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Deep root fertilization has emerged as an innovative and efficient nutrient management
strategy that involves placing fertilizers directly into the root zone, typically at deeper
soil layers, where active roots can readily absorb nutrients. This technique minimizes nutrient
losses, enhances nutrient uptake efficiency, and ensures better synchronization between
nutrient supply and crop demand. Advanced application methods such as soil injection probes
and high-pressure powered delivery systems enable precise placement of fertilizers at desired
depths, even in compacted or stratified soils. These technologies help bypass surface-related
constraints like crusting, evaporation losses, and microbial immobilization, making them
particularly suitable for orchards, degraded soils, and dryland agriculture
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Introduction

Food security exists when all people, at all times, have physical, social and economical
access to sufficient, safe and nutritious food which meets their dietary needs and food
preferences for an active and healthy life. The global population is rapidly increasing and is
expected to cross 9 billion in the coming decades. This directly translates into a substantial
rise in food demand (Anonymous, 2019). To meet this rising demand, agricultural producers
are increasingly cultivating high-yielding crop varieties that require large quantities of
chemical fertilizers for optimal growth and productivity. In many agricultural systems,
excessive use of fertilizers and improper fertilization methods has become a major concern
leading to serious environmental problems. Nutrient losses through leaching and surface
runoff can contaminate groundwater and surface water bodies, leading to eutrophication and
degradation of aquatic ecosystems. In this context, innovative fertilization techniques such as
deep root fertilization (DRF) have gained increasing attention.

Concept of deep root fertilization

The fundamental concept of DRF is based on the spatial synchronization of nutrient
availability with root distribution. Plant roots do not uniformly exploit the soil profile;
instead, nutrient uptake is largely governed by root length density, rooting depth, and root
surface area. By placing nutrients deeper in the soil profile, DRF promotes root proliferation
in subsurface layers, enabling plants to access nutrients more efficiently while simultaneously
improving anchorage and drought resilience. Deep root fertilization can be considered an
extension of precision nutrient management, where the “4R nutrient stewardship”
principles—right source, right rate, right time, and right place—are implemented with
particular emphasis on the “right place.” By optimizing nutrient placement, DRF enhances
the synchrony between nutrient release and plant demand, which is often lacking in
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conventional fertilization methods. This approach is especially relevant for nitrogen
fertilizers, which are highly dynamic in soil and prone to significant losses under surface
application.
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Potential Benefits of Deep Root Fertilization

1. Enhanced Nutrient Use Efficiency (NUE)

One of the most significant advantages of DRF is the improvement in nutrient use efficiency,
particularly nitrogen use efficiency (NUE). Conventional fertilization methods often result in
NUE values as low as 30-40%, whereas deep placement techniques can substantially
increase nutrient recovery by reducing losses and improving root accessibility (Ladha et al.,
2020).

This improvement is primarily due to:

Reduced volatilization losses

Lower leaching beyond the root zone

Better synchronization between nutrient supply and crop demand

2. Reduction in Nutrient Losses and Environmental Protection

DRF significantly mitigates environmental risks associated with fertilizer use. Surface-
applied fertilizers are prone to:

e Ammonia volatilization

« Nitrate leaching

e Surface runoff leading to eutrophication

Subsurface placement minimizes these losses by keeping nutrients within the root zone.
Research indicates that deep placement can reduce ammonia volatilization losses by up to
30-60%o, particularly in flooded rice systems (Liu et al., 2015).

3. Improved Crop Productivity and Yield Stability

By enhancing nutrient availability and uptake, DRF contributes to increased crop
productivity. Yield improvements of 10-25% have been reported in various cropping
systems, particularly in rice and maize.

The key factors contributing to yield improvement include:

« Enhanced root growth and nutrient absorption

« Improved physiological efficiency

« Better nutrient availability during critical growth stages
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Moreover, DRF promotes yield stability under stress conditions such as drought, as deeper
roots can access moisture and nutrients from lower soil layers.

4. Improved Root Growth and Soil Exploration

DRF stimulates root proliferation in deeper soil layers, resulting in:

e Increased root length density

« Greater root surface area

e Enhanced soil exploration capacity

This improved root architecture allows plants to utilize nutrients and water more efficiently,
particularly in resource-limited environments. Enhanced rooting depth also improves plant
anchorage and resistance to lodging in crops like maize and cereals.

5. Enhanced Water Use Efficiency (WUE)

Water and nutrient uptake are closely interlinked processes. By placing nutrients in deeper
soil layers where moisture availability is more stable, DRF improves the synchronization
between water and nutrient uptake.

This leads to:

Improved water use efficiency (WUE)

Better crop performance under limited irrigation

Enhanced drought tolerance

6. Economic Benefits and Input Optimization

Although DRF involves higher initial investment due to specialized equipment, it offers long-
term economic advantages through:

e Reduced fertilizer requirement (due to higher efficiency)

e Lower input losses

e Increased crop yield and profitability

Mechanized deep fertilization has been shown to improve profitability by optimizing
fertilizer use and reducing the need for repeated applications (Li et al., 2021).

7. Compatibility with Sustainable and Precision Agriculture

DREF aligns well with modern agricultural approaches such as:

e Precision farming

o Conservation agriculture

o Climate-smart agriculture

It can be integrated with:

e Controlled-release fertilizers

e Subsurface drip fertigation

e Sensor-based nutrient management systems

This compatibility enhances its potential as a key component of future sustainable farming
systems.

8. Contribution to Climate-Resilient Agriculture

By improving nutrient and water use efficiency and reducing greenhouse gas emissions, DRF
contributes to climate-resilient agricultural systems. Enhanced root depth and soil resource
utilization enable crops to better withstand climatic variability, including drought and erratic
rainfall patterns.

Methods/Equipment

1. Soil Injection Probe: A long, hollow metal probe or lance connected to a fertilizer tank
and pump system, designed to deliver liquid fertilizers directly into the subsurface soil
layer, bypassing the soil surface and placing nutrients into the active root zone where nutrient
uptake by roots is most effective. The probe is a hollow lance or pipe that is driven into the
soil to a predetermined depth (commonly 15-45 cm), and a liquid fertilizer solution is
pumped through it into the root zone

Basic Structure

* Hollow lance/probe — the main shaft that penetrates soil.

» Injection nozzles/ports near the tip to disperse fertilizer into surrounding soil.

» Pressure pump and reservoir — to force fertilizer solution through the probe.
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» Handles/frames or tractor mounts — for manual or mechanized operation.

2. High-Pressure Injection Systems (Motorized Units): High-pressure injection systems

are mechanized fertilizer applicators designed for uniform, deep placement of liquid

fertilizers into the root zone of perennial crops (e.g., orchards, plantations) on a larger scale.

These systems use engine- or motor-driven pumps and subsurface delivery mechanisms

to inject nutrient solutions at controlled depth and pressure, ensuring efficient nutrient

delivery directly where roots are most active.

* Pressure-driven pump

» Hoses and nozzles/injector heads

» Hydraulic or mechanical soil insertion device

How It Works

» Soil Penetration: A hydraulic or mechanical device drives the injector into the soil to the
planned depth.

* Pressurized Injection: Once in position, the pump delivers liquid fertilizer under high
pressure (often >1 MPa in research prototypes) so that the solution penetrates soil pores
and disperses around feeder roots.

« Diffusion & Root Access: The high pressure helps disperse nutrients longitudinally and
laterally in the root zone, increasing root-nutrient contact. Field tests showed an injection
spread of over 250 mm in some orchard designs

Conclusion

The review highlights that DRF offers multiple advantages, including increased nutrient
recovery efficiency, reduced losses through volatilization and leaching, improved water—
nutrient synchronization, and enhanced resilience of crops under stress conditions. These
benefits are particularly pronounced in deep-rooted crops, sandy soils prone to leaching, and
rainfed agro-ecosystems where resource-use efficiency is critical. Furthermore, DRF aligns
closely with the principles of precision agriculture and climate-smart farming, making it a
promising tool for future agricultural intensification.
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