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Introduction:

In recent years, seed treatment insecticides have been evaluated for efficacy against the sugarbeet root maggot and other insect pests of sugarbeet in several small-plot research trials in North Dakota and Minnesota (Boetel et al. 2004a, 2004b, 2005a, 2005b).  Results of the experiments pertaining to root maggot control have mostly been encouraging, and suggest that seed treatments may be effective tools for managing this important sugarbeet pest in some portions of the Red River Valley.  Much of that research has involved Poncho+Cyfluthrin, a combination seed treatment consisting of the following active ingredients: 1) clothianidin, which belongs to the neonicotinoid chemical class; and 2) cyfluthrin, a pyrethroid insecticide.  The following experiment involved the establishment of large-scale strip trials in commercial sugarbeet production fields to assess the ability of Poncho+Cyfluthrin to control sugarbeet root maggot larvae.  
Materials and Methods:


Plots were established for this trial in three commercial fields near St. Thomas (Pembina Co.), ND.  All fields were located within the same township.  Two of them were in the same section, and the third was in the immediately adjacent Section.  Thus, all sites were within about a mile from each other.  The same sugarbeet seed variety, Van der Have 46519, was used at all field sites.  Field preparation, planting, and insecticide applications were done with conventional equipment, and the grower maintained the fields by using conventional practices and equipment for growing sugarbeet in the region.  Planting was carried out from April 24 to 27 using a 12-row Monosem vacuum air planter.  The following treatments were compared in this test:
1. Lorsban 15G (13.4 lb product/ac) at planting-time

2. Lorsban 15G (13.4 lb product/ac) at planting-time + Lorsban 4E (2 pt/ac) at postemergence
3. Poncho+Cyfluthrin seed treatment (60+16 g ai/unit)

4. Poncho+Cyfluthrin seed treatment (60+16 g ai/unit) + Lorsban 4E (2 pt/ac) at postemergence

5. Untreated check


Treatments were planted in 12-row strips that ran 1/2 the length of the field at each site.  Four 50-ft assessment zones within each treatment strip served as separate replicate plots for analysis of data on an individual-field basis.  Thus, although each replication contained all five treatments, the design lacked true randomness.  

Delivery of planting-time Lorsban 15G was achieved by using a planter-mounted GandyOrbit-air applicator system, and placement of the material was controlled using spoon applicators.  Postemergence Lorsban 4E insecticide was applied at 2 pt/treated acre in a finished spray volume of 10.5 gal/treated acre using an Elmer’s band sprayer equipped with H-series no. 8 hollow-cone nozzles.  Application dates for the postemergence treatments were June 19, 20, and 21 for fields 1, 2, and 3, respectively.


Treatment performance in providing protection from sugarbeet root maggot feeding injury was assessed at Fields 1 and 2 on August 31, ant at Field 3 on September 1, 2005.  Thirty roots from each of four 50-ft long zones within each treatment strip were dug and rated according to the 0 to 9 rating scale of Campbell et al. (2000).  The two center rows of each plot were avoided during root evaluation procedures because the roots would subsequently be harvested as samples for yield assessments.  


All fields were harvested on September 27.  Immediately before harvest, the plots were defoliated by using a four-row commercial-grade mechanical sugarbeet defoliator.  A modified two-row mechanical harvester was used to remove all beet roots from a 50-ft long section of the centermost two rows (i.e., 100 row ft/per sample) of each plot.  Harvest samples were collected from the same four zones of the treatment strips from which root maggot damage ratings had been assessed.  Pre-wash weight of total harvested beets from each plot was measured in the field by using a harvester-mounted digital scale.  Two representative subsamples, consisting of about 12 to 14 harvested beets, were collected from each sample and sent to the American Crystal Sugar Company Tare Laboratory in East Grand Forks, MN for sucrose content and quality assessments.  Tare weight associated with field soil was deducted from total harvest weight of each harvest sample to calculate net root yield for each plot.  The product of net root yield and sugar concentration, minus a loss to molasses (based on concentrations of soluble non-sucrose) provided an estimate of net recoverable sucrose for each sample.  
Damage rating and yield data were subjected to the general linear models (GLM) procedure in SAS, and treatment separations were carried out using Fisher’s protected Least Significant Difference (LSD) test (SAS Institute 1999).  In addition to within-field comparisons of treatments, data were also combined and analyzed using each field site as a replicate to determine overall treatment performance across the different field environments.  
Results

Field 1:  The average root damage rating of only 4.42 in the untreated check plots suggested that the root maggot infestation at Field 1 was moderate.  All chemical insecticide entries, including the Poncho+Cyfluthrin experimental seed treatment, provided significant reductions in root maggot feeding injury when compared with the untreated check plots (Table 1).  The conventional dual-insecticide application program, comprised of Lorsban 15G (13.4 lb product/ac) at planting followed by a postemergence application of Lorsban 4E (2 pt product/ac), allowed the least amount of root maggot feeding damage at this site ; however, the conventional dual program was not statistically superior to the experimental dual-insecticide control program that included Poncho+Cyfluthrin-treated seed and postemergence Lorsban 4E.  Additionally, the conventional dual insecticide regime of Lorsban 15G followed by Lorsban 4E did not outperform Poncho+Cyfluthrin-treated seed as a stand-alone (no postemergence application) treatment.  
	Table 1.  Root feeding injury in on-farm trial of Poncho+Cyfluthrin seed treatment for sugarbeet root maggot control, Field 1, St. Thomas, ND, 2005

	Treatment/form.
	Placementa/
timing
	Rate

(product/ac)
	Rate

(ai/ac)
	Root injury 

(0-9)

	Lorsban 15G 

Lorsban 4E
	B

11” Post Band
	13.4 lb

2 pt
	2.0 lb

1.0 lb
	      2.82 c

	Poncho+Cyfluthrin

Lorsban 4E
	Seed

11” Post Band
	2 pt
	60+16 g ai/ unit seed

1.0 lb
	      2.97 bc

	Poncho+Cyfluthrin
	Seed
	
	60+16 g ai/ unit seed
	      3.32 bc

	Lorsban 15G
	B
	13.4 lb
	2.0 lb
	      3.48 b

	Check
	---
	---
	---
	      4.42 a

	LSD (0.05)
	
	
	
	      0.65





aB = Band; Seed = insecticidal seed treatment


Few differences relating to yield parameters were detectable among treatments for Field 1 (Table 2).  The highest level of sucrose yield in Field 1 occurred in plots treated with the dual experimental program of Poncho+Cyfluthrin seed treatment combined with postemergence Lorsban 4E, although sucrose yields at this field were not significantly different from each other (Table 2).  Poncho+Cyfluthrin seed followed by postemergence Lorsban 4E also produced significantly more root yield than the conventional dual insecticide program (Lorsban 15G at plant followed by Lorsban 4E at postemergence).  Another key result was that failing to apply postemergence Lorsban 4E to the seed treatment plots resulted in a significant (2.5 ton) loss in root tonnage.  Omitting the postemergence Lorsban 4E application also resulted in a loss of over 950 lb in recoverable sucrose yield.  According to the American Crystal Sugar Company sugarbeet harvest payment schedule, this would have cost a grower about $94 of revenue per acre.  

	Table 2.  Yield parameters in on-farm trial of Poncho+Cyfluthrin seed treatment for sugarbeet root maggot control, Field 1, St. Thomas, ND, 2005

	Treatment/form.
	Placementa/
timing
	Rate

(product/ac)
	Rate

(ai/ac)
	Recoverable
sucrose

(lb/ac)
	Root yield

(T/ac)
	Sucrose (%)
	Gross
return

($/ac)

	Poncho+Cyfluthrin

Lorsban 4E
	Seed

11” Post Band
	2 pt
	60+16 g ai/ unit seed

1.0 lb
	10,222
	 34.1 a
	16.35
	  1,119

	Check
	---
	---
	---
	  9,544
	 32.6 abc
	15.98
	  1,015

	Lorsban 15G
	B
	13.4 lb
	2.0 lb
	  9,460
	 33.6 ab
	15.53
	     959

	Lorsban 15G 

Lorsban 4E
	B

11” Post Band
	13.4 lb

2 pt
	2.0 lb

1.0 lb
	  9,423
	 31.5 bc
	16.33
	  1,029

	Poncho+Cyfluthrin
	Seed
	
	60+16 g ai/ unit seed
	  9,267
	 30.6 c
	16.48
	  1,025

	LSD (0.05)
	
	
	
	  NS
	   2.3
	NS
	



aB = Band; Seed = insecticidal seed treatment


Field 2:  The root maggot feeding pressure at Field 2 was slightly lower than that observed at Field 1 for this study.  Similar to the Field 1 results, the dual insecticide programs involving an additive application of Lorsban 4E at postemergence tended to provide slightly improved protection from root maggot feeding injury (Table 3).  The only treatments that resulted in statistically less feeding damage than the untreated check at this site were the conventional dual control program (Lorsban 15G at plant combined with postemergence-applied Lorsban 4E) and the experimental dual program of the Poncho+Cyfluthrin seed treatment followed by post-applied Lorsban 4E.
	Table 3.  Root feeding injury in on-farm trial of Poncho+Cyfluthrin seed treatment for sugarbeet root maggot control, Field 2, St. Thomas, ND, 2005

	Treatment/form.
	Placementa/
timing
	Rate

(product/ac)
	Rate

(ai/ac)
	Root Injury

(0-9)

	Lorsban 15G 

Lorsban 4E
	B

11” Post Band
	13.4 lb

2 pt 
	2.0 lb

1.0 lb
	     2.87 c

	Poncho+Cyfluthrin

Lorsban 4E
	Seed

11” Post Band
	2 pt
	60+16 g ai/ unit seed

1.0 lb
	     3.17 bc

	Lorsban 15G
	B
	13.4 lb
	2.0 lb
	     3.33 abc

	Poncho+Cyfluthrin
	Seed
	
	60+16 g ai/ unit seed
	     3.52 ab

	Check
	---
	---
	---
	     3.82 a

	LSD (0.05)
	
	
	
	     0.52





aB = Band; Seed = insecticidal seed treatment


Yield results from Field 2 were somewhat reflective of the findings from maggot feeding damage assessments, and were similar to the yield results observed in Field 1.  Although there were no statistical differences among treatments for recoverable sucrose or root yield comparisons, the highest net recoverable sucrose yield at Field 2 came from plots treated with Poncho+Cyfluthrin combined with postemergence Lorsban 4E.  The relative lack of yield differences among treatments at this field site could have been associated with the relatively low root maggot feeding pressure that developed in the plots.
	Table 4.  Yield parameters in on-farm trial of Poncho+Cyfluthrin seed treatment for sugarbeet root maggot control, Field 2, St. Thomas, ND, 2005

	Treatment/form.
	Placementa/
timing
	Rate

(product/ac)
	Rate

(ai/ac)
	Recoverable
sucrose

(lb/ac)
	Root
yield

(T/ac)
	Sucrose
(%)
	Gross

return

($/ac)

	Poncho+Cyfluthrin

Lorsban 4E
	Seed

11” Post Band
	2 pt
	60+16 g ai/ unit seed

1.0 lb
	8,785
	27.7
	  16.98a
	1,020

	Lorsban 15G
	B
	13.4 lb
	2.0 lb
	8,697
	29.9
	  15.78 b
	  917

	Lorsban 15G 

Lorsban 4E
	B

11” Post Band
	13.4 lb

2 pt
	2.0 lb

1.0 lb
	8,691
	28.1
	  16.65 a
	  985

	Check
	---
	---
	---
	8,533
	27.5
	  16.68 a
	  969

	Poncho+Cyfluthrin
	Seed
	
	60+16 g ai/ unit seed
	8,413
	27.3
	  16.58 a
	  948

	LSD (0.05)
	
	
	
	NS
	NS
	    0.69
	



aB = Band; Seed = insecticidal seed treatment


Field 3:  All insecticide-based treatments provided significant reductions in root maggot feeding damage when compared with the damage recorded for the untreated check plots in Field 3 (Table 5).  The experimental dual insecticide regime that included Poncho+Cyflutrin and postemergence Lorsban 4E provided a level of root maggot control that was comparable to and not significantly different from the conventional chemical regime that consisted of Lorsban 15G followed by postemergence Lorsban 4E.  The stand-alone planting-time application of Lorsban 15G at 13.4 lb/ac resulted in greater root protection than Poncho+Cyfluthrin seed as a stand-alone control strategy.
	Table 5.  Root feeding injury in on-farm trial of Poncho+Cyfluthrin seed treatment for sugarbeet root maggot control, Field 3, St. Thomas, ND, 2005

	Treatment/form.
	Placementa/
timing
	Rate

(product/ac)
	Rate

(ai/ac)
	Root Injury

(0-9)

	Lorsban 15G
	B
	13.4 lb
	2.0 lb
	      3.32 c

	Poncho+Cyfluthrin

Lorsban 4E
	Seed

11” Post Band
	2 pt
	60+16 g ai/ unit seed

1.0 lb
	      3.55 bc

	Lorsban 15G 

Lorsban 4E
	B

11” Post Band
	13.4 lb

2 pt
	2.0 lb

1.0 lb
	      3.60 bc

	Poncho+Cyfluthrin
	Seed
	
	60+16 g ai/ unit seed
	      3.82 b

	Check
	---
	---
	---
	      4.67 a

	LSD (0.05)
	
	
	
	      0.36





aB = Band; Seed = insecticidal seed treatment


Yield data from Field 3 provided supportive results to those obtained from Field 2.  The conventional dual insecticide program (i.e., planting-time Lorsban 15G followed by postemergence Lorsban 4E) and the experimental Poncho+Cyfluthrin-based dual program were not significantly different from each other with respect to recoverable sucrose yield, root yield, or percent sucrose content (Table 6).  Plots treated with Lorsban 15G at planting time as a stand-alone treatment did not provide statistically greater sucrose yields than those that were protected with the Poncho+Cyfluthrin seed treatment.  Additionally, the seed treatment combination had no deleterious effect on sucrose concentration at this field site.  This was evidenced by the fact that roots harvested from Poncho+Cyfluthrin seed treatment plots had a significantly (1.43%) greater level of sucrose than those from Lorsban 15G-treated plots. 
	Table 6.  Yield parameters in on-farm trial of Poncho+Cyfluthrin seed treatment for sugarbeet root maggot control, Field 3, St. Thomas, ND, 2005

	Treatment/form.
	Placementa/

timing
	Rate

(product/ac)
	Rate

(ai/ac)
	Recoverable
sucrose

(lb/ac)
	Root yield

(T/ac)
	Sucrose

(%)
	Gross

return

($/ac)

	Poncho+Cyfluthrin

Lorsban 4E
	Seed

11” Post Band
	2 pt
	60+16 g ai/ unit seed

1.0 lb
	     8,412 a
	26.2
	  17.30 a
	989

	Lorsban 15G 

Lorsban 4E
	B

11” Post Band
	13.4

2 pt
	2.0 lb

1.0 lb
	     8,321 a
	26.3
	  17.10 a
	965

	Check
	---
	---
	---
	     7,774 ab
	25.7
	  16.48 a
	860

	Lorsban 15G
	B
	13.4 lb
	2.0 lb
	     7,405 b
	27.3
	  15.20 b
	711

	Poncho+Cyfluthrin
	Seed
	
	60+16 g ai/ unit seed
	     7,319 b
	23.9
	  16.63 a
	819

	LSD (0.05)
	
	
	
	        643
	NS
	    0.90
	



aB = Band; Seed = insecticidal seed treatment


Combined Results:  Averaging root injury ratings across all fields in this study indicated that all insecticide treatments provided significant reductions in sugarbeet root maggot feeding injury when compared with the untreated check (Table 7).  The conventional dual-insecticide regime of Lorsban 15G at plant followed by a postemergence application of Lorsban 4E at 2 pt/ac resulted in the lowest root maggot damage ratings when averaged across all fields in this study.  However, root protection provided by the experimental dual program consisting of Poncho+Cyfluthrin combined with postemergence Lorsban 4E was not statistically outperformed by the conventional dual program.  Similarly, roots in the stand-alone Lorsban 15G and Poncho+Cyfluthrin entries in this study incurred root maggot feeding injury levels that were not significantly different from each other.  
	Table 7.  Root feeding injury in on-farm trial of Poncho+Cyfluthrin seed treatment for sugarbeet root maggot control, Combined Fields, St. Thomas, ND, 2005

	Treatment/form.
	Placementa/
timing
	Rate

(product/ac)
	Rate

(ai/ac)
	Root Injury

(0-9)

	Lorsban 15G 

Lorsban 4E
	B

11” Post Band
	13.4 lb

2 pt
	2.0 lb

1.0 lb
	2.97 c

	Poncho+Cyfluthrin

Lorsban 4E
	Seed

11” Post Band
	2 pt
	60+16 g ai/ unit seed

1.0 lb
	3.14 bc

	Lorsban 15G
	B
	13.4 lb
	2.0 lb
	3.38 b

	Poncho+Cyfluthrin
	Seed
	
	60+16 g ai/ unit seed
	3.44 b

	Check
	---
	---
	---
	4.27 a

	LSD (0.05)
	
	
	
	0.35





aB = Band; Seed = insecticidal seed treatment


Harvest data averaged across all fields indicated that the dual insecticide programs were effective in providing good yield returns (Table 8).  Interestingly, the dual program involving Poncho+Cyfluthrin and postemergence Lorsban 4E averaged more recoverable sucrose yield than any other treatment in the study.  The Poncho-based dual program and the conventional Lorsban 15G-based control program were not significantly different from each other based on the response variables of recoverable sucrose yield or root tonnage, although the dual program of Poncho+Cyfluthrin combined with postemergence Lorsban 4E was the only entry that yielded statistically more sucrose yield than the untreated check when all fields were averaged. 
	Table 8.  Yield parameters in on-farm trial of Poncho+Cyfluthrin seed treatment for sugarbeet root maggot control, Combined Fields, St. Thomas, ND, 2005

	Treatment/form.
	Placementa/
timing
	Rate

(product/ac)
	Rate

(ai/ac)
	Recoverable

sucrose

(lb/ac)
	Root yield

(T/ac)
	Sucrose
(%)
	Gross

return

($/ac)

	Poncho+Cyfluthrin

Lorsban 4E
	Seed

11” Post Band
	2 pt
	60+16 g ai/ unit seed

1.0 lb
	    9,140 a
	29.3 ab
	16.88 a
	1,042

	Lorsban 15G 

Lorsban 4E
	B

11” Post Band
	13.4 lb

2 pt
	2.0 lb

1.0 lb
	    8,811 ab
	28.6 bc
	16.69 a
	  993

	Check
	---
	---
	---
	    8,617 b
	28.6 bc
	16.38 a
	  948

	Lorsban 15G
	B
	13.4 lb
	2.0 lb
	    8,521 b
	30.3 a
	15.50 b
	  862

	Poncho+Cyfluthrin
	Seed
	
	60+16 g ai/ unit seed
	    8,333 b
	27.3 c
	16.56 a
	  931

	LSD (0.05)
	
	
	
	       483
	  1.4
	  0.54
	



aB = Band; Seed = insecticidal seed treatment


Results were variable among the three field sites used in this study.  In most cases, Poncho+Cyfluthrin provided comparable protection from SBRM feeding injury to that of the planting-time treatment of Lorsban 15G (13.4 lb).  Similarly, applying postemergence Lorsban 4E as a rescue treatment provided improvements in root protection for both the Poncho+Cyfluthrin seed treatment plots and those treated with planting-time Lorsban 15G.  The combined results from this experiment demonstrate that a root maggot control program consisting of Poncho+Cyfluthrin (60+16 g ai/unit seed, respectively) followed by an effective postemergence material such as Lorsban 4E can provide adequate protection from maggot feeding damage and produce comparable yields and revenue to a conventional program consisting of a planting-time granular insecticide followed by a postemergence material.  If the Poncho+Cyfluthrin seed treatment becomes registered for use by U.S. sugarbeet growers at the rate tested (60 and 16 g ai/unit of seed, respectively) in this study, growers in areas affected by moderate to high infestations of the sugarbeet root maggot should avoid sole reliance on the product.  The use of a supplemental control tool such as a postemergence liquid or granular insecticide will probably be necessary to maximize profitability under such situations.  A higher rate of Poncho+Cyfluthrin would be interesting to include in future screening efforts.  Additionally, more information is needed regarding the compatibility of the Poncho+Cyfluthrin seed treatment combination with other commonly used seed varieties in the production region to ensure its safety regarding seedling establishment and yield.
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