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During the period in which cereal breeding methods were being 
developed in North America, the late H. V. Harlan, of this Bureau, 
became the chief designer and advocate of the complex bulk popula
tion method of breeding-an extended form of the bulk: pOPlilation 
method of breeding. He emphasized the effidency of this method 
for advancing selection material to a homozygous state. He also 
pioneered in its usc for study of survival under competiti,re selection. 

The studies here reported grew out of the writers' association with 
this work. Eiix different composites were grown for 6 to 24 generations. 
This permitted observations on the persistence of specific characters, 
the probable caUSes of nonrandom sUl"\Tival ill the hybrid mixtures, 
and the progressive changes ill the yield of 3 composites gl"OWll for 
13 to 24 generations. Companionate studies on tlle survival of va-. 
rieLies in miXl1lJ"I'S hfi.n~ aided in making the interpretations. 

1 Submitted for publication February 4, 1953. 
2~368S-5:1 
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REVIEW OF LITERATURE 

Most of the literature on bulk populations has been concerned 

with detecting, in early genern.tions, crosses that are potentially good • 

selection stocks. Vai"ied conclusions have resulted from studies with 

barley (6),2 wheat (7), and soybeans (8). The work with Composite 

Cross II of barley indicates that bulk populations are nt least as effec

the as pedigree selections in perpetun,ting superior genetic recombina

tions (6). In tl1ree similar bulk populations of rice grown in .A..rlmnsn,s, 

California, n,nd Texas for eight generations, "all degrees of maturity, 

height, grain type, and awn de,'elopmcnt survived" in sufficient nUlll

bel' for selection (1, pp. 714-716). Furthermore, (1, p. 716) '~the 

associ&tion of the charn,cters studied ... was not of such a nature 

as to in terfere seriously with the survival of desirable pbnt types ... ' .... 

This statement implies that some limitations on survival wbre imposed· 

A distinction between vm:iety performance in pure 
:.
.~tancls and '?by liukage" 


survival capacity in mixtures must also be recognized. '''Sul''.+,m.l in:: 


a mixture may no\,; l'ela.te to either yield or disease resistance (14.). 


Of the 11 parent varieties included in Composite Cross I and grown 


in mixtures n,t 8 stn,tions for f: h 1:1 yeaTs, the va.l'ieties Tl'ehi, Coast, 


and one other variety comprised 52 to 99 p0rcent of the mi.'dure in 


the last year grown (5). Only 5 of the 11 varieties remained among 


the hest 3 survivors il.t any of the 8 locations. 

The information on the ,icld of the random recombinations of 


certain charac'.;0rs recovered '[rom both bulk a.net pedigree populations 


(6) has been useful in. these investigations.

Anderson's work (2) supports the writers'. general findings and 


their departure from the more uSlml methods of anil.lyzing hybricliza- • 

tion in seeking to establish the rohtivc importance of hybridization 

in evolution. 

MATERIAL AND METHODS 


Composite Cross I (C. I. 4115)3 was compounded by H. V. Harlan 


from 32 crosses invoIYing 11 varieties. These; same 11 varieties also 


wore used in a parflliel study of sr,"vivul in mixtures (5). The 11 


varieties were crossed with 1 to r3 of the other vn;ricLies. After 


hn;rvest of the F 3 gel1el'il.tlon plants, equal parts by 'Vl'ight of each 


cross were mixeci together to form the Composite. The Fl to F 3 


genemtions were grown at Aberdeen, Idaho, amI subsequent genera


tions were grown at 10 locations for va.l'ious periods. Cooperators 


provided mndom seed lots from these genel'fttiolls for a study of (:har


acter survival nnder ('ompetition. From these seed lots 500 l)htnls 


wel'C:~ grown and classified annunlly at Baeaton, Ariz., or Aberdeen, 


The maximum 1ll0asUl'C of chn,nges invoived 12 g0npr'ationsIdaho:'
(1925-3G). SllOrl-tt'l'lll data fmm Pullnuul, Wash., al:d Arljngton, 


Vi1., did not 800m Lo merit inclusion.

Composit0 Cross n (C. 1. 5'~51) hus been undor continuous cullure 


in Cn,lifornia from the F 2 to F 24 gener'alions, wi tit only limiLed cx

2 Italic numbers in pnrentheses refer to Literature Cited, p. 13. 
s C.!. refers to accession number of the Division of Cereal. Crops and Diseases. 

4 These data W('fO obtained by n. V. Harlall, M.. L. 1\hrlini, n Stevens, 

G. A. Wiebe, and L. L. Davis. • 
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traction of material for plant-breeding use. This stock consisted of 

• 
progenies from 28 varieties crossed in all possible combinations-a 
total of 378 crosses (4). The parents were chosen to provide broad 
genetic and ecologic diversity. rrhe successive generations were grown 
in consecutive years in drilled plots ranging from }~o- to }io-acre in 
size. Planting rates varied from 55 to 70 pounds of seed per' acre. 
In most seasons the plantings were made before mid-December. The 
plants w"ere hlJ,l'vcsted with a binder' when fully ripe, and the seed 
WIJ,S given a minimum of selective screening before replanting. The 
objective was long-term cumulative natural selection under normal 
cultural conditions. 

A random lot of seed was set aside after harvesting the Flo genera
tion in 1936. The residulJ,l seed was then subjected to selection for 
extremes in size. Thus, from the F J 1 to F 19 generations the largest 
and smallest seeds were sorted out each ymtr by means of screens 11lld 
an air blast. The selected large and small seeds comprised less than 
10 percent of the total. productIOn of the previous generation. These 
separates were grO\vn in en,eh successive year under the same con
ditions as the stock subjected only to natural sel-cction. The large
seed fraction consisted of predominantly two-rowed types that were 
not wanted. The F 20 generation, therefore, was de1ibet'l1tely re
constituted by hand-selection of enough six-ro\\'ed heads Lo provide 
65 percent of the seed of th!1t type, These selected six-rowed type 
seeds weighed 57.7 mg., w11ich is truly large for six-rowed barley, 
The seed!" were not sized from the F20 to F23 generations, but the three 
separate stocks were continued for compn.rison. 

• Through the use of rr.serve F2 seed, it was possible to reconstitute 
the F3 n.nd ]f4 generations of Composite Cross II [or both census 
eounts and yield dctcrmintl,tions in 19:37-:38. An aLtempt to repeat 
this in 1947 failed, owing to the poOl' germilla:tion of the small reserve 
seed sample. 

Other Composite Crosses tested also werc grown on n.ren.s of }to 
acre or more in each gCl1ern,tion. These are briefly described as 
follows: 

Oomposite Cross III (0, 1. 55:30) was a mL\:ture of Harlan's crosses 
from 13 winlel'- and spring-type varieties. "Tin tel' types of badey 
are generally UlHl.dn.pted in Oalifomin,. 

Composite Cross V (C. L 6620), also developed by H. V. Hadan, 
is a bulk of FI plants derived from crossing :31 varieties, n,nd then 
crossing the resulting 1i\ plants in inereasing numbers through 4 
successive pn,irings to give n. "complele" recoml)ination. 

Composite Cross XII (0. L 6725), d(weloped by G. A. Wiebe, is 
in parL I), modified bnckeross in whicltLion, Atln.s, and Olub :\[[triout 
germ pin.sm predominn,te. Actunll,\T 26 \ral'ieties werc combined 
through iI. series of 4 pn.iriJlgs of F\ pln.nts, 1111d the residu111 then crossed 
with the I!'I of Atlas X Vaughn. 

Compositc Cross XV (C, 1. 7Jaa) WIts compounded by the senior 
wriLel' from 11 hulk off!\ pln.nLs from 625 pollen pitt'puls chosen at 
random for crossing Oil it m:tk-sLC'rilc strnin. Vitrious degrees of 
continuing rC'(:ombiJl!\,Lioll Ilre Itfronled. by the presence of male-sterile 
plitnts ill ev('!'y gen ern. ti 011 (12). 

• 
Census dnttt 011 ih~ CnJiforJlill.-gro\\'1l Composite Crosses were bllsed 

on counts of the different types n.rnollg Lhe plants or rCscr've seed 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 
variability in yield differences is indic,l),ted by the number of superior- • 
yielding replications among each of the paired stocks. 

SURVIVAL OF FIVE COMMON CHARACT.ERS IN 
COMPOSITE CROSSES 

Specific characters, like varieties (5), exhibit difl'erential survival 
capacity when grown in mixLures in different parts of the United 
States. Some environmcnts arc more selective than others'(table 1). 
Of the five characters recorded, hooded and deficiens 5 plants at all 
locations became progressively less numerous under continued 
competitive selecti')n. Thc :Meloy and Deficiens parents produced 
this same pattern i.n the census study of the :Mechllnical :Mixture (5). 
Two-rowed types increased at Aberdeen, :Moccasin, Fargo, St. Paul, 
North Platte, and :Moro, but declined rapidly at Davis and Ithaca. 
'1'his trend was previously reported for two-rowed parent varieties 
when grown at these stations (5). The percentage increasc of the 
rough-a\nled portion of thc two-Towed types was equal to that of 
the smooth or semismooth types, or even greater. Black recombina
tions at Davis followed tht' pattern of an unadapted variety and 
were reduccd in number in a very short timt'. This character at the 
other sevt'n locations showed the tr('J1d typict'..l of a vm'iety well enough 
adapted to remain in compt'titioll for many yenrs. Smooth-awned 
segregates persisted at original frl'qut'llci('s or jr,vrea.sed at six stations. 
This chamcter decreusNl at Faq;o and Nor-th ])latt('. 

The smoolh-awned parent varietit's, which did not have good eom
pctitiV(' ability (5), dicl not. fOl'('slmdow the J'('suI t of this tt'st. 'I'here •
arc two factors u,{f('et.ing tht' inheritanee in a ('ross of Tough and 
complett'I)' smooth-aWll bn,rIeys. 'I'll(' rough-awut'd versus smootll
awn('d (,ross protluees thl'(\e t)'pt's; JlameI.y, rough, semismooth or 
half-smooth, [),nd complet,t'l)" smoot.h. TIl(' sl1looth- and s('mismooth
a\\'11Nl barit'Ys W('1'(' classed as smooth, howey(·r. These t"wo types 
may lU1ve diftereuL mngt's of adaptation. Since three of the flYO 
charactcrs under reyiew \\'cr(' neutral H,t some locations and sharply 
divergent Itt othpl's, as seh'ction progl'essecl, it seems likel)' that the 
basis of the difl'cl'('J1ce llH1Y not lie in the chantctcr' itsclf but may be 
causcd by nciaplation [nC'·tor·s linked with it. H. V. Harlan, in 'con
versations and ill sllbseqlll·nt. ('rossing progl'ams, evideneed concern 
over t.he inaciequaey of n:,combinat.ions in Composite Cross 1. This 
rna,), not haye been seriolIs, bt'cause tIl(' data generall)r suhstantinLe 
those dt':velop('(l inclepencil'llLly b)T the Writer's from othpr material. 
The actual crosses buJked in F3 to form Composite Cross I n,r('. shown 
in table 2. 

Four pIn,I1l tC'lISllS (·Jllllnerations involving the 1\\, F'2, Fl., and F 23 

generations of Composite Cross II fLre shown in table 3. None of the 
four chamctprs persistt,c1 n.t: or ncar the levels to be expected from 
random r('combination. Low yields of hooded types, us established 
by I·brlan unci coworker's (6), may n.ceOllll t for the sma.ll number of 

5 The "deficiens" barleys arc described in Technical Bulletin n07, Classification 
of Barley Varieties Grown ill tim United Stt1tCS and Canada in 1945, p. G. • 
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T ABLE I.-Progressive changes in the composition oj Composite Cross I 
when grown successively at various stations, 1925-36 

Two-RoWED PLANTS 

Test station \1925/1926: 192711928 1929\19301193111932119331193411935 1936 

Iper-I Per-I per-\ Per- per-] Per- perJ Per- per-I Per- Per- Per
cent cent Icent cent cent cent cent! cent cent cent cent cent 

Davis, CaliL ______ .21. 0126. 6124. 2;24. 419. 8,20. 017.2' ____ 12. 8.11. 8 5.8 5.4 

Aberde~n, I~abo___ :21. 823. 2121. 1)125. 824. 0 22. 0 25. 612~. 6 29. 83~. 235. 427. 6 


1MoccaslD, Mont____ 120. 420.218.8;22.816.821. 826. 8·2!. 023.6 2!. 424.628.8 
Fargo, N. Dak_____ i23. 229.6120.823.223.4127. 4 _______________________ _ 
St. Paul, Minll_____!15. 2 18. 526.124.630.4\29.6 _______________________ _ 
Ithaca, N. Y _______ '21. 522.419.420.411. 1 8.0 ________________________ 
North Platte, Nebr_18.j 321.4 ---- 21.620.024.2 _______________________ _ 
Moro, Oreg________118. 9 ____ 24. 8 ---- 30.6 44.8 ---- ---- ____1____ ---- --- 

1 1 
DE~'rOIENS PLANTS 

Davi::l, CaliL ______ 7.81,0.2' 6.6 3.2\2.4 1.0\' 3.01 ____ 1. 01 O. ~II 0.8 1. 0 
Aberdccll, Idaho ___ 5.1 5.6 5.4 4,]1 4.8 2.0 1. 6 2.2 1. 8 .6, .8 .2 
M00casill, l'vIollL ___ 5. 71 3.6 4.6 5.0,' 4.6 3.0 3.8 1. 8 .8 . 4 ____ 1. 2 
Fargo, N. Dak_____ 6.1 3.6 L 8 1. 4 1. OIl. 6 t____________________ ----
St. Paul, MilllL- ___l 5.61 4.81' 3.41f 2.4 2.·1 2. 6! _______________________ _ 
Ithaca, N. Y_______"II. 1010. 1. j 4.8' 5.61 2.4, .8;----1---- ---- ---- ---- ----
North Platte, Nebc 9. 1\6. 6: ____1 5.413. OJ 2.8;____________________ ---_ 
Moro,Oreg________ 8.3 ----l 6.9 ---- 4.2 . 6t---- ---- ---- ---- ---- --- 

1 1 
l3r.A OK PLANTS 

Davis, CaliL ______ b2. obo. 014.81 5.4! 1. 41 2.41 2.21----1 1. 6j 0.21 0.2\ 0.8 
Aberdecn, 1C.laho ___ 110.. mo. 0',11. 4:,11. 2:,10. 21. 9. 2:. 8.0 6.8 6.0, 5.8' 4.2 6.6 
Moccasin, Ivfont___ J12. 9:13. 0,11. 2,12. 6'13. 9: 9.2 9.2 19.212.21 9.8 6.2 9.2 
Fargo, N. Dak_____ 1I:~. .JhI. 6:17. 0,11. 0;12.2; 9. O!1 ____________ j___________ _ 
St. Paul, Minn•. ___ 11. 7115. 3!I2. 2 10. 0:11. 0:10. 8' ________________ . ______ _ 

1 1
Ithaca, N. L ______ . 9. 9;L1. 5;10. 8, 9.61 9.0:10. ,1!____ ---- ----1---- - . _____ _
North Platte, Nebc13. 0:15. 81~ ___ ill. 8\'14. 413. 0, ________________ 1, _______ _ 
Moro,Oreg________ 8.41----114. 9 ---- 9.41 9.8(--1---- ---- ----j---- ---

1 

HOODEI) PLANTS 

1 
Da:iS, Calif. ____ J 9.611 7.2! 5.81 3. '11 3.8

i 
2.0 , 3.61----12.4 1. 4. 0,411.4 

Aberdc~ll, Idaho ___ 18. 8 6.0! ,!. 6: ~. Ii a. OJ ~. 0 ,I. G 1. (j .8 .6 L 0 2.4 
1r-.~oc.caSl/i' :Mont.___ ? 4,'·1 9. 4,' 6. 8" o. 8, 3. ~l 3,' 8, .3. 6 4. 414. 2 2. 2 1. 01 2. 6 

I'argo, N. Dak_____ 3. 5 3.4: .8 .81 I. "'I 0 1---- ---- ---- ---- ---- ---.
E:lt. Paul, Minn___ ,. 5.11 S. (j,. 2.2' 1. 4,' 2. 8 L 6,________ 1____ ---- ____ 1___ _
Ithaca, N. Y____ ._. 6.6i 4. J~ 1. (j! I. 8i 1. 8, 0 ________ 1_______________ _1 
Nort;h Plattc, NObr-l6. 6, 7.8'•. ! ().6· 3.8! 4. Or----I----I---- ._______ ,___ _ 
Moro,Oreg________ 7. 41---:L~!~c_-i~J~~~c-- "-T--- ---- ---+---

S~lOo'rH-A II'Ng!) PI.ANTS 

Da~~~-Calif,. _____ '~I! (;~~I~~fl:~'·)I~·I\;~-;l~7-.-s-:-II-6-.6-.1.-__-_-.1-1-2.-2-:-1]-,0-,~120. 8125. 8 
Aberdeen, Idaho. _ _ 0. 9: 14. 21a. 6;14. 2 ID. 4:,10. 2;lL. G;I:3. 61 7. 414. 8,11. O. 9. 6 
Moccasin, MonL.. Jl1. IlI'J. 8 I./' 0t 0.41:3.815.0,15.810. Sill. 221. 221. (j 19. 2 
Fargo, N.. Dttk___ ._lll. 0,15..2 1()·:3t 8.0110. 8 , 8. Sl---)l----'---- ---- ---- ----
St. Paul, Millll _____ I.u. 4",15. S 1:3. (j~.15. 0,,11.2,,18.61_______________________ _ 
Ithaca, N. y.______ :13. 5,14. 0.12. ()ID. 8:1S. 7j lO. 2),---- _____________ : _____ _ 
North. Platte, Ncbr_IJ4. O!l:t 8, .... i.12, (j,11. H 8. S ----1---- ---- ---_ ---- ----
Moro, Orcg ________ jIO. °)----117. 41----117. 6j2:3. (} ---T--- ---- ---. ---- ---

http:0,,11.2,,18.61
http:9.212.21
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TABLE 2.-Description of the parents and listing of the 32 hybrids mixed 
in equal parts by weight after harvest of the individual F'3 populations 
to form Composite Gross I (C. I. 4D6) • 

Parent (P2) 

cl cI~ ....Parent (PI) Genotype I ::-. J.;:::cl 

ci ~ B C!l
8 '"a C!l

.;:: U1 ~ '" '"~ 
Z ..., :fJ <> ::-.~'§ 0 

M 
B ~ '8 0cl ~ ..., cc:H c:l 0'" 

0 a cl ::: 0 ~ @ cl Il) "a
:0t;>0 0 ~ 0 ri5 ~ .-- ~ U1 A :E 

------1---1-------1--1--:----------------
TrebL _______ _ 936 vv bb RR kk ___ X X X X ______ X X X X 
Coast________ _ vv bb RR kk______________________________ X690 
Manchuria ___ _ 2259 vv bb RR kk_________ X X X --- X IX --- ---
GatamL _____ _ vv BB RR kk__ X ____________ X _________ X2276 vv bb rr kk_____ X ___ X ____________________ _Smooth Awn___ 2256Lion_________ _ vv BE rr kk _________________________________ _2238 YY bb RR kk________________________________ _White Smyrna_ 195
Hannchen ____ _ VV bb RR kk___ X ____________ X ______ X X531 
Svanhals_____ _ YV bb RR kk___ X ___ X X ____________ X X187 
Deficiens_____ _ 2225 ytyt bb RR kL X ___ X X _______________ X 
Meloy _______ _ vv bb RR KK_______________________________ _2289 

I 
1 vv=6-rowed, YY=2-rowed, ytY'=deficiens, BB=black, bb=nonblack, 

RR=rough awn, rr=smootll awn, KK=hooded, kk=awned. 

hooded barleys 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 
character has a high survival at some locations. Yield inferiority of 
smooth-l1wned selections was not established by HI1r1an allft others 
and probably does not exist, because a large number of smooth-awned 
varieties have been produced by recombination and are now being 
grown in all parts of America. 

The bll1ck-seed chara,cter disappeared most quickly from ~l1e 
mixture (table 3). Unlike smooth awn, it is a charn.cter for which 
there is no recognized economic value. Percentage of black seeds 
in the FlO to F 23 generations of Composite Cross II I1re given in tablel4. 
Conclusive proof that the character generally has a poor survival 
capacity is shown by early generations of Composite Crosses V and 
XV (table 4). Composite Cross XII, which is rel1liy a modified 
backcross and thus might provide a more favorable gene environment 
for the black character, is the only possible exception. In this cross 
blu,ck seed persisted at approximate expectancy levels through the 
Fg generation. 

Some further support for the theory thu,t black seeds in themselves 
do not influence survival is shown by the compa.rative kernel weights 
of blude and white seeds (table 5). No consistent weight advantage 
for either black or wb.itr. seeds is shown, and, hence, no probable 

• 
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difference in the synthesis or deposition of materials in the different

• colored kernels. The black pigment is a mature plant character 
that develops as ~he seeds ripen. 

TABLE 3.-Decline oj 4- characters in Oom.posite Gross I I derived jrom 
intercrossing 28 'varieties groum at Davis, Oalif. 

I , Composition of linkage group 1 

, 

Test PlantsGeneration year observed I, II, IV, V, 
2-rowed, black, hooded, smooth

7 1 1 awned,3 

i 

N1J,mbcr Percent Percent Perc(!nt PercentF ___________ 
4 1933 500 22.0 3. 4 2.6 13.0F __________ 
12 19.38 230 15.0 0 .4 9.6F _________1s- 1941 2,000 8. 0 . 1 .1 4.9 

F 23-----_____ 1949 4,000 .5 0 .02 2.4 
I 

1 First itelll=1inkage group; second item=genetic character; third item=num
ber of parents contributing character to Composite Cross. 

TABLE 4.-Blaclc seeds taken jrom. various generations oj 4- composite 
crosses grown at Davis, Oalif., 1936-1,.9 

• 
[Based on samples of 2,000 seeds] 

Composite Composite Composite 
Composite Cross II (C. 1. 5461) CrOHs V Cross XII Cross XV 

(C. 1. 6620) (C. 1. 6725) (C. 1. 7133) 

I 

Black seeds ! 

Directed ! 
selection Gen- GcnGen- IBlack Black BlackGeneration Ran- for- era- em- eraseeds seeds seedsdom tion tion tion 

seed 
stock Lar~- Small

est est 
seeds seeds 
-------------_.-

Per- Per- Per- Pcr- Pcr- Per· 
cent cellt cent cent cent centIF1O--_______ O. 3 FI 19.5 F2 2. 3 F2 a, 1F _________ ------ -----

ll .2 0,2 O. 5 F2 13,1 1"3 2.1 1"3 2.6 
F ________

13 .2 . 05 .6 Ji'o 7.2 1"1 1,7 Ji'• 1.9
F _________ 

H .05 0 .5 F7 7.0 Fa 2, 2 FG 1.3Fu_________ 0 0 . ,1 5. \J 1"0 1.5 sib2F 2 1.9F _________ 
17 0 0 . '1 ----,....- ------ sib3F t .9F21- _______ 0 0 .01 sibsFl .6F ________ I==;~== -----T----23 0 0 .01. 1------ ---_ ... - ------ -------

• 
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TABLE 5.-Kernel weight oj randomly separated black and white seeds 
jrom various stocks grown in 1948 or 1949 

Kernel weight 1 •
Genera- ___-,-___

Stock Ition 
White Black 

Mg. Mg.Composite Cross V ____________________________ _ 33.46 35. 72Composite Cross XIL_________ ~_______________ _ 33.72 31. 20CompOSite Cross XV__________________________ _ 87 31.94Do _______________________ ____________ __~ ~ 32.34.21 1 35.33Do _______________________________________ , 
48. 22 49.20 

Based on samples of 1,000 kernels. 

SELECTION FOR SEED SIZE 

Large- and sman-seed sepa~'ates of Composite Cross II were de
veloped by subjecting the:PH to the Flu generations to annual grading 
toward the respective seed-size extremes (table 6). From the F 20 

to the F 23 generations all tlu'ee lots were grown without further 
grading. The large-seed separates consisted primarily of kernels 
from the central (large) florets, whereas the small-seed separates 
were largely from lateral (small) florets. 

Black seeds were most IlumerOUs and persistent ~n the small-seed 
separates, and least persistent among the large seede (table 4). The • 
two-rowed types comprised 27 percent of the large-seed separates in 
1939 and 65 percent in 1945. Despite such character differences, the 
three stocks remn,ined similar. 

TADLE 6.-Kernel 'Weight oj 3 seed lots jrom an FlO generati.on oj Com
posite Cr088 II stock, 2 oj which wel'e selected jor seed size jrom the 
F'll to the Flu genemtions 

KCTn.el weignt I by year and test generation 

Selection variable from 1\)39 1940 /19<11 19'12 1943 1947 1949Fit to FIQ 

F'13 PH FI6 Fu FI7 F21 Fn 
------------,---------

Mg. J,[g. My. Mg. Mg. My. Mg.
No selection for seed size ____ 42.3 'J2.3 46.3 48.6 52.5 45.9 50.5 
Only largest seeds sowu _____ 55.0 55.5 60.0 73.5 61. 5 55.2 57.7 
Only smallest seeds SOWlI ____ 34. 3 21.3 39.1 23.6 36.0 3'1. 6 41,6 

1 Based on samples of 600 kernels. 

PERSISTENCE OF IlETEUOZYGOUS PLANTS 

Pln.nts heterozygous for 1 or more of the 4, characters given in table 
3 persisted in advanced generatiions of Composite Oross II. In the • 

http:generati.on
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• 
Fa generation heterozygous plants comprised 6 percent of the control 
~tock, and. 12 percent and 32 percent, respectively, of the small-seed 
and large-seed separates. Since observed heterozygosity involved 
,only 4 characters, the total heterozygosity was even greater. Ten 
percent of heterozygous plants pfrsisted in the large-seed separate in 
the F 23 generation. Some of the. continued segregation no doubt 
resulted from natural crossing, the influence of which may have been 
increased by 10 generations of continuous selection for large seed. 
Some of it apparently had a cytological basis, as is indicated by 
-various types of sterility. 

Some heterozygous plants may gain a selective advantage from 
yield or competitive ability. Such an advantage did not accrue 
from the heterozygous Vv ,genotype as constituted in Composite 
Cross I, however. In this stock the proportion of V-v plants was 
over half in F l , only 2 percent in F5, and 0.2 percent in Frs. The 
same terminal value occurred at Davis, Abcrdeen, and Moccasin. 

ENVIRONMKNT-INDUCED ALBINISM 

• 

Linkage with lethal characters is a recognized cause for nonrandoni 
recovery of characters, but losses from conventionallethals are gener
ally confined to the first segregating generations. It therefore seems 
fitting to call attention to a group of near-lethal seedling color de
ficients, including flash deficiencies in green color that are recognizable 
for only a faw days but involve up to 40 percent of the population, 
as well as persistent deficiencies in color that. are recognizable even 
jn the early jointing stage of growth. In some years these can be 
. found in all varieties and hybrids gl'O'wn lI,t Davis, Calif. Only rarely 
have any stocks shown more of these albinos than has Composite 
Cross II. . 

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

Color-deficient seedlings were observed in abundance during the 
yellrs 1937, 1942, 1945, and 1949, the more persistent nonlethals 
comprising from 2 to 8 percent of the total population of Composite 
Oross II in those years. Some plants of this type actually may 
somctimes function as lethals, OWD."lg to their greater susceptibility to 
frost, but this is a secondary effect of relatively minor importance. 
The real problem involves the ultimate impotence of the temporary 
albino plants in mixed stands (table 7). These 'randomly chosen 
paired pllmts had equal opportunities, except as the environment 
temporarily slowed the growth rate of one. In effect, the temporary 
albinos might behave like later seeds sown in. a situation in which 
total yield of the area was not improved by the increase in stano. 
AlIJ]rogenies from the albino plants (table 7) that matured seed had 
normal color and growth in 1950. 

Pairs similar to those shown in table 7 had been observed in 1937. 
Th~ pr?geni~s of those plants .were all normal in 1938 and 1939, and 

• theIr YlClds In 1939 were no (hfferertt from the 1937 normals. These 
data were compiled to illustrate an extreme case of plant suppression 



------------------

10 TECHNICAL BULLETIN 1067, U. S. DEPT. OF AGRICULTURE 

by competition. A character linlced with vulnerability to this type 
of suppression might have little cha~ce to survive. 

TABLE 7.-Examples of extreme selectivity in a single sea,son resulting • 
it'om low temperature-induced temporary nonlethal seedling albinism 
in jv.larch 1949, at Davis, Calif. 

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

Variety or Pair 1 Pair 2 Pair 3 Pair 4 Pair 5 

cross 


d 0 ~ 0 c:l 0 oj 0 c:l 0
S c: c: a c: a =: a ::: .... ;:: .... ..... .... 
0 :.a :.a 0 :.a ;§ 0 :.a 

:z; :;;J z 0 
:;;jj z :;;J Z 

0 
-tl Z :;;J 

N1Lm- N1L1n- Num- Num- Num- Num- N1l7n- N11m- N1Lm- Num
ber beT ber beT ber ber ber beT beT ber 

C. 	 I. 5461 
(F23) ----- 5-264 2-66 4-219 1-9 5-243 1-0 5-189 1-1 3-123 1-11AtJas_______ 12-579 1-33 5-270 1-21 5-238 2-75 3-165 1-6 5-330 1-9

ArivaL _____ 5-300 1-0 4-186 1-48 5-234 1-9 4-210 3-1 4-210 1-2
Hanna______ 5-131 1-20 7-156 2-27 11-396 1-14 7-231 1-12 11-352 1-24 

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

OTHER EXAMPLES OF NONRANDOM RECOVERIES 

The common conception that disease-susceptible plants are readily • 
eliminated from mixtures through operation of the principle of survival 
of the fittest was not confu'med by these experiments. Barley scald 
(10, p. 926) has been considered the most destructive disease to 
burley in Culiforuiu, yet only 17 resistant progeny were found umong 
356 progeny mndomly chosen from the Fl2 gener:1.tion plants of 
Oomposite Oross II. Of the 28 parents used in making this composite, 
3 had resistance (10). The recovery, therefore, WfiS less than half 
of the expectancy, even if scald resistance held no selective advantage. 
In the F2~ generution there remained 7 percent of highly scald-sus
ceptible plants with an extreme degree of susceptibility. Disease 
resistance, therefore, is not necessarily a potrnt determiner of survival 
ina mixture. These findings support the previously observed demise 
of Vaughn and the dominance of Atlas in a mL'Xture despite the 
superior yield find leaf-disease resistance of Vauglm (14). 

Much of the progress in breeding small grains in America has come 
from the production of earlier maturing varieties (11). With Com
posite Oross II, more than 5 percent of the Fa generation plants 
headed 5 duys earlier than any plauts in the Fll generation. Thus, 
there was complete elimination of the earliest recombinations in 8 
generations. This trend continued, because in the Fu to F13 gener
ations the composite was 3 days earlier than Atlas) but in the Fn to 
F 23 generations the composite was 1 day later than Atlas. 'rhis mass 
expression does not reveal the complete behavior. In the Fn gener
ation, 13 percent of the population headed more than 10 days later • 
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than Atlas, and only 2 percent of the population Wl!1S more than 3 
days. earlier than Atlas. Among the 28 pa.rents, 6 were more than 
10 days earlier and 6 more than 10 days later than Atlas. 

YIE:LDS OF COMPOSITE CROSSES 

Many investigators have used early-generation yield evalualiion 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 discl1rded early by that stl1udl1rd. Even 1l1ter, when 356 
random F12 selections were taken from Composite Cross II and then 
graduall.y eliminl1ted over 11 5-year period, not one agronomically 
desirable selection yielding more than Atll1s was recovered. It is 
clear, therefore, that the initial matcrinl was predomilll1ntly low
yielding. ' 

Continuous improvement appal'cntly was effected in the three com
posites by the elapse of time apd natur'al selection (table 8). The 

TABLE 8.-Progressive changes in the yield of th1'ee composite crosses 
and Atlas barley grown at Davis, Calif., 1924-50 

I, Superior-yielding 
Yields per acre replicates when 

paired 

Generation Testyenr "'HI'" IOHf, °H '" ""'HI,=H ::Hl =:::! a =H;t!H::::~ arn -jr.nu: '1.. 1'"'\ en- rnrnJC/l ....... 

o In! 0 en a en t - ~t 0 rn 0 rnI0 en - ~ 
~u;;. 0..0 C.W' C,) ~:l,cn 0..0 Q..rn Q) 

~ E:, ::: """ ::: £1 ~-I ::: 2 ::::,... Ee ~-
00100100'':; 001 0 0 100 :;:; 

___________I______I~J~I~I~~I~~~ 

_ j'pll.!Bll. lBu.! BU.! NO.! No.1 No. No.F;rF4 ____________________ _ 11)31-38 ~8. 3 ___ -, ____ ;86. 21 2, ____1____ 6 
F,-FB_____ -- --- ----- ---- 1933-34 Ir]. 3)---- ____ 183. 8 3,____ ____ 7___ 1 
F lI-F14 _______ ------ -- ----- 1937-40 172.6 ____ 1____ ,81. 7 6,----L--- 10 
F I,F20__ --- __ -- -- ------ --- 194~-46 !7Ii. 11________ ,,70. 8 13 ____ ____ 10 
F21~F23___________________ _ 1941-49 .56.8 ________ 40.9 114,____ ____ 6 
F 24___ --- _--- _---- -- _-- ---- 1050 151. 3 ____ ---_137. 8 10 ____ ____ 0 
F,-Fs___________ .__________ _ 1924--28 ____ 61. 7---_186.,J ____ 2 ____ 9 
FIG-FIB___________________ _ 1938-40 1____ 82.4 ---- 78.7 ---- 7 ---- 6

11933-34 ________ 61.6,00.0 ____ ____ 0 10
1~:~;;~~===== =========== == 1037-40 ---- ____168. 7 82. '1 ---T--- .7 9 

1 1 

proof for continual improvement in yields of 1118 composites has been 
built primarily on relationships 1;0 the Atlas variety. The possibility 
that Atlas yields have declined .is recognized, but the summary of 
long'-time yields l'epol'ted by Laude (.9) suggests tJU1t any chl1nge that 
may have occurI'ed iti comparatively small. A direct comparison 
between the F3 to F4 and the Fu to F'2 generation yields also was 
made. The latter group yielded 15 percent more and was superior 
in 6 of 8 replications. 

During the years 1937-45 and 1948-49, thrce previously mentioned 
stocks of Composite Cross II 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 yielded 12 percent less than the random stock 
and hBd a better average yield 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, simile,r basic 
adaptation seemed to dominate in all three stocks of Composite 
Cross II. 

DISCUSSION 

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

The unequal survival of characters at different locations, the im
potence of disease resistance and early-maturity characters, and the 
tendency for progeny predominantly like the most adapted parents 
to survive best all point to character associations, rather than specific 
characters, as the determiners of survival in a mixture. They impose 
heavy statistical odds against recovery of a truly superior recombina
Hon from an early generation selecLion. 

The question might be raised as to whether superiority based on 
comparative testing is a better measure of "a superior variety" than 
is survival capacity. The senior writer was not convinced that 
Vaughn was superior to Atlas, despite the fact that it gave higher 
yields in 12 of 15 years and showed greater resistance to prevailing 
diseases (14). Atlas practically eliminated Vaughn frqm a mLxture 
during the same years and remained the favorite with farmers, despite 
the publicity given to the higher yields for Vaughn. This example 
is not unique in California 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 Oross II that 
have disappeared as completely as have the black seeds. In this 
connection, the experiments reported have not established the signifi
cance of black seeds, early maturity, smooth awns, or any other char
acter as they individually may affect yield or survival. Either 
isogenic or backcross-derived lines will be particularly useful for 
determining these roles more precisely, although even these techniques 
do not completely eliminate linkages. 

Since long-term natural selection within bulk populations recovers 
associations of characters predominantly from the most adapted 
parents, it prod.uces essentially the same results as backcross breeding. 
This perspective of the two breeding methods is important. 

SUMMARY AND CONCLUSIONS 

Six different Composite Orosses of barley were grown in Yso- to Yto
acre plots at Davis, Calit, from 6 to 24 generations. Selection within 
any of these stocks was limited. They were grown primarily to study 
progressive-population and yield-relatIOnship changes. Natural selec
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• 
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tioD, under conditions approximating normal barley culture, was the 

• 
chief goal, although selection for two extreme seed sizes and con
tinuous recombination of characters through male-sterile plants also 
were included among the goals. 

Deficient nonrandom 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 yield 
disadvantages might result; (3) the smooth-awns, for which variable 
survival was observed; and (4) the black seeds. The rate of disap
pearance of black seeds was mpid. It could not be explained by 
a seed-size difference. 

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

Though scald has been the disease most destructive to barley in 
California, less than half the normal expectancy of disease-resistant 
progeny were recovered in the F12 generation. Extremely early 
recombinations were also quickly eliminated from the bulk populations. 

Environment-induced seedling albinism, which generally is not 
lethal and persists for only a relatively short period, retarded the 
growth of afflicted plants sufficiently to make them poor competitors 
in a mixed population. 

• 
The data developed at Davis from Composite Cross II are supported 

by data involving Composite CroRs I and its parerlt 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 
continuous improvement in their yield level when grown over long 
periods. Tills may be extremely important, because most breeders 
discard their bulk hybrids after they become sufficiently homozygous 
to give stable selection lines. 

This experiment demonstrates conclusively that there is a non
random 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 populations 
all suggest that the limitations on 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 
more complete recovery of proved gene associations. 
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FOREWORD 

The reseatch on which this report is based was authorized by two 
projects conducted unc1m· the Agriculturul lvIurketing Act of 1946 
(RMA., Title II): (1) Effects of New Oilseed and Fats and Oils 
Processing Techniques on the Industry, MILrket Outlets, and Returns 
to Growers; and (2) Analysis of Factors Affecting Consumption of 
Food Fats, and Analysis of Competition Among Food Fats and Oils. 

Mr. Armore, the author, left thu Bureau in July 1951, after com
pleting the research and prepa.ring the first druft of this bulletin. 
Comments and suggestions of various specialists in the Department 
~~ere considered in making slight modifications in some sections and 
in condensing and reorganizing several portions of the bulletin. 

These re,isions were carried out by Richard J. Footu, Assistant 
Head for Commodity Research. :Mr. Footu completely revised and 
prepared new mn,terial for the section headed, "Factors that Affect 
Prices of Food Fats and Oils Other than Butter and Lard." He 
redeyeloped the analysis of factors affecting the averuge price of food 
fats and oils other than butter and lard, demonstrating staListically 
the price inelasticity' of demand for this group of fats !llld oils. In 
ad(lition, Mr. Foote prepared Appendix notes 5, 6, and II. 

KARL Fox, Head, 
Division oj Statistical and Historical Research, 

Bureau of Agricultural Economics. 
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