
A New Look at Some Nitrogen Relationships 

Affecting the Quality of Sugar Beets 


:'\ it rogl"1l is all essential element 
inel sugar heets.There has 

in the ra te or ica t ion oj 
the last t WI) ASSOCIated 

mcrease !II t he lise or leni I1zer,<; and 
heen a decline III 10:;.\(;" ha\(:, illcreased. 

The tcrm "qllal' in is paper rders [0 the reiatiyc 
COIlCentrar.10l1S of 11llpurities, with to sllcro~e. II'lliel1 inln­
fcre with tile recovery of sligar The influcllce or nitrogen ler­
tilil.atlol1 nil the decline in quailly Illay he due Illore to Ille 

llIlling or nitratc uptake by (he hcet (hall by the tOLd 
alllount used ill lllany cases. 

[he gener:lI trend or quality declinc and it;. effect Oil pro 
losses were sllllllllari/cd at a scssioll or tile 

o[ Becl TecllllOl 111 Hl:-jx and 
sen~ral re,i(''\\'s have beell published since thell (13. ,Ilad­
dock. CI a1. (U) sh()\\'ecl lhat lile dowllward trend il1~lI~ar per 

of tile sUi{~II- heel since 1(1.'\7 \\'a., correlated willi a Illuch 
loss of sugar extr;tcted from Illl' beel rile a\crage loss 

to han' beell 1I101t' lhan 1I\'c lillll'S as 
as ,'\ I I incrcascd 

the daily 
a glYC'1l red uet ion 

IS undoubledly the II lor 
decline ill extraction, 

Tht' general ITem! toward I11 i{i](:' 1 1\ illl lowcr Slli{'11' per­
ami IOH{'}' CJILdity Sll,,\gcsts thaL yield and suA;:r pcnTnlagc 

correlalcd, 011 a gi\'cll farm under llllifollll 

ICcs other Ihan nitrogen lenililarioll, this 
la t iOll is llSll;} II Y ! rut', ho\\'c\'cr, rcsn1ts bet WCCll 111<1 

a disl riel not show Ihis rc la1 iOllsh Frcq 
the cis produced su"rar hecls far 

I Iigll yield. h percellt 
c\'ident II' llot Inn the ['.\(:1 OJ,S 

occurrence have not been 



A :\Iajor Calise of Low Quality 

The depressing ellen (l[ h nitrogcn nutrition Oll 

lweI <jllalit), Ila.S reported Headdell (14) as Glriy as ') 
II is rep()rt Iert lit 1Ie reaSOll lor dOll bl or the CllISC-:lllc!-C!lcci 
rcbliollSilip hct\\'ccn il nitrate uptake and low <Jllalit). Liter 
sluclies by Carciner and Robertson also ,llOwcd tllal excessiH' 
nitrogen rcduccd tile 'iugar and puri o!sllg-ar bcets. 
(;anillcr and Robertsoll the lOll III sugar 
pCrCl'lltag-e was an it ) linear fUllction or the nilrale 
Ilitrogen ill the beet at lIanesl and that each O,02j 
Ilitrate nit in the heel reduced the sugar 
approximat , which :tmOlllllS to a 40 
I\\'cen nitrate nitrogen and 

H nitrogen llUlrition or hech stimulates the h 
or Ill'\\' lean's. Since lc;l\'Cs arc the ic machiner\' that 
biocllemically ~llgar 11m!) \\'atel and carboJl dioxide 
for 111 the root. hecls should han~ an ahundalll supply 
oj llitrate to get tltem off to a g'ood start ill [Ilcir gTo\l"tll 

(I, ~.'), >lO, Early dc\cl oj a lull C;lIlOpy of 
Iellgthcl1S the ri mc for the cHect iH' use of lc:l\TS For 

pllOto:.ymlicsis, lill'l'ciJy incrcasilll!; sugar 

.'\llratc uptake and metabolism require energy dl'li\ccl at the 
expense or ~ll!2.·;lr accullIulation. Fir.\l. ('llergy is required to take 
llitr;tle into the roots (4, :1. Hi, ~O, 1) where ils C()]I('clltratioll 
is lIsualIY mallY times grealer lIiall that ill the soil wlutioll 

) I The cncr;.!;,) for this ;JnllllluJaliol1 or lOllS ag:lillst a 
cOllcenlral ion uTadi~nt is c1cri\ cd from the metaho, 
lism of stored food, principally sw~ar, Inns! he 
red lwed hefore it ca 11 be 

;111(( this reduction reqnires It lOllS 

lon, in the ellcrg'Y is derivcd at tile expellse SIH!:ar :I(,Clllllll­
"-Iti()ll. whether it is from tlie (lirect iSlll of .'ill!.!,ar or rrom 
tlie or watn Third. a mlllon ia formcd 
I he reduct ion of niuarc, and hi" olhCl' parl]V 

III rate Illtenlieciiatcs, is {oxic to the Ilt (IT) and Hlllst he 
immedlateh )!llbiIlCd with lIlore than filT Limcs i 

.'\ (i.~:) ';, oJ nllolOSVll1 hesi/cd 
illlcrlllcdiatcs to form allli]]o ;lcici;, ,,"l1ie11 III tlllll arc llsed 
the S'I'll! hc~is ()r proteins and Cll/YlllCS ('1, ;-J, 1 t hc'iC 
llil10!){'ll-(,Ollt;lilllll~' cOlllPounds arc llCCl'.\Sary Ill'sis 
and ot her biochcmical processes. they arc i ies as far as 
the ('xt.ract ion of suuar is' concerned and SOIlIC! ill1c~ t hev are 
produccd in c()nsiderable exccss or the allloullts needed for 
Opt illllllll SlH!,'ar product iOIl ;lIld 'i(orage. 
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File and (:aL'iIlCl that "t Ip iJurll" ()((Ub Illle'1l 

sugar hCClS that ha\c gn)\\11 ill l'ertilc soil \\'itll an ahund­
all(C or nil rogen lor a cornparariYcl Lilllc arc Iy 

under a loll' I intellsity, and lilat the toxic mhstall(,cs 
II1\'ohcd a Ie proil;! y norma I 11 it rO\4CllOllS C()II~t i Iuctll ~ 01 the 
plalll t poraril) ill excessive conCCl1l rat i()ns, H till' li~;ht ill, 
tensity is too lo1\' t() :-,uppl sufficient cllcrg} or rapid nitrate 
uptake, lIs reductioll, a ' ,II 1ll'111 (olllIJin,ltioll \I'itll 
carbohydrates 10 lor1ll nOll-toxic alllino Jci(\s. rile rnlll('cd nino­
gen (ompmllld,., arc toxic. Stout <!J1(1 rollllan lound 1hat 
10\\' (,Ollcellt rill io]]s 01 <lll111H)]]ia, il tile (,OIHcl11 Lltion \\'as 1ll<l1l1­
taillcd constant \\TH' toxic () gcrmlilat sllgal 
beet :i('l'ds and t \\o-l1lonth-old plauts, 

High nilrate uptake causcs h rate ()j' uptake uJ positivch 
iOllS such as sodiullI alld ,lssitllll in ()rder to maintain 

e!enrLeal balance oj cations and alli()ll~ ill the mOh j(i, :n), 
The dala ill Table 1 sil()\\ that sugar heers heavily Icrulizl'd \I'itll 
nil rog't'11 late in the ,~('aSOIl \\'CIT IlIllcil Im\'('1 ill sligar 
and Thev \\'Cre aho lllIICh h leI ill , potaSSIUm, 

and amino nitrogen tklll llorlllalh fcrt iIi/cd sllgar beets, 

Tabk ! .-Effect late, Ilea,,), anplkatiotJ of nitl-ogtU: on ~u~ar h<-,(,ts, GalHnat l)jOt. 

Salt Lake Cit), rlah, 1%4, 

Tr{'allHt'ut 

~-.--..... 

\\'crage 
root wi. 

Percent 
SlHTOs(' Purl!) 

,\mitw 

" Sodium I)ofas~ium 

POll11\;" Pcrc('nl PC! (eni ppm ppm 

nitrog!"n II,~H ~J.(; (Li\") :nlH 

3.21 ;';;!!.H O.;2'{ I'll 

:\jl appl ied A !1~'lLq 
Scp!f'mbCl ]0, !9,-d. :'WO pound" (If ~lmm'HliHln n;tralc, 


Yariety ST. ?/12.-WO. \ho\ {' fi.u,ul'c>-: arc ;1\ \;11 w--, or 20 indi, iflll,t! beets or l':H Ii nino­
treatment, 


Rounds, Sllldic(L tile clfce! oj nilrogen 
and va riel losses. riley found t.lnl h nit I'(wen

1') 

1I11 tri tlOl1 illlpurities thaI reduced i I V ,mel 
(':\tractioll, :'\ il rO<'fCll COll1 were highly 
!lOll-sugars ;md ash, altll< I \;trictics 
"hal diHcTClHly lo 

{"lriciI penentagc 01 sugar 
beets whell grow]l ill 11111 llUlriC!ll lIle could he increased 
From abOIl! 7 to 12 the best combillation 01' and 
night tClllpCr:ltlllTs available ;\l the Farhan La 111 Pasa­
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dClla, Ca Ii10m ,aIIICS ahove I H perccllt wcre observed 
\\'hell nitrate \\'as cillllinatcd Irom thc othcrwise rull lllltriCIll 
llIediullJ lor a Iimc bdorc ha1'\('st, 

The roots 01 sugar beet arc sloll' to UlHil a 
fa i 1'1 \ or IC<l\cs so that the Jf'a\'es can cap-
lure ioxide to make lIlore slIg;lI 

Ihan h and other mctalmllc pro­
ccsses, Only after t his stage dcvelopmellt arc the beets able 
to store an appreciable amoullt or in their roots, Siuce 
an abundance oj llitrogCll stilllulates I f;IO\\'lh of lIew 
the plants apparclltly need a amoulJt uf early in 
the seasoll to producc a gn)\\th or r(ilial photosynthetic 

UiPlllcllt, For a hefore harvest tbc nitratc supply 
should he reduccd tile reinvestmCllt of stored 
suga r ill the {ol ,Til regimc or h 
nilrate uptake early in the season fol a 1m\' rate or 

before ilanes! shollld result ill the maximulll 
encrgy thesis anc! suga r 

minimulIl lost eXCCSSI\(' iOlJ. nitrate u 
alld llleLliJolisill. alld tile iOll or CX('(;'SSI\T lear 

The lormation or an ovcrabundance or leaves is l101 ('011­

duciH? to sugar acculllulation ill the root, I are \cry 
10 gases alld han' a \'(:'lY ft rate or lion trans­
piratioll comparISOll \Iii h storage l.i~slles. \\'hen lean> arc 
('xposcd to I rhey llormal.., make lllorc sligar than they CO\1­

sume, In tilc dark, II they burn up 
llluch or the sugdr the ,\ 
surplus of leavcs llcillg; Se\'CIT shading' lor some or them can 
cause the too dellselY shaded kayes 10 he a liahil ,Lither than 
all asset. 

In summa . the best sequence of nutriellts and cl1\'iron­
llIen t \Vcnt stated that it lei iJl\oh" 

Lures ror maxi­
tJ1UIl! growth followed lOll' nitrale nut ritioll in sunny ;nlllllll 
wcather \\ill! Il tcmperatures Ileal' Ill'" ['he thermal 
rC<juirclllt'llb arc Llirly in lllany or the 

rcas, :\eithcr temperature nor 1 t factors can he 
casil\' modilicd economical therefore, lhe nitratc-nnlril ional 

IS hi\' I he must importanl lanor Sll to SOlI1e 
lllcaSIi l'C or cOlltroL 

The Possibility of Some .'\leasure of Coruml of 
Uptake 

\\'ithholdinl',' nilrate [rom a cult ure solutioll is casy. hut tak 
it out or lile soil at the I lime is lllore diHlcult. The method 
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gcnerall u;,ccl is to estilllale II iJllllll1 ;llllOUl1t I() apply 
carlier tile Hl so lilat tile nitrate "ill be depleted to the 
proper extellt ill the root lotH' at the I time. One 
II c<J llell ell(()UlHCI cd in i rClTlcnl s lor 
sligar heet,; the clint 01 inc< residues into 
the soil hclore t the 

cd Ollt tllat 
10 

heels lor available Ililrat I,ale in 
tilC summer tile 
"hell tlie 

I,each 1111ratc from tile root ion late 
III the slimmer \\'mdd he W(!Slclll! 

be dTectin:, \\()uld y reduce aeratjol1 oj the mols to tile 
]Joillt where mallei he reduced and root rots would de­
\ clop. Soil nitrate sluelies (1 
by til(: wriler 01 rile nitrate contcnt of 
waters h;l\e indicated that practices 
1cachil1!2,' or I1ltrale from s(Jils has been overestimated. Another, 
alld not 'iHel! ;111 obviolls approach tn the reduction or nitrate 
uptake latc in the -caSOll, is to help nature put the nitratc wilere 
t he plants cannot ;.!,'ct it-and saye 11 lor succceding (TOps. 'Tilis 
method has hecn in we ,incc the lln oj IIIll'e espe­
cially ill irril;':ltnl, :lrid climatcs snch as tilose of w('s(em United 
Statcs, Scientists 11:1\(' studied am! gi\'t~ll muclt concertl to tlie 
IJl()\C'IlICllt of soluhle ,,,all ill our s()ils 1g, ,becanse these 
qlt, s(;IllctilllCS iJuIld up to sllch high COl1CClllrations as to 
tllll'at('l1 crop production in cerrum areas. rile rclatiollsh 
/;el"Tl'1l nrccipitalioll and evaporation is for 
our saline wils and streams, but these same ['actors also aH'cn thl' 
;I\ailahilit\, or plant lllllricllt" '\ itratc IS the most 
.'Olllhie allioll ill our s(Jib and it is also t he SOli or 

taken lip hy plant roots, 

III arId clilliates wlicrc there is little pn or late,sumlllcr 
and raIl recs conducive to tlie redistnlmrlOll of nitrate 
ill the soil Ie In;!\, he llsed to 11lakc .\OI11C 01 the exccss nitrare 
ull;l\ailahk to the s. III stIch :lreas the two nit 
(actors, uptake hv the roots and redistrihution into 
soil. would (Olll t (';tch otheL The ('xtent. of the cvapora-
Ii\(' ll'(listriilllt o( lIitr;tlc in the '>oil as a means or 
(Olll!O] or nitrate nutrition has not heell [ recoglll1.e(l or 
utili/e(L 

rilt' tH'Il]('lld( amount or l1loisture that i~ [rom 
the surlace or the soil is oftCIl , Evaporation an:Ollllts for 
<l lOll or the total Illoisture applied to the soil h) 
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r~1l1l or Studies (1 at ROlilamstccL nd. "ith 
a (iO·inch ovcr numhcr of that D\tT 

allnual :1 inches was 
surhcc II i I'd (I~)) 

cd \ariatiolls ill ;ulIwal "allles from a free water 
surfacc at le\cl frolll I .K 

up lo 108 inches ;tt Calexico. California. Tile n;\ IOil 

111 tile S;dl Lake Val .Iuly. i():i9. amoullted to I inches. The 
a tola I c\a por:ltion or (i!U):/ inellcs Irom 

I. l!15!J. 

:\'o information OJ) the llJoisture loss fro1ll a field ()f sugar 
becls is available. hut CaJllpbell. <:1 al. ran· 

lion values from sligar callC in HawaJ ,;dues 
0.:'.7 tot O.NG em pCI' day. rite ratio 01 c\apotran· 

ion values to pan ion rate at hei,~ht ill' 
creased "'i,1! lhe growth canc frOlll initial values 01 ;liloul 
0,4 to values averaging 1.1 for (aile wilh well·dnel 
The tIlo\TIl1Cnt or nwist ure carries with it the soluble 
salts in the soil solutioll. rhe mohil y 01 t he salts or ions in· 
\oh'ed upon their COIHelltratioll, s()ll1bil ,and ability 
for ion with other iollS or rclali\ely insoluhle lllillcr;lis 
in lhe soil. watcr·:;oluhil or nitrate salt \\Ollld prob· 
ably a hie retention OIl the mineral constituents 
or tbe sot!, hut Ilitrates may be ried liP ra by an increase 
in the numher of microoq2,;lI1isllIs den' organic matter. 
fn this case the Ililr:!tc is into onranic·nitrol.{en COlli, 

pounds as well as lTllclerecl imillohil until Ihe or!2;an· 
iSlllS die and the :lIT re·oxiclizcd to nitrate. 

Sod nitrate and io1e-nit rate stud or 
plants call do JJluch to lIatc the are:!s of Ililrate' concentration 
ill tile soil (IN. If)) alld the nutritional lIS of the (IO, 
11. FI\;\\Tver, slich studies call enluate, )1D1 modify 
the c()ndition..\s Ruidcs they call be llscd to develop modifica· 
tions 01 cnltmal :Inc! irrig-atioll methods to some measure of 
control the groll·ill!.; scason. Late·summer or fall rains Oil 
beet fields frequently lcsult in responses similar to those [ollow­

. of nitrate fertilizer. tIaddock (12) found 
1011 resulted in lower quality heets than 

icalions of the same amount or \later by fUlTo\\' 
[Tnder 1 the petiole·nitrate \;dues at harvest 
were lllore than rour times h under lurro\\' irrigation. 

soils and petioles of beel ha\'(' beell ested for nitrate 
lIleam or d ine re:went Shortly befure harvest 

the ioles frequelltl shm,· little or no colOl~ation with the 
IT<1!2;C'lH, hut tile elf") soil ill the hetween heelS is orten 
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higlt ill nitrate, This sampk qualitat!\(· lesl CIlI gin: \('1) 
ul and cOIl\'incillg inicl'lll:ttion concerning- nilrate llutritioll 

alld distrihution, lIlhe season has heel! tile nitrate-rcclistribu 
tion is e\idclltl) de\'eloped to point where nitrate 
upta tllC is IOil , Oll\iously if thc lurro\\'s are shallow 
a Iwa\) rain or Ilood ilTigatioll 11(H'del u this clislriilutHlT) 

(tern and result ill high lIitrate uptake, increased growtil or 
ean:s, and reduccd sugar and purity 

/\ quantitativc I stuely 01 nitratc redisuilmtiol1 was 
made filling' a !I-foot tube \I-illl l-mixed soil. Distilled 
water was supplied l)()tLOIlI or thc lubc and aft lllc soil 
was Illoistened to the top, a lil-wall light bulh \I'as I incll 
above lile soil. later thc s()iI was removcd in se('­
liollS. dried, and anal 'Jill' total n COlleeni ratio1l 01 

the incil of soil 'filS len times h' a~ that o{ rhe lower 

Soil taken ill a larllH;r's beets lll';U 

oi tap \\',IICI' so that a rain hc simulated 
, if nccessary. h'en t!Joug'h tile soil s<Impled in the 

ridg'c betwecn furrows had been flooded al each irrigation. tbe 
clata in 1 I show a . decrease in total nitro­
i4CIl cOlltcnt from the surface to 100I'cr layers. Duri the nig-ht 
follo"ing the sampl alld the !lcxl day, OAii inch of 1'all1­

fall was recorded, taken Illllllcdia'tely after the raill. 
ad t to and at the samc c]c\';!Lion as the pIniolis 
silO\\"('d a marked shirt ill the l1i[1'OI2,(,11 contellt oj' the soil 
line, Fig'ule I FH'Il less than 0,;-) IIlch of raill had " 
slli[lecl the Illaxilllulll C<HKclllratiol1 frolJl the surface to ;1 depth 
0[' 'l oj' ;) 

values before (solid lille) alld alter a 
inches. Swensen Farm, Salt Lake O«olwl', 19:)7. 
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Data hy Rost and ;\llI'ay (21) showed that the :mr' 
of three :Vlilll1Csota soils contailled (i to II 

limes as high concentration or nitrogen as the :!:")- to ,'>'G-inch 
layers, 

.\Ie( ~eorge and \Vhanol) (1 studied salt-concentration 
gTadiellts in lettuce beds, The data showed that l1lost soluhle 
salts mo"ed laterally toward the centers of the beels as a result 

LOll and with the of moisture from 
ace. '\ itl'ate moved lllore than other salts, Bern­

I of cOl1centrat ion or 
w certain 

crops Oil saline soils under furro\\' 

Ihe vcr) hat 
01 other 01 
nil rate in the 
pI! hi ishcd stud ics 
in sligar heet helds showed thai nitrate concentratiolls in the 
0.') inch of soil he !iOO or mort' times as at lower 
in'Cls of the soil. 'his h concentration was found 
in the surface soil between heels in the Dr soil 
tween or nllratc in the 
su~ar beets as ion from ramfall 
("',dent Iy coni ributed to the h concentration 
ents. I 'nprotecled bare soil did not SiHn\' this extreme concen­
tralion gradient after a rainfall. 1'01 a ram 
the Ilil rail' concentration may be Illuch ill 1<H\'er ]c\'ch 

thall in the surface of llnprot(~CICd soils. 

The extreme solubility and moiJility ot nitrate in soils 1\'itll 
respen to moisture I11O\'em(,11I call he utilized ill 
agronomic and irrigation methods 10 modify nitrate-uptake h) 
sllg'ar heets in n:lari()ll to the grow and banesl scason~. j\lfany 
installccs ()f high yields and high sugar and qual 
have heel1 reported. The inHucnce of 11 rela­
lion to the seasonal needs of the sllgar beet 111 order to 
maximum yields and quality is \'ery important in sttgar heel 
cullure. tinder different climatic conditions. other methods may 
he superior hut the basic cffect or these clImatic factors on nitrate 
movement ill the soil should he llndentood in order to 
better lllodihcatiolls or cultural pranices. Iligh of soil in 
lhe rows or heelS and tollar protect lOll of the soil fr()m rain may 
serve a~ an additional mcans of depleting the avaIlable nitrate 
late ill the season in arid climates. \Vith roli:lr protection 
the nitrate in the surface lllay remain relatively unavailahle 1'01­
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lowing light rains. If, however, tall rains are heavy and frequent, 
th e nitrate may become available to the plants at th e least desir­
able period (6). 

The principal purpose of the present report is to bring to­
gether some well-established basic facts concerning Ilitrogen 
meta bolism and to point out that these Facts have an importallt 
practical bearing on both the yield and quality of sugar beets. 
Proper timing of the r elative rates 01' th ese basic processes is 
probably the key to a sound , economic solution. The effects of 
ce rtain climatic conditions that modify the distribution of nitrate 
in th e soil profil e also affect nitrate uptake. This redistribution 
or salt concentrations in the soil profil e has been studied exten­
sively in relation to salinity problems. Concentration patterns 
shown by these studies have attractive possibilities for use in 
modifying the seasonal nutrition of the sugar beet. Figure 2 is 
a c1iagTammatic summary of some of these basic facts. 

:" / 

\ I "~ 
. RE~P .,~. 

\/ 
\ :/ JON PUMP '", 

. <. >.', 

Figure 2.-Schematic diagram of nitrate uptake, reduction and metabol­
ism in the sugar beet. Actual sites of processes figurative only. The effects 
of rainfall 01' irrigation and evaporation on nitrate distribution in the 
soil profile are indicated. 
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