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Introduction

The sugarbeet root maggot (SBRM), Tetanops myopaeformis (Röder), is a major insect pest of sugarbeet in the Red River Valley growing area.  It is also an economic threat to production on 2/3 of the U.S. sugarbeet-growing acres.  Currently, few effective chemical tools are available to growers for managing the SBRM.  Vydate, a carbamate insecticide, was evaluated in this experiment for its ability to protect sugarbeet from SBRM feeding injury and associated yield losses.  
Materials and Methods:


This experiment was planted by using a 6-row John Deere 71 Flex planter at St. Thomas and Minto, ND on May 20 and 26, 2005, respectively.  The seed variety used at both sites was Beta 3820.  Seed for the Minto site was treated with Tachigaren fungicide at 45 g ai/unit (100,000 seeds) due to a moderate to high risk of soil-borne root disease, whereas a 20-g rate of Tachigaren was applied to seed used at St. Thomas.  The experiment was arranged in a randomized complete block design with four replications.  Each plot was 35 feet long by 6 rows wide (22-inch row spacing) with the outer 2 rows serving as untreated buffers between plots.  Plots that received a postemergence liquid insecticide application were three passes (18 rows) wide to minimize the amount of invasion by adult females from neighboring treatment plots, and to avoid the risk of contamination due to insecticide drift.  Tilled alleys, measuring 25 ft wide, were maintained between replicates.  


Planting-time treatments:  Planting-time insecticide standard treatments included Counter 15G at rates of 10 and 11.9 lb product/ac which were applied by using modified in-furrow placement (i.e., dropped down a conventional in-furrow tube over the row, but directed far back from the seed drop zone and in front of the rear press wheel).  Output of the insecticide granules was regulated by using planter-mounted Noble metering units.  All granular treatments were applied with some soil covering the seed before the insecticide entered the seed furrow.  Modified in-furrow placement usually results in delivery of a 2.5-inch band with the heaviest concentration of insecticide falling directly over the seed row.  It is very important to ensure that no insecticide comes into contact with the seed when using this placement method because many insecticides, especially the organophosphates, are phytotoxic to sugarbeet seedlings and can cause major stand losses if applied improperly.  Experimental applications of Vydate C-LV were made at planting by using a planter-mounted RavenTM liquid application system.  Rates of 34 and 68 fl oz product/acre were applied in a finished spray volume of 5 GPA by using 6501E nozzles.  The entire spray stream was directed lenghthwise (parallel) into the open seed furrow to place all of the liquid spray output into the furrow.  All water used in Vydate applications was buffered to pH 6.0. 

Postemergence insecticide applications:  Postemergence treatments were made by using a tractor-mounted CO2 spray system equipped with TeeJet 6501E nozzles that were calibrated to deliver a finished spray volume of 10 GPA.  As described for the planting-time treatments, the postemergence treatments were also applied to the inner four rows of each plot.  Vydate C-LV applications were made at 2-4 days pre-peak or 2-3 days post-peak.  The pre-peak applications were made on June 20 & 21 at St. Thomas, and June 21 at Minto.  Treatments were applied in either 7- or 11-inch bands over the row (11-inch treatment at St. Thomas only).  Two treatments were included to test the impact of tank mixing Vydate with a common micro-rate herbicide combination (Betamix 8 fl oz, Upbeet 1/8 oz, Stinger 1.3 fl oz, Select 2 fl oz, and MSO 1.5% v/v).  These entries were also only tested at the St. Thomas site.  Vydate was also used in combination with Asana XL 0.66EC (0.03 lb/ac) at both pre- and post-peak application timing.  All post-peak applications for both St. Thomas and Minto were made on June 28.     


Damage ratings:  Root maggot feeding injury was assessed in the plots by randomly collecting ten beet roots per plot (five from each of the outer two treated rows), hand-washing them, and scoring them in accordance with the 0 to 9 damage rating scale (0 = no scarring, and 9 = over ¾ of the root surface blackened by scarring or dead beet) of Campbell et al. (2000).  All root ratings for this experiment were carried out on July 27 and 28.


Harvest:  Treatment performance was also evaluated based on sugarbeet yield parameters.  This experiment was harvested on September 26 and 27 at St. Thomas and Minto, ND, respectively.  Foliage was removed from plots immediately before harvest by using a commercial-grade mechanical defoliator.  All beets from the center 2 rows of each plot were lifted using a mechanical harvester, and weighed in the field using a digital scale.  A representative subsample of 12-16 beets was collected from each plot and sent to the American Crystal Sugar Company Tare Laboratory (East Grand Forks, MN) for analysis of sugar content and quality.  


Data analysis:  All data from damage rating and harvest samples were subjected to analysis of variance (ANOVA) using the general linear models (GLM) procedure (SAS Institute, 1999), and treatment means were separated using Fisher’s protected least significant difference (LSD) test at a 0.05 level of significance.  Refer to the “Entomology Appendix” in this report for further detail regarding treatment applications, agronomic information, and rainfall that occurred during this experiment.
Results and Discussion:


St. Thomas:  Results from root injury ratings at St. Thomas are presented in Table 1.  Treatments are listed in order of performance from the best root protection (lowest damage rating) at the top of the table to the lowest performance on the bottom.  The yield data appear in Table 2, and treatments are also listed from best to worst, but are ranked only according to average recoverable sucrose yield.  


The untreated check plots at the St. Thomas site had an average root damage rating of 7.13, thus indicating the presence of a relatively high infestation of root maggot larvae.  Stand-alone planting-time treatments of Counter 15G (at both 10 and 11.9 lb product/ac) or Vydate at the high (68 fl oz/ac) rate were consistently the least effective chemical treatments in relation to root protection and yield.  Root maggot damage ratings and yield parameters for these treatments were all not significantly different from the untreated check at St. Thomas.  Alternately, dual treatment programs comprised of a planting-time soil insecticide and a postemergence material always provided excellent root protection, and occasionally resulted in significant improvements over stand-alone planting-time treatments in regard to sucrose yield, root yield, and percent sucrose content.  Applying a moderate (10 lb product/ac) rate of Counter 15G at planting and following with a postemergence application of Vydate (34 oz) provided a significant improvement in recoverable sucrose yield, root tonnage, and percent sucrose over that of stand-alone planting-time Counter treatments.  Additionally, the dual treatment of Counter followed by one application of Vydate produced $298 more revenue per acre than the single at-plant treatment of Counter at the 10 lb rate.  Although a control program consisting of Vydate at planting followed by two postemergence Vydate applications (2-4 days pre-peak fly activity and 2-3 days post-peak) provided good protection from root maggot feeding injury, no significant yield benefit was observed when compared with Vydate at planting plus one postemergence application at pre-peak.  The postemergence combination treatment of Vydate + Asana applied pre- and post-peak fly activity was a very effective program with respect to both yield and root protection from root maggot feeding damage; however, it should be noted that such a control program would be very chemical-intensive and potentially too costly.  Vydate, when applied postemergence at 34 fl oz/ac, was just as effective in an 11-inch band as when the same rate was concentrated into a 7-inch band.  This was the case for both damage rating and yield data, and it reflected the results of a similar trial conducted in 2004 (Boetel et al. 2005).  

A general trend in both years was that Vydate appears to be most effective for root maggot control as a postemergence treatment, especially under the high root maggot pressure that developed at St. Thomas.  Dual insecticide combinations involving Counter 15G at planting plus postemergence Vydate were generally more effective than those that included Vydate at both application timings.  Interestingly, favorable sucrose and root yields were achieved by applying 68 fl oz/ac of Vydate at postemergence as the sole means of control (i.e., no planting-time insecticide).  Another result repeated from 2004 was that tank mixing Vydate with micro-rate herbicides did not reduce root protection or yield, nor did it result in any detectable levels of crop injury.  
	Table 1.  Root feeding injury in test of Vydate experimental insecticide applied at planting and/or postemergence to control sugarbeet root maggot, St. Thomas, ND, 2005 

	Treatment/form.
	Placementa / timing
	Rate

(product/ac)
	Rate

(ai/ac)
	Root injury
(0-9)

	Counter 15G +

Vydate C-LV + micro-rate
	M

2-4 d pre-peak  7” Post B
	10 lb

34 fl oz
	1.5 lb

1.0 lb
	2.43 e

	Vydate C-LV + 

Vydate C-LV +

Vydate C-LV
	IF

2-4 d pre-peak  7” Post B

2-3 d post-peak  7” Post B
	34 fl oz

34 fl oz

34 fl oz
	1.0 lb

1.0 lb

1.0 lb
	2.43 e

	Vydate C-LV + 

Vydate C-LV + Asana 0.66EC

Vydate C-LV + Asana 0.66EC
	IF

2-4 d  pre-peak  7” Post B

2-3 d post-peak 7”  Post B
	68 fl oz

34 fl oz

34 fl oz
	2.0 lb

1.0 lb - 0.03 lb

1.0 lb - 0.03 lb
	2.73 de

	Counter 15G +

Vydate C-LV + micro-rate
	M

2-4 d pre-peak  11” Post B
	10 lb

34 fl oz
	1.5 lb

1.0 lb
	2.97 cde

	Vydate C-LV +

Vydate C-LV
	IF

2-4 d pre-peak  7” Post B
	34 fl oz

34 fl oz
	1.0 lb

1.0 lb
	3.33 b-e

	Counter 15G +

Vydate C-LV
	M

2-4 d pre-peak  7” Post B
	10 lb

34 fl oz
	1.5 lb

1.0 lb
	3.40 b-e

	Vydate C-LV + 

Vydate C-LV +

Vydate C-LV
	IF

2-4 d pre-peak  7” Post B

2-3 d post-peak  7” Post B
	68 fl oz

34 fl oz

34 fl oz
	2.0 lb

1.0 lb

1.0 lb
	3.47 b-e

	         ----

Vydate C-LV +
	----

2-4 d pre-peak  7” Post B
	----

68 fl oz
	----

2.0 lb
	3.77 b-e

	Counter 15G
	M
	11.9 lb
	1.8 lb
	5.27 a-d

	Counter 15G
	M
	10 lb
	1.5 lb
	5.57 abc

	Vydate C-LV
	IF
	68 fl oz
	2.0 lb
	5.63 ab

	Check
	-----
	----
	-----
	7.13 a

	LSD (0.05)
	
	
	
	2.63



aM = modified in-furrow; IF = direct in-furrow

	Table 2.  Yield parameters in test of Vydate experimental insecticide applied at planting and/or postemergence to control sugarbeet root maggot, 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)

	Vydate C-LV + 

Vydate C-LV + Asana 0.66EC

Vydate C-LV + Asana 0.66EC
	IF

2-4 d pre-peak  7” Post B

2-3 d post-peak  7” Post B
	68 fl oz

34 fl oz

34 fl oz
	2.0 lb

1.0 lb & 0.03 lb

1.0 lb & 0.03 lb
	5756 a
	19.1 a
	16.27 a
	633

	Counter 15G +

Vydate C-LV
	M

2-4 d pre-peak  7” Post B
	10 lb

34 fl oz
	1.5 lb

1.0 lb
	5646 ab
	20.0 a
	15.60 abc
	572

	         ----

Vydate C-LV  
	----

2-4 d pre-peak  7” Post B
	----

68 fl oz
	----

2.0 lb
	5235 ab
	18.8 ab
	15.40 abc
	523

	Counter 15G +

Vydate C-LV + micro-rate
	M

2-4 d pre-peak  7” Post B
	10 lb

34 fl oz
	1.5 lb

1.0 lb
	5174 ab
	17.5 abc
	16.00 ab
	559

	Counter 15G +

Vydate C-LV + micro-rate
	M

2-4 d pre-peak  11” Post B
	10 lb

34 fl oz
	1.5 lb

1.0 lb
	4912 abc
	18.1 ab
	14.97 a-d
	474

	Vydate C-LV + 

Vydate C-LV +

Vydate C-LV
	IF

2-4 d pre-peak  7” Post B

2-3 d post-peak  7” Post B
	34 fl oz

34 fl oz

34 fl oz
	1.0 lb

1.0 lb

1.0 lb
	4691 a-d
	16.8 abc
	15.17 a-d
	469

	Vydate C-LV + 

Vydate C-LV +

Vydate C-LV
	IF

2-4 d pre-peak  7” Post B

2-3 d post-peak  7” Post B
	68 fl oz

34 fl oz

34 fl oz
	2.0 lb

1.0 lb

1.0 lb
	4622 a-d
	16.0 a-d
	15.80 abc
	485

	Vydate C-LV +

Vydate C-LV
	IF

2-4 d pre-peak  7” Post B
	34 fl oz

34 fl oz
	1.0 lb

1.0 lb
	4597 a-d
	16.4 abc
	15.33 a-d
	463

	Counter 15G
	M
	11.9 lb
	1.8 lb
	4197 bcd
	15.9 a-d
	14.63 cd
	388

	Vydate C-LV
	IF
	68 fl oz
	2.0 lb
	3576 cd
	14.1 bcd
	14.03 d
	309

	Counter 15G
	M
	10 lb
	1.5 lb
	3275 d
	13.2 cd
	14.03 d
	274

	Check
	-----
	----
	-----
	3193 d
	11.6 d
	14.80 bcd
	315

	LSD (0.05)
	
	
	
	1540
	  4.8
	  1.34
	



aM = modified in-furrow; IF = direct in-furrow


Minto:  A moderate root maggot infestation was present for the trial at Minto.  This was evidenced by the average root damage rating of only 4.9 for the untreated check plots (Table 3).  However, the results were reflective of what was observed at St. Thomas.  For example, stand-alone treatments applied at planting, especially the high (68 fl oz/ac) rate of Vydate were often not as effective as dual application programs that involved both planting-time and postemergence insecticides.  The program consisting of Vydate at planting plus two postemergence applications (2-4 days pre-peak fly activity and 2-3 days post-peak) provided a significant increase in protection from root maggot feeding injury when compared with Vydate at planting plus one postemergence application at pre-peak; however, no significant yield benefit was observed by adding the second (post-peak) application (Table 4).  The dual program of planting-time Counter 15G at 10 lb product/ac followed by a single postemergence application of Vydate at 34 fl oz/ac provided significantly better root protection than the stand-alone Counter treatment, although no corresponding yield improvement occurred.  Similar to the results at St. Thomas, the postemergence combination treatment of Vydate + Asana applied pre- and post-peak fly activity was very effective at reducing root maggot feeding damage, and it was the top-yielding treatment at Minto.  The findings from this trial and those from 2004 (Boetel et al. 2005) suggest that postemergence insecticide application should be timed according to development of the insect population (i.e., before or near peak fly activity) rather than sugarbeet plant growth stage.  Additionally, this research illustrates the economic benefit potential of postemergence insecticide applications in moderate- to high-risk areas for attack by the sugarbeet root maggot.
	Table 3.  Feeding injury in test of Vydate experimental insecticide applied at planting and/or postemergence to control sugarbeet root maggot, Minto, ND, 2005 

	Treatment/form.
	Placementa / timing
	Rate

(product/ac)
	Rate

(ai/ac)
	Root Injury

(0-9)

	Vydate C-LV + 

Vydate C-LV + Asana 0.66EC

Vydate C-LV + Asana 0.66EC
	IF

2-4 d  pre-peak  7” Post B

2-3 d post-peak  7” Post B
	68 fl oz

34 fl oz

34 fl oz
	2.0 lb

1.0 lb & 0.03 lb

1.0 lb & 0.03 lb
	0.80 d

	Vydate C-LV + 

Vydate C-LV +

Vydate C-LV
	IF

2-4 d pre-peak  7” Post B

2-3 d post-peak  7” Post B
	68 fl oz

34 fl oz

34 fl oz
	2.0 lb

1.0 lb

1.0 lb
	0.98 d

	Vydate C-LV + 

Vydate C-LV +

Vydate C-LV
	IF

2-4 d pre-peak  7” Post B

2-3 d post-peak  7” Post B
	34 fl oz

34 fl oz

34 fl oz
	1.0 lb

1.0 lb

1.0 lb
	1.18 d

	Vydate C-LV +

Vydate C-LV
	IF

2-4 d pre-peak  7” Post B
	34 fl oz

34 fl oz
	1.0 lb

1.0 lb
	2.23 c

	Counter 15G +

Vydate C-LV
	M

2-4 d pre-peak  7” Post B
	10 lb

34 fl oz
	1.5 lb

1.0 lb
	2.33 c

	Vydate C-LV
	IF
	68 fl oz
	2.0
	2.48 c

	Counter 15G
	M
	10 lb
	1.5
	3.88 b

	Check
	-----
	----
	-----
	4.90 a

	LSD (0.05)
	
	
	
	0.98



aM = modified in-furrow; IF = direct in-furrow

	Table 4.  Yield parameters in test of Vydate experimental insecticide applied at planting and/or postemergence to control sugarbeet root maggot, Minto, ND, 2005

	Treatment/form.
	Placementa / timing
	Rate

(product/ac)
	Rate

(ai/ac)
	Recoverable
sucrose

(lb/ac)
	Root yield

(T/ac)
	Sucrose (%)
	Gross 

return

($/ac)

	Vydate C-LV + 

Vydate C-LV + Asana 0.66EC

Vydate C-LV + Asana 0.66EC
	IF

2-4 d  pre-peak 7” Post B

2-3 d post-peak  7” Post B
	68 fl oz

34 fl oz

34 fl oz
	2.0 lb

1.0 lb & 0.03 lb

1.0 lb & 0.03 lb
	7105 a
	23.2 a
	17.00
	796

	Counter 15G +

Vydate C-LV
	M

2-4 d pre-peak  7” Post B
	10 lb

34 fl oz
	1.5 lb

1.0 lb
	6526 ab
	20.9 ab
	17.18
	745

	Vydate C-LV + 

Vydate C-LV +

Vydate C-LV
	IF

2-4 d pre-peak  7” Post B

2-3 d post-peak  7” Post B
	34 fl oz

34 fl oz

34 fl oz
	1.0 lb

1.0 lb

1.0 lb
	6524 ab
	22.5 ab
	16.40
	686

	Counter 15G
	M
	10 lb
	1.5
	6470 ab
	20.6 ab
	17.33
	743

	Vydate C-LV +

Vydate C-LV
	IF

2-4 d pre-peak  7” Post B
	34 fl oz

34 fl oz
	1.0 lb

1.0 lb
	6443 ab
	20.8 ab
	17.13
	730

	Vydate C-LV + 

Vydate C-LV +

Vydate C-LV
	IF

2-4 d pre-peak  7” Post B

2-3 d post-peak  7” Post B
	68 fl oz

34 fl oz

34 fl oz
	2.0 lb

1.0 lb

1.0 lb
	6367 ab
	21.6 ab
	16.50
	682

	Vydate C-LV
	IF
	68 fl oz
	2.0
	6122 b
	20.2 b
	16.73
	679

	Check
	-----
	----
	-----
	4917 c
	16.2 c
	16.83
	547

	LSD (0.05)
	
	
	
	  897
	  2.6
	NS
	



aM = modified in-furrow; IF = direct in-furrow
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