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 SUMMARY

and optimise the conditions for long-term storage. 

frozen parts, moulds and rot after storage.

occur due to wound healing and thereafter respiration declines. Further sugar losses mainly 
depend on the storage temperature. Storage at 2 to 8 °C is regarded as optimal. In addition 
to the sugar losses, strong accumulation of invert sugar occurs, which severely affects 

are avoided. Treatment with lime during clamping can reduce pathogen infections. 

Recommendations for optimal harvest and clamp management include protecting 

accumulation and lowers the infection potential of moulds and rots. Frost damage should 
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1. INTRODUCTION

-

-3 °C and -5 °C in the Netherlands from 

shows the variation in temperature over 

days per month with mean daily tempe-

-
-

0 °C are often interspersed with warmer 
-

ve +5 °C.

-

North-West Europe are shown in Figure 
1.2, in which 2010 represents a year 
with a severe winter and 2011 a year 

-

conditions for harvest operations also 
increases later in the season. In gene-
ral, this means that the harvest period 

-

-
fore Christmas. However, during the 

-
ries were closed and the processing 
period was extended to mid-January.

In fact, the maximum storage period 

to more than two months (Figure 1.3).

Figure 1.1:

to mid-January, 1993-2013. (Source: KNMI, 2013). 

Table 1.1: -

near the southern coast of Sweden. Data from Jord-

(Source: Nordic Sugar, Agricenter Sweden, 2011). 

November
Year <-5 °C < 0 °C night frost >5 °C
2006 0 2 4 24
2007 0 2 9 13
2008 1 5 7 18
2009 0 0 0 27
2010 2 7 10 10

December
Year <-5 °C < 0 °C night frost >5 °C
2006 0 0 5 25
2007 0 4 10 9
2008 0 5 14 3
2009 2 11 18 6
2010 12 29 31 0

January
Year <-5-0 °C < 0 °C night frost >5 °C
2006 1 5 8 19
2007 0 4 9 8
2008 2 12 17 0
2009 8 29 30 0
2010 2 18 24 0

Number of days

Number of days

Number of days
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Figure 1.2:
-

rope. In 2010 the winter was very cold and in 2011 the 

Sugar losses occur and the quality 

storage. The extent of the decrease 
depends on the condition of the 

and the length of the storage period. 
Guidelines are needed to minimise 
the sugar losses and the decrease in 
quality.  For this reason, much research 

of different conditions and measures 

in the 1970s, intensive research was 

different factors on sugar losses and 
the decrease in quality during storage 

covering strategies for optimal storage.
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Figure 1.3:
-

wing areas in North-West Europe. The theoretical last harvesting date and the average long-term storage 
(days) are also indicated. (Source: Legrand et al., 2012). 
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 2.  BACKGROUND TO QUALITY REDUCTION DURING STORAGE

2.1  Quality assessment

Hoffmann, 2006). First of all, sucrose decreases due to respiration, wound healing and the 

concentrations of invert sugars and organic acids. 

et al., 2012). 

2.2  Respiration
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et al., 1997). Enzyme activity depends on temperature. The highest enzymatic activities 

to respiration via deamination to organic acids. Under oxygen-limiting conditions ethanol is 

  

respiration

glucose + fructose

sucrose

+ O2

CO2 + H2O

+ ADP

     ATPheat

organic acids

amino acids
Figure 2.1: The 
most important 
conversions that 

-

respiration in 
storage. (Source: 
Koster and Jor-
ritsma, 1980).

2.3  Wound healing

2.4  Sprouts

2.5  Root rot

Rhizoctonia solani (AG 2-2 IIIB and AG 2-2 IV), R. 
crocorum, Aphanomyces cochlioides, Phoma betae, Macrophomina phaseolina, Fusarium 
oxysporum f.sp. radicis-betae, Fusarium culmorum, Pythium aphanidermatum, Phytophthora 
drechsleri, Rhizopus stolonifer, R. arrhizus and Sclerotium rolfsii



12

Rhizoctonia 
Aphanomyces cochlioides 

Fusarium culmorum may occur. As with Rhizoctonia 
for storage. Root rot may also occur in the clamp during long-term storage as a result of 

Ditylenchus dipsaci). 

2.6  Bacteria

Leuconostoc mesenteroides 

(Erwinia serbinowi
or crown gummosis (Erwinia bussei, Bacillus betae, B. larecans Pseudomonas 
syringae) and wet rot (Erwinia carotovora

2.7  Moulds

development of moulds is related to storage time and temperature. A conservation threshold 

into account the storage time and the storage temperature. It is expressed in accumulated 

According to French research, the threshold for accumulated thermal time is 250 degree 
days (Rapp, 2009). In this, accumulated degree days is calculated as the daily maximum 
temperature outside the clamp plus the daily minimum temperature outside the clamp divided 

max+Tmin

After long-term storage (116 days) in an experiment in the Netherlands, a white fungus had 
Monilia. Penicillium, 

Alternaria and Aspergillus
Penicillium, Botrytis, Trichoderma, Rhizoctonia and Fusarium 

storage clamps in Sweden are Botrytis and Penicillium Fusarium and 
Sclerotinia
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Penicillium expansum, Botrytis cinerea, Alternaria tenuis, Fusarium betae, 
Phoma betae, Rhizopus nigricans, Mucor hiemalis, Aspergillus niger, Cladosporium herbarum 
and Rhizoctonia violacea 

Fusarium
Fusarium and stored for 59 days at 100% humidity and temperatures of up to 15 °C, 
corresponding to 695 degree days, has revealed small quantities of deoxynivalenol (DON), 

and are removed during diffusion.  

Penicillium and Botrytis 
can increase respiration rates and greatly enhance the content of invert sugars (Wyse, 1980). 
The reduction in sugar content and formation of invert sugars is closely related to the infection 

of mould infections.

Figure 2.2: Monilia 
116 days of storage. (Photo: IRS).

Figure 2.3: 
term storage. (Photo: NBR).

2.8  Frost damage

The consequences of frost damage depend very much on the storage conditions afterwards. 

decreased and invert sugars and polysaccharides (dextran and levan) were formed, as shown 
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2.9  Dirt tare

dirt accumulates, forming compacted cores which restrict ventilation and gas exchange. As a 

Frost Proportion of 
affected tissues 

(%)

Ponceau 
Red

Changes in frozen parts after 
storage

Temp.
(°C)

Time
(hours)

pH Invert 
sugars

Poly-
saccharides

-10 1.5 0 0 - -
3 60 -0.1 - -

4.5 80 x -0.1 - -
6 100 xx 0 - -

12 100 xx 0 - -
-5 3 0 0 - -

6 0 0 - -
12 80* 0 - -
24 100* x 0 - -
36 100* xx 0 - -
48 100* xx 0 ± ±

= No staining - = No increase
x = Partly stained ± = Little increase
xx = Totally stained
*

Table 2.2: 

tissue (see section 3.2.4). The storage 

importance for the degree of deterioration. 

12 hours did not show any increase in the 
content of polysaccharides or invert sugars, 

evident as a glassy appearance did not 
disappear during that period and the tissues 

-25

-20
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0

5

10

15

0 2 4 6 8 10 12 14 16

Te
m

pe
ra

tu
re

 (°
C

)

Time (hours)

cabinet

5 cm in beet

Figure 2.4: Temperature changes in the centre 
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 3.  ANALYTICAL METHODS

3.1  Storage experiments

3.1.1  Respiration Measurements

production or oxygen consumption during storage. Beet samples are stored in metal or 
plastic cylindrical vessels and placed in a room with controlled temperature. Air supplied 

the measuring equipment, as shown in Figure 3.1.

storage period for different treatments, such as choice of variety, topping and defoliation, 

high precision of the measurement technique.

- grams of sugar per 100 g sugar (%) per day

Under good storage conditions, sugar losses 

(e.g. Kenter et al., 2006). If the calculation is Figure 3.1: Equipment used at IRBAB for 
measuring the respiration losses from sugar 

 Sugar loss (g sugar x 100 g-1 sugar x d-1)
 = 24 x 60 x 0.01 x %CO2 x 0.001 x x f x 10 x (%S)-1 x w-1  x 44.01 x 0.648 x 22.4-1 x (1 + 0.00367 t)-1

 where:  
 24 = hours per day
 60 = minutes per hour
 0.01 x %CO2 = litres CO2 per litre air
 0.001 x

2: f = (100-a x %CO2

 t = temperature (°C)
 44.01 x 0.648 x 22.4-1 x (1+0.00367t)-1 = conversion of litre CO2 to grams of sugar 
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3.1.2  Storage under controlled conditions

weight in) is calculated from the gross weight using the soil tare percentage of the reference 
samples. After storage, the samples are analysed and the results are compared with the 
quality of the reference samples. Sugar losses in percentage per day are calculated using 
the equation:

Figure 3.4: 
controlled environment. (Photos: NBR).

Figure 3.3: -
xes. (Photo: NBR)

sugar losses in percentage per day = 
100 x (net weight in x sugar content reference – net weight out x sugar content out) x 
(net weight in x sugar content reference)-1 x -1

If root transpiration is too high, the water loss will interfere with the sugar content decrease.

Figure 3.2 shows the typical cour-
se of respiration losses over time. 
Higher sugar losses occur during 

-

due to the development of moulds. 

-
-

estimate the decrease in quality. 

Note: Sugar losses occur not only 
due to carbon dioxide production, 
but also due to the accumulation of 

0.00
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Figure 3.2: -
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3.1.3  Clamp experiments

in the clamp in order to calculate the sugar losses and decrease in quality of the whole clamp 

storage to calculate the loss of weight. After storage, the samples are analysed and the results 
are compared with the quality of the reference samples. The sugar losses are calculated as 

to give a representative picture of the clamp (Figure 3.6). 

Figure 3.5: Figure 3.6: 

Starting in 2004 in Northern Germany 
trials testing different covering materials 

effect of storage temperature, storage 

of topping (defoliated vs. “normal”). Sugar 

were placed in the clamp (Figure 3.6). 
Investigations in Sweden and Northern 
Germany have shown that temperature 
records are crucial for understanding the 
changes in a clamp, especially if the aim 
is to evaluate clamp management. Figu-
res 3.7, 3.8 and 3.9 show different ways 
of evaluating the temperature change in 
a clamp. In Swedish investigations during 
2011-2012, different frost protection me-

-
perature, as shown in Figure 3.9.

Figure 3.7: Positions for temperature measurement in 
a clamp to get a representative temperature value for 
the various parts of the clamp. (Source: Olsson, 2009a).

4 

1 2 9 3 
5 6 7 

8 

Figure 3.8: Position of temperature logger in a clamp 
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Figure 3.9: Placement of thermometers in a clamp 
when testing different frost protection materials 
during long-term storage. (Source: NBR 2013, un-

3.2  Analyses

3.2.1  Standard quality parameters: sugar (Pol), potassium, sodium, amino nitrogen

from the sucrose content due to the presence of other components with polarising properties 

Figure 3.10). 

indication of the formation of invert sugars during storage. An IIRB study on the long-term 

invert sugars (Figure 3.11). From various storage experiments from 2003 to 2011 Schnepel 
and Hoffmann (2013) derived a formula for the calculation of the invert sugar concentration 
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Figure 3.10: 



20

n = 1588
y = 0.0018x2 + 1.73x - 0.17

R² = 0.99
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Figure 3.11: -
ween glucose and invert sugars 

and after long-term storage under 
various conditions. (Source: van 

3.2.3  Scores for sprouts, frozen parts, moulds, rot

Figure 3.12: Scoring system 

storage. Scores and their 
corresponding percentages 

(Source: Büttner et al., 2004). 

  0 %   1%     5%    10%    25% 50%  75% 100%
  1        2        3        4         5       6      7        8



21

-
-
-

in a 0.4% Ponceau Red (R6) aqueous solution. 
After 15 minutes, the slices are washed with 
water for 5 minutes and the colour is determined 

damage after staining with Ponceau Red. 

Figure 3.13: Staining with Ponceau Red. No 

-
zing temperatures (-20 °C) for 30 minutes 
(right). (Photo: IRS).

  
 4.  FACTORS AFFECTING STORABILITY

4.1  Beet material

4.1.1  Beet growing conditions

Rhizoctonia solani

al. (2011) found that the Rhizoctonia

loss of sugar during storage and the frequency of Aphanomyces in the soil was found in an 

60-70 days under cold or warm conditions (5-10 ºC and 10-15 ºC, respectively). 
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losses with Aphanomyces root rot. Liming of the soil can have a positive effect on the 
Aphanomyces

acid soils (Roelfsema, 2011). Fusarium infection also affects post-harvest respiration rate, 

al., 2011). In 2011 and 2012, roots from liming trials at eight different locations in Sweden 

soil structure or a pan layer can lead to fangy roots. This gives higher storage losses due to 

were stored in a controlled environment with two different temperatures (5 and 25 ºC) for 

showed very little mechanical damage (Persson, 2005). In a more extensive investigation 

losses increased with increasing root rot index of Aphanomyces in the soil. The soil at each 
site was also analysed with respect to acidity and nutrient status. There was no correlation 

investigations showed a 50-100% difference in sugar losses during long-term storage of the 
same varieties grown at two different sites with varying soil characteristics (Olsson, 2011).

Conclusion: Healthy beet give the lowest sugar losses during storage. Stress conditions du-
ring the growing season should be avoided by preventing drought, nutrient and pest stresses 
and by suppressing diseases. Rotten beet should not be stored.

4.1.2  Variety

et al. (1978) found up to 2.5-fold differences in respiration rate among varieties, suggesting 
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experiments in Belgium with several varieties showed that until the threshold level of 270 °C 

5% of sugar weight (Legrand and Wauters, 2012). Beyond that threshold, the tests showed 

the aggressiveness of the cleaning system were crucial for the extent of sugar losses during 
storage. The more aggressive the harvesting, the more pronounced were the sugar losses. 

varieties increased during long-term storage. These results suggest that differences in 

incidence of mould (r = +0.87), rot (r = +0.88) and the content of invert sugars (r = +0.89).

Conclusion: There are differences in storability between sugar beet varieties. Susceptibility 
to mechanical damage and/or infection by mould and rot seem to be of major importance for 
these differences in storability.

Variety Type* 2007 2008 2009 2010 2010 2011 2011 2012 2012
Site Äd Äd Äd Vra Hvi Vra Hvi Vra Hvi

Days x Temp. 70d*4.6 75d*6.6 73d*10.2 68d*8 61d*8 64d*11 63d*11 60d*11 60d*11
Accumulated 
day degrees 322 493 746 517 453 685 674 653 653

Average loss % sugar/day 0.10 0.10 0.16 0.08 0.11 0.14 0.17 0.11 0.13
Julietta NT
Rasta N
Theresa KWS NT
Nexus N
Rosalinda KWS N
Mixer N

N
Cactus NT
SY Muse N
Sy Stinger N
Alexina KWS NT

    Low loss level, statistically different to high loss level on LSD 5 % level
    Average loss level for tested varieties
    High loss level, statistically different to low loss level on LSD 5 % level

*     NT = nematode tolerant N = not nematode tolerant

Table 4.1: 
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4.1.3  Beet size

Conclusion:  Small sugar beet may have somewhat higher sugar losses during storage than 
large beet.

4.2  Harvesting and clamping conditions 

4.2.1  Root damage during harvesting and clamping

cleaning intensity on sugar losses with the harvester with axial rollers showed somewhat 
lower losses with less intensive cleaning and higher losses with more intensive cleaning 
compared with the optimal cleaning (Figure 4.2).

Ingelsson (2002) also showed that intensive cleaning can cause high sugar losses during 

times higher after intensive cleaning compared with more gentle cleaning. The temperatures 
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Figure 4.1: 
2 production. (Source: 

Figure 4.2: 

at 10 °C. The respiration is calculated from CO2
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Figure 4.4: Effect of different levels of da-
mage during harvest on sugar losses during 

Olsson, 2008). 

Figure 4.3: 
normal system (top) and with a low impact har-

trials in Sweden in 2006-2008. (Photo: NBR). 
(Source: Olsson, 2008). 

of damage during harvesting (mild and normal) were investigated in nine trials in Sweden 

2, respectively). After 61-70 days of storage, 

and high (15 ºC) storage temperature (Figure 4.4).

At 5 ºC, the daily sugar losses were almost twice as high from normally harvested sugar 

losses (hand harvesting and a Grimme Maxtron 620 harvester) gave the lowest rot score 
and also low sugar losses. Sprouts did not correlate with the sugar losses.

Conclusion: Root injuries during harvesting and clamping should be minimised. During 
uprooting and cleaning, some surface damage and root tip losses are unavoidable. A balan-
ce has to be found between soil removal and beet injuries.
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Harvester Topping quality (%) Root tip 
losses Sprouts* Moulds** Rot**

Weight 
losses

Sugar       
losses

Petioles Good Overtopped 
and angled (t ha-1) (%) (% d-1)

Agrifac Big Six 14.9 71.5 13.7 2.7 8 2.8 2.3 2.2 0.10

Agrifac Quatro 11.5 84.6 4.0 2.5 8 2.1 2.1 1.1 0.08

Grimme Maxtron 620 17.1 68.5 14.4 1.5 5 1.5 1.3 2.3 0.08

Grimme Rexor 620 23.3 69.6 7.0 2.3 6 2.0 2.3 3.5 0.13

Grimme Rootster 604 9.7 89.4 0.9 2.5 8 2.0 2.5 1.7 0.12

Holmer Terra Dos T3 Plus 12.0 77.9 10.1 2.0 >10 1.9 2.1 3.4 0.14

Ropa euro-Tiger V8-3 17.6 79.1 3.3 1.9 8 1.4 2.0 2.5 0.12

Vervaet Beet Eater 617 14.1 80.8 5.1 2.8 7 2.3 2.3 2.7 0.12

Vervaet Beet Eater 625 8.2 88.9 3.0 3.1 6 2.3 2.8 1.7 0.12

Hand-harvesting 13.4 84.1 2.5 0.1 >10 1.1 1.4 0.2 0.05

Lsd (5%) 2.3 0.05

* av
**

4.2.2  Defoliation and topping

temperatures. However, in a storage experiment comparing conventional topping with 

Table 4.2: 
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frost the whole clamp was covered with an additional plastic sheet. The temperature in the 

0

50

100

150

200

250

0 100 200 300 400 500 600 700

R
es

pi
ra

tio
n 

lo
ss

es
 (g

 s
ug

ar
 · 

t-1
· d

ay
-1

)

Accumulated thermal time (degree days)
Date

under-topping over-topping irregular topping

31-10-2008     10-11-2008      20-11-2008     30-11-2008      10-12-2008      20-12-2008       30-12-2008      09-01-2009

Figure 4.5: Effect of mode of topping (setting of the scalpers) on sugar losses during storage of sugar 
2

Figure 4.6: 
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Conclusion: Complete removal of leaves, possibly in combination with minimal topping but 
avoiding over-topping, gives the lowest sugar losses during long-term storage.

Figure 4.7: Simulating rainfall in long-term sugar 

Conclusion: Harvesting under dry and cold, 
but frost-free conditions is preferable for 
long-term storage.

As the storage losses during long-term 
storage depend on the accumulated degree 
days, the initial temperature is important. 

for long-term storage. High temperatures 
at the start of the storage may give high 

enhanced heat production, causing even 
higher temperatures in the clamp.    

sugar losses. The effect of rainfall on 
storage losses was investigated in 2010-

storage (Olsson, 2011). The results showed 
an increase in sugar losses from 9.1% in 

with simulated rainfall (Figure 4.7).

4.2.3  Weather conditions during harvesting and storage

4.3  Storage conditions

4.3.1  Storage temperature and period

effect of temperature on sugar losses is related not only to the degree of surface damage 
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that percentage sugar losses increased 
with the accumulated thermal time 
reached under different constant storage 
temperatures (Figure 4.9). Olsson (2011) 
also showed that sugar losses during 

exposed during storage (Figure 4.10). 
Legrand and Wauters (2012) concluded 

development of storage moulds, which 
increased root weight losses and sugar 
losses. The losses due to the storage 
moulds were exponential from a threshold 
level of 270 °C days (Figure 4.11). 

Figure 4.8: -

 

exponentially and reached 0.13-0.15% sugar per day at 400-700 degrees days, which is a 
level of losses often seen in practice. After more than 60 days of storage at 16 °C (> 1000 
degree days), 0.5% of the sugar was lost every day, or in total around 30% during the storage 
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Figure 4.9: Sugar losses in relation to the accumulated thermal time at different con-

Wauters, 2012). 
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Figure 4.10: Sugar losses as a function of accumulated degree days. Results from 

Olsson, 2011). 
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Figure 4.11: 
mechanically harvested on 03-11-2011 and stored under different storage conditions: 

clamp (1 × 15 tons). (Source: Legrand and Wauters, 2012).
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Conclusion: Sugar beet should be stored at low temperatures but above 0 °C. During long-
term storage, mould formation and subsequent rot and reduction in quality may drastically 
increase above an accumulated thermal time of around 270 degree days.  
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Figure 4.12: Photograph (left) and infrared picture (right) of a clamp. The left side of the clamp was 

(Photos: IRS).

4.3.3  Frost damage

0 °C. Kenter and Hoffmann (2006) showed that after thawing a decline in the concentration of 

4.3.2  Humidity

and restricted ventilation. Mass losses are thus often low. In storage trials ventilation should 

result when the clamp is not protected against rainfall, increase sugar losses. The clamp 

a cleaner loader. However, covering the clamp immediately after harvest under relatively 
warm conditions may give an unwanted increase in the storage temperature (Figure 4.12).

prevent an increase in temperature.
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Conclusion: Frost damage to sugar beet should be avoided by harvesting in time and by 
providing protection against frost during storage.  

respiration increased, sucrose was degraded to invert sugar and dextran was produced. The 

storage temperature.
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4.3.4  Treatments

Conclusion: Effective commercial treatments to improve sugar beet storage are not available. 
However, treatment with lime may reduce sugar losses.

Figure 4.14: 
weight. (Photos: NBR).
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 5.  OPTIMAL HARVEST AND CLAMP MANAGEMENT

5.1  Aim

5.2  Harvest

In 2006-2009, the optimal harvest date for late delivery was investigated in Sweden (Olsson, 
2009a). Although it was shown that the sugar content and sugar yield decreased and the 

in particular, transport machinery is higher. This can have negative consequences for the 

Harvest time Harvest
conditions

Root
yield

Sugar
content

(%)

Extra
growth*

Extra
losses*

Storage
losses

Soil
tare
(%)

Tare
penalty*

Financial
profit*

good 75.0 17.3 - - 18 5 51 2.992
poor 75.6 17.4 49 30 - 15 173 2.906

*

Table 5.1: 
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and harvest under poor conditions will increase due to the higher sugar losses during storage 

Harvest time Harvest
conditions

Financial profit 
delivery

Sugar losses
delivery

Financial profit
delivery

good 2.992 0.46 3.293
poor 2.906 0.91 3.087

*
**

0.12 % sugar per day) with good and poor harvesting conditions, respectively.
*** Financial profit for delivery on 15 January, including deduction of € 6.77 per ton for late delivery.

Table 5.2: 

5.3  Clamp shape

important that the clamp is not too high. For an A-shape clamp of less than 10 metres width 
the height should not exceed 3 metres. The height of a domed clamp wider than 10 metres 

degrees of incline the opposite occurs, with at least 75% of rain permeating. 

Figure 5.1: Equipment 

clamp domed and pit-
free. (Photo: NBR).  
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Figure 5.2: 

Figure 5.3

5.4  Covering strategies

covering strategies. Incidental covering with plastic sheeting in frost periods was compared 

protected against frost (Figure 5.2). To prevent restricted ventilation, the height should not 
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) and with canvas with top 

resulting in higher sugar content after storage using Toptex

than 300 degree days. In the Netherlands, an average weight loss of rather more than 1% 

2) is a good 

weather conditions. However, the frost protection it provides is poor, especially under windy 

(Figure 5.5). Disadvantages are the reduction in insulation when the straw is wet and mixing 

Figure 5.4: 

Figure 5.5: Straw directly put on the clamp (Storage Figure 5.6: Blowing straw onto a net on a sugar 
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with Velcro (trade name: Jupette
sheets (Legrand, 2012). 

prepared to increase and decrease the ventilation accordingly. Straw is often an important 

Figure 5.7: ) covering 

Figure 5.8: 
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Figure 5.9: 

Figure 5.10:  with Jupette  at the sides and a small ventilation 
strip with only Toptex  at the top. (Photos: NBR).

. However, 

and a plastic sheet was tested (Figure 5.9), and was found to function satisfactorily (Olsson, 
 (Figure 5.10) 

, 
Toptex  alone and Toptex

In Northern Germany trials concerning the effect of eight different cover strategies on sugar 
losses during long-term storage were conducted from 2007 to 2012 (Figure 5.11). Temperature 
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Figure 5.11: 

N 

13.5 m per treatment 

71

9 m per treatment 

2 3 4 5 6 8

End of storage period 18.02.2010
30 bags per treatment; ~ 30 kg beet per bag 

part of the clamp after 90 days. It 

storage conditions losses are only 

g per ton per day under very warm 
conditions. 

and 7) always showed the highest 
sugar losses (Figure 5.12). But 
under Northern German weather 
conditions also coverage with straw 
(in addition to Toptex ) resulted in 
high losses (treatment 3). 

content transports the frost temperature right into the clamp. In all these storage experiments 

prevent high sugar losses during long-term storage. 

Figure 5.12: 
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 6.  
 

long-term storage was usual in England and for that reason practical guidelines for long-

season, harvest and storage. 

6.1  Pre-harvest
• 
• 
• 

6.2  During harvest
• Harvest under good conditions
• 
• Remove all leaf material and avoid overtopping
• 

6.3  During storage
• 

under all conditions
• 
• 
• -

• 

• -
duction has decreased) in order to protect it against precipitation

• 
• 

• 

See Figures 6.1 and 6.2 for examples of covering strategies.  
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Expected temperature is :

> 10°C Do not cover with 
Toptex directly after 

harvest

No rains expected in 
the coming days

Rains are expected in 
the coming days

Cover with Toptex 
BEFORE the rain 

occurs

< 10°C

Cover with Toptex 
DIRECTLY after 

harvest

Harvesting conditions : 
(very) wet

Wind : light, moderate 
or strong

Several days are needed to dry a clamp covered with Toptex

Frost period: Expected temperature is :

Between 0 & -3°C
(= night frost) 

during 2 to 3 days 
maximum

Toptex is enough
Low or no wind

Light to moderate windBetween 0 & -3°C
(= moderate frost)
during more than 

3 days

Extra-covering of 
the clamp bottom 

(up to 1,50 m high) 
is proposed

Extra-covering advice = obligation to cover Toptex with plastic sheet 

Extra-covering of 
the clamp bottom 

(up to 1,50 m high) 
is recommended

Full extra-covering 
is proposed

Between -3 & -5°C
(= medium frost)
during more than 

3 days

Lower than -5°C
(= severe frost)

during more than 
3 days

Icy wind Extra-covering of 
the clamp bottom 

(up to 1,50 m high) 
is minimum

Full extra-covering 
is recommended

Moderate to strong 
wind

Full extra-covering: remove in case of thawing period !

Figure 6.1: 
(Source: Legrand, 2012).

Figure 6.2: 
(Source: Legrand, 2012). 
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Material Frost 
protection

Ventilation Precipitation 
protection

Handiness 
at windy 
conditions

Remarks 

Not covered ++

Plastic 0 ++ least 0.2 mm 

Fleece 

+ 1 +

for example Toptex 
2

cover 1-
clamping 

CSV COVAS 
canvas 0 + + +

top 3 m netting for 

Fleece + CSV 
COVAS canvas + 0 ++ +

fleece 1-
after clamping + 

st

frost period 

padding + 0 1 0 side under fleece

Fleece + canvas 
(with Velcro) + + 1 +

1 good for A-shape clamp 

Table 6.1: 

cool and dry.
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