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The objectives of this investiga tion were to determine the effects of 
nitrogen and phosphorus on the amount of crown tissue produced and quaUty 
of sugarbeets IBeta vulgaris L.I grown in the field . Nitrogen and phosphorus 
significantly increased the percen tage of crown tissue produced. Nitrogen 
significantly lowered sucrose concentration in root and crown tissue. P hos
phorus did not affect sucrose in crown tissue, but 80 Ibs P lacre significantly 
lowered sucrose in root tissue. These results sugges t tha t good management 
of soil fertiUty can significantly improve sugarbeet quality by reducing the 
amount of crown tissue produced and by reducing impurities that influence 
extraction of sucrose. 

The relationship between nitrogen (N ) and 
sugarbeet quality is docun1ented (6, 7, 9, 10, 13, 
14). Zielke (13) showed that the crown/root rat io 
was affected by N, cultivar and plant spacing. 
However, no change in the ratio was detected when 
comparisons were made over the latter part of t he 
growing season. Loomis and Ulrich (9) indicated 
t hat N and planting date affected the amount of 
crown produced when sugarbeets were grown in 
containers. Also, Snyder (12) reported that nitro
gen influenced the amount of crown tissue produced 
on plants grown in containers. The main effect of 
phosphorus (P) fertilization was an increase in the 
phosphate content of the roots (5). 

The objectives of this investigation were to 
deter mine t he relationship between N and P fer tili
zation and the amount of crown tissue produced in 
the field and the effect of Nand P on sugarbeet 

were determined by t he procedure described by 
Bremner (2). 

Twenty consecutive sugarbeet s in a row from 
selected P treatments of a P fertilization expAriment 
at Abercrombie, ND , were manually harvested 
(Oct. 19, 1974) and stored at 5°C for 62 days. Phos
phorus treatments selected were as follows: 0, 20 
and 80 lbs P/acre as 0-48-0. The soil sodium bicar
bonate (Na HC03-, pH 8.5) extractable P (11) of 
the check plots was 8 lbs P /acre. 

Four samples from the root tissue of each treat· 
ment were obtained by sawing all roots within a 
treament with a mult iple blade saw. The crown 
tissue was shredded into cossettes with a food 

Long-term N experiments on sugarbeets have 
been established at Sidney, MT (7 ). Twenty con
secutive sugarbeets in a row from selected treat
ments were manually harvested (Sept. 25, 1974) 
and stored at 5°C for 85 days. Root and crown 
t issue was separated a t the lowest leaf scar where 
concentric rings begin and was weighed. Nitrogen 
treatments selected were as follows : 0, 50, 100 
and 400 lbs / acre of fertilizer N (ammonium nitra te ), 
and 10 and 30 ton/acre of manure. Nitrogen sources 
were applied in the fall of 1973. Soil N03-N levels 
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Figure 1. Relationship between soil nitrate levels and per
centage crown t issue of sugar beets grown at S idney, 
MT , in 1974. 
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Materials and Methods 



Table 1. Effect of nitrogen rate and source on sucrose and impurity index values of sugarbeets tvariety 
'Mono-By D-2') grown at Sidney, MT, in 1974. 

Soil Sucrose f0J0) Impurity index 
Treatment N03 I root crown root crown 

Ikgha-'I 

olbs N/acre 55.3 20.2 a2 15.3a 379bc 704 a 
50 lbs N / acre 115.B 19.Bb 14.1 b 395 bc B96a 
100 lbs N/acre 169.7 19.3 c 14.4 ah 461 b 1243 a 
400 lbs N / acre 674.2 13.2e 7.9d 917 a 1165 a 
10 tons manure/acre 114.7 19.7b 12.B c 175 c 61Ba 
30 tons manure/acre 133.6 IB.1 d 12.2 c 611 b 1213a 

Total soilN09-N to a depth of4 ft. on May 29, 1974. 

2Means within a column followed by the same letter are not significantly different at the .05 level acording to Duncan's Multiple Range 

Test. 


grinder, mixed and divided into four representative 
samples. Sucrose content of pulp and cossettes was 
determined with a polarimeter by the cold digestion 
method (4), invert sugar by 3,5-dinitrosalicylic 
acid (1), amino acids by ninhydrin (B), sodium and 
potassium by flame photometry, and impurity 
index values by a formula of Carruthers, Oldfield 
and Teague (3). 

Results and Discussion 

Sugar beets were harvested from one replica
tion of the N study at Sidney, MT. The coefficient 
of variation for yield was 7.1 per cent, which indi
cates uniformity among all plots. Yields of all N 
treatments were significantly higher (P = 0.1) 
than the check treatment. 

Regression analysis indicated a curvilinear 
relationship between soil nitrate levels and per 
cent crown (Fig. 1). This relationship indicates 
that the amount of crown tissue produced could be 
regulated by controlling soil nitrate levels. 

Sucrose concentration of root and crown tissue 
decreased with each increase in N (Table 1). The 
extremely low concentration of sucrose in the crown 
tissue at the 400 lbs N/acre rate may have been 
influenced by storage rot. The sugarbeets of this 
treatment were slightly wilted after B5 days stor

age. Sodium, potassium, amino acid and sucrose 
content of the tissues are used in the calculation 
of the impurity index. Impurity index values of 
root tissue were affected by N application (Table 
1), whereas N did not affect impurity index values 
of crown tissue. 

The coefficient of variation for yield of the phos
phorus study was 6.B per cent. Root yields of the 
BO Ibs P /acre treatment were significantly higher 
than the control. The percentage of crown tissue 
increased significantly with the BO lbs P/acre 
treatment over that of the control (Table 2). Sucrose 
concentration of the crown tissue was not signifi
cantly affected by P application; however, BO lbs 
P/acre lowered sucrose in root tissue. Impurity 
index values were significantly affected (Table 2). 

Data indicate the importance of proper fertility 
management, particularly of N. By proper manage
ment of N and P, sugarbeet quality can be improved 
by reducing the amount of crown tissue produced. 
The lower impurities in each tissue and a lesser 
amount of crown tissue will increase purity, there
by increasing overall extraction of sucrose. The 
sugarbeets from the P work were obtained from a 
soil with lower amounts of soil-available P than 
normal in a commercial sugarbeet growing area. 
However, the response to P fertilization was rela
tively small. Thus, control of soil and fertilizer N 

Table 2. Effect of P on percentage of crown tissue, sucrose, and impurity index values of sugarbeets 
(variety 'American 2 Hybrid Bt) grown at Abercrombie, ND, in 1974. 

Crown Sucrose (()/o) Impurity index 
Treatment tissue root crOWD root crown 

f%' 

olbs P/acre 16.B h* IB.6a 15.4 a 526a 1767a 
20 lbs P/acre 20.1 a IB.6a 15.4 a 651 a 1127 
80 lbs P / acre 22.Ba 1B.1 b 15.0a 759a 1264 

*Means within a column followed by the same letter are not significantly different at the .05leuel according to Duncan's Multiple Range 
Test. 
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rather than control of soil P availability probably 
offers the greatest promise for con
trolling the amount of crown tissue produced and 
for increased extraction of sucrose. 
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