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Introduction


New nitrogen fertilizer recommendations have been developed for sugar beet production in Minnesota and North Dakota.  A study was established to confirm the recommendation and to determine the N contribution of sugar beet tops to a following corn crop.  In the past soybean has been grown after sugar beet in the rotation.  Since soybean is a legume, little attention was given the nitrogen that was released from sugar beet tops grown the previous year.  In the future sugar beet producers will be encouraged to increase the length of their crop rotation from the common three year sugar beet – soybean – corn rotation practiced now.  Information on nutrient issues for corn grown after sugar beet is needed.  One of the issues is how much N credit should be given for sugar beet tops.  Work in the Red River Valley indicates sugar beet tops can provide a varying amount of N for a wheat crop.  The amount depends on the nitrogen status of the sugar beet crop at harvest.  Green tops are credited up to 70 pounds of N per acre while yellow N deficient tops are given a 0 pound or N per acre credit.  This article reports the results of the sugar beet crop grown under differing N rates in the first year of this two year study and the corn yields in the second year.  
Materials and Methods


To accomplish the objective of this study, two sites were established in 2002, 2003, and 2004.   Locations and year of study is listed in Table 1.
Table 1.  Locations and year of study for sugar beet – corn rotation experiment.
	Location
	Sugar beet year
	Corn year

	Olivia
	2002
	2003

	Maynard
	2002
	2003

	Clara City
	2003
	2004

	Hector
	2003
	2004

	Raymond
	2004
	2005

	Bird Island
	2004
	Abandoned


The first year treatments (sugar beet year) were five nitrogen fertilizer rates of 0, 40, 80, 120, and 160 pounds N per acre at all sites but the Maynard site where 0, 50, 100, 150, and 200 pounds N per acre were applied.  The initial nitrate-N values to a four foot depth plus the N recommendations for each site are listed in Table 2.  
Table 2. Initial soil nitrate-N and nitrogen fertilizer recommendations at the Maynard, Olivia, Clara City, Hector, Raymond, and Bird Island, Minnesota sites.
	
	Initial soil nitrate 0-4 ft. (lb nitrate-N/A)
	N recommendation (lb N/A)

	Maynard
	49
	81

	Olivia
	79
	51

	Clara City
	104
	26

	Hector
	54
	76

	Raymond
	103
	27

	Bird Island
	333
	0


The fertilizer N treatments were applied early spring as urea to plots 44 ft X 44 ft in size before sugar beet was grown.  The cooperators provided the planting, weed control, and fungicide applications to the sites.  The studies were hand harvested early October.  Root yield and quality determined at the Southern Minnesota Beet Sugar Cooperative tare laboratory.  Also at harvest, sugar beet top yield was determined and sub-samples were taken and analyzed for total N.  After harvest, soil samples were taken to a depth of four feet in each plot and analyzed for soil nitrate.   In the fall after sugar beet harvest, the plots from the first year of the study were subdivided into 11 ft X 44 ft plots and nitrogen fertilizer as urea was applied at rates of 0, 40, 80, and 120 pounds N per acre.  The fertilizer was incorporated after spreading.  Corn was grown the second year and harvested for yield in September or October.  Soil samples for nitrate-N were taken after corn harvest to a depth of four feet.
Results and Discussion
Sugar Beet Yield and Quality in the First Year of the Rotation
2002 Sites

Root yield was significantly increased with the first increment of fertilizer application (Table 3 and Table 4).  The increase was 2.6 tons per acre with 50 pounds N per acre at the Maynard site (Table 3) and 5.4 tons per acre with 40 pounds N per acre at the Olivia site (Table 4).  Root yields were not increased with additional N above the first increment of N application at either site.

Sucrose was reduced significantly by nitrogen fertilizer application at both sites.  The average decrease was 0.38 % per 50 pounds of fertilizer N per acre at the Maynard site and 0.22 % per 50 pounds of fertilizer N per acre at the Olivia site.  Purity was significantly decreased by nitrogen fertilizer application at both sites.
Table3.  Root yield, root quality, and extractable sucrose for the Maynard site in 2002.

	N rate
	Root yield
	Sucrose
	Purity
	Extractable sucrose

	pounds N/A
	tons/A
	-------- % --------
	pounds/ton
	pounds/A

	0
	26.7
	18.4
	92.6
	320
	8542

	50
	29.3
	17.9
	90.6
	303
	8873

	100
	30.8
	17.3
	90.4
	291
	8920

	150
	27.5
	17.2
	90.3
	290
	7955

	200
	31.3
	16.9
	89.7
	282
	8736

	Statistics

	N rate
	0.03
	0.0002
	0.04
	0.001
	0.23

	C.V. (%)
	8.2
	2.4
	1.5
	4.0
	8.1


Table 4.  Root yield, root quality, and extractable sucrose for the Olivia site in 2002.

	N rate
	Root yield
	Sucrose
	Purity
	Extractable sucrose

	pounds N/A
	tons/A
	-------- % --------
	pounds/ton
	pounds/A

	0
	23.1
	17.4
	92.2
	301
	6976

	40
	28.5
	17.3
	92.1
	298
	8475

	80
	28.3
	16.7
	90.7
	282
	7956

	120
	28.4
	16.7
	90.5
	282
	8005

	160
	26.7
	16.7
	90.4
	281
	7505

	Statistics

	N rate
	0.02
	0.02
	0.0001
	0.01
	0.03

	C.V. (%)
	9.3
	2.4
	0.7
	2.9
	8.5



At Maynard, the extractable sucrose per ton of sugar beet processed was reduced by 9.5 pounds per ton of processed sugar beet for every 50 pounds of N fertilizer applied per acre.  The extractable sucrose per acre was not significantly affect by N fertilization.

Extractable sucrose per ton of processed sugar beet was reduced 5 pounds per ton for every 40 pounds of fertilizer N per acre applied at the Olivia site.  The extractable sucrose per acre was increase by the first 40 pounds of fertilizer N per acre by 1500 pounds per acre.   At both sites, the maximum recoverable sucrose per acre occurred at less amounts of soil nitrate-N plus fertilizer N than the current recommendations.
2003 Sites


Sugar beet was grown at the Hector and Clara City sites in 2003.  Root yield, sucrose, extractable sucrose per ton, and extractable sucrose per ton were affected by N fertilizer application at the Hector site, Table 5.  The root yield was increased to a economic maximum at 120 pounds of N per acre.  This is 60 pounds N per acre greater than expected.  The sucrose was decreased significantly at the 160 pounds of N per acre rate.  Purity was not affected by N application.  The extractable sucrose per ton decreased 3.75 pounds per ton for each 40 pounds of N applied.  The optimum extractable sucrose per acre occurred at the 80 pounds N per acre N rate.  This was 20 pounds more than the recommended rate.
Table 5.  Root yield, root quality, and extractable sucrose for the Hector site in 2003.

	N rate
	Root yield
	Sucrose
	Purity
	Extractable sucrose

	pounds N/A
	tons/A
	-------- % --------
	pounds/ton
	pounds/A

	0
	24.6
	17.3
	90.1
	291
	7143

	40
	25.0
	17.5
	89.9
	293
	7338

	80
	29.3
	17.2
	89.8
	287
	8381

	120
	29.7
	17.3
	89.7
	288
	8527

	160
	31.1
	16.7
	89.3
	276
	8578

	Statistics

	N rate
	0.03
	0.05
	0.45
	0.06
	0.07

	C.V. (%)
	11.9
	2.2
	0.8
	2.9
	11.8



There were not responses measured for any measured parameter at the Clara City site, Table 6.  This site was severely affected by the lack of moisture in August and September of 2003.  Some of the sugar beets at this location died from the drought.  The drought occurred because of underlying sand lens at this site.
Table 6.  Root yield, root quality, and extractable sucrose for the Clara City site in 2003.

	N rate
	Root yield
	Sucrose
	Purity
	Extractable sucrose

	pounds N/A
	tons/A
	-------- % --------
	pounds/ton
	pounds/A

	0
	24.5
	16.1
	87.5
	258
	6422

	40
	24.7
	15.6
	87.1
	248
	6180

	80
	25.9
	16.3
	88.3
	266
	6937

	120
	24.1
	15.9
	86.9
	253
	6104

	160
	23.1
	15.5
	86.1
	243
	5649

	Statistics

	N rate
	0.97
	0.19
	0.71
	0.40
	0.86

	C.V. (%)
	29.7
	2.5
	2.1
	5.4
	23.0


2004 Sites

Sugar beet was grown at two locations in 2004.  The locations were near Raymond and Bird Island, MN.  The soil test nitrate-N to the four foot depth was marginal at the Raymond site and very high (333 pounds N per acre) at the Bird Island site.  Sucrose and extractable sucrose per ton were significantly decreased with increasing N fertilizer application rates at the Raymond site, Table 7.  Root yield, purity, and extractable sucrose per acre were not affected. 
Table 7.  Root yield, root quality, and extractable sucrose for the Raymond site in 2004.

	N rate
	Root yield
	Sucrose
	Purity
	Extractable sucrose

	pounds N/A
	tons/A
	-------- % --------
	pounds/ton
	pounds/A

	0
	22.9
	15.1
	90.0
	252
	5761

	40
	20.3
	15.2
	89.4
	250
	5042

	80
	21.1
	14.6
	89.4
	241
	5094

	120
	21.8
	14.6
	89.1
	239
	5186

	160
	20.9
	14.3
	88.7
	232
	5042

	Statistics

	N rate
	0.47
	0.005
	0.24
	0.009
	0.21

	C.V. (%)
	9.6
	2.4
	1.0
	3.4
	9.8



Only purity was affected at the Bird Island site in 2004, Table 8.  This decrease was 0.35 % per 40 pounds of N applied per acre.  This decrease in purity did not reduce the extractable sucrose per ton or per acre.  The sucrose and extractable sucrose per ton were extremely low.  This was caused by the excessive amounts of residual nitrogen in the soil at this site.

Table 8.  Root yield, root quality, and extractable sucrose for the Bird Island site in 2004.

	N rate
	Root yield
	Sucrose
	Purity
	Extractable sucrose

	pounds N/A
	tons/A
	-------- % --------
	pounds/ton
	pounds/A

	0
	23.2
	13.6
	88.2
	218
	5045

	40
	24.2
	13.9
	87.5
	221
	5357

	80
	24.6
	13.9
	88.0
	223
	5473

	120
	26.4
	13.6
	86.9
	214
	5653

	160
	25.2
	13.7
	86.8
	216
	5432

	Statistics

	N rate
	0.44
	0.36
	0.03
	0.35
	0.58

	C.V. (%)
	11.0
	2.3
	0.9
	3.4
	10.8


Top Dry Matter, Top N Concentration, and Top N Content

2002 sites


The application of N fertilizer significantly increased top yield, N concentration, and N content at the Maynard site (Table 9).  The top yield ranged from 4299 pounds per acre for the check sugar beet tops to 7104 pounds per acre for the 200 pounds N per acre treated sugar beets.  The N concentrations ranged from 1.84 % for check sugar beet tops to 2.57 % for sugar beets grown with an extra 200 pounds N per acre.  The resulting N contents of the sugar beet tops returned to the soil range from 79 pounds N per acre for the check beets to 184 pounds per acre for the beets grown with 200 pounds fertilizer N per acre.  

Table 9.  Top dry matter yield, nitrogen concentration, and nitrogen content for the Maynard site in 2002.

	N rate
	Top dry matter yield
	N concentration
	N content

	pounds N/A
	pounds dry matter/A
	%
	pounds N/A

	0
	4299
	1.84
	79

	50
	5046
	2.05
	104

	100
	5907
	2.45
	144

	150
	6410
	2.43
	154

	200
	7104
	2.57
	184

	Statistics

	N rate
	0.04
	0.002
	0.004

	C.V. (%)
	21.5
	9.8
	24.7



At Olivia, yield, N concentration, and N content of sugar beet tops were also increased by the addition of fertilizer N (Table 10).  The top yield and N content at Olivia were considerably less than the top yield and N content at Maynard.  The top yield increased from 2349 pounds per acre for the check sugar beet tops to 3205 pounds per acre for sugar beet tops treated with 160 pounds N per acre.  The N content increased from 56 to 96 pounds N per acre from the check to 160 pound N treatments.  The N concentrations at Olivia were greater than at Maynard.  The N concentrations for the zero N plots were 2.37 % while the beets treated with 160 pounds N per acre had N concentrations of 3 %.
Table 10.  Top dry matter yield, nitrogen concentration, and nitrogen content for the Olivia site in 2002.

	N rate
	Top dry matter yield
	N concentration
	N content

	pounds N/A
	pounds dry matter/A
	%
	pounds N/A

	0
	2349
	2.37
	56

	40
	2824
	2.23
	63

	80
	2754
	2.61
	72

	120
	3140
	2.88
	90

	160
	3205
	3.00
	96

	Statistics

	N rate
	0.07
	0.002
	0.002

	C.V. (%)
	15.2
	8.2
	16.2


2003 Sites

Nitrogen fertilizer application increased the amount of top yield and the N content in the tops at the Hector location is 2003, Table 11.  Top yield was increased from 2639 pounds per acre to 3647 pounds per acre with the application of 120 pounds N per acre.  The N content in the tops increased from 48 pounds with zero N application to 74 pound per acre with 160 pounds N per acre applied.  The N concentration of the sugar beet tops were not significantly affected by the application of N fertilizer.

Table 11.  Top dry matter yield, nitrogen concentration, and nitrogen content for the Hector site in 2003.

	N rate
	Top dry matter yield
	N concentration
	N content

	pounds N/A
	pounds dry matter/A
	%
	pounds N/A

	0
	2639
	1.84
	48

	40
	2458
	1.72
	43

	80
	3331
	1.76
	60

	120
	3647
	1.75
	64

	160
	3625
	2.03
	74

	Statistics

	N rate
	0.04
	0.40
	0.06

	C.V. (%)
	22.1
	14.7
	28.8



The use of N fertilizer did not affect the top yield, N concentration, or N content at Clara City in 2003, Table 12.  As noted with the root yield and quality results, the droughty conditions affected these results.

Table 12.  Top dry matter yield, nitrogen concentration, and nitrogen content for the Clara City site in 2003.

	N rate
	Top dry matter yield
	N concentration
	N content

	pounds N/A
	pounds dry matter/A
	%
	pounds N/A

	0
	3322
	2.69
	74

	40
	3494
	2.78
	95

	80
	3943
	1.98
	80

	120
	2782
	2.49
	65

	160
	2051
	2.81
	55

	Statistics

	N rate
	0.56
	0.19
	0.64

	C.V. (%)
	45.5
	16.8
	46.0


2004 Sites
The application of nitrogen in 2004 to the sugar beet crop did not significantly increase the amount of top growth at the Raymond site, Table 13.  The N concentration and uptake in the tops was significantly increased with the increased application of nitrogen.  

Table 13.  Top dry matter yield, nitrogen concentration, and nitrogen content for the Raymond City site in 2004.

	N rate
	Top dry matter yield
	N concentration
	N content

	pounds N/A
	pounds dry matter/A
	%
	pounds N/A

	0
	5428
	1.93
	104

	40
	5013
	2.09
	106

	80
	6233
	2.48
	156

	120
	5384
	2.40
	131

	160
	6169
	2.79
	170

	Statistics

	N rate
	0.17
	0.03
	

	C.V. (%)
	15.5
	17.0
	25.3


Residual nitrate-N

Soil nitrate-N was measured from soil samples taken after sugar beet harvest at each site.  At the Maynard, Olivia, Hector, and Raymond sites, there were no differences in residual soil nitrate caused by the fertilizer treatments applied in the spring, Table 14.  At the Clara City the residual nitrate-N was elevated in the plots with the 120 and 160 pound N per acre treatments.  
Table 14.  Residual soil nitrate-N for the 0–4 ft. depth at the Maynard, Olivia, Hector, Clara City, and Raymond sites the fall after sugar beet production and before corn production.

	N rate
	Maynard*
	Olivia
	Hector
	Clara City
	Raymond

	lb N/acre
	----------------------- lb nitrate-N/acre  0-4 ft. ------------------------

	0
	43
	42
	33
	100
	24

	40
	40
	35
	30
	85
	22

	80
	43
	39
	37
	104
	36

	120
	53
	41
	36
	190
	32

	160
	45
	42
	36
	182
	39


Whole Rotation Fertility Results for Corn Produced following Sugar Beet
Corn grain yields were increased from the top N and fertilizer N at the Olivia and Hector sites, Table 15.  Corn yields were not affected by any treatments at the Maynard and Clara City.  At the Olivia site, corn grain yields were increased by the year 1 treatment up to 80 pounds N per acre, Table 16.  The residual nitrate-N was very small so the N came from the sugar beet tops.  The optimum corn grain yield was at the 80 pounds N per acre from the year 2 treatment.  At Hector, the greatest corn grain yield occurred with the year 1 treatment of 160 pounds N per acre and the year 2 treatment of 120 pounds per acre.  This is considerably greater than the amount expected.  The growing season of 2004 had conditions for N loses to denitrification in May.  In 2005, the corn grain yield was only increased by the N fertilizer applied before the corn was grown.  There was no effect from the nitrogen from the tops of the 2004 sugar beet crop.
Table 15.  Statistical analysis for corn yield following sugar beet at Olivia and Maynard in 2003, Clara City and Hector in 2004, and Raymond in 2005.
	
	Olivia
	Maynard
	Hector
	Clara City
	Raymond

	Factor
	Probability of a greater F

	Yr1
	0.0001
	0.27
	0.03
	0.64
	0.79

	Yr2
	0.0006
	0.46
	0.0001
	0.13
	0.0004

	Yr1*Yr2
	0.73
	0.37
	0.35
	0.37
	0.28

	C.V. (%)
	7.7
	11.5
	7.3
	9.3
	8.2


Table 15.  Sugar beet top N content, corn grain yield for Olivia, Hector, and Raymond sites.
	
	Olivia 2002-2003
	Hector 2003-2004
	Raymond 2004-2005

	Year 1 treatment
	Beet top N content
	Corn grain yield
	Beet top N content
	Corn grain yield
	Beet top N content
	Corn grain yield

	N rate (lb/acre)
	lb N/acre
	bu/acre
	lb N/acre
	bu/acre
	lb N/acre
	bu/acre

	0
	56
	139
	48
	170
	104
	237

	40
	63
	161
	43
	174
	106
	233

	80
	72
	183
	60
	177
	156
	227

	120
	90
	165
	64
	189
	131
	229

	160
	96
	152
	74
	192
	170
	235

	Year 2 treatment
	
	
	
	
	
	

	N rate (lb/acre)
	
	
	
	
	
	

	0
	
	152
	
	166
	
	218

	40
	
	155
	
	174
	
	232

	80
	
	167
	
	184
	
	240

	120
	
	163
	
	194
	
	240


Summary

The results from four of the five sugar beet sites confirm the new N recommendations adopted in 2001.  The Hector location required an additional 20 pounds N per acre more than the recommended amount for optimum extractable sucrose per acre.  These sites have also set up conditions to test the effect of N credit from the sugar beet tops returned to the soil for the next corn crop.  The fall soil nitrate-N test results indicate no differences in residual soil nitrate-N as a result of the previous N fertilizer treatment applications to the sugar beet crop.  The increase at the Clara City site was a result of droughty conditions near the end sugar beet growing season.  


Corn grain yields were affected by N treatments at three of the five sites.  The corn grain yields at two of the three responsive sites were increased by N in the sugar beet tops and fertilizer N applied before corn production.  At the Raymond in 2005, corn grain yield was only increase by the application N fertilizer before corn production.  It can be concluded from this study that it is difficult to put a value on nitrogen contained in sugar beet tops from the previous crop for corn production in Southern Minnesota.  This variability could be attributed to the amount of organic matter in the soils or the differences in climate during the study.  In 2003, there were droughty conditions in August and September before harvest while in 2004 and 2005 there was significant rain in late May causing some N loses and better than normal growing conditions in September for corn growth.
