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Abstract

It was found that the pesticide droplets have always showed an elliptical shape when detecting the
contact angle of the pesticide droplets on the Ken-Nian No. 1 corn leaves. In order to describe more
accurately the spreading behavior of the pesticide droplets on these corn leaves, present authors have
established a contact angle prediction model. In this experiment, the leaves in Ken-Nian No. 1 corn at
jointing stage were used as test materials and were sprayed with different concentrations of Kresoxim-methyl
water dispersant pesticide. The simulation test has used the modified HAD-HB contact angle tester to
measure the four variates, longitudinal and horizontal spreading diameter named “a’ and ‘b’, longitudinal and
lateral contact angle named ‘o’ and ‘B’. The mathematical relationship models between ‘a-ab’ and ‘B-ab’ were
established by using Matlab. The Adjusted R-square of two models are above 0.98. The test results showed
that the predicted values of the models were within + 2 degrees of the actual measured value.

Introduction

Contact angle is an important parameter of wetting degree, which directly reflects the
hydrophilic and hydrophobic properties of the solid surface (Roach et al. 2008). In the agricultural
sector, wetting degree will directly affect the deposition of pesticides on the surface of crops.

The most classical models of contact angles are Young's equation, Wenzel equation and
Cassie equation (Young 1800, Wenzel 1936, Cassie 1948). Using a model that predicts contact
angle as a function of roughness, the roughness factor for the hydrophobic leaves has been
calculated, which is used to calculate the contact angle for a flat leaf surface (Zachary et al. 2006).
The hydrophobic models of papilla-ciliary and fold-setal non-smooth surfaces were set up to
determine the impacts of geometric parameters on the hydrophobicity (Ren et al. 2007). A model
for predicting the contact angles of water and oil droplets was proposed by Yong et al. (2009). Chu
et al. (2017) investigated that the interaction between droplet growth and surface contact angle.
Jiang et al. (2018) built the AR-DCA model based on Huffman function to better simulate the
droplet deformation and evolvement. In existing research, dynamic contact angle models are more
than static contact angle models (Jiang et al. 1979, Seebergh et al. 1992).

On non-smooth surfaces, droplets are affected by surface tension, surface free energy and
surface roughness during wetting and spreading (Neinhuis and Barthlott 1998, Holder 2007).
Actually it is difficult to spread evenly around. Therefore, the contact angle in a single direction is
not sufficient to explain the spreading and wetting behavior. Based on the current method of
measuring contact angle (Edward 1983, Bunster et al. 1989, Pinon et al. 2006, Guo et al. 2007), in
order to describe more fully the wetting and spreading properties of the droplets, the authors have
tried to establish a model for predicting contact angles in different directions. That is to establish a
mathematical relationship model of ‘a’, ‘b’, ‘a’and ‘B’.
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Materials and Methods

The characteristic leaves in the Ken-Nian No. 1 corn at jointing stage, 60% Kresoxim-methyl
water dispersant pesticide were used for the experiment. These experiments were conducted in the
glasshouse (43°©51°05”N, 125°19°51”E), which located in the College of Biological and
Agricultural Engineering of Jilin University. The temperature of glasshouse is controlled at 24+
4°C in the daytime, and at 172=2°C at night.

The modified HAD-HB contact angle tester was used. The 60% Kresoxim-methyl water
dispersant was diluted into different concentrations solution for use. The concentrations of
pesticide were 0.33, 05, 0.6, 0.716, 0.8, 1 and 2 g/l. After washed corn leaves were dried naturally.
The sample should be free from damage and the sample position should be away from the veins.
Then the samples was fixed on the contact angle measuring instrument. Then pictures from three
angles (up, left, front) were taken. A new sample was replaced for each test which was repeated
three times.

The surface of corn leaves has a long strip of grain, which causes the spread of droplets on the
leaves to appear as part of the ellipsoid. It was designated as the length of the droplet spread along
the direction of the vein. The authors designated ‘a’, as the longitudinal spreading diameter, the
length of the perpendicular direction, and ‘b’, as the horizontal spreading diameter, the contact
angle measured when the line of sight of the camera is perpendicular to the direction of the vein,
‘e’ was designated as the longitudinal contact angle, and ‘B’ was designated as the parallel
direction the lateral contact angle.

Regarding the basic theory of the modeling part in this experiment, the small droplet
(spherical crown) method is adopted because of the simple operation and high precision. The
height (h) and width (2r) of small droplets were measured on a solid plane to get the contact angle,
according to:

0 h
tan—=— 1
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By observing the spreading pattern of droplets on corn leaves, it can be approximated as part
of an ellipsoidal shape, which can still be regarded as a spherical crown by two-dimensional
projection in either direction. Therefore, the method of measuring the contact angle by the small
droplet (spherical crown) method is still feasible here.

Since the droplet volume is constant for each test by using micro syringe, there is a functional
relationship between ‘h’ and ‘r’ of the formed spherical crown droplets (Lu et al. 2013). The
contact angle 6 can be obtained by the height (h) and width (2r) of the small droplet by the
formula (1). Similarly, when the droplets exhibited an ellipsoidal shape, the longitudinal spreading
diameter ‘a’ and the horizontal spreading diameter ‘b’ also have a functional relationship with the
contact angles of the two directions. According to this, the contact angle model is established.

Results and Discussion

The contact angle of the droplet completely spread on the surface of the corn leaf has been
measured and is presented in Fig. 1. It can be seen from the figure that the both longitudinal and
lateral contact angles followed asimilar pattern i.e. decreases first and then increases slowly with
the increase of the concentration of the pesticide. The contact angle is minimal at concentrations
around 0.716 g/l. The longitudinal contact angle was 39.1° and the lateral contact angle was 42.3°.
The longitudinal contact angles of the droplets are all smaller than the lateral contact angle. This
indicates that the droplets tend to spread along the leaf vein direction on the leaf surface.
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Through the test, the relationship between the average spreading diameter and the
concentration was measured (Fig. 2). It can be seen from the figure that as the concentration
increases, the spreading diameter has increased first and then decreased slowly. When the
concentration reached around 0.716 g/l, the spreading diameter has reached the maximum in both
cases. The largest longitudinal spreading diameter was 3910.8 um, and the largest horizontal
spreading diameter was 3601.2 um. The longitudinal spreading diameter was larger than the
horizontal spreading diameter, indicating that the droplets tend to spread along the vein direction
on the leaf surface.

The relationship between the height of the droplets and concentration was measured in this
experiments (Fig. 3). It is apparent that as the concentration increases, the droplet height has firstly
decreased and then increased. At a concentration of around 0.716 g/l, the droplet height reached
the minimum and it was 718.7 pum.
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Fig. 3. Relationship between droplet height and concentration.

The change in contact angle caused by the difference in concentrations was observed. This
can be seen as the interaction among the height of the droplet, the longitudinal spreading diameter
and the horizontal spreading diameter. Therefore, the relationship model between the contact angle
and the spread diameter was established by the above three variables.

The longitudinal spreading diameter ‘a’ and the horizontal spreading diameter ‘b’ were used
as independent variables, and the longitudinal contact angle ‘o’ was used as the dependent variable.
The mathematical function relationship of the curved surface was established by using the
MATLAB curve fitting function (Fig. 4).

The equation for the relationship of ‘a’, ‘a’ and ‘b’ are as follows:
a = 274.7 — 0.1035x1 + 0.005983x, + 2.823 x 10°x,x, — 1.928 x 10°x} (2

The sum of squares due to error (SSE) of the equation was 0.8568, the R-square was 0.9958,
the adjusted R-square was 0.9875, and the root mean squared error (RMSE) was 0.6545. The
R-square of the model showed that there was 99.58% probability that the data had fitted the
model.

The longitudinal spreading diameter ‘a’ and the horizontal spreading diameter ‘b’ were used
as independent variables, and the lateral contact angle ‘B’ was used as the dependent variable. The
mathematical function relationship of the curved surface was established by using the MATLAB
curve fitting function (Fig. 5).

The equation for the relationship of “‘f’, ‘a’ and ‘b’ is shown as follows:
B = 234.2 — 0.09654x, + 0.02678x, — 1.32 x 10“x2 + 3.179 x 10*x,x, — 1.827 x 10*x2  (3)
The SSE of the equation was 0.2183, the R-square was 0.9989, the adjusted R-square was

0.9934, and the RMSE was 0.4672. The R-square of model showed that there was 99.89%
probability that the data fitted the model.
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Fig. 4. Model of relationship between longitudinal contact angle ‘o’ and longitudinal, horizontal
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Fig. 5. Model of relationship between the lateral contact angle ‘B’ and longitudinal,
horizontal spreading diameter ‘a’ and ‘b’.

To verify the reliability of the model, a set of verification tests was performed. Three methods
were used to measure the contact angle, as the contact angle measurement tester, the 8/2 method,
and the model calculation. Based on the measured value, + 2° was the error. The accuracy of the
contact angle was obtained by comparing the three methods. The results were shown in Figs 6
and 7.

From Figs 6 and 7, the contact angle value calculated by the 6/2 method and models were
within the error line range with £ 2° as the error line range based on the measured value. In this
way, the reliability of this model was verified.

A new modeling idea for measuring longitudinal and lateral contact angles has been proposed.
And the model about the relationship of ‘a’, ‘a’ and ‘b’ has been established. It was : o = 274.7 —
0.1035% x 1 + 0.005983% x 2 + 2.823x10-5x x 1x x 2 - 1.928 x10-5x x 22. The model about the
relationship of ‘B’, ‘a’ and ‘b’ has been established. It was:

B = 234.2-0.09654%x1+0.02678%x2-1.32x10-4xx12+3.179x10-4xx1xx2%-1.827x10-4xX22.
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At the same time, the accuracy of the model was verified by experiments, and the calculated
values were within the allowable error range of the measured values. The predicted value of the
model was close to the real value, and the deviation was small, it proved the feasibility and
effectiveness of the static contact angle modeling method proposed in this paper. At present, most
of the research on the contact angle model is to fit the outer curve of the droplet, or to predict the
single contact angle with different conditions (Xu and Lu 2013). The model for predicting the
longitudinal and lateral contact angles proposed in this paper can more accurately predict and
describe the wetting and spreading behavior of droplets on the leaf surface. By confirming the
behavior of pesticide droplets, one can reduce the loss of pesticide, increase the amount of
deposition, reduce environmental pollution and protect the environment. Simultaneously, this new
model provided the basis for the establishment of a multi static contact angle database for a variety

of monocot leaves.
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