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Abstract: Among the possible sources of environmental contamination by plant protection products, the use of air blast 

sprayers in orchards and vineyards can be very critical. The evaluation of the vertical distribution pattern is a crucial test 

to achieve a good quality of spray application. The aim of the paper was to compare the performance of a vertical lamel-

late patternator versus a horizontal lamellate patternator. For this aim, an experimental device that allows the use of the 

same patternator, mounting the lamellae either horizontally or vertically, was utilized. The results showed that using the 

patternator with vertical lamellae a greater amount of liquid, 25% , was collected than using the horizontal lamellae under 

the same test conditions. This amount represented the 36.7% of the total sprayed volume. The performance of patternator 

may be related to the reduced disturbance of the air flow induced by vertical lamellae. Although the amount of liquid col-

lection is not considered the only parameter to assess the quality of a patternator, this characteristic can improve the effi-

ciency of the test, especially when low volume orchard sprayers are tested. 
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INTRODUCTION 

 The calibration of sprayers is a crucial issue to achieve a 
high effectiveness in pesticide spray application. The ongo-
ing European Directive 128/09 [1] on the sustainable use of 
pesticides gives a special attention to the application phase, 
including measures devoted both to the mandatory inspec-
tion of sprayers and to their calibration. During the calibra-
tion of orchard sprayers, a key point is to obtain a vertical 
pattern of liquid distribution that matches as correct as pos-
sible the tree’s canopy. In fact, the equipment should “direct 
the spray only on the target (usually the tree crown) [2]”, in 
order to reduce the off-target (drift and run-off) and to opti-
mize the chemical treatment.  

 Different methods are ordinarily employed to assess the 
vertical distribution pattern (i.e. the amounts of liquid 
sprayed at various heights). They include: image analysis of 
water sensitive papers [3-5], analysis of droplets by laser or 
ultrasonic techniques [6, 7], assessment of deposits (or trac-
ers) on numerous passive adsorbent samplers [8-10] compu-
tational fluid dynamics [11], thermography [12] and vertical 
patternators. 

 Vertical patternators sample the spray at different heights 
by intercepting and collecting the droplets with various tools 
as metallic trays, plates covered with adsorbent material, 
funnel shaped collector and lamellae, that can be  
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mounted horizontally (very common) or vertically [2, 13-
16]. The patternators are employed both for the certification 
of new sprayers and for the testing of equipment in use dur-
ing their periodical inspection and calibration [17]. Other 
researchers studied the performance of patternators or com-
pared the obtained assessment of spray with the real deposit 
on the plants [18, 19]. 

 In particular, the lamellate patternators are capable of 
collecting “sprayed liquid by means of the reduction of air 
speed [2]” that occurs when the air flow passes through the 
lamellae. In such a way, the droplets rapidly slow down and 
fall in the bottom of the box that contains the lamellae, 
where a plastic duct discharges the liquid into a measuring 
tube.  

 The aim of this paper was to compare the performance of 
a lamellate patternator mounting the lamellae horizontal or 
vertical, in order to obtain a device reliable and effective 
during testing of sprayers. Specific tests devoted to optimize 
the design of this category of patternators are lacking and 
this paper refers to original results useful for the manufactur-
ing of testing equipment.  

MATERIALS AND METHODS 

 To compare the liquid collection of the vertical patterna-
tors, an experimental device was realized and utilized in the 
trials. It consists of a bench where a single patternator is 
mounted, consisting of a metallic box with the lamellae. The 
box can rotate on the test bench and in such a way the lamel-
lae can work either horizontally or vertically (Fig. 1). The 
box consists of 20 aluminum lamellae spacing 2.5 cm; the 
interception area is 0.09 m

2
. Then, moving the box on the 
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frame, it is possible to place the patternator at different 
heights, from 370 mm to 3070 mm.  

 Each patternator position (i.e. vertical or horizontal la-
mellae) “was tested for liquid collection performances with 
different sprayed water volumes [2]”, placing the patterna-
tors at ten different heights (center of the patternator: from 
0.37 m to 3.07 m, spacing 300 mm) in a set of trials and at 
five different heights in a second set of trials (from 0.67 to 
3.07, spacing 600 mm). “The amount of collected water was 
measured at least three times [2]” for each test.  

 “All the trials were carried out using a trailed orchard 
sprayer (Nobili Geo 75-600 T) spraying the bench only with 
the right side of the sprayer and placing the sprayer at 1.5 m 
from the bench [2]”. The time of sampling was recorded by 
means of a chronometer. The sprayer was equipped with 
ceramic cone nozzle, with discs (orifice diameter: 1.5 and 2 
mm) and steel swirl plates (orifice diameter: 1.2 and 2 mm). 
The sprayer was adjusted with five different setups, obtained 
varying the number and type of nozzles and “setting the 
pressure to 1000 kPa and 1500 kPa [2]” (10 and 15 bar) as 
reported in Table 1. The same orientation and position of 
nozzles were carefully maintained during each trial. 

 Moreover, the air velocity in front and behind the 
patternators (with horizontal and vertical lamellae) was 
compared to the corresponding velocity value measured 
without the patternator box mounted (undisturbed air flow). 
The measures were carried out for 5 test heights. For these 
measures, “an anemometer Schiltknecht Micro Mini Air 4 
(with each measure as an integration of 30 seconds period of 
measurement) [2]” was employed.  

 The obtained values were then compared with an analysis 
of variance (Anova) procedure computed with the software 
R [20]. The Anova was performed on the total collected 
amounts at the different heights, in terms of collected water 
per minute. The data underwent a logarithmic transformation 
in order to obtain a normal distribution. 

RESULTS 

 The results are expressed in terms of collected liters of 
water per 1 square meter of intercepting patternator surface 
per minute of spraying (L min

-1
 m

-2
) and in terms of the ratio 

of collected water by sprayed water (flow rate of sprayer,  
L min

-1
).  

 

 

Fig. (1). The test bench with the lamellate patternator mounted vertically (left) and horizontally (right).  

 

Table 1. Sprayer setups. 

Setup Nozzle Orifice Diameter Pressure Total Flow Rate 

N°   (mm) (kPa) (L min-1) 

1 5 (2 + 3) 2.0 and 1.5 15 28.7 

2 6 (2 + 4) 2.0 and 1.5 10 27.6 

3 6 (2 + 4) 2.0 and 1.5 15 33.2 

4 6  1.5 10 22.5 

5 6  1.5 15 26.6 
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 As general result (average of total liquid collection in 14 
tests in different ( with- sample size equal to 125 for vertical 
and 115 measurements for horizontal) we obtained that, un-
der the test conditions, the vertical lamellate patternator was 
able to intercept 25.0% liquid more than horizontal lamellae 
(i.e. 10.8 L min

-1 
m

-2
 of collected water in vertical vs. 8.1 L 

min
-1 

m
-2

 in horizontal, corresponding respectively to 36.7% 
and 27.7% of the total sprayed volume). 

 The Anova shows statistically significant difference 
(with a probability level greater than 99%) between vertical 
and horizontal lamellae (Table 2), and also a significant dif-
ference in terms of collection capability with different 
sprayer configurations. This last result obviously depends on 
the differences in flow rates that in our experiment were set 
to vary from 22.5 to 33.2 L min

-1
. The analysis shows also 

that no interaction occurs between the two analyzed factors. 
In other words, the combination of horizontal and vertical 
lamellae with different levels of flow-rate does not show any 
synergistic effect. The average performance of the two sys-
tems in terms of rate of collection (i.e. L min

-1
 per 1 square 

meter of patternator) is shown in the Fig. (2).  

 In Fig. (3), we report the results of liquid collection in the 
two systems at different heights, where it is possible to note 
that the two systems show different results especially at 
lower flow-rates and at lower test heights.  

 In Fig. (4), the average of air speeds recorded in front and 
behind the patternator shows that the vertical lamellae cause 
less reduction of air speed than the horizontal lamellae. The 
undisturbed air flow (without patternator) data was derived 
from a single measurement. In other terms, the flow of air 
generated by the sprayer’s fan is less disturbed by the lamel-
lae placed in vertical position. However, this difference, after 
an analysis of the variance (not reported here), was not statis-
tically significant. 

CONCLUSION 

 The results showed that using the patternator with verti-
cal lamellae a greater amount of liquid was collected than 
using the horizontal lamellae under the same test conditions.  

 Since it is not possible to compare the obtained vertical 
patterns to a single reference pattern (i.e. real deposit on the  

Table 2. Results of Anova for comparison of lamellae interception capability. 

  D.f. Sum Sq. F value Pr(>F) Significance. 

Lamellae  1 0.64 10.37 0.00146 ** 

Flow rate 4 3.09 12.54 2.99x 10-9 *** 

Interaction (lamellae x flow rate) 4 0.11 0.45 0.77031   

Residuals  230 14.18       

Significance codes: 0 ‘***’ 0.001 ‘**’. 

 

 

Fig. (2). Average collected water (L min
-1

 m
-2

) with horizontal and vertical lamellae by sprayer configurations (bottom box = 1
st
 quartile; top 

box = 3
rd

 quartile; band = median; whiskers = maximum and minimum). 
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Fig. (3). The vertical patterns obtained with the two patternatorsat the different flow-rates (L min
-1

 m
-2

 ± s.e.). 
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Fig. (4). The air speed pattern (m sec
-1

 ± standard error) at the different eights with the two patternators mounted, in comparison with the 
undisturbed air flow (without patternator). 
 

leaves) it is necessary to choose some objective parameters 
to compare the results. A possible solution is to assess the 
capacity of the patternator in terms of quantity of collected 
liquid, an index that explains the efficiency of the sampler.  

 “Although the data of liquid collection is not considered 
the only parameter to assess the quality of a patternator, this 
characteristic could be very useful especially when [2]” low 
volume orchard sprayers are tested [13].  

 “The best performance of vertical lamellae in terms of 
total liquid collection [2]” may be explained with the fact 
that the vertical lamellae cause less disturbance of the flow 
air around the patternator with respect to horizontal ones. In 
this way, the air flow can carry a larger amounts of droplets, 
with less interference due to a “shield” effect that the patter-
nator can likely act.  

 The results may be useful to design and develop effective 
test benches, capable of designing the vertical pattern distri-
bution of sprayers in a wider range of sprayer’s setups.  
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