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Executive Summary:  
 
Once harvested, the majority of Ontario sugarbeets are stored, typically over 120 days, in 
large piles until processed to extract raw white sugar.  Little is known about the impact of 
crop fertility or crop variety on storage losses of sugarbeets in large piles.  The objective 
of this research project is to investigate the impact of crop nitrogen fertility and variety on 
storage losses (sugar losses, losses due to rots) of sugar beets stored in large piles.      
 
A lack of storage time x variety interaction in any of the 3 storage years covered by this 
trial indicate that the ability to store over a period of time in a large pile environment is 
similar among varieties presently used in Ontario.  Within varieties, several demonstrated 
a smaller reduction in sugar content when averaged across all storage times while 
weight loss, % purity and RWSA did not differ.  
 
Based on three field seasons, RWSA, and grower payout ($/ac) the most economical 
rate of N was approximately 100 lb N/ac.  Despite differences in the % N content of beets 
going into storage, N fertility (N rate or timing) had no impact on storability.  Soil and plant 
N analysis indicated decreased nitrogen use efficiency when 100 vs. 200 lb N/ac was 
applied but no difference when N fertilizer was applied at planting vs. at sidedress.  
Based on data from the 2009-10 campaign, there was no influence of N fertility, 
cercospora disease ratings, variety or fungicide spray program on the ability to store 
beets in large outdoor piles.  Sugarbeet quality was highest at harvest and tended to 
slightly decline over the all storage seasons.  The SPAD® meter, which measures 
chlorophyll content, appears to be a promising tool in the future to predict yield and 
quality, but requires more research under different production systems.   
 
 
Thus, over three storage seasons (2007-08, 2008-09, 2009-10), nitrogen rate and timing 
of application did not appear to influence the ability of beets to store over 100 days under 
ideal large pile storage conditions.  Thus there is no need for growers to modify N 
fertilization or variety selection practices. It should be noted that environmental conditions 
during all storage periods were close to ideal.  This report summarizes all four growing 
seasons and three storage seasons of a four-year project.    
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Background: 
Michigan Sugar Company , the company which contracts and processes all Ontario 
grown sugarbeets, is a grower-owned cooperative.  Storage losses directly affect the 
profitability of the company, which is shared by all growers.   Direct beneficiaries of this 
research are the 109 Ontario sugarbeet growers and their employees.  A successful 
industry will also benefit associated sugarbeet industry employees, which includes 6 full 
time equivalents at the piling station, 35 full time jobs in field operations and 24 full time 
equivalent seasonal jobs in the trucking industry.  Moreover, with a farmgate value of 
$9.1 million, the Ontario sugarbeet industry has a positive influence on the local rural 
economy.   
   
During the 2004/2005 storage period, an estimated 44,000 tons of sugarbeets with a 
farmgate value of $1.6 million were discarded in Ontario.  Although weather and beet 
handing at harvest impact storage losses, there is little information on the impact of 
grower practices such as soil fertility and/or crop variety on storage losses. There would 
be an obvious and immediate benefit to sugarbeet growers and Ontario agriculture if the 
causes of storage losses were better understood so best management practices could 
be developed to reduce storage loss. 
  
 
Project Details: 
Objectives and Project Inputs:    

1. Nitrogen impact on storage:  To develop best management practices for nitrogen 
applications (rate and timing) that maximize sugar quantity and quality and 
minimize the incidence of rots over 120 days of large pile storage. 

2. Nitrogen impact on Cercospora and storage:  To determine if there is a 
correlation between N fertilization and Cercospora disease 

3. Variety impact on storage:  To identify sugarbeet varieties which consistently 
have good storability, which will be characterized by high recoverable sugar and 
low incidence of rots over 120 days of storage in large piles. 

 
Methods:  
Plant population:  52000 plants/ac  Plant spacing: 4.2 in 
Row spacing:  30 in   
DESIGN:  Randomized complete block design Replications:  4 
Plot width:  6 rows (15 ft)  Plot length:  26 ft 
PEST CONTROL was according to typical Ontario production practices. 
NITROGEN:  Ammonium nitrate was broadcast applied by hand.  Split applications were 
applied prior to row closure. 
 
Activities:    
1.  Nitrogen impact on storage (2006-08 growing seasons):   

-  Conducted field experiment in a commercial grower’s field with various nitrogen 
rates (0, 50, 100, 150, and 200 lb N/ac) and timings(75 lb/ac preplant with 75 lb/ac 
sidedressed and 50 lb/ac applied preplant with 50 lb/ac sidedress) 

-  Visual assessments of plant vigor over the growing season 
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-  Over the season, estimate relative differences in crop senescence between 
treatments using a SPAD® chlorophyll meter.   

-  At harvest, determine sugar beet yield and sugar quantity and quality. 
-  For key treatments at harvest, plant (shoot and root) %N content and soil mineral N 

levels will be measured to assess N uptake    
-  Representative beet samples were stored in the large piles at the Dover Piling Yard 

and retrieved three times over the winter for quality assessments 
 
2.  Nitrogen impact on Cercospora and storage (2009 growing season):   

-  Conducted field experiment at Ridgetown Campus to determine if there is a 
relationship between N and Cercospora:    

–2x2x2 factorial design with 4 replicates  
–main factor N:  0 vs. 150 lb N/ac   
–secondary factor fungicide:  no fungicide vs. fungicide program 
–third factor variety: known Cercospora susceptible vs. tolerant variety (likely 

Roundup Ready varieties) 
With this design, we can assess all three factors and all interactions.  By including variety 
and fungicide program we have two factors to test if N influences disease pressure.   

-  Cercospora was assessed throughout the season by bi-weekly disease ratings 
conducted by pathologist Cheryl Trueman, researcher at University of Guelph 
Ridgetown Campus.  Other diseases, such as Rhizoctonia and Phoma will be 
monitored. 

-  Fungicide treatments were typical of production practices where chemistries are 
rotated. 

-  Sugar beet yields and quality (RSWA, RSWT) was quantified. 
-  Representative beet samples were stored in the large piles at the Dover Piling Yard 

and retrieved three times over the winter for quality assessments 
 
3.  Variety impact on storage:   

-  Industry-sponsored Sugarbeet Advancement Variety Trial was completed and beet 
samples were stored in large piles and retrieved three times over the winter for 
quality assessments 

 
4.  Technology Transfer:   

-  See section below 
 
Barriers: 
2009 – Nitrogen trial was not harvested:  The Nitrogen Impact on Storage Trial was 
conducted in a cooperator’s commercial field for all years.  In 2009, a mistake was made 
and the N trial was planted using mixed seed from the planted Variety Trial.  Therefore 
the N trial consisted of 10 varieties mixed together.  We did not know this until the 
varieties showed differences in August.  Because we could not separate N response 
from variety response the trial had to be abandoned.   
 
Fortunately, a separate trial was already established at Ridgetown Campus which could 
be used for the storage component.  Interestingly, even with 10 different varieties, the 
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SPAD® meter correlated well with N treatment in early June but not later in the season.  
This provides further support that the SPAD® meter might be a useful tool in sugarbeets.   
 
2006 – No beets stored in large piles:  Fall 2006 was extremely wet, resulting in difficult 
harvesting conditions. Moreover, a hard frost in mid October and a second frost on 
November 2nd, resulted in a decision that the piles would be removed from the back to 
the front, as it was felt the frosted beets would not store well. There was no opportunity to 
put the trial samples in the front of the piles because this would cause too much damage 
to the beets in the pile. Small piles were considered, but they are not representative 
because they freeze solid. No large pile storage was possible in 2006, but funding was 
extended for another year. 
 
 
Table 1.  Nitrogen treatments in sugarbeets. 

N application  N rate 
(lb N/ac) 

At planting  
 

0 
50 

100 
150 
200 

Split application   50+50 
75+75 

 
 
Table 2. Treatments to evaluate the interaction between N fertility and Cercospora. 

Variety N rate Fungicide Fungicide sprays Date 
Resistant 

HM9042RR 
Full N rate  
125 lb N/ac 

Full = 7 sprays  
1 July - 22 Sept 

Senator 230 
grams/ac. 

July 1 

Resistant Full N rate None Headline 0.4 l/ac July 10 
Susceptible 

Crystal 827RR Full N rate Full Headline 0.4 l/ac July 17 

Susceptible Full N rate None Senator 230 g/ac August 7 
Resistant No N Full Headline 0.4 l/ac August 14 
Resistant No N None Senator 230 

grams/ac 
August 27 

Susceptible No N Full Headline 0.4 l/ac Sept. 22 
Susceptible No N None   
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Table 3: Storage and removal dates 

Activity 2009-10 
season 

Days of 
Storage* 

2008-09 
season 

Days of 
Storage 

2007-08 
season 

Days of 
Storage 

Harvest 4 Nov 2009 - 28 Oct 2008 - 01 Nov 2007 - 
Removal # 1 14 Dec2009 40 15 Dec 2008 48 19 Dec 2007 49 
Removal # 2 11Jan2010 68 14 Jan 2009 78 21 Jan 2008 82 
Removal # 3 20 Jan2010 77 5 Feb 2009 100 12 Feb 2008 104 
*The 2009-10 storage season was unusually short due to requests from the factory for 
quality beets from the Dover Piling Yard. 
 
 
 
Table 4.  Site characteristics of the nitrogen trials. 
Characteristic Ridgetown 

2009 
Dover 2008 Dover 2007 Dover 2006 

Variety HM9042RR 
Crystal 827RR 

Crystal 827 RR Crystal 963 Crystal 271 

Planting date 7 May 23 April 19 April 28 April  
Date of split application - 12 June 11 June 6 June 
Harvest date 4 Nov 28 Oct 1 Nov 14 Nov 
Previous crop Soybeans Corn Corn  Corn  
Monthly rainfall          

               April 
May 

 June         
July 

August 
September 

October 

 
 

1.5” 
2.6” 
1.7” 
3.9” 
2.3” 
3.77” 

 
1.6” 
2.8” 
4.8” 
3.2” 
1.8” 
3.9” 
1.3” 

 
1.7” 
2.3” 
0.2” 
0.1” 
3.2” 
0.8” 

 
 

2.7” 
6.0” 
2.8” 
4.3”  

Soil characteristics:  pH 6.7 7.4 6.8 7.4 
Soil texture Loam Silty clay loam Clay loam Clay loam 

% sand:silt:clay  43:31:26 7:57:36 24:45:31 33:30:37 
% OM  3.3 3.3 3.9 4.4 

CEC (MEQ/1 00g) 17.1 27.31 28.0 38.9 
Nutrients (ppm):            N 10 12 9 11 

P  40 20 29 24 
K  128 148 241 171 

Ca  2819 5944 4416 6184 
Mg   178 406 495 765 
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Results 2006-2010: 
Impact of Nitrogen on STORAGE:  
All three storage seasons (2007-08, 2008-09, 2009-10) were excellent storage conditions 
(Wayne Martin, Dover Piling Yard - personal communication).  In all storage seasons, our 
samples had very little to no rots and very little weight loss was observed (Table 5 and 
6).    
 
For all parameters measured, there was no interaction between N rate and storage date, 
even though the beets going into the pile had different % N and total N content (Table 
8).  This indicates that no matter how much N was applied or how N was applied 
(preplant or split), it doesn’t change how well the beets store over time.  Therefore, 
growers do not have to change their N management practices to maintain storage 
quality. 
 
Not surprisingly, sugar beet quality was better at harvest and lower in February (Table 
5).  As expected, quality declines as N rate increases (Table 5 and Figure 2).  Over all 
storage dates, quality was generally poorest in the 75+75 treatment (Table 5).  But N 
fertility does not influence storability of sugarbeets in large piles over the 100 day 
storage season.  It must be noted that all three storage seasons were good storage 
seasons. The effect of N fertility on storage under less than ideal storage conditions is 
unknown.  
 
Table 5.  For 2007-08 and 2008-09 storage season, the impact of N rate and storage date on sugar 
beet quality*. 

N Applied 
(lb N/ac) 

Weight 
loss (%) 

Purity 
(%) 

Sugar 
(%) R-NH2 

Amino-
N RWST RWSA Selling 

price ($ t-1) 
Payout 
($ ha-1) 

0 4.1 a 95.9 a 20.5 a 103 c 5.9 c 307 a 27864 a 43.4 a 3213 a 
50 3.9 a 95.9 a 20.5 a 109 c 6.3 c 305 a 28168 a 43.3 a 3255 a 
100 3.7 a 95.6 ab 20.3 ab 120 bc 6.9 bc 301 ab 29219 ab 42.6 ab 3372 abc 
150 4.2 a 95.0 b 19.7 bc 136 ab 8.1 ab 288 bc 28729 c 40.9 bc 3611 c 
200 3.6 a 95.3 ab 19.7 bc 150 a 9.2 a 289 bc 30669 bc 41.0 bc 3524 bc 

75+75 3.3 a 95.1 b 19.2 c 160 a 9.7 a 282 c 28582 a 40.0 c 3285 ab 
50+50 3.3 a 95.9 a 20.1 ab 123 bc 7.3 bc 300 ab 29322  abc 42.5 ab 3381 abc 

          
Harvest - 95.8 z 20.7 z 122 z 7.1 z 308 z 30431 z 43.6 z 3506 z 

December 3.3 z 95.6 z 19.6 x 121 z 7.2 z 289 y 28775 yx 41.0 y 3319 yx 
January 3.3z 96.0 z 20.2 y 118 z 6.7 z 302 z 29986 zy 42.8 z 3450 zy 
February 4.6 y 94.7 y 19.5 x 154 y 9.5 y 284 y 28105 x 40.3 y 3235 x 
Statistics -------------------------------------------  P value  ------------------------------------------- 

N 0.8449 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 
Storage 

date 0.0170 <.0001 <.0001 <.0001 <.0001 <.0001 0.0001 <.0001 <.0001 

N x date 0.8467 0.4319 0.9326 0.9590 0.9746 0.8002 0.9919 0.8505 0.9918 
*Within each column, different letters indicate a statistical difference.  Data pooled over years. 
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Impact of N fertility on Cercospora beticola disease and STORAGE: This work was 
in collaboration with pathologist Cheryl Trueman at Ridgetown Campus, who did the 
disease ratings.  The impact of N on yield and quality were similar to the N fertility trial 
(Table 5 and 6).  There were no differences between susceptible and resistant varieties 
(Table 6).  There were no differences among treatments for the total level of cercospora 
leaf spot observed (Table 6).  The results suggest no interactions between N fertility and 
cercospora disease pressure.  However, cercospora disease pressure was relatively low 
this season and the trial should be repeated in order to confirm results.  
 
During the 2009-10 storage season there was very little decline in sugarbeet quality over 
time (Table 6).  The ability to store beets in large outdoor piles was not influenced by N 
fertility, fungicides, or variety.  The following parameters % weight loss, number of rots, 
sugar, % purity, RWST, RWSA, $/ton, and $/ac were assessed.  Thus, growers 
management practices of N fertility, fungicide program and variety selection do not 
impact how well beets store under ideal storage conditions. 
  



May 2010  - 0 - 

 
Table 6.  The effect of N fertility on cercospora disease and sugarbeet yield and quality*. 

Variety N rate Fungicide Yield 
(ton/ac) 

Weight 
loss (%) 

Purity 
(%) 

Sugar 
(%) RSWT RWSA 

Selling 
price ($ 

t-1) 

Payout ($ 
ac-1) 

Cercospora 
AUDPC* 

Resistant Full N Full 35.5 2.8 94.6 19.9 294.3 10456 43.2 1535.058 13.6 
Resistant Full N None 31.5 2.9 94.2 19.7 286.9 9062 42.8 1348.05 6.2 

Susceptible Full N Full 31.1 3.2 94.3 19.5 286.2 8932 42.3 1313.251 15.9 
Susceptible Full N None 26.8 3.1 94.5 19.7 290.3 7957 42.1 1152.008 36.9 
Resistant No N Full 27.3 2.8 95 19.9 296.1 8210 44.4 1212.066 8.9 
Resistant No N None 22.4 3.6 94.9 19.5 290.4 6558 43.5 976.5885 10.6 

Susceptible No N Full 25.6 3.3 95.3 19.9 305.2 7904 45.4 1173.833 10.5 
Susceptible No N None 24 2.6 95 19.5 290.7 7092 43.4 1042.596 23.9 

            Variety (V) 0.2713 0.8229 0.1187 0.77 0.7033 0.0135 0.7033 0.0135 0.3294 
Nitrogen (N) 0.0016 0.5709 0.002 0.0044 0.001 <.0001 0.001 <.0001 0.4382 
Fungicide (F) 0.0489 0.9665 0.3224 0.069 0.0831 <.0001 0.0831 <.0001 0.3579 

Storage date (S) - 0.0001 0.0202 0.2759 0.114 0.8271 0.114 0.8271 - 
V x N 0.2583 0.1696 0.211 0.3065 0.2099 0.005 0.2099 0.005 0.4563 
V x F 0.6911 0.038 0.7234 0.5891 0.8009 0.4074 0.8009 0.4074 0.1093 
V x S - 0.0042 0.0823 0.2375 0.112 0.8674 0.112 0.8674 - 
N x F 0.9833 0.9414 0.2658 0.1956 0.167 0.5272 0.167 0.5272 0.9509 
N x S - 0.1206 0.6518 0.1951 0.2434 0.9748 0.2434 0.9748 - 

  F x S - 0.2433 0.5244 0.8195 0.6604 0.995 0.6604 0.995 - 

  V x N x F 0.5392 0.1172 0.8979 0.2693 0.3663 0.4065 0.3663 0.4065 0.4902 

  V x N x S - 0.1557 0.9619 0.9841 0.9974 0.9998 0.9974 0.9998 - 

  V x F x S - 0.0218 0.4037 0.8258 0.7764 0.9966 0.7764 0.9966 - 

  N x F x S - 0.7267 0.4231 0.6831 0.9797 0.9909 0.9797 0.9909 - 
V x N x F x S - 0.806 0.953 0.7279 0.3026 0.9942 0.3026 0.9942 - 

*AUDPC = Area under the disease progress curve; calculated from disease ratings on 6 occasions throughout the growing season – 
higher values indicate higher disease. 
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Impact of Sugarbeet Variety on Storage 
 
Methods 
 
At harvest, a representative sugar beet sample from each plot in the variety trial was 
placed in mesh bags and the bags were placed into well ventilated steel mesh cages.  
Cages were topped up with sugar beets and buried near the base of the large piles at 
the Dover Piling Station.  Over the fall and winter,  beets were removed at regular 
intervals over the winter (see Tables 2,3) to assess storage quality parameters such as 
storage weight loss, sugar quality and RWSA.    
 
Results and Discussion 
 
Table 7.  Impact of variety on sugar beet storage quality over all storage dates*. 
Ridgetown Campus, University of Guelph. 2007/2008. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*Within each column, varieties with a different letter indicates a statistical difference.    
 
Table 8.  Impact of storage removal date on sugar beet quality over all varieties*. 
Ridgetown Campus, University of Guelph. 2007/2008. 
 
 
 
 
 
 
 
 
 
 

*Within each column, removal timings with a different letter indicates a statistical difference.    
 
 

Variety 

Weight 
loss 
(%) 

 Purity 
(%)  Sugar 

(%)  RWST  

B 5833 3.3  94.0  19.0 c 276.8  
80 RZ 2.3  94.1  18.9 c 275.0  
C 271 2.5  93.8  19.4 ab 280.8  
R 442 1.4  95.0  19.5 ab 289.3  
79 RZ 1.5  94.2  19.1 c 278.4  
B 5451 2.4  93.6  19.4 ab 280.3  
C 335 2.4  94.2  19.4 ab 284.6  

2771 RZ 2.4  93.8  19.5 ab 282.4  
B 5411 3.1  94.2  19.9 ab 291.1  
C 963 2.5  93.5  19.5 ab 281.0  
R 509 2.9  94.8  19.7 ab 291.3  
B 5930 4.2  94.0  19.9 a 290.0  

 
Weight 
loss (%)  Purity 

(%)  Sugar 
(%)  RWST  

November (Harvest) -  94.9  19.9 a 295.4 a 
December 1.4 a 95.1  19.9 a 296.4 ab 
January 2.3 a 94.8  19.4 b 287.1 b 
February 4.3 b 94.7  19.5 b 288.5 ab 
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Table 9.  Impact of variety on sugar beet storage quality over all storage dates*. 
Ridgetown Campus, University of Guelph. 2008/2009. 
 
 
 
 
 
 
 
 
 

*Within each column, varieties with a different letter indicates a statistical difference.    
 
Table 10.  Impact of storage removal date on sugar beet quality over all varieties*. 
Ridgetown Campus, University of Guelph. 2008/2009. 

*Within each column, removal timings with a different letter indicates a statistical difference.    
 
 
Table 11.  Impact of variety on sugar beet storage quality over all storage dates*. 
Ridgetown Campus, University of Guelph. 2009/2010. 
 
 
 
 
 
 
 
 
 
 

*Within each column, varieties with a different letter indicates a statistical difference.    
 
 
 
 

Variety 

Weight 
loss 
(%) 

 Purity 
(%)  Sugar 

(%) 

% Sugar 
Change RWST 

HM-28 RR 3.32  96.1  19.6 b  -0.10 c 298 a 
C-RR 827 3.25  96.0  20.0 a 0.31 b 305 b 
HM 29 RR 3.70  96.2  19.8 b -0.42 d 301 ab 
HM 27 RR 3.37  96.1  19.6 b 1.78 a 298 a 

 

Weight 
loss 
(%) 

 Purity 
(%)  Sugar 

(%)  % Sugar 
Change RWST  

November (harvest) -  95.5 a  19.9 a  - 300 a  
December 1.58 b  94.3 b  19.6 b  - 0.37 287 bc  
January 1.12 a  94.4 b  20.0 a   0.04 294 ab  
February 2.22 c  94.5 b  19.6 b  - 0.32 283 c  

          

Variety 

Weight 
loss 
(%) 

 Purity 
(%)  Sugar 

(%) 

% 
Sugar 

Change 
RWST 

HM-29 RR 1.77  95.1  19.6 ab -0.1 cd 291 
HM-27 RR 1.58  94.8  20.1 b 0.3 de 298 
B-17 RR 62 1.73  94.0  19.8 ab -0.5 ab 288 
SX-1260 RR 2.13  94.3  19.8 ab 0.2 de 290 
HM-50 RR 1.43  94.5  20.1 b -0.5 ab 296 
C-RR 827 1.87  94.8  19.8 ab -0.4 bc 292 

C-RR 827(2) 1.84  94.8  20.1 b -0.3 bc 298 
HM-50 RR(2) 1.21  94.6  19.7 ab -0.7 ab 290 

C-RR 824 1.46  95.5  19.5 a  -0.2 c 293 
HM-42 RR 1.39  95.0  20.0 b -0.9 a 298 
HM-28 RR 1.57  94.3  19.5 a -0.1 cd 277 

B-127 RR 32 1.68  94.6  19.5 a 0.5 e 279 
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Table 12.  Impact of storage removal date on sugar beet quality over all varieties*. 
Ridgetown Campus, University of Guelph. 2009/2010. 
 

November (harvest) - 95.5 a 19.9 a - 300 a 
December 1.58 a 94.3 c 19.6 b -0.10 287 bc 
January 1.12 b 94.4 c 20.0 a -0.33 294 ab 
February 2.22 c 94.5 b 19.6 b -0.21 283 c 

 
 
 
Variety storage data could not be summarized across years as varieties changed yearly; 
however in any of the 3 years there was never an interaction between variety and 
storage timing, indicating that the storage characteristics evaluated across all varieties 
did not react differently to the pile storage environment over the time period covered by 
this study.   When averaged across all removal timings, sugar content and % change in 
sugar content changed significantly amoung varieties in each year,  while weight loss 
and  purity did not.  RWST only changed significantly amoung varieties in 2008/09 
(Tables 7, 9, 11) 
 
When averaged across all varieties, weight losses tended to increase over time, and 
were significantly greatest at the last removal timing.  Sugar content and RWST dropped 
significantly in all years, while purity dropped significantly in 2 of 3 years (Tables 8, 10, 
12).  
 
A lack of storage time x variety interaction indicates that the ability to store over a period 
of time in a large pile environment is similar amoung current varieties used in Ontario;  a 
more definitive evaluation would use similar varieties over several storage evaluations, 
but this option was not readily available to us.  Within varieties, several demonstrated a 
smaller reduction in sugar content when averaged across all storage times; however this 
too should be repeated over several campaigns in order to come to stronger conclusions. 
 
 
  
 

 

Weight 
loss 
(%) 

 Purity 
(%)  Sugar 

(%) 

 % Sugar 
Change RWST 



May 2010  - 3 - 

N applied (lb/ac)

0 50 100 150 200

Yi
el

d 
(to

n/
ac

)

36

38

40

42

44

46

y=38.7 +0.05x - 0.00015x2

r ² = 0.550

75+75 50+50

Y
 D

at
a

0 50 100 150 200

R
W

S
T

240

260

280

300

320

340

y = 311.6 + 0.063x - 0.0012x2

r ²= 0.716

75+75 50+50

N applied (lb/ac)

Y 
D

at
a

0 50 100 150 200

$/
ac

1400

1500

1600

1700

1800

1900

2000

2100

2200

y= 1762 + 3.51 - 0.0177x2

r ² =0.336

N applied (lb/ac)
75+75 50+50

0 50 100 150 200

R
W

SA

10000

11000

12000

13000

14000

15000

y = 311.6 + 0.063x - 0.0012x2

r ²=0.715889639

N applied (lb/ac)

75+75 50+50

YIELD Response to N Fertilizer:  Yields in 2008 were similar to 2006 at an average of 
41 t/ac, and comparable to grower yields.  Although yield increases with N (Fig 1A), 
quality (Fig. 2) and RWST decreases with N (Fig. 1B).  These relationships influence 
RWSA and the dollar value of paid to growers (Fig. 1C&D).  Based on yield and the 
amount paid for RWST, the optimal rate of N is approximately 100 lb/ac (Fig. 1C&D).  
For all three years, there was no yield or quality advantage to split applying N at 50+50 
or 75+75 and it costs more to apply N twice.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Sugar beet yield in A) ton/ac, B) RWST, C) RWSA and D) $/ac response to ammonium nitrate 
applied preplant broadcast or split applied preplant and in-season (50+50 and 75+75) in 2008.    
 
Calculations:  RWST =((%sugar*18.4)-22)*((1-(60/(%CJP-3.5)))/0.4)      RSWA= RWST* ton/ac 
payout $/ton  = grower RWST/ company ave RWST*price 
 = grower RWST/272*40.01    ****These are 2008 data.**** 

A 

C 

B 

D 
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QUALITY Response to N Fertilizer:  In all four years, all sugarbeet quality 
measurements responded to N application.  As N application increased % sugar and % 
purity decreased (Fig. 2A&B) and contaminants amino-N and ammonium increased (Fig. 
2C&D).  Thus, overall sugarbeet quality declines with increased fertilizer N application.  
These results were as expected and were similar previous years and to research out of 
Michigan.  For all quality parameters, the split application of 50+50 or 75+75 were not 
different than the same amount applied preplant N.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.  In 2008, Sugar beet quality parameters of purity (A), sugar content (B), ammonium (C) 

and amino nitrogen (D) response to ammonium nitrate fertilizer applied preplant 
broadcast and split application.   

 
 
 

C 
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SPAD® METER correlations to N fertilization:  The SPAD meter measures 
chlorophyll content and may be useful in nitrogen management.  Higher SPAD readings 
indicate more chlorophyll and darker green leaves.  SPAD meter readings were taken on 
5, 8 and 8 times over the 2006-08 growing seasons, respectively.  Correlations between 
SPAD readings and N applied, sugarbeet yield and sugar yield, quality, impurities, and 
payout to growers were made and results from 11 Sept. 2008 are presented in Figure 3.  
Although there were differences between dates, over all three growing season, there 
was good correlation between SPAD meter readings and the following parameters: N 
rate applied, yield, sugar, purity, amino-N, RWST and $/ton.  Results for R-NH2, RWSA 
and grower payout in $/ha were inconsistent.  These results suggest that the SPAD 
meter might be useful to estimate yield and quality, as well as the need for N fertilizer.  
The next step will be to relate the SPAD readings to date after planting and/or growing 
degree days.  Further research will be needed to confirm the usefulness of the SPAD 
meter to predict sugar beet yield and quality, as well as the need for N fertilizer.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.   On 11 Sept 2008, correlation between SPAD chlorophyll readings and various 

sugarbeet yield and quality parameters.   
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NITROGEN DYNAMICS:  The nitrogen content in sugar beet plants, expressed as %N 
content or kg N/ha, in the zero N control was lower than fertilized beets (Table 13).  But 
applying 100 or 200 lb N/ac did not increase plant N content.  At harvest in 2007 total plant N 
content (Table 13) and % N content (data not shown) in the leaves and the beet was lower 
than 2006 and 2008.  This was due to lower yields in 2007 due to drought conditions.  The 
sugar beet crop accumulates approximately 235 lb N/ac in the beets and leaves.  If N fertilizer 
is increased from 100 to 200 lb N/ac then the sugar beets do not take up more N.  As 
previously mentioned, the most profitable rate of N was 100 lb N/ac. 
 
Table 13.  Nitrogen content at sugar beet harvest*. 

N 
fertilizer 
applied 

crop uptake 
(N in leaves) 

  

crop removal 
(N in beets) 

  

total plant 
nitrogen 

lb N/ac ----------------------   kg N/ha   ---------------------- 

0 81 a 95 a 176 a 
100 110 b 131 b 241 b 
200 131 b 139 b 270 b 

Split 129 b 143 b 272 b 
       

2006 141 b 143 b 284 b 
2007 58 a 118 a 177 a 
2008 138 b 121 b 258 b 

*Within each column, N treatments or years with a different letter indicates a statistical difference.    
 
At planting and at harvest, there was more nitrate-N in the top foot than at lower depths, 
which is typical of southwestern Ontario soils.  Generally soil nitrate-N levels were lower 
at harvest than at planting.  At harvest, there was no difference between treatments in 
soil nitrate-N (Table 14) or total mineral N.  Thus, even though there was 200 lb N/ac 
applied, by harvest soil mineral N concentrations were not different than if lower or no 
fertilizer was applied.  Because N uptake by the crop was not higher when 200 lb N/ac 
was applied, this suggests inefficient use of fertilizer. 
 
 
Table 14.  Soil nitrate-nitrogen concentration in sugar beet field trial. 

Soil 
depth 

(ft) 

At planting At harvest 
Fertilizer applied (lb N/ac) 

0 100 200 split  
   -----------------------   Nitrate-nitrogen (ppm)   -----------------------  
1 10.9 5.9  a 6.3  a 8.7  a 6.7  a 
2 9.4 2.9  b 3.2  b 3.1  b 2.9  b 
3 8.0 2.6  b 2.6  b 3.0  b 2.7  b 

*At each sample date, soil depths or years with a different letter indicates a statistical difference.    



May 2010  - 7 - 

Grower Survey Results:  At the Annual Meeting in March 2010, an Ontario Sugarbeet 
Growers Association-lead grower survey was conducted.  The original intent in 2006 was 
to measure adoption of the developed best management practices that minimize storage 
losses.  However, research results suggest that N fertility and variety selection 
production practices do not need to be modified to optimize storage quality.  Therefore a 
survey was conducted to evaluate the effectiveness of transferring knowledge gained 
from this project.   
 
The survey in Appendix A was given to growers.  With approximately 60 growers at the 
meeting and 100 growers in the cooperative and 21 surveys returned the survey 
response rate was 35% and 21%, respectively. These response rates are acceptable and 
results of the survey are expected to be representative of the industry. 
 
Question 1: Typically how much actual N do you apply to sugar beets?  Based on the 
survey, growers apply on average 95.6 (±1.6) lb N/ac, which was statistically lower than 
the presumed grower rate of 100 lb N/ac.  Responses ranged from 80 -110 lb N/ac, with 
2 respondents indicating manure use and 1 red clover credits.  Thus, results indicate that 
knowledge transfer activities have been effective. 
 
Question 2: Over the past 5 years, has your N rate on sugarbeets (circle one:) increased, 
decreased, no change?  Over the past 5 years, survey results suggest a statistically 
significant decrease the amount of N applied.  No growers indicated that N increased and 
76% of growers have lowered N rates. The average N rate of those growers who 
indicated no change in N rate was 99 lb N/ac vs. 94.5 lb N/ac for growers who indicated 
a decrease in N rate over the past 5 years.  Survey results indicate that knowledge 
transfer activities have been effective. 
 
Question 3: Did N rates change because you are paid for sugar now?   (circle one:)  Yes,  
No, Don’t know.  Based on Chi-squared analysis, there was no difference between 
growers who changed rates due to sugar payment vs. those that did not.  These results 
suggest that payment based on sugar content has not influenced N application rates.  
This may be due to the fact that N rates are already ideal for sugar.  If N rates were too 
high (i.e. >130 lb N/ac), then one might expect that sugar payment would lower N rates.  
Considering that the average Ontario sugar yield is consistently higher than the company 
average, it is not unexpected that N rates have not changed due to the new payment 
method. 
 
Question 4: Does N influence how well sugarbeets store in the large pile?   (circle one: 
Yes, No, Don’t know).  Based on survey results, ⅓rd of growers knew that N fertility does 
not affect sugarbeet storage in large piles.  Based on Chi-squared analysis, there was a 
difference between those that were incorrect (circled yes) and those who either didn’t 
know or knew that N does NOT influence sugarbeet storage.  Only 23.8% of growers 
were incorrect.  Therefore, these results suggest that knowledge transfer activities have 
been effective.  Considering that there is no need for Ontario growers to modify their N 
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practices based on maintaining sugarbeet storage, there is little need for more 
knowledge transfer activities.  Moreover, Dr. Laura Van Eerd has effectively 
communicated research results with Michigan Sugar Company personnel, including those 
at the Dover Piling Yard. 
 
Question 5: Does variety influence how well sugarbeets store in the large pile?   (circle 
one: Yes, No, Don’t know).  Based on the survey, 48% of growers felt that variety 
influenced how well sugarbeets stored, while 38 % admitted they didn't know.  While 
Michigan Sugar Company conducts simulated storage tests in their variety approval 
process, it is not known how well this relates to a large pile environment.   
 
Question 6: In the past, did you consider storage quality when selecting which variety to 
grow: (circle one: Yes, No, Don’t know).  79% of respondents indicated "no", which may 
suggest they trust that the variety approval process identifies poor storing varieties, and 
does not make them available to growers.   Again, the assumption is made that lab tests 
correlate with the environment in a large pile; this should be compared. 
 
Question 7: Now, what factors go into selecting one variety over another: The majority 
of respondents indicated that yield, sugar content and disease resistance were factors 
they considered when selecting varieties.  Other considerations were emergence and 
RWSA; storage ability was not even indicated.     
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Reach and Communications: 
Ontario sugarbeet producers are the primary target of this research, along with the 
processor – Michigan  Sugar Company extension/research personnel, relevant OMAFRA 
staff, and industry consultants as well as Michigan members of the grower cooperative. 
It is estimated that that over 80%, >95% and ?95% of Ontario producers, relevant field 
OMAFRA staff, and processor personnel, respectively were reached by this project 
through the technology transfer activities described below.  AAC/AAFC was 
acknowledged in all communications. 
 

Peer-Reviewed Scientific Publications 
Van Eerd, L.L. and J.W. Zandstra.  2011 (expected). Nitrogen Fertility and Variety Does 

Not Affect Sugarbeet Storage Quality in Large Outdoor Piles. In preparation, 
submission expected fall 2010. 

 
Papers Read at Scientific Conferences 
Van Eerd, L.L.  2009. Nitrogen fertility does not affect sugarbeet storage quality in large 

outdoor piles. 2009 International Annual Meetings of ASA-CSSA-SSSA. November 
1-5 2009. Pittsburgh, PA. Abstract # 2009.53055 

Van Eerd, L.L. 2009. Long-term Storage Quality of Sugarbeets in Large Outdoor Piles is 
Not Affected by Nitrogen Fertility. Guelph 09: Joint Annual Conference of the 
CSSS/CSA/CSAFM.  August 5-7 2009. Guelph, ON.  

 
Presentations 
Van Eerd, L.L.  2009.  Impact of Nitrogen on Sugarbeet Storage: Research Update  

Ontario Sugarbeet Growers Association General Annual Meeting.  Chatham, ON. 
Presenter to 70 growers and industry reps. March 24th. 

Zandstra, J.W. 2009.  IRD Calibration and Sugarbeet Variety Storage Trial.  Ontario 
Sugarbeet Growers Association General Annual Meeting.  Chatham, ON. Presenter 
to 70 growers and industry reps. March 24th 

Van Eerd, L.L.  2008.  Nitrogen research update  Research Reporting Session to Ontario 
Sugarbeet Growers Association.  Chatham, ON. Presenter to 75 growers and 
industry reps. February 26th. 

Van Eerd, L.L. and J.W. Zandstra.  2008.  Nitrogen research in a wet and dry year.  
What’s the difference?  Second Annual Michigan/Ontario Sugarbeet Research 
Reporting Session.  Chatham ON. Presenter to 150 growers and industry reps. 
January 29th. 

Van Eerd, L.L. and J.W. Zandstra.  2007.  In-season estimation of sugarbeet yield and 
quality.  Michigan/Ontario Sugarbeet Research Reporting Session.  Chatham ON. 
Presenter to 75 growers and industry reps. February 8th. 

Van Eerd, L.L. and J.W. Zandstra.  2007.  Can the SPAD® meter be used in-season to 
assess sugar beet quality?  First Annual Michigan/Ontario Sugarbeet Research 
Reporting Session.  Frankenmuth, MI. Presenter to 150 growers and industry 
reps. January 30th. 
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Van Eerd, L.L. and J.W. Zandstra.  2007.  Enhancing sugarbeet storage through N 
fertility and variety. Research Report to Ontario Sugarbeet Growers Association 
Research Committee. Chatham ON. Presenter to 6 growers and industry reps. 
January 8th 

 
Field Days and Tours 
Van Eerd, L.L.  2009.  N fertility research in sugarbeet.  Sugarbeet Research Tour.  

Dover and Ridgetown. ON. 12 August 2009. Presenter to 15 Michigan Sugar 
industry, OMAFRA and growers 

Van Eerd, L.L.  2008.  Highlights of cover crop and N fertility research.  OMAFRA 
Research Tour.  Ridgetown. ON. 12 Aug 2008. Tour organizer and presenter to 6 
OMAFRA staff. 

Van Eerd, L.L.  2007.  Highlights of N fertility research in vegetable crops.  OMAFRA 
Research Tour.  Dover. ON. 7 Aug 2007. Tour organizer and presenter to 6 
OMAFRA staff 

 Van Eerd, L.L.  2007.  Potential for the SPAD meter as a decision-making tool for 
management of sugarbeet yield and quality.  Sugarbeet Research Tour.  Dover. 
ON. 28 June 2007. Presenter to 15 Michigan Sugar industry, OMAFRA and 
growers 

Van Eerd, L.L.  2007.  Overview of N fertility research in vegetable crops.  ARIO 
Research Tour.  Ridgetown. ON. 22 June 2007. Presenter to 14 professionals  

Van Eerd, L.L.  2006.  Impact of N fertility on sugarbeet storage.  Sugarbeet Research 
Tour.  Dover. ON. 9 Aug 2006. Presenter to 20 Michigan Sugar industry, OMAFRA 
and growers  

Zandstra, J.W.  2006.  Potential impact of variety on sugarbeet storage.  Sugarbeet 
Research Tour.  Dover. ON. 9 Aug 2006. Presenter to 20 Michigan Sugar industry, 
OMAFRA and growers  

Van Eerd, L.L.  2006.  Overview of N fertility research in vegetable crops.  OMAFRA 
Research Tour.  Dover. ON. 8 Aug 2006. Tour organizer and presenter to 8 
OMAFRA staff  

 
Popular Press Articles 

Carter. J.  2009.  Sugar beets:  Growers eager to jump back in.  31 March 2009.  Ontario 
Farmer. pg. 15A. 

Brown, L.  2007.  Sugar beets that can’t be beat: Researchers take new approach to 
improve quality.  Research Magazine: Focus on Farming. University of Guelph. 
Spring 2007.  XXII (1). pg. 13.  Highlighted on OMAFRA website at 
http://www.omafra.gov.on.ca/english/about/uofg/beets.htm 

Brown, L.  2007.  Sugar beets that can’t be beat: Researchers take new approach to 
improve quality.  Research Magazine: Focus on Farming. University of Guelph. 
Spring 2007.  XXII (1). pg. 13. 

 
Technical Reports and Abstracts 
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Van Eerd, L.L.  2009.  Enhancing sugar beet storage quality through N fertilization. 
Michigan-Ontario Sugarbeet REACH Program. December 2009. pp. 1. 

Van Eerd, L.L. and C. Trueman. 2009.   Impact of nitrogen fertility on Cercospora. 
beticola disease.  Michigan-Ontario Sugarbeet REACH Program. December 2009. 
pp. 1. 

Van Eerd, L.L. 2009.  Enhancing sugar beet storage quality through N fertilization: 2008-
09 Research Results.  Report to Ontario Sugarbeet Growers Association. March 
2009. pp 7.  

Zandstra, J.W. and Van Eerd, L.L. 2009.  ADV-404 Ontario Sugarbeet Pile Recovery 
Innovation Project: 2008-09 Research Results.  Report to Ontario Sugarbeet 
Growers Association. March 2009. pp 6.  

Van Eerd, L.L. 2009.  Enhancing sugar beet storage quality through N fertilization: 2007-
08 Research Results.  Report to Ontario Sugarbeet Growers Association. February 
2009. pp 6.  

Van Eerd, L.L. 2008.  Enhancing sugar beet storage quality through N fertilization: 2008-
09 Research Results.  Report to Ontario Sugarbeet Growers Association. March 
2009. pp 7.  

Zandstra, J.W. and Van Eerd, L.L. 2008.  ADV-404 Ontario Sugarbeet Pile Recovery 
Innovation Project: 2008-09 Research Results.  Report to Ontario Sugarbeet 
Growers Association. March 2008. pp 6.  

Zandstra, J.W. 2008. ADV 253 -  Enhancing Sugarbeet Storage Quality – Variety 
2007/2008  and 2008/09 Research Results.  Report to the Ontario Sugarbeet 
Growers Association.  March, 2009. pp7. 

Van Eerd, L.L. 2008.  Enhancing sugar beet storage quality through N fertilization: 2007-
08 Research Results.  Report to Ontario Sugarbeet Growers Association. February 
2008. pp 6.  

Zandstra, J.W. and Van Eerd, L.L. 2008.  ADV-404 Ontario Sugarbeet Pile Recovery 
Innovation Project: 2007-08 Research Results.  Report to Ontario Sugarbeet 
Growers Association. February 2008. pp 6. 

Van Eerd, L.L.  2008.  Enhancing sugarbeet storage quality through nitrogen 
management.  Annual report to Ontario Sugarbeet Growers Association.  February 
2008. pp 4.  Report distributed to 75 growers and industry reps. 

Van Eerd, L.L. and Zandstra, J.W.  2007.  Enhancing sugarbeet storage quality through 
nitrogen management and variety selection.  Interim Report to Agricultural 
Adaptation Council’s CanAdvance Program.  May 2007. pp 14.  

Van Eerd, L.L. and Zandstra, J.W.  2007.  Enhancing sugarbeet storage quality through 
nitrogen management and variety selection.  Annual report to Ontario Sugarbeet 
Growers Association.  January 2007. pp 2.  Report distributed to 75 growers and 
industry reps. 

Van Eerd, L.L. and Zandstra, J.W.  2007.  Enhancing sugar beet storage quality through 
nitrogen management and variety selection.  Michigan/Ontario Sugar Beet 
Research Reporting Session.  January 2007. pp 1.  Abstract distributed 
electronically via CD to over 150 growers and industry reps.  
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Conclusions: 
The optimal rate of N fertilizer is approximately 100 lb N/ac based on yield and payout for 
RWST.  Under good storage conditions of all three storage seasons, nitrogen rate and 
timing did not influence the ability to store beets.  Sugarbeet quality was highest at 
harvest and tended to decline over the storage season.  Sugarbeet quality tended to be 
lower with the 75+75 split application compared to the same rate applied preplant in 
2008 and 2007.  Results from a one-year trial (2009-10) indicate that N rate, variety and 
cercospora disease rating do not influence the ability to store sugarbeets in large outdoor 
piles.  Thus growers do not need to modify their N practices to maintain sugarbeet 
storage quality. 
 
There was no interaction between varieties and storage timing in respect to sugar 
content, purity, weight loss and RWST, suggesting that these variables respond similarly 
to large pile storage conditions in all the varieties we evaluated over the 3 growing and 
storing seasons.  There were differences amoung varieties in the amount the sugar 
content changed as they were stored, suggesting that some varieties may maintain sugar 
content in large pile storage better than others; however we were unable to repeat these 
trials with the same varieties so these conclusions need to be verified. 
 
It is imperative to note that all three storage seasons had ideal weather conditions for 
storage.  It is difficult to draw conclusions on the impact of N fertility and variety on sugar 
beet storage in less than ideal storage conditions. However, since this project started, 
Michigan Sugar Company at the Dover Piling Yard has implemented a new approach of 
pile management.   Beets are removed from the entire length of the pile using a Euro 
Maus compared to the previous method of removing beets from pile ends.  Evidence 
suggests that because a “rind” of degraded beets is not allowed to form along the length 
of the pile, ventilation is improved and beet quality is better maintained during storage.  
Hopefully, this improved management coupled with the results from this trial will reduce 
the risk of significant pile losses when storage conditions are poor. 
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Appendix A 
The following survey was administered during the Ontario Sugarbeet Growers 
Association Annual Meeting in March 2010. 

 
 
 
 
OSGA Survey:  As part of the deliverables outlined in the project “ENHANCING SUGARBEET 
STORAGE QUALITY THROUGH NITROGEN MANAGEMENT AND VARIETY SELECTION” 
we are conducting a survey.  Please answer the following questions. 
 
Typically how much actual N do you apply to sugar beets? _________________________________ 
 
Circle the most appropriate response 
Over the past 5 years, has your N rate on sugarbeets      increased  decreased  no change 
 
Did N rates change because you are paid for sugar now?     Yes    No  Don’t know 
 
Does N influence how well sugarbeets store in the large pile?    Yes    No  Don’t know 
 
Does variety influence how well sugarbeets store in the large pile?    Yes    No  Don’t know 
 
In the past, did you consider storage quality when selecting which variety to grow? 
          Yes    No  Don’t know 
 
Now, what factors go into selecting one variety over another?  _______________________________ 
        _____________________________________ 
 
Individual data will be confidential and no names are required.  Data will be summarized as 
percentages or a range of values.     

 


	Final Report
	June 2006 - May 2010
	Dr. Laura L. Van Eerd and John W. Zandstra
	Agricultural Adaptation Council – CanAdvance Program
	Submitted May 2010
	Agricultural Adaptation Council – CanAdvance Program
	Final Report:  June 2006 - May 2010
	Dr. Laura L. Van Eerd and John W. Zandstra
	Executive Summary:
	Based on three field seasons, RWSA, and grower payout ($/ac) the most economical rate of N was approximately 100 lb N/ac.  Despite differences in the % N content of beets going into storage, N fertility (N rate or timing) had no impact on storability....
	Thus, over three storage seasons (2007-08, 2008-09, 2009-10), nitrogen rate and timing of application did not appear to influence the ability of beets to store over 100 days under ideal large pile storage conditions.  Thus there is no need for growers...
	Background:
	Project Details:
	Objectives and Project Inputs:
	Methods:
	Pest control was according to typical Ontario production practices.
	Activities:
	Table 3: Storage and removal dates
	Results 2006-2010:
	Not surprisingly, sugar beet quality was better at harvest and lower in February (Table 5).  As expected, quality declines as N rate increases (Table 5 and Figure 2).  Over all storage dates, quality was generally poorest in the 75+75 treatment (Table...
	Table 5.  For 2007-08 and 2008-09 storage season, the impact of N rate and storage date on sugar beet quality*.
	Table 6.  The effect of N fertility on cercospora disease and sugarbeet yield and quality*.
	Methods
	At harvest, a representative sugar beet sample from each plot in the variety trial was placed in mesh bags and the bags were placed into well ventilated steel mesh cages.  Cages were topped up with sugar beets and buried near the base of the large pil...
	Results and Discussion
	NITROGEN DYNAMICS:  The nitrogen content in sugar beet plants, expressed as %N content or kg N/ha, in the zero N control was lower than fertilized beets (Table 13).  But applying 100 or 200 lb N/ac did not increase plant N content.  At harvest in 200...
	Table 13.  Nitrogen content at sugar beet harvest*.
	Grower Survey Results:  At the Annual Meeting in March 2010, an Ontario Sugarbeet Growers Association-lead grower survey was conducted.  The original intent in 2006 was to measure adoption of the developed best management practices that minimize stor...
	Reach and Communications:
	Ontario sugarbeet producers are the primary target of this research, along with the processor – Michigan  Sugar Company extension/research personnel, relevant OMAFRA staff, and industry consultants as well as Michigan members of the grower cooperative...
	Peer-Reviewed Scientific Publications
	Papers Read at Scientific Conferences
	Conclusions:
	Acknowledgements

