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N BED FOR VARIETIES low in bolting tendency for winter planting 
in California has long heen recognized. When the first curly,top'resistant 
varieties were released they were found to bolt much more readily than 
some of the better European varieties and were not suitable for fall or 
winter planting. These facts, together with the need for varieties resistant 
to downy mildew, caused the addition of new objectives to the project of 
hreeding sugar heets for curly,top resistance. Later, as sugar heet growing 
expanded into curlyrtop areas where fal l  and winter plantings were 
desirable, the demand for high curly-top resistance comhined with resistance 
to holting and to downy mildew grew stronger. 

Range of Plant i n :r  Dates 

The relatively mild climate of California permits a WjdL� range 
of planting dates with sugar heets grown for sugar. Imperial Valley fields 
<-lre planted early in October .  This date is only 6 tu R weeks later than 
sugar heets arc planted in the Salt River Valley of AriL,ona for seed 
growing by the method of overwintering in the field. In view of the fact 
that the winters in this nearhy seed-gruwing area are not much coldcr than 
are those of Imperial Valley the need for Cl non-holting variety for sugar 
production in the latter area hecomes ohvious. Winter planting is advan
tageous for a large portion of the S�n Joaguin Valley area and parts of the 
coastal districts. Non-bolting varieties must he used for these plantings. 
Plantings can he made in some of the districts as late as M�l).' ,md Junc hut 
in these plantings holting is not an important problem. 

Brecc-Jing for Resistance t o  Bolting anti  Downy 3-1ildcw 

An agronomic evaluation test including eleven varieties was planted 
near Sa1inas, California, December 6, 1 9 3 4 .  Downy mildew was unusually 
ahundant at Salinas and elsewhere in California in the spring of 1 9 3 ') .  
Indications o f  resistance t o  downy mildew and marked differences i n  bolting 
tendency were revealed by the Salinas test. The results as to bolting and 
Jowny-mildew infection with six of the varieties are given in tahle 1 .  
U.S .  1 was the first curly-top-resistant variety released. U .S .  :.; :\  and U.S .  
34  soon superccded it .  The other three varieties were lower in bolting 
tendency. They included a variety, hred by Dr. G.  H .  Coons and his asso
ciates, subsequently designated U.S .  1 5 . The other two varieties were R .  
& G. Olel Type and S.L. 49 1 \  a variety of high curly-top resistance. 

'A)!ronomist, Senior Geneticist , "nd Principal Pathologi�t , r�spectivcl y ,
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Further study of U. S . 1 '5  led to its release for extensive use for winter 
plantings in California coastal 'lreas. This variety, 111 addition to its resist
ance to halting and moderate resistance to downy mildew. is a lso moderately 
resistant to curly top, closely comparahle to U . S.  1 in  this respect. Due 
to this characteristic and its resistance to halting, lLS. 1 .,  soon replaced 
Old Type for fall planting in Imperial Valley where curly top has (leca '  
sional ly ca  used large losses. 

Table l .-Bolting and downy-mildew infection r·t'sult" in te.,t plan ted at Salinab, Cal iforn i a .  
DecembC't' 6, 1 9 3 4 .  

Variety 

u.s. 1 _ 

V.S.  :�� 
V . S .  :-:\4 
V . S .  15  S.L.  4 9 1 :1 
O l d  Type 

Holting 
6-25R 35 

percent 

90.� 
-l O A  02 .6  O,t, 

7.x 

Downy mildew 4-2;;-3,> 
percent 

Impetus to hn::edtng  for resistance to holting anJ downy mJidcv,' W.1S 
another outcome of the test at Si:tlinas in 1 l) � -t  dllJ 1 � :' ) .  Dr. L. D.  LL'ilL·h 
of the Division of Plant Pathology, University of C<tlifornid, VIsited thi.-; 
plot in the spring of 1 9 ':;  5 and ohserved the evidence of varietal Jifferences 
in resistance and susceptihility to downy mildew. This led to a temporary 
cooperative hreeding arrangement with the University with F .  C. Larmer 
representing the Division nf Sugar Plant Investigations. Leach's ( I ) :!  "vork 
resulted in the development of a strain of U.S . .:;:; improved as to downy' 
mildew resistance and equal to the origllla l  U .S .  :. :.  in  bolt1llg tcnJL"ncy . 
The commercial U . S . 3 :;  had heen ueteriorated in holting tendency hy rcpro� 
auction under mild-climate L-onditions. The University later turned UVL'r 
Leach's selected material to the Division of Sugar Plant Investigations. 
After the improved U .S. :..:; had heen extensively evaluated it was released 
for commercial use. 

Larmer's work on hreeding resulted in the prnductiun uf a st1'.1in of  
U.S .  15  improved in  downy�mildew reSIstance and equal  to the original 
variety in bolting tendency. He also made the primary selections which 
resulted in the development ( )f the v�lriety U.S .  )" 6 .  

O r ;  �;I l  of lLS ,  56 
A variety p lanting for a uowny,rnildew test \vas made by F. G .  

Larmer near Spreckels, California, in mid-January, 1 9 3 8 .  Three hundred 
and twenty-one mother heets were selected the following summer for resist
ance to downy m ildew and holting from six of the strains included in the 
test. These six strains were developed i n  the curly-top resistance breeding 
work at Salt Lake City, Utah . One of these, l ater designated U .S . 2 3 ,  was 
the progeny of selections from S .L .  49 1 � .  One was the progeny of non� 
bolting selections from U.S. 1'2 and U.S . .:; .:; .  A third one was the progeny 
of non-holting selections from U.S . .:;:; and two other l1umhC'rs. Thl� other 



1 8 3  

thrt:'c strains arose from clones which had hcen selected for non�holtin!2 and 
cur1y�top resistance from U.S. 1 '2 , A-6()( ), and several other varieties. 

The selected mother bc::ets were all planted in onc group at MeJfunl 
()regon, in October, 1 9 :; R .  The seed obtained from them in the summer of 
1 9 3 9  was labeled S .L.  948 .  Some of this seed was planted by Larmer at  
Salinas, California, Septemher 2 ,  1 9 :; 9 . Those that  holted (prohahly 9 )  per
ecnt) in that planting were removed . Fina lly, 1 07 mother heets were selected 
and planted at Ashland, Oregon . Of these, '5 B survived and produced seed 
which was given the number S.L. I- .. H .  

A p lanting o f  S .L .  1 · 4 1  was made a t  King City, California, Fehruary 
1 2 ,  194 \ hy the senior author. A refrdctometer and polariscope selection 
yielded 200 mother beets and of these :; ') plants were saved. These were 
reproduced at Riverside, California, and the seed was assigned the number 
s .  L.  3 5 6. Incre<.-tses of this number in Oregon and Utah gave rise to the 
variety U.S. ') (i. 

Com p arji:'ion of V.S. 15 and U.S . 56 
U.S .  I 5 r�placed non-holting European varieties for <I l l  fall and winter 

plantings in California. Commercial use of U.S. 1 5  was started in 1 Y39 .  
Critical eva luation :in variety tests and subsequent extensive commerciaJ use 
afforded enough information about the variety to make it useful as a 
stanuard for comparison. In bolting tendency it is he-tter than R. 8.: G. Old 
Type. I t  was originally moderately resistant to downy mildew and hy 
reselection has heen slightly improved in this respect . I t  has about the same 
degree of curly-top resistance as LT . S .  1 . The variety tends to he a sugar 
type and gives its hest performance on soils of high fertility. 

U .S .  56 has proved equal to or slightly hetter than U .S .  1 5  in downy/ 
mildew resistance and in resistance to bolting. The bolting counts on May 
2 6, 1 947 ,  in a. test planted ;,t Riverside, Caltfornia, on August 2 1 , 1 946, 
gave the following bolting percentages : O.S .  5 6, 3 1 ;  O.S .  1 5 , 5 4 ;  Old 
Type, 7 4 .  O.S.  5 6  is about equal to U.S. 1 5  in yield and sugar percentage 
when curly top is not �-!. factor. 

The most important characteristic of U.S .  56  in which i t  is superior 
to U.s .  1 5  is in curly- top resistance. A simpk tcst in Imperial Vallcy, Cali
fornia, in the season of 1 9 4 5 - I 946 revealed a dIstinct difference hetween the 
two varieties under the moderate curly-top exposure there that season. U .S .  
0; () exceeded U .S .  1 5'  in yield by nearly 4 tons per acre. A test in 1946  in the 
San Joaquin Valley near Bakersfield, California, had a severe curly-top 
exposure. Due to an infestation of Sclerotiam ro lfsii the plot was not 
harvested but observations revealed that U.S. 56 seemed nearly as resistant 
to curly top as the original or first release of U .S .  2 2 .  

T".ts o f  V.S. 56 i n  1947 

Many comparative tests including U .S .  1 5 , U .S .  56 and other 
varieties were conducted in California in 1 9 4 7 .  The results where curly top 
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W(l� n ( )t a factor �ll p pnrtcu p n::vi( ) ll� cviJcJ1I..'l' th;lt l L S. 1 5  i lnu U .S .  50 a re 
close competitors in  the ahsence of curly-top damage. The results of some 
of the tests under curly-top exposure in the San Joaquin Valley will he 
adequate to indicate the performance of  U.S. 56 under sU'--h. conditions. 

A grower-test planting, including U . S .  1 ')  and U.S .  5 6, was plantL'J 
on the ranch of John ] .  ilnd Ike J. Peters near Cawelo in  Kern County, Cali 
fornia, on January 1 1 , 1 947 ,  and harvested eetrly in August.  The yield of 
U.S. 1 5  was 22 tons per acre, while that of U.S. )6 was 3 4 .6 tons per acre. 
The difference here in  the performance of these varieties was Jue in  part hut 
not entirely to uifference in curly-top resistance . There was more root 
rot due to Rhizoctnnia evident in U .S .  1 )"  at the end of the season. Lower 
vigor Lind less favorahle colar in U.S .  1 5  were noted in the spring hefore 
curly-top injury became conspicuous hut the cause of this difference was 
not determined. 

A grower- test p lanting with U.S. 1 5  amI U . S .  56 planted in  mid·  
Decemher and mid-January near Five Points in western Fresno County, 
California, inc1udeJ strips of each variety. The results of this test,  given 
in tahle 2 ,  show that under the curly -top exposure then: U . S .  56 yieIJcJ 
B . t  tons per acre more than U .S .  1 5  in  the December p lanting and 1 '2 
tons per acre more in the January planting. Due to frost injury the stanJ 
was not as good in the December planting as it was in the January planting. 
The reduction in  yield \'vith U .  S .  1 5  was caused mainly by curly top even 
though the whole field was sprayed with DDT late in April for beet 
leafhopper and curly,top control .  On May G, U.S. 1 )  had 22 percent 
obvious curly top while U .S. 56 had only 1 percent A view of the 
Decemher�planted strips 15 sho\-\/n i n  figure 1 .  

Table 2 .  -Va riety V·st on Fnl.nk C. Diencl" t"<lll('h n (' a t ·  Five Puints,  Fr'c"no Cuunty. Cali
fOl·n i a .  Harvestt'd J'uly 2 l .  H)·l i . 1  

Variety 

IT . S .  5 fi� 1l .S .  1 ;;  
U . S .  5 6 '  
D . S .  1 5', 

Tons p('r A{�re 
-(;n;�-s- Su'gar Beets 

J\.l ;d-Dec.-('mb('"r. 19 ... 6 ,  P l a n t i n J{  

�.R72 I J)(W  1 7 . 5  �J .... 
M i d - J u n "..lary. 1 9 4 7 .  P l a n t i n R"  

:1 . 6 1 \l  2 1 . :j  1 .622 9.g 
I D a t a  t h r o u g h  courte1:\y of R .  J .  T i n g l ('y,  Holly Sugar C O I·pol·atioll. 
2Avel"age of 2.84 aCt·es. 
�Average of 1 7. 6  acreK. 
' A v erage o r  2.S4 ;[ c r·('". 
-'Average of :-• .  2,,) 8Cl'('S. 

Suc.-rose 

1 6 .\)\) 
1 7 . 4 4  

A comparisoll uf U.S.  1 ')  and U.S.  56 was made in a variety test at 
the United States Cotton Field Station at Shafter, California. Plantings 
were made October 1 1  and November 26, 1946 .  There ,"vas no spraying 
or dusting for beet leafhopper control .  The harvest results are summarized 
in  tahle :;. U .S .  5(i gave 7.9 tons per acn:: more than U . S .  1 )"  -in the 
October planting and 1 1 . 7  tons per acre more in the Novemher planting. 

Outstanding results were obtained from another variety test p lanted 
at the United States Cotton Field Station, Shafter, Cal i fornia, on March 
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Table 3 .  Variety test at U n i ted States Cotton Field Station,  Shafter, C a l ifol·n i a .  Harv�·�tcd 
Jul:'.' ao, 1!l47.  

T o n s  per Acre 
l;ro!<s·su;;;:--------Beet!< 

Percent COE"If. of Beets per 
Vadety 

v.s. 56 
U . S .  1 5 

Rig. D i ff.  { Odds 1 !l : 1 1 _  

O. S .  1) 6  
V . S .  15 
Sig. DitL ( O UU;; HI : l ) _  

October 1 1 ,  1 91 6 ,  Planting 
� :� . 2 :i  1 4 . 4 ,1  

:2 o . :) 1l  1 4 . 7 5  

1 . 5 · B  . H :{ 
;.oovembt'T 2 6 .  1 94 6 .  Planting-

app. pUrity l OO '  of row 

RR . 1 4  
R!'<."2 
N .  S .  

10fi  
1 0 6  

' " '  
l I O  

l R ,  1 ))47 , a n d  not h arvested until  November 4 , 6 ,  1 9 4 7 .  The p lots were 
heavily i n fested \.\.!ith ht::'et kafhop pcrs while the p bnts were smal l  and 
there \.\'as an ahundant supply of curly,top virus i n  adjacent p lots of heds 
p l anted in the fal l .  The appea rance of the plot in early June is shown in 
figu re 2. A strip of the German variety, Old Type, m this test \.-..... as so 
severely m.lured tha.t no marketahle heets were ohtained from it  at h arvest. 
A strip of U . S .  1 5  gave a total yidd, including non-m<lrketahle heets, of 
(mly 6 . 1 8  tons per acre. ()ther v;\ rietics rcplicatea tcn tinKs gave average 
yields of marketahle heets, t(ms per acre, as  fl l l l ( )\vs : U . S .  )' 6 ,  ::; 4 . 4 7 : ( )rigi n a l  
U . S .  1 1 .  4 1 . () 4 �  second release of U.S .  2 2 ,  4 0 . Y 9 : t h i r J  rl'lcase o f  lJ . S .  1 2 ,  
)' ::; . 2 2 .  Thes.: results support other evidence t o  the effect that in r1a.ntings 

r,gl l l \" 1 .  - (;r()w<.:r- t,'st pl . l ! l t i l lg u n  FT,Ill\.. Strip of U S.  1 '; �t ldt anJ 
strip nf V . S .  � � .  Planted � ;ol, n."'CIT,hc, 

FrebllO Count y ,  C ... ! Jfurllld . hackground a[ rh:ht arc )J) luly 2 2 ,  1 <) ./ 7 .  
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where severe curly�top exposure is a possihility and where downy mildew 
and holting will not be important factors varieties even higher in curly�top 
resistance than U .5. i 6 are to be preferred. 

SUlulll a ry 
The variety U .S .  )c) represents an -indirect synthetic mixture of curly� 

top-resistant material derived from several sources. Three of the sources 
were progenies originating from vegetative clones previously sdected fur 
non-holting as well ,lS for curly �t( )P resistance . The other sources were : ( 1 )  a 

cur ly 'top�resistant variety having moderate Jov\/lly�mildl',\" rCE'istanlT ; ( 1 )  
the rrogcllY of nOIl -holt ing se lect ions from U . S .  1 1  a n d  U.S .  :' 3 ;  ( ':' ) the 
progeny of n()n �ho ltlllg selections horn U.S .  ?> :.  and two other numhers. 

U.S. 56 is decidedly superior to U.S. 1 -;  in curly - top resistance. It 
is about equal to that variety in do\\'ny-milde\v resistance and slightly hetter 
than U .S .  1 5  in resistance to holting . 

Under moderate to vcry severe curly-top CXpUSU IY� U.S .  )'6 has 
�xccllcd U.S. 1 )'  hy v", ide margins in  tonnage of hccts and sugar p\2r acre . 

Under conditions where curly �top \,.:(\5 not a factor, U.S .  )() and U . S .  1 )'  
have been practica lly equa l  i n  performance. U .S .  5 6  is the best variety 
now availahle for fall and winter p lanting in  interior areas of Ca l iforn ia  
where curly top may be ,t factor and i n  coastal districts where curly top 
and downy mil oev .... ' may he factors . 

( / )  LE.'CH, L. D . 

Cutton f,dd St.!tion, ShdftL'r, CaIdorni ,l . RcplkatcJ rIofS at left.  
at ccnkr and reading kft to Tigh t :  Old T:. rc .  U .S .  1 1 .  U.S. )('. uf U.S. 2� 12 PIant�d March \ .j ,  1 <) 4 7  I'hot"�r.'rl]{'J J l ln,·  ".  

1 9 4 5 .  Effect of dov .... 'ny IIl i ldcw O I l  productivity of sugar heets, 
and selectIOn f()r resistance. Hilganli'l 1 6 :  :.; 1 7 , :' :;  4 . 




