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Introduction 
An experiment in which fidd plots were treated with a fac

torial combination of three nitrogen sources, three ra tes of nitro
gen, and five ra tes of zinc was sta rted at Prosser, vVashington, in 
1953. The cropping sequence on these plots included grain sor
ghum in 1953, pota toes in 1954, and suga r beets in 1955. T h e 
interest in sugar beets was concerned primarily with the influence 
of the trea tmen ts on zinc nutriti on. A t the same time, however, 
it was convenient to observe the effect of nitrogen ra te and nitro
gen source on such things as yield, suga r content, and petiole 
nitrate. 

Apparently little work has b een done to determine the zinc 
requirements of sugar beets. In a previous paper Boawn and 
Viets (1)3 published data for a number of experiments showing' 
levels of zinc in leaf blades, and concluded that 10 ppm. zinc in 
young, fully developed leaves a t mid-season is adequate for above 
average yields. They did not report zinc levels in oth er parts 
of the plant nor the total zinc requirement, Lingle and Holm 
berg (5) have reported increased grmvth of sugar bee t.s in Yolo 
County of California from applica tions of zinc but did not show 
levels of zinc in the plant associa ted with this response. 

In th e present experiment it was hoped that unfertilized 
plants would be sufficiently low in zinc tha t a g rowth response 
to addition s of zinc would ·be obtained. This did not occur, and 
therefore th e da ta do not esta blish "critica l" level s for zinc in 
th e tissues analyzed . On th e oth er hand, since additional zinc 
did not increase growth, th e leve ls of zinc fo und in plants from 
plots which did not rece ive zinc fertili zation are sh own to be 
adequate. 

Procedure 
Complete details of the experiment- procedure, obj ectives, 

and comple te experimental results-have been given in two previ
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ous publications (2) (3). Only that portion of the procedure 
pertinent to the growing of sugar beets will be repeated here. 

The soil at the experimental site was a Ritzville fine sandy 
loam, a Brown soil which is noncalcereous to a depth of 18 inches 
and is essentially neutral at the surface. Total nitrogen is low, 
about 0.04 percent in the surface, and decreases gradually with 
depth. The area had not been cropped previously and was taken 
out of sagebrush and bunchgrass just prior to application of the 
treatments. 

Treatments consisted of three nitrogen carriers, three rates 
of nitrogen, and five rates of zinc applied in factorial combina
tion, Nitrogen carriers were (NH4)"So.J' NH4N03, and Ca (NOa)2; 
nitrogen rates 40, 80, and 160 pounds N per acre; and Zn rates 
0, 2, 4, 8, and 16 pounds per acre as ZnS04. The treatments were 
replicated twice in a randomized block design on 20 x 33 foot 
plots. In addition to these treatments, data were taken from plots 
'which received neither N nor Zn. These plots were located among 
the other plots but were not randomized. 

ZnS04 was applied only once, at the initiation of the experi
ment in 1953. Sugar beets, which were grown on the plots in 
1955, therefore measured effectiveness of zinc fertilizer after con
tact with the soil for two years. Nitrogen treatments ,,,,ere made 
annually at the initial rates. All materials were broadcast on 
the surface and rototilled to a depth of eight inches the first year. 
In subsequent years tbe nitrogen materials were broadcast and 
plowed down. 

The beets were furrow-irrigated and all cultural operations 
were done according to standard grower practice. 

Leaf blades for analysis were taken on August 24 and con
sisted of 20 young, fully-developed leaves without petioles from 
each plot. Total top samples were taken August 25 and 26-from 
two lO-foot sections of row from each plot. Yield data are based 
on hand-topped beets from two 10-foot sections of 1'0\01' from each 
plot. The harvest date was October 24. Subsamples of roots for 
chemical analysis were obta ined from the harvested beets using 
a Spreckels saw. 

Zinc was determined by the dithizonate procedure essentially 
according to Holmes (4) using nitric-perchloric digests. Samples 
for sugar analysis were taken according to the procedure of the 
Utah-Idaho Sugar Company and the analysis was made by them 
along with samples from farmers' beets. Sugar analyses are ex
pressed on a fresh weight basis ; zinc and nitrate analysis on an 
oven-dry basis. 
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Figure I.-Tared yield and sugar percentage of beets as affected b y 
nitrogen rate and nitrogen carrier. (L.S.D. for nitrogen rate a t the I per
cent level: yield-1.85 tons/ aCl"e, sugar-O.68 percent. Nitrogen ca rrier dif
ferences not significant at the 5 percent level.) 

Results and Discussion 

Yield and Sugar Percentage 

Figure 1 shows the effec t of nitrogen rate and carrier on beet 
yield and sugar percen tage. Without nitrogen ferti lization the 
yield of beets was slightly more than 14 tons per acre and in
creased sharply with each rate of nitrogen to just slightly less 
than ~O tons when the N rate was 160 pounds per acre. As shown 
by Table I the pe tiole nitrate-nitrogen even in those plots re
ceiving 160 pounds of nitrogen per ac re had dropped to 210 
ppm. nitrogen as early as A ugust 24, far below U lr ic.-h' s cr iti ca l 
concentration of 1000 ppm. (6). It is evident that high er yields 
could have been obtained bad an adeC[l.Iate supply of nitrogen 
been avai lable during th e ea rly part of September. T here was 
a tend ency for Ca (N O")" and NH4 NO" to result in higher yields 
th an were obta ined with (N H .,)"SO, b ut the differen(es are not 
statistically significant at the 5 percent level. 

Sugar percen tage in harvested beets decreased from 18. 13 
percent to 17.11 percent as th e rate of nitrogen fertilizat ion was 
increased from 40 pounds per acre to 1GO pounds per acre. This 
occurred even though the petiole nitrate-nitrogen had dropped 
to 210 ppm. as early as August 24 (Table 1), and the beets were 
not harvested until two months later on October 24. 
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Table I.-Nitrate Nitrogen Itl I>ctioles at Three Salupling: Dates (ppnl. dry 'weight). 

Saml)ling Date 

N Rate July 14 August '5 August 24 

Ibs./A, 

() 140 35 75 

-10 320 70 98 

80 15jO !J(j 

160 GHO 2120 210 

(all rates of nitrogen) and 
levels or zinc fertilization. 
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be associated '\-vitll zinc rate !lor nitrogen carrier at the.) percent 
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3.-Effect of zinc and carrier on zinc cOllcentration of 
LOlal £Ops, leaf blades, and roots of !;ugar bee IS. l\leans of three 
rates. (L.S.D. for zinc rate at the 1 percent level: total 
leal blades-2.4 roots-1.6 ppm. carner no! 

at tht; percell t Ie,'el.) 

the zinc response to zinc rale~ '\"as 
Increase with the first 

roots were found to he mllch lower than 
III and to he less rcspollslV(' to m lillc levels in the 
soil. 

ppm., 

As was 
curvilinear, 
of 2 acre. 

beet 



actually increased the a\ailabilily o[ 
by tile aut IlO1S 

did not 

2H1 OF TilE s. S. B. 'r. 

3D 

0------0 (NH 4)2S0 4 

O------..Q NH 4 N0 3 

0------<1 Ca{NO )2
a

leaf blades25E 
a. 
n 
I 

Z 
Q 
f 
<{ 
a::: total top 
Z 
I 

W 
U 
Z 
0 
U 

u 
Z rools__ --0 

N 
o·~ ~ __1O 

40 80 160 

NITROGEN RATE -Lbs/Acre 

4,-EHect of nitrogen nlte and carrier on zinc ('oneen-
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Table 2.-Avcrage Pounds Zinc I'cr Acre Contained in Sugar Beet 
Grown with Three Rates of Auulloniulll Nitrate and Two Rates of Zinc. 

Tops alld Roots 

Zinc Content 

Zn Rate N Rate Tops Roots Sum 

Ibs';A. Ibs./A. Ibs./A. 

o 40 .044 .108 .152 

80 .063 .100 .163 

160 .069 .1l4 .183 

IG 40 .073 .108 .181 

80 .090 .142 .232 

160 .140 .128 .268 

In comparison to other crops sugar beets remove fairly large 
amounts of zinc from the soil. This is especially true if tops as 
well as roots are removed. The amount of zinc removed by sugar 
beets may well be a factor in the common observation that 
corn planted on ground 'which has grown sugar beets continu
ously for several years will usually show severe zinc deficiency 
symptoms. 

Summary and Conclusions 

Sugar beets were grown the third year of a cropping sequence 
on plots treated with a factorial combination of three nitrogen 
caniers, three rates of nitrogen , and five rates of zinc. Increasing 
the nitrogen rate from 0 to 160 pounds per acre increased the 
beet yields from 14 tons per acre to about 30 tons per acre. 
Nitrogen carrier had no effect on yield. The rates of nitrogen 
applied caused the average sugar percentage to decrease from 
18.13 percent to 17.11 percent. Zinc rates from 0 to 16 pOllnds 
per acre had no effect on either yield or sligar percentage. 

Nitrogen rate and nitrogen carrier had no effect on the zinc 
content of various plant parts. Sixteen pounds zinc per acre, 
applied 2 years earlier, increased the zinc content of Jea f blades 
from 20 ppm. to sliightly over 30 ppm., of total tops from 12 ppm. 
to 22 ppm. , and of roots from 8 ppm. to 12 ppm. These increases 
in the level of zinc in the plant did not produce a measurabl e 
increase in beet yield. 

The total zinc contained in a beet crop yielding 30 tons per 
acre varied from O. 183 pounds per acre to 0.268 pounds per 
acre depending on the level of zinc fertilization. 



2kti 	 jOlRi\A.L OF lIlt .\. S . .'1. B. T. 

Lilcr;llure Cited 

(1) 	 1\OA\\:\, LOllS C. alld \lllh, FRA:\K C., JR. 1 U ..,(j. ZilJ( lcnili/lT tcsts on 
sugar bcds ill "Llshillgtoll. Jour. .\lllf'r. SOl. .'mg;tl Hl'l'1 Tl'ch. Y('1) : 
212·210. 

(:2) J)o.\\\·~, I.ou, C, Val's, FR,\i\K C., JR., CR,\\\TORIl, C. 1.. and :-';FI.SO:\, 

J. 1.. 1'160. Filn I oi IliLrogCll Lanier. llilrogCll LIte, lillL r;ltt', ;tlld ill' 

duced ,oil cll;t1lges 011 1111( uplake by sorgiluIll, jJOt:!Il)('S, ;llId \llg«r 
beet;. S()il Sri. 'JO: :12<)·jJ7. 

(3) 	 BOA\\", 1.0\ IS C, ::\!-ISO", C. E., Vnp" FR'\e<K (; ...1R .. alld CR.\WI·UfUl, 

(:. I .. lyriO. i\·itro.i.;cl1 <aain and llitwgCl1 rate ililluClI(C on soil 

pr()perties <tud IluLricllt upLlke by crop.s. \\",,11. Stall' LllinTsil;., \gr. 
]- xp. Sta. Bu!. (ill. 

('I) 1 rULlIl/-.S, R. S. 1'J'L,). Deterlllillatioll ol toLd col)per. lilll, coi)dll, alld 
kad ill soih and soil ,olutiolh. Soil S, i, ;"'J: 77·1\,1. 

LJi\t;u:, JOII~ C., ;m(1 IlOl.\lllIRr., D. \1. i')S(i. Zill(·(ldlcicl1t (10I'S' 

Calil.\gr. 10 (2) : J3·[1. 

((i) LLRICH, .\. 19:")(). Critical Ililralc Jnch oj sugar I)('(ls t'slaiJiislt('(1 frOll! 

<1l1alpis 01 pctio]cs alld bJade" lI'ilil 'IJ('cial rdcrC'11Cl' tn ),i('1<h :we! 
SU(l'O,C (OllCl'11 In lions. Soil Sci. (;:): 2')] ·;lO:i. 

(7) 	 l'IRICIl, A. IfJS.J. lllfluellce oj night ICJIlpcrallllT ;ll1d nutri· 
tiOll 011 growth, .sU( ),(he accullIulatioll. alld ll';ll llIinerals of sugar beLl 
plalilS. Plant Physio. JO: ~0()2:)7. 


