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Root rots on sugarbeet primarily are caused by Rhizoctonia solani AG 2-2 (= R. solani) and Aphanomyces cochlioides (= A. cochlioides).  Both pathogens are soilborne and most active when soil is wet and warm, although R. solani also infects plants under somewhat dry soil conditions.  Plant resistance and seed treatment fungicides are among the most effective options to manage R. solani and A. cochlioides, but because of the increasing prevalence and severity of root rot diseases, there is interest in alternative cultural controls.  

Oilseed radish (Raphanus sativus subsp. oleiferus) is a type of mustard originally developed for oil production and is commonly grown in Canada.  It also is being adapted in Michigan and other states as a cover crop (1).  It has long been cultivated in Europe and other sugarbeet-growing regions of the United States to reduce populations of the sugarbeet cyst nematode (2).  In The Netherlands, Schneider and Heijborek (3) reported a reduction in Rhizoctonia root and crown rot of sugarbeet, following a full-season crop of oilseed radish sown as a “fallow crop” (which the authors called ‘fodder radish’).  They repeatedly mowed the oilseed radish at or near flowering to add biomass to the soil and prevent the crop from forming seed, which could germinate and be a nuisance the following season.  Windels et al. (4) found that Aphanomyces damping-off was reduced when oilseed radish was sown in the spring, incorporated into soil 8 weeks later as a “green manure” crop, and then immediately sown with sugarbeet but  disease control was lost when sugarbeet was sown the following season.  It is unknown if growing oilseed radish as a full-season crop in Minnesota or North Dakota suppresses Aphanomyces and Rhizoctonia root rots on sugarbeet.   
OBJECTIVES
Our objectives were to evaluate sugarbeet following a full-season crop of three varieties of oilseed radish compared to rotation crops (wheat, soybean) for root rot, yield, and quality in fields infested with 1) Rhizoctonia solani AG 2-2 or 2) Aphanomyces cochlioides.  
MATERIALS AND METHODS

In 2004, trials were established in the Rhizoctonia and Aphanomyces Nurseries at the University of Minnesota, Northwest Research and Outreach Center, Crookston.  On May 6, the Rhizoctonia Nursery was re-inoculated with R. solani AG 2-2 grown on sterile barley grain for 3 weeks, air-dried, sprinkled over the soil surface (9.9 ounces per 20 x 30 ft plot), and incorporated with a Melroe multiweeder to about a 2-inch depth. Later the same day, oilseed radish (‘Adagio’, ‘Colonel’, ‘Commodore’) each were sown at 25 pounds per acre and wheat (‘Parshall’) and soybean (‘0332120RR’) were sown at 2 and 1.5 bushels per acre, respectively.  Crops were grown in a randomized block design of four replicates.  The oilseed radish varieties are the same as those sown in Europe and other regions of the United States.  Soybean and wheat were included for comparison as controls (they often follow sugarbeet) and were harvested when mature.  The Aphanomyces Nursery trial was planted on May 6, as described for the Rhizoctonia Nursery, except soil was already infested with the pathogen and only wheat was sown as a control because of limited availability of space.  Each crop was fertilized, treated with pesticides, and maintained following recommended practices.  

Oilseed radish was cut with a sickle mower four times, approximately at or near flowering (July 1, 13, 20 and August 12).  Fresh weights of oilseed radish biomass removed at each cutting were estimated by snipping all plants within a 1 m2 area of a plot (leaving a 9-inch stubble) and immediately weighing the material.  A total of 6.1, 5.1 and 4 tons of fresh biomass per acre were cut for ‘Colonel’, ‘Adagio’, and ‘Commodore’, respectively, in the Rhizoctonia Nursery (Table 1).  A total of 13, 11.9, and 11.7 tons of fresh biomass per acre were cut for ‘Colonel’, ‘Adagio’, and ‘Commodore’, respectively, in the Aphanomyces Nursery (Table 2.). 
On May 17, 2005 two varieties of sugarbeet (one resistant and the other susceptible) were sown as subplots in each previous crop plot.  The partially resistant variety in the Rhizoctonia Nursery was Beta BX1301 and in the Aphanomyces Nursery was ACH 820 treated with 45g Tachigaren/unit; Seedex Magnum (susceptible) was sown in both nurseries.   Each treatment subplot included four-rows, 22-inches apart and 30 ft long.  Stand counts began about 2 weeks after emergence and continued weekly (depending upon weather conditions) for 5 weeks.  The Rhizoctonia trial was thinned on July 14 and the Aphanomyces trial was not thinned.  Both trials were harvested on September 29.  Harvest data were collected on the two middle rows of each subplot for number of marketable roots, root rot ratings, yield, and quality.  Twenty roots were randomly selected from each subplot and rated for root rot (0 – 7 scale, 0 = healthy and 7 = root completely rotted and foliage dead).  Ten of these roots were analyzed for yield and sucrose quality by the American Crystal Sugar Company Quality Laboratory, East Grand Forks, MN.  
Data were subjected to analysis of variance and if statistically significant (P = 0.05), means were separated by Least Significant Difference.  

RESULTS
For data collected in the Rhizoctonia and Aphanomyces Nurseries there were no significant interactions between previous crop and sugarbeet variety, so results are presented separately for these main treatments.  
Rhizoctonia Nursery.  Two weeks after planting, there were no significant differences in sugarbeet emergence, regardless of previous crop (Figure 1).  Stands then began to decline across all precrop treatments because of Rhizoctonia damping-off.  By 38 days after planting (June 24), numbers of sugarbeet plants were highest when sown after wheat, followed by oilseed radish varieties ‘Adagio’ and ‘Colonel’ and these stands were statistically equal and significantly higher than stands following oilseed radish ‘Commodore’. Sugarbeet stands following soybean were intermediate.  By harvest, numbers of harvested sugarbeet roots were significantly higher following a crop of oilseed radish ‘Adagio’ compared to soybean or oilseed radish ‘Commodore’, which were equally low (Table 1).  Numbers of harvested sugarbeet roots were intermediate when following oilseed radish ‘Colonel’ and wheat.  
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Figure 1.
Number of sugarbeet seedlings per 60-ft of row in 2005 plots previously sown to three varieties of oilseed radish (OSR), wheat, and soybean in 2004.  Oilseed radish was cut four times, approximately at or near flowering (July 1, 13, 20 and August 12) and was not harvested; wheat and soybeans were harvested; and all plots (four replicates per crop treatment) were chisel-plowed in October, 2004.  Each value is averaged across two sugarbeet varieties (BX1301 is partially resistant to R. solani and Seedex Magnum is susceptible) sown on May 17, 2005 as subplots of each crop grown in 2004.   

Table 1. 
Sugarbeet harvest data and Rhizoctonia root rot ratings in 2005 following a previous crop of three varieties of oilseed radish, soybean, and wheat sown in field plots inoculated with Rhizoctonia solani in 2004.  

	Main Treatments V
	Total green 
biomass(T/A)
	No. harvested roots/60 ft row
	RRR

(0-7) Y
	Yield

(T/A)
	Sucrose
	Gross return 

	
	
	
	
	
	%
	lb/T
	lb rec./A
	($/A)

	Previous Crop W
	
	
	
	
	
	
	
	

	   Oilseed radish ‘Adagio’
	5.1
	70 a
	3.1 a
	19.4
	15.2
	272
	5278
	510

	   Oilseed radish ‘Colonel’
	6.1
	61 ab
	3.2 a
	18.1
	14.9
	263
	4736
	431

	   Wheat ‘Parshall’
	-
	67 ab
	3.5 a
	15.9
	15.3
	275
	4344
	424

	   Soybean ‘0332120RR’
	-
	54   bc
	3.6 ab
	15.7
	15.1
	271
	4231
	404

	   Oilseed radish ‘Commodore’
	4.0
	41     c
	4.2   b
	14.0
	15.1
	266
	3736
	350

	   LSD (P = 0.05) Z
	
	15
	0.6
	NS
	NS
	NS
	NS
	NS

	
	
	
	
	
	
	
	
	

	Variety X
	
	
	
	
	
	
	
	

	   Beta BX1301
	
	67 a
	3.2 a
	19.2 a 
	14.9
	265
	5083
	470  a

	   Seedex Magnum
	
	50  b
	3.8  b
	14.0  b
	15.3
	273
	3847
	377   b

	   LSD (P = 0.05) Z
	
	9
	0.4
	2.5
	NS
	NS
	684
	73


V
Inoculum of R. solani AG 2-2 was grown on sterile barley grain for 3 weeks, air-dried, sprinkled in field plots at the rate of 9.9 ounces per 600 ft2 and incorporated with a Melroe multiweeder on May 6, 2004.  Later the same day, oilseed radish (OSR) was sown at 25 pounds per acre and wheat and soybeans were sown at 2 and 1.5 bushels per acre, respectively (four replicates per treatment). 

W
Oilseed radish was cut four times, approximately at or near flowering (July 1, 13, 20 and August 12) and was not harvested.  Wheat and soybeans were harvested.  All plots were chisel-plowed in October, 2004.  Each value is averaged across two sugarbeet varieties.

X
Sugarbeet variety Beta BX1301 is partially resistance to R. solani and Seedex Magnum is susceptible. Both varieties were sown on May 17, 2005 as subplots of each crop grown in 2004.   Plots were harvested on September 29, 2005.  Each value is averaged across all previous crops. 

Y
RRR = root rot rating (0-7 scale, 0 = root healthy, 7 = root rotted and foliage dead).
Z
LSD = Least significant difference, P = 0.05; for each column, values followed by the same letter are not significantly different; NS = not significantly different.  

=========================

Harvest data are shown in Table 1.  Rhizoctonia root rot ratings were significantly lower when sugarbeet was sown in plots previously cropped to oilseed radish ‘Adagio’, oilseed radish ‘Colonel’, and wheat compared to following a crop of oilseed radish ‘Commodore’. Disease ratings on sugarbeet were intermediate when following soybean.  There were no significant differences in sugarbeet yield, sucrose, or economic return following any previous crop.  There was, however, a tendency for highest yield, sucrose, and economic return following oilseed radish ‘Adagio’ compared to following other oilseed radish varieties, wheat, or soybean.  
A significantly higher number of sugarbeet roots with lower root rot ratings were harvested in plots sown with the Rhizoctonia-resistant variety Beta BX1301 compared to a susceptible variety (Table 1).   The resistant variety also had significantly higher yield, sucrose, and economic return per acre compared to the susceptible variety.  

Aphanomyces Nursery.  Sugarbeet seedling stands at 2 weeks after planting were significantly higher in plots previously cropped to wheat compared to the three varieties of oilseed radish, which had similar emergence (data not shown).  There was about a 5% decline in stands across all treatments by 4 weeks after planting and stands remained highest in plots following wheat and lowest in plots following the three oilseed radish varieties (data not shown).  By harvest, numbers of sugarbeet roots were equal and significantly higher in plots previously cropped with oilseed radish ‘Adagio’ and wheat compared to plots following oilseed radish ‘Colonel’; results were intermediate in plots following oilseed radish ‘Commodore’ (Table 2).  

Table 2. 
Sugarbeet harvest data and Aphanomyces root rot ratings in 2005 following a previous crop of three varieties of oilseed radish and wheat sown in an Aphanomyces Nursery at the University of Minnesota, Northwest Research and Outreach Center, Crookston in 2004.  

	Main Treatments
	Total green biomass (T/A)
	No. harvested roots/60 ft row
	RRR Y
(0-7)
	Yield
	Sucrose
	Gross return ($/A)

	
	
	
	
	(T/A)
	%
	lb/T
	lb/rec./A
	

	
	
	
	
	
	
	
	
	

	Previous Crop V,W
	
	
	
	
	
	
	
	

	   Oilseed radish ‘Adagio’
	11.9
	108 a
	2.8
	22.3 a
	16.6
	311
	6933 a
	789 a

	   Oilseed radish  ‘Commodore’
	11.7
	92 a b
	2.9
	21.3 a
	16.6
	312
	6607 a
	752 a

	   Oilseed radish ‘Colonel’ 
	13.0
	89   b
	2.9
	20.8 a
	16.3
	304
	6338 a
	706 a

	   Wheat ‘Parshall’
	-
	107 a
	2.9
	17.0  b
	16.2
	303
	5151  b
	570   b

	   LSD (P = 0.05) Z
	
	17
	NS
	2.6
	NS
	NS
	788
	95

	
	
	
	
	
	
	
	
	

	Variety X
	
	
	
	
	
	
	
	

	   ACH 820
	
	96
	2.9
	20.6
	16.3
	305
	6274
	699

	   Seedex Magnum
	
	101
	2.9
	20.1
	16.6
	310
	6241
	709

	   LSD (P = 0.05) Z
	
	NS
	NS
	NS
	NS
	NS
	NS
	NS


V
Oilseed radish was sown at 25 pounds per acre and wheat at 2 bushels per acre on May 6, 2004 (four replicates per treatment). 

W
Oilseed radish was cut four times, approximately at or near flowering (July 1, 13, 20 and August 12) and was not harvested.  Wheat was harvested.  All plots were chisel-plowed in October, 2004.  Each value is averaged across two sugarbeet varieties.  

X
Sugarbeet variety ACH 820 has partial resistance to Aphanomyces cochlioides and Seedex Magnum is susceptible. Both varieties were sown on May 17, 2005 as subplots of each crop grown in 2004.   Plots were harvested on September 29, 2005.  Each value is averaged across all previous crops. 

Y
RRR = root rot rating (0-7 scale, 0 = root healthy, 7 = root rotted and foliage dead) 

Z
LSD = Least significant difference, P = 0.05; for each column, values followed by the same letter are not significantly different;  NS = not significantly different.  
=========================
Disease ratings of sugarbeet roots at harvest were the same, regardless of crop grown the previous season (Table 2).  Sugarbeet yield, recoverable sucrose, and economic return were equal in plots following all varieties of oilseed radish and also were significantly higher compared to following wheat (Table 2).  A previous crop of oilseed radish ‘Adagio’ tended to result in the best sugarbeet yield, recoverable sucrose, and economic return compared to the other oilseed radish varieties and wheat.  Plant resistance did not affect numbers of harvested roots, disease, yield, recoverable sucrose, or economic return (Table 2).  

DISCUSSION
Overall, certain varieties of oilseed radish (Adagio and Colonel) reduced Rhizoctonia diseases and increased yield of the following sugarbeet crop, however, none of the oilseed radish varieties reduced Aphanomyces root rot yet all significantly increased yield of sugarbeet.   These results may be explained by differences in the pathogens, growth of oilseed radish, and environmental conditions in the Rhizoctonia and Aphanomyces Nurseries.  

In the Rhizoctonia Nursery, R. solani was active throughout the growing season and full-season crops of oilseed varieties Adagio and Colonel were as effective as wheat in reducing disease on the subsequent crop of sugarbeet (both a partially resistant and susceptible variety) compared to oilseed radish variety Commodore and soybean.  In a previous field trial with various full-season rotation crops (wheat, sunflower, pinto bean, soybean, corn), we found wheat was most effective in reducing Rhizoctonia on the following sugarbeet crop (5), but oilseed radish was not included in the trial.  In The Netherlands, a full-season crop of oilseed radish (Adagio and Commodore) and fallow soil reduced root rot and increased root and sucrose yields on a partially resistant and susceptible sugarbeet variety compared to sugarbeet following sugarbeet (H. Schneider, IRS, personal communication). Thus, it is encouraging that oilseed radish varieties Adagio and Colonel were comparable to wheat in reducing Rhizoctonia diseases in our trials.  It is unknown why the oilseed radish variety Commodore did not reduce Rhizoctonia root rot in our field trial while this variety was effective in reducing disease and increasing sugarbeet root and sucrose yields in The Netherlands.   Perhaps this difference occurred because in our trial, the variety Commodore produced a total biomass that was 22 and 34% less than that of ‘Adagio’ and ‘Colonel’, respectively.  
In the Aphanomyces Nursery, disease pressure was somewhat low and none of the oilseed radish varieties or wheat reduced Aphanomyces root rot on the following sugarbeet crop.  The partially resistant and susceptible sugarbeet varieties also had the same Aphanomyces root rot rating value, which is unusual because even under low Aphanomyces disease conditions, varieties with some resistance typically have a slightly lower root rot rating (6). Root and sucrose yields of sugarbeet following oilseed radish varieties were significantly higher than after wheat, which is promising, and may be explained by the large amounts of biomass cut the previous season.  Biomass of oilseed radish in the Aphanomyces Nursery was twice the amount produced in the Rhizoctonia Nursery.  High biomass production in the Aphanomyces Nursery may be attributed to high levels of leached nitrate nitrogen at this location.  The thick, deep root system of oilseed radish extracts nitrate nitrogen beyond the rooting zone of other crops. 

In conclusion, a full-season precrop of oilseed radish shows promise in reducing Rhizoctonia root rot and increasing yields of sugarbeet grown in fields infested with R. solani or A. cochlioides. Growing oilseed radish, however, requires taking land out of production for one season to grow and cut the crop multiple times, which is expensive and not practical for producers.  Also, trials should be repeated before oilseed radish can be recommended for controlling root rot on sugarbeet.     
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