Lecture notes: Phyto technology

What is Phytotechnology: Phytotechnology refers to the use of plants & plant — based systems
to address environmental problems through sustainable & often green methods. It combines
knowledge from plant science, biotechnology & environmental engineering.

“Phyto” [plant] + “Technology” [application of science to solve problem]
Introduction

Phytotechnology is an innovative, eco-friendly approach that utilizes green plants & their
associated micro-organisms to remediate contaminated environments & manage pollutants in
soil, water, & air. It offers a sustainable alternative to conventional physical & chemical
remediation techniques.

It is also known as “Phytoremediation”, is a sustainable & cost-effective approach that uses
plants to remove , degrade or contain contaminants in soil, water & air. It leverages the natural
processes of plants like phytoextraction, phytodegradation & phytovolatilization, to address
environmental pollution.

Principle: Phytotechnology works on the principle of using plants & their associated micro-
organisms to absorb, accumulate, degrade, or stabilize pollutants from soil, water or air. These
plants naturally interact with contaminants through processes like uptake, transformation or
containment, making the environment cleaner in a sustainable & eco-friendly way.

These plants-based strategies are typically:-
1. Environmentally friendly [green technology].

2. Cost-effective compared to physical/chemical methods.
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Capable of large-scale application.
4. Aesthetic & biodiversity-enhancing.

Types:-

Using plants to remove, degrade,



_ _ Plants take up heavy metals or
Phytoextraction Absorption nutrients into shoots/leaves.

Plants reduce mobility of

. Phytodegradation/ Plants break down Organic
Breakdown pollutants [e.g., pesticides,
Phytotransformation solvents].

Plants absorb & release
Phytovolatilization Evaporation contaminants as vapors. [e.g.,
selenium, mercury].

Mechanisms of Action:-

1.

2.

3.

4.

Phytosequestration/ Phytoextraction
Rhizodegradation/ Phytostimulation
Phytovolatilization

Phytodegradation

Phytosequestration:-

1.

2.

Ability of plants to sequester certain contaminants in root zone.

Contamination can also be taken a by the route and custard in the vacuoles in the root
system.

The transport proteins associated with the root also can irreversibly bind and stabilize
target contaminants.

Contaminants are taken into the plant.
The plant material is then removed and safely stored or destroyed.

Mainly applied to metals (Cd, Ni, Zn, Cu, Pb) but can also be used for other elements
(Se, As) & organic compounds.



7.

8.

This technique preferentially uses hyper accumulator plants, that have the ability to store
high conc. Of specific metals in their aerial parts [0.01% to 1% dry weight, depending on
the metals].

8. Elsholtzia splendens, Alyssum bertolonii, Thlaspi caerulescens & Pteris vittata are
known example of hyperaccumulator plants for Cu, Ni, Zn/Cd & As, respectively.

Importance

1.

2.
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4.

Eco friendly and cost-effective.
Enhances soil and water quality.
Supports biodiversity.

Reduces reliance on chemical or mechanical remediation.

Applications

1.

2.

Soil remediation:- Using Indian mustard to extract lead from contaminated soil.

Water purification:- Floating wetlands with “Phargmites australis” (reeds) for
wastewater treatment.

Agricultural runoff management:- Buffer strips of vegetation reduce nitrate/phosphate
pollution.

Radiation clean-up:- Sunflowers have been used to observed radioactive isotopes from
contaminated water (e.g., Chernobyl, Fukushima).

Limitations:-

Slow remediation process.

Limited to shallow contamination zones.
May require long-term maintenance.

Risk of bioaccumulation in the food chain.

Seasonal & climate-dependent effectiveness.
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