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Introduction:


The sugarbeet root maggot (SBRM), Tetanops myopaeformis (Röder), is a major economic pest of sugarbeet in the Red River Valley (RRV) production area of North Dakota and Minnesota.  Since the early 1990s, the most damaging infestations of this insect have been concentrated in Walsh and Pembina counties of North Dakota.  Most growers in these areas apply a soil insecticide at planting time and, in many years, apply at least one postemergence insecticide for additive protection from root maggot feeding injury.  This experiment was designed to assess the value of dual-insecticide regimes and determine the impacts of rate, timing, formulation, and number of applications on insecticide performance at preventing SBRM feeding injury and associated yield losses.
Materials and Methods:


This experiment was planted on May 20, 2005 using a 6-row John Deere 71 Flex planter.  The experiment was located near St. Thomas, ND.  Seed variety used was Beta 3820 treated with 20 g ai/unit (1 unit = 100,000 seeds) of Tachigaren fungicide.  All planting-time treatments were applied in 5-inch bands by using GandyTM row banders.  Experimental design was a randomized complete block with four replications.  Within-row seed spacing was 4 1/8 inches, and planting depth was 1¼ inches.  Individual treatment plots were 1 planter pass (6-rows) wide by 35 ft long, with the four center rows treated and each outside row left as an untreated buffer row between plots.  Plots that received a postemergence liquid insecticide application were three planter passes (18 rows) wide to minimize the likelihood SBRM adult females affected by a particular liquid treatment invading and laying eggs in a neighboring plot.  However, all assessments of treatment performance were made within the central 4-row treated zone of the plot.  A 25-ft tilled alley was maintained between replicates from planting time through harvest. 

Planting-time insecticides in the experiment included the high labeled rates of Counter 15G and Lorsban 15G (11.9 and 13.4 lb product/acre, respectively).  These materials were applied as single planting-time treatments and were compared with several configurations of postemergence insecticide applications.  All of the dual-insecticide treatments received Counter 15G at 10 lb product/acre in a 5-inch band at planting time.  All planting-time granular insecticides were applied in a 5-inch band over the row.  Granule output was regulated by using planter-mounted Noble metering units that were adjustable for each row.  


Postemergence granules were applied using the same Noble metering unit that was used for the planting time treatments; however, the units were attached to a tractor-mounted tool bar.  Placement of the granular output was controlled by using KinzeTM (4-inch) row banders.  Granules were applied over the row and could not be incorporated because the soil surface was wet during applications.  Thimet 20G was applied at 14 and 7 days before peak fly activity (i.e., June 7 and June 16, respectively) at rates of 4.9 and 7 lb product/acre.  Lorsban 15G was also applied on June 16 at 6.7 and 10 pounds product/acre.  Postemergence liquid insecticides were applied using a tool bar-mounted CO2 spray system delivering 10 gallons of spray solution through 6501E Tee-jet nozzles.  The following combinations involving Lorsban 4E liquid insecticide were evaluated:  1) low vs. high rates (i.e., 1 and 2 pt/acre, respectively) applied 2-4 days before peak fly activity; 2) seven- vs. 11-inch band; and 3) single vs. split applications of Lorsban 4E (i.e., 1 pt stand-alone or split into two 0.5-pt applications, and 2 pt product/ac once or in two 1-pt applications).  The single applications and the first applications of dual-postemergence treatments in these combinations intended for 2-4 days pre-peak were sprayed June 17, and treatments slated for 2-3 days post-peak were applied June 28.  Peak fly activity at the site occurred on June 22.   


To assess treatment performance in preventing sugarbeet root maggot feeding injury, ten sugarbeet roots per plot (i.e., five roots from each of the outer two treated rows), were randomly collected, hand-washed, and rated in accordance to the 0 – 9 damage rating scale (0 = no visible scarring and 9 = over ¾ of root surface blackened by scarring, or a dead beet) of Campbell et al. (2000).  Root evaluations for this study were carried out on August 16.


Treatment performance was also evaluated on the basis of sugarbeet yield.  The experiment was harvested on September 26.  Immediately before harvesting, foliage was removed from plots using a commercial-grade mechanical defoliator.  Harvest involved removal of all beets from the center 2 rows of each plot by using a modified 2-row mechanical harvester.  Harvested beets were weighed in the field using a digital scale.  A representative subsample of 12 to 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.  All damage rating and harvest data were subjected to analysis of variance (ANOVA) using the general linear models (GLM) procedure (SAS Institute1999), and treatment means were separated using Fisher’s protected least significant difference (LSD) test at a 0.05 level of significance.  
Results and Discussion:


Although not severe, a moderately high root maggot larval infestation developed in these test plots.  This was indicated by the average damage rating of 6.98 (0-9 scale) for roots collected from the untreated control plots (Table 1).  Most dual-insecticide regimes resulted in significant levels of root protection from SBRM feeding injury when compared with the untreated check.  One interesting result was that none of the dual programs performed better with regard to root protection than the stand-alone planting-time application of Lorsban 15G at the high labeled rate of 13.4 lb product/ac.  

Dual-insecticide regimes that involved postemergence insecticides in granular form (Thimet 20G and Lorsban 15G) generally performed better than those that included a liquid insecticide as the postemergence material.  This could have been a result of the frequent rainfall that occurred in the plots during 2005.  The active ingredients in liquid formulations are typically much more mobile than those on granular materials because active ingredients of granule-based compounds must first be eluted from the granular carrier before an effective zone of protection from insect attack is formed.  The rainy weather that characterized much of the 2005 growing season may have ultimately resulted in losses in control for liquid-based formulations due to quicker movement of the active ingredient out of the target zone.  This appeared to be especially true for the single applications of Lorsban 4E.

Although not significant, an interesting trend was that postemergence Thimet applied at 14 days pre-peak appeared to provide slightly improved root protection over that of the 7-day pre-peak application.  This trend was evident for both the 4.9- and 7-lb rates of Thimet.  No significant improvement in root protection was observed between 4.9 and 7 lb of postemergence Thimet at either 7 or 14 days pre-peak.  This suggests that the 4.9-lb product/ac rate of Thimet may be sufficient for managing moderately high root maggot infestations such as that which appeared to be present for this study.

Another important finding in this study was that splitting a pint of postemergence Lorsban 4E into two separate 0.5-pt applications resulted in a significant reduction in root maggot feeding injury when compared with the single application of one pint.  A similar trend was observed between the single and split applications of 2 pt of Lorsban.  In fact, neither of the single-application entries of Lorsban 4E provided a significant reduction in root maggot feeding injury when compared with the untreated check.  Split-applications of postemergence liquid insecticides appear to be most effective in years like 2005 when a somewhat extended period of fly activity occurs.  


Root ratings in plots that received Lorsban 4E as a 7-inch band were nearly identical to those in plots treated with an 11-inch band of the insecticide (damage rating means of 5.48 and 5.45, respectively).  This suggests that band width is not likely to play a significant role in the ability of Lorsban 4E to provide protection from root maggot feeding injury.  
	Table 1.  Root feeding injury in plots treated with granular and liquid insecticides applied at planting-time and postemergence to control sugarbeet root maggot, St. Thomas, ND, 2005

	Treatment/form.
	Placement / timinga
	Rate

(product/ac)
	Rate

(lb ai/ac)
	Root injury 

(0-9)

	Counter 15G +

Thimet 20G
	B

14 d pre-peak B
	10 lb

7 lb 
	1.5 

1.0 
	3.68 e

	Counter 15G 

Lorsban 4E +

Lorsban 4E
	B

2-4 d pre-peak  7” Post B 

2-4 d post-peak 7” Post B 
	10 lb

0.5 pt

0.5 pt
	1.5 

0.25 

0.25 
	3.70 e

	Counter 15G 

Lorsban 4E +

Lorsban 4E
	B

2-4 d pre-peak  7” Post B 

2-3 d post-peak 7” Post B 
	10 lb

1.0 pt

1.0 pt
	1.5 

0.5 

0.5 
	3.85 de

	Counter 15G +

Lorsban 15G
	B

B 
	10 lb

10 lb
	1.5 

1.5
	4.03 cde

	Counter 15G +

Thimet 20G
	B

14 d pre-peak  B
	10 lb

4.9 lb 
	1.5 

1.0 
	4.33 b-e

	Counter 15G +

Thimet 20G
	B

7 d pre-peak  B
	10 lb

7 lb 
	1.5 

1.4 
	4.60 b-e

	Counter 15G +

Lorsban 15G
	B

B 
	10 lb

6.7 lb
	1.5 

1.0
	4.83 b-e

	Counter 15G +

Thimet 20G
	B

7 d pre-peak  B
	10 lb

4.9 lb 
	1.5 

1.0 
	5.00 b-e

	Lorsban 15G
	B
	13.4 lb
	2.0
	5.05 b-e

	Counter 15G +

Lorsban 4E
	B

2-4 d pre-peak 11” Post B 
	10 lb

2 pt
	1.5

1.0 
	5.45 a-d

	Counter 15G +

Lorsban 4E
	B

2-4 d pre-peak 7” Post B 
	10 lb

2 pt
	1.5

1.0 
	5.48 a-d

	Counter 15G +

Lorsban 4E
	B

2-4 d pre-peak 7” Post B 
	10 lb

1 pt
	1.5

0.5 
	5.63 abc

	Counter 15G
	B
	11.9 lb
	1.8
	6.00 ab

	Check
	-----
	----
	-----
	6.98 a

	LSD (0.05)
	
	
	
	1.73




aB = Band


Harvest data are presented in Table 2.  There were no differences among the treatments with regard to either root yield or percent sucrose content, and only a few significant differences were detected among treatments with regard to sucrose yield.  Despite the relative lack in statistical differences, yield responses corresponded well with the results from root maggot damage rating data.  For example, most dual-insecticide programs yielded numerically more net recoverable sucrose yield and more root tonnage than the stand-alone treatments applied at planting; however, none of the dual programs statistically outperformed the planting-time treatment of Lorsban 15G.  Yields produced in plots treated with single planting-time applications of Counter 15G and Lorsban 15G were not significantly different from each other.


Splitting a postemergence treatment of one pint of Lorsban 4E into two separate (pre- and post-peak fly activity) 0.5-pt applications resulted in a significant improvement (i.e., a difference of 1,367 lb) in sucrose yield.  This amounted to an increase in revenue of $162/ac.  Similarly, the split program involving two applications of Lorsban 4E at one pint of product/ac averaged slightly (384 lb) more recoverable sucrose and returned $47 more revenue per acre than the single application of 2 pt, however, the difference in sucrose yield was not statistically significant.  

Concentrating Lorsban 4E into a 7-inch band did not improve yield when compared with applying the material in an 11-inch band.  This closely corresponded with the findings from root maggot damage assessments.  It has important implications for growers affected by the root maggot because most NDSU research has involved applying the material in a 7-inch band, yet most growers apply Lorsban 4E (or its generic equivalents) in 11-inch bands because most growers have their spray equipment configured to apply other pesticides (e.g., micro-rate herbicides) in an 11-inch swath over the row.  In relation to postemergence Lorsban 4E application rate, a single application of 2 pt product/ac was not more effective at preventing larval feeding injury than a single one-pint application.  


Also reflective of damage rating data was that there was no significant difference in sucrose yield between the single postemergence applications of one- and 2-pt of Lorsban 4E; however, it should be noted that plots treated with the single 2-pt application yielded statistically more sucrose than the untreated check plots, whereas those treated with just one pint of Lorsban 4E per acre did not improve yield over that of check. 


Plots that received Thimet 20G 14 days before anticipated peak tended to yield more sucrose than those that received the insecticide at seven days ahead of peak.  Additionally, although not always significant, plots that received a granular material at postemergence tended to produce more net recoverable sucrose and more revenue than those that received a single application of a postemergence liquid.  This trend corresponded well with a similar trend observed in damage rating data.  Overall, these trends have major significance to sugarbeet growers affected by the root maggot because efficacy is apparently not compromised by applying Thimet up to two weeks before peak fly activity, thus allowing more flexibility for when this material can be applied for effective SBRM control.  Another important implication of this finding is that unforeseen delays in SBRM feeding activity, such as those due to extended periods of inclement weather that keeps flies from leaving their emergence sites to find sugarbeet fields and lay eggs, would be less likely to jeopardize the effectiveness of Thimet 20G.
	Table 2.  Yield parameters in plots treated with granular and liquid insecticides applied at planting-time and postemergence to control sugarbeet root maggot, St. Thomas, ND, 2005

	Treatment/form.
	Placement / timinga
	Rate

(product/ac)
	Rate

(lb ai/ac)
	Recoverable
sucrose

(lb/ac)
	Root yield

(T/ac)
	Sucrose (%)
	Gross 

return

($/ac)

	Counter 15G +

Thimet 20G
	B

14 d pre-peak B
	10 lb

4.9 lb 
	1.5 

1.0 
	5635 a
	19.8
	15.53
	580

	Counter 15G 

Lorsban 4E +

Lorsban 4E
	B

2-4 d pre-peak  7” Post B 

2-3 d post-peak 7” Post B 
	10 lb

0.5 pt

0.5 pt
	1.5 

0.25 

0.25 
	5400 a
	19.2
	15.45
	546

	Counter 15G +

Thimet 20G
	B

14 d pre-peak  B
	10 lb

7 lb 
	1.5 

1.0 
	5344 ab
	18.5
	15.55
	560

	Counter 15G +

Thimet 20G
	B

7 d pre-peak  B
	10 lb

7 lb 
	1.5 

1.4 
	5091 ab
	18.6
	15.10
	494

	Counter 15G 

Lorsban 4E +

Lorsban 4E
	B

2-4 d pre-peak  7” Post B 

2-3 d post-peak 7” Post B 
	10 lb

1.0 pt

1.0 pt
	1.5 

0.5 

0.5 
	4851 ab
	17.3
	15.33
	489

	Counter 15G +

Lorsban 15G
	B

B 
	10 lb

10 lb
	1.5 

1.5
	4725 ab
	17.0
	15.35
	469

	Counter 15G +

Lorsban 4E
	B

2-4 d pre-peak 11” Post B 
	10 lb

2 pt
	1.5

1.0 
	4657 ab
	17.1
	15.03
	452

	Counter 15G +

Thimet 20G
	B

7 d pre-peak  B
	10 lb

4.9 lb 
	1.5 

1.0 
	4597 ab
	16.4
	15.20
	461

	Counter 15G +

Lorsban 4E
	B

2-4 d pre-peak 7” Post B 
	10 lb

2 pt
	1.5

1.0 
	4467 ab
	16.1
	15.10
	442

	Lorsban 15G
	B
	13.4 lb
	2.0
	4420 abc
	16.5
	14.85
	417

	Counter 15G +

Lorsban 4E
	B

2-4 d pre-peak 7” Post B 
	10 lb

1 pt
	1.5

0.5 
	4033 bc
	15.0
	14.75
	384

	Counter 15G
	B
	11.9 lb
	1.8
	4033 bc
	14.7
	15.00
	393

	Counter 15G +

Lorsban 15G
	B

B 
	10 lb

6.7 lb
	1.5 

1.0
	4018 bc
	14.7
	15.08
	392

	Check
	-----
	----
	-----
	3119 c
	11.7
	14.60
	291

	LSD (0.05)
	
	
	
	1346
	NS
	NS
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