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Abstract

Pesticides used in agricultural systems must be applied in economically viable and
environmentally sensitive ways, and this often requires expensive field trials on spray
deposition and retention by plant foliage. Computational models to describe whether a spray
droplet sticks (adheres), bounces or shatters on impact, and if any rebounding parent or
shatter daughter droplets are recaptured, would provide an estimate of spray retention and
thereby act as a useful guide prior to any field trials.

Parameter-driven interactive software has been implemented to enable the end-user to study
and visualise droplet interception and impaction on a single, horizontal leaf. Living
chenopodium, wheat and cotton leaves have been scanned to capture the surface topography
and realistic virtual leaf surface models have been generated. Individual leaf models have
then been subjected to virtual spray droplets and predictions made of droplet interception
with the virtual plant leaf. Thereafter, the impaction behaviour of the droplets and the
subsequent behaviour of any daughter droplets, up until re-capture, are simulated to give the
predicted total spray retention by the leaf. A series of critical thresholds for the stick, bounce,
and shatter elements in the impaction process have been developed for different combinations
of formulation, droplet size and velocity, and leaf surface characteristics to provide this
output.

The results show that droplet properties, spray formulations and leaf surface characteristics
all influence the predicted amount of spray retained on a horizontal leaf surface. Overall the
predicted spray retention increases as formulation surface tension, static contact angle,
droplet size and velocity decreases. Predicted retention on cotton is much higher than on
chenopodium. The average predicted retention on a single horizontal leaf across all droplet
size, velocity and formulations scenarios tested, is 18, 30 and 85% for chenopodium, wheat
and cotton, respectively.

Keywords
Agrichemical spray, mathematical model, pesticide application, spray retention, droplet
impaction, leaf surface model



1 Introduction

The challenges facing agrichemical users have increased in complexity over recent years. On
the one hand, consumers require the highest quality of produce, while on the other, regulators
insist on safety (to the consumer from residues) and risk reduction (to the operator,
environment or ecosystem) (Zabkiewicz, 2007). The requirement to reduce detrimental
ecological effects and retain or improve both biological efficacy and the economic viability
of the grower can only be met by optimising spray efficacy through smarter and more cost
effective spray formulation and application. These factors must be considered together as
they are linked inextricably (Zabkiewicz, 2007) if optimal canopy penetration and coverage is
the objective.

Many spray programmes currently employed in the agricultural industry appear to provide
lesser control of pests than might be expected from laboratory trials, which can be attributed
to inadequate canopy penetration and foliar coverage. Spray adjuvants and the correct choice
and use of spray application equipment are powerful tools to maximise pesticide efficacy,
reduce detrimental environmental effects and improve the economic viability of the grower.

Expensive field measurements of specific crop/environment combinations are currently
required to determine optimal adjuvant formulations and spray application technology. The
use of mathematical and computational models to help predict such behaviours could provide
a more cost effective alternative, provided they can reliably predict total plant retention,
within-canopy distribution, leaf coverage or spray solution run-off.

Previous studies have resulted in empirical models for initial adhesion (Forster et al., 2005)
and spray retention (Forster et al., 2006; Pathan et al., 2009) by individual plants. These
models utilise parameters that describe solution properties, spray droplet physical properties
and leaf surface characteristics. Further progress has been made on various elements of the
spray retention process. However, there is a need for a coherent overarching simulation
package that is based on process-driven principles instead of empirical chemical-crop
environment specific scenarios.

Models for spray deposition from aerial application do exist (Teske et al., 2002), however the
focus has been on spray drift, not retention. Models of spray deposition through the plant
canopy (Dorr et al., 2008), or impaction onto the plant (Bergeron et al., 1999) also exist.
However, these models make the simplifying assumption that if a plant intercepts a droplet, it
is always retained. Process-driven models for retention, taking into account droplet bounce
and shatter, have recently been implemented within AGDISP (Schou et al., 2012). The focus
of the current paper is on further developing process-driven models for droplet interactions
with the plant, at or after interception. The innovation of the system presented here is that
virtual leaf surface models have been developed and then subjected to virtual spray droplets,
with predictions made of droplet interception and retention by the plant leaves. The model
inputs include formulation, droplet and plant parameters, so the model will be able to help
pick the best formulation and droplet size spectrum to be used for a given plant/crop. These
inputs will need to be modified by intelligent operational choices to avoid excessive spray
drift while maximising retention in reality.

The construction of a virtual surface with which the droplets may interact is, in itself, a
challenging problem. In order to capture a large, accurate data set the technology of scanners
and their operation requires a significant amount of experience. Work reported by Loch



(2004), investigated the use of piecewise cubic elements to interpolate a point cloud by a
surface with a continuous gradient. In that work the use of a hand held scanner was
addressed and an initial investigation of pathways of surface droplets under gravity was
made. A theoretical analysis of the interpolation technique was made by Turner et al. (2010)
and Ogielat et al. (2011) investigated two techniques for derivative estimation. In this paper
a quasi one dimensional model of the movement of a droplet, incorporating gravity and some
surface effects was presented. Experiments with were made by putting water droplets onto a
leaf and recording their paths. In Kempthorne et al. (2012) and Kempthorne et al. (2013)
least squares approximation of point clouds by linear combinations of smooth splines was
investigated. These were the surface fitting techniques used in the current work for which
efficient numerical linear algebra algorithms have been constructed.

This paper reports on the development of process-based models for adhesion and retention,
using a simplifying assumption of horizontal surfaces and droplets impacting perpendicular
to the surface. The model is then tested for three different formulations on three plant leaf
examples with differing surface shapes and impaction characteristics.

2 Model Description
2.1 Overview

Mathematical models of droplet impaction processes at multiple scales are being developed
and integrated to help quantify, optimise and predict the complexities of agrichemical spray
retention by plants. Parameter-driven interactive software has been implemented to enable
the end-user to study and visualise a variety of practical agrichemical scenarios. Actual plant
leaves have been scanned to capture the surface topography and a realistic virtual leaf surface
model generated as an integral component of a structural model of an entire virtual plant.
Virtual spray droplets are then applied to the leaf model and predictions made of droplet
interception and retention by the plant leaf.

2.2 Leaf surface models to provide virtual reproductions of leaf topography

A leaf surface representation was generated to act as the target for the droplet interception
and impaction models. To generate these surface representations a large number of three-
dimensional data points were captured from an actual leaf surface. Cotton and chenopodium
leaves were scanned using an Artec S™™, by Artec Group (www.artec3d.com), which is a 3D
white light scanner. This scanning process produced a cloud of data points, which was then
used as an input for a surface fitting algorithm (Kempthorne et al., 2013; Ogqielat et al., 2011).
This technique provides the ability to control the coarseness of the underlying mesh, with
coarser meshes providing shorter simulation times for the spray droplet trajectory model. The
surface is constructed using D2?-splines (Arcange et al., 2004), which minimises a
combination of the squared residuals between the fitted surface and the collected data and the
curvature of the surface.

This process is displayed for a chenopodium leaf in Figure 1. A photograph of the scanned
leaf is shown in Figure 1(a). The point cloud of the scanned leaf contained 105,846 data
points and is shown in Figure 1(b). This dataset was then used to generate a mesh of 6,921
points and 13,226 triangles, displayed in Figure 1(c). The resultant surface is shown in Figure
1(d), where the photograph in Figure 1(a) has been texture mapped onto the surface. The



surface can be presented in a format suitable for use with the spray droplet trajectory model
described in the following section.

2.3 Modelling spray droplet trajectories and interception by leaves on virtual plants

L-studio, a Windows-based software environment for creating simulation models of plants
(Prusinkiewicz, 2004; Prusinkiewicz et al., 2007), was used in this study. The leaf surfaces
from section 2.2.1 were imported into the ‘cpfg’ (plant and fractal generator with continuous
parameters) component of L-studio using the Tsurface specification (Mech, 2005). L-system
based models of the whole plants can be extended to incorporate the detailed leaf surface
models and the spray interception model. A particle trajectory model that uses a combined
ballistic and random walk approach, as described by Dorr et al. (2008), was used to model the
movement of spray droplets through the air. It calculates the trajectory of the droplets from
release to final impact and determines if they impact on any leaf; if so, their incidence angle
and velocity is determined at impaction. Any droplets that are released through shatter or
bounce are tracked until all droplets are accounted for, including those lost to the ground or
that drift away from the sprayed area. A complementary output is the distribution of spray
throughout the canopy. The single plant outputs can be also amalgamated into a multi-plant
(same or different species) model to simulate spray retention by entire crops or crop/weed
populations.

2.4 Spray droplet impaction models to calculate adhesion, bounce or shatter behaviour

When a droplet impacts on a leaf surface, there are three possible outcomes, namely
adhesion, bounce or shatter. The model by Mao et al. (1997) is used to describe the droplet’s
interaction with the leaf surface, leading to either adhesion or bounce. Their model considers
only a horizontal surface (Sikalo et al., 2005) and does not apply if the droplet shatters on
impact. Modelling of the shatter process is at a less advanced stage than spread and bounce
(Mercer et al., 2007; Mundo et al., 1995; Mundo et al., 1997; Yoon and DesJardin, 2006;
Yoon et al., 2006). Key physical parameters included in these models are the properties of the
formulation (dynamic viscosity, surface tension and density) and droplet physical properties
(diameter and downward velocity).

2.4.1 Modelling droplet bounce

Droplet spread and rebound is typically modelled by balancing changes in the kinetic and
surface energy of a droplet once it has impacted a substrate. Attané et al. (2007) presented a
one-dimensional energy balance model describing the spreading and recoiling motions of a
droplet impacting a horizontal surface, which was then extended by Mercer at al. (2010) to
produce a predictor for bounce. This model, however, requires the solution of a second order
nonlinear ordinary differential equation for each droplet impaction which can become time
consuming. An alternative model, by Mao et al. (1997), was instead favoured for its use of
purely algebraic equations as well as its better agreement with (unpublished) experimental
data.

By comparing energy states of the droplet at key stages of the impact process, the energy
balance model presented by Mao et al. (1997) predicts the maximum spread diameter of the
droplet after impact, and its tendency to bounce after subsequent recoil. The model enforces
conservation of volume throughout the impaction process and assumes that the droplet shape
at maximum spread can be approximated by a thin cylindrical disk.



Maximum spread diameter, d,,, is predicted by equating the system energy before impaction
(consisting of surface and kinetic energy) to that at the moment of maximum spread
(consisting of surface energy and accounting for kinetic energy lost due to viscous dissipation
in the spreading process). To calculate d,,,, the cubic equation
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from equation (17) of Mao et al. (1997) must be solved. This equation incorporates the
system parameters through the Weber number We = pV2D /o, the Reynolds number
Re = pVD/u, and the equilibrium (static) contact angle 8,. Note that V and D are the impact
velocity and initial diameter of the droplet respectively, p is the fluid density, o is the surface
tension at the fluid-air interface, and u is the fluid viscosity. The above cubic equation can be
solved exactly for dy,; if we write the polynomial in its monic form, x3 + px + q¢ = 0, then

the real root is given by
1/3 1/3

2 3 3

d 2
N R I S O
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must be checked first. If this condition is not met, then no real solution for d, exists.
Fortunately this only occurs for relatively small initial droplet diameter D and impact velocity
V', where it is likely that the droplet adheres to the surface and calculation of d,;, is not
required.

Bounce is predicted by determining whether the recoil stage after maximum spread will
provide enough kinetic energy to the droplet to allow it to re-form into a spheroid and lift off
the surface as a whole. If the energy is not available for rebound, the droplet will adhere to
the surface. Mao et al. (1997) predict bounce through the equation
1 (dm\° dm)** s 2(D
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This equation specifically determines the ‘excess rebound energy’ (Eggg) of the droplet as a
function of the maximum spread diameter d,,. A value of Egrg greater than zero indicates
sufficient energy for bounce and a zero or negative value indicates adherence. This leads to
an extension of the Mao et al. (1997) model, where a positive nonzero Eggg can be used in
the calculation of the exit velocity of a bouncing droplet through the relation

mpD3
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In the present study, the direction that the droplet bounces is assumed to be a mirror of its
incoming direction. This simplifying assumption makes most sense when the impaction
occurs perpendicularly onto a horizontal surface, since the droplet would be expected to
rebound upwards (at least in the absence of surface defects). For impactions involving angled
surfaces or trajectories, the concept becomes more complex, with factors such as energy loss
playing a role in determining the precise path of the bouncing droplet. These complexities are
not considered by the simplified mirror assumption, and are the subject of further work.



Additionally, a ‘bounce boundary’ may be generated for each spray formulation and plant
type combination by running the Mao model as described above for a range of initial droplet
diameters D and impact velocities V. When plotted on V and D axes, the points where Egrg
switches from negative to positive connect to form a curve that delineates the border between
bounce and adhere results.

2.4.2  Modelling droplet shatter

Due to droplet shatter being less well understood than spread and bounce, the bulk of the
literature relies on empirical relations to predict the onset of shattering. A sound theoretical
argument can be made that droplet shatter occurs when the inertial forces from impact
overcome the capillary effects of the fluid. A relation can be written in terms of the Weber
and Reynolds numbers but must be empirically fitted to data (Moreira et al., 2010). Mundo et
al. (1997) use one such relation, K = We'/2Re'/*. They found that a critical value of K,
K it = 57.7, correlated well to the shatter boundary for their data. The value K. delineates
shatter results from non-shatter results: if the calculated K on impact is greater than K. then
the droplet will shatter, otherwise it will either bounce or adhere.

Laborious adhesion and shatter experiments would normally be required to empirically fit a
suitable value of K. to a new data set, which is counterproductive to the modelling
objective. Forster et al. (2010), however, devised a simple method to overcome this issue by
providing an estimation of K . based on two contact angle measurements of standardised
formulations. This approach is used here to calculate K. for each plant type, and shatter is
predicted if the computed value of Mundo et al.’s criterion exceeds this.

The shatter criterion has the shortcoming that it does not give any information about the
satellite droplets formed in the shatter event; it merely acts as an indicator of whether splash
occurs or not. Yoon & DesJardin (2006) present energy balance arguments to account for the
distribution of energy to the satellite droplets after shatter. They also summarise linear
stability theories that may be used to predict the number of satellite droplets formed on
impact, Ng. We take their equation (21) (originally presented in Marmanis and Thoroddsen

(1996)),
Vv (m?pD3 14
NS =0.1 Rel, Rel = ( > )
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to predict the number of satellite droplets, and use conservation of volume (between pre-

impact and post-splash states) to predict the diameter of each as Dy, = D/ Nsl/ 3,

To calculate the exit velocity of each satellite droplet, Yoon & DesJardin (2006) form energy
balance arguments much like those in Mao et al. (1997), leading to
s
Exg = 4—Nsd12n(1 — cosf.)o — oD, ,
for the kinetic energy of each satellite droplet, Exg. We then use the following equation to
calculate the exit velocity of each droplet:

12Exg
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The values for Exg can become negative for certain parameters (in particular for low contact
angles and when the number of satellite drops becomes large) and hence no real solution for



Vexit €xists. Even situations where Exg is positive but very close to zero may pose a problem
in practice, because Vqyir Will in turn be so small that the satellite droplets will not actually
splash away from the site of impaction. To overcome this limitation we include the condition
that if Exg is calculated to be less than mpV2D3,. /1200, we set Exg = mpV?D3,;/1200. This
ensures that Veyy may never be less than 0.1V, a value which we consider an appropriate
lower bound on the exit velocity to ensure that satellite droplets will splash away.

The angle of ejection for each satellite droplet is taken from Dorr (2009), based on empirical
random distributions of mean and variance.

3 Model Evaluation

By combining leaf models (section 2.2) with droplet trajectory (spray) models around plants
(section 2.3) and impact models (section 2.4) it is possible to provide realistic simulations of
spray retention based on real plants and formulations. Leaves of varying size and character
were chosen to provide diverse target types. Similarly, representative formulations with
specific physicochemical properties were used to provide a range of input parameters. The
outputs from the models described above can be tested against laboratory data for individual
leaf retention (involving droplet adhesion and secondary capture from bouncing or shattered
droplets) to validate the accuracy of the overall single leaf retention model.

3.1 Single leaf

The model described in section 2.2 was run for various droplet sizes, droplet velocities, leaf
types and spray mixtures. Droplet size ranged from 100 to 700 pm in 100 um increments.
Droplet velocities were selected to be 1, 3, 6 and 9 m/s. A regular grid of mono-sized droplets
at 1 mm spacing was generated and allowed to fall vertically so that the whole leaf surface
was covered (Figure 2).

Three leaf types were tested: cotton, wheat and chenopodium. Cotton leaves are easy to wet,
whereas chenopodium and wheat leaves can be described as difficult to wet. Wheat provides
an example of a grass plant while cotton and chenopodium are broad leaf plants. The leaves
were modelled as described in section 2.2.1. Cotton was tested with a coarse mesh consisting
of 70 triangles and a calculated area of 2848 mm?2. Due to the long, thin and curved nature of
the wheat leaf, a mesh consisting of 2271 triangles was used with a leaf area of 1848 mm?.
The output of the chenopodium leaf model was saved at two levels of detail. Initial testing
was with a coarse mesh that consists of 100 triangles for the leaf and these results were then
compared to a fine mesh that contains 13,266 triangles per leaf at a 3m/s droplet impact
velocity. The calculated area of the chenopodium leaf was 731 mm?2 for the coarse mesh and
736 mm? for the fine mesh. The main reason for the difference in area for the two mesh
details is due to edge effects, since the finer the mesh improves the approximation of the leaf
edge.

Three spray mixtures were selected to simulate our models: water only, 0.1% Ecoteric® T20
(Huntsman) and 0.1% Pulse® (Nufarm Ltd). The physical properties used for model inputs
are shown in Table 1. In order to estimate these properties, the following approaches were
employed. Surface tension was measured using a Kriss bubble pressure tensiometer (BP 2
MKII). Static contact angles of each formulation were measured using a KSV CAM 200
optical contact angle meter with a Basler digital video camera. Finally, K. was estimated



according to Forster et al. (2010) from static contact angles of 20% and/or 50% aqueous
acetone solutions on each leaf surface.

4 Results

The predicted retention of the spray on each of the three leaf types with different spray
mixtures, droplet sizes and droplet velocities are shown in Tables 2 to 4. The retention is
expressed as a percentage of the total volume of spray droplets that impact the leaf. Unshaded
cells indicted that the primary droplets adhere on impact. The lightly shaded cells indicate
that the primary droplets bounce on impact and the total retention values shown are due to
subsequent recapture of the bouncing droplets. The dark shaded cells indicate that the
primary droplets shatter on impact and the total retention values shown are due to the
recapture of the daughter droplets.

A comparison of a fine chenopodium leaf surface mesh and a coarse mesh on spray retention
is shown in Table 5. Spray retention obtained from the fine mesh was slightly higher than
obtained from the coarse mesh, although the same trends in the results were observed.

5 Discussion
5.1 Droplet size and velocity of impacting drops

Predicted retention of the spray on all three single leaves tended to decrease with increasing
droplet size and increasing droplet velocity of impacting droplets. For example, at a droplet
velocity of 3 m/s, predicted retention of Formulation 2 (Ecoteric T20) on a wheat leaf
reduced from 100% with a droplet size of 100um down to 12.9% with a droplet size of
700um (Table 3). Increasing the velocity from 3m/s to 9 m/s for a 100um drop of
Formulation 2 on a wheat leaf reduced the retention from 100% down to 15%.

The main reason for this trend is that larger and faster droplets have greater energy on impact.
For a given leaf surface, as the energy of the impacting droplet increases, the velocity of any
resulting rebound or shatter droplet increases. The faster these rebound and shatter droplets
move, the greater the chance that they move further from the point of impact and hence are
not retained on the leaf of original impact, although they may be retained on other nearby
leaves if they are present. These results indicate that the velocities and direction of drops after
initial impact can influence the final retention on the leaf. Further work is required to refine
and validate this effect.

5.2 Leaf characteristics

Predicted retention on cotton leaves was much higher than on chenopodium and wheat. Ata
velocity of 3 m/s, all droplet sizes and formulations tested on cotton adhered on impact, so
retention was 100% (Table 4). This can be contrasted to retention of 400um droplets of
Formulation 1 (water) and Formulation 2 (Ecoteric T20), where all droplets bounced off a
chenopodium leaf after initial impact, so retention was 0% (Table 4). The lowest predicted
retention on cotton leaves was 43.2% for 700 um droplets at a velocity of 9m/s (Table 2),
whereas retention on chenopodium was often below 10% (Table 4). The average predicted
total retention across all droplet size, velocity and formulations scenarios tested was 85, 30
and 18% for cotton, wheat and, chenopodium respectively.



This result is largely due to the easy to wet nature of cotton leaves, as reflected in lower static
contact angles and high K. values (Table 1). There is also a tendency when droplets shatter
or bounce for retention to be higher as leaf surface area increases (leaf areas for cotton, wheat
and chenopodium were 2,848, 1,848 and 731mm? respectively). After initial impact any
shatter or bounce droplets move away from the point of impact and hence the larger the
surface area, the greater the proportion of shatter and bounce droplets likely to be intercepted.

5.3 Formulations

Retention of spray on leaf surfaces can be modified by changing the properties of the
formulation applied. Reducing the surface tension of the liquid generally reduces the static
contact angle of the formulation on the leaf surface, resulting in higher retention. For
example, retention of 400 um droplets on chenopodium at a velocity of 3 m/s reduced from
46.8% for Formulation 3 (Pulse) down to 0.0% for Formulation 1 (water) and at 9 m/s
reduced from 16.4% down to 1.1% (Table 2).

This increase in retention, achieved by modifying formulation properties, was most notable
on the hard to wet species of chenopodium and wheat. The repulsion of shatter droplets
increases as the contact angle between droplet and leaf increases. Hence retention values are
lower with Formulation 1 (water) than with Formulation 3 (0.1% Pulse) on all three leaf types
since the greater the velocity the further the droplets are propelled away from the point of
impact.

5.4 Leaf model detail

It was found that increasing the detail in the leaf model through using a finer mesh slightly
increased the predicted retention on the chenopodium leaf (Table 5). Increasing the amount
of detail however increases the run time of the model. This becomes more significant when
extending the model to whole plant and full field applications. The same trends and
comparative differences in retention were observed between the fine and coarse mesh and the
difference in predicted retention was often less than 2%. Given the relatively small
difference compared to the greater run time it is considered that the coarse mesh leaves would
be suitable for future studies with full plants.

6 Conclusions

A model to predict spray retention on leaf surfaces based on scanned leaf images and
measured formulation properties has been developed. The results show that incoming droplet
properties (size and velocity), spray formulations, leaf surface characteristics and properties
of any shatter or bounce droplets after impact, all influence the amount of spray retained on a
leaf surface. Formulations with a lower surface tension and static contact angle on a leaf
surface will result in higher retention. Retention was found to decrease with increasing
droplet size and velocity for a given formulation and leaf type.

The droplet impaction models described in this paper are for a combination of horizontal
leaves and droplets impacting perpendicular to the surface. Further work is required to allow
droplets to impact the leaf at different angles. The shatter model needs to be improved in the
area of the predicted number of shatter drops generated, velocity of these satellite drops and
their trajectory.



Ultimately, the impaction model will be incorporated into virtual models of commercially
relevant crop and weed plants that are currently being developed, followed by laboratory and
field validation of the results. These simulations will then be used to quantify agrichemical
spray retained by the foliage, and its relative distribution through the plant canopy for the
sustainable management of pesticides in agricultural systems.
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Figure 1 (a) Photograph of a chenopodium leaf with area 735 mm” (b) Point cloud of the
scanned leaf (¢) Generated mesh and (d). The resultant model leaf surface.

12



o

Figure 2. L-studio screen shot showing a grid of droplets falling onto a chenopodium leaf.
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Video (for electronic version)

Video 1. L-studio animation showing 200um drops at 3m/s of Form 3 (0.1% Pulse) adhering
on impact with a chenopodium leaf (Form3-200um-3mps.mov)

Video 2. L-studio animation showing 200um drops at 3m/s of Form 1 (water) bouncing on
impact with a chenopodium leaf (Form1-200um-3mps.mov)

Video 3. L-studio animation showing 200um drops at 9m/s of Form 1 (water) shattering on
impact with a chenopodium leaf (Form1-200um-9mps.mov)
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Tablel. Physical properties used in model

Form 1 Form 2 Form 3
Mixture 100% W ater 0.1% Ecoteric® T20 0.1% Pulse®
Plant Ch Wh Co Ch Wh Co Ch Wh Co
Surface Tension (N/m) 0.073 0.073 0.073 0.048 0.048 0.048 0.023 0.023 0.023
Static Contact Angle (°) 179 179° 1° 131 129 1° 1° 1° 1°
Kt 52 65 150 52 65 150 52 65 150

Ch - chenopodium, Wh - wheat, Co - cotton
* There was complete repulsion of the droplet, so a value of 179 was used

® There was complete spreading, so a value of 1 was used.
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Table 2. Predicted retention of spray on a single horizontal cotton leaf

Droplet Predicted retention (% of the total volume of spray droplets impacting the leaf)

Size Velocity=1m/s Velocity=3m/s Velocity=6m/s Velocity=9m/s

(um) Form1l | Form2 | Form3 | Form1l | Form2 | Form3 | Form1l | Form2 | Form3 | Form1l | Form2 | Form3
100 100 100 100 100 100 100 100 100 100 100 100 100
200 100 100 100 100 100 100 100 100 100 100 100 78.6
300 100 100 100 100 100 100 100 100 100 100 67.3 70.2
400 100 100 100 100 100 100 100 100 68.6 56 58.2 61.4
500 100 100 100 100 100 100 100 100 63.8 49.9 51.4 53.7
600 100 100 100 100 100 100 100 57.7 60 45.5 46.8 48.8
700 100 100 100 100 100 100 99.3 54.8 55.8 43.2 44.5 45.7

Primary adhesion Bounce + recapture Shatter + recapture
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Table 3. Predicted retention of spray on a single horizontal wheat leaf

Droplet Predicted retention (% of the total volume of spray droplets impacting the leaf)
Size Velocity=1m/s Velocity=3m/s Velocity=6m/s Velocity=9m/s
(um) Form1 | Form2 | Form3 | Form1l | Form2 | Form3 | Form1l | Form2 | Form3 | Form1 | Form2
100 100 100 100 27.7 100 100 15.6 17 100 9.6
200 100 100 100 14.4 15.6 100 3
300 100 100 100 12.0 13.3 100
400 100 100 100 6.0 12.2
500 28.3 100 100 2.8 11.8
600 16.1 100 100 2.4
700 13.5 38.8 100 2.2
Primary adhesion Bounce + recapture
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Table 4. Predicted retention of spray on a single horizontal chenopodium leaf (coarse mesh)

Velocity=9m/s

Droplet Predicted retention (% of the total volume of spray droplets impacting the leaf)
Size Velocity=1m/s Velocity=3m/s Velocity=6m/s
(um) Form1 | Form2 | Form3 | Form1l | Form2 | Form3 | Form1l | Form2 | Form3 | Form1
100 100 100 100 51.4 99.1 100 10.7 16.5 100 5.9
200 100 100 100 2.3 6.7 100
300 100 100 100 0.0 0.7
400 100 100 100 0.0 0.0
500 51.4 100 100 0.0
600 36.9 83.9 100
700 26.5 54.6 100

Primary adhesion

Bounce + recapture
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Table 5. Comparison of fine and coarse chenopodium leaf mesh surface on retention at 3m/s velocity.

Droplet Retention (% of spray droplets impacting the leaf)
Size Form 1 Form 2 Form 3
(um) coarse fine coarse fine coarse fine
100 514 51.9 99.1 100 100 100
200 2.3 7.2 6.7 10.6 100 100
300 0.0 3.7 0.7 6.3 51.3 53.1
400 0.0 1.1 0.0 4.3 46.8 47.1
500 0.0 1.6 5.2 5.8 42.8 44.3
600 1.6 1.9 2.3 3.1 414 42.3
700 1.2 1.9 1.8 2.7 39.8 40.6

Primary adhesion ‘ | Bounce + recapture ‘ | Shatter + recapture
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