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Introduction
Economic and environmental concerns 
have made the selection of pesticide ap-
plication equipment more important than 
ever. Spray application technology is 
evolving to meet the demands of modern 
agriculture, and is generally aimed at im-
proving the overall efficiency of the spray 
operation. In particular, most of these new 
techniques and technologies share some, if 
not all, of the following common goals:
• To improve spray drift management. 
• To improve operator efficiency (wider 

application windows). 
• To improve herbicide efficacy
• To reduce application costs 
• To improve operator safety
• To improve compliance/record keep-

ing
The following provides a brief overview of 
some of the recent developments in spray 
application technology. 

New nozzle designs
There is an increasing challenge to the 
traditional nozzle designs by new designs 
offering improved performance, drift con-
trol and efficiency. Most of the new nozzle 
designs have been developed to reduce 
drift and improved ‘usability’ such as 
wear reduction, preventing blockages 
and providing wider operating pressure 
range.

Extended Range Flat Fans
These produce larger drops for drift con-
trol at lower pressures (less than 2 bar), 
and finer drops for better coverage at pres-
sures above 2 bar. An example includes the 
TeeJet XR.

leaf surface, droplet trajectory and veloc-
ity need to be considered.

Whilst the performance of these nozzles 
in reducing drift is excellent, coverage can 
be poor so to compensate for the coarse 
droplet size, air induction nozzles should 
be operated at higher pressures and higher 
application volumes (Figure 1). 

If used correctly, all these nozzle de-
signs can provide spray drift control with 
no loss of efficacy. Nozzles are available in 
a wide range of materials such as ceramic, 
polymer, and stainless steel, but the mate-
rial has no effect on the droplet size, only 
wear rate.

New application techniques and nozzles

Peter Alexander, TeeJet Australasia Pty Ltd., PO Box 7138, Geelong West, 
Victoria 3218, Australia.

Flat Fan/Anvil Hybrids
These are a cross between the traditional 
flat fan and anvil-type nozzles. An exam-
ple is the Turbo TeeJet (TT) which provides 
a very wide pressure range (1–6 bar), less 
fine drops and excellent blockage resist-
ance.

Figure 1. Droplet spectrums from four nozzles.

Pre-Orifice Flat Fans 
These use a pre-orifice (or restriction 
before the main orifice) to reduce liquid 
pressure and velocity prior to reaching 
the primary orifice. This results in larger 
droplets and less mist or fines so whilst the 
performance of these nozzles in reducing 
drift is excellent, coverage can be poor, so 
be careful when applying contact type her-
bicides especially against grasses.

Air Aspirated Nozzles
These nozzles are designed to draw air 
into the liquid stream through a venturi. 
These are claimed to produce larger air-
included droplets that shatter on impact. 

The amount of air found in the drops 
depends on the liquid properties such as 
the addition of surfactants and oils. Other 
considerations include the high operat-
ing pressures (3.5–8 bar), the potential 
evaporation rate of the air-included drops 
and the many factors that can effect the 
behaviour of droplet on impact such as 

TwinJets
Whilst this nozzle has been available for 
many years, its use has been limited to 
mainly horticultural crops and some in-
secticide applications in cotton. 

However its use in traditional broada-
cre cropping has become increasingly pop-
ular, for both herbicide and fungicide ap-
plications. The TwinJet is a unique nozzle 
in that it splits the total flow into two equal 
flat fans. For example a TJ60–11003VS is a 
TwinJet with two 110015VS (Visiflo stain-
less) flat fans spraying at 30° off vertical 
(i.e. 60° in total). They are available in 
65°, 80° and 110° tapered flat fan angles 
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for broadcast/overlap applications, and 
in 40° and 80° for Evenspray or banding 
applications. 

The trend lately has seen an increase 
in most spray rates, especially for post 
emergent contact herbicides, and fungi-
cides used in Pulse crops. Typical rates are 
70–100 L ha-1, but good coverage is essen-
tial, and good coverage usually requires 
small droplets. 

From an agronomic point of view, 
TwinJets can apply these high application 
rates, but with small drops. As well, small 
drops combined with a 30° forward and 
backward trajectory enable excellent cov-
erage and canopy penetration.

Many growers are finding the TwinJet 
also enables higher ground speed. For 
example the highest speed possible to ap-
ply 50 L ha-1 with an 015 nozzle is around 
16 km h-1 (4 bar). A TwinJet 03, producing 
the same droplet size as the 015, is able to 
spray this same rate at twice the speed. 

Of course, the same effect can be 
achieved running two sets of nozzles 
simultaneously (in this example, two 
XR110015s), however there are typically 
engineering, as well as cost considerations 
that make this a less attractive alternative 
to TwinJets.

Finally, dual booms allow some flex-
ibility of nozzle choice, for example by fit-
ting one line with drift reduction nozzles 
(coarse), and the other with say lower-ca-
pacity standard nozzles (fine). The coarse 
line can be selected when spraying close 
to susceptible crops, the fine line when 
safe to do so.

Twin fluid nozzles 
These combine air and liquid inside the 
nozzle to atomize the liquid using an 
onboard compressor to provide high vol-
umes of air at low pressures. The droplet 
size can be changed regardless of liquid 
flow rate. In use, this means any appli-
cation rate can be applied with a range 
of droplet sizes (from fine to coarse) to 
suit the conditions. These systems are 
considerably more expensive and can use 
electronic controllers to control air and 
liquid pressures and allow the operator to 
‘dial-up’ a droplet size. Examples of these 
include the TeeJet AirJet and Cleanacres 
AirTec. 

of up to 90% in herbicide have been re-
ported, but there are some cost, reliability 
and speed limitation concerns. Several 
systems have been developed including 
the WeedSeeker from N-Tech (Patchen) in 
the US and locally, the 
Spraycam system de-
veloped by Rees Tech-
nology in Toowoomba, 
Queensland.

Shielded sprayers
Although still not widespread, the use 
of traditional row-cropping shielded 
sprayers in broadacre grain production is 
gaining momentum. The use of accurate 
auto-steer technology and/or controlled 
traffic farming has enabled the precise 
placement of crop protection products 
with minimal risk of crop damage.

The following advantages of shielded 
sprayers have been identified by GRDC:
• Shifts in the weed spectrum means that 

new problem weeds are developing 
that cannot be controlled by registered 
post-emergent herbicides. Using a 
shielded sprayer increases the options 
of available herbicides.

• Due to the familiarity, wide weed 
spectrum and low cost of glyphosate, 
in-crop application is now desirable.

• In-crop pre-emergent herbicides are 
sometimes applied in bands and the 
inter-row weeds cultivated. However, 
in dry seasons the ability to spray inter-
row and conserve moisture is desirable.

• Disease management of soil-borne 
pathogens is another consideration 
for certain situations. For example, the 
movement of Fusarium spp. through 
soil disturbance is being managed in 
some cotton paddocks by spraying 
rather then cultivating. Hygiene con-
siderations for ground-engaging tools 
are critical to prevent possible transfer 
to other paddocks or farms.

The timing of weed control in overly wet 
conditions sometimes means that the first 
machine that can get on the paddock is the 
sprayer, not the cultivator.

Pulsed nozzles
These use standard or traditional nozzles 
attached to a solenoid. The solenoid pulses 
the nozzle liquid flow rapidly between 10-
20Hz. The flow rate controlled by its duty 
cycle, not liquid pressure, so there is no 
change in droplet size. 

A dedicated controller allows the op-
erator to change duty cycle/liquid output 
on the go, irrespective of pressure/ground 
speed (claimed to allow 8:1 turndown). It 
has been commercialized in the USA by 
Capstan Inc (Syncro) and also licensed to 
CNH (AIMS Command). 

Twin lines/dual booms
As the name suggests, dual booms have 
two separate spray lines. First developed 
in Western Australia in the mid-1980s, 
the concept is gaining strong support 
throughout Australia.

A spray controller is programmed 
to turn the second line on (and off) at a 
predetermined pressure or speed. A bit 
like ‘changing gears’, the system allows 
significantly wider speed ranges without 
the need to spray at higher pressures. 

They also enable higher volumes to be 
applied without resorting to larger capac-
ity nozzles (same as TwinJets). 

Weed detection sprayers
These sprayers are based on a system 
whereby each nozzle has it’s own sen-
sor that detects weeds. Any weed large 
enough activates a solenoid valve that 
allows liquid flow to the nozzle. Savings 

Injection systems
Direct injection systems use an extremely 
accurately metered pump to inject precise 
volumes of neat chemical into a conven-
tional sprayer plumbing system. 
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Direct injection sprayers have the fol-
lowing advantages:
• No large tank to rinse out and decon-

taminate (significantly reduced rin-
seate disposal), and no mixed product 
left over at the end of the job eliminates 
storage problems.

• Faster changeover to different chemi-
cals for the next job saves time and 
money.

• Operator can change rates or turn on/
off individual chemicals on the go.

• Systems are available that can control 
up to six chemicals plus the carrier 
(water).

• Chemicals are properly mixed and 
distributed minimizing chemical an-
tagonism and ensuring performance of 
spray adjuvants is maximized.

• Reduced operator exposure to chemi-
cal concentrates - less chance of an ac-
cident or spill.

• Unused chemical is in its original form 
and can be returned to storage for later 
use.

• Allow GPS/GIS ready (map driven) 
variable rate application for site spe-
cific targeting of particular herbicide/
weed combinations.

Conclusion
As the requirements for safe, effective 
and responsible pesticide use change, so 
to does the spray application technology. 
However, the future will likely see further 
refinement of existing systems rather than 
a dramatic widespread adoption of a to-
tally new technology. 

Further reading
Anon. (2002). Spray drift management: 

principles, strategies and supporting 
information. Primary Industries Stand-
ing Committee, PISC (SCARM) report 
82.

Anon. (2003). TeeJet agricultural spray 
products catalog 48M.

Hewitt, A.J. and Valcore, D.L. (1998). The 
measurement, prediction and clas-
sification of agricultural sprays. Paper 
No. 981003, ASAE meeting, July 13016, 
Orlando FL.

Matthews, G.A. (1992). Pesticide applica-
tion Methods 2nd edition. (Longman 
Scientific and Technical).

Abstract
The volume of spray droplets that drift 
is dictated by droplet size and as well as 
the physical characteristics of the spray 
fluid, boom stability and meteorological 
conditions when spraying. Published 
data shows that extended range flat-
fans generate a more drift prone spectra 
than either pre-orifice flat fans or turbo 
TeeJets, while air induction nozzles and 
twin fluid nozzles are able to generate 
even less drift. Non-ionic wetters gener-
ally increase the volume of drift prone 
droplets, whereas mineral and vegetable 
oils as well as lecithin based adjuvants 
typically have the opposite effect. Field 
and laboratory drift studies generally 
confirm the trends shown by droplet size 
measurements. 

Keywords: droplet size measurement, 
droplet drift, hydraulic and twin fluid 
nozzles, wetters, adjuvants.

Introduction
The legislation controlling the use of 
agrochemicals in Victoria [Agricultural and 
Veterinary Chemicals (Control of Use) Act 
1992] changed the basis for prosecution 
from strict in the previous Act of 1966 to 
absolute liability in the current 1992 Act. 
The intent of the 1992 Act to change its 
basis from strict to absolute liability has 
been challenged [ref. Judgement by War-
ren, J. Wilson vs. Gahan 1999 VSC 72] 
with the outcome supporting absolute 
liability as the intent. Thus while the 
1966 Act ‘permitted only the individual 
to pursue civil remedies the current Act 
created a summary offence’ [Ref. VSC 
72,1999], the 1992 Act ‘stipulates that a 
person must not carry out an activity that 
is otherwise lawful where that activity “in-
juriously affects” plants or animals.’ [Ref. 
VSC 72,1999]. Further the same Judgement 
goes on to say that the 1992 Act ‘does not 
provide a defence of honest and reason-
able belief or mistake’ and ‘to penalize 
damage arising from spraying even where 
it was accidental or no more than careless’. 
Thus the user has to assume total respon-
sibility for drift when spraying and this is 
reflected in a statement used in support of 
the Judgement: ‘there must be something 
he can do, directly or indirectly, by su-
pervision or inspection, by improvement 
in his business methods or by exhorting 
those whom he may be expected to influ-
ence or control, which will promote the  

observance of the regulations [Lim Chin 
Aik vs. R (1963) AC160,174 per Lord 
Evershed]’. The Judgement on the 1992 
Act was based on the presumption that 
it aimed to reflect identified community 
concerns e.g. ‘overwhelming purpose of 
the Act is to protect human health and 
the environment’ and ‘concerned with a 
subject matter that is a grave social evil’. It 
can be concluded that the intention of the 
1992 Act is to reflect community wishes, 
thus to have spraying carried with un-
detectable off-target effects. This is a 
difficult situation for a user unless large 
areas adjacent to monitored situations are 
either unsprayed or extra coarse sprays 
that may lessen efficacy are used. Drift of 
an active pesticide can occur through its 
off-target loss as a vapour and or droplets. 
As product selection determines whether 
there will be a significant loss as vapour 
this form of drift will not be considered. 
The volume of droplets generated that 
are liable to drift is mostly influenced by 
the interaction of the nozzle selected, its 
operating parameters and formulants in 
the spray. Droplet drift can be estimated 
from knowledge of the droplet size range 
generated as well as the effect of the for-
mulants on the physical characteristics of 
the spray (Hermansky and Krause 1995). 
To ensure repeatability droplet drift is 
best assessed in a wind tunnel though it 
can also be measured in the field (Miller 
1992 and 1993). However because wind 
tunnel facilities are expensive to operate 
and maintain there are only a limited 
number available. Further comparative 
drift assessments in the field require 
complex data measurements and even 
then the results are often confusing due 
to unexpected meteorological changes or 
due to unpredictable boom movement. 
Attempts at modelling droplet movement 
from field sprayers have been made by 
Zhu, Reichard, Fox, Brazee and Ozkan 
(1994) who predicted droplet movement 
for distances up to 200 m. They included 
variations in droplet size from 10 to 1000 
µm, wind velocity from 0.5 to 10 m sec-1, 
initial droplet velocity from 0 to 50 m sec-1, 
release height from 250 to 400 mm, tem-
perature from 10 to 30°C, 20% turbulence 
intensity and relative humidity between 
10 and 100%. Using this model they pre-
dicted that drift would increase virtually 
linearly with increasing wind and also 

Interaction of nozzles with spray fluids on droplet 
drift

J.H. Combellack, Spray Smart Enterprises, 7 Michelle Drive, Maiden Gully, 
Victoria 3551, Australia. 


