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ertigation is an advanced agricultural technique that combines fertilization and irrigation

to deliver nutrients directly to the plant root zone through irrigation water. It enhances
nutrient and water use efficiency, reduces fertilizer losses, and promotes uniform crop
growth. Modern fertigation technologies include drip, sprinkler, micro-irrigation, and
automated sensor-based systems integrated with precision agriculture tools. These systems
ensure timely and precise nutrient application according to crop demand. Fertigation
improves yield, quality, and sustainability of crops while reducing labor and environmental
impact. Despite high initial costs and technical requirements, it represents a key innovation in
modern sustainable agriculture.

Introduction

Modern agriculture is increasingly shifting toward precision-based practices to improve
productivity, resource-use efficiency, and environmental sustainability. Among these
innovations, fertigation has emerged as a highly efficient method of delivering nutrients to
crops. Fertigation is the application of fertilizers through irrigation systems, allowing
simultaneous water and nutrient supply directly to the root zone. This technique is widely
adopted in high-value crops, greenhouse cultivation, and water-scarce regions. The
integration of fertigation with advanced irrigation systems such as drip and sprinkler
irrigation has revolutionized nutrient management. It minimizes nutrient losses, enhances
fertilizer use efficiency, and promotes uniform crop growth. With the growing demand for
sustainable agricultural practices, fertigation technologies play a vital role in achieving higher
yields with reduced environmental impact.

Concept and Definition of Fertigation

Fertigation is derived from the combination of the words “fertilization” and “irrigation.” It
refers to the precise and controlled application of plant nutrients through irrigation water,
ensuring that fertilizers are delivered directly to the root zone in a soluble form. This method
enhances nutrient availability and allows crops to absorb essential elements more efficiently
compared to conventional fertilization practices. By synchronizing nutrient supply with plant
water uptake, fertigation improves both nutrient use efficiency and crop productivity. It is
widely adopted in modern agriculture, particularly in drip and sprinkler irrigation systems,
where uniform distribution and minimal losses are critical. Fertigation also enables farmers to
apply nutrients in small, frequent doses according to crop growth stages, thereby reducing
wastage and environmental pollution.

Key Features:

% Application of nutrients in liquid or dissolved form
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% Integration with advanced irrigation systems

+«+ Precise and controlled nutrient delivery to crops
 Reduced labor requirement and operational time

«» Improved fertilizer use efficiency and crop response

Source: https://geopard.tech/

Principles of Fertigation

Fertigation is based on the fundamental principle of synchronizing nutrient supply with the
crop’s physiological demand. This approach ensures that plants receive essential nutrients at
the right time, in the right quantity, and in the most readily available form. By integrating
fertilization with irrigation, nutrients are delivered directly to the active root zone, improving
absorption efficiency and minimizing losses due to leaching, volatilization, or runoff. Proper
management of fertigation not only enhances crop growth and yield but also supports
sustainable use of water and fertilizers. The effectiveness of fertigation depends on careful
planning, system design, and the selection of suitable fertilizers.

Core Principles:

1. Solubility of Fertilizers: Only fully water-soluble fertilizers should be used to ensure
smooth flow through the irrigation system and to prevent clogging of emitters or pipes.

2. Uniform Distribution: A well-designed irrigation system ensures even distribution of
water and nutrients across the field, promoting uniform crop growth.

3. Timing and Frequency: Nutrients should be applied in small, frequent doses (split
applications) according to different crop growth stages to match plant requirements.

4. Compatibility: Fertilizers must be chemically compatible when mixed in solution to avoid
precipitation and blockage in the system.

5. System Efficiency: Efficient irrigation systems, such as drip irrigation, reduce nutrient
losses and ensure maximum utilization by crops.

Basic Fertigation Nutrigation

— ) My

Precision o © O

Fertilizer Sensors
Tank + + Automatic
Controller

T
- Manual Mixing Feed

= Limited Control Mixing Real-Time monitoring
= Basic Fertilizer Unit e Premium Fertilizers

Source: https://www.haifa-group.com/
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Components of Fertigation System

A fertigation system is an integrated setup designed to deliver water and dissolved nutrients

efficiently to crops. It consists of several essential components that work together to ensure

accurate fertilizer application, uniform distribution, and system safety. Each component plays

a specific role in maintaining the efficiency and reliability of the system.

Injection Devices

Injection devices are used to introduce fertilizer solutions into the irrigation water. Common

types include:

< Venturi injectors: Use pressure difference to draw fertilizer into the water stream.

< Fertilizer tanks: Simple tanks where fertilizers are mixed and gradually released.

< Positive displacement pumps: Provide precise and controlled injection of nutrient
solutions.

Irrigation System

The irrigation network delivers water and nutrients to the field. It includes:
Drip irrigation systems: Provide highly efficient, direct root-zone application.

< Sprinkler irrigation systems: Distribute water over the crop canopy.

< Micro-irrigation systems: Offer localized and precise water application, especially in
orchards.

Filtration Units

Filters prevent clogging of emitters and pipelines:

< Screen filters

< Sand filters

< Disc filters

Control Valves and Regulators

These components maintain pressure and flow control:

< Pressure regulators

< Flow control valves

< Backflow preventers to avoid contamination of the water source.

Storage Tanks

Storage tanks are used for preparing, dissolving, and storing fertilizer solutions before

injection into the irrigation system.

o
*

>
>

Types of Fertigation Technologies

Fertigation technologies vary depending on the irrigation system, crop type, and level of
mechanization. These technologies aim to deliver nutrients efficiently while minimizing
losses and improving crop productivity. Based on application methods and automation levels,
fertigation can be classified into several types.

Drip Fertigation

Drip fertigation is the most widely adopted and efficient method. In this system, nutrients
dissolved in irrigation water are delivered directly to the plant root zone through emitters. It
ensures precise nutrient placement, high fertilizer use efficiency, and minimal nutrient loss
through leaching or runoff. It is highly suitable for horticultural crops, vegetables, and
plantation crops.

Sprinkler Fertigation

In sprinkler fertigation, fertilizers are applied through sprinkler irrigation systems. The
nutrients are distributed over the crop canopy along with irrigation water. This method is
suitable for field crops such as cereals and fodder crops; however, it is comparatively less
efficient than drip fertigation due to higher evaporation and runoff losses.

Micro-sprinkler and Subsurface Fertigation

Micro-sprinkler fertigation is commonly used in orchards and greenhouse cultivation,
providing localized water and nutrient supply. Subsurface fertigation delivers nutrients below
the soil surface, reducing evaporation losses and improving water use efficiency.
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Automated Fertigation Systems

Automated fertigation systems use sensors, timers, and computerized controllers to regulate
nutrient application. Integrated with precision agriculture technologies, these systems enable
real-time monitoring and highly accurate nutrient management based on crop requirements.

Fertilizers Used in Fertigation
Fertigation requires the use of highly water-soluble fertilizers to ensure smooth flow through
irrigation systems and efficient nutrient delivery to crops. Since nutrients are applied through
water, only fertilizers that dissolve completely and remain stable in solution are suitable. The
selection of appropriate fertilizers is crucial for preventing clogging, improving nutrient
uptake, and maximizing fertilizer use efficiency.
Common Fertilizers Used:
< Urea: A widely used nitrogen source with excellent solubility.
Calcium nitrate: Provides readily available calcium and nitrogen for plant growth.
Potassium nitrate: Supplies both potassium and nitrogen in a soluble form.
Mono ammonium phosphate (MAP): A key source of phosphorus and nitrogen.
Mono potassium phosphate (MKP): Provides phosphorus and potassium, especially
useful during flowering and fruiting stages.
Characteristics of Fertigation Fertilizers:
< High solubility: Fertilizers must dissolve completely in water without leaving residues.

53

%

e

%

53

%

e

%

Low impurity levels: Ensures prevention of clogging in drip emitters and filters.
Compatibility with irrigation systems: Fertilizers should not react chemically to form
precipitates when mixed with water or other nutrients.

Scheduling of Fertigation

Proper scheduling of fertigation is essential for achieving maximum nutrient use efficiency

and optimal crop performance. It ensures that nutrients are supplied in synchronization with

crop demand, thereby reducing losses and improving productivity. Effective scheduling

depends on several agronomic, environmental, and management factors that influence

nutrient uptake by plants.

Factors Affecting Scheduling:

< Crop type and growth stage: Different crops and their growth stages (vegetative,
flowering, fruiting) require varying nutrient amounts.

< Soil type and fertility status: Sandy soils require more frequent but smaller doses, while
clay soils retain nutrients for longer periods.

» Climatic conditions: Temperature, rainfall, and humidity influence water and nutrient
requirements.

< Irrigation frequency: The timing and frequency of irrigation directly affect fertigation
intervals and nutrient application rates.

Approach to Fertigation Scheduling:

< Nutrients are applied in small and frequent doses rather than large single applications to
improve uptake efficiency.

< Nutrient concentration is adjusted according to crop growth stage and physiological
demand.

< Soil and plant analysis are used for precise monitoring, enabling scientific and need-based
fertilizer application.

Advantages of Fertigation

Fertigation provides several significant advantages in modern agriculture by integrating
irrigation and fertilization into a single efficient system. It improves nutrient management,
enhances resource use efficiency, and supports sustainable crop production. These benefits
make fertigation highly suitable for high-value crops and intensive farming systems.
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Key Advantages:

1. Improved Nutrient Use Efficiency: Nutrients are delivered directly to the root zone in
soluble form, ensuring better absorption by plants and higher fertilizer use efficiency.

2. Reduced Fertilizer Losses: Losses due to leaching, volatilization, and runoff are
minimized as nutrients are applied in controlled amounts.

3. Uniform Nutrient Distribution: Fertigation ensures even distribution of nutrients across
the entire field, promoting uniform crop growth and development.

4. Water Conservation: Since nutrients are applied through irrigation water, efficient water
use is achieved, especially in drip systems.

5. Enhanced Crop Yield and Quality: Timely and balanced nutrient supply improves both
yield and quality of agricultural produce.

6. Reduced Labor Costs: Fertigation reduces the need for manual fertilizer application,
saving time and labor expenses.

7. Flexibility in Nutrient Application: Farmers can easily adjust nutrient type,
concentration, and timing according to crop requirements and growth stages.

Limitations of Fertigation

Although fertigation is a highly efficient and modern nutrient management technique, it also
has certain limitations that restrict its widespread adoption, especially among small and
marginal farmers. Understanding these constraints is important for proper system planning
and management.

High initial investment cost: The installation of fertigation systems, including drip
irrigation, pumps, injectors, and filters, requires substantial initial capital.

Risk of system clogging: Poor water quality or improper fertilizer selection can lead to
clogging of emitters and pipelines, reducing system efficiency.

Requirement of technical knowledge: Farmers need proper training to manage fertilizer
concentration, scheduling, and system operation effectively.

Limited use of certain fertilizers: Only fully water-soluble fertilizers can be used,
restricting the use of traditional or low-cost fertilizer forms.

Maintenance requirements: Regular cleaning of filters, monitoring of pressure, and system
maintenance are necessary to ensure smooth functioning and long-term durability of the
system.

Role of Sensors and Automation in Fertigation

Modern fertigation systems are increasingly supported by advanced sensors and automation
technologies that significantly improve precision, efficiency, and sustainability in nutrient
management. These smart technologies allow farmers to monitor soil and crop conditions in
real time and adjust irrigation and fertilizer application accordingly, ensuring optimal plant
growth with minimal resource wastage.

Technological Advancement

Soil moisture sensors: These sensors measure the water content in the soil and help
determine the exact irrigation requirement, preventing over- or under-irrigation and ensuring
efficient fertigation scheduling.

Nutrient sensors: They detect nutrient levels in soil or irrigation water, enabling precise
adjustment of fertilizer concentration based on crop needs.

loT-based monitoring systems:Internet of Things (loT) technology allows remote
monitoring and control of fertigation systems through mobile or computer devices, improving
decision-making and farm management.

Automated controllers: These devices regulate the timing, flow rate, and nutrient dosage
automatically based on preset programs or sensor inputs.

Environmental Impact of Fertigation
Fertigation significantly contributes to environmental sustainability by improving the
efficiency of water and fertilizer use in agricultural systems. By delivering nutrients directly
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to the plant root zone in controlled and soluble forms, it reduces many of the environmental
problems associated with traditional fertilization methods. This precise application helps
maintain soil health and protects surrounding ecosystems.

Reducing nutrient leaching: Fertigation minimizes the downward movement of nutrients
beyond the root zone by supplying fertilizers in small, frequent doses, thereby improving
nutrient uptake efficiency.

Minimizing groundwater contamination: Since nutrients are applied in controlled amounts,
the risk of fertilizers reaching and contaminating groundwater resources is greatly reduced.
Lowering greenhouse gas emissions: Efficient nutrient management reduces excessive
nitrogen application, thereby decreasing emissions of nitrous oxide, a potent greenhouse gas.
Promoting efficient resource use: It optimizes the use of both water and fertilizers, leading
to sustainable agricultural production with reduced input wastage.

Applications of Fertigation

Fertigation is widely adopted in modern agriculture due to its efficiency in delivering water
and nutrients directly to the plant root zone. It is particularly beneficial for crops that require
precise nutrient management and high productivity.

Horticultural crops (fruits and vegetables): Fertigation is extensively used in crops such as
tomato, chilli, banana, citrus, and grapes to improve yield and quality.

Plantation crops: Crops like coffee, tea, coconut, and rubber benefit from regular and
balanced nutrient supply through fertigation.

Greenhouse cultivation: In protected environments, fertigation ensures precise control of
nutrients and water, leading to high productivity.

Floriculture: Flower crops such as rose, gerbera, and carnation require uniform nutrition,
which is effectively achieved through fertigation.

High-value commercial crops: It is widely used for crops where profitability depends on
quality and yield, making fertigation highly suitable.

Future Prospects of Fertigation Technologies

The future of fertigation is highly promising due to rapid advancements in agricultural
technologies and the growing need for sustainable crop production. Integration with precision
agriculture will improve accuracy through GPS, GIS, and sensor-based systems for site-
specific nutrient management. Artificial intelligence (Al) and machine learning will help
predict crop nutrient requirements and optimize fertigation scheduling for maximum
efficiency. The development of low-cost automation systems will make fertigation more
affordable and accessible to small and marginal farmers. Adoption in smallholder farming
will expand its use beyond commercial agriculture. Additionally, nano-fertilizers will
enhance nutrient efficiency, reduce losses, and improve crop response, making fertigation
more sustainable and productive.

Conclusion

Fertigation technologies represent a significant advancement in modern agriculture,
combining irrigation and fertilization for efficient crop production. By ensuring precise
nutrient delivery, fertigation improves crop vyield, reduces environmental impact, and
enhances resource-use efficiency. Although challenges such as cost and technical complexity
exist, ongoing innovations are making fertigation more accessible and effective. As
agriculture moves toward sustainability and precision farming, fertigation will play a crucial
role in meeting global food demands.

References

1. Biswas, B. C. (2010). Fertigation in high tech agriculture. Fertilizer Marketing
News, 41(10), 4-8.

2. Samanta, K., & Sengupta, S. (2024). Chapter 10. Revolutionizing agriculture: Fertigation
unleashes the power of precision feeding for bountiful harvests. Agriculture re-imagined:
Innovations and strategies for sustainable growth, 121.

ACRI MACATINE ISSN: 3048-8656 Page 38




o

DO

5

o it o
o)

o RGO G

JOC,
(e}

Céﬁé? &
e

hﬁ o
ﬁ%uw%; ez
o}

@

Sonp
o)

30

N

IVU%Q i

£S) c‘s’u‘ﬁg@ SHes G

D O,
Y ey
(e}

u?;ﬁ%@ F

)

o &

1D
e

10
e}

T =
Nevo G

DO
o)

o &

T
I

1%@ QS0 i Qi At andt
fe)

s o

2
Lt
oz e

0

B

&
o
o,
TIEVO

(o

(=}

Ny

o

)
(S
o

S0

&
()

C;‘I?g“

Ny

)

Q
Kol

2J0C
[e 2214

2o
o)

je]

&L an

15
o

2

&
DO
“Tg‘\

C%ﬁ%@ Qg
u‘ﬁg&z o2

paife]

2
o
;vaf/@ C%Eiu?[ﬂlj; =
[eZEI3%e)
o) o

cal C%“ﬁ/@
GVIEN

Qéﬁ
JOC,
SIEVO

(o)

n5

23
[ ps
uﬁé@@ G

Cw@ [Se]
20

L
Sol¥ez

hé?é“
e

SIS
(1> puyell
uﬁg@ Rt

CMQ 41
0

,“gé@
%r\r%; &

Q Céj\ af

>
Heto G

7
o)

S
DO

%9&3 a2

o Qfto o
o

1D
Ty

i
oLe]
(o)

o
5 G

20
Ov%,“w

N

&

G %?J

Kamboj et al. (2026) Agri Magazine, 03(04): 33-39 (APR, 2026)

@
(o]
Pl @@

(&)

b
o

3. Sarma, H. H., Paul, A., Kakoti, M., & Talukdar, N. (2023). Fertigation: a modern
approach for enhancing nutrient use efficiency in. Frontiers in Agricultural
Sustainability.

4. Shukla, M., Sadhu, A. C., Chinchmalatpure, A. R., Prasad, I., Kumar, S., & Camus, D.
(2018). Fertigation-modern technique of fertilizer application. Indian Farmer, 5(9), 1062-
1071.

5. Sood, T., Kapoor, S., Kaur, J., Hussain, N., & Sood, S. (2025). Fertigation: A paradigm
shift in nutrient delivery for sustainable agriculture. In Agricultural nutrient pollution and
climate change: Challenges and Opportunities (pp. 135-164). Cham: Springer Nature
Switzerland.

gel
BSil ,‘FD@

g
o7 T;;w

@
20T
> @@

s
< o)

yel
X ,‘@@

St Cgmf R
(o2 T;;w

O

SN e

3
(€]

gel
Sevo

4
o)

O
o

5

@}ﬁéﬂ
SE
(o)

@

T

]

O

FREVD
[®)

O

O

Y ‘V\.@

Qg
&

B
)

or

@
o &

2.
5

oS el

O
S

52
)

NS
iYe)
F

O

(o] o
oo

N
(e}

T2
oo G

8o
(e

st

oC TC
o GSE

o
e
(&)

o0
o

Q
UL
\T{ [
(e}

Seliez

o G

5

o

S
(€]

S0
)

SRS
S ey oV

3
i)
o)

o

Bk T/QD

1
b“;\g

o ol
& %?u%

D

3
L)
o)

whe
o O %

%
O
Sen
[®)

O
R G

ey

&P

a9
)

Cé%g%f@
o

ﬁé%u(@
oo
o)

o G

ACRI MACAZINE ISSN: 3048-8656 Page 39

OC

e o
C%U‘g‘w



