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1 Introducti on

In the Arti cle 8 of the EU Directi ve 128/2009/EC it is foreseen that all Pesti cide applicati on equip-
ment should be inspected before the end of 2016. The number of machines in use is not large, but 
the products that are used with this type of machine are very toxic (chloropicrin, metam-natrium 
and metam-kalium).  This SPISE inspecti on advice not only focusses on a good functi oning ma-
chine, but also takes into considerati on important health precauti ons for inspectors and users 
from this type of machines. On top of that, because of the small number of such machines, an 
economical approach was made so the inspecti on of this type of machines doesn’t require large 
investments for the inspecti on services.     

Figure 1: Typical soil-disinfec� on machine.

Soil disinfecti on machines (Figure 1) are mainly used in vegetable growing, and mostly in green-
houses. The treatment is performed periodically and the aim is to get a sterile soil a� er the 
treatment (free from fungi and nematodes). The treatment gets it’s good functi oning out of the 
evaporati on from the soil-disinfectant into the soil. In a fi rst stage the soil is loosened  and the 
disinfectant is injected into the soil at the desired depth by means of the soil-disinfecti on machine 
and in a second stage the injected area is covered immediately with plasti c foil to prevent evapo-
rati on from the disinfectant into the air. 
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Figure 2: Injec� ng the disinfectant and manual plas� c covering.

In greenhouses the plasti c covering is performed mostly manually, while outside used machines 
mostly have the possibility to cover the treated area automati cally with plasti c foil. 

Figure 3: Injec� ng the disinfectant and automa� c plas� c covering.

Most machines are equipped with injectors that exist out of a coulter with an injector tube placed 
behind the coulter, or a ploughshare with a nozzle placed underneath (Figure 4). 
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Figure 4: Le�  coulter with injector tube and right ploughshare with nozzle.

Furthermore two systems are used to pressurize the liquid. On the one hand there are the machi-
nes using an air pressurized pesti cide tank to control the fl ow, but there are also some machines 
that use a small pump to pressurize the liquid system. In all cases a low variati on of the fi nal 
patt ern is a key success factor.
The following chapters are intended to provide the technical indicati ons to make a correct inspec-
ti on of those type of machines, and is mainly based on the existi ng ISO16122 standard.

2. Working principle of soil disinfecti on machines

In order to clarify the inspecti on protocol, one fi rst needs to know how this type of machines 
are working. Therefore a hydraulic scheme is useful and two simple schemes show the working 
principles. 

2a. Air pressurized soil disinfecti on machines
A simple scheme containing all elementary parts from an air pressurized machine is shown in 
Figure 5.

Figure 5: Hydraulic scheme of an air pressurized soil-disinfec� on machine.

1 
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Briefl y one could divide the scheme into two main parts. On the one side you have the air pressu-
re part (part 1-8) and at the other side the liquid pressure part (9-17). 
As concerns the air pressure part, in most cases, a batt ery or hydraulically powered compressor 
(1) is used to pressurise the air-pressure tank (2), but it has to be menti oned that some specialised 
fi rms use a scuba tank for pressurising the pesti cide tank (10). A pressure gauge (3) on the air 
pressure tank indicates the available air pressure. A valve (4) between the air pressure tank and 
the pesti cide pressure tank (10) is available to shut off  the air pressure between both tanks. Bet-
ween the air pressure tank and the pesti cide pressure tank a pressure valve (5) makes it possible 
to adjust the air pressure in the pesti cide pressure tank (10) based on a pressure gauge (6). There 
is also a safety pressure valve (7) foreseen, and a pesti cide tank depressurizing valve (8) to safely 
depressurize the pesti cide tank. 
At the liquid side the metal pesti cide pressure tank (10) is sealed hermeti cally and there is a fi lling 
valve (9) to fi ll the tank with the soil-disinfectant. There is an opti onal pressure fi lter (11) and a 
main shutoff  valve (13). A dividing block (15) with restrictor plates, small taps or narrow tubes 
divides the liquid to the diff erent injectors (17). Opti onally an analogue or digital fl owmeter (12) 
and an extra fl ow regulati ng valve (14) can be installed to fi ne-tune the fl ow. An extra pressure 
gauge (16) on the dividing block (15) is interesti ng to read out the pressure at injector height.

2b. Pump pressurized soil disinfecti on machines
The liquid system from pump pressurized machines is more or less comparable  with the one from 
a normal spraying machine. A simple scheme containing all elementary parts is shown in Figure 6.

Figure 6: Hydraulic scheme of a pump pressurized soil-disinfec� on machine.

The pesti cide tank (2) is sealed hermeti cally and there is a fi lling valve (1) to fi ll the tank with the 
soil-disinfectant. A tank valve (3) is foreseen to prevent emptying from the tank when the sucti on 
fi lter (4) is loosened. Altough other pump types could be used, the only pumps that were encoun-
tered on those type of machines were 12V diaphragm pumps (5). The pump could be controlled 
by using an electronic control box with a potmeter (6),  but there are also machines using a simple 
rate controller for automati c fl ow regulati on. An opti onal pressure fi lter (8) is possible and by 
powering off  the diaphragm pump the liquid fl ow stops. A dividing block (9) with restrictor plates, 
small taps, narrow tubes or nozzles divides the liquid to the diff erent injectors. An analogue or 
digital fl owmeter (7) and/or a pressure gauge (10) on the dividing block is installed.

1 
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3 Safety 

As one knows soil-disinfecti on machines are used with hazardous products such as chloropicrin, 
metam-natrium and metam-kalium so at fi rst and above all inspector safety should be conside-
red. 
Thus before testi ng those machines the owner should be asked explicitly to clean the machine 
thorougly, rinse the tank and to fi ll it with clear water ! The tank lid should be le�  open a� er 
rinsing. When there is any doubt on the clean state of the machine then inspecti on shall not be 
started up !
When the machine is accepted as clean then the inspectors should follow some basic rules before 
starti ng up the inspecti on.
At fi rst the inspecti on of soil-disinfecti on machines should always be performed in open air to 
obtain maximum venti lati on. The machine should also be positi oned downwind to prevent as 
much as possible inhalati on of hazardous vapours. 
Secondly inspectors should always wear a pesti cide mask with replacable acti ve carbon fi lter 
(Figure 7), gloves cat III and safety shoes. A spray overall is also recommended. 

Figure 7: Mask with ac� ve carbon fi ltering.

Following this basic directi ve should prevent health problems for inspectors and bystanders. 

4 Pre inspecti on : admitt ance rules

4.1. Cleaning
At fi rst the machine needs to be presented in a clean state and shall be cleaned externally and 
internally. There shall not be there any pesti cide residues into the tank or on the external surface 
that can be a source of contaminati on for the inspector or the environment.
Method of verifi cati on: visual check.

4.2. Power transmission parts and moving parts of the equipment
All moving parts have to be protected. (PTO, chains, ...). The protecti ve devices shall be in a good 
and undamaged state, and work properly.
Method of verifi cati on: visual check and functi on test.
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Figure 8: Unprotected chain and unprotected PTO.

4.3. Structural parts and framework
Structural parts and framework of the machine shall be without permanent deformati on, signifi -
cant corrosion or considerable defects. 
The hitching device shall be in good conditi on and shall work properly.
Method of verifi cati on: visual check.

4.4. Stati c leaks
The pesti cide tank has to be fi lled with clean water to its nominal capacity. There shall be no No 
leakages at all, according to ISO16122 leakages while not injecti ng/spraying. Air pressurized ma-
chines shall also be presented in pressurized conditi on and there shall be no air leakages.
Method of verifi cati on: visual check.

4.5. Scuba tanks
The scuba tanks from those machines that are using one to pressurize the pesti cide tank shall 
wear a traceable inspecti on mark/sti cker confi rming inspecti on according to the nati onal legis-
lati ons. 
Method of verifi cati on: visual check.

Figure 9: Inspected scuba tank.
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5 Inspecti on 

This inspecti on advice aims an economical inspecti on and following the sequence of the chapters 
beneath will result normally in the most effi  cient inspecti on approach for this type of machines.

5.1. First inspecti on stage while injecti ng/spraying
In a fi rst stage injecti ng/spraying shall be started at normal work pressure as used by the owner. 

5.1.1. Pressure pulsations

The pressure pulsati ons shall not exceed 10% of the working pressure while spraying injecti ng at 
normal working pressure. 
Method of verifi cati on: measurement by observing the pressure indicator on the machine. 

5.1.2. Pump capacity (pump pressurized systems)

The pump capacity shall be suited to the needs of the machine. The pump shall have suffi  cient 
fl ow rate capacity to maintain the required working pressure within a range of +/- 10%. 
Method of verifi cati on: measurement by observing the pressure indicator on the machine. 

Figure 10 : Machine using a 12V pump to pressurize the liquid system          

5.1.3. Air pressurization system (air pressurized systems)

The compressor or scuba tank capacity shall be suffi  cient to maintain the required working pres-
sure within a range of +/- 10%.  The air pressurizati on system shall also have an overpressure 
safety valve and the confi gurati on shall correspond to the manufacturer’s original design speci-
fi cati on.
Method of verifi cati on: visual check and measurement by observing the pressure indicator on 
the machine 
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Figure 11 : Ba� ery powered compressor; Figure 12: Scuba tank pressuriza� on

5.1.4. Measuring systems, controls and regulation systems

All devices for measuring, indicati ng and/or adjusti ng pressure and/or fl ow rate shall functi on. 

5.1.4.1.	 Controls

The valves for switching on and off  the liquid fl ow shall functi on. Switching of and on all injectors 
shall be possible simultaneously (main valve or pump shutoff ).
The controls to be operated during spraying/injecti ng shall be operable from the operator`s posi-
ti on and the instrument displays shall be readable from this positi on.
Method of verifi cati on: Compliance shall be checked by inspecti on and functi on test.

Figure 13: Sec� on shutoff  valves and fl owmeter

5.1.4.2.	 Regulati	on	system

All devices for adjusti ng the pressure shall functi on and shall maintain a constant pressure with a 
tolerance of ± 10 % at constant se�  ng and shall return within 10 s to the original working pressu-
re ± 10 % a� er the spraying/injecti ng has been switched off  and on again.
Method of verifi cati on: compliance shall be checked by adjusti ng the pressure valve or pump 
controls and by shu�  ng on and off  the main valve or the pump controls. 
Note: Pressure varying on air pressureized soil disinfecti on machines is performed by raising or 
lowering the air pressure in the pesti cide tank. Depending on the air volume in the tank and com-
pressor capacity, pressure changments can take some ti me. 



SPISE ADVICE  | DOI: https://doi.org/10.5073/20231205-131942-0 | January 2024

13

Figure 14: Air pressure adjustment valve.

Figure 15: Pump poten� ometer controls

5.1.4.3.	 Measuring	system

At least one measuring instrument shall be present to make accurate adjustments. This may be 
a pressure indicator and/or a fl ow meter in the main conduit. The measuring device should be 
visible from the operators posti on.
Method of verifi cati on: visual check

5.1.5. Dynamic leaks 

With the machine running at a pressure which is equal to the maximum obtainable pressure for 
the system, with the secti on valves closed, there shall be no leakage from any part of the machine.
Method of verifi cati on: visual check
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5.1.6. Dripping 

When closing the main valve or shu�  ng of the pump, the injectors shall not drip or the functi on 
to blow the liquid lines empty shall functi on properly.
Method of verifi cati on: visual check

5.2. Transverse distributi on 
5.2.1. General

For all types of machines the transverse distributi on shall be measured by collecti ng the liquid for 
each injector on the machine. There are mainly two types of machines and depending on the type 
of machine the most suitable test method shall be selected.  
Machines with tube injectors
For all machines that are using tubes placed behind a coulter or a knife, a set of buckets shall be 
used in combinati on with a stopwatch. 

Figure 16: Pa� ern determina� on using buckets.

Machines with nozzle injectors
For machines that are using nozzles an orchard nozzle test bench shall be used in combinati on 
with a stopwatch.

Figure 17: Machine with nozzle injectors

Method of verifi cati on: 
The pressure and/or fl ow shall be adjusted to reach the desired value while spraying/injecti ng 
without collecti ng devices. For machines using a rate controller, the speed simulati on module in 
the controller shall be acti vated and the normal work speed is selected. 
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A� er regulati on and reaching the desired se�  ngs, the main valve is shutt ed off  and an empty 
collecti ng device is placed underneath each injector. The start value of the fl ow meter (if present 
and when the fl ow meter is a counter) and the test pressure is writt en down. 
Then the main valve is opened and at the same ti me a stopwatch is acti vated. For real ti me fl ow-
meters the real ti me fl ow is registered while spraying/injecti ng. 
A� er minimum 2 minutes of measuring the main valve is shut off  and the stopwatch is deacti va-
ted. Note : The inaccuracy following out of diff erent supply pipe lengths is compensated by the 
long measuring period. 
By weighing the volume from the diff erent buckets or reading out the graduated cylinders, com-
bined with the measured ti me, the actual individual fl ow/fl owrate (patt ern) and total fl ow/fl ow-
rate can be determinated, and the dose (l/ha) is calculated. 

5.2.2. Transverse distribution

5.2.2.1.		 ransverse	distributi	on

The transverse distributi on shall be uniform. The uniformity of the transverse distributi on is eva-
luated on the basis of the coeffi  cient of variati on which shall not exceed 15 %.
Method of verifi cati on: 4.2.1 general

Figure 18: Pa� ern of soil-disinfec� on machine nr. A13300003.

5.2.2.2.	 Nozzle	fl	owrate

If the coëffi  cient of variati on exceeds 15% and the machine uses nozzles at injector height then an 
additi onal nozzle fl ow rate measurement is performed. 
Method of verifi cati on: measurement according to ISO16122-2 point 5.7.3.

5.2.2.2.1.  Nominal nozzle fl ow rate known

The deviati on of the fl ow rate of each nozzle of the same type and size shall not exceed:

• ±10 % of the nominal fl ow rate indicated by the nozzle manufacturer with a fl ow rate more 
than or equal to 1 l/min for the maximum working pressure given by the nozzle manufactu-
rer, or

• ±15 % of the nominal fl ow rate indicated by the nozzle manufacturer with a fl ow rate less 
than 1 l/min for the maximum working pressure given by the nozzle manufacturer.

I) 

0) 

0 
3 4 6 

Number ol in;Ktor 
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5.2.2.2.2. Nominal nozzle fl ow rate unknown

The fl ow rate of a single nozzle shall not exceed ± 5 % of the average fl ow rate of the nozzles of 
the same type and size mounted on the machine.

5.2.3. Flow meter

Flow meters shall measure with a maximum error of +/- 10% of the actual value. For counter 
fl ow meters the counted value shall be compared with the total captured fl ow. For real ti me fl ow 
meters the calculated total fl owrate shall be compared with the actual fl owrate. 
Method of verifi cati on: 4.2.1 general

Figure 19: Counter fl owmeters.

Figure 20: Real � me fl owmeter.
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5.2.4. Rate controllers

Rate controllers shall functi on with a maximum dose error of +/- 10% of the actual value. The 
captured value shall be  compared with the sett ed dose. 
Method of verifi cati on: 4.2.1 general

5.3. Inspecti ons on a depressurized machine
5.3.1. General

In a fi nal stage air pressurized machines shall be depressurized and a number of inspecti ons shall 
be performed on a depressurized machine.

5.3.2. Spray liquid tank

5.3.2.1.	 Filling	valve

The tank shall be provided with a fi lling valve. It shall be well adapted and in good conditi on. The 
fi lling valve shall be ti ghtly sealed to prevent air or liquid leakages and shall avoid unintended 
opening. 
Method of verifi cati on: functi on test.

5.3.2.2.	 Depressurizati	on

It shall be possible to depressurize air pressurized liquid tanks in a safe way and unintended 
opening shall be avoided.
Method of verifi cati on: functi on test.

5.3.2.3.	 Pressure	safety	valve

There shall be a pressure safety valve to avoid over-pressure in the tank.
Method of verifi cati on: visual inspecti on.

Figure 21: Tank with unsafe fi lling valve (A), depressurizing valve (B) and safety valve (C).
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Figure 22: Tank with extra safety lid.

5.3.2.4.	 Tank	content	indicator(s)

The volume of liquid in the tank shall be clearly readable from the driver’s positi on and/or from 
where the tank is fi lled.
Method of verifi cati on: visual inspecti on.

Figure 23: Tank contents indicator without measuring scale.

5.3.2.5.	Tank	emptying

It shall be possible to
• empty the tank e.g. using a tap, and
• collect the liquid without contaminati on of the environment and without potenti al risk of 

exposure of the operator.

Method of verifi cati on: visual inspecti on.
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5.3.2.6.	 Cleaning	equipment

If provided, tank cleaning devices, devices for external cleaning, devices for cleaning of inducti on 
hoppers, and devices for the internal cleaning of the complete sprayer, shall functi on.
Method of verifi cati on: visual inspecti on and functi on check.

5.3.3. Pressure indicator

5.3.3.1.	 Scale	and	dimension	of	pressure	indicator(s)

At least one digital or analogue pressure indicator shall be fi tt ed at a positi on where it is clearly 
readable from the operator’s positi on. Pressure indicators shall be suitable for the working pres-
sure range used.
Method of verifi cati on: visual inspecti on.

5.3.3.2.	 Scale	of	analogue	pressure	indicator

5.3.3.3.	 Accuracy	of	pressure	indicator

The scale of analogue pressure indicators shall provide graduati ons:
• at least every 0,2 bar1) for working pressures less than 5 bar;
• at least every 1,0 bar for working pressures between 5 bar and 20 bar;
• at least every 2,0 bar for working pressures more than 20 bar.
Method of verifi cati on: visual inspecti on.

5.3.3.4.	 Accuracy	of	pressure	indicator

The accuracy of the pressure indicator shall be
• ± 0,2 bar for working pressures at 2 bar and below,
• ± 10 % of the real value for pressures at 2 bar and above.

This requirement shall be achieved within the working pressure range suitable for the machine 
under test.
Method of verifi cati on: measurement according to ISO16122-2 point 5.3.

Figure 24: Pressure gauge test stand.
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5.3.3.5.	 Diameter	of	analogue	pressure	indicator

For analogue pressure indicators the minimum diameter shall be 63 mm.
Method of verifi cati on: measurement.

5.3.3.6.	 Forward	speed	sensors

Forward speed sensors used for controlling the volume/hectare rate, shall measure within a ma-
ximum error of ± 10 % of the value read on the reference instrument within the range of the 
measuring device.
Method of verifi cati on: measurement according to ISO16122-2 point  5.5

5.3.4. Lines(pipes and hoses)

Lines shall not show excessive bending, corrosion and abrasion through contact with surrounding 
surfaces. Lines shall be free from defects such as excessive surface wear, cuts or cracks.
Method of verifi cati on: visual inspecti on.

5.3.5. Filters

5.3.5.1.	 Filter	presence

There shall be at least one fi lter on the liquid side of the machine, and in the case of positi ve 
displacement pumps, one fi lter on the sucti on side.
NOTE Nozzle fi lters are not considered as discharge side fi lters.
The fi lter(s) shall be in good conditi on and the mesh size shall correspond to the nozzles fi tt ed 
according to the instructi ons of the nozzle manufacturer.
Method of verifi cati on: examinati on of specifi cati on and visual inspecti on.

5.3.5.2.	 Isolati	ng	device

It shall be possible, with the tank fi lled to its nominal volume, to clean fi lters without any spray 
liquid leaking out except for that which may be present in the fi lter casing and the sucti on lines.
Method of verifi cati on: visual inspecti on and functi on test.

5.3.5.3.	Filter	insert	changeability

Filter inserts shall be changeable in accordance with the sprayer manufacturers’ instructi ons.
Method of verifi cati on: visual inspecti on and functi on test.
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5.3.6. Injectors

5.3.6.1.	 Alignment	and	spacing

The injector frame shall be in a good state. (no excessive wear, bad welding, deformati ons,…) and 
the injector spacing and their orientati on shall be uniform along the frame.  The confi gurati on 
shall correspond to the manufacturer’s original design specifi cati on.
Method of verifi cati on: measurement and functi on check.

Figure 25: Measuring distance between the diff erent injectors.

5.3.6.2.	 Injector	protecti	on

The injector (nozzle or tube) shall be in a good state and shall be adequately protected to prevent 
blockages and damaging.
Method of verifi cati on: visual inspecti on.

Figure 26: Detail of an injector knife with pipe.

5.3.6.3.	 Injector	knives,	coulters

The injector coulters or knives shall be in a good conditi on and shall have uniform specifi cati ons. 
Method of verifi cati on: visual inspecti on and measurement.
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EXAMPLE SPREADSHEET FOR THE PATTERN MEASUREMENT OF A SOIL DISINFECTION 
MACHINE
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