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Abstract. Laboratory comparisons of nozzles that could be used to apply crop protection herbicides with a conventional ground sprayer were performed.  Water sensitive paper (wsp) was placed under the simulated spray boom to collect spray droplets from each nozzle treatment.  DropletScan™ software was used to analyze the wsp and determine differences in percent area coverage (PAC), deposition (GPA), and droplet size (DV0.5).

Treatments were designed to compare all the nozzle types at 70 L ha-1 and 16 Km/h.  The orifice size and pressures used were selected to provide a consistent flow rate (.95 L/m).  Orifice sizes were limited to 02, 025, or 03 and the operating pressures were set at 193, 276 or 483 kPa.

 Significant differences were found for all three droplet characteristics compared.  The venturi TTI11002 sprayed at 483 kPa had the largest measured (DV0.5) on the water sensitive paper.  This same nozzle also exhibited the least amount of coverage and the lowest deposition for all nozzle comparisons.   The nozzle with the smallest measured (DV0.5) was the XR11003 sprayed at 193 kPa (372µ).  This nozzle also had the most coverage and the highest deposition in the study.
The results of this study, comparing droplet spectrums with water sensitive paper as the collector, would support that nozzles with smaller droplet spectra tend to have better coverage and deposition. The data also support that the newer venturi designs tend to provide the best coverage and deposition when compared to the older venturi designs.
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Introduction

One of the most critical aspects of any crop protection product application is determining the proper set-up parameters for the equipment used to make that particular application.  Concerns about application volumes (GPA), tank-mix components, nozzle type and pressure, droplet size, coverage, canopy deposition, and other critical application parameters are being commonly debated.  Efficient application practices are needed for on-target deposition and improved efficacy.

Over the last several years there has been an increased emphasis by nozzle manufacturers to design nozzles that will effectively reduce the volume of driftable fines found in spray droplet spectrums.  One such nozzle design is the venturi nozzle. The adoption of this nozzle type is widespread and without adequate knowledge of performance or good operating parameters.  Venturi nozzles can produce very coarse sprays that could result in reduced target coverage under some conditions.  Concern has been expressed that this increased emphasis in designing nozzles to minimize drift is compromising field efficacy for some herbicide products.  More information about how to use the latest nozzle technologies to apply crop protection products, especially herbicides for postemergence control of grasses and broadleaves, is paramount for achieving optimum weed control while minimizing drift.  

Womac et al. (1997) reported that droplet spectrum varies with every combination of tip style, size, operating pressure, and spray liquid.  The Spray Drift Task Force also reported that nozzle type has a major influence on the droplet spectra (SDTF, 2001).  Detailed label statements referencing ASABE Standard S-572 (ASABE, 1999) specifying droplet sizes to match the environmental conditions at the time of application are forthcoming (EPA, 2001).  Following this standard will assist applicators to improve efficacy, determine the size of buffer zones or no spray zones, and minimize drift.

Many assessments of spray nozzles reported by manufacturers are based on laboratory test sprays of water (Womac et al., 1997). Such measurements are made utilizing various types of laser instruments traversing the spray discharge at some point away from the nozzle.  However, the use of precision laboratory instruments is judged impractical for field collections (Whitney, 2003).  Some spray deposition tests use water-sensitive papers (wsp) as an indicator of the spray droplet spectrum (Matthews, 2000). Water in the spray stains the wsp and the spot size can be observed or measured.  Thus, wsp can be used to evaluate various droplet statistics (Syngenta, 2002).  In laboratory comparisons, Fox et al. (2000), found wsp spot values very similar to calculated values and concluded that percent area covered was a highly reliable parameter when using wsp.

Systems capable of analyzing spray droplets on wsp made from actual field applications would be useful. DropletScan( (WRK of Arkansas and Oklahoma, and Devore Systems, Inc., Manhattan, KS) is a software program coupled with a flatbed scanner that has been designed to analyze spray droplet data collected on wsp (Whitney, 2003).  Using data from a ground operated sprayer, DropletScan( effectively measured differences in spray droplet characteristics on wsp for both in-field and downwind collections of spray droplets (Wolf, 2003).

Objective 
The objective of this study was to compare in a laboratory droplet spectra characteristics for nozzle types used to apply postemergence herbicides.
Materials and Methods
A laboratory experiment was conducted to compare droplet spectra characteristics for twelve nozzle types designed to reduce drift while providing adequate coverage for weed control when making postemergence herbicide applications.  The research was conducted in a laboratory using a spray track device.  Twelve nozzle types consisting of both single and double orifices were used in this study.  The nozzles were either proven or new nozzle types that are marketed for postemergence herbicide applications.  Nozzle types included were a conventional extended range flat-fan (XR) and chamber style flat-fan nozzle, the turbo flat-fan from Spraying Systems (TT); three older venturi styles, the AirMix from Greenleaf (AM), the Ultra LoDrift from Hypro (ULD), and the Air Induction and Turbo TeeJet Air Induction from TeeJet (AI and TTI); two new venturi style nozzles, the Air Induction Extended Range from TeeJet (AIXR) and the GuardianAir from Hypro (GA); a new design chamber nozzle, the Turbo Twin flat-fan from TeeJet (TTJ60); a new venturi design from Greenleaf; a TurboDrop High Speed Twin Fan (TDHSTF); a drift reduction flat-fan from Wilger (DR); and a venturi flat-fan from Air Bubble Jet Agri (ABJ). Details for each nozzle type are found in Table 1.
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 The spray track device was designed and fabricated to simulate actual field spraying conditions and to facilitate multiple treatments and replications. The spray track has an aluminum bar 7.3 m long with an electric motor and chain driven sprayer boom. The electric motor is equipped with three gears that drive a chain that will propel the sprayer boom on the aluminum bar at 8, 16, and 24 Km/h. The electric motor was equipped with a brake to stop the spray boom at the end of track.  The spray bar is supported on tripods and can be adjusted to different heights.  The sprayer boom has two nozzles spaced 51cm that are controlled by a solenoid valve which was activated by a battery-operated remote control. The pressure for each treatment was created by using an air compressor.  A regulating valve and digital pressure gauge were used to monitor the pressure for each treatment.  The treatment solution was tap water and was placed in 500 ml high pressure spray bottles that were attached to the spray boom to complete the trials (Figure 1).  
For this study 70 L ha-1 and 16 Km/h was selected as the application volume and speed of travel. Using this application scenario and a boom with a nozzle spacing of 51cm, the flow rate required was determined to be 0.95 LPM. The formula used to determine nozzle flow rate was:
       Nozzle Flow Rate (LPM) = L/ha-1 × Km/h × Nozzle spacing (cm) 

                                                            60,000

The orifice size chosen for each nozzle type was selected to meet the flow rate requirements for the 70 L ha-1 and 16 Km/h (0.95 L/Min) at predetermined pressures based on manufacturer recommendations.  Table 2 provides a listing of selected web addresses for the nozzle manufacturers.  The flow rates were attained by selecting the following orifice sizes and pressures: XR 11003 (193 kPa), TT110025, DR110025, AM110025, TTJ60110025, GA110025, AIXR110025, AGJ110025 (all at 276 kPa), AIC11002, TTI 11002, ULD12002, and TDHSTF11002 (all at 483 kPa) (Table 1), (Figure 2).
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Water sensitive paper (Syngetna, 2002), was placed under the boom as collectors for the droplets.  A total of twelve water sensitive papers were placed at a distance of 51 cm from the nozzle.  Three replications were done for each nozzle treatment (Figure 3). 

After all treatments and replications were completed and dried, the collection papers were placed in prelabeled-sealable bags for preservation.  Data envelopes were used to organize and store the papers until analysis was complete.  DropletScan™ (WRK of Arkansas, Lonoke, AR; and WRK of Oklahoma, Stillwater, OK; Devore Systems, Inc., Manhattan, KS) was used to analyze the papers. DropletScan™ has been tested as a reliable source for predicting droplet stain characteristics when compared to other card reading methods (Hoffman 2004).

Statistical analyses of the data were conducted with SAS 9.1.3 (SAS, 2002-2003).   The model used was a General Linear Model (GLM) procedure to analyze the water sensitive paper data by treatment as summarized with DropletScan™ looking at the comparisons of means for VMD, percent area coverage, and deposition.  The LS Means for each product were tested and used to report the differences (alpha = 0.05) found for each treatment.
Results and discussion
Nozzle treatments were compared using DropletScan™ to measure and compare the droplet statistics volume median diameter (DV0.5), percent area coverage (PAC), and deposition in gallons per acre (GPA).  The results of the statistical analysis of the DropletScan™ output are presented in Table 3.  Using water sensitive paper (wsp) as a collector, significant differences were found among the compared nozzle treatments for droplet size, amount of coverage attained, and deposition.  

Significant differences were found in volume median diameter (DV0.5) for the twelve nozzles.  The range in (DV0.5) was 540 to 372µ (microns) with the LSD at 19.5.  The smallest droplets were with the XR11003 (372µ) and the TTJ60110025 (377µ).  They were not significant from each other.  The largest droplets were measured from the TTI11002 (540µ), which were significantly larger than all nozzle types.

For the twelve nozzles compared, percent area coverage (PAC) ranged from 17.4 to 10.7 percent with the LSD at 1.2.  The most coverage on the water sensitive paper resulted from the XR11003 (17.3%), followed by the ULD12002 (16.9%).  These two nozzles were not significantly different from each other and were significantly higher than the others.  The lowest amount of coverage was attained by the TTI11002 (10.7%), which was significantly lower than all the other nozzle treatments.

Significant differences in deposition were also found among all nozzle treatments.  The range in deposition was from 7.0 to 3.8 GPA with the LSD at 0.4.  The XR11003 (7.0 GPA) had significantly more deposition than all other nozzle compared.  The next best deposition was the ULD12002 (6.5 GPA).  It was also significantly better than all nozzles with lower deposition.  The lowest deposition occurred with the TTI11002 (3.8 GPA).  It was significantly the lowest.
Table 4 groups the nozzles into like designs and ranks the performance of each.  The standard flat-fan design (XR) was measured with the highest PAC (17.4%).  The next highest in PAC were the venturi II designs at an average of 14%.  The chamber designs were next at 13.7% followed by the older venturi I designs which were slightly lower at 13.6%.
The trend was similar for deposition with the standard XR flat-fan recording the highest amount (7.0 GPA), followed by the chamber designs and newer venturi designs, each with a measured deposition at 5.4, and the older venturi designs at 5.2 GPA.  The same trend was found when averaging the droplet size across the groups.  The newer venturi designs had a slightly smaller droplet size on average when compared to the older venturi designs.
Conclusions

Laboratory comparisons of nozzles that could be used to apply crop protection herbicides with a conventional ground sprayer were performed.  Water sensitive paper (wsp) was placed under the simulated spray boom to collect spray droplets from each nozzle treatment.  DropletScan™ software was used to analyze the wsp and determine differences in percent area coverage (PAC), deposition (GPA), and droplet size (DV0.5).

Treatments were designed to compare all the nozzle types at 7.5 GPA and 10 MPH.  The orifice sizes and pressures used were selected to provide a consistent flow rate (.95 L/m).  Orifice sizes were limited to 02, 025, or 03 and the operating pressures were set at 193, 276 or 483 kPa (Table 1).
Significant differences were found for all three droplet characteristics compared.  The venturi TTI11002 sprayed at 483 kPa had the largest measured (DV0.5) on the water sensitive paper.  This same nozzle also exhibited the least amount of coverage and the lowest deposition for all nozzle comparisons.   The nozzle with the smallest measured (DV0.5) was the XR11003 sprayed at 193 kPa (372µ).  This nozzle also had the most coverage and the highest deposition in the study.

Another finding of interest is with the TT110025 and the TTJ60110025 comparisons.  These nozzles are identical in basic design with the only difference being the TTJ has dual exit points compared to the one exit point for the TT.  The TT110025 had larger droplets, though not significant, significantly more coverage, and significantly higher deposition than the TTJ60110025.

Another finding of interest was the performance of the ULD12002.  The measured (DV0.5) was smaller than expected when compared to the other venturi designs in its group (AIC and TTI).  It had the second best coverage, which was not significantly different from the XR, and also the second best deposition, which was significantly different from the XR.  When compared to all the venturi designs the ULD was far superior for coverage and deposition.

Except for the ULD, the newer venturi designs, the AIXR, AM, BFS, and GA typically had superior coverage and deposition than the other venturi designs.  Again, except for the ULD, these same nozzles had smaller droplets than the other venturi designs.  The TDHSTF (high speed twin-fan) with two outlets did not perform as well as most of the single outlet designs. 

Post-emergence herbicide application has become increasingly complex. Determining and applying the desired droplet spectrum for each targeted pest is a challenge facing the chemical application industry. An issue surrounding the development and use of new nozzle designs is the need to develop an optimum droplet size for achieving a desired level of efficacy while minimizing downwind spray droplet movement.  The results of this study, comparing droplet spectrums with water sensitive paper as the collector, would support that nozzles with smaller droplet spectra tend to have better coverage and deposition. The data also support that the newer venturi designs tend to provide the best coverage and deposition when compared to the older venturi designs.
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Tables

Table 1. Treatment, nozzle type, pressure, and flow rate.

	Treatment1
	Nozzle
	Design
	Pressure kPa/PSI
	Flow Rate LPM/GPM

	1
	AIC 110022
	Venturi
	483/70
	0.95/0.25

	2
	AIXR 1100252
	Venturi
	276/40
	0.91/0.24

	3
	AM 1100253
	Venturi
	276/40
	0.95/0.25

	4
	BFS(ABJ) 1100254
	Venturi
	276/40
	0.95/0.25

	5
	DR 1100255
	Standard fan
	276/40
	0.95/0.25

	6
	GA 1100256
	Venturi
	276/40
	0.95/0.25

	7
	TDHSTF 110023,7
	Venturi
	483/70
	0.91/0.24

	8
	TT 1100252
	Chamber
	276/40
	0.91/0.24

	9
	TTI 110022
	Venturi
	483/70
	0.98/0.26

	10
	TTJ60 1100252,7
	Chamber
	276/40
	0.98/0.26

	11
	ULD 120026
	Venturi
	483/70
	0.98/0.26

	12
	XR 110032
	Standard fan
	193/28
	0.98/0.26


1All treatments used tap water as the spray solution.

2Spraying Systems, 3Greenleaf, 4Air Bubble Jet, 5Wilger, 6Hypro

7Twin or double orifice nozzle configurations.
	Table 2.  Selected nozzle manufacturer websites.

	Spraying Systems - TeeJet
	http://www.teejet.com/

	Greenleaf Technologies
	http://www.turbodrop.com/

	Hypro Pumps
	http://www.hypropumps.com/

	Wilger
	http://www.wilger.net/

	Hardi – North America
	http://www.hardi-us.com/

	Delavan Ag Spray
	http://www.delavanagspray.com/

	Lechler
	http://www.lechlerusa.com/

	Albuz
	http://www.albuz.saint-gobain.com/index.htm

	CP Products
	http://www.cpproductsinc.com/

	ABJ Agri Products
	http://www.abjagri.com/


Table 3. T grouping for treatment least squares means for volume median diameter, coverage, and deposition on the Kromekote( papers1
	Treatment
	Nozzle 
	VMD (DV0.5)
	 % Area Coverage (PAC)
	Deposition (GPA)

	1
	AIC 11002
	506b
	13.9cd
	5.2d

	2
	AIXR 110025
	467d
	13.7cd
	5.4d

	3
	AM 110025
	487bc
	14.5bc
	5.5d

	4
	BFS(ABJ) 110025
	491bc
	14.1bc
	5.3d

	5
	DR 110025
	475cd
	12.3e
	4.8e

	6
	GA 110025
	460d
	13.5cde
	5.3d

	7
	TDHSTF 11002
	462d
	12.9de
	5.1de

	8
	TT 110025
	391e
	15.1b
	5.9c

	9
	TTI 11002
	540a
	10.7f
	3.8f

	10
	TTJ60 110025
	377ef
	13.6cd
	5.5d

	11
	ULD 12002
	475cd
	16.9a
	6.5b

	12
	XR 11003
	372f
	17.4a
	7.0a

	
	 LSD =
	19.5
	1.2
	0.4


1LS-means with the same letter are not significantly different.

Table 4. T grouping for treatment least squares means for volume median diameter, coverage, and deposition on the Kromekote( papers separated by nozzle design with rank.1
	Treatment
	Nozzle 
	VMD/Rank2
	 PAC/Rank3
	DEP/Rank4

	Standard
	XR 11003
	372f /12
	17.4a /1
	7.0a /1

	Standard w/chamber
	DR 110025
	475cd /5 
	12.3e /11
	4.8e /11

	Chamber
	TT 110025
	391e /10 
	15.1b /3
	5.9c /3

	
	TTJ60 110025
	377ef /11 
	13.6cd /8
	5.5d 4

	Venturi I
	AIC 11002
	506b /2 
	13.9cd /6
	5.2d /9

	
	TDHSTF 11002
	462d /8
	12.9de /10
	5.1de /10

	
	TTI 11002
	540a /1
	10.7f /12
	3.8f /12

	
	ULD 12002
	475cd /5
	16.9a /2
	6.5b /2

	Venturi II
	AIXR 110025
	467d /7
	13.7cd /7
	5.4d /6

	
	AM 110025
	487bc /4
	14.5bc /4
	5.5d /4

	
	BFS(ABJ) 110025
	491bc /3
	14.1bc /5
	5.3d /7

	
	GA 110025
	460d /9
	13.5cde /9
	5.3d /7


1LS-means with the same letter are not significantly different.

2Rank recorded as largest droplets to smallest.
3,4Rank recorded as highest to lowest, for coverage and deposition.
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Figure 2. Nozzle types.





Figure 1. Spray track device.
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