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8.1. Introduction on fertigation equipment for nutrient addition 

8.1.1. These techniques concern the issue 

Preparation of the nutrient solution to be supplied to the crop. 

8.1.2. Regions 

All EU regions. The accuracy of fertiliser injection is a relevant issue in every region since it 
must always be taken into account when managing fertigation. 

8.1.3. Crops in which the problem is relevant 

All fertigated crops. 

8.1.4. Cropping type 

All cropping types.  

As buffer capacity of the soil is not available in soilless culture, the preparation of the 
nutrient solution is more critical in this growing system (especially in closed systems). 
However, the accuracy of fertiliser injection must also be considered in soil cropping when 
optimising fertigation. 

8.1.5. General description of the issue 

In fertigation, nutrients are supplied to the crop together with the irrigation water as a 
nutrient solution. For the preparation of this solution, fertilisers have to be previously 
dissolved in one or several concentrated solutions, which are injected into the irrigation 
water by using one of the different fertigation systems available. In the primitive systems, 
the objective was to supply absolute quantities of nutrients to the crop, not a stable 
nutrient solution. However, a lot of modern fertigation systems that are frequently used 
nowadays are based on EC and pH measurements and can make a balanced nutrient 
solution. The idea is to maintain adequate nutrient concentrations at the root level. This 
criterion is typically for soilless culture but is applied as well in soil-grown crops. In any case, 
it is essential to achieve accurate injection of fertilisers for adequate control of crop 
nutrition, avoiding crop development to be affected. 

The different issues related to the preparation of the nutrient solution are the followings: 

 

8.1.5.1. Sub-Issue A: Accurate addition of nutrients to the irrigation water about the 
established fertigation 

When preparing the final nutrient solution, the objective is to add exact quantities of 
fertilisers to the irrigation water in relation to the nutrient requirements to reduce as much 
as possible deviations between desired and supplied fertigation. This deviation can be 
significant if using inadequate technology or if it is not well managed. 
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8.1.5.2. Sub-issue B: Determination of the nutrient quantity supplied to the crop 

The current trend in fertigation is to supply a balanced nutrient solution to the crop, which 
is frequently prepared with Venturi injectors based on EC and pH. In this way the exact 
quantity of nutrients supplied per sector is unknown. It is possible to install a flow meter per 
injector, but the measurement is not exact because the flow of the injected solution is not 
continuous. Deviations amount at least 5-10%. Automatic systems based on injection pumps 
are more appropriate for this objective. However, their price is frequently a limiting factor. 
Furthermore, injection pumps tend to block or fail easily if fertilisers are not well dissolved, 
thereby provoking higher maintenance requirements. 

8.1.5.3. Sub-issue C: Automatic addition of fertilisers with a low effect on EC 

Fertilisers that only have a small effect on EC are frequently used in organic production. 
When applying them with automatic injection systems, based on EC measurement, it can be 
difficult to quantitatively manage fertiliser addition because the precision of EC 
measurement is insufficient. Quantitative injection is a solution to this problem. However, 
injection pumps are expensive, and insufficient dissolved solids in the stock solution can 
cause damage. For that reason, a pre-filtration to 120 µm is convenient, but these filters are 
easily clogged when using non-optimal fertilisers. Chapter 4 provides an overview of 
filtration systems and the issues associated with their use.  

8.1.5.4. Sub-issue D: Availability of optimal fertilisers for organic agriculture to be applied 
by fertigation 

Fertilisers applied in organic production are rarely optimal to be applied by fertigation and 
tend to clog the drippers. This effect is reduced by using adequate drippers and filtration 
systems and frequently rinsing the irrigation pipes. However, there is a need for good 
fertilisers for this application. 

8.1.6. Brief description of the socio-economic impact of the issue 

Application of an unbalanced nutrient solution can have repercussions on the productivity 
of the crop due to antagonism phenomena, saline effects or even toxicity. The preparation 
of the nutrient solution is essential especially in closed soilless growing systems to maintain 
the stability of the composition of the recirculating solution. For that reason, it is necessary 
to have adequate knowledge about nutrient requirements and to control fertiliser injection. 

An unsuitable nutrient solution, together with excess irrigation, can induce the release of 
nutrients to the environment by leaching, with the following pollution effect. 

The use of non-optimal fertilisers in fertigation or inadequate management can provoke 
clogging problems and higher maintenance requirements, having a negative economic 
impact on the production cost. 

8.1.7. Brief description of the regulations concerning the issue 

There are no specific regulations concerning equipment for the preparation of the nutrient 
solution. 
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In regions that have been declared Nitrate Vulnerable Zones by the European Nitrates 
Directive, discussed in Chapter 1, the maximum quantity of nitrogen (N) that can be applied 
to a crop is limited. Growers have to fill in and retain the N fertilisation sheet, indicating the 
application of N, as well as the invoices related to the purchase of fertilisers. The N applied 
is frequently estimated from the irrigation volume and the theoretical concentration in the 
nutrient solution but not measured because the adequate technology for this purpose is not 
available on the farm. 

Regarding fertilisers, the Regulation (EC) Nº 2003/2003 of the European Parliament and of 
the Council of 13 October 2003 lays down the mandatory technical characteristics to be met 
by these products. 

8.1.8. Existing technologies to solve the issue/sub-issues 

The general approaches of the existing technologies can be organised into the following 
categories: 

 Manually controlled equipment: 

o Simple fertilisation tank (including closed pressurised tank and open 
fertilisation tank connected to pump aspiration) 

o Venturi injection 

o Injection pump 

 Automatic equipment: 

o Automatic injection equipment by Venturi effect based on EC and pH 

o Automatic injection equipment with mixing tank based on EC and pH 

o Automatic injection equipment based on quantitative addition 

 Stock solutions: 

o Solubility of fertilisers 

o Preparation of concentrated solutions 

o Liquid versus solid fertilisers 

8.1.9. Issues that cannot be solved currently 

In general, acceptable technology (although not optimal) is currently available for the 
preparation of the nutrient solution in fertigation. However, the cost of the best 
technologies is usually a limiting factor for their application, especially in less profitable 
crops and small farms. Furthermore, problems related to blocking and failure of injection 
pumps make simpler and cheaper technologies like Venturi injectors to be frequently 
considered more reliable and preferred, despite their lower accuracy. The lack of awareness 
by growers of better technologies can also be a decisive factor in some cases. 

There is a need for high-quality fertilisers suitable for fertigation in organic. 

8.1.10. References for more information 

[1] Burt C., O’Connor K., Ruehr T. (1995). Fertigation. Irrigation Training and Research 
Center, California Polytechnic State University, San Luis Obispo, CA, USA. p. 295
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8.2. Summary of technologies subsequently presented in this chapter in individual technology descriptions (TDs) 
TD title Installation cost Maintenance cost  Strengths Weaknesses Limitations 

Manually controlled equipment 

Closed pressurised 
tank 

A tank of 60 L: 
600 € 

Addition of fertilisers 
before the irrigation 

Low cost and simple technology 
Electricity is not necessary if having 
enough pressure 
It can be adequate for small farms 

The concentration of fertilisers in the 
solution is not constant 
The fertilisers have to be added to the 
tank before each application 

Not suitable for automatic 
fertigation 

Open fertiliser tank 
with direct 
aspiration 

A tank of 200 L: 
350 € 

Addition of fertilisers 
before the irrigation 

Low cost and simple technology 
It can be adequate for small farms 

The tank can empty during the irrigation 
and air can reach the pump 

A pump is necessary for the 
aspiration of the fertiliser 
solution 

Venturi injection A/B tanks + acid: 
1500–2000 € 

Labour for flow 
adjustment 

Electricity is not necessary if having 
enough pressure 
Cheap and simple technology 
It can be used in small farms 

Injection no proportional to irrigation 
flow. It must be adjusted if changing 
Stable pressure needed for acceptable 
control of injection 

Manual Venturi injectors are not 
very suitable for automatic 
fertigation 
Venturi injectors provoke a loss 
of pressure of 1,5-2 bars 

Injection pump Hydraulic pump (0-
350 L/h): 
700 € 
Electric pump 
(similar 
characteristics): 
1000 € 

Periodical 
recalibration 
(hydraulic pumps), 
energy cost (electric 
pumps), pump 
maintenance 

Use of pressure existing in the network 
if using hydraulic pumps 
An accurate injection can be achieved 

Electricity is necessary if using electric 
pumps 
Hydraulic pumps must regularly be 
recalibrated to maintain dosage 
accuracy 

Proportional hydraulic injection 
pumps are limited by irrigation 
flow (lower than 20 m3/h) 
Investment costs if starting from 
scratch with an irrigation system 
may limit the adoption of this 
technology 

Automatic equipment 

Automatic injection 
equipment by 
Venturi effect based 
on EC and pH 

Equipment with 5 
injectors: 
5000–8000 € 

Flow adjustment, 
revision/change of 
pH and EC sensors 
and solenoid valves, 
energy cost 

If having enough pressure, electricity 
can be only necessary to activate the 
controller and the electro-valves 
This technology permits to adapt 
Venturi injectors to automatic fertigation 
with an acceptable cost 

Any pressure modification causes a 
variation of the injection flow. It must be 
maintained stably 
Supervision is necessary to ensure that 
fertiliser injection is correct 

Price (although being relatively 
low) can limit its installation in 
small farms 
Fertilisation is few flexible if 
using A/B stock solutions for 
better control of fertiliser 
injection 
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TD title Installation cost Maintenance cost  Strengths Weaknesses Limitations 

Automatic injection 
equipment with 
mixing tank based 
on EC and pH 

Equipment with 5 
injectors: 
10000–14000 € 

Revision/change of 
pH and EC sensors, 
magnetic drive 
injection pumps and 
solenoid valves, 
energy cost 

Higher accuracy than with automatic 
equipment using Venturi injectors and 
individual stock solutions 

Electricity required. Possible use of 
existing pressure for irrigation but not 
for injection 
Magnetic pumps burn if working without 
water 
More expensive than automated 
fertigation equipment using Venturi 
injectors 

Its cost is the most limiting 
factor compared to automatic 
Venturi injectors 

Automatic injection 
equipment based on 
quantitative addition 

Equipment with 5 
injectors: 
15000 € 

Revision/change of 
pH sensor, valves, 
membranes, oil and 
pleat of the pumps, 
energy cost 

This is the most accurate technology 
The injection of fertilisers is proportional 
to the irrigation flow, not being based 
on EC. This facilitates the injection of 
fertilisers with a low effect on EC 

Electricity is necessary. Pressure 
existing in the network can be used for 
irrigation but not for fertiliser injection 
It is the most expensive technology 
Maintenance of the injection pumps is 
essential for an exact injection 
The injection pumps are negatively 
affected by not well-dissolved solids 

The use of liquid fertilisers is 
recommended to avoid damage 
to the injection pumps 
Solid fertilisers have to be 
completely dissolved by using 
effective mixers for the 
preparation of the stock 
solutions 

Stock solutions 

Solubility of 
fertilisers 

  Fertigation can be a very effective way 
of supplying nutrients 

Knowledge is needed for dissolving 
different fertilisers 

Only 100% water soluble 
fertilisers must be used in 
fertigation 

Preparation of 
concentrated 
solutions 

 Cost of fertilisers, 
labour for the 
preparation of the 
concentrated 
solutions, energy 
cost 

Cost of fertilisation by using 
concentrated solutions prepared with 
soluble solid fertilisers tends to be lower 
than directly using liquid fertilisers 

Electricity is necessary for mixer 
activation 
The preparation of the stock solutions 
takes time 

Knowledge about compatibility 
between fertilisers and their 
solubility is required 
Low temperature reduces 
fertiliser solubility and can 
provoke sedimentation 

Liquid versus solid 
fertilisers 

 Cost of fertilisers Lower labour requirements when using 
prefabricated liquid concentrated 
solutions instead of soluble solid 
fertilisers because stock solutions do 
not have to be prepared in situ 
Liquid solutions are completely 
dissolved and do not have sediments 
provoking clogging (if crystallisation is 
avoided) 

Prefabricated liquid concentrated 
solutions tend to be more expensive 
than soluble solid fertilisers 

Liquid solutions tend to be more 
used in big than in small farms 
in order to reduce personnel 
cost. They must be around 20% 
less concentrated in winter to 
avoid crystallisation. Solutions 
with high temperature of 
crystallisation must not be 
stored during winter 
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8.3. Simple fertilisation tank 

(Author: Juan José Magán9) 

8.3.1. Used for 

Addition of fertilisers to the irrigation water. 

8.3.2. Region 

All EU regions. 

8.3.3. Crops in which it is used 

All fertigated crops. 

8.3.4. Cropping type 

All cropping types. 

8.3.5. Description of the technology 

8.3.5.1. Purpose/aim of the technology  

This technology allows the injection of fertilisers into the irrigation water for the fertigation 
of soil-grown crops. 

8.3.5.2. Working Principle of operation 

It is possible to differentiate two types of simple fertilisation tanks: 

 Closed pressurised tank: it is a tank of 40-250 L, connected in parallel to the 
irrigation pipe, able to support the irrigation pressure (Figure 8-1). It has a lid on top 
which allows compatible fertilisers to be placed inside and to be closed hermetically 
later. The water inlet is near the bottom, whereas the outlet is at the upper part 
(Figure 8-2). A valve is installed in the irrigation pipe between the inlet and the outlet 
to generate a pressure difference between 0,2 and 0,5 kg/cm2. This provokes a 
derivation of flow through the tank which sweeps along the fertilisers to the 
irrigation pipe 

 

Figure 8-1. Pictures of closed pressurised tanks (Source: Juan Carreño Sánchez) 
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Figure 8-2. Scheme of installation of closed pressurised tank: 1) Fertilisation tank, 2) Valve, 3) Drain valve 
(Carreño and Magán, 2003) 

 Open fertilisation tank connected to the pump aspiration: it is a normal tank, usually 
of 200-500 L, connected to the aspiration of the pump, which creates a negative 
pressure able to suck the fertiliser solution (Figure 8-3). The injected flow can be 
regulated by using a valve placed between the tank and the aspiration (Figure 8-4). It 
is a simple method if the pump is above the pond. However, if the opposite, it is 
necessary to provoke a pressure loss in the aspiration by partially closing a valve 

 

 

Figure 8-3. Picture of open fertilisation tank connected to the pump aspiration (Source: Juan Carreño 
Sánchez) 

 

Figure 8-4. Scheme of installation of open fertilisation tank: 1) Pump, 2) Fertiliser tank, 3) Valve, 4) Pond, 5) 
Drain valve (Carreño and Magán, 2003) 

http://www.fertinnowa.com/wp-content/uploads/2017/11/FERTINNOWA-website-terms-and-conditions.pdf
http://www.fertinnowa.com/wp-content/uploads/2017/11/FERTINNOWA-website-terms-and-conditions.pdf


Transfer of INNOvative techniques for 

 sustainable WAter use in FERtigated crops 

 

This document includes a cover page with the FERTINNOWA disclaimer. Full terms and conditions for using this 
document can be found at http://www.fertinnowa.com/wp-content/uploads/2017/11/FERTINNOWA-website-

terms-and-conditions.pdf           8-11 

8.3.5.3. Operational conditions 

When using closed pressurised tank, a unit of 40-60 L is usually installed for an irrigation 
sector of 2500 m2, whereas a tank of 80-120 L is used for 5000 m2. A tank of 250 L is 
convenient for an irrigation sector of 1 ha. 

If using an open tank connected to pump aspiration, a tank of 200-300 L is usually installed 
for an irrigation sector of 5000 m2, whereas a tank of 500 L is typically used for 1 ha. 

Fertiliser injection is not constant in a closed tank but decreases exponentially. Water flow 
through the tank (in L/h) necessary for tank emptying in a given time (t, in hours) can be 
calculated by using the following equation: 

𝑞 =
−𝑉 𝑙𝑛

𝐴
𝐴0

𝑡
 

where: 

V is the volume of the tank (L) 

Ao is the initial quantity of fertiliser in the tank 

A is the quantity of residual fertiliser in the tank after that time (for instance 2% of the initial 
quantity) 

To improve the uniformity of the fertiliser injection, it is possible to use a tank with a big 
volume or to reduce water flow through the tank. It is also possible to put solid fertiliser 
inside the tank. In this way, the solution is constantly closed to the solubility limit. However, 
this practice is not recommendable because solid particles can enter into the irrigation 
system. 

8.3.5.4. Cost data 

The cost of a typical closed pressurised tank of 60 L is 600 €, including accessories and 
installation. For an open fertilisation tank of 200 L connected to the pump aspiration, the 
price is 350 €. 

8.3.5.5. Technological bottlenecks 

No control of fertiliser injection during the irrigation when using a closed tank. Furthermore, 
fertilisation is not based on supplying a balanced nutrient solution to the crop but on 
providing with absolute quantities of nutrients. Finally, tank refill with fertilisers has to be 
done before each irrigation and this makes automation of fertigation difficult. Thus, its use 
is only justified in small farms, where it is not profitable to install a more sophisticated 
injection system. 

Regarding the open tank, it also has to be refilled before each irrigation if only having one 
unit and different fertilisation programmes have to be established. This can be solved by 
installing more than one tank of enough capacity and a flow meter for each tank to adjust 
the injection. 
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8.3.5.6. Benefit for the grower  

Advantages 

 Low cost and simple technologies 

 Electricity is not necessary if having enough pressure (with closed tank) 

 It can be adequate for small farms 

Disadvantages 

 The concentration of fertilisers in the solution is not constant (with closed tank) 

 The fertilisers have to be added to the tank before each application (with closed 
tank) 

 The open fertilisation tank can empty during the irrigation and air can reach the 
pump. To avoid this a float valve can be installed to maintain a minimum level of 
water inside the tank or an electro-valve to close the aspiration from the tank if it is 
empty 

8.3.5.7. Supporting systems needed 

An irrigation pump is needed if using an open fertilisation tank connected to the pump 
aspiration. 

8.3.5.8. Development phase 

Commercialised. 

8.3.5.9. Who provides the technology 

Companies installing fertigation systems. 

8.3.5.10. Patented or not 

No. 

8.3.6. Which technologies are in competition with this one? 

Venturi injection, injection pump. 

8.3.7. Is the technology transferable to other crops/climates/cropping systems? 

Yes, this technology operates independently of climate and crop. However, it is not 
adequate for soilless culture. 

8.3.8. Description of the regulatory bottlenecks 

There are no regulatory bottlenecks for using this equipment. 

8.3.9. Brief description of the socio-economic bottlenecks 

None. 
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8.3.10. Techniques resulting from this technology 

Closed pressurised tank connected to the impulsion of the pump or using natural pressure. 

Open fertilisation tank connected to the aspiration of the pump. It is possible to install more 
than one tank for applying incompatible fertilisers at the same time or for establishing 
different recipes. 

8.3.11. References for more information 

[1] Carreño, J. & Magán, J. J. (2003). El riego por goteo. Manejo, cálculos de 
fertirrigación y otros productos. In: Técnicas de producción en cultivos protegidos, ed. F. 
Camacho. pp. 135-181. Instituto Cajamar, Almería, Spain 
[2] Troncoso, A., Magán, J. J., Cantos, M., Liñán, J. & Fernández, J. E. (2017). 
Fertirrigación. In: El cultivo del olivo, eds. D. Barranco, R. Fernández-Escobar and L. Rallo. pp. 
491-518. Mundi-Prensa, Madrid, Spain 
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8.4. Venturi injection 

(Authors: Alberto Alfaro13, Carlos Campillo5, Juan José Magán9) 

8.4.1. Used for 

Addition of fertilisers to the irrigation water. 

8.4.2. Region 

All EU regions. 

8.4.3. Crops in which it is used 

All fertigated crops. 

8.4.4. Cropping type 

All cropping types. 

8.4.5. Description of the technology 

8.4.5.1. Purpose/aim of the technology  

The Venturi injector is a device used for the application of liquid or dissolved fertilisers 
(fertigation) and agricultural chemicals (chemigation) into a pressurised irrigation system. 

 

8.4.5.2. Working Principle of operation 

This injector is based on the Venturi effect, by which fluid velocity increases as it passes 
through a constriction in the pipe according to the principle of mass continuity, while its 
static pressure decreases according to the principle of conservation of mechanical energy. 
The constriction in the Venturi injector is enough to promote a pressure decrease below 
atmospheric pressure, causing the solution to be sucked into the injector from the stock 
tank and mixed with the mainstream (Figure 8-5). A Venturi injector uses excess pressure in 
the irrigation system to create this low-pressure zone in the injector throat. Hence fertiliser 
and chemicals solutions may be efficiently supplied into the pressurised water pipe without 
using an injection pump. 
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Figure 8-5. Functioning scheme of Venturi injector (https://www.lenntech.com/venturi.htm) 

Venturi injectors can be easily connected to the irrigation system in two ways (Figure 8-6): 

 In line: installed directly on the main line (typical for very low capacity systems) 

 By-pass: installed as a by-pass from the main line. In this configuration, a manual or 
hydraulic pressure reducing valve is used for flow deviation through the injector 

 

Figure 8-6. Ways of installation of Venturi injectors in an irrigation system: in line (left) and by-pass (right) 
(source: Waldemar Treder) 

8.4.5.3. Operational conditions 

The system requires a minimum pressure difference between the inlet and the outlet of 1,5-
2 bar. Otherwise, the injection will not be high enough. When using a pump for irrigation, it 
is possible to connect the outlet of the injector to the suction of the pump. This reduces the 
absolute pressure required at the inlet of the injector, although a higher flow must be 
pumped since a part is derived through the injector. 

Injection flow is usually regulated by using a valve and measured with a flow meter, which is 
normally calibrated for water. Since water density is 1 kg/L, a flow of 1 kg/hour is equivalent 
to 1 L/hour (which is the unit typically shown in flow meters). However, if stock solutions 
with a significantly different density are injected, it is necessary to take into account that the 
indicated flow is expressed in kg/hour and it has to be divided by the solution density to 
express it in L/hour. This can be especially important when liquid fertilisers are injected. 

8.4.5.4. Cost data 

Installation cost 

The cost of a Venturi injector is 30-200 €. A complete manual installation including three 
injectors with their respective stock tanks, flow meters, valves, accessories and labour costs 
around 1500-2000 € and can be installed in one day. 

Maintenance 

The suction filter must be cleaned and injection flow adjusted periodically. 
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8.4.5.5. Technological bottlenecks 

Injection flow is very sensitive to pressure variations and is not proportional to irrigation 
flow. Hence, it has to be adjusted in non-automated installations whenever these 
parameters change. 

8.4.5.6. Benefit for the grower  

Advantages 

Injection by Venturi effect is a cost-effective method of supplying fertilisers and chemicals 
into a pressurised irrigation system, being very popular because of its simplicity, reliability 
and low cost, and because it does not require a power source if having enough pressure. 
Thus, it can be an adequate technology for small farms. 

Disadvantages 

 Fertiliser injection is not proportional to the irrigation network flow and has to be 
adjusted whenever it changes 

 Injection flow depends on pressure; thus, this parameter must be maintained stably 
for obtaining an acceptable control of injection 

8.4.5.7. Supporting systems needed 

This technology can be applied to any farm. If there is not a hydraulic network with enough 
pressure, it will be necessary to install a pump giving adequate pressure and flow. The 
installation of a pressure regulator before the Venturi injector can be advisable for a more 
stable pressure and injection flow. 

8.4.5.8. Development phase 

Commercialised. 

8.4.5.9. Who provides the technology 

Companies installing fertigation systems. 

8.4.5.10. Patented or not 

Some injectors are patented. 

8.4.6. Which technologies are in competition with this one? 

Dosing pumps (electric or hydraulic), direct aspiration. 

8.4.7. Is the technology transferable to other crops/climates/cropping systems? 

It is transferable to all of them but it is not an adequate technology for soilless culture, for 
which automatic equipment is preferable. 

8.4.8. Description of the regulatory bottlenecks 

There are no regulatory bottlenecks for the use of Venturi injectors. 
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8.4.9. Brief description of the socio-economic bottlenecks 

None. 

8.4.10. Techniques resulting from this technology 

Automatic injection equipment based on Venturi effect is commercially available (see 0). 
They incorporate at least three Venturi injectors, one for acid injection based on pH 
measurement and the rest for other fertilisers (which are injected based on EC 
measurement and a proportion established between stock solutions), what allows to 
separate incompatible fertilisers in different stock tanks and elaborate a complete final 
nutrient solution. Fertiliser injection through the Venturi injectors is regulated by installing a 
solenoid valve per injector, which opens at regular intervals based on the target parameters. 

8.4.11. References for more information 

[1] Bracy, R. P., Parish, R. L. & Rosendale, R. M. (2003). Fertigation uniformity affected 
by injector type. HortTechnology, 13(1), 103-105 
[2] Calder, T.,  & Burt, J., (2007). Selection of fertigation equipment. Farm note 35/2001. 
Department of Agriculture, Western Australia. Retrieved from 
http://www.agric.wa.gov.au/objtwr/imported_assets/content/hort/eng/f03501.pdf 
[3] Chen, L. H., Tien, Y. S., & Ho, J. H. (2010). A study on the flow rate performance of 
line-type parallel arrangement Venturi injector of fertigation system. Bulletin of Taichung 
District Agricultural Research and Extension Station, 107, 13-23 
[4] Kranz, W. L., Eisenhauer, D. E. & Parkhurst, A. M. (1996). Calibration accuracy of 
chemical injection devices. Applied Engineering in Agriculture, 12(2), 189-196 
[5] Goyal, M. R. (2015). Sustainable Micro Irrigation: Principles and Practices. Apple 
Academic CRC Press 
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8.5. Injection pump 

(Authors: Claire Goillon2, Georgina Key1, Alberto Alfaro13, Juan José Magán9, Benjamin 
Gard*) 

8.5.1. Used for 

Addition of fertilisers to the irrigation water. 

8.5.2. Region 

All EU regions. 

8.5.3. Crops in which it is used 

All fertigated crops. 

8.5.4. Cropping type 

All cropping types. 

8.5.5. Description of the technology 

8.5.5.1. Purpose/aim of the technology  

Injection or dosing pump is a technology for applying balanced nutrient solutions to the 
crop. Injection pump ensures a precise and stable injection of fertilisers into water irrigation 
in order to obtain the right concentration of nutrients into the solution. This technology 
allows automation and a consistent supply of fertiliser. 

8.5.5.2. Working Principle of operation 

For proportional dosing, a constant ratio between the volume of irrigation water and the 
volume of the concentrated solution of fertiliser is maintained throughout the process, 
resulting in a constant nutrient concentration in the irrigation water. Nutrients are pumped 
from a fertiliser tank containing the concentrated solution of nutrients. The control of the 
injection is performed with small valves that partially open at each injector pulse time, 
keeping a user programmed, constant equilibrium.  

Water flow coming from the irrigation network has a constant flow rate. Clearwater enters 
at the inlet of the pump and fills a chamber while activating the dosing piston (Figure 8-7). 
The dosing piston takes up the required percentage of the concentrate solution directly 
from the tank. The piston stroke regulates the solution uptake and it is defined by the 
operator using the command, and the scale (% adjustment) placed on the dosing pump. 
Then, clear water and concentrate solution are mixed together in the chamber and the 
solution with the desired concentration is released through the outlet of the pump by the 
water pressure (hydraulic pump) or by a mechanical pulse (electric pump). 
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Figure 8-7. Scheme of injection pump (http://www.amg-france.fr/dosage.php) 

The calculation of the injection rate is as follows: 

Injection flow (L/h)  =
weight of nutrient to deliver (kg)

total weight of nutrient in stock solution (kg)
×

Tank volume (L) × 60

Injection time (min)
 

Two different technologies are available on the market: 

 Electric injection pump: the mechanism of injection is triggered by an electric motor 
and the injection flow is set directly on the pump 

 Hydraulic injection pump: the injection is triggered by the water under pressure from 
the irrigation network. To set up the pump, the user calculates an injection rate: 

Injection rate (%)  =
Injection flow (L/h)

Irrigation network flow (L/h)
 

8.5.5.3. Operational conditions 

It is necessary to evaluate the time of injection to ensure a good concentration in the 
diluted nutrient solution. In order to avoid any physiological disorders, the concentration of 
the nutrient in the diluted solution must be below 2 g/L. Therefore, it is first necessary to 
calculate the concentration of the diluted nutrient solution (Cd). 

𝐶𝑑  (𝑔/𝐿) =
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑛𝑢𝑡𝑟𝑖𝑒𝑛𝑡 𝑖𝑛 𝑠𝑡𝑜𝑐𝑘 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 (𝑔) ×  60

𝐼𝑛𝑗𝑒𝑐𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒 (𝑚𝑖𝑛) ×  𝑖𝑟𝑟𝑖𝑔𝑎𝑡𝑖𝑜𝑛 𝑛𝑒𝑡𝑤𝑜𝑟𝑘 𝑓𝑙𝑜𝑤 (𝐿/ℎ)
 

8.5.5.4. Cost data 

Installation cost 

 Proportional injectors: a typical hydraulic injection pump with a water flow range of 
10-2500 L/h and injection rate of 0,2-2% costs 352 €. An electric injection pump with 
a water flow range of 10-3000 L/h and an injection rate of 1-10% costs 609 € (prices 
from the UK). 
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 Non-proportional injectors: the price of a hydraulic pump with an injected flow of 0-
350 L/h is 700 € and that of an electric pump with similar characteristics is 1000 € 
(prices from Spain). 

Maintenance 

Yearly change of the oil and revision of membranes and valves, periodical recalibration of 
hydraulic dosing pumps. 

8.5.5.5. Technological bottlenecks 

None. 

8.5.5.6. Benefit for the grower  

Advantages 

 Electric dosing pump: 

o Large range of flow settings 

o The possibility to inject several tanks of nutrient stock solutions 

o Precise set up of the concentration 

o Consistent concentration and flow 

o The possibility of total automation of the system 

 Hydraulic dosing pump: 

o Autonomous technology (no need for external energy) 

o No risk of overpressure 

o No risk of overdose 

o Large range of prices and designs, of flow and settings 

o Possibility to inject several tanks of nutrient stock solutions 

o Precise set up of the concentration 

o Consistent concentration and flow 

o The possibility of total automation of the system 

Disadvantages 

 Electric dosing pump: 

o The technology needs electricity 

o High investment costs 

 Hydraulic dosing pump: 

o Leakage rate or loss of pressure according to the model 

o Needs a minimal pressure to operate 

o For most of the models, injection of only one tank of the nutrient stock 
solution is possible 

o Pumps need to be recalibrated regularly to maintain dosage accuracy 
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8.5.5.7. Supporting systems needed 

Electricity supply is necessary if using electric dosing pumps. 

8.5.5.8. Development phase 

Commercialised. 

8.5.5.9. Who provides the technology 

Companies selling fertigation systems. 

8.5.5.10. Patented or not 

Some injection pumps are patented by the manufacturing companies. 

8.5.6. Which technologies are in competition with this one? 

Venturi injector, direct aspiration. 

8.5.7. Is the technology transferable to other crops/climates/cropping systems? 

Yes. 

8.5.8. Description of the regulatory bottlenecks 

None. 

8.5.9. Brief description of the socio-economic bottlenecks 

Buying one or two pumps would not be a bottleneck, but investing in several pumps or high 
investment costs if starting from scratch with an irrigation system, may limit the adoption of 
this technology. 

8.5.10. Techniques resulting from this technology 

Fertigation equipment based on injection pumps is currently available on the market, 
allowing simultaneous automatic control of proportionality, EC and pH. 

8.5.11. References for more information 

[1] Coullet, A., Izard, D., Boyer, I., Odet, J., Bouvard, F. & Ernout, H. (2007). Conduite de 
l’irrigation fertilisante. p. 8. ARDEPI. Retrieved from 
http://www.ardepi.fr/fileadmin/images_ardepi/Fiches_EF/Fiches_en_pdf/07Irrig_Fertil.pdf 
[2] Kafkafi, U. & Tarchitzky, J. (2011). Fertigation: A tool for Efficient Water and Nutrient 
Management. International Fertiliser Industry Association (IFA) and International Potash 
Institute (IPI), Paris, France. Retrieved from 
http://www.ipipotash.org/en/publications/detail.php?i=327 
[3] Lajournade, M., Aymard, J., Bouvard, F., Charton, P., Izard, D., Leclercq, J. B., Piton, 
N. & Soing, P. (2002). Les appareils d’injection. p. 8. Retrieved from 
http://www.ardepi.fr/les-fiches-eau-fertile.html 
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8.6. Automatic injection equipment by Venturi effect based on EC and pH 

(Authors: Rafael Baeza11, Milagros Fernández11, Elisa Suárez-Rey11, Juan José Magán9) 

8.6.1. Used for 

Addition of fertilisers to the irrigation water. 

8.6.2. Region 

All EU regions. 

8.6.3. Crops in which it is used 

All fertigated crops. 

8.6.4. Cropping type 

All cropping types. 

8.6.5. Description of the technology 

8.6.5.1. Purpose/aim of the technology  

This is a technology for applying balanced fertiliser solutions which allows automation and 
homogeneous supply of fertiliser in each irrigation pulse. It does not require high skills for 
correct management. 

8.6.5.2. Working Principle of operation 

This type of equipment may use several fertiliser tanks, from where fertilisers are injected 
into the main irrigation network through Venturi injectors. The control of the injection is 
performed with solenoid valves that partially open at each injector pulse time, keeping a 
constant user-programmed equilibrium, EC and pH. The optimal operation of the system 
requires the flow injected by all injectors to be identical. If flow deviation occurs, it must be 
adjusted by a manual valve coupled with a rotameter type flowmeter. There are different 
installation options: 1) upstream from the pump, by connecting in parallel between the 
suction and discharge of the pumping equipment (Figure 8-8); 2) downstream from the 
pump, installing an auxiliary pump to avoid variations in pressure and flow in the pipeline 
(Figure 8-9). 

8.6.5.3. Operational conditions 

In facilities upstream from the pump, installation requires only power increase of the drive 
pump. This increase depends on the size of the equipment but is usually lower than 1,5 kW. 
In facilities downstream from the pumping, an auxiliary pump is needed. 

The injection capacity depends on the installed injector model that should be dimensioned 
based on the concentration of the stock solution and the targeted fertigation solution. 
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Figure 8-8. Parallel connection with the pump of automatic injection equipment by Venturi effect. 
Fertigation system is connected in parallel between the suction and discharge of the pump 

 

Figure 8-9. Parallel connection with the discharge pipe. An auxiliary pump maintains the flow of the circuit 

8.6.5.4. Cost data 

Installation cost 

Installation time is usually 1-2 weeks. The cost varies depending on the size. For standard 
facilities of 4-5 tanks, each one of 1000-2000 L and with injectors of 200-300 L/h of capacity, 
a modular irrigation controller equipped with 10-20 outlets to control solenoid valves and 
pH and EC sensors, the costs range from 3000-15000 €. 

Maintenance 

 Daily control of the implementation of irrigation and fertiliser consumption 

 Monthly calibration of pH and EC sensors 
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 Monthly checking the flow injected by Venturi injectors and cleaning and regulation 
if necessary 

 Replacing of solenoid valves every five years 

 Usual maintenance (cleaning of filters, tanks, etc.) 

8.6.5.5. Technological bottlenecks 

Electricity is necessary, at least for the functioning of the controller and the electro-valves. 
Furthermore, an irrigation pump is frequently installed when using this technology. 

Constant pressure is necessary for the correct functioning of the system. As a hydraulic 
basis, any pressure variation causes a variation in the injection flow and thus, it will affect 
the fertiliser dose. 

8.6.5.6. Benefit for the grower  

Advantages 

 Acceptable reliability 

 Relatively low initial investment 

 Low power consumption 

 Low maintenance costs 

 Low levels of technical knowledge for handling 

 Technology widely developed and readily available 

Disadvantages 

 It requires electricity on the farm 

 It cannot take advantage of water supply networks if they have unstable pressure, 
common in this type of supply 

8.6.5.7. Supporting systems needed 

Electricity supply is necessary. 

8.6.5.8. Development phase 

Commercialised. 

8.6.5.9. Who provides the technology 

Different companies installing fertigation systems. 

8.6.5.10. Patented or not 

This technology is not patented. 

8.6.6. Which technologies are in competition with this one? 

 Injection pump (electric or hydraulic) 
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 Automatic equipment with mixing tank 

8.6.7. Is the technology transferable to other crops/climates/cropping systems? 

Yes, but the cost can be a limiting factor in small farms. 

8.6.8. Description of the regulatory bottlenecks 

There are not regulatory bottlenecks. 

8.6.9. Brief description of the socio-economic bottlenecks 

Despite its relatively low cost, the small size of farms often limits the use of this technology 
in some horticultural areas. 

8.6.10. Techniques resulting from this technology 

The most typical installation of Venturi injectors is inserted in a linear collector (Figure 8-10), 
although it tends to provoke some pressure differences between injectors. An alternative is 
to place them in a circular configuration, which allows a homogeneous pressure to be 
obtained (Figure 8-11). Furthermore, it is possible to install a flowmeter per injector for 
automatic dosage regulation and a more exact injection. 

 

 

Figure 8-10. Installation of Venturi injectors inserted in a linear collector (Source: J. Antonio Marhuenda) 
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Figure 8-11. Installation of Venturi injectors in a circular configuration (Source: J. Antonio Marhuenda) 

8.6.11. References for more information 

[1] Baeza, R., Fernández, M., García, C. & Gavilán, P. (2007). Gestión del agua de riego 
en cultivos hortícolas bajo abrigo. Análisis del asesoramiento técnico a regantes en la 
provincia de Almería. XXXVII Seminario de Técnicos y Especialistas en Horticultura. 
Ministerio de Medio Ambiente y Medio Rural y Marino, Spain 
[2] Bracy, R. P., Parish, R. L. & Rosendale, R. M. (2003). Fertigation uniformity affected 
by injector type. HortTecnology, 13(1), 103-105 
[3] García García, M. C., Céspedes López, A. J., Pérez Parra, J. J. & Lorenzo Mínguez, P. 
(2016). El sistema de producción hortícola protegido de la provincia de Almería. Instituto de 
Investigación y Formación Agraria y Pesquera. Consejería de Agricultura, Pesca y Desarrollo 
Rural 
[4] Huang, X., Li, G., & Wang, M. (2008, October). CFD simulation to the flow field of 
Venturi Injector. In International Conference on Computer and Computing Technologies in 
Agriculture (pp. 805-815). Springer, Boston, MA 
[5] Marhuenda, J. A. (2008). Diseño y principios básicos de los programadores de riego 
para cultivo en sustrato. Sistemas abiertos y cerrados. In: Relaciones hídricas y 
programación de riego en cultivos hortícolas en sustratos. pp. 79-88. INIA and IFAPA, Spain 
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8.7. Automatic injection equipment with mixing tank based on EC and pH 

(Authors: Juan José Magán9, Georgina Key1) 

8.7.1. Used for 

Addition of fertilisers to the irrigation water. 

8.7.2. Region 

All EU regions. 

8.7.3. Crops in which it is used 

All fertigated crops. 

8.7.4. Cropping type 

All cropping types. 

8.7.5. Description of the technology 

8.7.5.1. Purpose/aim of the technology  

This technology allows growers to automatically prepare a balanced nutritive solution 
adequate for crop development and to control the irrigation strategy in the farm by 
controlling electro-valve activation. 

8.7.5.2. Working Principle of operation 

The mixing tank is an element of a fertigation system which allows the creation of stabilised 
nutrient solutions. It consists of a non-pressurised tank, which agitates and circulates the 
irrigation water in order to mix it efficiently with the fertilisers and form a homogeneous 
nutrient solution. This tank is most commonly installed in a by-pass configuration, where 
only a part of the irrigation flow is diverted to the mixing tank, being subsequently driven 
from the tank to the irrigation pipe with a less powerful second pump, able to operate at 
higher pressure than the main one. In by-pass configuration, a static mixer is installed in the 
irrigation pipe in order to achieve adequate mixing of the solution coming from the mixing 
tank with the mainstream water. Water entering the tank is regulated by a hydraulic valve 
with a buoy in both configurations. 

The mixing tank can be installed in equipment using Venturi effect injectors but is more 
often installed when using injection pumps (Figure 8-12). In that case, magnetic drive 
injection pumps, which are capable of moving relatively high flow rates with very low energy 
consumption, are incorporated.  

During watering, the magnetic drive pump runs continuously, sucking solution from the 
stock tank and driving it towards the solenoid valve, which, by default, diverts the solution 
back to the tank. However, every few seconds, the controller sends an injection signal which 
opens the solenoid valve, allowing the solution to enter the mixing tank. The frequency with 
which each solenoid valve opens is determined by the percentage injection of the 
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corresponding stock solution, as well as by the target EC. This excludes acid injection, which 
is regulated by the target pH. The function of the nozzle is to generate a resistance which 
increases the uniformity of the flow, driven by the different injection pumps in the 
equipment. This reduces the influence of water height in the concentrated solution tank on 
the injected flow. In the most advanced equipment, a flow meter is installed for each 
injection pump, which allows the amount of concentrated solution injected to be measured 
and the dosage regulated, thereby improving injection accuracy. 

 

Figure 8-12. Picture of automatic fertigation equipment with mixing tank and magnetic drive injection 
pumps (Source: J. Antonio Marhuenda) 

In some fertigation systems the magnetic pump does not drive the concentrated solution 
directly to the mixing tank but to a vertical pipe higher than the mixing tank, so that the pipe 
is continuously overflowing, being the excess solution returned to the stock solution tank 
(Figure 8-13). A solenoid valve placed at the bottom of the pipe allows the solution to fall 
into the mixing tank. This system avoids the influence of water height in the stock tank on 
injection flow to the mixing tank. However, since stock solutions are discharged to the 
mixing tank with low pressure, their mixture with water is slower, which can make 
adjustments more difficult when compared to the previous system. 

 

Figure 8-13. Picture of automatic fertigation equipment with mixing tank and vertical pipes 
(https://pbs.twimg.com/media/DFlXyzUUQAEnlEL.jpg) 
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It is possible to install membrane pumps instead of magnetic pumps in order to more 
precisely inject fertilisers (Figure 8-14). These pumps incorporate a piston, responsible for 
fluid injection, enabling the determination of the volume injected in each pulse. Thus, 
counting the number of pulses, it is possible to know the total volume of stock solution 
injected without installing a flow meter. In some membrane pump models, it is possible to 
regulate the frequency of pulses and vary the flow. However, these pumps are more 
expensive than magnetic pumps and require more costly maintenance because the 
membranes and valves tend to get dirty and worn away frequently due to the fertilisers. 

 

Figure 8-14. Picture of automatic fertigation equipment with mixing tank and membrane pumps (Source: J. 
Antonio Marhuenda) 

8.7.5.3. Operational conditions 

Small mixing tanks are usually used (100-150 L flow, up to 200 m3/h) to enable a quicker 
response rate in the nutrient solution when adjustments are needed. 

When the mixing tank is inserted directly into the suction of the irrigation pump, it is 
necessary to carry out a double pumping in order to fill the tank and pump the nutritive 
solution if there is not a pressurised water supply network. For that reason, this 
configuration is only used in small installations (flow usually of 5-10 m3/h, maximum 30 
m3/h). In commercial farms the mixing tank is usually installed in a by-pass configuration, 
circulating only 10% of the irrigation flow, which reduces the investment cost and can 
achieve energy savings of at least 30%. In horticultural crops (where concentrated nutrient 
solutions are applied) it is not convenient to reduce the bypass flow through the mixing tank 
further, otherwise, you may get precipitation out of fertilisers. However, in fruit crops 
(where more diluted nutrient solutions are managed) it can be reduced to 5%. 

Injection pumps usually offer a flow rate of 400-600 L/h, although this will depend on the 
irrigation flow and the concentration of the stock solutions. There are special models of 
magnetic pumps made from materials which will cope with the most aggressive acids. The 
inside diameter of the nozzles installed at the entrance of the stock solution to the mixing 
tank is usually 2-3 mm. Regarding the flow meters, pulses should be high frequency (at least 
100 pulses/L) in order to achieve good accuracy. Additionally, it is necessary that the 
opening time of the solenoid valve is longer than one second. 
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8.7.5.4. Cost data 

Installation cost 

 Two days are necessary for installing and connecting the fertigation equipment 

 The cost of standard equipment with five magnetic drive injection pumps and a 
mixing tank is between 8000 € and 12000 €, which is significantly higher than that of 
equivalent equipment with injectors based on the Venturi effect (5000-8000 €). The 
price does not include the cost of flow meters (250 € per unit plus 150-200 € for the 
electronic connection of all of them) and labour (500-1000 €). The cost of a 
membrane pump with analogical control is around 700 €/unit 

Maintenance 

 Monthly cleaning and calibration of pH and EC sensors 

 Replacement of pH sensors every 1-3 years 

 Replacement of magnetic drive injection pumps every 3-4 years 

 Replacement of solenoid valves every 5 years 

8.7.5.5. Technological bottlenecks 

Electricity is necessary. 

8.7.5.6. Benefit for the grower  

Advantages 

 High reliability 

 Technology widely developed and readily available 

Disadvantages 

 It requires electricity on the farm 

 Magnetic drive injection pumps instantly burn if they run out of the water, therefore 
emptying of the stock solution tanks must be avoided under any circumstance 

 This technology is more expensive than automated fertigation equipment using 
Venturi injectors 

8.7.5.7. Supporting systems needed 

The fertigation system has to be complemented with the tanks for preparing the stock 
solutions, as well as filters, pipes and accessories. 

8.7.5.8. Development phase 

Commercialised. 

8.7.5.9. Who provides the technology 

Some companies installing fertigation systems offer this technology. 
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8.7.5.10. Patented or not 

No. 

8.7.6. Which technologies are in competition with this one? 

 Injection pumps (electric or hydraulic) 

 Automatic fertigation equipment using Venturi injectors 

8.7.7. Is the technology transferable to other crops/climates/cropping systems? 

Yes. 

8.7.8. Description of the regulatory bottlenecks 

There are no regulatory bottlenecks. 

8.7.9. Brief description of the socio-economic bottlenecks 

Price is a limiting factor for the use of this technology, especially for small farms. If the 
grower decides to install automatic fertigation equipment, he frequently prefers to install 
equipment using Venturi injectors, which is cheaper. 

8.7.10. Techniques resulting from this technology 

Different modalities have been previously described in the section 8.7.5.2 Working Principle 
of operation. 

8.7.11. References for more information 

[1]  Marhuenda, J. A. (2008). Diseño y principios básicos de los programadores de riego 
para cultivo en sustrato. Sistemas abiertos y cerrados. In: Relaciones hídricas y 
programación de riego en cultivos hortícolas en sustratos. pp. 79-88. INIA and IFAPA, Spain 
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8.8. Automatic injection equipment based on the quantitative addition 

(Authors: Juan José Magán9, Ilse Delcour19) 

8.8.1. Used for 

Addition of fertilisers to the irrigation water. 

8.8.2. Region 

All EU regions.  

8.8.3. Crops in which it is used 

All fertigated crops suitable. 

8.8.4. Cropping type 

All cropping types. 

8.8.5. Description of the technology 

8.8.5.1. Purpose/aim of the technology  

This technology allows a nutrient solution to be prepared by proportionally injecting pre-set 
concentrations of stock solutions to the irrigation flow without considering EC of the final 
solution. 

8.8.5.2. Working Principle of operation 

In many fertigation systems, the addition of fertilisers to the water for the preparation of 
the nutrient solution is based on EC because its measurement is reliable and easy to do. 
However, this is an indicator of the global salinity of the solution, not knowing the injected 
quantity of each fertiliser. For this objective, a flow meter can be installed per injector, 
although the accuracy is limited, with a minimum deviation of 5-10%, because of the 
intermittent flow of stock solution through the flow meter, which makes the measurement 
difficult. 

Injection pumps allow the volume of injected stock solution to be known without installing 
flow meters because the volume of the chamber inside the pump (see 8.5.5.2) is known. 
Automatic fertigation systems based on injection pumps count the number of injections 
carried out by each pump. Thus, the total injection during the irrigation can be automatically 
calculated by multiplying the number of injections by the volume pumped per pulse. 
Fertiliser injection can be related to the water flow by installing a flow meter, electrically 
connected to the fertigation system, in the irrigation pipe. Knowing the injected flow of 
fertilisers and the irrigation flow, the ratio between them can be calculated and the 
injection of fertilisers can be automatically adjusted online to achieve the desired 
proportion. Figure 8-15 shows a picture of an automatic fertigation system based on 
injection pumps, able to proportionally inject the stock solutions into the irrigation flow. 
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Although EC and pH sensors are not required in fertigation with proportional injection into 
the irrigation flow, they are frequently installed as security measures. 

 

Figure 8-15. Picture of automatic fertigation equipment based on the proportional injection of fertilisers to 
water flow (http://www.itc.es/es/electric/item/420-acc070-bancada-de-dosificación-y-control.html) 

8.8.5.3. Operational conditions 

The accuracy of injection can be quite good, with a deviation of only 2-5%. It is possible to 
reach a sensitivity of proportionality of 0,01%. The injection flow per pump can reach 
around 3000 L/h (depending on the model). For big irrigation sectors, several pumps can be 
installed in parallel. 

8.8.5.4. Cost data 

Installation cost 

The cost of the equipment, with five piston injection pumps, with their respective variable 
frequency drive, including a meter of the irrigation flow and a pressure transmitter, is 
around 15000 €. 

Maintenance 

 Monthly cleaning and calibration of pH sensor 

 Replacement of pH sensors every 1-3 years 

 Yearly revision of suction and discharge valves and of piston injection pumps (in the 
case of membrane injection pumps the change of the membranes is usually carried 
out every 3 years) 

 Annual change of the oil of the injection pumps 

 Quinquennial change of the pleat of the pumps 
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8.8.5.5. Technological bottlenecks 

The injection pumps are negatively affected by not well-dissolved solids, which can block 
pipes and valves. This can be a limitation when using organic fertilisers. 

8.8.5.6. Benefit for the grower  

Advantages 

 Highly accurate 

 The quantity of fertilisers supplied to the crop can be quite accurately measured  

 Quantitative injection is applicable when using fertilisers with low effect on EC (as 
typical in organic production) 

Disadvantages 

 Too expensive to be used in small farms 

 Failure when fertilisers are not well dissolved 

 High maintenance needed 

8.8.5.7. Supporting systems needed 

Liquid fertilisers are preferred when using injection pumps. Solid fertilisers need to be 
adequately dissolved in order to avoid the pumps to be damaged. 

8.8.5.8. Development phase 

Commercialised. 

8.8.5.9. Who provides the technology 

Some companies selling fertigation systems. 

8.8.5.10. Patented or not 

Some injection pumps are patented by the manufacturing companies. 

8.8.6. Which technologies are in competition with this one? 

 Automatic injection equipment by Venturi effect based on EC and pH 

 Automatic injection equipment with mixing tank based on EC and pH 

8.8.7. Is the technology transferable to other crops/climates/cropping systems? 

Yes, this technology operates independently of climate and cropping system. 

8.8.8. Description of the regulatory bottlenecks 

There are no regulatory bottlenecks for using this equipment. 
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8.8.9. Brief description of the socio-economic bottlenecks 

The cost of the technology may limit the adoption of the technology, especially in small 
farms and less profitable crops. 

8.8.10. Techniques resulting from this technology 

In the market, there is automatic fertigation equipment based on injection pumps arranged 
on a bench which can be easily installed (http://www.itc.es/es/electric/item/420-acc070-
bancada-de-dosificaci%C3%B3n-y-control.html) 

8.8.11. References for more information 

[1] Personal communication from ITC (manufacturer of dosing pumps) (28th of March 
2017) 
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8.9. Solubility of fertilisers 

(Authors: Katarina Kresnik3, Juan José Magán9, Ilse Delcour19, Georgina Key1, Benjamin 
Gard*) 

8.9.1. Used for  

Preparation of stock solutions. 

8.9.2. Region  

All EU regions. 

8.9.3. Crop(s) in which it is used  

All fertigated crops. 

8.9.4. Cropping type  

All cropping types. 

8.9.5. Description of the technology 

8.9.5.1. Purpose/aim of the technology  

The solubility of a fertiliser is defined as the maximal amount of the fertiliser that can be 
completely dissolved in a given amount of distilled water at a given temperature. When 
producers apply fertilisers through the irrigation water (fertigation), it is essential that they 
are familiar with some important facts regarding fertiliser solubility. 

8.9.5.2. Working Principle of operation  

Fertilisers applied in fertigation have to be dissolved in water. Generally, concentrated 
solutions (stock solutions) are injected in the irrigation water. When preparing a solution, 
growers must always add fertilisers into the water and not the contrary to prevent caking of 
the fertilisers. If doing a test to verify the practicality of a solution, the fertilisers should be 
mixed exactly in the same concentration as in the stock tanks. If some precipitate forms or 
the solution has a “milky” appearance, the test should be repeated with lower 
concentrations of fertilisers.  

When mixing fertilisers that contain a common element (for example potassium nitrate and 
potassium sulphate) the solubility of the fertilisers decreases. In such case, we cannot refer 
to the fertiliser solubility data alone. The same happens when the water used for dissolution 
is highly rich in minerals, e.g. calcium (Ca), magnesium or sulphate. In such cases, additional 
chemical reactions come into play and calculations become more complex. Usually, these 
are not calculated in the field; instead, trial-and-error practices are common. 

8.9.5.3. Operational conditions  

In fertigation, only 100% water soluble fertilisers containing all nutrients in totally soluble 
forms may be used. Indeed, any non-soluble part can be the reason for the blockage of the 
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irrigation system. To avoid precipitation and collaging of the irrigation network, growers 
must take into account compatibility of the fertilisers before mixing them during the 
preparation of stock solutions (Table 8-1). Incompatible fertilisers have to be added to 
different stock tanks (see 8.10). 

Table 8-1. Compatibility between fertilisers for mixing in the preparation of stock solutions. 
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1
Warning! these fertilisers cannot be mixed either dry or in an alkaline environment 

The solubility of the fertilisers is very important information for two reasons: 1) the 
evaluation of the time needed to dissolve a certain amount of fertiliser, since the dissolution 
speed of a fertiliser slows down with increasing concentration; 2) the establishment of the 
volume of stock solutions to be prepared, which is related to fertiliser concentration in both 
stock and supplied nutrient solutions and the irrigation flow. 
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Dissolving some fertilisers (such as urea, ammonium sulphate, ammonium, potassium and 
calcium nitrate and some other) provokes an endothermic reaction, which strongly cools the 
stock solution, thereby decreasing fertiliser solubility. When preparing the stock solution, 
these fertilisers must be added at the end.  

The main rule for the preparation of the stock solution is to fill the tank with water for 50% 
(but sufficient water); add the fertilisers gradually into the water and agitate, finally adding 
the remaining quantity of water and agitating until the fertilisers are completely dissolved. 

The solubility of some fertilisers in water at different temperatures is shown in Table 8-2. As 
observed, this parameter dramatically decreases with temperature, which must be taken 
into account when preparing stock solutions. It is necessary to clarify that ions are not 
completely dissociated in a concentrated solution, but form colloids in a stable suspension, 
which are dissolved when diluting the stock solution into the irrigation water. In practice, 
producers do not usually prepare very highly concentrated solutions but use concentrations 
up to 10-20% for macronutrients. Indeed, the preparation of such a concentrated solution is 
very time-consuming because fertilisers only slowly dissolve. 

Table 8-2. Maximum amount of fertiliser dissolving in one litre of water at different temperatures 

Fertiliser (N:P2O5:K2O) 
Solubility (g/L) 

0ºC 15ºC 20ºC 30ºC 

Urea 46% (46:0:0) 680  1060 1330 

Calcium nitrate (15,5:0:0) 1020 1130 1200 1526 

Ammonium nitrate (34:0:0) 1180 2400  3440 

Ammonium sulphate (21:0:0) 706 742 750 780 

Mono-ammonium phosphate (12:61:0) 227 333 370 480 

Mono-potassium phosphate (0:53:34) 148 197  285 

Potassium chloride (0:0:60) 280  340 370 

Potassium nitrate (13:0:46) 133 257 316 459 

Potassium sulphate (0:0:50) 74 102 110 130 

Magnesium sulphate 260 332  409 

Magnesium nitrate (10,8:0:0)   423  

Fertilisers used in fertigation should have the following characteristics: complete solubility 
(<0,2% insoluble in water), high nutrient content in the concentrated solution, fast 
dissolution in the irrigation water, without chemical interactions between the fertiliser and 
the irrigation water and absence of undesired ions. 

8.9.5.4. Cost data  

Installation cost 

Not applicable. 
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Maintenance 

Cost of the fertilisers (and the water). 

8.9.5.5. Technological bottlenecks 

Incompatibility between fertilisers has to be considered. From this point of view, the 
producer should know which fertilisers can be mixed. 

8.9.5.6. Benefit for the grower  

Advantages 

Fertigation is an effective way of supplying fertilisers. 

Disadvantages 

 Knowledge is needed for mixing different fertilisers 

 Producers have to use water-soluble fertilisers very carefully and consider the 
amount of water when these fertilisers are applied 

8.9.5.7. Supporting systems needed 

A reliable injection system is needed to accurately inject the stock solution into the 
irrigation network in order to get the correct concentration of fertiliser and distribution to 
the crop. 

8.9.5.8. Development phase 

Commercialised.  

8.9.5.9. Who provides the technology 

Fertiliser suppliers. 

8.9.5.10. Patented or not 

No. 

8.9.6. Which technologies are in competition with this one  

Direct application to the soil of fertilisers not suitable for fertigation. 

8.9.7. Is the technology transferable to other crops/climates/cropping systems? 

Yes, to all fertigated crops. 

8.9.8. Description of the regulatory bottlenecks 

Fertilisers used in fertigation have to be soluble in water and their label has to indicate 
“soluble for fertigation”. 
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8.9.9. Brief description of the socio-economic bottlenecks 

Good quality fertilisers must be used in fertigation despite their higher cost to avoid 
clogging problems in the irrigation system. 

8.9.10. Techniques resulting from this technology 

Not applicable. 

8.9.11. References for more information  

[1] Cadahía, C. (2000). Fertirrigación. Cultivos hortícolas y ornamentales. Mundi-Prensa, 
Madrid, Spain 
[2] Coullet, A., Izard, D., Boyer, I., Odet, J., Bouvard, F. & Ernout, H. (2007). Conduite de 
l’irrigation fertilisante. Coll. L’eau fertile, ed. B. Laroche 
[3] Ministrtsvo za kmetijstvo, gozdarstvo in prehrano (2006). Publikacija Fertirigacija. 
Retrieved from http://www.smart-fertiliser.com/articles/fertiliser-solubility 
[4] Pastor, M. (2005). Cultivo del olivo con riego localizado. Mundi-Prensa and Junta de 
Andalucía 
[5] Polanec, A. R., Košuta, M. & Jug, T. (2014). Osnove prehrane rastlin. Retrieved from 
http://projects.ung.si/agriknows/ 
[6] Rincón, L. (1993). Equipamiento de la fertirrigación. Hortofruticultura, 9, 35-42 
[7] Wolf, B., Fleming, J. & Batchelor, J. (1985). Fluid fertiliser manual. National fertiliser 
solutions association, Peoria, Illinois, USA 
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8.10. Preparation of concentrated solutions 

(Authors: Alain Guillou4, Esther Lechevallier4, Georgina Key1, Juan José Magán9) 

8.10.1. Used for  

Preparation of stock solutions. 

8.10.2. Region  

All EU regions. 

8.10.3. Crop(s) in which it is used  

All fertigated crops. 

8.10.4. Cropping type  

All cropping types. 

8.10.5. Description of the technology 

8.10.5.1. Purpose/aim of the technology  

The technique is used for the preparation of concentrated nutrient solutions 
(macronutrients, micronutrients and iron), which will be mixed and diluted and injected into 
the irrigation network. 

This technique aims to provide a complete nutrient solution to feed the crops with a simple 
preparation made from soluble fertilisers. Soluble fertilisers are separated in A and B tanks 
depending on their compatibility with each other. 

8.10.5.2. Working principle of operation  

The nutrient solution conception should follow these steps:  

 Take the mineral composition of the water supply into account (pH, elements 
(usually expressed in mmol/L)) 

 Fix the composition objectives of the nutrient solution: the nutrient balance target 
should take into account the crop stage (adjusting K, Ca, Mg) 

 Choose the different fertilisers depending on the nutrient balance desired 

 Calculate the conductivity (EC, dS/m) 

 Calculate the fertiliser quantities that should be added to achieve the desired 
nutrient composition 

For the preparation of concentrated solutions in an A/B tank system, fertilisers have to be 
distributed between the different tanks as indicated in Table 8-3. When diluting the 
fertilisers, two-thirds of the water is first added to the tanks, and then fertilisers are added. 
The solution should be mixed with a mixer between each fertiliser addition, to ensure 
fertilisers to dissolve properly, and it is recommended to use slightly warm water to improve 
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the solubility of fertilisers (especially for potassium nitrate and sulphate). Finally, the rest of 
the water is added. 

Table 8-3. Distribution of fertilisers between tanks in an A/B system 

Tank A Tank B Acid tank ** 

Water  

(Nitric acid) 

Potassium nitrate (2/3) 

Monopotassium phosphate 

Magnesium sulphate 

Micronutrients 

(Potassium chloride)* 

Water 

Water 

Calcium nitrate*** 

Potassium nitrate (1/3) 

Iron  

(Calcium chloride)* 

Water 

Nitric acid  

 

Pour the acid into the water 
(not the opposite!) 

*It is possible for some crops (e.g. tomato) to limit the N input. In this case, a part of potassium nitrate and 
calcium nitrate can be replaced by chlorides (potassium or Ca) or sulphates, in order to add enough potassium 
and calcium to the solution. When drainage is recycled, we should, however, take care not to increase the 
chloride input too much, to avoid accumulation. 

**Depending on the pH of the supply water, it can be necessary to adjust the pH using a base instead of an 
acid; in this case, potassium carbonate can be added. It is also possible to use a Moerl filter (e.g. for non-
buffered rainwater). 

*** Calcium nitrate is increasingly used as liquid fertiliser. 

A complete analysis of the nutrient solution supplied should be done to verify if the solution 
composition fits the initial target. Drain water analyses enable growers to correct the 
solution to achieve their desired balance if necessary. 

Nowadays, almost all irrigation systems allow for fertiliser injection depending on the 
desired conductivity, but in some systems, it is still possible to work with volumetric 
injection. In this case, it is very important to fit the desired concentration to the 
concentrated solution. 

8.10.5.3. Operational conditions  

Some fertilisers cannot be mixed together, therefore separated A and B tanks should be 
considered.  

 Calcium nitrate cannot be mixed with sulphates (including micronutrients based on 
sulphates) and phosphates, because of precipitation risks 

 Iron chelates should be added to the concentrated solution which has a pH between 
4 and 6, to avoid degradation. There are different forms of iron chelates (the most 
common are EDTA, DTPA, HEDTA, EDDHA), which assimilate at different pH ranges. If 
pH is high, the use of EDDHA is recommended because its suitability range is broader 

 If the injection is based on volumetric injection, the concentrations should be 
perfectly adjusted 
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8.10.5.4. Cost data  

The cost for the preparation of concentrated solutions includes the cost of fertilisers and the 
labour necessary for dissolving them. 

8.10.5.5. Technological bottlenecks 

The incompatibility between fertilisers should be considered. 

8.10.5.6. Benefit for the grower  

Advantages 

Cost of fertilisation by preparing concentrated solutions with soluble solid fertilisers is lower 
than directly using liquid fertilisers. 

Disadvantages 

 The implementation of the nutrient solution takes time 

 Corrections and adjustments are longer possible if the solution does not conform to 
the desired solution, compared to liquid fertilisers (especially with direct injection) 

8.10.5.7. Supporting systems needed 

A and B (or multiple) tanks, fertilisation unit, mixer tank, ability to use slightly warmed 
water. 

8.10.5.8. Development phase 

Commercialised.  

8.10.5.9. Who provides the technology 

Several companies (e.g. PRIVA, Hoogendoorn, Hortimax, etc.). 

8.10.5.10. Patented or not 

Not patented. 

8.10.6. Which technologies are in competition with this one  

Direct injection of liquid fertilisers. 

8.10.7. Is the technology transferable to other crops/climates/cropping systems? 

Yes, to cropping systems using complete nutrient solution. 

8.10.8. Description of the regulatory bottlenecks 

Not applicable. 
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8.10.9. Brief description of the socio-economic bottlenecks 

No socio-economic bottlenecks, except that the grower should be careful with the fertilisers 
when mixing them (explosion risks, etc.). 

8.10.10. Techniques resulting from this technology 

As previously indicated, the different fertilisers necessary for supplying a complete nutrient 
solution to the crop can be distributed in two concentrated solutions A/B in order to 
separate incompatible fertilisers. These solutions are usually made in such a way that they 
have to be injected in the same proportion, thereby allowing an easy visual control of 
injection accuracy. 

However, some growers prefer to prepare more than two concentrated solutions in order to 
dissolve the fertilisers individually. This technique of multiple tanks allows round amount of 
fertiliser to be added to each tank, thereby facilitating the preparation of the concentrated 
solutions and allowing the preparation of nutrient solutions with a different composition. Its 
disadvantage is that the visual control of injection accuracy is more difficult. For that reason, 
it is recommended to incorporate in the fertigation system devices for the automatic control 
of injection in this case, such as injection pumps or flow meters. 

8.10.11. References for more information  

[1] Letard, M., Erard, P. & Jeannequin, B. (1995). Maîtrise de l'irrigation fertilisante. 
Tomate sous serre et abris en sol et hors sol. CTIFL, Paris, France 
[2] Sonneveld, C. & Voogt, W. (2009). Plant Nutrition of Greenhouse Crops. Springer, 
ISBN 9048125316, New York, USA 
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8.11. Liquid versus solid fertilisers 

(Authors: Valme González5, Esther Lechevallier4, Juan José Magán9) 

8.11.1. Used for  

Nutrition of crops. 

8.11.2. Region  

All EU regions. 

8.11.3. Crop(s) in which it is used  

All fertigated crops. 

8.11.4. Cropping type  

All cropping types. 

8.11.5. Description of the technology 

8.11.5.1. Purpose/aim of the technology  

A natural or industrial material having at least 5% of one or more of the three primary 
nutrients (N, phosphorus pentoxide (P2O5), potassium oxide (K2O)) may be called a fertiliser. 
They are substances that contain nutrients in forms that can be absorbed by plants. 
Depending on the amount required by plants, nutrients are classified as primary nutrients 
(N, phosphorus and potassium), secondary nutrients (Ca, magnesium, sodium and sulphur) 
and micronutrients (boron, chloride, cobalt, copper, iron, manganese, molybdenum and 
zinc), the last group being essential for plant growth although in small quantities compared 
to the main and secondary nutrients. 

8.11.5.2. Working Principle of operation  

Fertilisers allow the content of nutrients in the soil to be maintained or increased, thereby 
improving the nutritional quality of the substrate, stimulating the vegetative growth of the 
plant and allowing a greater production and quality of the crop.  

Fertilisers may be classified according to their formulation as solids, liquids and gaseous, the 
two first categories being the most used: 

 Liquid fertilisers applied directly or dissolved in water, allow obtaining a fast 
effectiveness because they are absorbed quickly and can be applied to the crop 
before or after sowing. Their formulation can be a suspension or solution: 

o Suspensions or mixtures are obtained by dispersing a solid fertiliser in a liquid 
medium 

o Solutions contain nutrients dissolved homogeneously in water, with a 
chemical origin, natural or combined. These solutions are normally found 
without pressure, with one or more nutrients dissolved in the water, but it is 
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possible to find them with pressure, which needs to be applied by specialised 
equipment 

 Solid fertilisers can have different formulations (powder, granules, macro-granules, 
in tablets, sticks, etc.): 

o Powders are used in the more traditional culture and also in hydroponics. 
They are applied directly or diluted in water. The size of the powder usually 
varies depending on the type of fertiliser used 

o Granules offer a more precise dosage, releasing the nutrients gradually and 
helping to make the operations performed with them more comfortable. 
Their application, manual or with appropriate equipment, permits to obtain a 
more uniform distribution in the field 

o Macro-granules are formed by granules of considerable size, between 2-3 
cm, thereby releasing the nutrients progressively. The rods are a kind of 
spikes of concentrated fertiliser, which are placed into the soil, gradually 
giving its content to the soil 

The fertiliser application can be done in different ways: 

 Direct application to the soil or root: the fertiliser is applied directly, with the final 
purpose to make their effect as soon as possible 

 Foliar application: the fertiliser is applied on the leaves of the crop dissolved in water 
so that nutrients are absorbed immediately. With this technique, the results can be 
visualised in a short period of time 

 Fertigation: in this technique, the fertilisers are dissolved in the water used for 
irrigation 

8.11.5.3. Operational conditions  

When programming fertilisation, it is necessary to consider the solubility of the fertilisers 
and compatibility between them if mixed, the maximum concentration accepted in the 
nutrient solution and salinity. Furthermore, the following recommendations are very 
important: 

 To do a soil analysis in order to determine its fertility level and physicochemical 
characteristics that may affect the effectiveness of fertilisers 

 To analyse the irrigation water in order to know its nutrient concentration, the level 
of toxic ions, electrical conductivity, salinity, etc. 

 The total concentration of fertilisers in the irrigation water should not be higher than 
1‰ (1 kg of total fertilisers per 1000 L of irrigation water). 

 It is not advisable to mix fertilisers unless being sure that they are fully compatible 
with each other and with the irrigation water 

 With soluble fertilisers, it is advisable to use an agitator or a mixing system by air 
bubbling at the bottom of the tank to facilitate the dissolution 

 It is not advisable to use fertilisers containing additives which can produce foams 
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 For soil-bound crops it is advisable to supply water without fertilisers at the 
beginning and at the end of the irrigation to reduce nutrient leaching (supplying a 
dose of water without fertilisers equivalent to the required leaching fraction at the 
beginning of the irrigation) and dripper clogging (washing the irrigation system with 
the minimal quantity of water at the end of the irrigation) 

 Phosphorus fertilisers should not be mixed with fertilisers containing calcium, 
magnesium or iron; Ca fertilisers with sulphate-based fertilisers; or ammoniac forms 
with basic reaction fertilisers 

 Potassium fertilisers must be dissolved properly before applying 

 High care must be taken when using liquid fertilisers at low temperatures because 
they are too concentrated and can generate precipitates (insoluble compounds) 

 If different fertilisers have to be mixed for their simultaneous application, it is 
necessary to know the compatibility between them 

Insoluble solid fertilisers allow a gradual release of the nutrients. When using soluble solid 
fertilisers, it is interesting to firstly know its solubility, which depends on temperature, and 
also the type of reaction provoked by the solubilisation process, as many fertilisers when 
dissolved, increase the temperature of the solution (exothermic reaction), whereas others 
decrease it (endothermic reaction). Thus, when preparing a concentrated solution mixing 
different fertilisers, those with exothermic reaction must be first dissolved to facilitate the 
dissolution of the others. Besides, it is also necessary to know how it affects the pH of the 
irrigation water and the electrical conductivity of the final solution. 

8.11.5.4. Cost data  

Installation cost 

The use of solid (soluble and insoluble) or liquid fertilisers will depend on the resources of 
the farm. The economic cost of the fertilisers will depend on their physical form and 
chemical composition. For the use of insoluble solid fertilisers, it is necessary to have a 
tractor with dosing equipment, whereas for liquid and soluble solid fertilisers the irrigation 
system is used for the application but it is necessary to have tanks for its storage or for the 
preparation of the concentrated solution. The price of fertilisers varies according to their 
formulation, from 300-350 €/ton for solid fertilisers and from 200-320 €/1000 L for liquid 
fertilisers. 

Maintenance 

The annual maintenance relative to the economic cost depends on crop requirements. The 
type of installation required for the application of fertilisers depends on the type of 
fertiliser. Liquid and soluble solid fertilisers can be applied by using the drip irrigation system 
or by foliar application, whereas insoluble solid fertilisers have to be applied directly to the 
soil with farm equipment. 

8.11.5.5. Technological bottlenecks 

Fertilisers must be used properly to avoid pollution and superfluous cost. 
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8.11.5.6. Benefit for the grower  

Advantages 

 The main advantage for the grower is to increase crop yield. Fertilisers provide 
nutrients to help plants grow 

 Handling of insoluble solid fertilisers can be fully automated, enabling a high 
performance in the application and a great uniformity in the distribution on the 
ground 

 Liquid fertilisers are easy to handle, what reduces labour. Furthermore, they avoid 
legality problems in transport because they are transported directly to the tank, and 
improve the availability by plants because of the supply of solubilised nutrients, 
optimum pH and the availability of customised solutions adjusted to plant 
requirements 

 Prefabricated liquid stock solutions are completely dissolved and do not have 
sediments provoking clogging (if crystallisation is avoided) 

Disadvantages 

 Use of fertilisers has a cost (although it is usually profitable) 

 Their inappropriate use can contaminate the environment and cause health 
problems 

 Soluble solid fertilisers have to be dissolved in situ and this takes time 

 Prefabricated liquid stock solutions can be more expensive than soluble solid 
fertilisers 

8.11.5.7. Supporting systems needed 

Some regions offer a service for the advice on the use of fertilisers, which consists on a 
software application allowing farmers to have information about fertilisation of their farms, 
including recommendations of fertilisers and consulting the meteorological conditions of 
the municipality to optimise the application of fertilisers and rationalise their use. On the 
other hand, some fertiliser companies can advise about concentrations, form and moment 
of application. 

8.11.5.8. Development phase 

 Research: it is important to know the advancement of knowledge in the use of 
fertilisers. There are conferences, congresses, etc. in which researchers from all over 
the world present the latest advances in research of fertilisation, whose objective is 
to study the use of responsible fertilisation, to avoid, as far as possible, 
environmental, public health problems, increased costs of cultivation, reduction of 
production, etc., which can be caused by the excessive or insufficient use of 
fertilisers in crops 

 Experimental phase: the experimental phase is evidenced by the realisation of 
research projects with different doses of fertilisers in the different crops 
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 Field tests: field experiments are conducted either in experimental fields of research 
centres or in commercial plots belonging to a company 

 Commercialised 

8.11.5.9. Who provides the technology 

Fertilisers are provided by companies working in the development, formulation and 
marketing of these products. 

8.11.5.10. Patented or not 

Numerous companies have patented some fertilisers to increase crop yields. 

8.11.6. Which technologies are in competition with this one  

Organic farming is in competition with the use of fertilisers of chemical origin. It is defined 
as a growing system based on the optimal use of natural resources, without using synthetic 
chemicals or genetically modified organisms, thus obtaining organic food, while preserving 
the fertility of the land and respecting the environment, all this in a sustainable and 
balanced way. 

The main objectives of organic agriculture are to obtain healthy food, of higher nutritional 
quality, without the presence of chemical synthesis substances and obtained through 
sustainable procedures. This type of agriculture is a global production management system 
that increases and enhances the health of agro-systems, including biological diversity, 
biological cycles and soil biological activity. This is achieved by applying, whenever possible, 
agronomic, biological and mechanical methods, as opposed to the use of synthetic materials 
to perform any specific function of the system. This way of production, besides 
contemplating the ecological aspect, includes in its philosophy the improvement of the 
living conditions of its practitioners, in such a way that its objective is attached to achieve 
the integral sustainability of the system of agricultural production; that is, to become a 
social, ecological and economically sustainable agro-system. 

8.11.7. Is the technology transferable to other crops/climates/cropping systems? 

The application of liquid or solid fertilisers can be performed in all crops, climatic conditions 
and cropping systems and their use depend on the investment that the farmer wants to 
make. 

8.11.8. Description of the regulatory bottlenecks 

8.11.8.1. Brief description of the European directive and implications for growers at 
European level 

The Regulation (EC) Nº 2003/2003 of the European Parliament and of the Council of 13 
October 2003 on fertilisers establishes the technical characteristics of the products sold as 
fertilisers. 
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8.11.8.2. Implementation at the country level 

The indicated European Regulation is transposed at the national level. For instance, the 
Royal Decree 506/2013 on fertilisers, on 28 of June, is in force in Spain. 

8.11.8.3. Implementation at the regional level 

At the regional level, there is legislation promoting an adequate use of fertilisers. For 
instance, in the Autonomous Community of Extremadura (Spain) Decree 87/2000, on 14 of 
April, regulates the integrated production in agricultural products in that region, which 
establishes the general rules of integrated production, understood as that agricultural 
system of production, processing and marketing which makes the maximal use of natural 
resources and mechanisms of production and ensures long-term sustainable agriculture by 
introducing biological, chemical and other techniques compatible with environmental 
protection and agricultural productivity. This legislation establishes specific technical 
standards in Integrated Production for different crops (stone fruit, tomato, etc.), specifying 
the maximum amounts of fertilisers to be applied. 

8.11.9. Brief description of the socio-economic bottlenecks 

There is a trend of over-fertilisation, trying to avoid nutrient deficiencies and yield 
limitation. This leads to pollution problems, especially if an excess of N is applied in 
vulnerable areas or near areas of special protection. Hence, a mentality change of growers is 
necessary for an optimal use of fertilisers. 

8.11.10. Techniques resulting from this technology 

Filtration equipment and variable fertilisation. Adaptation of the machines for fertiliser 
application and integration with zoning sensors (reflectance sensors). 

8.11.11. References for more information  

[1] Cadahía, C. (2000). Fertirrigación. Cultivos hortícolas y ornamentales. Mundi-Prensa, 
Madrid, Spain 
[2] FAO & IFA. (2002). Los fertilizantes y su uso. Retrieved from http://www.fao.org/3/a-
x4781s.pdf 
[3] Ministerio de Medio Ambiente y Medio Rural y Marino. (2010). Guía práctica de la 
fertilización racional de los cultivos en España 
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