iy and Ty generations of Composite Cross 1T for both census
counts and vield delerminations in 1937-38. An allempté {o repeat
this in 1947 failed, owing to the poor germination of the small reserve
seed sample.

Other Composite Crosses tested also were grown on areas of ¥
acre or more in cach generation. These ave briefly described as
follows:

Composite Cross IIT (C. T. 5530) was n mixture of Harlan’s crosses
from 13 winler- and spring-type varicties. Winter iypes of barley
are generally unadapted n California,

Composite Cross V (C. 1. 6620), also developed by H. V. Harlan,
15 8 bulk of Iy plants derived from crossing 31 varieties, aned then
crossing the resulting If, planis in inerensmg numbers through 4
successive pairings to give a “complole’’ recombination.

Cempeosite ('ross XIL (. 1. 6725), developed by G. A, Wicebe, is
in part a modified backeross in which Lion, Atins, and Club Maricui
germ plasm  predominete.  Actually 26 varicties were combined
tirough n series of 4 paivings of ¥, planis, and the residual then erossed
with the F, of Atlas X Vaughn,

Composite Cross XV (C. I. 7133) was compounded by the senior
writer from & bulle of If) planis from 625 pollen parvents chosen al
random for erossing on o male-sterile strain,  Various degrees of
continuing recombinnlion are afforded by the presence of male-sierile
plants in every generalion {/2),
~ Census data on the California-grown Composite Crosses were based
on counts of the different types among the plants or reserve sced lots,
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Yield data were obtained from replicated three-row nursery plots
16 feet long, in which the center row was harvested for yield. The
verigbility 1n vield differences is indieated by the number of superior-
yielding replications among cach of the peaired stocks.

SURVIVAL OF FIVE COMMON CHARACTERS IN
COMPOSITE CROSSES

Speceific characters, like varieties (§), oxhibit differential survival
capacity when grown in mixtures in different parts of the United
States. Some environments arc more selective than others {table 1).
Of the five charncters recorded, hooded and deficiens & plants at all
locations became progressively less numerous under continued
compelitive selectinn. The Meloy and Deficions parents produced
this same pabtern in the vensus study of the Mechanical Mixture (5).
Two-rowed types inereased at Aberdeen, Moceasin, Fargo, St. Paul,
North Platte, and Moro, but deelined rapidly at Davis and Ithaca.
This trend was previously reported for two-rowed parent varieties
when grown at these stations (5). The percentage increase of the
rough-awned portion of the two-rowed types was equal o that of
the smooth or scmismooth Lypes, or even greater.  Black recombina-
tions al Davis {followed the paltern of an unadapted variety and
were reduced In number In a very short time.  This charnctor at the
other seven localions shiowed the trend typical of a variety well enough
adapled to remain in competition for many years. Smooth-awned
segregates persisted ab origingl [requencies or irareased at six stations.
This character deereased ai Favgo and North Platte,

The smooth-awned parent varietics, which did not have good com-
petitive ability 8), did not foreshudow the result of this test,  There
are bwo factors affecling the imberitance in o cross of rough and
completely smooth-awn barlevs. ‘T'he vough-awned versus smooth-
awned cross produces three types; namely, rough, semismooth or
hall-singoth, and completely smooth,  The smooth- and semismooth-
awned barleys were classed as smooth, however. These two {ypes
may have difierent ranges of adaptasion. Sinee three of the five

_characters under review were neutral at some locations and sharply
divergent ai others, as selection progressed, it scems likely that the
basis of the diff erenee may not lie in the character itscelf but may be
eaused by adaptation Tactors linked with it. H. V., Harlan, in con-
versations and in subsequent erossing programs, evidenced concern
over the inadequacy of recombinations in Composite Cross 1. This
may not have been serious, because the dats generally substantiate
those developed indeperdently by the writers from other material.
The actunl crosses bulked tu 15 to form Composite Cross 1 are shown
in table 2.

Four plant vensus enumerations involving the Iy, Iy, Iy, and Fyy
generations of Composite Cross II are shown in table 3. None of the
four characters persisted al or near the levels to be expected from
rendom recombination. Low yields of hooded types, as cestablished
by Harlan and coworkers (6}, may nccount for the small number of

¢ The "deficiens’” barleyy are deseribed iy Techniesl Bulletin 907, Classifieation
of Barley Varictics Crown in the Uniled States nnd Canada in 1345, p. 6.
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TasLE 1.—Progressive changes in the composition of Compasite Cross I
when grown successively at various stations, 1925-36

Two-Rowep Prants

| i !
Test station 11925 192{3%19279928 1929'i1930 1931:1932193319341935/1936
[
Per-| Per-: Per-| Per-| Per-| Per- Per-t Per<) Per-| Per-| Per-| Per-
cent ! cent !l cent cent | cent | cent | cent | cent | cent | cent | cent | cenl
Davis, Caltf_______ 121, 0126, 6,24. 2:24. 4/19. 8,20. 0]17. 2/____|12. 8i11. 8| 5.8 5. 4
Aberdeen, Idabo___i21. 823 2,21, 6,25, 824. 0,22, 0125. 6;25. 629. 8:35. 2[35. 4127, §
Moaceasin, Mont____'20. 4/20. 2/18. 8'22. 8|16. 8!21. 8I26. §:27. 0[23. 6,27. 4,24. 6/28. 8
Fargo, N. Dak_____ ‘2‘]. 2i29. 6:20. B[23. 223. 4127, 4, ____} | b _leeo|aoaa
8t. Paul, Minn___.. {15. 2[18. 526, 1124. 630. 4/29. 6} .| | - f-—ujm-
Tthaca, N. Y_.____i21. 522 4119, 4/20. 4/11. 3] 8. 0| __|- oo .| Jencr|mmnnfomm-
North Platie, Nebr [18. 3321, 4. ___|2L B6j20. 0124, 2 ____ | __ | .0 |oa-afeoan
Moro, Oreg._______ 18 9. __|24. §|-.__[30. 6144. 21 [ N SN N FEPUN (S
Dericiens PLanTts
1
Davis, Calif. .. ___ 7.8 5.2 6.6/ 3.2/24 L0 30 __]10 06 08 LO
Aberdecy, Idaho__ | 5. 11 5.6/ 5.4/ 4. 11 4.8 20/ 1. ol 2.2 1.8 .6l .8 .2
Mocceasin, Mont____| 5. 7] 3.6| 4.6, 5.0/ 4.6; 3.0! 3.8 1.8 .8 .4...|L2
Fargo, N. Dak_____| 6. 1] 3.6} 1.8 14| L0 L 6o . .| ___
St. Paul, Minn_____ 5.6 4.8 8.4 24 2.4 2060 __ ) o
Tthaca, N. Y_._____iL 110, 1 4. 8 5.8/ 2.4 .8 | e |eaafeoas
North Platte, Nebrl 9.1} 6.6___| 5. 4300 2.8 __f |0 | ___
Moro, Oreg. o __ 8 3....! Qi__,_ 4, QE . G'!____ SRV AR MO PO M
]
i ! |
Brack Praxts
T j
Davis, Calif______. hz. 010, 0! 4, 8 5 4! U 4l 2, 2;__--[ 1.6° 0. 2! 0.2/ 0.8
Aberdecn, Idaho__ (10, 7i10. 011, FLL 200, 2° 9.2, 8.0; 6.8, 6.0, 5. 8 4.2 6.6
Moceasin, Mont____;12. 9/13. 011, 212, 6:13. 9. 9.2. 9.2} 0.2112.2 0.8 6.2 9.2
Targo, N. Dak.._ 13 411 617 011 0,122 9.0 ___|.___| ___ jommnfr e S
Sb. Paul, Minn..__. 11.7015.8i12. 210, 0:11L, 010. 8| . | ..
Iihaca, NOY. ol 9,911,510, 8 0.6l 001047 f |- i.ﬂ___l- S
North Platte, Nebr_{13. 015, 81 __ 111 814. 4 13. 0 i Ly [ .
Moro, Oreg.-.o..__ 2 tl‘i_,“'ilé. 9{----[ 9, 4I 9. 8;--,-;-_“ ___-!--__'E____ ———
1 1 [
Hoonep Praxrs
| i i
Davis, Calif. ... loerdsdadasodas_ fodidodrs
Aberdeen, Idaho.--| &3 6.0: 4.6° 2. 103,01 3.0/ 1.6 1.6 .8 .6 1.0 24
Mocessin, Mont._._| 9.4 4. 4° 6. 8 5 8 3.8 4. Bl 3.6 4.4f 2/ 2.2/ 1.0| 26
Trargo, N, Dak_..._ 3.5 34 .8 .8 L20C i-_-- SRS NP (FORUUR IRV U
Bt. Paul, Minn.__..| 5. I 5.6 2.2 1.4.2 8‘ Lol
Tthaea, N. V... . b6.6 4.1 Lo L8 ngto [o i [l
North Platte, Nebr! 6.6: 7.8....1 6.6 3. si ORI (RSN FOPNDOON) NPV FIPION
Moro, Oreg .. _._ 7. fijl'_._,'. 4. 8]5__-- 4 A'!l B 0 ) SRR JUUUPRUES ROV [RPDID PRSI SR
I ' |
Sxionm-Awmm PraxTs
' : t | | t
Davis, Calif.._.... ! 9, 6.14. 813, 410, 0]20 2&1;. 816 6.__h2 2‘-1.9. 0!20. 8'25. 8
Aberdean, Idaho._,, 9.0 14, 2:03, 6,11 2/i0. £10. 211 6,13, 6l 7. 4|14, 8111, 0] 9. 6
Mocceesin, Monto_ /L 5714, 8 14 O 9. 4113, 815, 0,15. 8 19. 8 1L. 2i21, 2i21, G{19. 2
Fargo, N. Dak_ ... AL 015 216,38 B.0j10. 8 8 8. 1o feemc|ace]oe
St. P, Minnoo. L1 15,5 13 6 15, 0,1 L 213, 6} |- - SR I I
Ithaca, N. Y. . 135140126 10.848. 7,192 __ 11 f 0. —
North Platte, Nebrol4. 03,8 .12 6116 8. 8. - L ..
Moro, Oreg.vuaan- 110. 05-,_-{17. 4i----!17. 6+23. {}I__. RSN SRV R SR -
1 ! i H
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TABLE 2.—Description of the parents and listing of the 32 hybrids mized
wn equal parts by weight afier harvest of the individual Fy populations
to form Composite Cross I (C. 1. 4116)

Parent. {P3)

Parent (P)) Gengiype !

Manchuria
Bmooth Awn
White Smyrna
Hannchen
Svanhals
Deficiens

Coast

vv bb R kk. __
vwbb R kk.._
Manchuria.. ___ 9| vwwbhRR kk.__
Gatami_.______ vv BB RR kk__
Smooth Awn___ vebbm kk_ ____
vy BBrrkk____
White Smyrna_ VVibb RR kk_._
Hannchen 3 YV hb R kk.._
Svanhals YV bbb RR klk___
Deficiens 2225 | V¥Vt bh RR kk_
2288 | vwhb RE KR . {.._|-._ S S S

X

LA )

bty

1 vv=>4-rowed, VV==2-rowed, V'Vt=deficiens, BB=Dblack, bb=nonblack,
RR=rough awn, rr=smooih awn, KX =hoodad, kk=sawned.

Looded barlcys in the final population. The same reason was given
for the small number of two-rowed types (6), but the data from
Composite Cross I and Mechanical Mixture (5) showed that this
charagter has & high survival at some locations. ~Yield inferiority of
smooth-awned selections was not established by Harlan and others
and probably does not exist, because a large number of smooth-awned
varieties have been produced by recombination and arc now being
grown in all parts of America.

The binck-sced character disappeared most quickly from ‘the
mixture (table 3). Unlike smooth awn, it is a character for which
there is ne recognized economic value. Percentage of black seeds
in the Fig to Fas generations of Compeosite Cross I1 are given in tablel4,
Conclusive proof that the character generally has a poor survival
capacity 13 shown by early gencrations of Composite Crosses V and
XV (table 4). Composite Cross XII, which is really a modified
backeross and thus might provide & more {avorable gene environment
for the black character, is the only possible exception. In this cross
black seed persisted at approximate expectancy levels through the
T, generation.

Some further support for the theory that black seeds in themselves
do not influence survival is shown by the comparative kernel weights
of black and white seeds (table 5). No consistent weight advantage
for either black or whitr sceds is shown, and, hence, no probable
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difference in the synikesis or deposition of materials in the different
colored Jernels. The black pigment is a meture plant character
that develops as the seeds ripen.

TasLe 3.—Decling of 4 characters in Composite Cross I1 derived from
iniererossing 28 varieties grown at Daws, Calif.

. Composition of linkage group !

Plants
ohserved I, II, 1V, v
2-r07wed,

Generation

smoo’ th-

black,
1 awned, 3

hooded,
1

Number
1933 500
1938 230
1941
1949

22. 0 3.4 26 13
15. @ [ .4 g
2,000 80 .1 g

Percent Percent Percent Percent
1 .
4, 000 5 0 .02 )

! First item=linkage group; sceand item==genctic character; third item=pum-
ber of parents contribuling character to Composite Cross.

TarLe 4.—Black seeds taken from various gencrations of 4 composite
crosses grown at Davis, Calyf., 193649

[Based on samples of 2,000 seeds)

- Fas--------

Comneosite Cross IT {(C. L 5461)

Composite
Cross V
(C. 1. 6620}

Composite
Cross XIT
(C. L. 6725}

Composite
Cross XV
(C. 1. 7133}

Dlack seeds

Generation

Directed
sclection
for—

Larg-
ost cub
seeds | seeds

Small-

Biack
sends

Black
sceds

B igemacc e

Bu

Per-

Fa
F,
I
Fy
sibal?y
siby 7y
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Tanee 5.—Kernel weight of randomly sepdrated black and white seeds
Jrom various stocks grown in 1948 or 1949

Kernel weight. 1
Genera-
tion
White ! Black

Mg, Mg,

Composite Cross V__ .. __ - 32. 46 45,72
Composite Cross X1T F, 33.72 31. 20
Composite Cross XV 32 87 31 94
D ' - 34.21} 35 33

48, 22 49, 20

I Based on samples of §,000 kernels.

SEILECTION FOR SEED SIZE

Large- and small-seed separates of Composite Cross Il were de-
veloped by subjecting the T, to the Fy, gencrations to annual grading
toward the respeclive seed-size extremes (table 8). From the Fy,
to the F.; generations all three lots were grown without further

ading. The large-seed scparates comsisted primarily of kernels
irom the central (large) florets, wherens the smali-seed separstes
were largely from lateral (small) Rorets.

Black seeds were most numerous and persistent in the small-seed
separates, and least persistent among the large scede (table 4). The
two-rowed types comprised 27 percent of the large-seed separates in
1939 and 63 percent in 1945.  Despite such character differences, the
three stocks remained similar.

Tavts 6.—Kernel weight of 8 sced lots from an Iy, generation of Cow.-
posite Cross I stock, 2 of which were selacted for seed size from the
iy to the By, generaiions

Kernel weighté ! by year and test generation

Selection varinhle from | 1929 1 1946 | 1041 | 1942 | 1043 | 1047 | 1048
Iry; to By

Fi; Iy, s I iy Fu

afg. &y, KMy
No selection for seed size.__.| 42. 8 48. 61 52. 5 B! 50. 5
Only largest seeds sown 56. 0 73.5 | 6L 5 57.7
Only smallest seeds sown____{ 34. 3 23.6

1 Baged on .samples of 600 kernels,
PERSISTENCE OF HETEROZYGOUS PLANTS

Plants heterozygous for 1 or more of the 4 characters given in table
3 persisted in advanced generations of Compesite Cross I1. In the
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T\, generation heterozygous plants comprised 6 percent of the control
stock, and 12 percent and 32 percent, respectively, of the small-seed
and large-seed seperates. Since observed heterozygosity involved
only 4 characters, the total heterozygosity was even greater. Ten
percent of heterozygous plants persisted in the large-seed seperate in
the Fp; generation. Some of the continued segregation mo doubt
resulted from natural crossing, the influence of which may have been
mcreased by 10 generations of continuous selection for large seed.
Some of it apperently had a cytological basis, as is indicated by
various types of sterithty.

Some heterozygous plants may gain a selective advantage from
yield or competitive ability. Such an advantege did not accrue
from the heterozygous Vv genotype as constituted in Composite
Cross 1, however. In this stock the proportion of Vv plants was
over helf in F,, only 2 percent in ¥;, and 0.2 percent in Fy;. The
same terminal valize occurred at Davis, Aberdeen, and Moccasin.

ENVIRONMENT.INDUCED ALBINISM

Linkage with Jethal characters is & recognized cause for nonrandont
recovery of characters, but losses from conventional lethals are gener-
ally confined to the first segregating generations. It therefore seems
fitting to call attention te & group of near-lethal seedling color de-
ficients, including flash deficiencies in green color that are recognizable
for only a few days but involve up to 40 percent of the population,
as well as persisfent deficiencies in color that are recognizable even
.n the early jointing stage of growth. In some years these can be

lfva.rieties and hybrids grown at Davis, Calif. Only rarely
have any stocks shown more of these albines than has Coruposite
Cross IT. -

Collins (8) reported o simply inherited form of albinism, sxpressed
only when the plants were grown at mean temperatures below 45°
F.  TIts most common expression was a first green leaf, 3 to 6 white
or partly white leaves, and normal color in all succeeding leaves.
This gene may be one of the group reported herein.

Color-deficient seedlings were observed in ebundance during the
years 1937, 1942, 1945, and 1949, the more persistent nonlethals
comprising from 2 o 8 percent of the total population of Composite
Cross IL in those years. Some plants of this type actually may
sometimes function as lethals, owing to their greater susceptibility to
frost, but this is a secondary cffect of relatively minor importance.
The real problem involves the ultimate impotence of the temporary
athino plants in mixed stands (table 7). These randomly chesen
peired planis had equal opportunities, except as the environment
temporarily slowed the growth rate of one. 1In effeet, the temporary
albinos might behave like later seeds sown in a situation in which
total yield of the area was not improved by the incresse in stand.
Al progenies from the albino plants {table 7} that matured seed had
normel eolor and growth in 1950.

Pairs similar 1o those shown in table 7 had been observed in 1937.
The progenies of those planis were all normal in 1938 and 1939, and
their yic%ds in 1939 were no different from the 1937 normals. These
data were compiled to illustrate an extreme case of plant suppression




100 TECENICAL BULLETIN 1067, U. §. DEPT. OF AGRICULTURE

by competition. A character Jinked with vulnerability to this type
of suppression might have liktie chance to survive. -

TasLe 7. —Fzamples of exireme selectivity in o single season resulting
Jrom low temperature<induced temporary nonlethal seedling albinism
wn March 1948, at Dayis, Calif.

Matured titlers and kernels,! on plants paired for equality of
opportunity when albinism was firsé expressed

Variety or Pair 1 Pair 2 i Pair 4 Pair 5
Cross

Albino
Normal
Albino

Num- |Num-| Num- Num- Nunt- | Vum=! Num-
ber ber | ber ber ber ber | ber
C. 1. 5481

5-284] 2-66) 4-219 5-243 5-189 3-123
12-579| 1-33| 5-270 5-238 3-1065 3 | 3-330
5-300| 1-0 | 4-186 5-234 4216 4-210
5=131 1-26| 7-1506 11-396 7-231 11352

! First number denotes matured tillers; second number, the number of kernels,

OTHER EXAMPLES OF NONRANDOM RECOVERILS

The common eonception that disease-susceptible plants are readily
eliminated from mixtures through opecration of the principle of survival
of the fittest was not confirmed by these experiments. Barley seald
(10, p. 926) has been considered the mosh destructive discase to
barley in California, yet only 17 resistant progeny were found among
356 progeny randemly chosen from the F,, generntion plants of
Compostée Cross I1.  Of the 28 parents used in making this composite,
3 had resistanice (70). The recovery, therefore, was less than half
of the expectancy, even il scald resistance held no selective advantage.
In the Ty generation there remeined 7 percent of highly seald-sus-
ceptible plants with an extreme degree of susceptibility. Disease
resisbance, therefore, is noé necessarily a potent determiner of survival
m g mixture. These findings support the previously observed demise
of Vaughn and the dominance of Atlas in a mixture despite the
superior yield and leaf-disesse resistance of Vaughn (74).

Mauch of the progress in breeding small graing in America has come
from the production of earlier maturing varieties (17), With Com-
posite Cross II, more than 5 percent of the Fy generation planis
headed 5 days enrlier than any plants in the ¥y, generation, Thus,
there was complete ecliminntion of the earliest recombinations in 8
generations. This trend continued, because in the Fy, to Fy; gener-
ations the composite was 3 days carlier than Atlas, but in the Fy to
Fy; generations the composite was 1 day later than Atlas, "This mass
expression does not revenl the complete behavior. In the Wy, pener-
ation, 13 percent of the population headed more than 16 days later
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than  Atlas, and only 2 percent of the population was more than 3
days carlier than Atlas. Among the 28 parents, 6 were more than
10 days earlier and 6 more than 10 days later than Atlas.

YIELDS OF COMPOSITE CROSSES

Many investigators have used early-generation yield evaluation of
hybrids as an index of the potential value of crosses for later selection.
The three Composite Crosses reported in table 8 probably would
have been discarded early by that standard. Even later, when 356
random Fi» selections were taken from Composite Cross IT and then
gradually eliminated over a 5-year period, not one agronomically
desirable selection yielding more than Atlas was recovered. It is
clear, therefore, that the initial material was predominantly low-
yielding, '

Continuous improvement appavently was cffected in the three com-
posites by the elapse of time and natural selection (teble 8). The

TanLe 8.—Progressive changes in the yield of three composile crosses
and Atlas barley grown at Davis, Calif., 1924—50

Superior-yielding
Yiclds per nere replicates when
paired

Generation Test year

Atlas bar-

Composite
Cross 11
Composita
Oross I
Composile
Cross 111
Atfns bar-
ley
Composite
Cross 11
Composite
Cross T
Composile
Cross 111
ley

@ -

= B

=
=
=

~IEN OO0 Y’

1937-38 158, 3,
1933-34 171. 3
103740 {72. 6}
194146 175. 1
1947-49 56. 8

1950 i51.3

1924-28 {.___
1938-40 -
1933-34 | ___
103740 l

|l
PO MW OSSO ~Tm

Pl
[

proof for continual improvement in yiclds of the composites has been
built primarily on relationships to the Atlas variety. The possibility
that Atlas yields have declined is recognized, but the su mmary of
long-time yields reported by Laude (9) suggests that any change that
may have occurred iz comparatively small. A direct comparison
between the Ity to I, and the Ify, to Iy generntion vields also was
made. The Iatter group yielded 15 percent more and was superior
in 6 of 8 replications.

During the years 1937-45 and 194849, three previously mentioned
stocks of Composite Cross IT were grown in paired tests. During
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this period the random stocks gave a 4-percent higher yield than did
the large-seed separate, and were superior in 8 of the 11 years. The
small-seed separate vielded 12 percent less than the random stock
and hed a better average vield in only 2 of the 11 years. All the
stocks showed progressive improvement when compared with Atlas.
Thus, despite wide diversity as regards a few characters, similar basic
%dapbaitiion seemed to dominate in &ll three stocks of Composite
ross I1.

DISCUSSION

Cereal breeders in California have been occupied predominantly
with baeckeross breeding projects for 20 years (13). Consequently,
there has been no strong urge to exploit the various Composite
Crosses for selection materizl. These crosses have been advanced
each year with limited effort, while recognizing the need for a reason-
ably iarge population in each generation.

he unequal survival of characters at different locations, the im-
potence of disease resistance and early-maturity characters, and the
tendency for progeny predominsnily like the most adapied parents
to survive best a.l?point. to charscter associations, rather than specifie
characters, as the deferminers of survival in a mixture. 'They impose
heavy statisiical odds against recovery of a truly superior recombina-
tion from an enrly generstion seleciton.

The question might be raised as to whether superiority based on
comparative testing is a beiter measure of “a superior varieby’’ than
is survival cepacity. The senior writer was not convinced that
Vaughn was superior to Atlas, despite the feet thef it gave higher
yields 1n 12 of 15 years and showed greater resistance to prevailing
diseases {14). Atlas practically eliminated Vaughn from o mixture
during the same years and remained the favorite with farmers, despite
the publicity given to the higher yields for Vayghn. This example
18 not unigue m Californis or America.

The evidence of cohesive linkage that cannot be resolved to precise
descriptions is also very striking. There are many type or appearance
characters among the 28 parents used in Composite Cross IT that
have disappeared as completely as have the black seeds. Jn this
connection, the experimenis reported have not eskablished the signifi-
cence of black seeds, early maturity, smooth awns, or any other char-
acter as they individually may affect yicld or survival. Either
isogenic or backeross-derived lines will be particularly useful for
deterthining these roles more precisely, although even these techniques
do not completely eliminate linkages.

Bince long-term natural sclection within bulk populations recovers
associations of characters predominantly frem the most adapted
parents, 1 produces essentinlly the same results as backeross breeding,
This perspective of the two breeding methods is important,

SUMMARY AND CONCLUSIONS

Six different Composite Crosses of barley were grown In %e- t0 ¥o-
acre plots at Davis, Calil., from 6 to 24 gencrations. Selection within
any of these stocks was limited. They were grown primarily Lo study
progressive-population and yield-relationship changes. Natural selec-
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tion, under conditions approximeting normsl barley culture, was the
chief goal, although selection for two extreme seed sizes and con-
tinuous recombination of characters through mele-sterile plants also
were included among the goals.

Deficient nonra,ngom survival of four genetically independent
factors was observed, The characters that show low survival were
(1) the two-rows; (2) the hoods, from which characters inherent vield
disadvantages might result; (3) the smooth-ewns, for which variable
survival was observed; and (4) the black sceds. The rate of disap-
pearance of black seeds was rapid. It could not be explained by
a seed-size difference.

Selection for extreme seed sizes, beginning in the Fy generation,
markedly influenced the proportion and persistence of such characters
as two-rows and black seeds. It also revealed a high frequency of
heterozygous types in later generations among the two seed-size
extremes of the population.

Though scald has been the disease most destructive to barley in
Celifornia, less than half the normal expectancy of disease-resistant
progeny were recovered in the ¥, generation. Extremely early
recombinations were also quickly eliminated from the bulk populations.

Environment-induced seedling albinism, which generslly is not
lethal and persists for only & relatively short period, retarded the

owth of afflicted plants sufficiently to make them poor competitors
m a mixed population.

The date developed at Davis from Compesite Cross I are supported
by data involving Composite Cross I and its parent varieties from
eight locations, as developed by H. V. Harlan and associates. Genetic
characters, like varieties, do not survive equally in mixtures, nor
similarly at different locations, Particularly, at the more selective
locations, progenies recovered from prolonged natural selection are
predominantly like the few best adapted parents.

Yield data for three Composite Crosses suggest that there is a
continucus improvement in their yield level when grown over long
periods. ‘This may be extremely important, because most breeders
discard their bulk hybrids after they become sufficiently homozygous
to pive stable selection lines.

This experiment demonstrates conclusively that there is & non-
rapdom survival of recombination characters in hybrid mixtures.
The complete loss of some characters, the impotence of disease-
resistance factors, and the general cohesiveness of the populstions
sll suggest that the limitatlons ¢n recombination into a favorable
adaptation complex imposed by linkages are larger than most barley
breeders have realized. This suggests that all breeders should employ
more backcrossing or grow bulk populations for long terms to insure
meore complete recovery of proved gene associations.
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FORFEWORD

The research on which this report is based was authorized by two
projects condueted under the Agricultural Marketing Act of 1946
(RMA, Title 1I): (1) Effects of New Oilsced and Fats and Oils
Processing Techniques on the Industry, Market Outlets, and Returns
to Growers; and (2) Analysis of Factors Affceting Consumption of
Food TFats, and Analysis of Competition Among Food Fats and Oils.

Mr. Armore, the author, left the Burean in July 1951, after com-
pleting the research and preparing the first dralt of this bulletin.
Comments and suggestions of various specialists in the Department
were considered in making slight modifications in some sections and
in condensing and reorganizing severa] portions of the bulletin.

These revisions were carvied out by Richard J. Foote, Assistant
Head for Commodity Research. Mr. Foote completely revised and
prepared new material for the section headed, “Factors that Affect
Prices of Food Tats and Oils Other than Butter and Lard.” He
redeveloped the analysis of factors affecting the average price of food
fats ond oils other than butter and lard, demonstrating statistically
the price inelasticity of demand for this group of fats and oils. In
addition, Mr. Foote prepared Appendix notes 5, 6, and 11,

KarL Fox, Head,
Division of Statistical and Historical Research,
Bureau of Agriculturel Feonomics.
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