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Introduction

Application of postemergence herbicides is becoming an ever-increasing complex phase of crop production. Recent nozzle technology is placing an increased emphasis on achieving optimum efficacy while keeping the drift potential at a minimum.  New nozzles are being designed that will reduce the variability of the drop size spectrum for a given nozzle size and pressure.  Less driftable fines are being created when used correctly.  The most recent development is the venturi nozzle.

Droplet size and spectrum has been identified as the one variable that most affects drift (SDTF, 1997).  Many forces impinge on droplet size, but it is still the drop size that must be manipulated to optimize performance and eliminate associated undesirable results (Williams, et. al., 1999).

Over the last several years there has been an increased interest by nozzle manufactures to engineer nozzles that will effectively reduce the volume of driftable fines found in spray droplet spectrums.  This is being successfully accomplished with the use of a preorifice and also with turbulation chambers (R. Wolf, 2000).  Now, there is a new trend with spray nozzle design to incorporate a ‘venturi’ that includes the spray droplet in air to lessen the drift potential while still maintaining adequate efficacy.  Several nozzle manufacturers are including this new design as a part of a marketing campaign for drift control.  Early research would indicate that the venturi nozzle is producing larger spray droplets (Womac, 1997; Ozkan, 1998; R. Wolf, et.al., 1999).  Detailed droplet information will be important to equipment manufactures, chemical company representatives, university research and extension personnel, crop consultants, and private and commercial applicators.

Objective


The objective of this study was to compare the drift potential for venturi, extended range, and turbo flat-fan nozzles.  Drift potential, as identified in this study, is represented in the number of droplets created during the spraying process that are less than 200 microns in size.  Water sensitive paper, a flatbed scanner, a computer, and DropletScan( software were used to collect and measure the droplet information.

Procedures


This study was designed to measure the drift potential of a venturi style nozzle (AI flat-fan) in comparison to two popular flat-fan nozzles, the extended range flat-fan (XR) and the turbo flat-fan (TT), while evaluating various droplet characteristics and efficacy in cultivated oats. All spray droplet data was collected on water sensitive paper during the field application of two products, gramoxone and glyphosate (trimesium salt).  Applications were applied at 47, 94, and 187 L/ha at an operating pressure of 276 kPa.  The applications were made with a tractor plot sprayer equipped with a 3 m rear mounted boom. Nozzles were spaced at 76 cm and located 51 cm above the target.  The nozzle angle and orifice sizes used were 110015, 11003, and 11006 for each nozzle type.  The water sensitive cards were placed under the spray boom.  Each treatment consisted of two to three cards with four replications per treatment.  A scanning system and software, DropletScan(, was utilized to analyze spray droplet characteristics on the water sensitive paper. The process can be used to determine several useful spray drop statistics.  For this study, the droplet statistics measured were VMD (V(0.5), Volume Median Diameter), V(0.1), V(0.9), and number of droplets less than 200 microns.  The number of droplets under 200 microns was used to evaluate the drift potential for each nozzle treatment.  All of the above statistics are automatically calculated for each drop card scanned.  Averages for the four replications were reported.
DropletScan( System


DropletScan( is a PC based software program utilizing a flatbed scanner that will allow accurate and rapid measure of spray droplet impressions on water-sensitive paper. The resolution of the scanner is such that stains as small as 50 microns or smaller in diameter can be measured.  Drops that size are too small to be seen without the use of magnification.  Since the smaller droplet portion of the spray spectrum is important to consider for drift management, then this software system can provide valuable information relative to drift potential.  The droplet size data measured and recorded using the DropletScan( system accurately represents the drop sizes that actually impact a target rather than the droplet sizes that are being released from the nozzle (Whitney, 1997). 

Systems to help analyze spray quality at the field level are an important part of determining the abilities of new sprayer technologies.  DropletScan( is proving to be a system that can be used to field evaluate different application scenarios for typical ground applied crop protection products (Wolf, et.al., 1999).  The collection procedure used with the water sensitive paper has been previously described (Wolf, et.al., 2000).

Findings


To evaluate the drift potential for the nozzle and application scenarios in this study the number of droplets created under 200 microns were measured. Droplets under 200 microns are considered small enough to have a high drift potential.  All treatments were sprayed at 276 kPa and the results have been averaged across each chemical.  At the 47 L/ha application volumes, the XR 110015 created 2580 droplets under 200 microns, the TT 110015 created 1612 droplets and the AI 110015 created 590 droplets. See table 1. 

	Table 1.  Droplet Characteristics Averaged for all Replications at 47 L/ha and 276 kPa averaged across each chemical.

	Nozzle Type-Orifice Size
	VD0.1
	VMD
	VD0.9
	Droplets < 200 microns

	XR 110015
	214
	427
	628
	2580

	TT 110015
	201
	403
	792
	1612

	AI 110015
	236
	486
	713
	590



The 94 L/ha application volumes resulted in the following number of droplets fewer than 200 microns.  The XR 11003 created 1975 droplets, the TT 11003 created 1012 droplets, and the AI 11003 created 589 droplets.  The data for these treatments can be found in table 2.

	Table 2.  Droplet Characteristics Averaged for all Replications at 94 L/ha and 276 kPa averaged across each chemical.

	Nozzle Type-Orifice Size
	VD0.1
	VMD
	VD0.9
	Droplets < 200 microns

	XR 11003
	213
	407
	616
	1975

	TT 11003
	266
	530
	740
	1012

	AI 11003
	237
	478
	661
	589



At 187 L/ha, the XR 11006 created 1028 droplets, the TT 11006 created 848 droplets, and the AI 11006 created 663 droplets.  This data is recorded in table 3.  Additional droplets statistics; VD0.1, VMD, and VD0.9, were also measured and are reported in tables 1, 2, and 3.

	Table 3.  Droplet Characteristics Averaged for all Replications at 187 L/ha and 276 kPa averaged across each chemical.

	Nozzle Type-Orifice Size
	VD0.1
	VMD
	VD0.9
	Droplets < 200 microns

	XR 11006
	262
	502
	709
	1028

	TT 11006
	264
	556
	783
	848

	AI 11006
	261
	530
	763
	663



Additionally, the data indicates that increasing application volumes by increasing the orifice size within nozzle types also reduces the number of driftable droplets created.  For example, as the orifice size increased from 015 to 06 for the XR nozzles, the number of droplets created under 200 microns was reduced from 2580 droplets at 47 L/ha, to 1975 droplets at 94 L/ha, and down to 1028 droplets at 187 L/ha.  Similarly, but not as pronounced, downward trends were measured for the turbo and venturi flat-fan nozzle types.  The TT nozzles were measured at 1612, 1012, and 848 droplets at 47, 94, and 187 L/ha respectively.  The AI nozzles were measured at 590, 589, and 663 droplets at 47, 94, and 187 L/ha respectively.

Summary of Findings


An important statistic for indicating drift potential is the number of droplets that are 200 microns or less in size. In this study with the application pressure held constant, at 47 L/ha the extended range flat-fan tip created nearly double the number of driftable droplets when compared to the turbo flat-fan, and created more the four times the number of the venturi flat-fan.  At 94 L/ha with the extended range flat-fan tips, the number of driftable droplets nearly doubled the turbo flat-fans number and created more than triple the number of droplets when compared to the venturi flat-fan tips. The differences were not as large for the 187 L/ha volume treatments. In the comparisons for all application scenarios the extended range flat-fan tips created significantly more drift prone droplets than either the turbo or venturi flat-fans types.


The affect of application volume can also be summarized from this data.  As would be expected, increasing the application volume by increasing the nozzle orifice size also reduces the number of droplets created under 200 microns.  

Conclusions


Conclusions drawn from this study support previous research indicating the turbulation chamber and venturi style designs for flat-fan nozzles reduce the creation of driftable droplets significantly when compared to extended range flat-fan nozzles.  The reduced number of droplets created under 200 microns for each application scenario substantiates this finding.  The data in this study also supports previous research indicating the venturi style nozzle designs have excellent drift reduction tendencies when compared to both the extended range and turbo flat-fan nozzle styles.


The data in this study support that if drift reduction were the primary purpose for selecting a nozzle type, then applicators would be justified in using the venturi style nozzle designs for the application of crop protection products. 
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