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INTRODUCTION 

The sucrose content of sugarbeet juice at harvest has 

been suggested as an indicator of how well roots might 

store. Slices from roots with a higher sucrose content 

were more resistant to rot caused by Phoma beta (Oud. ) 

Frank (teleomorph: Pi ('o s pora hjo ('r i in g i i Byford) than 

roots with lower sucrose content (1,8). Roots did not 

store well when their sucrose content was lowered because 

of leaf damage caused by Cercospora beti co ia (10). Cell 

walls of roots with high sucrose content were more resis

tant to maceration and elicited a lower production of en

dopolygalacturonate transeliminase by P. beta(- than walls 

from roots with lower sucrose contents (I). We were able 

to gain more information on the relationship of juice 

quality and storage rot because of distinct gradients in 

juice quality and sucrose content that was associated with 

the location of plots within our replicated field trial. 

This provided a unique opportunity to measure the degree 

of association of sucrose content and juice purity with 

storage rot. The results are reported here. 

MATERIALS AND METHODS 

This test was made in Fargo clay-loam soil at the 
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Two seed lots of cultivar US H20 of Beta vulgaris L. were 

used. Both were naturally infected with P. betae Over 

95% of the seed in one lot was infected, and 25% in the 

other. 

Seeds from each lot were treated with five fungicidal 

seed treatments for the purpose of examining the effect of 

seed treatments on storage rot. The storage rot results 

have been reported elsewhere (2). Seeds from each lot 

also were left untreated for a total of six seed treat

ments. 

Treatments were replicated 16 times and arranged in a 

randomized complete block design for a total of 192 plots. 

Each replicate consisted of 12 treatments and occupied an 

area of 3.9 m x 61.5 m. The entire plot area was 61.5 x 

73.1 m. Each treatment plot was four rows wide and 9 m 

long. Rows 1 and 4 were buffer rows of a commercial cul

tivar, and rows 2 and 3 were test rows. The experimental 

site was sampled for soil fertility in the spring, and 

enough ammonium nitrate was applied to bring the available 

nitrogen level up to 167 kg/ha in the top 60 cm. 

Roots were harvested by first removing leaves with a 

mechanical flail defoliator, then raising the roots in 

the soil with a two-row lifter. The roots were removed 

from the soil by hand and bagged. Thirty roots from each 

of the 192 plots were divided into three samples of 10 

roots each. Sample one was processed immediately for har

vest quality. Sample two was dipped into a 1,500 ~g/ml 

suspension of thiabendazole. Sample three was not 

treated. Samples two and three were stored in perforated 

plastic bags at 4-6 C and 100% relative humidity for 150 

days. After storage, rotted tissue was excised, weighed, 

and expressed as percentage of the entire fresh weight of 

the roots per plot. 

Quality parameters of the juice that were measured at 

harvest and after storage were sucrose content, clear 

juice purity (CJP), raffinose, and invert sugars. The re

coverable white sugar per metric ton of roots (RWST) was 
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calculated with an assumed factory loss of 0.3%, and a 

molasses purity of 62.5% (11). Sucrose was measured with 

a polarimeter after the cold digestion method of juice 

preparation with aluminum sulfate as the clarifying agent 

(3). The CJP was determined with the method described by 

Dexter et al. (4). Purity was 100 x sucrose content/dry 

substance (by refractometry) of root extract that had been 

clarified with CaO and filtered. We measured raffinose 

in juice from stored roots by using an enzyme system (ga

lactose oxidase) developed by Yellow Springs Instrument 

Co., Yellow Springs, OB 45387. The enzyme was im

mobilized in a polycarbonate membrane fitted on a silver 

and platinum electrode within a small reaction chamber. 

The clarified juice (25 ~l) was injected into the reaction 

chamber. The instrument was calibrated with a raffinose 

standard. Raffinose accumulates in sugarbeets at storage 

temperatures below 5 C (11) and causes false polariscope 

readings for sucrose determinations. The raffinose values 

were used to adjust the polariscope values of juice from 

stored sugarbeets to give accurate sucrose values. Invert 

sugars were determined by the 3,5-dinitrosalicylic acid 

method (7). This value was used to adjust the polari

metric values. 

RESULTS AND DISCUSSION 

The analyses of variance showed that the P. beta con

tent of the two seed lots and the use of thiabendzole for 

storage rot control had no effect on the sucrose content, 

CJP, RWST, or storage rot, so this data was combined over 

seed lots and thiabendazole for the correlation and re

gression analyses. 

Variability in harvest sucrose content tended to be 

associated with the location of replicates, but varia

bility in sucrose content of the stored roots definitely 

was associated with replicate location (Table 1). Lower 

sucrose content was most evident in replicates 9 through 

16. The situation was similar with CJP; there was a ten

dency for harvest CJP to be associated with replicate lo

cation, but there was a definite association of storage 
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Table 1. Sucrose content, clear juice purity (CJP), r ecoverable white 
sugar per metric ton (RWST), and storage rot tor each of 16 
replicates of a field experiment planted to sugarbeets. 

Harve s t After 105 Days Storage 
Sucrose Sucrose Rot 

Re plicate* content (w/ w) CJP RWST Content CJ P RWST (w/w) 

% % kg % % kg % 

12.7 88.8 96 10.3 88.2 77 3 
13.9 90.1 109 10.9 87.8 83 5 

3 12.9 89.5 100 10.3 88.3 77 6 
4 12. 7 90.1 100 9.9 88.3 74 
5 12.6 90.3 100 10.6 88.9 81 5 
6 12.8 90.5 102 10.3 87.0 74 6 
7 13.0 89.2 100 10.0 85.7 69 8 
8 13.1 90.2 103 10.1 87.2 73 
9 12.9 89.8 100 9.7 86.5 69 8 

10 13.0 90.2 103 9.5 86.0 59 9 

11 12.6 89.0 96 8.7 85.3 45 11 
12 12.6 88.3 94 7.6 81.8 45 17 
13 12.8 87.6 95 7.3 83.0 46 16 
14 12.2 87. 1 89 6.8 81.5 40 18 
15 12.2 87.0 88 6.7 81.3 40 19 
16 12.4 87.4 90 7.3 80.8 42 17 

*F.ach replicate was 3.9 x 73.1 m (total plot s ize, 61.5 x 73.1 m). 
The gradients were west-east on the long axis of the plot. Data for 
each replicate are means of 12 observations. 

eJP with replicate location. The gradient in RWST for 

stored roots was very evident. The amount of RWST in rep

licates 11 through 16 was only 58% of that in replicates 1 

through 6. The amount of storage rot varied from 3 to 19% 

and was associated with replicate location in a direc

tional gradient similar to the quality values. 

When storage rot was correlated with harvest data for 

each of the 16 replicates, the correlation coefficients 

were negative and significant (f = 0.05): sucrose con

tent, r = -0.63; eJP, r = -0.87; and RWST, r = -0.76. A 

high correlation (r = -0.98) was shown between storage rot 

and sucrose content after storage, as would be expected, 

because fungal development would reduce the sucrose con

tent of the rotted root tissue. 

A regression of 192 plot means (two observations per 

plot) for storage rot and sucrose content at harvest 

showed that each 1% increase in sucrose content was asso

ciated with a 1.8% decrease in storage rot (r = -0.22, n = 
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Figure 1. 	 Regr ession for 19 2 plo ts of sugar beet at two ob
servations per plot for percent sucrose content 
and clear juice purity of roots at harvest, and 
percent storage rot (w/w ) of ro o ts after 150 days' 
storage at 5 C. 

192) ; each 1% increase in CJP was associated with a 1.4% 

decrease in storage rot ( r -0.41, n = 192) (Figure 1). 

The low negative correlation (r = -0.22) between sucrose 

content at harvest and total storage rot development sup

ports an earlier report (r = -0.41 to -0.46) (1) that suc

rose content alone does not account for resistance to P. 

bet ae . Our data show a more negative association of 

storage rot development with CJP than with sucrose content 

at harvest. This would suggest that higher concentrations 

of nonsucrose dissolved solids in roots with a low CJP in 

this experiment stimulated increased aggressiveness of 

storage pathogens, or interfered with the sugarbeet's de

fense mechanisms. 

The environmental factors that could have caused the 

variability of juice purity in this experiment are not 

known, but numerous reports in the literature show that 

excess soil nitrogen causes reduced sucrose yield and a 

lowering of CJP (5). The soil in our experimental area 

was sampled 60 cm deep, and the nitrogen level was raised 

to 167 kg/ha with added fertilizer in accordance with 

recommendations for maximum sugar yield and quality. 

Higher levels of nitrogen might have been present below 
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the 60-cm depth, however, even in the plots that had grown 

corn, a high nitrogen user. Recent measurements have 

shown very high levels of soil nitrogen as deep as 2.1 m 

( 9) . 

Low soil moisture during the growing season may reduce 

the sucrose content and juice purity of roots, and this 

effect can be modified by the genotype of the sugarbeet 

( 6) • The plants in our test never showed signs of nitro

gen depletion or moisture stress. In fact, nothing un

usual was apparent until the roots were evaluated for rot 

development, and the data on juice quality were assembled. 

This experimental area was cropped the previous year 

to wheat, except for that portion comprised of replicates 

13, 14, and 15 which was planted to corn. Replicates 13 

through 16 had the lowest CJP at harvest (Table 1). The 

high moisture requirement of corn could have reduced soil 

moisture to a level that lowered juice purity and stimu

lated storage rot, but not low enough to have induced 

noticeable wilt of the sugarbeet. 

Regardless of whether the cause of poor storability 

was due to excess nitrogen, moisture stress, or a combina

tion of both, dramatic variability in storage rot and suc

rose loss occurred in roots of US H20 that were produced 
2within a research area of 4,500 m . The average CJP at 

harvest varied only 3.5% from the highest to the lowest 

plot mean, but this variation was associated with a 50% 

loss in RWST during storage. This finding suggests an as

sociation of storage rot development with CJP. If a small 

variation in CJP can affect a significant change in sus

ceptibility to storage rot, then measures to ensure uni

formity of the soil environment takes on new and increased 

importance, especially if goals involve improved stora

bility and storage rot resistance through breeding. 

SUMMARY 

A research plot was planted with sugarbeets. Sucrose 

contents and clear juice purities (CJP) of juice expressed 

from roots were measured at harvest and after root storage 

of 150 days at 5 C. A gradient along the east-west axis 
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of 	 the plot showed a decrease in sucrose content and CJP 

at harvest and after storage, and an increase in rot and 

loss of recoverable white sugar per metric ton of roots 

during storage. 

The 	 cause of the gradient at harvest is not known, but 

the replicates that contributed most toward the gradient 

were located on land cropped to corn the previous year. 

The 	 remaining land had been cropped to wheat. These re

suIts emphasize the necessity of a uniform soil environ

ment within research plots intended for all sugarbeet re

search. The appearance of the growing crop or the harves

ted roots gave no indication that poor storability could 

be anticipated. The data, however, did provide evidence 

to suggest that low CJP was associated with an increase in 

storage rot development. Roots with high CJP were more 

resistant to storage rot than roots with low CJP. 
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