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Relevant Research Topics at CAES
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The impact of climate change impacts on threats 

from…

➢Vector-borne diseases (mosquitoes, ticks)

➢Terrestrial invasive species

➢Aquatic invasive species

➢Emerging contaminant exposure (PFAS, micro-                                                

nanoplastics, toxic elements)

➢Food security
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Vector-Borne Disease
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Climate change may influence the incidence of vector-borne diseases 
through its effect on four principal characteristics of vector populations that 
relate to pathogen transmission.

➢ Geographic and Temporal Distribution: Range shifts in vector distribution that bring 
vectors into contact with new human populations.

➢ Population Density: Changes in the population density of the vectors would                   
result in increased frequency of contact with humans.

➢ Prevalence of Infection: Changes in the prevalence of pathogen infection in the                                          
reservoir host or vector populations would increase the frequency of human                     
contact with infected vectors.

➢ Pathogen Load: Changes in pathogen load brought about by changes in                                       
the rates of pathogen reproduction, replication, or development in the                                           
vector populations.
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Vector-Borne Disease
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➢Mosquitoes and Ticks transmit many disease-causing pathogens that 
affect hundreds of millions of humans/animals worldwide.

– West Nile virus
– Eastern Equine Encephalitis virus
– Zika
– Yellow Fever
– Malaria
– Filariasis

➢ These diseases are directly impacted by changes in weather and climate.

– Vector-borne pathogens/ parasites spend a part of their life cycle in cold-blooded 
arthropods and are subject to many environmental factors. 

– Marginal changes in temperature, humidity and rainfall can have potentially large biological 
effects on disease transmission.

• Lyme disease

• Anaplasmosis

• Babesiosis

• Powassan virus

• Filariasis
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Temperature and Vector-Borne Disease
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➢ Can extend season when mosquitoes 

and ticks are active and transmit 
pathogens for longer period of time

➢ Increase overwintering survival

➢ Shorten mosquito larval/ nymphal 
development time

➢ Adult female mosquitoes digest 

blood more quickly and feed more 

frequently

➢ Increase survival at higher latitudes

➢ Can extend distribution range of 

more tropical vector species

➢ Aedes aegypti

➢ Aedes albopictus

➢ Amblyomma spp.

➢ Hyalomma spp.

➢ Decrease survival of some species

➢ Increase capacity to produce 

more offspring

➢ Increase frequency of contact 

with humans or other hosts 

➢ Bring mosquito/ tick vectors into 

contact with new human 

populations
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Precipitation and Vector-Borne Disease
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Increased Precipitation

➢ Negative Impacts

➢ Will increase the number and quality 
of larval breeding sites.

➢ Epic rainfall events can synchronize 
mosquito host seeking and pathogen 
transmission.

➢ Associated increase in humidity will 
increase mosquito and tick  survival.

➢ Positive Impact

➢ Excess rainfall or snowpack can 
eliminate larval habitat by flooding thus 
reducing the mosquito population.
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Vector-Borne 

Disease
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Managing Vector-Borne Disease
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➢ Repellants, clothing, checking, and timing of outdoor activity!
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Climate and terrestrial invasive plants in CT
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➢Some Northeastern areas are > 
2°F warmer than in the first half 
of the 20th century.

➢Heatwaves in the northeast 
have increased from 2 per year 
in 1960s to 6 per year in 2020s. 

➢Heat waves are becoming more 
intense and lasting longer.

➢1960s ~ 20 days.

➢2020s ~ 70 days.
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Climate and terrestrial invasive plants in CT
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➢ The Northeast is getting wetter

➢ The Northeast has seen a roughly 60% 
increase in the number of days with 
extreme precipitation, the largest 
increase of all the U.S. regions. 

➢ This trend, along with an increased 
risk of flooding, will continue in the 
future.

➢ There will be an estimated 5% to 25% 
increase in annual precipitation with 
further 2.7°F to 7.2°F rise in global 
temperature.
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Climate and terrestrial invasive plants in CT
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➢ Invasive plants require 
unique opportunities such 
as habitat disturbance and 
ecosystem stress to invade 
new areas.

➢ Drought, rainstorms, and 
flooding will create new 
niches for the spread of 
invasive plants like oriental 
bittersweet, porcelain-
berry, mile-a minute, etc. 
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Climate and terrestrial invasive plants in CT
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➢ Excess rain and ensuing flooding 
will aggravate the stream bank 
invaders like Japanese knotweed 
and phragmites by promoting 
stream bank erosion leading to 
their detachment and 
downstream spread into new 
areas. 

➢ Root fragments (1-inch) can 
produce new plants.
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Climate and terrestrial invasive plants in CT
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➢ The Northeast will likely 
become home to the new 
invasive plants.

➢ The invasive plants of the 
southeast and mid-Atlantic 
regions such as Chinese tallow 
tree, cogongrass,  kudzu, 
Johnsongrass, trifoliate orange 
will likely invade and become 
established in the northeast.
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Climate and aquatic invasive plants in CT

3
16

➢ Ecosystem Impacts

➢ Displace native species

➢ Alter native ecosystems

➢ Economic Impacts

➢ Reduce recreation 

➢ Lower property values and tax 
revenue

➢ Interfere with navigation

➢ Economic damage and 
management costs of 
approximately $15 billion per year 
in the United States
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Climate and aquatic invasive plants in CT
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CAES OAIS Aquatic

Vegetation Surveys
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Climate and aquatic invasive plants in CT
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Established 
July 2022



CAES OAIS Discovers Novel Strain of Hydrilla in 
the Connecticut River 

(This is the Mattabesset River, which is a tributary of the Connecticut River)
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Climate and aquatic invasive plants in CT
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Climate and invasive plants in CT
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Prevention:
➢ Collaboration at the local, regional, and national level to stop invasive plants and 

their propagules spread into the new areas.
➢ Educating the public and various state and private stakeholders.

Early detection and eradication:
➢ New invaders (small scale infestations)

Management:
➢ Integrated management involving biological,                                                                         

chemical and cultural control tactics.
Future research topics:

➢ Integration of chemical and cultural control                                                                            
tactics for eradication/management

➢ Discovery and evaluation of biocontrol for long-                                                       term 
management.

➢ This will be possible only with increased federal/                                                                     
state support for research.
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PFAS, micro-nanoplastics and toxic metals, oh my
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➢ CAES has several state and federally funded 
projects focused on understanding, reducing the 
exposure, and remediating emerging contaminants

➢ PFAS NIEHS SRP- Nano-enabled PFAS 
Phytoremediation

➢ PFAS EPA- Novel, bio-enabled                                           
strategies to prevent PFAS accum-                                     
ulation in crops and food webs)

➢ PFAS CT- Farm Soil                                                                        
Testing Program
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PFAS, micro-nanoplastics and toxic metals, oh my
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➢ Micro-nanoplastics USDA- Crop exposure to micro-nanoplastics and potential 
impact on human nutrition and health (NIH Center?)

➢ Toxic elements USDA- Nanoparticulate soil                                                                  
amendments for achieving “Closer To Zero” via                                            
metal(loid) encapsulation

➢ Toxic elements NIEHS- A novel strategy for arsenic                                                                                  
phytoremediation

➢ Wildfire Particulate Exposure USDA (under review)-                                                                             
“Unraveling the                                                                                    implications of 
wildfire emitted particles                                                                                                   
on plants metabolism and                                                                                                     
human health”



Nano-enabled agriculture: A path to global 

food security in a changing climate

Jason C. White et al…
The Connecticut Agricultural Experiment Station, 123 Huntington Street, New Haven CT 06511 USA

Presented at the National Academies of Sciences, Engineering, and Medicine’s Committee on the Quadrennial Review of the National 

Nanotechnology Initiative; June 6, 2024
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Conventional Agriculture: Current Perspective

➢ Agricultural productivity has increased dramatically in the 
last 70 years (Green Revolution…irrigation, agrichemicals). 
However, there are many significant shortcomings 

➢ 70% of all freshwater use on the planet goes to agriculture.

➢ The rate of crop yield increase has declined since the 1980s. 

➢ We still have 800 million chronically hungry every day; 2 
billion suffer micronutrient deficiencies.

➢ Agricultural systems in the much of the world have 
plateaued at 20-80% of yield potential

➢ 20-40% of crops are lost to disease/pests

➢ Agrichemical delivery efficiency is                                                             
often only 1-25% (Nanotechnology!)

Kah et al. 2019 Nature Nano. 14, 532-540.
Ma et al. 2020 Nature Nano. 15, 1033–1042
Deng et al. 2022 Nature Nano. 17, 347–360
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Why Nano-Agriculture? Declining 
Global Food/Nutrition Security!!!

➢ Food production needs to increase by 60-100% by 2050

➢Negative pressure from a changing climate and a loss of arable soil 

➢And COVID, conflicts in Ukraine and the Middle East, …

➢Novel strategies/technologies are needed from “farm to fork” (and 
beyond) to solve the grand challenge of global food insecurity

➢Nano-enabled strategies include… more precise nano-enabled 
micro/macronutrient/pesticide delivery platforms, nanoscale 
micronutrients to enhance abiotic and biotic stress tolerance and 
promote photosynthesis/N fixation, induction of RNA interference, 
nutrient fortification, sensing environmental                                     
conditions/pathogens, extending shelf                                                                                 
life, reduce food waste,…
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“Nano” Research at the CAES
Applications: Nano-enabled agriculture

➢Nano-enabled micro/macronutrient and pesticide delivery platforms

➢Nanoscale micronutrients to modulate crop nutrition for disease 

suppression 

➢Nanoscale materials to enhance stress tolerance, photosynthesis, 

nitrogen fixation and induce RNA interference

Implications: Nanotoxicology

➢Nanomaterials (NM) fate/effects on plants and related biota. 

➢Investigating the molecular basis of plant response; needed to                 

ensure accurate risk assessment and safe use.

➢NM trophic transfer and transgenerational impacts in the food chain           

➢NM co-contaminant interactions 
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Ruotolo et al. 2018. Environ. Sci. Technol. 52, 2451-2467.

27

ROS ROS ROS ROSROS ROS



Conclusions and Acknowledgments

➢ The CAES is well positioned to conduct research and find solutions for a 
broad range of emerging threats in CT as a function of long-term 
environmental changes

➢We acknowledge funding and                                                                                    
support from the state of CT,                                                                                         
USDA, NSF, EPA, FDA, NIH, NIEHS,                                                                                       
CDC, DoD

➢ I specifically acknowledge the                                                                                        
expertise, productivity, and spirit                                                                                          
of the CAES staff whole are                                                                                       
tirelessly “Putting Science to                                                                                              
Work for Society” 
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