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Abstract: Pesticides used in agriculture during chemical plant protection against pests pose a significant threat to the environment. Pesticide  

should be characterized by: high toxicity in relation to pests and low toxicity compared to other organisms, adequate durability and high 

susceptibility to degradation. In practice, the achievement of these goals is often impossible. The aim of the study was, therefore, to use a 

parametric characterization of sprayed plant in the aspect of the process of spraying. In order to do this study the degree of coverage of 

sprayed objects using selected nozzles assessing which of the tested nozzles has the best properties in terms of covering horizontal and 

vertical surfaces sprayed plants. In the second part of the study was performed parametric characteristics selected for plant research at the 

surfaces of vertical and horizontal projections and ratio settings sprayed surface. 
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1. Introduction 

Contemporary agricultural production which is in the stage of strong 

development as well as intensification of production. It is described 

by the growth of the use of artificial industrial agrochemicals, 

including pesticides. Nowadays they guarantee the high quality and 

quantity of crops (Nieróbca i wsp. 2010). The use of plant health 

products is the basis of protecting plants from pests. The situation 

will not change in the near future as there is no method which would 

substitute the present one, and without the use of pesticides the 

value of crops will drop dramatically. Moreover the change of plant 

health programs being in use would require significant amount of 

financial investments (Pruszyński, 2010). Among the priorities in 

terms of using plant health products are: the high quality of plant 

protection treatments, improved efficiency, elimination of any threat 

to the environment as well as people protecting the plants (Oerke i 

wsp. 1994; Őzkan 2008; Pruszyński 2003; Szewczyk 2002; 

Szewczyk 2010a). That is why a lot of attention in the literature of 

the subject has been paid to the issue of proper chemical plant health 

treatment. So far one of the most important aspects of the 

atomization process, which is the characteristics of the sprayed 

object in terms of its morphology or an even more important feature 

- the degree of the sprayed area's exposition to the stream of  liquid 

sprayed by the nozzle, has not been considered. That is why a two-

stage research has been carried out at the Institute Agricultural 

Engineering at Wrocław University of Environmental and Life 

Sciences. Its aim was to present the degree of the sprayed objects' 

covering in terms of characteristics of sprayed plants in outdoor 

cropping  

2. Material and methods 

The research was carried out in laboratory conditions at a 

specially prepared site used for examining the plants' surfaces. 

 

 The scheme of the test site is displayed in figure 1. The examined 

plant was put in a measurement chamber on a turntable. Next, the 

photos of horizontal and vertical projections were taken. The 

camera that was used for taking the photos of horizontal surfaces 

of the plants was placed inside the chamber, with the ability to 

move it vertically (up-down) - the smaller the plant, the lower the 

position of the camera. The other one that was used for taking the 

photos of vertical surfaces of the plants was placed in front of the 

measurement chamber on an inclined plane. It allowed the camera 

to be moved horizontally ( forward - backward), depending on the 

plant's size - the smaller the plant, the closer the camera's position.  

The distance between the camera and the plant did not matter as it 

was the plants' surfaces ratio that was put for further analysis, and 

not the absolute value. The vertical surface photos of the plants 

were taken six times, thanks to the turntable which allowed the  

60° rotation. In order to guarantee the best lightning condition in 

the chamber, LED battens were put on aluminium profiles. During 

particular acquisitions, some of the lights were switched off so as 

no to make the exposition glare. (fig 2). 

 

 
 

Fig. 1 The scheme of the test site 
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Fig. 2  General view of the site. 

 

The acquisition of the vertical surfaces was made against 

the background of a vertical grid moved on a guide. The background 

for the horizontal photos on the other hand was a horizontal grid. 

One side of the grid's square was 5 cm long as it was a required 

condition allowing to create a graphic analysis in AutoCad 2011. 

The analysis in this program allowed to calibrate the photos that had 

been taken. The program chosen by the authors is the tool that 

ensured reaching all goals that were set during the processing of the 

photos. 

 

 

Fig. 3. The photos of vertical projections 

 

 
 

 
 

Fig. 4 The photos of horizontal projections 

The following plants were chosen for the tests: a lucerne, 

a rape in the stage of forming its rosette, a rape in the stage of 

elongation of its shoots, a rape in the stage of falling flowers, 

forming its shucks and a beetroot in the stage of forming its 

rosette.  

After receiving the results of the graphic analysis in 

AutoCad 2011 the modulus of the sprayed surfaces was 

calculated. It was done by the use of the following formula that 

included the vetical and horizontal projections of the sprayed 

surfaces ratio. 

    
                                   

                                     
     

 

The site used for testing the degree of covering was described in 

the authors' publication (Szewczyk i in. 2012). 

3. Results and discussion 

The results of the testing the spray characteristics were 

displayed on the graphs below (fig. 5 – 9). They present five 

repetitions of the surfaces' measurements results obtained for five 

kinds of plants differing essentially in their morphological 

features.  
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Fig. 5. Projections area horizontal and vertical lucerne 

 

Fig. 6. Projections area horizontal and vertical rape in phase 

elongation shoot 

 

Fig. 7. Projections area horizontal and vertical rape in phase fall 

flower petals 

 

Fig. 8. Projections area horizontal and vertical beet in phase forming 

rosette 

 

 

Fig. 9. Projections area horizontal and vertical rape in phase 

forming rosette 

Table 1 presents the values for the modulus of the 

sprayed surfaces' location. The plants with bigger surface of 

horizontal projections than its vertical projections (a lucerne, a 

rape in the stage of falling flower petals, a beet in the stage of 

forming its rosette, a rape in the stage forming rosette) – the 

modulus was bigger than 1. In the case of the rape in the stage of 

elogation of its shoots, where the surface of vertical projections 

was smaller than the surface of horizontal projections- the 

modulus was lesser than 1. 

Table 1. The results of the modulus of the sprayed surfaces' 

location 

Lucerne 

Rape in 

phase 

elongation 

shoot 

Rape in 

phase fall 

flower 

petals 

Beet in 

phase 

forming 

rosette 

Rape in 

phase 

forming 

rosette 

1,50 0,89 2,71 1,23 2,20 

1,46 0,88 2,81 1,14 2,47 

1,50 0,88 2,76 1,14 2,42 

1,46 0,88 2,75 1,24 2,22 

1,49 0,88 2,74 1,25 2,19 

 

The usefullness in the technique of plants' protection of the 

presented modulus of the sprayed surfaces' location ( chart 2) was 

widely discussed by the authors in the published materials 

(Łuczycka i in. 2013). 

A lot of books about examining the characteristics of 

plants show the interest of scientists in the issue discussed in this 

article. Among the main topics in that area are: determining the 

photosynthetic surface of plants with the use of video-computer 

method (Kiełbasa i Juliszewski 2005), determining the influence 

of the mixed nitric fertilization on the crops, and the indluence of 

the chemical protection of plants in conditions of varied 

cultivation systems (Andruszczak i in., 2012; Gołębiowska i 

Sekutowski, 2007), as well as research concerning the rate of the 

level of leaflage: LAI – the surface of leaves and MTA – the angle 

of leaves' gradient (Biskupski i in. 2007; Biskupski i in. 2009;  

The double-stream nozzles are better than one-stream ones when it 
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Woźniak 2008). However, these methods cannot be used for 

experiments connected with applying plant health products as they 

do not refer to the surface projections of the plants that are the main 

target of the drops of liquid sprayed by the nozzle. It is related with 

the fact that during such treatment the sprayed surfaces are "seen" 

by the nozzle as a vertical or horizontal projection.  

Ejector nozzles (one-stream CVI and double-stream CVI 

TWIN) were chosen for the research on the coverage degree of the 

sprayed objects. The results of the research on the coverage degree 

of particular surfaces were presented in fiures 10 and 11. 

 

Fig. 9. Coverage degree of vertical and horizontal objects for 

selected type nozzles, 4 km/h 

 

Fig. 10. Coverage degree of vertical and horizontal objects for 

selected type nozzles, 12 km/h 

Figure 9 presents the results of the research on the 

coverage degree of the sprayed objects at the ride speed of 4 km/h, 

and figure 10 presents the results for the speed of 12 km/h. The 

coverage degree of horizontal surfaces was higher with the use of 

the CVI nozzle. On the other hand, the CVI TWIN use resulted in 

receiving higher values during the sprayed of vertical surfaces.  

 

 

comes to covering both vertical surfaces at the same time, 

regardless of the ride speed. In the course of all the measurements 

taken during the research, no trace of covering the bottom 

horizontal objects was ascertained. A lot of authors indicate that 

the choice of the correct nozzle is an important aspect in plant 

protection on fields as well as in the gardens or indoors. (Guler i 

wsp. 2007; Kierzek 2007; Tadel 2007; Kierzek i Wachowiak 

2009). 

4. Conclusion 

1. The analysis of the results of the research on the coverage 

degree of sprayed objects obtained with the use of select 

nozzles showed big differences in the coverage of horizontal 

and vertical surfaces.  

2. On the basis of received results and their analysis we can state 

that the characteristic feature of the examined nozzles is the 

different range of the coverage degree of vertical and 

horizontal surfaces. One-stream nozzles are better at covering 

upper horizontal surfaces while double-stream nozzles are 

better at covering vertical surfaces.  

3. The surface of horizontal and vertical projections and  the 

rates of sprayed surfaces are parametres in which the 

examined palnts differed most.  

4. The Wpo factor determining the mutual ratio of the sprayed 

surfaces makes it easier to make the right choice of the nozzle 

used for protecting plants when it comes covering the sprayed 

plants with liquid as efficiently as possible.  

The project is co-funded by the European Union 

under the European Social Fund. 
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