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Abstract:  

Crop yield can be increased by providing irrigation at suitable time intervals in correct proportions. For any crop, to get maximum 

yield, scheduled fertilizer applicat ion is highly  inevitable. Drip irrigation along with fert igation helps in saving water and 

fertilizers and at the same time increases the quantity and quality of produce. Fert igation is a method of fert ilizer applica t ion in 

which fertilizer is incorporated in the irrigation water and applied through micro irrigation systems, so that the fertilizer solution is 

distributed evenly throughout the field. Effective fertigation requires consideration of many factors like plant growth behavior 

which include nutrient requirements and rooting patterns, soil chemistry like solubility and mobility of the nutrients, fertilizer 

chemistry including mixing compatib ility, precipitation, clogging and corrosion and the water quality factors including pH, s alt 

and sodium hazards and toxic ions. Fertigation equipment should be chosen in such a way that quantity applied, duration of 

applications, proportion of fertilizers and the starting and ending time can be regulated. Therefore, it is important to sele ct an 

injection method that suits best for the irrigation  system and the crop is supposed to be grown better. Fert ilizer injection  methods 

include ventury injector, fertilizer tank and fert ilizer pumps. Fert igation automation is achieved by the use of microcontrol lers, 

modeling techniques and software. Such a system provide adjustable settings for nutrient concentration, water flow, time and 

length of delivery and other parameters and can be suitable to meet the needs of different users, crops and purposes. 

 

Keywords: Fertigation, fertigation automation, fert ilizer pump, fert ilizer tank, microcontroller, modeling technique, software 

tools, ventury injector.  

 

I.  INTRODUCTION 

 

Irrigation p lays an important role in agriculture and crop 

yield can be increased through irrigation at suitable time 

intervals in correct proportions. High labour cost has given 

way for the prominence of automated irrigation systems. For 

any crop, to get maximum yield scheduled fertilizer 

application is highly inevitable. Drip irrigation along with 

fertigation helps in saving water and fertilizers and at the 

same time increases the quantity and quality of produce [11]. 

 

 FERTIGATION 

 

Fertigation is a method of fertilizer application in which 

fertilizer is incorporated within the irrigation water through 

micro irrigation systems, so that the fertilizer solution is 

distributed evenly throughout the field. The availability of 

nutrients is very high in fertigation; hence the fertilizer use 

efficiency is maximum. In fertigation, liquid fertilizer as well 

as water soluble fert ilizers can be used and the fertilizer use 

efficiency can be increased up to 80 to 90 per cent. 

Automatic fertigat ion allow farmers to supply adequate 

quantity and concentration of nutrients through irrigation 

water into the plant active root zone area  throughout the 

growing season automatically, thereby saving labour, money 

and time.  

 

Fertigation is the method of applying fertilizers required by 

the crop during its growth stages through drip or sprinkler 

irrigation systems [10]. 

 

NEED FOR FERTIGATION  

 

 Mining of nutrients from the soil at alarming rates. 

 Decline in crop response to fertilizer.  

 Non uniformity in  fert ilizer consumption and 

therefore non uniformity in production. 

 Weakening relationship between fertilizer use and 

food grain production. 

 Soil fertilizer depletion due to inadequate and 

imbalanced fertilizer use. 

 

ADVANTAGES  OF FERTIGATION 

 

 Quick and convenient. 

 Eliminates manual application.  

 High efficiency and saving of fertilizer up to 30 – 

40%. 

 Remarkab ly increases the efficiency of application 

thereby allowing a reduction in the quantity of fert ilizer 

applied. 

 Application of fertilizer may be carried out precisely 

and uniformly at the root zone. 

 Saving of energy time and labour.  

 Fertilizer applicat ion may be done for the plants 

according to their requirement during various growth stages. 

 Minimizes the loss of nutrients. 

 Nutrients can be applied even if the soil or crop 

condition does not permit the entry into the field for 

conventional method of application.  

 Major and minor nutrients which a re compatible can 

be applied together in one solution through irrigation.  

 Supply of nutrients can be regulated and monitored 

more carefu lly. 

 Light soils can be brought under cultivation. 

 Less fertilizer leaching [7].  
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Table.1.Fertilizers suitable for dri p fertigation [4] 

 

 
 

CHARACTERISTICS OF FERTILIZERS S UITABLE 

FOR FERTIGATION 

 

 Completely soluble in water in at field 

temperatures. 

 High nutrient content readily available to 

plants. 

 Fast dissolution in irrigation water.  

 Low insoluble contents (<0.02%).  

 Compatible with other fert ilizers.  

 Should not cause drastic change in pH of water 

(3.5<pH>9.0). 

 Less corrosive for the system. 

 Should not cause clogging in emitters and 

drippers [1]. 

 

FACTORS TO BE CONSIDERED FOR AN 

EFFECTIVE FERTIGATION 

 

Effective fert igation requires consideration of many factors 

like p lant growth behavior which include nutrient 

requirements and rooting patterns, soil chemistry like 

solubility and mobility of the nutrients, fert ilizer chemistry 

including mixing compatib ility, precip itation, clogging and 

corrosion and the water quality factors including pH, salt and 

sodium hazards and toxic ions. 

 
i. Fertilizer solubility 

 

The maximum quantity of fert ilizer that can be completely 

dissolved in a given amount of distilled water at a  given 

temperature is called solubility of that fertilizer. The 

solubility of fert ilizer depends on temperature. The fert ilizer 

solutions stored during the summer may form precipitates 

when the temperature decreases during autumn. Therefore it 

is recommended to dilute solutions stored at the end of 

summer.  

 

Table.2. Fertilizer solubility and temperature (g/100g of 

water) 

 

 
 

ii. Interaction of fertilizers and irrigation water 

 

a. Water quality 

 

When fertilizer interacts with water having high content of 

calcium, magnesium and bicarbonates severe problems like 

formation of precip itates in the fertigation tank and thereby 

clogging of drippers and filters can occur. In water samples 

with h igh contents of calcium and b icarbonates, the use of 

sulphate fertilizers can cause precipitation of 

CaSO4interfering drippers and filters. The use of urea causes 

precipitation of CaCO3,as urea increases the pH. The 

presence of high concentrations of calcium and magnesium 

and high pH values lead to the formation of calcium and 

magnesium phosphates  on reaction with applied phosphorus. 

These resultant precipitates are deposited on the pipe walls 

and in orifices of drippers and can completely plug the 

irrigation system. And at the same t ime supply of phosphorus 

to the root is impaired. Therefore while  choosing phosphorus 

fertilizer for high concentrations of calcium and magnesium, 

it is recommended to use acid phosphorus fertilizer 

(phosphoric acid and MAP).  

 

b. Clogging 

 

In case of clogging of drip system by b icarbonate 

precipitation, the use of fertilizer with acid reaction partially 

corrects the problem but it cause corrosion of the metal 

components of the system and can also damage the cement 

and asbestos pipes. Therefore the periodic in jection of acid in 

the fertigation system is recommended in order  to dissolve 

the precipitates and thereby prevent clogging. Phosphoric, 

nitric, sulphuric and hydrochloric acids can be used of which 

hydrochloric acid  is widely used due to its low cost. Acid 

injection through the system will also remove bacteria algae 

and slime. The irrigation and injection system should be 

carefully washed after the in jection of acid.  

 

c. Fertigation under saline conditions  

 

Fertilizers are salts and therefore when brackish water is used 

for irrigation it contributes to the increase of the EC of the 

irrigation water.  When irrigation water has EC >2dS/m, and 

crop is sensitive to salinity, we must decrease the amount of 

accompanying ions added with N or K. For example, in 

avocado, a crop very sensitive to chloride, KNO3 is preferred 

on KCl to avoid  Chloride accumulat ion in the soil solution. 

This practice diminishes leaf burning caused by excess. 

Fertilizer with low salt index must be chosen for greenhouse 

crops grown in  containers with a very  restricted root volume. 

A correct irrigation management under saline conditions 

includes water application over the evaporation needs of the 

crop, so that there is excess water to pass through and beyond 
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the root zone and to carry away salts with it. This leaching 

thus prevents the accumulation of excess  salt in the root zone 

and is referred to as leaching requirement.  

 

d. Mixing of fertilizer 

 

When a fertilizer is dissolved in water, it  should not exceed 

its solubility. Otherwise, a precipitate may form and it can 

clog the irrigation system. Moreover, the nutrients supposed 

to be provided through the solution may not be fully 

available. When mixing  fert ilizer that contains a common 

element like potassium n itrate with potassium sulphate, the 

solubility of the fert ilizers is decreased. In such a case, we 

cannot consider the fertilizer solubility data shown in Table 1 

alone. The solubility of the mixture will have to be found out 

by trial and error. 

 

e. Fertilizer compatibility 

  

Some fertilizers should not be mixed together in one stock 

tank because an insoluble salt may form very quickly. 

Examples for such incompatibility are: 

 

Calcium nit rate with any phosphate or sulphates results in 

formation of precip itates of calcium phosphate and calcium 

sulphate respectively. Ammonium sulphate with potassium 

chloride or potassium n itrate results in formation of 

potassium sulphate precipitate.  In order to avoid unwanted 

precipitates, “jar test” can be performed in which the 

fertilizers are mixed in exactly in same concentration as 

intended to be used in the stock tanks in a jar containing the 

same water used for irrigation. If a precipitate forms or if the 

solution has a milky appearance, the test should be repeated 

with lower concentrations of the fertilizers. 

 

Table. 3. Fertilizer compatibility chart [4] 

 
 

C – Compatible, LC – Limited compatible, NC – Not 

compatible  

f. Corrosivity of fert ilizers  

Some fertilizers are corrosive and care should be taken  while 

selecting fertilizers and material used in the making of the 

system. 

 

Table. 4.Corrosivity of fertilizers  [1] 

 

iii. Soil pH 

 

The pH value fo r optimal availability of all the nutrients is in 

the range of 6-6.5. The main factor affecting pH in the 

rhizosphere is NH4/NO3 ratio  in the irrigation water, 

especially in sandy soils and inert substrates with low buffer 

capacity. Rhizospheric pH determines the phosphorus 

availability since it affects the process of 

precipitation/solubilization and adsorption/desorption of 

phosphates. The pH also influences the availability of 

micronutrients (Fe, Zn  and Mn) and the toxicity of some of 

them. The n itrogen form absorbed by the plant affects the 

production of carboxylates and the cation-anion balance in 

the plant. When NH4absorption is predominant, the plant 

absorbs more cations than anions, H
+ 

is excreted by the roots 

and the rhizosphere pH decreases. NH4 is an undesirable 

source of nitrogen for some crops (tomato, strawberries) 

when the temperature in the root zone is greater than 30
▫
C, as 

it adversely affect the root growth and plant development as 

it inhib its the uptake of other cations like Ca
2+

,Mg
2+

,K
+
. 

When NO3
-
 anions are absorbed, the plant takes up more 

anions than cations and the excess of anions is palliated by a 

greater synthesis of carboxylates which is accompanied by 

the production and discharge of dicarboxylic acid  and OH
-

through roots in to the soil. The released OH
-
increase the pH 

of the rh izosphere increases and the organic acid exuded will 

increase the availab ility of phosphorus since the carboxylates 

are specifically adsorbed to iron oxides and clays of the 

ground, releasing the adsorbed phosphorus to the soil 

solution. Therefore nutrit ion with 100% n itrates would 

increase rhizospheric pH up  to undesired values and that 

would decrease the availab ility of P and micronutrients by 

precipitation. Therefore a nitrogen mixture with 80% of 

nitrates and 20% of ammonium is recommended to regulate 

pH. 

 

II. METHO DOLOGY OF FERTIGATIO N 

 

To increase the benefits of fertigation special care should be 

taken in selecting fertilizers and injection equipment as well 

as in the management and maintenance of the system. 

 

i. Fertilizer preparation 

a. Stock solution preparation 

 

Solid fertilizers like ammonium sulphate, urea, potassium 

chloride and n itrate is mixed  with liquid  fertilizer like 

phosphoric acid to prepare a “tailor made” stock solution. 

The solution can be easily prepared on the farm site with 

limited  facilities under field conditions with min imal mixing. 

The stock solution is then injected into the irrigation system, 

at rates of 2-10 l/m
3
, depending on the desired concentrations 

of N, P and K. 

 

b.  Compound solid fertilizer mixture  

 

It is manufactured for fertigation, with different rat ios 

between the three major elements N, P and K like 20-20-

20.Some compositions contain microelements in the form of 

chelates.  

 

c. Compound liquid fertilizer solutions  

 

As it is in the form of solution, the total nutrient 

concentration is much lower (5-3-8;6-6-6). It is specifically 

used in greenhouses.  
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ii.  Dosification 

 

There are two types of dosification which may be chosen 

considering the crop grown, the soil type and the farm 

management system. 

 

a.  Quantitative dosification 

 

In this type, a predetermined concentration of plant nutrients 

is applied to the irrigation system. A fert ilizer tank is used to 

apply fertilizer in a pulse after a certain  water sheet without 

fertilizer. Th is type of dosification require less expense and 

maintenance but the system is affected by water pressure 

changes and also the concentration of the fertilizer varies 

during its application and it does not work with automat ion. 

 

b. Proportional dosification 

 

In this type, irrigation water takes a fixed concentration of 

the applied fertilizer as the nutrients are applied in a constant 

and proportional rat io to the water sheet. Fertilizers are 

applied by direct  in jection through fertilizer pumps. The 

merits of this method include the precise control of the 

dosification and the injection moment which is not affected 

by the water pressure changes and the automation can be 

carried out in ease but it requires high cost and maintenance 

and the operation is completed. 

 

iii. Fertilizer injection methods  

 

Fertigation equipment should be chosen in such a way that 

quantity applied, duration of applicat ions, proportion of 

fertilizers and the starting and ending time can be regulated. 

Therefore it is important to select an injection method that 

suits best for the irrigation system and the crop supposed to 

be grown. The incorrect selection can end up in the damage 

of the irrigation equipment; affect the efficient operation of 

the irrigation system and will reduce the efficiency of the 

nutrients. Each fertilizer injector is designed for a specified 

pressure and flow range. The majority of in jectors availab le 

today can generally incorporate automatic operation by 

fitting pulse trans mitters that convert in jector pulses to 

electric  signals. These signals then control inject ion of preset 

quantities or proportions relative to flow rate of the irrigation 

system. Injection rates can also be controlled by flow 

regulators, chemically resistant ball valves or by electronic or 

hydraulic control units and computers. 

 For the prevention of backflow or siphoning of 

water and fert ilizer solution into fertilizer tanks, irrigation 

supply and house hold supply, suitable non return valve or 

antisiphoning valves should be installed. The three methods 

of in jection include: 

 

a. Ventury Injector  

 

This is a very simple and low cost device. A partial vacuum 

is created in the system, which allows suction of fertilizers 

into the irrigation system through ventury action. Vacuum is 

created by diverting a p roportion of water flow from the 

main line and passing it through a constriction, which 

increases the velocity of flow, thus creating a drop in 

pressure. When pressure drops, the fertilizer solution is 

sucked into the ventury through a suction pipe from the tank,  

from where it enters into the irrigation stream.  

 
Figure.1.Ventury injector  

 

b. Fertilizer tank  

 

A tank containing the fertilizer solution is connected to the 

irrigation pipe at the supply point. In this system, part of the 

irrigation water is diverted from the main line to flow 

through a tank containing the fertilizer in a flu id or granular 

form. A slight reduction in pressure is created between the 

off take and return pipes of the tank by means of a pressure 

reducing valve, which causes water from the main line to 

flow through the tank, resulting in dilution and flow of the 

diluted fert ilizer into the irrigation stream.  

 

c. Fertilizer pump 

 

The fertilizer pump is a standard component of the control 

head system. The fert ilizer solution is held in a non-

pressurized tank and it  can be injected into the irrigation 

water at any desired ratio. Therefore, fertilizer availability to 

each plant is maintained properly. These are piston or 

diaphragm pump, which are driven by the water pressure of 

the irrigation systems such that injection rate is proportional 

to the flow of water in the system [10].  

 

 
Figure.2.Fertilizer tank  

 

 
Figure.3.Fertilizer pump 
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Table .5. Comparison of fertigation equipments  

 

 
 

iv. Monitoring 

 

a.  Plants 

 

The determination of the nutrient content and dry matter in 

the whole plant is tedious, destructive and needs laboratory 

facilit ies. Therefore plant nutrient status can be monitored in 

the diagnostic organ, whose concentrations are correlated 

with the total nutrient content in the plant and is a good 

indicator of the nutritional state of the crop 

 

b. Soil  

 

Soil sampling and the determination of the nutrients 

concentrations in the extracts is a difficult and tedious 

method. Instead, the soil solution can directly sampled be 

sampled by porous ceramic cups permanently inserted in the 

soil at a  certain  depth and the solution is period ically 

analyzed in lab. 

 

c. Field quick test 

 

This allows a quick determination of pH and approximate 

content of nitrates, potassium and chlorides in the soil 

solution and in the plant sap usually by colorimetric strips. 

 

v.  Fertigation management in greenhouse crops  

 

Growing p lants in containers allows the collection of the 

leaching water and its comparison with the solution that 

leaves the drippers and the measurement of pH, EC and 

nutrients concentration in the leached solution indicates 

whether the fertilizer are being applied in excess or 

deficiency, and therefore allows the consecutive correction of 

the irrigation regime. It is recommended to compare both 

solutions on a daily basis. 

 

a. Electrical conductivity 

 

A higher value of EC in the leached solution than in the 

applied solution indicates that the plant absorbs more 

nutrients than water and therefore a greater amount of water 

need to be applied and on the other hand, if the difference 

between the EC values of the leached solution and the 

incoming solution is more than 0.4-0.5ds/m, a leaching 

irrigation should be applied in order to wash the excess of 

salts [7]. 

 

b. Chlorides  

 

If the Chloride concentration in the leachate is higher than 

the Chloride concentration in the incoming solution and if it 

is more than 50mg/L, ch loride accumulation is indicated. 

Irrigation without fert ilizers to leach the chlorides is 

recommended to apply in such a case. 

 

c. pH 

 

The optimal pH value of the irrigation solution must be 

around 6 and the pH of the leaching solution should not 

exceed 8.5. A more alkaline pH in the leaching water 

indicates that pH in the root zone reaches a value that causes 

phosphorus precipitation and decreases micronutrient 

availability. When pH in the leachate is greater than 8.5, 

NH4/NO3 ratio  should be adjusted by slightly increasing the 

NH4proportion. When the pH in  the irrigation solution is 

higher than 6, acid must be in jected to the solution to lower 

the pH. 

 

I. FERTIGATION AUTOMATION METHODS 

 

i. Fertigation automation using microcontroller 

 

Kaur et al developed an automated nutrient composition 

control with the help of a p rogrammable microcontroller 

PIC16F877A. The pH readings are used to control 

availability of nutrients in the fertilizer solutions and the EC 

value is used to give information about the quantity of 

fertilizer being injected into the solution that is, if the EC 

readings of the solution is higher than the require amount, it 

can be understood that higher amounts of fertilizer has been 

injected in the fert ilizer solution [8]. Fert ilizer tanks to 

deliver fertilizers and mixing tanks to mix fertilizers are used 

in this system. The control units like solenoid flow valves 

operated by relays circuits are available that allow fert ilizer 

tanks to be turned open at pre-set times to deliver fert ilizer in 

mixing tank. Solenoid valve is set to be turned ON and OFF 

according to a pre -determined program that controls the 

valve according to the pH and EC signal of solution. 

 

ALGORITHM 

 

1) With the help  of sensors, enter the soil parameters pH and 

EC either manually through keypad or the soil parameters 

determined by the system from soil sample.  

 

2) Select the predefined crop mentioned in the system or 

enters the desired parameters of crop manually. 

 

3) Microcontroller compares the desired parameters of crop 

with actual parameters of soil.  

 

4) Fertilizer control system will monitor and modify the pH 

and EC of mixing tank solution by taking fertilizers from 

selected fertilizer tanks. 

 

5) Select the parameter which is to be modified (pH or EC).  

 

6) As per the selected parameter microcontroller, will get the 

signal from sensor. 

 

7) Again microcontroller compares the actual value of 

fertilizer solution with desired value of fertilizer.  

 

8) On the basis of the comparison done in step7 

microcontroller will turn the particu lar solenoid valve either 

on or off and corresponding fertilizer from the fert ilizer tank 

will be poured in the mixing tank for certain time.  
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9) If desired parameters achieved the system will stop with 

the indication of buzzer else the system will go back to the 

step 7 and step 8 in continuous manner until the desired value 

is achieved. The developed system was tested using urea and 

nitric acid. The control unit  presents satisfactory operation of 

all the valves as per the programming. Bicarbonates, 

carbonates and hydroxides increase the alkalin ity of water. 

Phosphoric, nitric and sulfuric acids are the most commonly 

used to decrease the pH and make the solution acidic. 

Fertilizers are forms of salts and therefore electrical 

conductivity rise with addition of fertilizers  [8]. 

 

 
Figure. 4. Fertigation control system 

 

Farina et al installed fertigation automat ion system based on 

a ML2x probe which measures the EC values whose output 

was constantly compared with chosen setup value. The probe 

buried in the substrate was connected to a controller for 

automation of fert igation. A timer was used to regulate the 

duration and frequency of fert igation and to maintain EC 

values [5].  For the experiment, fertigation started when 

probe output reached a setup value corresponding to an 

approximate 30% nutrient solution volumetric content of 

substrate. A group of raised benches containing rose plants 

‘Anna’ and ‘Lambada’ grafted on Rosa indica rootstock in 

coir dust were equipped with the probe (placed at a depth of 

7 cm) and fertigated by the described prototype while a 

similar group of benches was fertigated by a common t imer 

determining number and duration of fertigations (weekly 

scheduling). In such group of benches with two  fert igations 

per day (at 9:00am; 04:00pm) the target for Leaching 

Fraction was fixed  to 25–35% too. A complete nutrient 

solution for rose cultivation in soilless culture was used with 

E.C. 2.1 mS cm
-1

which is reduced to 1.4 mS cm
-1

.  Flower 

yield and quality were evaluated. The rose plants in first 

group of benches produced flowers with length greater than 

40 cm without any defect while the second group of benches 

produced flowers with length greater than 25 cm but less 

than 40 cm.  

 

ii. Fertigation automation using modeling 

techniques 

 

Brajeul et al. developed a prototype for fertigation 

automation [3].This prototype includes: substrate and plant 

models incorporated in an expert system, using substrate and 

plant sensors, and a real time controller. The plant model 

provided proper simulations of growth and development 

parameters, nutrient concentrations in the plant organs, plant 

nutrient and water consumption. The g lobal radiat ion outside 

the greenhouse and the inside climate (temperature, a ir 

humid ity and CO2concentration) were the inputs to the 

model and greenhouse radiation transmission, radiation 

interception, photosynthesis and transpiration are calculated 

with t ime intervals of an hour. The substrate model 

comprises of reduction functions for the various plant model 

outputs according to relative water content and electric 

conductivity in the substrate slabs.  The expert system 

enabled the coupling between plant and substrate models, 

thus ensuring the system to take into account the weather 

forecasts. It automatically calcu lates a fert igation strategy to 

optimize the crop production, in quantity and in quality, 

according to fruit fresh weight, transpiration and Blossom 

End Rot rate. A fertigation strategy is considered as a set of 

average slab states (relative water content and electric 

conductivity) to which the crop responds. The optimization 

uses the information about crop state and crop behavior, as 

given by the coupled plant-substrate model, which is used 

both to assess the current crop state from historical weather 

and slab data, and to predict crop development under future 

weather. The expert system also calculates the water and the 

individual nutrient uptake of the crop for each day of the 

fertigation strategy. The real t ime controller managed to 

control relative water content and electric conductivity in the 

substrate slabs. The RTC is a mult ivariab le pred ictive 

controller of the slab status, used to satisfy the expert system 

set points (slab relat ive water content and electric 

conductivity), while maintain ing a daily drainage rate 

between 30 and 40%.  To achieve this goal, the RTC fine-

tunes irrigation frequencies and doses every ten minutes, as 

well as electric conductivity of the supplied nutrient solution. 

Input data of the RTC model are global rad iation, volume 

and electric conductivity of the irrigation water. Output data 

are slab relat ive water content and electric conductivity 

measured with three Water Content Meters, Grodan sensors 

(developed independently from the RTC), as well as the 

drainage rate. A Leaf Area Index sensor was used for 

calibrat ion of the plant model according to the real crop area 

development. 

 

iii. Fertigation automation using software tools  

 

The National Centre for Engineering in  Agriculture (NCEA), 

Australia developed software tool fo r fertigation automation 

named ‘VARIwise’. VARIwise steps toward autonomous 

irrigation and fert igation automation application by relating 

infield sensing, data processing and control actuation. It is a 

software framework that implements and simulates control 

strategies on fields with sub-field-scale variations in  all input 

parameters (including nutrients). Input parameters are 

measured using infield soil sensors and real t ime crop 

monitoring cameras. The control systems can be 

implemented in VARIwise in simulation through field 

implementations using irrigation and fertilizer actuators. This 

enables data input at any spatial resolution; simulation and 

prediction of crop response by incorporation of crop model 

output; irrigation and fertilizer variab ility determination by 

incorporation of hydraulic equations according to sprinkler or 

surface application hydraulics; and  implementation of 

control strategies that use a calibrated crop model and/or the 

soil/crop response to predict the application that will p roduce 

a desired agronomic response for all sub-field management 

zones [9].  
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Iacomi et al. developed a computer controlled fertigation 

technique which optimized the water, nutrients and pesticides 

inputs and protected the natural resources. The system used 

the correct rates of nutrients and water for plants, thereby not 

only improving the irrigation system performance but also by 

reducing inputs costs and increasing crop yield. The main 

concept behind this research was to save water and to apply 

fertilizers and pesticides adequately with help of an 

intelligent and interactive control system for effective 

fertigation scheduling. The system comprises of a CPU 

(Central Processing Unit), a data acquisition unit and a 

driving unit. The embedded software will p rocess the data 

obtained from soil and plants through sensors and will 

command to provide appropriate quantities of chemicals to 

be pumped. It is the driving unit  which will act as an 

interface between the CPU and other elements of the system 

such as pumps and valves which are actuated according to 

the commands [6]. 

 

iv. Fertigation automation using image processing 

technique 

 

Ahmad et al., in 2011 [2], performed the image processing 

technique of fertigation for tomato plants. Three g roups of 

tomato plants with 20 plants in each group such that different 

formula in  concentration was applied to the three groups, one 

group with under-fert ilized (1.0–1.5 mS or milli Siemens, a 

unit for concentration measurement through the electrical 

conductivity), one with normal-fertilized (2.5–5.0 mS), and 

one with over-fertilized (10.0–12.5 mS). Image of every 

plant was captured using a digital camera image processing 

program. Prior to analysis, the images were collected and 

stored in a hard disk, separated into their groups respectively. 

Data obtained from image processing were processed to get 

average of height and width for every  group on each day. 

Then the real t ime images of randomly selected plants from a 

group of plants  which was to be fertigated automatically was 

taken and automation was achieved by using the principal 

that plant tends to wilt when there is water deficiency and its 

growth will be less when fertilizer applicat ion is not 

sufficient. A computer program was developed which 

compares the real time images with already recorded images 

for this wilt determination and to turn pump ON an OFF.  

The plant that is observed by the camera was placed in front 

of a red cloth to get contrast background with the plant in 

image. The camera connected to a laptop with interfacing 

facility to control an electrical pump that will pump the 

fertilized water into all the plants. When the result of image 

processing meets the criteria of wilt condition, the program 

will turn ON the pump for a time (according to the suggested 

dosage), then OFF again.  

 

II. LIMITATIO NS O F FERTIGATIO N 

 

 Only water soluble fertilizers can be used. 

 Clogging of drippers due to formation of 

precipitates. 

 Incorrect applicat ion can end up in damage to crop, 

leaching of nutrients and contamination of ground 

water. 

 Knowledge of fertilizer compatib ility while mixing 

is necessary. 

 Corrosion of irrigation and injection system 

components. 

 

III. CONCLUSION 

 

The adequate and economic use of various fertilizers which 

improve soil health and crop response is a necessity of this 

era to make a sustainable agriculture production by the 

adoption of techno-economic practices. Fertigation 

automation technique is such a technique which is the need 

of the hour. It  enhances the quality of the produce and crop 

productivity without spending much time. It also helps in 

saving the money by reducing the labour. This system 

provide adjustable settings for nutrient concentration, water 

flow, time and length of delivery and other parameters, and 

can be suitable for the needs of different users, crops and 

purposes .Thus for efficient use of irrigation water and 

fertilizer, fert igation automation need to be adopted. 
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