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'\Jitroge n ('\J) knili ze r manage men t for sugarbeet (Bela vulgaris L.) 
productio n requires mo re prec ise informa tion tha n for Illost crops, 
In ad equa te 0: limits plant growth anel root yield , but excess N Illay 
reduce bot h sucrose p e rce nta ge a ncl recoverable sucrose (7).3 Als), 
excess N may s timulate more leaf growt h than necessary. The rate a nd 
tim ing of N fertili zer app lica tions are not on ly importan t in supplying 
crop N needs, bu t can inHuence the amo unt of N lost by leac hing and 
d en itrifica ti o n . So il and p lant tissue tests can provide essenti al data for 
d ccis ion-m a king for ef licil' llt ane! econom ical use of N fert ili zer . 

Recent stucii es hal e shc)\\'n dlat th e NOa-N level in the soil before 
plant in g is closel y re lated to s ucrose p rod uctio n whe n N is li miting (8, 
12) . Inclu sion of the N mineralization capacity of the soil s wendd be 
expe"cte rl to improve the re lations hip. Stanford and Smith (1 4) sh OlI'eel 
that th e m in erali za tion ca pacity varies \vith so il type" and loca tion. 
fhercfore , a soi l tes t for N that \\'ou ld have genera lapp lica bility should 
inclu d e" the min era liza tion capacity o f'the soil , ,md th e intnpreta tion of 
these tes ts should include some knowl ed ge of ex pecred irrigal ion prac­
ti ces. A so il te" st for :\TO:J- N may suffice as a n inel ex of'\] fertili ze r needs 
for a give n soil and ir riga tion level. 

Recen tl v, Ca rtel ' 1:'1 al. (5) showed that su crose production \\ ,IS 

closely re lated to ava ilable soi l N, as indica ted by a soil tes t t hat includ ed 
bot h min e rali zable '\] an d NO:J- N. TI1f' obj ective o f our stud) was to 
evaluate the so il test-yie ld re lat ionsh ip , deve lo ped fro m e"xperimental 
da ta at o ne jocation in sou th ceri tr al Id a ho, fo r pred ictin g N. fertili ze r 
needs thro ugh o ut sou the rn Idaho uncleI' I'ar ious ir rigation managc­
ment pract ices. 

Theory and Basic Relations 

Prt'vious investigatio ns showed lhat 1\1 in the soil , measured as 
:--.J 03- Na nd mi nera lizable N, may not re present a ll of the N taken II p by 
the su garbeet crop (5). Alth ough N03- N in the sa mp ling zo ne can be 
measured , th e plants may take up additional N03-N from a hardpan 
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or from be low Ihe sampling depth. Mineralizable N in the sa mpling 
zone , as d eterm ined ill the la bora tory, is an ind ex of th e supply fro m 
thi s source, hut more o r less :-...: may be mineralized in the field , an d N 
ma y be taken up from belm,· the ~dl11rling zone. '\I uptake (N up) by 
th e crop from \arious so urces is the best measure of l\J ava ilabilitv an d 
can bc expressed as: 

N up = Ef N f + O'n N n + 0' 111 N m [ I J 

where Ef == the effi c ie ncy of app lied :\i fertili7.er (Nf), 

cro p extraC Labl e :\i03-i\' 
O' n= N03-N in the soi l d epth sampled 

N n = soil NO:l-N in the so il d ept h sampled, 

crop ext ractable min era liza ble N field min . N, 
---~--------------- x-----­0' = 

m field mineralizable N in soil depth sampled lab. min. N 

:\i m = min eralizable N in the soil depth s<tmplecl, as determined by 
the labo ra tory minerali za tion tests . 

T he more difficult param ete rs in eq uation [I] to d ete rmine are 
Ef, O'n. a nd O'm· Ef can be evaluated by d ete rm in ing total N uptake 
from abo ut 4 rates of Nf (0, 0.5, 1.0, and 1.5 to 2 times the rate need ed 
for uplirllum productio n ) or by ass uming a value between 0.5 to 0.7 
(13). When evaluating Ef, the method ancl time offertilizer a pplica tio ll 
normally used by the growers shou ld be used. Determinin g 0'11 is 1l1Ore 
difficult, since O'mN m is not easily separated from O' n N n + 0'1)1 N m · 
At least two leve ls o f N n a re needed . These ma y be a ppro x imated for a 
so il type bv ap p lying two excess ive N fertilizer treatments for the crop 
grown befo re sugarbeets to give two levels o f res idual :\i ll' Aftn d e­
termining the tota l N up ta ke by sllgarbeerson these two treatme nts, al1d 
assumin g N m to be the same 011 bot.h, O'n a nd O'm ca n be approxima ted 
by a trial-and-error proced ure (ass umin g a va lue fo r O'nl> ca lculatin g 
O'n, and solving fo r O'm , e tc. ) . T he sampling d epth for c\et(Tmillillg 
N n and N m sho uld rep rese nt normal sampling d e pths for fhe <lrea 
involved a nd be co nsiste nt with ex pected fu tu re sam pI ing ,I nd a n<lly-;es. 

If the e ntire rooting depth is sa mpled, a nc! if' a ll of the \! Ch- \! in 
this zone is taken up by the crop, O'n I;vill be 1.0. 1r the elHirc rooting 
depth is sam pled, but no t a ll of th e NO:l-N is tak e n up, O'n "ill be less 
than 1.0. If only pa rt of the rooting depth is samp led a nc! some NCh-l\J 
is take n up fro m below the sa mpling depth , O' n will be greater thall 1.0. 

Prev io lls in vest iga tions indi cate d that wh en sa mplin g to th e 
ce mented zo ne o n a Po r tne uf sil t loam so il in south ce ntra l Id a ho 
near T win Falls, Ef = 0.65, O'n = 1.2 , a nd O'm = 0.95 (5). 111 thi s stlld y, 
o nl y Ef co uld be evaluated because of the lack of differe nt N n leve ls. 

Previous studies have shown that. for max imum sucrose yields, th e 
N requireme nts per ton of bee t roots is II :::+:: Ilbs (5). Less N is re ljuircd 
for root production at low levels of ava ilable so il anc.! fertilizer \I, anel 
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mo re N is used when the N levels exceed the plant needs for maxilllum 
S lIcrose prod uct io n . 

I f II ± I lbs ofN are needed to prod uce a ton uffrcsh roots, then 
til e potential yie ld , Y, for a sugarbeet field, if limited by N, will be: 

Y = NT /( II ± I ),NT/(II ± I) ~ YE [2a] 

Y NT 
[2b]o r 

wher e YE is the ex pected maximum yie ld under a given management 
level, wh en N is not limiting (obtained from farm records), NT is the 
total "net" N availabl e to the crop (NT = Ef Nf + an Nn + am Nm). 
If maximum yields ex pected from a far mer's management are desired 
a nd (an N n + am N n-J ~ (ll ± I) YE, t he N fertilizer needed to make 
up the d e ficit, (II ± I) (YE - V), will be: 

YE(II ± 1) - (anNn + arnNm)
N - [3] f - E 

f 

where N f is the needed N fe rtili ze r, a nd Ef is the N fertilizer e ffi ciency, 
expressed as a fraction. The Ef va lu e ca n be expected to ra nge fro m 
0.5 to 0 .7, depending on manage me nt practices (13), and was previous­
ly found to be 0.65 in this area (5). After ha rvest, the yield response to 

N ca n be evaluated by substituting Ymax for YE ill Equatio n [2b]. 

Materials and Methods 

During 1971, 32 ex pe riments, invo lving four N fertilizer treat­
ments, were established thro ughout southern Idaho. T h e resu lts from 
24 were usable (Table I ). The ex perimenta l sites, each 60 x 100 feet, 
were loca ted midway between the upper and lower e nd of irri gated 
sugarbeet fields . Nutrients, o ther than N, were applied to "the sites at 
the level used by the far m managers. A ll other nutrients, except N, 
were considered adequ ate from so il and irrigat ion wa ter sources. 

Each ex pe rimental site was divided in to four 30- x 50-foot plots , 
and ammonium nitrate app lied at rates 0, 0.5, I , and 2 times the recom­
mended amo unt for each site. T he recommended amount of N ferti­
li/l'!' was obta ined from ferti li zer a nd sugarbeet company field men , 
based on past fe rtili ze r and croppin g histories. In all tests, the recom­
llwnded N fenilizer rate was app lied to the surro undin g sugarbeet 
field hy I he Lll'm managers. The ferril izer was broadcast and disked in to 
the surface 3 to 4 inches of soi l on eac h site, All cultura l o perations and 
irrigations we re unifo rm for the entire fie ld. 

Each site was samp led to a depth of 60 inches or to the hardpan 
in tilt' spr in g of 197 1, before app lyin g fert ilizer, Twenty-four cores per 



Table i.­

Area 

Classification and soil properties of experimental sites used in the nitrogen study in southern Idaho. 

Soil Classification Root Previous Surface soil properties (0 - 6") 
< 
Q 

No. Designation, Subgroup, and Family Zone ' Crop pH O.M.% N% CD 

South western Z 
Scism sil , Haplo rexollic Du ro rthid 3 20 Beans 7.80 2.88 0.Q73 

2 Ga rbutt sil. Typie Tonionhent ' 60 Beets 7.80 3.92 0. 102 '-'" 
4 
6 

Greenleaf sil. Xcro llic Haplargid 5 

Elij ah sil , Mo llie Durargicl ' 
30 
14 

O nio ns 
Fa ll ow 

7.,,0 
7.90 

4 .23 
3.76 

0. 107 
0. 100 

? 
." 

'" 7 Power sil , Xe ro llic Hapla rgid ' 30 Swee t Corn 7.80 2.88 0 .052 
8 sicl 24 

South Centra l 
Onio ns 7.20 3.56 0.099 

cD 
-..J 

10 1 Declo sil , Xe ro llic Ca lcio nhicl '; 2 1 Corn 7.90 3.24 0.085 :.Tt 

103 Po n neuf sil , Xero llic Calcionhid" 24 Potatoes 7.55 0.89 0.OS5 
104 Ponneuf sil , Xeroll ic Calc iort hid 6 23 Bcans 7.65 0.74 0.085 
105 Ponneuf sil. Xero llic Calcionhid6 24 Po tatoes 7.50 I. S4 0.079 
106 Ponneuf sil. Xe rollic Ca lcionhid6 20 \·Vheat 2 7.55 0.S9 0. 10 1 
15 1 Ponneuf sil. Xerollie Calcio rthid6 17 Po tatoes 7.55 1.74 0. 108 
152 Decker I . Aq u ic Calcionhid' 24 Beets 7.50 1.32 0 .099 
156 Kimama sil , Aridie Ca lcic A ryixerolF' 24 Whea t 7.75 \.26 0.087 
157 Ponneuf sil , Xero llic C ,lcio rthid 6 IS Whea t 7.60 0.S9 0.094 

So utheas te rn 
20 1 Ponnellf sil. Xero llic Calcio nhid 6 17 Po tatoes 7.95 1.00 0.068 
202 Neeley si l, Ca lcionhid ic Haplo reroll3 60 Po tatoes 7,45 0.74 0.077 
204 Br0 11cho I , Xcrollic Ca mbonhid ' 16 Beets 7.75 1.05 0. 102 
205 Pon neu f sil , Xe rollic Calciorthid 6 2:3 Po ta toes 7.60 1. 53 0.088 
206 Po rtneuf sil. Xerollic Calcionhid 6 IS Po ta toes 7.50 0.68 0 .08 1 
207 Declo sil . Xero llic Calcion hid 6 2 1 Pota toes 7.35 \. 95 0. 133 
208 Ammo n sil , Calc io rthid ic Haploxeroll ' 60 Beets 7,45 1. \1 0. 103 
210 Pancheri sil , Xero llic Calcionhid 9 14 Po tatoes 7.75 1. 53 0. 11 0 
2 11 Bannock I , Arid ic Calc ixe ro ll' · 23 Beets 7.70 1.32 0 .097 

'So il depth to hard pa n or 60 inches 6Coarse- loamy. mixed , mesic 
2S traw burned 'Fine- loa m ),. mixed, mesic 
3Coarse-si lL y. mi xed, mesic "'Sa nd)'-s ke ic la l. mi xed , mes ic , -:; 
"Coarse-sil ty, mi xed . ca lcareous , Inesic 

!lFin e-silt y, mi xed, m esic 

"Coarse-s ilt )" mi xed . frigid 
' ·Coarse· loamy over sand or sand y skele tal. mi xed , frigid 

'-'" :.;.! 
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site were composited by 6-inch depth increnwnts to the 24-inch depth 
and by 12-inch increments below that depth. The soil samples were 
air-dried, ground, and stored until analyzed. 

The potential available soil N was determined by extracting N03-N 
from air-dried soil and from SO g of soil incubated in a SOO-ml Erlen­
meyer Aask for 21 days at 30°C with moisture maintained at approxi­
mately 113 atlll. j\![oisture loss was minimized by using a one-hole rub­
ber stopper in the Aask for aeration during the incubation. The N03- N 
was extracted with a CUS04' SHzO (2.S gil) and AgzS04 (0.167 gl!) 
solution. The SO-~ soil sample was shaken for 10 minutes with 200 ml 
of extractant, then 1.2 g precipitating mixture, composed of 10 parts of 
MgC03 and 4 parts Ca(OH)2, were added and the sample shaken again 
for S minutes. Samples were then filtered through Whatman 4 No.2 
filter paper, and an aliquot taken for N03-N determination by the 
phenoldisulfonic acid method essentially as described by Bremner (1). 

The difference between the N03-N concentrations found in the 
incubated and air-dried samples was considered the mineralizable N. 
Small amounts of ammonium-N normally found in these soils were 
assumed to be oxidized to N03-N during incubation and, therefore, 
were included in the mineralizable N fraction. 

Samples of 2/1 of the youngest fully mature petioles were selected 
at random from each plot (two in July, two in August, and one in the 
first part of September). The petioles were cut into yq-inch sections, 
dried at 6SoC, ground to pass through a 40-mesh sieve, subsampled, 
and analyzed for '\f03-N, using a nitrate specific ion electrode (11). 

The beet tops, crowns, and roots from six uniform 1 O-foot sections 
of row were harvested from each treatment at the end of the season to 
determine root yiefd, sucrose percentage, sucrose yield, impurity 
index, and total N uptake. Impurity index (2) and sucrose content were 
determined on two samples, 30 Ibs each, of randomly selected roots 
from each plot by the Amalgamated Sugar Company, using their 
standard procedures. The beet pulp (collected during sucrose analy­
sis,) tops, and crowns were dried at 6SoC and dry matter determined. 
The dried samples were ground to pass a 40-mesh sieve-, and total 
N in the samples was determined by the semimicro-Kjeldahl pro­
cedure modified to include nitrate (1). NItrogen uptake was determin­
ed by assuming that the percentage N was the same in the fibrous and 
storage roots, and that the fibrous roots make up 2S% of the total har­
vested root weight (10). 

The field lIumbers, locations, soil classifications, previous crop, 
and surface soil properties of the 24 experimental sites are ~iven in 
Table I. Soil pH was determined using a glass electrode measurement 
in a soil-water saturated paste, organic matter by a modified method of 
Walkley and Black (IS), and total soil N by the Kjeldahl procedure 
modified to include nitrates (3). 

4Mention of trade names or companies is for (he benefit of the reader and does not imply 
endorsellleni by the U. S. Department of Agriculture. 
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Results and Discussion 

The initi a l N03-N (N n), minentli zable N (N m), a nc! total ,l\'<libble 
N (Nr) varied widely between sites and were not consistent ,,·ithin so il 
se ri es or types (Table 2). A ran ge of 123-236 , 127-223 , and I04-195 1bs 
of mine ra lizable "i were released during incubatio n for the sOllth­
" 'este rn , sOllth central and southeastern Id aho areas, respect ive ly . 
The minera lizable N and/or the "iO:l-N frOIl1 be lm,· the dept h sampled 
comprised 49 to 81 % and averaged 63 % of the lOtal N ava ilable for 
plant growth where no N fertilizer was applied. These data indicated 
that the mineralizable N in the higher organic matter so ils of south­
weste rn Idaho could be rou g hly estimated from th e ir organic matte r 
content, but the lower organic matte r soils in south central and south­
eastern Idaho released 1.5 to 3.0 times more N than woule! be ex pec ted 
(ass uming 5-6% of O. M. is Nand 1-2 % of t.hi s N is re leased vearh} 
HOIvever, the total N content of th e highel' and lowe r organic mailer 
soils were comparable, indica ting the N fractions min era li zed were simi­
lar. Past cropping and management practices ove r an extended period 
of years apparently had a pronounced effec t on the total N available 
for plant growth from the min era lization process. 

Equation [2a 1 was evaluatec1 for southern Idaho in 1971 bv 
assuming Ef = 0.65, an = 1.2 , and am = 0.95 (Figure I). The root yield 
predicted from N levels generally agreed with yields of th e harves ted 
beets. However, on some sites, yie lds were below those ex pected , based 
on available soil N (sites 157, 202), which is apparently due to pro­
duction difficulties other than those und er study (Figure 1<1). Yields 
on four of the sites were highe r than those ex pected from the available 
suil N (6, 7,101,201). The sugarbeet plant beco mes much more effi­
cient in the use of N for root production at lower leve ls of available N, 
as shown by sites 101 and 20 I. Yie lds o n both of these sites were pre­
dictable from soil N leve ls, after adeguate N fertilizer was applied to 
get maximum yields (Figure Ib) . Site 6 had bee n fallowed for 2 years 
before this study and had acculllulated large alllounts of NOa-N 
just above or in the hard pan . The assu med an val ue of 1.2 probabl y was 
too low , and yield s indicated that an should have bee n near 1~6 for this 
site: Yields from the check plot o n site 7 cannot be explained from ei­
ther the amount of N available from soil sources or from the amount of 
"i taken up by the pla nts per to n of beet roots Cr a ble 2). The sugarbeet 
plants apparently used the soil N much more e ffi cien tl y on this site. 
Yield was predictab le , however , when adeguate N was present for 
maximulll root and sucrose yield. 

If the root yield potential for a ny suga rbeet field is known and 
o ther factors are not limiting, th en the a mOll nt of N fert i I il.er necessa ry 
for max imum yield s can be predicted, lIsing equation [:) 1as showil ill 
Table 2. The predicted N requir ed for site 6 exceeded the "i necessa ry 
for maximum sucrose yie ld s e no ugh LO significantly reduce th e sucrose 
percentage a nd sucrose yield. Fertilizer pl'eciictiollS 1),lsed on soil test 
an N n + am N m we re supe rior in southern [claho to procedures used 



Table 2. - Available N. root yie ld . '\j fe rtilizer reco mme ndations. a nd "I uptake o n s ugarbeet experime ntal s ites used in 197 1. ~ 
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Figure la and lb.-Effect of available N on the root yield of sugarbeet. (Root yields should be near the 10 to 12 lbs :-.;/ton of 
roots lines until sufficient N is availltble for maximum root yield. Excess N for the root yield potential of the sugarbeet field 
will maintain root yield while increasing the total available soil and fertilizer N (NT) per ton of roots. Solid vertical and 
horizontal lines represent the N level necessary to produce a given yield level if 12 lbs of N is required to produce a ton of r~ 

beet roots.) 



240 J O L' R\; ,\I. OF '1111,', A , S, S, B, T, 

by f'ieldmen based o n pas t fertili z.ation and crop pin g histories and 
predictions based only on availabl e N03-N Cfable 2). H oweve r, if 
Cliitural practices, irrigat ions, di sease, or in sects limit yie ld s, then pre­
dicted required \J, from all proced ures, will probably exceed the sugar­
heet needs and Illa y fu rth er red uce s llcrose yie lds . 

T he tota l 1 uptake by th e sugarbeet plant was linearly related to 
the available soil N (an N n + am N m) on the check (0 N) treatment 
(Y = 8,60 + 0,73 NT, r = 0.72) , a\'a ilab le so il and fertili zer N (an Nn 
+ a lll N m + EfNf) at max imum sucrose yie ld (Y = 33 .37 + 0.70 NT, 
r = 0,67), and ava il ab le so il and fertilizer N o n all t.reatment.s (Y = 47.88 
+ 0.67 NT, r = 0.75). However, the res ults were quile variable, beca use 
of variations in climate, different suga rbeet va ri e ties , and large \'aria­
tions in ava il able N that probably a ffect.ed the effic iency 0 fboth soil and 
fe rtilizer N utili zat io n . The linear relat ions hips we re improved wh en 
eac h exper ime nt al site was considered separately (average Y = 18.03 + 
0.78 NT, r = 0.88). T h e correlation coeffic ien t was hi ghes t on soils 
initiall y d efic ient in ava il ab le soil N for maximum s uga rbeet pro­
duction. 

The sucrose percentage \I'as inversely related to both NT and the 
average N03 -N co ncentra tion ill the petioles from 7/6 to 9/2 Crable 3). 
The sllcrose percentage at 0 N and the amount of decrease with N 
fert ili ze r \'aried \I'ith s ites, probably as a result of clim atic co ndi tio n s o r 
factors ot her than those un de r stud y. Howe\'er , the a \'e rage rate of 
d ecrease in sucrose percentage with avai lable '\I and a\'erage petiole 
NO:I-N co nce ntration we re simil a r to those pre\'iollsly fou nd in a de­
tailed stud y at one site (6). 

Thc impurity index (Impuri ty Index = [10 (amino N) + 3.5 (Na) 
+ 2.5 (K) J/sucrose %), as expected , " 'as in ve rsely rel a ted to the s ucrose 
percentage (Y = 2441 - 11 5 x % Sllcrose, r = 0,85) (Table 3). Beet 
roots with the high e r impurity indexes had a mod erate sucrose per­
centage when no N tertilizer was applied, and th e sucrose pe rcenr.age 
decreased as N fe rtilizer increased. The reason for the moderate suc­
rose pe rcen tage at co mpa ratively low ava ilable N va lues at certain sites 
is unknow n , but is probably due to climatic e ffect s. . 

I f the ex pe rim e nlal sites used in this study were re prese ntat ive o f 
th e suga rheet fields in southe rn Idah o, then these res ults indicate that 
excess N fertilize r is being recom me nd ed and applied on most suga r­
bee t fi e ld s (Fi1-{ure 2) . Of rh e 24 fields, 29.5% had amp le '\I fertilizer 
applied to obtain ne tr ma ximulll sucrose yields, , ,, he reas 70,:)% of 
the f-i c lds ktd exccss I fertili Ler applied which d ecreased sucrose per­
cent<t1-{e ami sllcrose yie ld . Prep lant soil tests, based o n total ava il a ble 
N from residual a nd l1linera li zab le SOllrces , would h ave e nabled pre­
dict in g optimulll lIeed s for sugarbeet prod uction. T his em phas izes the 
tl eed for ,tn ,tdequate testin g program for ma ximum sucrose pro­
duction and m Cl', tll prohts, Howeve r , as long as th e pavme n t to an 
illdi\'idual gl'O\l'CI is hased on root tonnage and average Sllcrose per­
ce ltl<tge ('or lit e d ist ricl , co rttroll i ng N fe rtilizer to ma xi III ile sucrose 
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Table 3.-Effecl of available N and average petiole N03- N on the sucrose percentage and impurity index of sugarbeets. 

Area % Sucrose Imp. Index Regression Analysis 'J:; 

No. Check 2 x Rec. Check 2 x Rec. Available N(NT)' r Avg. pe tiole N03- N 2 r Z 

17.0 16.0 526 -7-I O--Y~ 18.8 - 4. 1 x- IO 'X - 0.67 y = 19.5 - 2. 1 x- IO ' X - 0.7 1 :...:> 
2 
4 

17 .0 
15.0 

14.8 
13.5 

:1 19 
496 

644 
934 

y = 19.8 -
\' = 17. 1 ­

9.7 x- IO " X 
5.7 x- IO 3 X 

- 0.89 
- 0.95 

\' = 17.3 - 1.8 x" IO'X 
Y = ­ Fl.7 - 1.3 x- IO ' X 

- 088 
- 0.92 

;.;­

6 16.8 14.8 459 875 \ ' = 17.6 - 5.9 x- IO ' X - 0.57 ,, = 18.8 - 3.4 x- IO ' X - 094 
;;: 

7 
8 

17.7 
16.4 

16.5 
12 .4 

293 
436 

:>82 
1,1)69 

\' = 
ii' = 

19.4 - 6.5 x - IO 'X 
20.9 - 14 .4 x - I 0' X 

- 0.97 
- 0.95 

y' = 
Y = 

18.0 - 2.3 x- IO 'X 
19.2 - 3.7 x- IO ., X 

- 096 
- 0.96 

<.£:; 
~, 

10 1 17 .9 16.2 298 577 \'= 19.9 - '1.1 x- IO "X - 0.9 1 Y = 18.4 - 1. 0 x - IO' X - 0.93 
.~, 

103 18.0 16.2 378 670 Y = 2 1.4 - 10.8x- IO'X - 0.94 Y = 18.9 - 1.3 x- IO 'X - 092 
104 18.4 16.3 275 599 \ ' = 2 1.3 - 10.0 x - Ill 3 X - 0.95 \ ' = 18.9 - 1.6 x- I 0 • X - 095 
105 18. 7 163 430 7':2 :> Y = 2 1. 5 - 11.8 x - IO " X - 0.99 , . = 20.2 - 1.6 x- I 0 ' X - 0.9 8 
106 17.8 17.1 267 44 2 \ ' = 19.4 - :;. ') x - IO " X - 0.93 \ . = 18.0 - 0 .9 x- IO ' X - 0.99 
151 .16. 1 14.4 645 72 1 'i' = 19. 1 ­ 8.9 x- IO " X - 0.99 Y = 17.4 - 1.5 x- IO 'X - 0.84 
152 160 15.6 603 73 1 \ ' = I GA - 1.8 x - Ill" X - 0 .44 Y = 17.0 - 0.9 x- IO ' X - 052 
156 18.9 16.6 402 603 Y = 2 1. 3 - l OA x - H) 1 X - 089 Y = 19.9 - 1.4 x- IO 'X - 0.80 
157 16. 1 13.2 7:n 1. 1:;9 \ . = 19.5 - 14.8 x- IO ' X - 0.93 \' = 24.2 - 5.4 x- I0 ' X - 0.9'! 
20 I 17 .1 16 8 -19 1 602 Y = 17 .5 - 2.3x- IO'X - 0.64 Y = 17.2 - 0.5 )(" 10 ' X - 0.67 
202 18.9 169 \ . = 2 1.4 - I I 7 x - I () " X - 066 Y = 19.7 - 2. 1 )(" 10 ' X - 0.95 
204 18.0 15." Y = 2 1. 1 ­ 15.6 x- IO " X - 098 \ . = 22.4 - 3.4 x- IO ' X - 0.99 
205 15 .7 15.2 'i = 16. 1 ­ 2. 1 X- Ill 3 X - 0.70 \ ' = 16.5 - 0.9 X- IO ' X - 0.82 
206 17.4 15 1 Y = 20.2 - 13. 1 x- IO ' X - 089 ii' = 22 .n - 3.9 X- IO ' X - 089 
207 15.9 16. 1 y = 14.5 + 2.7 x- IO ' X + 0.39 \ ' = 16.8 - 1.0 X- I0 ' X - 0.37 
208 16.3 15.6 \ ' = 17.2 - 37 x- IO " X - 0.53 \ . = 19.2 - 2.5 x- IO 'X - 093 
210 17 .4 14 .9 \'= 230 - 15.9 x- IO 'X - 095 \' = 23.8 - 4.4 , - 10 ' X -0.93 
2 11 17 .9 15.7 Y = 2 i.'l - 14.4 x- IO 3 X _ 0.99 \' = 17.4 - 1.5 ' - 10' X _ 0.84 

A'·g. 17.2 15.5 44 1 7 ir) \ '= 19.1 - 86x 10 ' X - 0.82 \' = 19.0 - 2. 1 x-IO 'X - 0.86 
For all poi nt s \' = 19.8 - 9.4 x- IO ' X - 0.69 " = 18.0 - 1.5 x - IO ' X - 0.57 

1,\' = o/r SLl crose , X a\'ailable N(NT) 

:!y = o/c sucrose, X <l\"erage petio le NO :3 - N co nc...:e ntration from 716 [ 0 9/2. 
 1--": 

""" 
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Figure 2.-Distribution of excess N fertilizer recommended and 
applied to sugarbeet fields in southern Idaho in 1.971. 

production has no economic advantage over maximizing yield of beets 
per acre. 

In conclusion, the N03-N level in the soil has been shown in these 
and other studies (5, 8, 12) to be an ".xcellent indicator of the N ferti­
lizer needs of sugarueets for maximum sucrose production, provided 
that the mineralization capacity of the .>oil and the yield potential of 
the field are known. The amount of N supplied from mineralizable 
sources in a uniformly cropped and fertilized field is expected to re­
main reasonably constant from one year to the next, if adequate but 
not excess N fertilizer i~ supplied yearly for the crop grown (5) . Once 
the mineralization capacity ofa soil has been determined, this test need 
not be repeated yearly. Soil sampling and laboratory analyses, to de­
termine the amount ofN03-N in the rooting zone, when combined with 
the predetermined mineralizable N, would enable accurate N fertilizer 
recommendations. Mineralizable N should be redetermined every 
few years, particularly following forage legumes or unusual fertilizer 
practices. 

The use of this soil test shou ld indicate the optimum N levels for 
maximum refined sucrose production, provided that proper irrigation 
levels are used (9). Excessive irrigations, particularly early in the season 
before the period of maximum N uptake by the crop, will move part of 
the N supply out of the root zone and make it unavailable to the sugar­

http:OlR:\.IL
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beets. Although the testing for and the application of proper amounts 
of N fertilizer before the period of maximum plant N uptake are 
important, a mid-season verification of the N status of the crop by 
petiole a nalysis (4) would help to determine the accuracy ofN fertilizer 
application recommendations in relation to the irrigation levels, and 
should pe rmit fertilizer and irrigation adjustments during the current 
and future years for maximum refined sucrose production . 

Summary 

Sugarbeets (Beta vulgaris L.) were grown at four N fertilizer It>vels 
on 24 sites throughout southern Idaho to determine root yield, sucrose 
percentage, sucrose yield, impurity index, and plant N uptake in 
relation to the res idual, mineralizable, fertilizer N, and petiole N03-N. 
A soil test to measure both mineralizable and nitrate-nitrogen level of 
a soil serves as a valuable guide in recommending nitrogen fertili ze r 
for sugarbeets over a wide area of southern Idaho. The use of this test 
will enable the optimum application of nitrogen fertilizer before 
planting or side-dressing early in the season, before the period of high­
est nitrogen uptake by the plant, to obtain maximum refinable sucrose 
production and profits to both th e producer, when paid on a re­
fined sucrose basis, and processor. 
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