
Mineral Assimilation of Sugar Beets1 

W. E . CARLSONS 

The ra te of minera l assimilation d u r i n g p lan t growth can be 
approximate ly followed by knowledge of the quan t i t y found in 
plants taken at intervals throughout the growing season, a p rocedure 
which was followed in this investigation. There are comparat ively 
few instances, however, where such a s tudy has been appl ied to 
sugar beets. C e r n y (1) has s tudied sugar beets in a somewhat 
similar manner , and repor ted the resul t s on a fresh basis but purely 
as percentage of composition. Other s tudies have repor ted compari
sons of yields of beet roots or of sugar content and p u r i t y of sugar 
to the fert i l izer t r ea tmen t . However , none of them points out the 
requirements of sugar beets for the main n u t r i e n t s at d i f ferent fer
tilization levels. 

Materials and Methods 
Three one-fourth-acre plots of corn-stubble ground, having sev

eral years of prac t ica l ly identical previous c ropp ing history, were 
selected at the Hun t l ey Fie ld Stat ion for this s tudy. Previous crop 
yields indicated tha t the soil had a low level of ferti l i ty, with nitro
gen most deficient and phospha te probably a l imi t ing factor for 
crop product ion af ter the nitrogen was suppl ied. For this field 
test one-half of each of these one-fourth-acre plots was manured , 
and the whole area cul t ivated and levelled. Both the m a n u r e d and 
unmanured a reas were then divided into 12 subplots in each of 
which were p l an t ed six rows of beets. The p lan t ings were random
ized to give th ree repl icat ions of the four t r ea tmen t s as listed in 
table 1. An account of the weather da ta appea r s in table 2. The 
fields were spr ing-plowed about May 1, levelled and planted to 
beets on May 11. All fert i l izers were side-dressed at approx imate ly 
2 inches on ei ther side of the seed. Th inn ing occurred on J u n e 16 
and 17. 

Sampling and Methods of Analysis 
Samples were collected from the inside four rows of each 

six-row subplot on J u n e 16, J u l y 11, A u g u s t 7, September 3, and 
October 16. On J u n e 16, approx imate ly 250 p lan t s were selected 
as a sample, whereas on each subsequent da te approx imate ly 30 
beets were taken. In all cases such samples were immediately cleaned 
and topped in the usual manner . F r e s h weights were taken separa te ly 
on tops and roots . A th in slice from the center of each sugar-beet 
root, and a small a n g u l a r wedge from each crown, inc lud ing all 
leaves a t t ached to it, cons t i tu ted the samples taken for analysis. 

1 Contribution from the Chemistry Department, Montana Experiment Station, 
Journal Series No. l61. 

2Assistant Chemist, Montana State College, Bozeman. 
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Figure- 1.—Shows the pounds per acre of N and P2O5 taken up by the beet crop 
during the growing season from soil treatments A, B, C. 

Figure 2.—Shows the pounds per acre of N and PaO5 taken up by the beet 
crop during the growing season from soil treatments A, D, E. 
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Such samples were immedia te ly weighed, dr ied in a force-draft oven 
a t 55°-65° C, and aga in weighed when dry . Samples were g r o u n d to 
pass a 1 mm. sieve. 

N i t rogen—Tota l n i t rogen was de te rmined by the Kje ldah l meth
od with metal l ic Hg ( m e r c u r y ) as cata lyst . 

Phosphorus—Tota l phosphorus was de te rmined by the method 
given by Wall (2) for p l an t mate r ia l . 

Po tass ium—Tota l potass ium was de te rmined by the method of 
Wilcox ( 3 ) . 

Sod ium—Tota l sodium was de te rmined by the method of Kol t -
hoff and B a r b e r (4) as modif ied by McCormick a n d Carlson ( 5 ) . 

Calcium, magnes ium, to ta l ash and acid insoluble ash were deter
mined by the official methods . 

Discussion of Results 
The choice of the various fertilizer t r ea tmen t s as p resen ted in 

table 1 was based on the following ca lcula t ions : The corn stubble was 
calculated to provide 50 pounds of n i t rogen and 15 pounds of phos
phate to a beet crop of 10 tons per acre. T rea tmen t D was calculated 
to make available to the beets on each acre an addi t iona l 40 pounds 
of nitrogen and 18 pounds of phosphate , and to increase beet yield 
to about 17 tons pe r acre. The inorganic fertil izer, t r e a t m e n t B, 
with 80 pounds of n i t rogen and 115 pounds of P 2 0 5 , was calculated 
to equal the m a n u r e appl ied . T rea tmen t s C and 111 were calculated 
to equal each other in all respects , and to provide 160 to 180 pounds 
of ni t rogen, and 55 to 65 pounds of P2O5 , to a yield in both cases 
of well over 20 tons. The calculated and also actual resul t s as given 
in table 1 agree closely. Excep t ions are phosphate , in the cases of 
t reatments C a n d 1). and ni trogen in the case of E. 

F i g u r e 1, which plots the ni t rogen and P2G5 intake for t rea t 
ments A, B, and C. shows a r ap id absorpt ion of n i t rogen by the 
beets d u r i n g the la t ter pa r t of J u l y and dur ing Augus t , whereas 
phosphate in genera l was more uniformly absorbed th roughou t the 
season. F i g u r e 2 p resen ts the in take by beets with t r ea tmen t s A, 
D, and E. When m a n u r e was used, the n u t r i e n t s were taken up 
more slowly. In any case, however, the grea ter pa r t of all n u t r i 
ents was assimilated previous to September 1. Table 2 shows un
favorable g rowing condi t ions in September , and may be p a r t of the 
reason for cessation of growth. 

It is possible to calculate the recovery of the n u t r i e n t s added by 
manure and inorganic fert i l izers from th is da ta . F o r example, the 
maximum content of N and P2O5, for t r e a t m e n t A (see table 1) oc
curred on Sep tember 3, and was 50 pounds of N and 17 pounds of 
P 2O 5 per acre. The m a x i m u m quant i t i es from t rea tment B, on the 
other hand, were 91.5 pounds of N per acre on September 3, and 40 
pounds of P2O5 on October 16. Since the amoun t s added were 80 
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Figure 3.—The pounds N and P2O5 found in the beet crop (tops and roots) per 
ton of crop when sampled at various times during the growing season for treatments 
A, B, C. 

Figure 4.—The pounds N and P2O5 found in the beet crop (tops and roots) per 
ton of crop when sampled at various times during the growing season for treatments 
A, D, E. 
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pounds of X and 115 pounds of P 2 O 5 , the recoveries were about. 50 
percent and 20 percent , respectively. The remainder of these re
coveries was calculated and appea r s in table 1. The average recovery 
of the added P2O5, regardless of the source, was 17.6 percent and 
of ni t rogen 57 percent , both being sl ightly lower than the calculated, 
which was 18 percent and 60 percent , respectively. 

It is also possible to calculate the relation of the pounds of 
sugar beets p roduced to the amount of p lant n u t r i e n t s appl ied, by-
dividing the increase in fresh weight of the beets by the pounds of 
nut r ien ts added as ferti l izers. These data a p p e a r in table 3. a n d 
show tha t 1 pound of P2O5 added in the manure , t r ea tmen t D, pro
duced 170 pounds of beets, whereas 1 pound of P2O5 added in the 
manure and phospha te fertilizer, t r ea tment E produced only 100 
pounds of beets. This, however, is considerably higher than the 58 
pounds of beets pe r pound of P2O5 as given by the German worker 
Gericke ( 6 ) . 

F igu re s 3 and 4 show the pounds of p l an t nu t r i en t s found in 
the sugar-beet crop, inc lud ing the tops and roots for each ton of 
beets at var ious t imes d u r i n g the season. These show that about 2 
pounds of P2O5 and 6 p o u n d s of n i t rogen are needed to produce 
1 ton of beets on October 16. However , the pounds of P2O5 va ry less 
than the pounds of n i t rogen . The high-fer t i l i ty t rea tments , C a n d 
E, appear to take more of both n u t r i e n t s to produce a ton of beets 
than did B and D. 

Summary and Conclusions 

1. The calculat ions a n d ac tua l resul ts demons t ra te t h a t fer
tilizers can be a d d e d in nea r ly correct amoun t s when enough of 
the factors which control p roduc t ion can be evaluated. 

2. M a n u r e alone, at the r a t e of 16 tons per acre, produced an 
increased yield pe r acre of 8 tons of sugar beets under the condit ions 
of this exper iment , a n d 400 pounds of ammonium sulfate, together 
with 250 pounds of t reble superphospha te gave similar increase in 
yield. 

3. The efficiency of fert i l izers to produce sugar beets was 
relatively lowered when the beet- tonnage per acre was high. 

4. In these tes ts 1 p o u n d of P 2 O 5 as added in t r e a tmen t D 
produced 170 pounds of beets. This was reduced to 100 pounds of 
beets pe r acre when fert i l izer t r e a t m e n t E was used. 

5. One h u n d r e d pounds of t reble superphospha te produced in
creased yields of 3.5 a n d 2.5 tons of beets over the u n t r e a t e d plots 
in the case t r e a t m e n t s B a n d C, respectively. 

6. Phospha t e a n d ni t rogen recoveries by the crop averaged 
17.6 percent a n d 57 percent , respectively. 
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Table 1.—Mineral assimilation by sugar beets 

* 16 tons of manure contain approximately 144 pounds of X and 100 pounds of PaO5. 
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Table 2.—Temperature data during the growing season of 1941 

Table 3.—Minerals in the tops and roots of sugar beets producing 1 ton of beets 

* 16 tons of manure contain approximately 144 pounds of N and 100 pounds of P2O5. 
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