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Maybank, J., Shewchuk, S.R. and Wallace, K. The use of shielded
nozzles to reduce off-target herbicide spray drift. Can. Agric. Eng.
32:235-231. A series of ten field trials was carried out to determine if

shielding the individual nozzles along a pesticide spray boom might
reduce off-target droplet drift. Trials with and without shields were
carried out using 110° flat-fan nozzles (four trials) and 80° nozzles (six
trials). Ground samplers were placed along the swath and immediately
downwind of it to measure swath and off-swath deposits, respectively.
Aspirated air samplers were positioned 5 m from the downwind swath
edge at four heights up to 2 m to measure the initial airborne droplet
drift. Meteorological conditions, especially the wind regime, were
monitored during each trial. The results indicate that in the windspeed
range of 15 to 30 km/h the shields effectively reduced off-target drift
from 8002 nozzles by a factor of about two. This appeared to be the
case for 11002 nozzles as well, but due to its coarser droplet spectrum,
the 80° type would be the better for drift reduction even without the
shields. Swath deposit uniformity was good for both nozzles and was
unaffected by the addition of the nozzle shields.

INTRODUCTION

In applying herbicides by groundrig sprayers to farm fields a
small fraction of the spray droplets fails to deposit out in the
swath and may be carried downwind to off-target areas. There
they present a potential hazard, and may produce damage to
shelterbelts, gardens and susceptible crops. As might be ex
pected, the drift material tends to be composed of the
smaller-sized spray droplets, with the total fraction so affected
increasing with decreasing droplet sizes and with increasing
windspeeds (Bouse et al. 1976). Two possible ways of reduc
ing off-swath drift are therefore clearly indicated: (i) restrict
spray operations to periods of light winds only, and (ii) en
deavour to use a coarser spray.

The former is commonly recommended and for most oper
ations is obviously appropriate, especially with crop
diversification becoming more widespread. However, the need
to cover the large field areas typical of Western Canadian
farms within a relatively short and frequently windy time
period during the growing season may make such a limit too
restrictive.

Sprays consisting of larger droplets may be produced
through increasing the volume application rate, i.e., by using
larger orifice nozzles, or by reducing the hydraulic pressure in
the boom (Combellack and Matthews 1981). The main disad
vantage of the former approach is the reduction it entails in the
area covered per sprayer tank fill, thereby increasing the total
time requirement for the operation as well as adding to any
water haulage difficulties. There is also some indication that
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certain herbicides may be less effective in the more dilute
solutions (Kirkland 1988). On the other hand, reducing the
hydraulic pressure to reduce the drift-prone droplet fraction
often results in a worsening of the deposit pattern within the
target field (Maybank 1987).

A third way to decrease off-target droplet drift is to shield
the spray from the ambient wind (Ford 1984). Thus, small
droplets might be emitted at the nozzle but they would be
protected from drift-producing air motion throughout all or
part of their downward trajectory towards ground. One such
system incorporates the addition, onto a standard boom
sprayer, of elliptical cone shields mounted about each nozzle
to reduce ambient wind effects on the smaller droplets emerg
ing from it (see Fig. 1). The WINDCONE™ is comprised of
a cylindrical neck which melds into an elliptical shaped cone
sector geometrically similar to the nozzle spray pattern. If such
shields were successful in decreasing off-target drift, not only
would the damage hazard to nearby foliage be reduced at any
given windspeed, but it should be possible for a farmer to
extend his sprayable hours to windier conditions before such
hazards become unacceptable.

It was the purpose of the work described here to determine,
over a range of windspeeds, if such shields did indeed reduce
off-target drift during spraying and if so, by how much. A
further requirement was to ascertain whether the deposit pat
tern within the swath was in any way detrimentally affected by
the use of such cone shields.

EXPERIMENTAL PROCEDURE

Field Trial Layout

The sampler layout, basically similar to that described in May-
bank et al. (1978) is shown in Fig. 2, and provided for
appropriate comparison with earlier work on other groundrig
sprayers. The fieldsite consisted of short cropped stubble as
groundcover. The samplers, described in Grover et al. (1978),
were designed to provide measurement of the following three
spray mass components:

(i) For deposit density within the sprayed swath, ds, a set
of 24 petri dishes of 14 cm diameter mounted on ply
wood boards was positioned as a grid along the 150 x 8 m
swath,

(ii) For off-swath deposit density, dg, 12 similarly-mounted
petri dishes were placed along three lines at downwind
distances of 1,2,5 and 10 m from the swath edge,

(iii) For initial drift density, da, as a function of height, 28
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Fig. 1. A typical groundrig sprayer with the cone nozzle shields in place.

• Petri dish, swath - 24 total

¥ Petri dish, off-swath -12 total

X Airsampler pole, samplers at 1/2,1,1 1/2,2m ht - 28 total
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Fig. 2. Field trial layout showing sampler placement.

small air samplers, aspirated at roughly 10 L/min, were
mounted at heights of 0.5, 1.0, 1.5 and 2.0 m on seven sam
pling poles along a line 5 m beyond the downwindedge of the
swath.

In addition to the above samples, it was desirable to obtain
some indication of the droplet size in the swath deposit.
Water-sensitive paper was mountedon small metalplates, and
six such cards were exposed along the swath for each trial.
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Sprayer and Trial Operation

The trial series was specifically designed to determine how the
deposit pattern and spray drift might be affected by the use of
shields mounted about each nozzle. These were in place about
the nozzles on one half of a standard groundrig sprayer. Each
trial consisted of spraying the test swath with the emission
from one half (shielded) or the other half (unshielded) of the
same basic groundrig system.
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Each section of the spray boom consisted of 15 nozzles,
spaced at 50 cm, and fitted with either 8002 or 11002 flat-fan
nozzles operated at 280 kPa. Under these conditions, each
nozzle was set to emit 0.76 L/min of solution, the entire
emission rate being 11.40 L/min. For the 80° nozzle trials
nozzle height was 38 cm, and they were forward-oriented at
30° to the vertical. For the 110° nozzles the height was 45 cm
with a vertical orientation.

With a tractor speed of 9 km/h, the 150 m swath would be
traversed in approximately 60 sec, the solutioncoveragebeing
11.40 L for the 150 x 8 m2 area, equivalent to 95 L/ha. The
active ingredient was 2,4-Damineat 0.5% V/V,providing for
a total swath coverage of 57 g (i.e., 480 g/ha). This emission
value, Me, based on the manufacturer's pressure/flow rate
values, would vary as the time to spray differed from 60
seconds. To the sprayer solution was added Rhodamine B dye
at a concentration of 0.02% W/V; while the analysis was
fluorometric for this dye, the mass data were converted to
equivalent amounts of 2,4-D.

Prior to commencement of the trials, three swaths were
surveyed and staked out at angles of 120° to each other. On the
day of the trials the swath most nearly perpendicular to the
windwas selected. The samplers were then placed accordingly
and the flow rate for each aspirated sampler directly measured
by rotameter. Background samples were also aspirated for
three minutes prior to each trial to provide blank values for the
fluorometer.

The sprayer was then prepared for operation and the appro
priate solution loaded. The sprayer was driven down the swath
for each trial with either the shielded nozzle fraction of the

boom being operated, or the unshielded nozzle half; in each
case the active half traversed the test swath as staked out, with
the inactive spray boom portion to the upwind side of the
swath. On completion of the spraying for each trial, a small
volume of the solution was extracted from the tank to provide
calibration standards for analysis.

Table I. Summary of trial settings and weather conditions

The sampling period was set for three minutes from the
commencement of spraying, after which the pumps were
turnedoff and the samplerspicked up. Severalpetri dishesand
air samplerscontainingknown amountsof the dyed herbicide
solution were exposed upwind of the swath at the time of the
trials. From these samples, dye decomposition by sunlight
could be measured and the trial samples appropriately correct
ed. This photolysis factor varied between 1.02 and 1.10 for
these trials.

Meteorological observations were taken before and during
each trial and for a short time following completion. Air
temperature, temperature gradient, relative humidity,
windspeed at 0.5,1,2,4 and 10 m, and wind direction were all
recorded. While the mean windspeed at each sampler height
was required to calculate the total drift mass, that at 2 m was
arbitrarily designated the particular wind condition for the
trial; it generally varied from 70 to 80% of the windspeed at 10m
heights, depending on stability conditions at the time.

The trials were carried out in pairs, one with shielded noz
zles and one with unshielded, within a half hour of each other.
Operating and meteorological conditions for the ten trials are
given in Table I. Temperature gradient values were indicative
of moderately unstable air, typical of mid-afternoon, sunny
conditions. The wind direction held within ± 30° of right
angles to the swath orientation in every case. While correc
tions for wind direction variations were not made, the
"over-catch" by an air sampler is proportional to the reciprocal
of the cosine of the angle between the wind direction and the
perpendicular to the swath. It would therefore not exceed 14%
even if the wind direction remained 30° off for the entire

traverse time. Finally, relative humidities were measured at
the time of each trial and varied from 31 to 47%.

Chemical Analysis and Data Reduction

Following completion of the trial, dye extraction from the
samples was accomplished using "fluorometer-grade" etha-

Time to Air Relative Windspeed at

Trail Date Trial Spray Temp. Humidity 2m ht lOmht**

No. d/m/y Time Type (sees) (°C) (%) (km/h) (km/h)

S17-1 15/10/86 1405 11002, S* 61 20 37 22.4 30.0

S17-2 15/10/86 1440 11002, US 60 20 37 19.4 26.5

S17-3 15/10/86 1517 11002, S 60 20 38 17.4 23.0

S17-4 15/10/86 1540 11002, US 60 20 38 16.7 22.5

S19-1 5/10/87 1605 8002, US 62 15 31 16.2 24.0

S19-2 5/10/87 1633 8002, S 62 16 31 19.2 26.0

S19-3 7/10/87 1449 8002, US 61 12 47 25.2 32.5

S19-4 7/10/87 1513 8002, S 61 13 47 27.0 34.0

S19-5 7/10/87 1535 8002, US 61 13 44 28.8 36.0

S19-6 7/10/87 1555 8002, S 62 13 39 27.6 34.5

* S - shielded nozzles; US - unshielded nozzles
** This is theofficial anemometer height for wind, ascommonly reported or forecast in weatherreports. As can be seen it

averages here about1.33x the windspeed at 2m; this relativeconsistencyis indicativeof generally similar
turbulence conditions for each of the ten trials.
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nol, 30 mL for the swath petris and 20 mL for the off-swath
ones and for the air samplers. Samples from the swath were
further diluted by a factor of 20 to 40. The sample solutions
were then fed through the test cell of the automated fluorome-
ter, converted to concentrations by comparison with standard
dilutions made up from the sprayer tank solution used, and
corrected for photolysis and background level. Multiplication
by the solution volume (and dilution factor, where applicable)
and by the 2,4-D/dye ratio produced values of 2,4-D mass per
sample. These ranged from a few hundred micrograms for the
swath petri dishes down to a hundred nanograms or less in the
air samples.

Further data reduction involved the calculation of deposit
and drift densities. For the petri dish samples this required
merely the division of the 2,4-D mass per sample by the dish
area (150 cm ) to yield deposit densities in mg/m for the
swath or off-swath positions. For the former, the average
density, ds, was the arithmetic mean of the 24 dish samples.
The standard deviation, cs expressed as a coefficient of varia
tion (CV= Gs/ds x 700%), indicated the degree of spray swath
non-uniformity for that trial.

The off-swath deposit densities, dg, as found from the
downwind petri dish array, were naturally much smaller than
the swath values, and tended to fall off exponentially with
increasing distance from the swath edge. A mean value was
obtained by finding the arithmetic means ofeach line, and then
averaging thesegeometrically to yielddg. On multiplying this
by the areaof the off-swath strip out to 15 m, a measure of the
initial downwind deposit was found.

Airborne drift amounts were calculated in terms of mg/m2
andrepresented the massof 2,4-D moving downwind through
unit vertical area at rightangles to the wind. The first step in
theprqcess involved thecalculation ofdosage values(Ctinmg
min/m ), found by dividing the 2,4-D mass in each sample by
the sampler flow rate. These dosages werethen multiplied by
the windspeed, in m/min, for the appropriate height to give
drift densities, da, for each sample. By taking the arithmetic
mean of the entire array of seven samplesat each of the four
heights, a single average drift value, da in mg/m2, was ob
tained. In common with previous draft trials there was
considerable variation from pole to pole along the sampling
line; the coefficient of variation of the seven one metre high
samples, for instance, ranged between 32 and 58%.

The total initial airbornedrift may be found from this aver
age by multiplying it by the drift cloud dimensions at right
angles to the wind. This presentsno problemin the horizontal,
for at5 m downwind of theswath, thedimension ispractically
the same as the spray emission distance, viz 150 m. Where the
cloud is not bracketed in the vertical, some uncertainty is
introduced. However, for most groundrig devices, it hasbeen
found thatthedensity at the2 m heightis considerably reduced
from thatat lower levels, at leastalongthe initial5 m drift line,
sorelatively littleerror is introduced by truncating thecloudat
3 m, thus using as its area a value of 450 m2. In any case,
provided the wind profileand temperature gradient for differ
ent trials are essentially similar, as they were here, such
truncation of the vertical dimension would result in roughly
equivalent underestimations of drift, and hence would not
invalidate comparisons.

The two deposit masses, Ms for the swath and Mg for the
off-swath component plus the drift mass Ma may be addedto
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give total recovery, R, normally expressed as a percentage of
the emitted amount, Me. The drift fraction, D, can be expressed
either as D = Ma/(MS + Mg + Ma) x 100% or as D = MaIMe x
100% if the emitted amount has been monitored or is reliably
determinable from the sprayer operation. The latter was used
in these trials.

Selected portions of the water-sensitive cards were scanned
via a Quantimet image analyzer (Model 970), and a size distri
bution of the spots within the scanned area was obtained. With
a known ratio of droplet-to-spot diameter, this permits the
number of droplets in various size ranges to be determined
quickly and to be plotted as a cumulative percentage curve.
More usefully, the spray solution volume that is present in
droplets of different sizes can be calculated and plotted as
well. This latter provides for a printout of the volume median
diameter (VMD) for the spray droplet deposit as sampled by
that card. The VMD is the droplet diameter that divides the
sprayed solution into two equal volumes: 50% of this volume
is present in droplets smaller than the VMD, and 50% in larger
droplets. The larger the VMD, the coarser was the spray emit
ted by that particular nozzle and pressure combination.

RESULTS AND DISCUSSION

Deposit Patterns

The first three columns of Table II identify trial operating
conditions, including the amount of 2,4-D emitted per trial,
Me, as calculated from the nozzle emission rate, tank mix and
time to spray. The next three columns give the swath deposit
characteristics.

Deposit densities ranged rather narrowly from 41.8 to 49.6
mg/m . Apart from the one trial(S19-2) with a partial mechan
ical failure, the variation along the swath, as given by the CV
values, is similarly low and fairly consistent, with the differ
ence between the four averagesnot being significant. The total
swath deposit represented >80% of the emitted massin every
case.

As in the previous investigations the immediate off-swath
deposit has been measured tocomplete thespray accountancy
determination, as well as to provide a check on the swath
boundary location and sprayer alignment with it. The amounts
found are small and in anycase do notrepresent an off-target
hazard as, apart from the most downwind swath in a field
operation, this material would remain in the target field. Fur
thermore, between75 and 95% of the off-target deposit mass
in the 12 dish array was found in those dishes at the 1 and 2 m
positions with a singledish occasionally accounting for most
of the total. Off-target deposit amounts decreased exponen
tiallyata fairly rapidrate, averaging 153jiig/dish at 1m forthe
10trials, 5.6ng/dishat2 m, 2.2|ig/dish at5 m and0.84 jug/dish
at 10 m.

Nor do these deposits show much consistency with
windspeed. This is primarily because of the contribution from
the most upwind sampling line which is only 1 m from the
nominal swath edge. Any minor deviation of the sprayer to
wards these three sample dishes would result in considerable
excess deposit, thereby influencing significantly the totalmass
calculation, regardless of windspeed.

Off-Swath Airborne Drift

Average drift densities, as measured along the 5 m downwind
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Table II: Summary of deposit and drift data for the trials

#12 3 4 5 6 7 8 9 10 11

Amount Mean Swath Volume**

Windspeed 2,4-D Deposit Coeff. Swath Off-Swath Drift Median

at 2 m ht Sprayed Density ofVar. Deposit Deposit Mass Recovery Drift Diameter

Trial U2 me dg± a8 CV Ms Mg Ma R D VMD

No. (km/h) (g) (mg/m2) <%> (g) (g) (g) (%) (%mc) urn

(a) Shielded 11002 nozzle trials:

S17-3 17.4 57.0 48.5 ±6.8 14.0 58.2 1.2 0.91 106 1.6 260

S17-1 22.4 58.0 47.0 ±12.6 27.5 56.4 0.3 0.84 99 1.4 280

Averages 47.8 20.8 102 270

(b) Unshielded 11002 nozzle trials:

S17-4 16.7 57.0 46.2 ±7.9 17.0 55.4 1.5 2.73 104 4.8 270

S17-2 19.4 57.0 43.4 ±9.1 20.9 52.1 0.6 2.01 96 3.5 280

Averages 44.8 19.0 100 275

(c) Shielded 8002 nozzle trials:

S19-2 19.2 59.0 44.1 ± 15.0 (34.1)* 52.9 0.1 0.36 90 0.6 590

S19-4 27.0 58.0 49.6 ±11.2 22.7 59.5 0.8 0.58 106 1.0 540

S19-6 27.6 58.0 46.2 ±8.2 17.6 55.4 1.2 0.62 99 1.1 490

Averages 46.6 20.2 98 540

(d) Unshielded 8002 nozzle trials:

S19-1 16.2 59.0 41.8 ±8.7 20.8 50.2 0.1 0.70 86 1.2 560

S19-3 25.2 58.0 46.2 ±10.2 22.1 55.4 0.3 0.91 98 1.6 450

S19-5 28.8 60.0 49.0 ±7.4 15.0 58.8 0.9 1.23 102 2.0 440

Averages 45.7 19.3 95 480

* A nozzle break andresulting pressure fluctuation part way down the spray swath produced an erraticpattern in this trial,
so that this value has been omitted from the average.

The manufacturers suggestedVolume Median Diameter for the nozzles at the conditions of these trials is 260 Jim for
the 11002 nozzle and 380 urn for the 8002 nozzle.
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line, ranged from 0.8 to 6 mg/m . The total drift masses these
represent are given in column eight of Table II. In the next
column are the herbicide recoveries expressed as a percentage
of emitted amounts. With only a couple of exceptions these lie
within a few percent of 100, indicating generally a total ac
countancy for the trial. Then the drift masses have been
expressed as percent of emitted herbicide in column ten to
facilitate inter-comparison between trials.

It is apparent that off-swath drift from the trials involving
the cone shields is considerably less than that from the un
shielded nozzle trials. To clearly identify the magnitude of
these reductions, the amount drifting has been plotted against
windspeed in Fig. 3. Because the series with the 11002 nozzles
consisted of only two trials of each type at relatively similar
windspeeds, regression lines were not attempted; only the
average for each pair of trials has been plotted. Usable regres
sion lines could be drawn for the 8002 nozzle series and these

are shown in Fig. 3, together with previously obtained data
from 30 trials of the 8002 nozzle (Maybank et al. 1978).
Regression line constants and correlation coefficients are
given in Table III, together with drift values from these lines
for windspeeds of 15 and 30 km/h.

As seen in Fig. 3, drift reduction may be presented as a

Figure 3. Comparison of initial off-target drift for shielded
and unshielded nozzles as a function of

windspeed.
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Table III. Summary of regression line calculations for drift vs windspeed

Slope Intercept Correlation Calculated Drift at

a b Coefficient 15 km/h 30 km/h

Unshielded %(km/h)"1 % % %

8002 nozzles 0.060 40.20 0.97 1.1 2.0

Shielded

8002 nozzles 0.056 -0.48 0.99 0.4 1.2

Previous

data 0.069 +0.14 0.96 1.2 2.2

* Maybank, Yoshida and Grover (1978)

difference between two linear regression lines, at least over
this limited windspeed range; accordingly the reduction is
relatively greater at lower speeds than it is at higher ones. This
figure, and Table III, show that a drift reduction by a factor of
roughly two to three, over the 2 m height windspeed range of
15 to 30 km/h, may be attributed to the use of the cone shields.
Furthermore, drift amounts from the trials with unshielded
8002 nozzles were reasonably commensurate with previous
data (Maybank et al. 1978). Finally, it would appear that at
winds of around 18 to 20 km/h the shields reduced the drift
when using 11002 nozzles from 4.2 to 1.5%,againa reduction
by a similar factor. The drift variation indicated in Table II for
each pair of trials with this nozzle is within the range of
experimental error.

Droplet Size Distribution

Despite the reduction in off-target droplet drift effected by the
cone shields on the 110° type nozzles, a substantially greater
initial drift does occur from them than from the 80° type,
whethercone shieldsareused ornot. After a qualitative exam
ination of Fig. 4, it is apparent that use of the 11002 nozzle
resultsin a smaller-sizeddroplet spraythan thatobtained from
the 8002nozzle. This feature wasconfirmedby theQuantimet
analysis and the resultant VMD for each trial is given in the
last column of Table II.

In Fig. 5 the composite droplet size dataareplotted for the
two types of nozzles. A Quantimet970 Imageanalysis system
was used for this analysis. Roundness factors were set and
large conglomerate imageswereappropriately assessed by the
machine. In general, analysisof heavy deposit was frequently
impossible; sections of the cards could be found however
where the spots were relatively sparsebut still representedthe
full range of sizes. Not only is the VMD much smaller for the
110°nozzle, but more importantly, the volume of spraysolu
tion emitted as droplets smallerthan 100Jim is 2%, compared
with only 0.4% from the 80° nozzle. These arethe dropletsizes
commonly considered "drift prone." The increased drift ob
served for the trials when the sprayer was fitted with 11002
nozzles, with and without the cone shields, compared with
those involving the 8002 nozzles, can be attributed to the
greater spray volume emitted by the former as small, drift-
prone droplets.
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1 cm

Fig. 4. Typical deposit patterns for the two types of
nozzles, (a) 11002 nozzle; (b) 8002 nozzle.

CONCLUSIONS

Individual nozzle shields on a groundrig sprayer appearcapa
ble of reducing off-target droplet drift by a factor varying
between 1.7 and 3.0 over a 2 m height windspeed range of 15
to 30 km/h; this range corresponds to 20 to 40 km/h as given
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Fig. 5. Cumulative size distribution for the droplet deposits produced from the two types of nozzle.

in public weather reports for winds as measured at 10 m above
the ground. Expressed differently, it should be possible to
spray, when using such shields, in forecast or reported winds
of 40 km/h with the off-target droplet drift being no more than
it would be without shield use at 10 m height winds of about
20 km/h. While such reductions apply whether 80° or 110°
flat-fan nozzles are used on the sprayer, the former is inher
ently a better nozzle type from the viewpoint of drift control.

With either nozzle a satisfactorily uniform droplet deposit
was obtained along the test swath. There was no evidence that
the use of the shields altered the swath deposit uniformity.
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