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Poll:

On a scale of 1-5, how familiar are 
you with phytotechnologies?

1 – Not familiar at all
2 – Have heard the word
3 – Know a few examples
4 – Familiar with many examples
5 – Very familiar, have implemented



Phytotechnologies
“The strategic use of plants to 
solve environmental problems 
by remediating the qualities 
and quantities of our soil, 
water, and air resources and 
by restoring ecosystem 
services in managed 
landscapes.”
-International Phytotechnology Society



The Science of Phytotechnologies



Examples:
Green Roofs / Eco Roofs
Green Infrastructure
Stormwater Wetlands
Constructed Wetlands
Bioswales / Rain Gardens
Urban Tree Canopies
Vegetative Forest Buffers
Brownfields Restoration
Mine Reclamation

Phytoremediation

PC: greenroofs.org PC: easterlake.org

PC: American Society of Landscape Architects
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Phytoremediation
The use of trees to clean up contaminated soils and 

waters



Enhanced aesthetics

Improved mood
Lowered stress
Improved psychological wellbeing Improved soil health

Noise reduction
Improved air quality
Erosion control
Wind speed reduction

Carbon sequestration
Pollution remediation

Medium-Term Long-TermShort-Term

Benefits of Phytoremediation



Phytoremediation Processes



Phytoextraction

Processes of 
Phytoremediation

Pollutant

Uptake of contaminants 
from the soil by plant 
roots, followed by 
translocation into 
harvestable plant 
biomass. 



Phytodegradation
Degraded 
Pollutant

Also referred to as 
phytotransformation. It 
involves the degradation of 
complex organic molecules to 
simple molecules, or the 
incorporation of these 
molecules into plant tissues.

Processes of 
Phytoremediation



Rhizodegradation
Degraded 
Pollutant

Also known as phytostimulation. 
Rhizodegradation refers to the 
breakdown of contaminants 
within the plant root zone, or 
rhizosphere. It is believed to be 
carried out by bacteria or other 
microorganisms whose numbers 
typically flourish in the 
rhizosphere

Processes of 
Phytoremediation



Phytovolatilization Volatile 
Pollutant

Pollutant

The process of 
pollutant absorption 
by plants, followed by 
volatilization into the 
atmosphere by the 
foliar system.

Processes of 
Phytoremediation



Phytostabilization
Stabilized 
Pollutant

Reduction of mobility 
and bioavailability of 
pollutants in the 
environment, either by 
physical or chemical 
effects. 

Processes of 
Phytoremediation



Phytoextraction

Rhizodegradation

Phytostabilization

Phytovolatilization

Phytodegradation

Processes of 
Phytoremediation



Human Health 
Benefits



Brownfields
Organic Contaminants: Asbestos, petroleum and hydrocarbons, polycyclic aromatic 
hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), VOCs, dioxin, pesticides
Inorganic Contaminants: Arsenic, lead, cadmium, chromium, mercury
Health Impacts: Liver toxicity, endocrine disorder, respiratory diseases, increased cancer risk 

Stormwater
Organic Contaminants: Antifreeze, grease, oil, and heavy metals from cars; fertilizer, pesticides, and 
chemicals from gardens, homes, and businesses
Biological Contaminants: Bacteria from pet wastes and failing septic systems
Health Impacts: Decreased semen quality in men; higher miscarriages in women; premature menopause; 
increased risk of birth defects in children

Air
Volatile Organic Compounds (VOCs): Increased cancer risk and endocrine disorder
Particulate Matter (PM): Respiratory and vascular illnesses in urban areas
Odor: Effects upon mood and psychological functioning

Physical Health Benefits of Phytoremediation



Accessible greenspace for positive mood 
changing and reducing stress

Phytoncides –  emitted volatile organic 
compounds (VOCs) to reduce stress and 
lower blood pressure 

Improved psychological wellbeing 
through improved financial wellness and 
security, increased real estate value, and 
creation of green space.

Smell of urban forest –  provide the elders 
and patients with experiences of memory-
recall and multi- sensory stimulation

Mental Health Benefits of Phytoremediation



Phytoremediation Applications



Phytotechnologies

Pollution 
Mitigation

Stormwater 
Management

Land 
Restoration

Human 
Wellbeing

Phytotechnology Applications



Phytotechnologies
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Mitigation

Stormwater 
Management

Land 
Restoration

Human 
Wellbeing

Landfills Riparian Buffers

Phytotechnology Applications
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Phytotechnology Applications





Phytotechnologies

Pollution 
Mitigation

Stormwater 
Management

Land 
Restoration

Human 
Wellbeing

Urban Trees Urban Forests

Phytotechnology Applications



Urban Foraging and Environmental Justice

Objectives

Collect edible & medicinal plants that are 
used in urban foraging

Collect soils adjacent to the plants, as well as 
in “control” areas throughout the site

Test metal levels in the plants & soils

Correlate plant & soil levels

Assess whether metal levels exceed values 
safe for human consumption

Chicago, Illinois, USA



Phytotechnologies

Pollution 
Mitigation

Stormwater 
Management

Land 
Restoration

Human 
Wellbeing

Phytotechnology Applications

Mine 
Reclamation

Brownfield
Restoration



Our Work…

Phyto-recurrent selection

Phytoremediation of inorganic and organic contaminants

Salt tolerance and salinity thresholds (including sodic soils)

Biochar: a sustainable soil amendment

Reclaiming and restoring lands degraded from mining

Green infrastructure and stormwater management

Brownfields restoration

Wastewater applications

Prioritizing landfill contaminants for environmental remediation

Agroforestry phytoremediation buffer systems

Carbon Clean Water Healthy Soils



The Phytoremediation Procedure



The Phytoremediation Procedure
Design | Implement | Monitor
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Identification
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Species
Selection

Project
Implementation

Data Collection
and Monitoring

Data Analysis
and Synthesis

Project
Closure
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Step 1: 
Problem 

Identification



Kennen and Kirkwood (2015)

Identify the Problem: Contaminants



Identify the Problem: Contaminants

Kennen and Kirkwood (2015)



Identify the Problem: 
Ecological and Human Health Concerns

Proximity to sensitive 
species / ecosystems?

Contaminant-specific 
health effects?

Habitat 
degradation?

Interaction with other 
contaminants?



Step 2: 
Project 

Preparation

The Phytoremediation Procedure
Design | Implement | Monitor

Problem
Identification

Project
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Project
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and Monitoring

Data Analysis
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Project
Closure



Identify Necessary Resources

MIT Research Administration Services

Financial resources
• Identify funding 

opportunities
 Government
 Private organization

• Plan for all funding 
throughout the lifespan 
of the phytoremediation 
system

Personnel resources
• Permanent Staff
• Temporary Staff

 Summer staff
 Interns
 Volunteers

Equipment Needs
• Sampling Equipment

• Planting Equipment

• Lab Analysis Equipment

• Machinery

Stakeholder/Partners
• Identify potential stakeholders:

 Government agencies
 Non-profit organizations
 Industry
 University
 General public

• Identify current partners and 
build partnerships with others to 
gain expertise and resources

PC: Sergey Nivens



Project Implementation

Site Preparation
• Debris removal

• Plowing 

• Tilling

• Herbicide application

• Irrigation installation

• Incorporating soil amendments

Data Collection
• Plant Parameters (growth, health, physiology, contaminant uptake)

• Soil parameters (physical and chemical properties)

• Other parameters (weather, initial site parameters)



Step 3: 
Species 

Selection

The Phytoremediation Procedure
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Specialized Traits

Fast growth (high biomass productivity)

Extensive root systems

Elevated hydraulic control potential



Short Rotation Woody Crops   (SRWCs)
Fast-growing trees such as poplars (Populus L.), willows (Salix L.), eucalypts 
(Eucalyptus L’Hér), pines (Pinus L.), and other species that are dedicated to the 
provision of biomass feedstocks for energy, pulp, and solid wood products, as well 
as ecosystem services associated with restoration, environmental remediation, and 
community livelihoods. Zalesny et al. (2019) WIREs Energy Environ 8:e345

Poplars Willows Eucalypts Pines



Ficus religiosa L.
(Peepal)

Ficus virens Aiton
(Pilkhan)

Ficus benghalensis L.
(Banyan)

Ficus racemosa L.
(Gular)

Azadirachta indica A. Juss.
(Neem)

Potential Species – Example from India 

PC: Wikipedia PC: https://borneoficus.info/ PC: https://plantly.io/

PC: https://powo.science.kew.org/ PC: Wikipedia



Phytoremediation Species Databases

Phytoremediation Database
Stevie Famulari (former professor, North Dakota 

State University)
https://www.steviefamulari.net/phytoremediation/

• Database is fully online
• Information on over 450 plant species and 

over 70 contaminants
• Studies are classified based on 

remediation mechanisms and 
accumulation type

https://www.steviefamulari.net/phytoremediation/


Phytoremediation Species Databases

Phytoremediation Database
Kansas State University Department of Agronomy
http://www.agronomy.ksu.edu/extension/phytoremediation  

• Database is a Microsoft Access file (.mdb)
• Information on over 1,000 plant species and over 

100 contaminants
• Includes case studies describing field-scale 

phytoremediation systems 
• Studies are classified based on remediation 

mechanisms and success

http://www.agronomy.ksu.edu/extension/phytoremediation


Stepwise selection process involving multiple selection cycles to identify and 
select clones with superior performance

Greenhouse Testing
Field 

Implementation 
and Testing

Cycle 1:
140 varieties

Cycle 2:
60 varieties

Cycle 3:
15 varieties

Cycle 4+:
12 varieties



Cycle 3 Multiple growing 
seasons until harvest

Greenhouse Testing
Field 

Implementation 
and Testing

Cycle 1 Cycle 2





Proper tree selection is crucial!



7 Days



14 Days



21 Days



28 Days



35 Days



Phyto-
Recurrent 
Selection

Scientific 
Knowledge

Practical 
Knowledge

Traditional 
Knowledge

Research 
Priorities

Community 
Priorities

Phyto-Recurrent Selection for Communities



Scan Here to 
Learn More!

https://ferm-search.fao.org/practices/FERM_BYfbsJeRaOk6aL2vROB9

Phyto-Recurrent Selection Endorsed as a 
‘Good Practice’ by the United Nations



Step 4: 
Project 

Implementation
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Plant Material
•Seeds
•Cuttings
•Poles
•Saplings

Experimental 
Design

•# of species
•# of plants per species
•Spacing
•Physical location in field

Equipment
•Planting Equipment

•Shovel
•Dibble bar
•Tractor
•Hydroseeder

•Spacing equipment
•Measuring tape
•Beaded cable
•PVC grid

Project Implementation



Project Implementation

Protection from 
Browse / Vandalism
•Fencing 
•Materials to install fencing
•Signage

Other Materials
•Irrigation
•Backfilling
•Soil amendments



Step 5: 
Data Collection 
and Monitoring

The Phytoremediation Procedure
Design | Implement | Monitor

Problem
Identification

Project
Preparation

Species
Selection

Project
Implementation

Data Collection
and Monitoring

Data Analysis
and Synthesis

Project
Closure



Long-Term Monitoring

• Necessary to evaluate the performance of a system over time, and to better 
understand remediation mechanisms, clonal differences

• Long-term phyto projects that maintain the plantings and collect data are rare, but 
important   

PC: Brent DeBauche



Growth Measurements

Diameter Measurements

Tool: D-tape

Frequency of measurements: 
annual

Height Measurements

Tools: meter stick, extendable 
height pole

Frequency of measurements: 
annual 

Tree Core Collection

Tool: increment borer

Frequency of measurements: 
once per study



Ecophysiology Measurements

Chlorophyll Fluorescence

Tool: Hansatech Pocket PEA

Frequency of measurements: 
depends on study objectives

Stomatal Conductance

Tool: Li-COR LI-600

Frequency of measurements: 
depends on study objectives

SPAD (leaf greenness)

Tool: SPAD meter

Frequency of measurements: 
depends on study objectives



Ecophysiology Measurements

Sap Flow Monitoring

Tools: Dynamax thermal dissipation probes 
and datalogger

Frequency of measurements: 

every 15 minutes during growing season

Leaf Water Potential

Tool: PMS Instruments Pressure Chamber

Frequency of measurements: depends on study 
objectives



Soil and Tissue Sampling

Soils Equipment

Tools: slide hammer & sleeve

Frequency of measurements: 
beginning, end, other

Belowground Tissues

Tools: soil corer, shovel

Frequency of measurements: 
≥1 per study 

Aboveground Tissues

Tools: broad assortment

Frequency of measurements: 
≥1 per study 



Step 6: 
Data Analysis 
and Synthesis
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Data Analysis

Excel Pivot Tables

t- tests
Correlations
Analyses of variance (ANOVA)
Analyses of means (ANOM)
Simple regressions
Multivariate analyses

Multiple regressions
Multivariate analyses of variance (MANOVA)
Principal component analyses (PCA)
Canonical correlation analyses



Data Synthesis and Reporting

1. Know your stakeholders – build relationships

2. Participate in the community

3. Produce content with relevant messaging 

4. Explore diverse types of content 



Step 7: 
Project 
Closure

The Phytoremediation Procedure
Design | Implement | Monitor

Problem
Identification

Project
Preparation

Species
Selection

Project
Implementation

Data Collection
and Monitoring

Data Analysis
and Synthesis

Project
Closure



• Before planting any 
phytoremediation project, 
consider what will happen to 
the planting at the end of the 
lifespan of the project

• Prepare to be adaptable as 
landowner/stakeholder 
objectives may change over 
time

Project Closure



PC: Golden 
Agri-
Resources

PC: USDA Forest Service

PC: Andrej Merkulov

Biofuels

BioproductsBiochar

Bioenerg
y

End use products can vary 
based on contaminant 
uptake into wood

Ensure that markets are 
available for end products 
prior to product creation

End Uses of Phytoremediation Plantings



Activity: 
Pollution Mapping



What pollution exists in your 
home city?

Think of a specific instance where 
pollution affects your city. 



Part 1: On a sticky note, answer the following questions:
• Where is the pollution located? City, Country
• Describe the pollution/contaminants.
• What is the source of the pollution?
• What are the human health concerns from the pollution?
• What are the ecological concerns from the pollution?

When you are done, place your sticky note on the wall under the corresponding 
continent. 

Part 2: Get a sticker from the front of the room. Choose the color 
of sticker that corresponds to what type of pollution it is:
• Blue =  water pollution
• Yellow =  air pollution
• Brown =  soil pollution

Write the source of the pollution in the center of the sticker. Put your sticker on the 
wall map at the location of your pollution. 



For More Presentations on 
Phytoremediation Please Visit:

October 16:
River Birch Ballroom 

1545-1600 
Ron Zalesny Jr. 
Agroforestry phytoremediation buffer systems reduce water and soil pollution in the Great 
Lakes Basin, USA

1615-1630 
Elizabeth Rogers 
A novel approach for enhancing the effectiveness of tree-based remediation systems

October 19:
USFS International Programs Office 1 Thomas Circle, NW, Suite 400 Washington, DC 20005

0930-1230 
Ron Zalesny Jr., Elizabeth Rogers, Ryan Vinhal, Chung-Ho Lin
What is phytoremediation?



Thank you
Ronald S. Zalesny Jr. | USDA Forest 
Serviceronald.zalesny@ usda.gov 

Ryan A. Vinhal | USDA Forest Service
ryan.vinhal@ usda.gov 

Chung- Ho Lin | University of Missouri
linchu@ missouri.edu  

Liza Paqueo | USDA Forest Service
liza.paqueo@ usda.gov  

Elizabeth R. Rogers | USDA Forest 
Serviceelizabeth.r.rogers@ usda.gov  

mailto:ronald.zalesny@usda.gov
mailto:ryan.vinhal@usda.gov
mailto:linChu@missouri.edu
mailto:liza.paqueo@usda.gov
mailto:elizabeth.r.rogers@usda.gov


Phytoremediation: Trees as “green 
medicine” to heal earth, bodies, and 
minds from urban pollution

PP-23-3585
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