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Introduction:

Subterranean (below-ground) springtails are a sporadic pest of sugarbeet in the central and southern Red River Valley of Minnesota and North Dakota, and the insects occasionally affect beets in western ND and eastern Montana.  Infestations can be severe enough to cause major plant stand reductions and yield losses in sugarbeet.  Sugarbeet seedlings, especially from cotyledon to about 6- to 8-leaf stage, are most vulnerable to attack by these tiny insects.  Problems are most prevalent in fine-textured soils (i.e., clays, clay loams, or silty clays) with high crop residue levels (Boetel et al. 2001), and moist soil conditions can contribute to springtail outbreaks.  No insecticide currently labeled for use in sugarbeet is specifically labeled to control springtails.  The trial described herein was carried out to evaluate the performance of granular and liquid formulations of soil-applied insecticides at controlling subterranean springtails in sugarbeet.  

Materials & Methods:


This experiment was planted in a commercial sugarbeet field near Manvel, ND on June 1, 2005.  Plots were planted using a 6-row John Deere 71 Flex planter.  Seeds were planted at a depth of 1¼ inches and within-row seed spacing was 4 1/8 inches.  Individual treatment plots were 2-rows wide by 35-ft long, and 25-ft plant-free tilled alleys were maintained between replicates throughout the season.  Two-row plots are the preferred size of experimental unit in springtail trials because infestations are typically patchy and not uniform.  A smaller test area allows for placement of plots over a slightly more uniform infestation than if the test were covering a large area.  The seed variety used in this experiment was Crystal 822.  The experiment was arranged in a randomized complete block design with four replications.  


Granular insecticide treatments were applied by using either band (B) or modified in-furrow (M) placement.  Banded applications consisted of 5-inch swaths delivered through GandyTM row banders over the row.  Modified in-furrow placement involved dropping granules down a tube over the row but directing the output back away from the seed drop zone and in front of the rear press wheel.  This allowed some soil to cover the seed before granules entered the furrow so as to avoid direct insecticide/seed contact and the potential for phytotoxicity.  Modified in-furrow placement resulted in delivery of a 2-inch band over the row with the heaviest insecticide concentration being deposited directly over the row.  Granular output rates were controlled by using planter-mounted Noble metering units.  All granular treatments were incorporated into the upper 1/8 inch of soil using drag chains attached to the rear of each row unit on the planter.  


Output of all planting-time liquid insecticide treatments was regulated using a planter-mounted Raven TM spray system.  Liquid insecticide treatments were applied in a finished spray volume of 5 GPA.  Water-based spray solutions were applied using TeeJet 6501E nozzles.  In-furrow application of liquids was achieved by directing the nozzles such that the entire spray pattern was directed into the furrow over the seed.  


Tank mixes of 10-34-0 starter fertilizer with Mustang and Regent were initially pre-mixed with water at a ratio of 60:1 (water:insecticide) to minimize the likelihood of having incompatibility or nozzle clogging problems.  These treatments were also applied by using TeeJet 11001E nozzles.  A 10-34-0 fertilizer-based control, comprised of the same fertilizer:water ratio used for the liquid insecticide treatments, was established to monitor for fertilizer-related yield impacts independent of springtails, and an untreated check was also included for comparative purposes.


Assessments of springtail control involved taking plant stand counts at 3 post-planting dates (i.e., June 23, July 12, and at harvest on September 27).  Treatment performance was also measured according to yields.  To collect yield data, both rows of each plot were harvested on September 27 by using a 2-row mechanical harvester.  Subsamples of about 12-16 harvested beets were sent to the American Crystal Sugarbeet Quality Laboratory (East Grand Forks, MN) for quality analyses.  All stand count and yield data 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.

Results and Discussion:

Stand count results are presented in Table 1.  Few differences were apparent at the first (June 23) stand count.  The only treatments that failed to protect seedling stand as compared with the losses that occurred in the untreated check were Regent 4SC at the low (1.25 fl oz/ac) application rate, and the 10-34-0 fertilizer-only control.  No insecticide-based treatments were significantly different from each other with regard to plant stand at the first count date.  Similarly, there were no significant differences in stand counts between any of the treatments at the time of the second stand counts (July 12).  The relative lack of significant stand differences that occurred in this study suggests that the springtail infestation was probably light to moderate.

Stand counts taken immediately before harvest produced interesting results, and confirmed patterns observed in previous studies on chemical control of springtails.  The following were the only entries in this experiment that resulted in significantly greater plant stands than the non-fertilizer untreated check at harvest time:  1) Counter 15G applied modified in-furrow at 8 lb product/ac; and 2) MustangMax (without starter fertilizer) when placed directly in-furrow at 4 fl oz/ac through a conventional spray system equipped with pressurized nozzles.  The Mustang treatment also had the highest average harvest-time plant stand in the entire experiment.

Contrary to findings from previous trials on springtail control, the addition of 10-34-0 starter fertilizer did not demonstrate any apparent increase in stand protection provided by either MustangMax or Regent 4SC.  Also, there were no differences in stand counts between those plots that received MustangMax via low-pressure microtube-based delivery and those that received the material through conventional pressurized nozzles.  

	Table 1.  Plant stand counts in plots treated with registered and experimental insecticides with granules and liquid sprays at planting to control springtails in sugarbeet, Manvel, ND, 2005

	Treatment/form.
	Placementa
	Rate

(product/ac)
	Rate

(lb ai/ac)
	Stand count (plants / 100 ft)

	
	
	
	
	June 23
	July 12
	Harvest

	Regent 4SC 
	IF
	4.16 fl oz
	
	220.4 a
	185.0
	127.1 a-d

	MustangMAX 0.8EC+

10-34-0 Fert.
	IF
	4.0 fl oz
	0.025
	216.4 a
	172.5
	120.0 a-e

	Counter 15G 
	M
	5.9 lb
	0.9
	215.7 a
	186.4
	132.9 abc

	Counter 15G
	M
	8 lb
	1.2
	212.5 a
	176.4
	137.9 ab

	Regent 4SC+

Fert. 10-34-0
	IF
	4.16 fl oz
	
	212.1 a
	185.4
	121.1 a-e

	Counter 15G
	B
	10 lb
	1.5
	211.1 a
	188.6
	123.9 a-e

	Vydate 3.77SL
	IF
	68 fl oz
	2.0
	210.7 a
	172.9
	115.4 b-e

	Vydate 3.77SL
	IF
	34 fl oz
	1.0
	209.6 a
	180.0
	119.3 a-e

	MustangMAX 0.8EC
	IF
	4.0 fl oz
	0.025
	207.1 a
	177.5
	139.6 a

	MustangMAX 0.8EC+

10-34-0 Fert.
	M-tube IF
	4.0 fl oz
	0.025
	206.1 a
	175.0
	126.1 a-d

	MustangMAX 0.8EC 
	3” TB
	4.0 fl oz
	0.025
	204.3 ab
	190.7
	127.1 a-d

	Counter 15G
	M
	10 lb
	1.5
	203.9 ab
	175.7
	118.9 a-e

	Counter 15G
	B
	8 lb
	1.2
	203.2 ab
	179.3
	115.4 b-e

	Regent 4SC+

10-34-0 Fert.
	IF
	2.08 fl oz
	
	202.1 ab
	173.6
	112.5 cde

	Regent 4SC+

10-34-0 Fert.
	IF
	1.25 fl oz
	
	202.1 ab
	176.1
	102.5 e

	Regent 4SC
	IF
	1.25 fl oz
	
	200.7 abc
	172.9
	102.9 e

	10-34-0 Fert.
	IF
	---
	---
	184.3 bc
	157.9
	107.1 de

	Untreated
	---
	---
	---
	181.4 c
	162.5
	110.7 cde

	LSD (0.05)
	
	
	
	  20.3
	NS
	  23.0




aIF = direct in-furrow, M = modified in-furrow; B = Band; M-tube = micro-tube; TB = T-band


Yield data appear in Table 2.  The top-yielding treatments in relation to recoverable sucrose included the following:  1) Counter 15G applied modified in-furrow at 8 lb product/ac; 2) MustangMax applied directly in-furrow at 4 fl oz product/ac through conventional pressurized spray nozzles; 3) and MustangMax when tank mixed with 10-34-0 starter fertilizer and applied through microtubes.  Additional treatments that resulted in significant improvements in recoverable sucrose yield over that of the untreated check plots were MustangMax applied in a three-inch T-band as a water-based solution, and Regent 4SC at the high (4.16 fl oz product/ac) rate when mixed with 10-34-0 starter fertilizer.  Vydate did not demonstrate a significant yield benefit with regard to recoverable sucrose in this study, regardless of whether it was applied at the 34- or 68-oz rate.  


Plots treated with modified in-furrow applications of Counter 15G at the 8-lb rate produced significantly more recoverable sucrose per acre than those that received 10 lb of the material.  This could have been related more to the higher rate being slightly more harsh to sugarbeet plants than the 8-lb rate under low insect pressure, especially considering that modified in-furrow placement is more likely to result in granules being placed in close proximity to the seed.
	Table 2.  Yield parameters from comparison of registered and experimental insecticides as granules and liquid sprays at planting to control springtails in sugarbeet, Manvel, ND, 2005

	Treatment/form.
	Placementa
	Rate

(product/ac)
	Rate

(lb ai/ac)
	Recoverable sucrose

(lb/ac)
	Root yield

(T/ac)
	Sucrose (%)
	Gross return

($/ac)

	Counter 15G
	M
	8 lb
	1.2
	6094 a
	18.6
	17.78
	731

	MustangMAX 0.8EC
	IF
	4.0 fl oz
	0.025
	5885 ab
	18.2
	17.58
	696

	MustangMAX 0.8EC+

10-34-0 Fert.
	M-tube IF
	4.0 fl oz
	0.025
	5763 abc
	17.4
	18.00
	699

	MustangMAX 0.8EC 
	3” TB
	4.0 fl oz
	0.025
	5367 a-d
	17.0
	17.25
	620

	Regent 4SC+

Fert. 10-34-0
	IF
	4.16 fl oz
	
	5254 a-d
	16.1
	17.63
	628

	Counter 15G
	B
	10 lb
	1.5
	5143 a-e
	15.8
	17.70
	612

	Counter 15G 
	M
	5.9 lb
	0.9
	5102 b-e
	16.4
	17.08
	581

	MustangMAX 0.8EC+

10-34-0 Fert.
	IF
	4.0 fl oz
	0.025
	5020 b-e
	15.6
	17.58
	593

	Regent 4SC+

10-34-0 Fert.
	IF
	1.25 fl oz
	
	4990 b-e
	16.2
	16.95
	564

	Regent 4SC+

10-34-0 Fert.
	IF
	2.08 fl oz
	
	4985 b-e
	15.4
	17.63
	590

	Vydate 3.77SL
	IF
	68 fl oz
	2.0
	4939 b-e
	15.8
	17.10
	566

	Counter 15G
	B
	8 lb
	1.2
	4905 cde
	15.6
	17.25
	564

	Regent 4SC 
	IF
	4.16 fl oz
	
	4867 cde
	15.0
	17.63
	578

	Counter 15G
	M
	10 lb
	1.5
	4796 de
	15.2
	17.25
	554

	Vydate 3.77SL
	IF
	34 fl oz
	1.0
	4681 de
	14.3
	17.65
	560

	Untreated
	---
	---
	---
	4654 de
	14.8
	17.13
	535

	10-34-0 Fert.
	IF
	---
	---
	4641 de
	15.0
	16.95
	525

	Regent 4SC
	IF
	1.25 fl oz
	
	4237 e
	13.5
	17.30
	488

	LSD (0.05)
	
	
	
	  964
	NS
	NS
	




aIF = direct in-furrow, M = modified in-furrow; B = Band; M-tube = micro-tube; TB = T-band


MustangMax appeared to provide satisfactory performance against the light to moderate springtail infestation that appeared to exist at this site.  Anecdotal evidence, based on a few reports from grower fields in previous years, has suggested that Mustang may not always provide exceptional springtail control.  Although Counter 15G typically provides better protection from losses associated with springtail damage, especially when applied at a moderate rate of about 8 lb product/ac, MustangMax has often resulted in comparable levels of stand protection and yield when applied directly in-furrow and tank mixed with 10-34-0 starter fertilizer.  That finding was repeated in this trial.  The reason for alleged failures by Mustang to control subterranean springtails has yet to be identified; however, it should be noted that the spray output rate of the Raven application system used in all NDSU trials had to be re-calibrated daily, especially if major temperature shifts occurred and changed the viscosity of the spray solutions.  As is the case with any insecticide application, it is critical to ensure that the intended application rate is being dispensed.  Growers using this type of computer-based insecticide delivery control system are advised to confirm the output rate on a daily basis to ensure that the proper spray volume is being delivered.  
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