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Abstract 

 The research on the representation of wetting property of pesticide droplets applied on crop leaf surfaces 
would contribute to the improvement of pesticides applications. To further understand the wetting property of 
pesticides on crop leaves with all the aspects, relevant experiments were carried out. Firstly, the surface 
tension of validamycin aqueous solution with different concentrations was measured. As a result, critical 
micelle concentration of adjuvants in validamycin aqueous solution was 3.6364 g/l. Afterwards, the static 
contact angle of validamycin aqueous solution on crop leaf surfaces was obtained. It was obvious that when 
the concentration of validamycin aqueous solution was 3.6364 g/l, the static contact angle reached the 
minimum. Then, the correlations of adhesion tension β, adhesion work Wa, surface tension γ and contact 
angle θ were investigated. It was confirmed that there was a positive correlation between adhesion tension β 
and surface tension γ, adhesion work Wa  and γ, also a negative correlation between β and contact angle θ, Wa 
and θ. When the concentration of alidamycin aqueous solution was 3.6364 g/l, the corresponding adhesion 
tension and adhesion work of pesticide droplets on crop leaf surfaces were obtained. At last, the dynamic 
contact angle of validamycin aqueous solution with different concentrations on crop leaf surfaces was 
measured. It proved that if pesticides were over diluted, the utilization efficiency of pesticides would be 
reduced a lot. It was of important significance for further research on wetting property of pesticide droplets 
on crop leaf surfaces which provided a basis for scientific pesticide applications. 
 
Introduction 
 In China, pesticides which assist in reducing the incidence of pests and diseases are widely 
used in agricultural ptactices. The use of pesticides can reduce 15 - 40% loss of crops. However, 
during the process of spraying pesticides, only 20 - 30% of its deposit on plant leaves, far below 
the average 50% in developed countries. The level of retention of pesticide droplets on plant 
surfaces significantly affects the application efficiency of pesticides (Dong et al. 2015). In fact, the 
retention of pesticide droplets is closely related to the wetting ability of the pesticide on plant 
surfaces and the wettability of plant leaves. The special wettability of plant leaves provides a 
model for manufacturing functional surfaces (Liu et al. 2010, Koch et al. 2009). So the research 
on wettability of plant leaves is of great significance. In agricultural field, the wettability of plant 
leaves and the wetting ability of pesticides should be integrated into account. The correlation of 
the leaf surface features and wetness of leaves were studied by many researchers (Pandey et al. 
2003, Yu et al. 2009, Kolyva et al. 2012, Koukos et al. 2015). The adjuvant has a significant 
influence on the wetting ability of pesticides. Gimenes et al. studied the effect of adjuvants on the 
dispersion of droplets applied on soybeans (Gimenes et al. 2013). Spanoghe et al. investigated the 
influence of agriculture adjuvants on spraying droplets spectra (Spanoghe et al. 2007). Moreover, 
the wetting ability is related to the surface characteristics of crop leaves (Xu et al. 2011, Wang      
et al. 2013) and surface tension of pesticide droplets (Knoche  et al. 1992,  Hollowayet et al. 2000, 
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Kalin et al. 2014). The contact angle of pesticide droplets on leaf surfaces (Hurwitz et al. 2009, 
Fritsch et al. 2013), adhesion tension and adhesion work (Gu 2009) could be used as the 
characteristic parameters of representing the wetting property of the pesticide applied on crop leaf 
surfaces. The wettability representation of pesticides on target leaf surfaces were investigated.  
 
Materials and Methods 
 Leaves of rice, corn and cucumber in the exuberant growth period were obtained as 
experimental samples (provided by College of Biological and Agricultural Engineering, Jilin 
University). Contact angle measuring instrument (HAD-HB) was used to measure the contact 
angle. The droplets were produced by micro injector fitted at the contact angle measuring 
instrument. All of the graphs were obtained by the software of Origin 8.0. A % validamycin 
aqueous solution was diluted into different concentrations. At 25ºC, a drop of the solution was 
dropped in a watch glass with a 1 ml injector, after that they were weighed with an 
analytical balance. The experiment was repeated 10 times, the weight of the watch glass was M, 
and then the mean weight of a droplet M1 was obtained. To ensure same volume of each droplet, 
the force must be uniform in the process of experiments. In the control test, distilled water was 
used as an experimental material instead of validamycin. Also, the mean weight M2 of the water 
droplet was obtained by 10 repeated tests. At last, the surface tension of validamycin aqueous 
solution was calculated according to the formula (Wang et al. 2010) described as follows: 

 
( )

2

1
2 M

MOH ⋅= ∗γγ
 (1) 

 where γ was the distilled-water surface tension (25ºC), γ*(H2O) the validamycin- solution 
surface, M1 the weight of a drop of validamycin solution, M2 the weight of a drop of distilled-
water. 

 A 5% validamycin aqueous solution was diluted into low concentration (700 times 
dilution), moderate concentration (250, 275, 300 times dilution) and high concentration (50 times 
dilution). The leaves of rice, corn and cucumber were cut into 2.5 × 7.5 cm, and then stuck to the 
glass slide where environmental temperature was 25 ± 1ºC. Afterwards, the sample was placed on 
the loading platform of HAD-HB. The loading platform was adjusted to appropriate position so 
that the sample clearly appeared in the field of vision. Then, the droplet (0.005 ml) produced by 
micro injector dropped onto the sample. The static contact angle was recorded, and the average 
value of each plant and each concentration was obtained by 10 experiments. To obtain the 
dynamic contact angle, images of the droplet on the leaf were captured at setting intervals 
according to different plants. Then the corresponding dynamic contact angle was measured, the 
final result was the average value obtained by 10 reduplicative experiments.  

 The adhesion tension β and adhesion work Wa  of the pesticide liquid on the leaf surface 
can be calculated based on the wetting equations (2) and (3) 

 θγβ cos=  (2) 

 ( )cos 1aW γ θ= +
 (3) 

 where β was the adhesion tension, Wa the adhesion work, γ the surface tension of the pesticide 
liquid and θ the contact angle of the pesticide liquid on leaf surface. 
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Results and Discussion 
 As shown in Fig. 1, at a low concentration, the surface tension of validamycin aqueous 
solution greatly decreased to the minimum with the concentration increasing. Then the surface 
tension increased and finally reached a certain level, as the concentration continues to increase. 
Usually to decrease the surface tension and ensure that pesticide liquid easily spreading on the leaf 
surface, various adjuvants were added to the pesticide. In fact, when the surface tension reached 
the minimum 36.24 mN/m, corresponding solution concentration (3.6364 g/l) was the critical 
micelle concentration of adjuvants in validamycin aqueous solution. 

 

 
Fig. 1. The surface tension of validamycin aqueous solution with different concentrations. 

 
It was observed that the contact angle of validamycin aqueous solution on the rice leaf was 

127°~136° (Fig. 2). Meanwhile, the contact angle on the cucumber leaf and the corn leaf were 
70°~93° and 49°~66°, respectively. From Fig. 2, it was confirmed that the contact angle decreased 
and then increased with increasing pesticide concentration. Moreover, when the concentration of 
validamycin aqueous solution was about 3.6364 g/l, the contact angle reached the minimum. That 
was to say, when the pesticide concentration was close to the critical micelle concentration, the 
pesticide liquid was much easier to spread on the leaf surface. Because of the influence of leaf-
surface properties, the corresponding concentration was not fully equal to 3.6364 g/l. 
 In the spreading process, adhesion tension was defined as the force against surface tension, 
which reflected the ability of liquid replacing gas on the solid surface. The liquid automatically 
spread on the solid surface when the adhesion tension between the liquid and the solid was greater 
than the surface tension of the liquid. Therefore, adhesion tension was important parameter of 
judging the wettability of pesticide liquid on the target leaf. Moreover, the maximum work done 
by the system to the outside when changing from gas-solid and gas-liquid surfaces to liquid-solid 
surface was known as adhesion work. The greater the adhesion work, the more firmly the 
combination of the liquid and the solid. Therefore, adhesion work was an another important 
parameter to determine the wettability of the liquid on the surface of the leaf surface. 
 According to formula (3), the three dimensional diagram of adhesion tension, contact angle 
and surface tension was obtained by Origin 8.0. Similarly, based on formula (4) the three 
dimensional diagram of adhesion work, contact angle and surface tension was obtained. 
 

Concentration (g/l) 
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Fig. 2. The contact angle of pesticides with different concentration on crop leaf surfaces. 
 

     
 
Fig. 3. The correlation of contact angle,        Fig. 4. The correlation of contact angle, 
      surface tension and adhesion tension.   surface tension and adhesion work. 
 
Table 1. The characteristic parameters of the wetting property of the pesticide. 
 

Crops 
Contact angle 
(deg) 

Adhesion tension 
(mN/m) 

Adhesion work 
(mJ/m2) 

Rice 127.7 –22.16 14.08 
Corn 49.1 23.73 59.97 
Cucumber 70.2 12.28 48.52 

 

 As shown in Figs 3 and 4, contact angle θ was constant, when surface tension γ changed from 
0 to 90 mN/m, adhesion tension β and adhesion work Wa increased. However, when γ was 
immovable, θ increased from 0 to 180°, β and Wa would decreased. Meanwhile, the adhesion 
tension and adhesion work were –90~90 mN/m and 0~180 mJ/m2, respectively. 

Concentration (g/l) 
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 When the concentration of validamycin aqueous solution was 3.6364 g/l, the 
characteristic parameters of the wetting ability of the pesticide applied on typical crop leaf  
surfaces were shown in Table 1. Apparently, the adhesion tension showed a negative correlation 
with the contact angle and the adhesion work was positively correlated with the contact angle. 

 

 
Fig. 5 The static contact angle of validamycin aqueous solution with different concentration on crop leaf 

surfaces. 
 

The dynamic contact angle of validamycin aqueous solution on rice, corn and cucumber leaf 
surfaces was measured. The contact angle of the different-concentration pesticide on rice 
continuously decreased with time, but it was still much less than 90° at 20 min (Fig. 5a). It was 
obviously that the utilization ratio of the pesticide was very low. As for corn, the contact angle 
always was less than 90°, the greater the pesticide concentration, the smaller the contact angle (Fig. 
5b). The contact angle of the pesticide on cucumber leaf was less than 90° when the dilution time 
was in a certain range. It indicated that plant leaves could be more easily wetted by the pesticide 
by changing the pesticide concentration. Obviously, the contact angle of low-concentration (700 
times dilution), high-concentration (250, 275, 300 times dilution) pesticide on the crop leaf was 
significantly greater than that of moderate-concentration pesticide. In other word, when pesticide 
concentration was greater and less than the critical micelle concentration of the pesticide, the 
corresponding dynamic contact angle would increase. In China, pesticides were used with high-
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time dilution, which greatly reduced the concentration of the adjuvant in pesticides. So the wetting 
ability of pesticides would decrease and lead to the low utilization ratio of pesticides. Moreover, 
the wetting ability of validamycin aqueous solution on the corn leaf was greater than that of the 
cucumber leaf and far larger than that of rice leaf.  

Critical micelle concentration (3.6364 g/l) of adjuvants in validamycin aqueous solution was 
obtained by measuring surface tension. Besides, when pesticide concentration was close to the 
critical micelle concentration, the contact angle reached to the minimum, the contact angle of the 
pesticide droplets on rice, corn and cucumber was 127.7, 49.1 and 70.2°. Moreover, there was 
a positive correlation between adhesion tension β and surface tension γ, adhesion work Wa and γ, 
also a negative correlation between β and contact angle θ, Wa and θ. When the concentration of 
alidamycin aqueous solution was 3.6364 g/l, the corresponding adhesion tension of rice, corn and 
cucumber was –22.16, 23.73 and 12.28 mN/m, respectively; the corresponding adhesion work was 
14.08, 59.97 and 48.52 mJ/m2, respectively. At last, when pesticide concentration was greater and 
less than the critical micelle concentration of the pesticide, the corresponding dynamic contact 
angle would increase a lot. If pesticides were overly diluted, the pesticide droplets would slip off 
the leaf surface and the utilization efficiency of pesticides was greatly reduced. It is significant for 
further research on wetting property of pesticide droplets on crop leaf surfaces. What is more, this 
provides the basis for scientific dilution of pesticides. 
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