
Breeding of Sugar With Reference to Sodium j 

Sucrose, and Raffinose Content 

in recent yc,]r" Ilew 
F()r 

determinatioll 01 \arious (;11;Olh 

for the delu miuatioll of ralhllO'ic 

before 1930 contaiu,; numerous n:lerenn:s to w>Il-sugars 

oLller thall SIILrosC ill 

Such rckrcllces 
reierclltes usi ng 
01 the 

work have heel! sllmmari/c,l ,,,Iood 

,\-Jall) (I, 2, ,1,1, .~) han' sdedioll prcssUlc for 
low sodium content of individual roots. ,\!l ha\'C shown th;;t the sodiulIl 

correlated with SlHTOSC but in relatioll
tests lhat reduniolls ill ,odiulIl 

In the of 

parents in pounds su(Tose per 

\V{)od rooh ,declnl 101 and low 
ratlinosc rafltllosc COllLelll of beet s cou It! 
he lIlass selection that this clwraClcr be 

were to separdtc tlie 
into di/l crCll I qualltitic:i 01 

determinc the ellecti\'('llc" of 
101\' ,odium as a critcrion ill lor ,>\lerose contellt. 

Vfethods and :Uaterials 

tested chemical UHlStil UCllts ;n1(1 to 

~ll elite stock of :\n. ~ were 
These roots 

for size, (TO\\'lb, ell. Each root was 
for SUCTose, rafIlllOse, sodium, and inosilol, 

Table I shows the correlation ("efficiellts of Ihe v:!rious characteristics 
studkd in the original selected 

as percellt of beet, while inositol were 
percellt Oil substance; the 

roots were into threc lIlall! 

'100 roots (',I ell. The three grollps a mixture of the 
and did no! diller o! bel' as evcry heel 

atl)' olle of the three gToUpS. 

Research Chcmist, rc~pcnhdy, '\merican Sugar 

tn literature firczL 
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Table L-Cond'ltion Coefficients of 1046 Root, Selected from an Elite Stock of All1eri· 
rau ~o. 1. 

Raffinuse SodilllU Inositol Weight 

Sucrose -.1'112 -.7115 .'14B:l 
Raffinose .O~Ii4 .U!w:~ .HI:? -.OOD6 
Sodium .2,17'1 .1 1909 
(;~llaCliuol '-.()02I .l106H 
litoSI lOt 

,062 101 signifitann: at (he perct'!l.t leveL 

,ORI for "ignif}cmc(" at the 1 pcrccnl le\cL 


Each ot Ilwst: malll divitkd ,illlo two smalier suh· 
groups. ,\ seventh group 

:l5th oj i lS 

check selection ,villi which the 
otller groups This gYOUp was l~belcd 5.'1-107. 

The lirsl roots with the salTle 

COlllcnt and the 
secoud gtoll p was su b· 

high and low raHillDse content. These \\'CIT 

10 and :'11·1 II 

In Ihe bst group the beets were divided into two groups. odd and 
Ilumbers. roots WITe selected within the llumix:r., on a 
comiJined 
for this selection was sucrose 
\Vithill the odd numbers, 
sugar These were 

The codllcienl used 

,\ll other characteristic, were recorded but only the ones lllentioned 
above "'CIT u,ed ill this into ,arinus sub, 
group". 

The 11 Hm bel' of roots selected for each 
for each 

lllC;tllS, and 
standard errors of means n! each character group, and 
[or the cntire arc shown ill Table 2. 

Table 2.-iHeans, Standard Enorsr and l\ulnh<:"t of Uoots o( [h(' Entire PopUlation. and 
of the Sel'en Selected Groups lor Various Chemical Charaaeristirs. 

l)cdiglTC 
Number Criteria for Seitx'tlon 

')'1·40i Check 2,n>i-::-:::.J:J 
J1·40~ High Sucn)sc-, ·High "<t. 2.28j .12 

:: w 

" E::: '-' 
" G; 

5 S 

~ 

.~"z; '" c 
~ '" 

54·409 lHg'li SH("rosc~Low ;\;a, 2.()(j:= . 1(I J5.117 J:: II I:± '()017 
54,4 J() High Ra!linosc .104:1 ".0087 

,O~9H±.0074l! I.O\\' Rallinose 
.0·19', ± .OIJ:l512 A Cod. o[ :--' a. ami 
.060G+ .()O'I854 ll', HI;;11 

It ·':.10 
13.71±.20 
15.82:::.12 

.1 :;H::!:: .O:}90 

.811 .(m! 
L,}H,'c.()()(i2 

.:IR7 :::.0272 
..178+.04!1 

Entire Population 



te,[ oj the 
wilh L/u' 
frol)l the 

diilcrclltiate 

\'ari"us !',roups 
a, sclcnioll 
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ROOh O[ ('ach of the ,ti)()v(' s('\ ell group' 'pace isolated ill the 
of I!Fd alld prodmcd ,,('cd llial lall, Seed trUll! lhe,,' S('\(,II groups 

sccd 01 the original sLO( k ill all 8xi' Latin 
Lcst a I Rocky Ford. Colorado, Oil Plots were ,j-rows wide 
:lIld 'F,·lcct long, The t \\() ccnler row" wen' h .. rH'skd and lhree IO-bcCl 

were lakcll al ralldolll IrulI1 [hc han ('slcd roots. 

Thn'l' weeks laler horder rows oj JJ\'C oj the ,deCliollS "-CIT harvcsted 
:llld 1"'0 JO-bed samples \\Tre [:lkcJ] for cilclIIicd '1'lH' oi)jc( lin' 
of the ,second h:IHcsl lIas (0 dl:ll:llllinc wltclill'f or IlOt llll: rarlillosc (DIllen I 
imreased while the bcets I\nc ,lili ill tlH' Iatc JaIl. 

Results and Dhcussion 


The lirsl harvest nSlllr.s o[ lhe :Ited progeny 

chemical Table 'I. 


«uti 011 10 

,trains into lheir re'pcCi 

dillcrelln', obtained amoug the 
'1 his was 

prc,>,[1 re, \1('1'(' ill lite (hemic:!i 
ancri,lir, such ,IS raffillow_ 

Table ~,-Stand. Yield, and Cht:mk.al R('sults of [he l>arclll and Se\cn Sdl'({cd Chemical 
Strains. 

lor cn:ry :lllriiJutc li,;[('(1 ill Llblc ;), 

l)cdigrec 
Number Criteria for Selc(,tioll 

;,d- 107 Check 2fi,9:$ l~I.:\~ ,0",72 ,~II HLI 
;,-1 'iIJ~ J ligh S!lno~L' 21.71 ItUJl ,0:;5'1 101.2 
td IO~1 Iligil ;"ucr\:>'iC lIi.O:, ,0:111 ,27:{ 9G,1 
(;4~ 110 l1igh Ratlino"l' ~:LOf) L:).'P': ,O,His ~IJ", 

II 24,IH (;-').Ot) .(1121 lIil 
~7,Lj I,-).bl (HOI .217 

Ltit; IIi,OS ,(HO') ~H,I 

Parent 15.2'{ IOU! 
( ;cneral 2'L~~1 I:d;~ ,(H,",!) U 
1.\}D 5~c PL 2.0, ,IG ,(JORI ,04S 
LSD I 1'( ,('2 Alii :1 ,mH 10,1 

1.0:1'" 6,~)2(:~, G.90(X,C. \" 

UeC<llhl' lllosl of Lhe groups wt're sekned wilh this ill mIlld, 

of the p:IlTllta! \ willi the (heck sl1m,<, 

illcrease lor tOllS alld SUOOSt' per acre it] favor 01 ,")-'{-,I07 

,",j-I07 represellts ;1 ralldolll mixture of tlte ,Clel ted roots lrom UIC 


lr fidu(i;tI limils WClC (aicuialccl lor the llleallS III Table 2 for 
'Clel tioll 5,1-107 ami the clltire \\()\lld This ill
e1lelte-s that scintiuu 3/1-"107 W;L, a '>ali:;laclory ,ample nj 11lL' t'lltirc [>opula 
tioll of IO,Hi rool sclcCi.nl irom the l"llTIlI;d ,\mcricill :\0, 1 

Tile It',u!ts ill Tahk j show thai tile progeny with Olll: 
,('icnroll for wdlshaped moh, bred true 'IlH.l the: root 

Certain of the \ariom ,)trail)', 

http:sclcCi.nl
http:Cht:mk.al
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yield was sig nificantly increased over the pa renta l Ameri ca n No. I vari ety. 
T here were no signifi ca nt differences betwee n th ese strain s [or a ny o f the 
chemi ca l charac ters studied. Al though signifi ca nt d iffe rences were de tected 
in stand, it did not seem to affec t e ither th e yield of tons an d/ or sucrose 
percen tage. Ev idently the pl a n ts were suffic ien t ly spaced to have adeq uate 
competiti on. 

Beca use se lectio n 5+-4 07 was part of the sa me populatio n o f se lected 
beets which made up the o ther stra ins in this tes t a nd because it was sig
nifica ntly higher than th e paren ta l stra in fo r tons, and p ounds sucrose 
per acre, it should be used as the check in the va ri ous co mparisons to be 
di scussed. 

-One of the objectives o f th e experim ent was to select [or high and 
low raffin ose conten t and th en tes t the p roge ni es to see if they b red true. 
In Table 2, th e mea ns [or raffin ose conten t fo r selec'ted groups 5+-'110 and 
54-4 11 were signifi ca ntl y differen t [rom each o ther. If fidu cia l limits were 
ca lcul a ted at the one perce nt level, the raffin ose mea ns Eor th ese two groups 
woul d no t overlap. T he selected roots o f 5'}-4JO also co n ta ined highly 
signifi cantly more raffin ose than the chec k 54-4 07 , whil e the roots o f 54-4 11 
were significa ntl y below the check. 

T he proge ny results in Table 3 show these two selecti ons d iffer sig
nifica ntly at th e one perce n t level fo r percent raffin ose. T he check selection 
with a mea n of .2 14 was signifi cantly higher at the fi ve perce nt level th a n 
54-4 11 with a mea n of .164. H o wever, th e check was significa n tly lower 
a t the o ne p erce nt leve l tha n the h igh raffll'\ ose sel ection 54-4 12. T he first 
cycle of se lectio n indica ted tha t these chemi ca ls were heredita ble a nd grea ter 
adva nces coul d be made in breedin g [or a higher raffin ose vari ety th an [or 
a lower ra ffinose stra in. 

The correlat ion coefficients in Ta ble show a negative rela tion [or 
raffin ose with sucrose and weight, however, the latter was no t signifi ca nt 
and the value was so low that we ight and raffin ose co uld be considered 
independent of each o th er . Sodium had a low pos it ive correlat ion which 
was expected becau se o[ its nega ti ve relat io nship with sucrose. ' T he mean s 
o[ the selec ted roots in Ta ble 2 verifi ed th ese correla ti ons as the low raffin ose 
selection (54-4 11 ) was lower in sodium and higher in sucrose percentage 
tha n 54-4 10; we ight was approxim ately the sa me. H owever, none o[ th ese 
mea ns, including the check, were signifi ca n tly d ifferen t at th~ fi ve percent 
point. 

T he proge ny tes t of Ta ble 3 a lso conflrms the above correla tio n with 
the high raffin ose selectio n , 54-'H O being sligh tly higher in sod ium and 
lower in sucrose a nd weight th an the low raffin ose select ion. T he progen y 
o[ 54-4-11 produced significa ntl y more to ns a nd pounds sucrose per acre 
tha n 54-4 10. This might indicate tha t the nega tive correla ti on between 
raffinose and we ight was stro nger th an th e value obta ined in Ta ble 2. It 
also may have been clue to environmental co ndition s. A no th er possibility 
was th a t either ex tremely high or low ra ffin ose con te nt was detrimental, 
as the check yielded signifi can tly higher tons than these extreme raffin ose 
selectio ns. T he check was significa n tly higher tha n the low raffinose selec
tion at th e five p erce nt leve l and the high raffin ose selection a t the one 
percen t level. It also was signifi ca ntl y high er in sodium percentage and 
slightl y lower in sucrose. 



as ShOWll in 
sden lor 
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COllte1lt. 

that low sodiulll, per 
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T!Je border rows or fh'C "f the "eleniolls were !Jane,sted three week.s 
laIcr aIld two IO-I;eet samples wcrc taken for cheIllical These arc 
,/town in Table ,1. 

TabIe ,;L-Ch('lnira( Result:, or the Lah' Har\'co;l the Five Strains.! 

ItKl'CaSC of 
P('dign.:(' PefC{'nt I>('[('cnl Percent Rarnnosc In 
r\ulnhel Criteria for Sckction SU(', "la, RaiL Weeks 

:-"'·WH 11i.~il SU(tOSl' -0 ig;, :\ a. IIJJH ,015'; .:WO 210% 
:"'1·409 High Sncro:'\j' ,I,ow :\ a, J7,06 ,()2'l6 2~J.:)(!o 

cdl ,\ (ocr. of :\ a. and Sucrose Iti.20 ,~OO 

II ,I fligh 17.lfi .0372 ,:114 
Par~'nt American ;\0. 10.29 Jl510 .31~ 27,2!/{, 

.(;cncral :Hc;m Hi,76 ,0111 .~FJ 29.6~;, 

;.:S J)J :19 ,029LSll 1't. 
Pc ;.:~ ,0188 .O~~:) 

2.01 (?;, ] 1.7((;,;, ~L 12~:{, 

randornitu[ hlock ltesig-n with replications alld fi\'c \ arteries. 

T'he raffinnse data was 
dates as the alJd 
dil1crences were arllong 

to 1)(' 
the Y;,riet ies F v;tlue for dates was 

7(j,1, In order at the olle percent leyel the F value 
needed to be 7.'1. The dale X interaction was vcrI' ,mall and lIon

1Vhat caused this increase in raflinose we do nllt know, but we assume 
that the colder weather had sOllie The meall miuimulll telDperature 
for t1\'n weeks before the first harvest Octoher J 1\'as '10,9 
while minimum mean temperature between the two 1!;I!,\,csts W;l, 30,3 

Fahrenheit. There were ollly three which were ,52 
below before the lirst han-csL and cleven which were '12 

Of bdow hel ween the two han-es\s. The dates of the harn:sh were 
Ocrohcr Hand ""O\'cmbcr ,L 

i\dditional will be llCCC"ary to determiue the effect of 
ellvironment 011 the accumulation of r;lflll1()sc. 

The remainder of the test ,\';h 


,odiulTI ill the hreediug

SIHTose con lent. 


(l:'l a criterion III for 

The fact that sod iUlll :;<Ierose were 

Table I, sugg-esh 


sucrose 

hen was such 

or ahout c01lcentratioll of sucrose or 
visa versa. 

0\ strains ,"1'1-'1OH and 34·409 were selected with the 
,uer()se COlllull hut with a high and low sodiulll content. The mean;, 

in Table::' indicate the groups wcre selected ill that manuel' the ,odiullI 
content of these grouI)s was dilf'crcllt, hut other char;lcIcr
istics wen: the same. 
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The re'tdts of the ill Table ,\. Two main 
should be considered; first. the 'iUU'(hC (()!1tCIlt of Ihese t\\"o groups wcn' 
wilhin .()·l pcncilt of cach olher Table which was the of 

and with .02 percent of each other ill Table which was Ihe me;!!! 
of I (i The of ,Ul rose C01hLa1lt the ,del ,. 

or mother roots realized ill the progeny Itsl. Tilc- s("coud 
poillt lo cOIlsider was the COli tent. The re,ults o[ the progc'lly ICs' 
in Table 3 show the mcw sodiulII pcnclllagc lor :)j.cJOR as .0:').)1 and for 
:)'1··10') a, .0'iH. These mealh were significantly <lifft-rellt at the one per· 
CClIt InTI. Similar n:slllts aLC showll in Table 'I. XO other significallt differ
('IlCCS \Vcre dctecll'd for Ihese lwo groups. In Ll](>c 111'0 sdutioib 

and wilh tile (hu..:k WI' Elld amollg the jollo\\'

'iU(TOSC COil ten! <)f both ,clce tion'i W:IS 

the olle penclll !en'L sch;nioll 
acre. (C) sdcnioll .H·'JO!J 
[hall either the' chcck or 

in ra!il1losc 
ciwck. 

The fae t that the low sodiulll selectioll did not iii( rCl,e Ihe 
content indicates thai were not as 
rdatcd as first beet variel il's could be hred with 
a high .'indium and a (,)ntcnl. J-!o\\"C\'Cl', a strict 
of the sucro.'ic·c,()tiiwn corn'latiolls in Table 1 shows only 30 pencnl of 
fa([ors \\'hie!J alTe( I 10'" sodium han: an dfut 011 sucrose, 
cll\'irOIlmeIllal L1C[OTS 11:1\'C gTcal dIce I Oil tl!c,c [WO (iJaraCl(Ts. 

additional are needed to stud" thc inheritancc of sucrmc and 
,odiulIl. Such :i1so should hc de,igncd to study till' environ
mental elfCCl I intcractions. 

to tcst two mCthods oj selectioll ror 
the basis of a sodium 

Oil [he' h;his of 
sucrose, thcli the 

percent of ,uerose than 
group 

if fidll( ial lilllit., at Ihe fin, percC'llt wcre (:al( ulalcd for 
the mcan> 01 1 and I.~ ill T:l hlc 2, would This 
would inclinltc that the ,(']c(tu\ roots of thest' two group, part of thc 
'a 111(' for all characteristics shown in Table 

The result> of the Irom thcse two group, shown Jll Table 
'l. The sodium contcnt ,,1 these lll'U groups were 
Therefore, sclCllioll for high Sllcrosc W:h just <), ellccti\'C' 
,odium Ull11Cll[ as sclectioll Oil a ,ucTosc·,oc!iulll coefficient. The sucrose 
mealls wcre 1.'J.{i,1 for group :)'1-'112 and 16.(l:'i lor group :')1··11:1. The dUJ'cr 
('nee between thc,e mcans \\';1, A 1 while .4G W:1S needcd for 

not ,;1\' that these are diflcrcill at the five 
quc,t iOllahlc, \\'h('th~'r ;11'1.: est illla tes of 

The rcsults ,hown ill Table ,j favor sclectioll 
,WTO,(: conlClll, hut it was not sl at iSllc' 
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"'1011 ever. o\cr Ilcre La ken frolH these 
and the trend 01 ,I W;b ,I in SlH rose. ,\ 
check ::)j·,Hl7 with thc,c two scledio!lS shO\\'s U to be 
ill sucrose cOIlIc'nt I h:11I the check, \\'hile ,denioil ,~'J-.J 1:( \\,,1' 

diIIc)'nj( fWIll tile dInk. H tlds were used. it indicatc' 
that scko for hil(h sllc)'m(' content was lllore cHccthc a 
s()(iill!1l.mcrn,c (odlicienl in Oll!;l with a SU(TOse 

cOlltcnt. 

The la(lor between tlic,c groups was ill 	 [;Hor 01 

['he l1I('''1l lou of group while group 

only 2Ujli. TIth dillcrcll(c was at the live 

few ill the PelS' /1,11,(, 1Il 


, sodilllll sekctiolls, and the (orrdatioll, in I'ahic I shO\\' tllcit SUl 11 a result 
JS HO\\T\('r, the data in tilLs test ill Table ,1 ,how yield 
III tons lor both of the loll' sodiulll selectiolls (:"ll··109 ;lllt\ ;)'1··112) when 

to their respccti\(' (<HJl1lerpan and ,il,·H)!'). 'When groups 
01'1-,112 and 1'1 were Inr gro,s ,lHTfhl' per ;I{ ['e. no 

,\ "C test was to Ii tid the Ic\d of 
t h(',e I wo i II ,II( rose per ;H , \ \',due 

or .701(i with II oi Ireedom calculated, The lital 
these mca llS diHcrnlL W;IS I(',s than ,10 pCln:IlL 

Thrce shonld he (ollsidcrcd irom the rc,ults oi the sodillm lest, 
First. the sodium of sligar 
hcct C;ltl be: ilred if such ,,'a, dcsir;lhlc fmm Ihe pornL 
Second, it was possible to brced Jor ":trinus lc\c1s sodium wilhout effect· 

Third. the ':dc(!ioll hast'll Oll SlIlro,e only produced 
althouhh not in sucrose 

than the SlIcros('-vldil!lll ,selenion. 

In "lew of the time that sodiulll 
was 01 lilt Ie sucrose 
.,cl('(linll could he Also, 
lll(, f:1n Ih,1I SlI( rose pUTcmage \\',IS IllC<tsnred with more than 
sodium. a, showl! the C. V \';ducs. the nccd of suu'osc fl'ad· 

wilhotH cOlllbin it 'with a ,odiulll readillg whirh ha-; a large ",u·lance. 

1.:'>00 rool, of an elilE' slock of American 1'\0. 1 II'c[e 
sekned ill the field in 1 Tlw'ic root, wcrc suhdil'idcd illto ,('yen groups. 
Six of groups ,elee led for distillc dillerellt chemical wntellls 
:ll1d lhe snTllth group random mixture 01 t he 1,200 selected 
rooh. 

From the (lata submitted in Ihis rep0rl Ihe conclusions were 
drawll. 

1. II was possil)k 10 scleci roots with alld low raiflllnsc COll 

and Ihese hred true ill progeny tests, 


2. 	 The r:,ffiw)se III Ihe field was [ound to IU1\c 
LowC'r minilllllm mean 
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YJ. Paired root> were ,eleeled with stHTmC con lent but 
olle ;t high ,,,([iUlO (ontent alld the- other a low ,odiulll COil· 

[Clll. Progenies fr()llI tllese sr1ccliolh bcd tfUl'. I.e.. both had SU(TO,C 

conteJll but diilcrcllt ,odiulJI pcrcentages. Thi., indicated thaI 
sodiulll, pCI' 5C. had lillle eftect Oil the sucrose [Ollluit alld that the 
tlye correlalion of sucrosc and sodiwil could be broken. 

L I'rogl'ni('s ,elecled <lId\' on the basi, or [ile'ir ,ucrme contcnl hatl 
a SU(TOS{' contcllt thim sclcc!('d Oil the basis of a SU(TOSC' 

wdiwll coeffICient. 

5. In ,ie,\" of the 
the 
frol1l 

progrilill. 
present time il s('cms thaI ,odiulll 

is of little \;llue ill ullle" a low "odium 
\'i ('wpoi n!. 
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