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USE OF PATTERNATOR MEASUREMENTS IN EUROPEAN STANDARDS, 
INCLUDING DRAFT EUROPEAN STANDARD prEN 13790 ‘AGRICULTURAL 
MACHINERY – SPRAYERS – INSPECTION OF SPRAYERS IN USE – PART 1: 

FIELD CROP SPRAYERS’ 
 

 
Possible reliance on static laboratory patternator measurements of spray distribution, as in the 
draft CEN Standard prEN 13790 (and already contained in EN 12761), contains the grave 
risk of inhibiting development of new spray technologies and techniques aimed at more 
precise targeting of sprays which have the potential to allow reductions in chemical usage 
rates and minimise risks of general environmental contamination.  The use of patternators 
relates principally to achieving a uniform volume distribution pattern at a horizontal surface, 
and therefore may only be relevant for flat fan hydraulic pressure nozzles designed to achieve 
this.  The assumption that biological efficacy, particularly for foliar and insect targets, can be 
predicted by patternator measurements made in a static laboratory situation is highly 
questionable. 
 
Relying on the use of patternator measurements of spray distribution to predict biological 
efficacy is questionable for a variety of reasons: 
 
a) measurements of spray distribution by a patternator do not relate directly to 

deposition on the actual biological target which will vary greatly with the application. 
The actual biological target area ranges from the soil to the ear or stem of a cereal 
plant with insects, fungi and weeds presenting vastly differing type of target.  Also 
the target area for deposition against a particular pest can vary even with the 
particular chemical used depending on its mode of action.  For example, to optimally 
control an insect living on an under-leaf surface, contact, systemic and vapour acting 
chemicals would need to be applied to different specific target areas for maximum 
efficiency. 

 
Different nozzles have been shown to give different types of overall deposit pattern.  
Webb et al (2002) have shown that the deposit ratio between horizontal and vertical 
targets differs significantly between flat fan and air induction nozzles.  It has long 
been known that air assisted sprayers also change these deposit ratios and the effect 
will vary differently with different dynamic factors eg Ringel et al (1991), Nordbo 
and Taylor (1991), Nordbo (1992).  Thus a simple two-dimensional measurement of 
the horizontal deposition profile may well be very misleading regarding predicting 
deposition on (complex) three-dimensional targets. 
 
Moreover, a recent study (Lund and Jensen, 2002) specifically suggests that 
biological efficacy of various nozzles used for band spraying was not related to the 
measured horizontal spray distribution pattern (see below). 
 
It has also been shown (eg Czaczyk et al [2002]) that nozzle wear does not seem to 
greatly affect CV measurements on a patternator for many nozzles.  This supports 
earlier US work (eg Ozkan et al 1992a, 1992b) which showed that CVs obtained with 
nozzles were not correlated with wear (indeed CVs generally declined with wear).  
Obviously nozzle flow rates increase, and thus spray quality changes, with nozzle 
wear, with Enfalt et al (1997b) showing that changing spray quality ie droplet size, 
had a more significant effect than changing CV on biological efficacy (see below).  



  

F:\USERS\ann\REPORTS\PAPERS\Draft European Standards - TEB 29.01.02.doc - 2 - 

Indeed CV does not describe droplet size, droplet density, or product concentration at 
all.  Uptake of translocated herbicides has been shown to be impaired by localised 
plant tissue damage with too high a product concentration and insecticide, and some 
fungicide, effectiveness can be shown to be related to the size and number of droplets 
on the biological target (eg Ford and Salt, 1987); 

 
b) supposed uniformity of spray distribution measured by lower patternator CVs may 

actually reduce biological efficacy, or conflict with drift reduction goals.  In general, 
more uniform spray distribution is achieved on a patternator with greater spray 
release heights whereas this obviously increases the risk of spray drift – and may 
reduce biological efficacy as found by Hagenvall (1981), who concluded that poorer 
weed control was obtained at greater boom heights despite low measured coefficients 
of variation. 

 
Spinning disc nozzles do not produce low CVs on a patternator but have been shown 
in some circumstances to provide good control at reduced dosages of pesticides, 
improve spray collection on the biological target and minimise environmental risk eg 
Alford et al (1998), Holland et al (1997), Lloyd et al (1998). 
 
It should be noted that nozzle height can be critical for CV measurement even for flat 
fan nozzles, with 80° flat fan nozzles tending to give more variable CVs than 110° 
over standard boom operating heights eg Richardson and Combellack (1985).  Spray 
pressure can also significantly affect CVs with the same nozzle.  The combination of 
chosen testing height and pressure therefore will affect CVs from each particular 
nozzle; 

 
c) static indoor patternator measurements ignore the dynamic effects of boom and air 

movement on spray distribution with air movements and micro-climatic conditions 
greatly influencing deposition patterns (particularly with more biologically efficient 
smaller droplets where turbulent transport is often a very significant factor in spray 
distribution and deposition).  Work done in Germany (eg Knott [1978] and Koch 
[1992]) clearly demonstrated that spray distribution on stationary patternators had 
limited correlation with uniformity of spray deposits on natural targets in the field.    
The European SPECS project, and other work, shows that coefficients of variation of 
7 – 9% achieved on a static patternator under laboratory conditions can translate to 
values of over 30% under field conditions eg Sinfort and Herbst (1996), Richards et 
al (1997). 
 
With the increasing move to larger sprayers and higher forward speeds in spray 
applications on European cereals more recent work has demonstrated that various 
dynamic operational factors can substantially alter spray distribution in the field 
compared with static indoor patternator measurements eg Murphy et al (2000), Webb 
et al (ibid), Nilars (2002).  Vehicle speed and design, nozzle type and spray quality 
and wind speed and direction have all been shown to influence spray distribution in 
the field.  Moreover, different nozzle types appear to have different responses to 
dynamic factors than the traditional flat fan hydraulic pressure nozzle for which 
patternator measurement of spray distribution was originally derived.  This appears to 
apply particularly to air induction nozzles, but it should be noted that data on spray 
distribution measured under field conditions is either absent or extremely limited for 
many nozzle types eg hollow cone nozzles, pre-orifice nozzles and twin fluid nozzles 
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(with the data on air induction nozzles only published this year).  Indeed, only flat fan 
nozzles appear to have been studied much in the field and here US studies appear to 
predominate.  NB  US practice differs from that in Europe, with some of this data 
suggesting that it is more difficult to relate field to laboratory measured CVs with 
smaller sized flat fan nozzles, which again suggests problems in using CV 
measurements on patternators as a predictor of spray distribution in the field, even for 
flat fan nozzles. 
 
There is some evidence to suggest that head winds have the greatest effect on 
changing CVs in the field compared to the laboratory, particularly with smaller 
droplets, with these contributing to increased vortices around the sprayer structure.  
Recent work at BBA (Herbst and Wolf, 2001) showed different CV ranges were 
found for mounted and trailed sprayers. 
 
The effect of wind speed and direction has not been studied in depth but the recent 
work by Webb et al (ibid) showed swath shift in crosswinds (aggravated at higher 
forward speeds since droplets are more easily detrained from the spray plume) with 
peaky deposits – with the peak moving downwind and flattening at higher wind 
speeds (with the peaks being larger for higher forward speeds where the motion 
induced airflow was stronger); 
 

d) work by Holland et al (1997) shows that altering droplet trajectories away from the 
vertical (which will generally worsen coefficient of variation measurements on 
horizontal patternators in the laboratory) was beneficial in improving spray 
deposition.  Similar improved results have been reported with angling of hydraulic 
pressure nozzles using finer sprays in the UK, Canada and Australia.  Angled flat fan 
nozzles, hollow cones, spinning discs, air-assisted sprayers and electrostatic sprayers 
(particularly if using smaller droplets) all have the potential to increase biological 
efficiency by better spray targeting but may not meet the patternator uniformity 
requirements given in prEN 13790 (or in EN 12761).  Moreover, some of these novel 
atomisers also allow lower total application volumes which in themselves can assist 
in improving biological efficacy and minimising environmental impact by allowing 
spraying to be undertaken at the optimum time for pest control and under 
environmental conditions that minimise the risk of spray drift; and 

 
e) spray deposition can change significantly with formulation.  Work at SRI has 

demonstrated how formulation affects atomisation from standard hydraulic pressure 
nozzles.  US work by Krueger and Reichard (1985), Chapple et al (1993) and Downer 
et al (1997) showed how spray distribution patterns differed greatly with formulation 
and the effect seems to be even greater with air induction nozzles eg Combellack and 
Miller (2001).  Moreover, it seems likely that not only is there a variable reaction 
with different formulations but that there is a variable interaction between nozzle 
make and formulation!  All of these factors make relying on patternator 
measurements using a simple water/surfactant mix for all nozzle types highly 
questionable. 

 
The fundamental problem therefore is that patternator measurements are not directly 
correlated with deposits achieved on the actual target area or biological efficacy.  The 
restrictions on coefficients of variation set in prEN 13790 (and in EN 12761) may therefore 
directly contradict environmental requirements for more precise spray targeting. 
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Indeed, there has been little attempt to actually study the relevance of patternator 
measurements in looking at spray deposition and dispersal – although a forthcoming 
literature review by Combellack et al is in preparation, with a draft used in preparing this 
position paper. 
 
A literature review on the use of patternator measurements of spray distribution to predict the 
biological efficacy of pesticide application reveals very few published papers on the subject.  
None of these dealt with insecticides, the biological efficacy of which is probably most 
closely related to droplet sizes and densities on the actual target area (eg Ford and Salt, ibid). 
 
In work by Hagenvall (1981), which is the paper most commonly cited to support a relation 
between CV and biological efficacy, only two trials out of ten showed clear relationships 
between weed control and yield.  In the paper Hagenvall himself states: ‘A possible 
relationship between the coefficient of variation and the weed effect may be difficult to 
clearly demonstrate with the experimental plan used in these trials since not only one but 
several physical-technical factors are altered simultaneously’.   
 
A study by Dorr and Pannel (1992) merely posits an economic model in which it is assumed 
that an even spray distribution is desirable and will result in good weed control.   
 
Balsari et al (1994) also studied the issue and showed CV was not the most critical issue 
affecting the biological efficacy of herbicide treatments – and indeed in this study (which 
only included hydraulic nozzles) several parameters are again varied between trials eg 
droplet size, nozzle output and forward speed, thus making it difficult to draw direct 
comparisons between the effects of different CVs. 
 
The US study by Downer et al (ibid) referred to above demonstrated clearly that factors other 
than deposition uniformity were critical for glyphosate efficacy. 
 
A German study by Koch and Weisser (1996) clearly demonstrated the importance of 
dynamic factors and states: ‘Spray distribution, measured under static conditions on a 
patternator, does not represent the pattern achieved in routine dynamic applications.  Each 
specific sprayer configuration defined by nozzle type, spraying height, pressure and speed 
yields in a specific horizontal dynamic distribution pattern which is unpredictable and shows 
longitudinal strips of distinct deposit levels on targets within the sprayed area.  Deposition 
can vary more than 80% and the average quantity of deposit is normally much lower than 
calculated because of fan geometry and spray losses outside the sprayed area.  To avoid 
misinterpretation, when dose response is investigated it is necessary to identify the specific 
dynamic transversal distribution pattern of any sprayer configuration used in tests in order to 
assure that dose levels within the sprayed area are known and can be related to target 
positions below or between nozzle positions.’  This study also states that the prediction of 
deposition on targets from distribution measurements on a patternator is an assumption rather 
than a scientifically proven result. 
 
The only other published data found for boom sprayers relates to work done by Enfalt et al 
(1997a, 1997b).  The first study (1997a) relates only to measurement of dynamic coefficient 
of variation but does show that while a laboratory track resulted in CVs of 24 – 31% the 
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average CV found on farm sprayers was 30% - with the worst case 66% and the best case 
6%.  The second study (1997b) attempts to model the effects of the range of actual spray 
distributions found on farm sprayers.  This paper uses a model to calculate the dose response 
from an uneven spray distribution, but also includes results from field trials showing the 
influence of droplet size on dose response.  The summarised results show a more significant 
effect on dose response with doubled spray droplet size than with increasing distribution CVs 
from 6% to 30%.  Unfortunately, this work does not appear to have been continued further. 
 
A study on aerial herbicide application in New Zealand (Richardson et al, 2000) showed that 
there appeared to be little effect on herbicide efficacy of CVs of up to 30%, supporting the 
study by Enfalt et al, and possibly even higher! 
 
A recent study by Lund et al (ibid) specifically tried to relate spray distribution (measured 
horizontally) with biological efficacy in connection with band spraying of row crops.  This 
study concluded that: ‘There was no close correlation between the liquid distribution and 
biological efficacy, which seemed to be more influenced by the application rate or other 
factors confounded with a decreasing band width’. 
 
It is concluded that the statements to be included in European Standards relating to the 
use of patternators should specify that these are only relevant when aiming to apply 
materials requiring a uniform distribution on a horizontal target surface (eg the soil 
surface) using application systems such as the flat fan hydraulic pressure nozzle. The 
UK therefore believes that patternator measurements should not be a preferred method 
over nozzle flow rate measurement in prEN13790 for testing sprayers in use 
(particularly since, as advised above, low CVs can result even with worn spray nozzles). 
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