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What are nanoparticles ?
(1 to 100 nm)

Elements behaved differently at the Nano scale.
The small size allows for movement in plant
tissue.

Large surface area allows for dissolution and
release of metallic ions over long periods.
Phytotoxicity not observed.

Superior to chelated salts.
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Science July 2020

Why NanOtGCh nO|Ogy ? ] Opinion: To feed the world in 2050 will

» require a global revolution
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for making the projected 9.7 billion population
food-secure and healthy in 2050, and perhaps
billions more beyond that (5).
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» Current estimates are that food production
will need to increase by 70-100% by 2050
to sustain the population.

» Negative pressure from a changing climate
and a loss of arable sail.

> Up to half or more of the fertilizers applied
does not reach plant.

» Nanotechnology could advance newer
fertilizers that require less product and less
run-off.

» Nanotechnology can play a significant role
in micronutrient deficiencies and plant
health.

PNAS January 2019

Decline in climate resilience of European wheat
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CLIMATE CHANGE

Increase in crop losses to insect
pests in a warming climate
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Nanotechnology & Micronutrients?

Micronutrients protect roots against plant
diseases by activating enzymes to create
defense products.

Cu activates polyphenoloxidases
Mn activates enzymes in the lignin production

Zn activates dismutases, reduces damage
from stress (drought, salinity and disease)




CAES Nanoparticle study
on Vegetables
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Nanoparticles vs Bulk equivalents: Role of CuO, MnO, or ZnO
on Verticillium wilt of Eggplant (Solanum Melongena)
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Comparison of Nanoparticles of Copper, Manganese, and Zinc
oxides for effect on eggplant yields for 2013, 2014, 2016-2018.
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Effect of NP CuO rate
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Are the NP CuO affecting the ascent of
the fungus into the stem

% colonization by V. daliae
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We can calculate that a single foliar application

of NP CuO (500 ppm) to young transplant costs <
$50.00 per A, but could generate up to 56,300

more profit per acre in New England.
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Fusarium Wilt of
Watermelon

* Seedless watermelons
susceptible

e Caused by Fusarium
oxysporum f. sp. niveum
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Elmer et al. 2018 https://doi.org/10.1094/PDIS-10-17-1621-RE
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Effect of Nanoparticles of CuO on growth
and Fusarium wilt of watermelon

Healthy Plant Inoculated with Fusarium

Elmer et al. 2018 https://doi.org/10.1094/PDIS-10-17-1621-RE 5.5 CAES



Effect of NP of B, Cu, Mn, and Zn on
watermelon yield
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Effect of different sources of Cu

Watermelon Yield (kg fruit/plot)
- 2015
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5. Cu Octanoate
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Effect of Cu NP on Fusarium wilt of tomato

Field studies

Untreated Inoculated Treated Treated

Control w/Fusarium wW/NPCu w/NP Cu
Inoc. & /Fusarium




Disease estimates
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Fusarium
Crown and Root

Rot of Asparagus

Water (Control)
B NP

CuO NP

MnO NP

MoO NP

ZnO NP
» Soaked 1 yr crowns (100 ppm for 30 min)
* Planted 2018

* Harvested 2020 and 2021

Elmer et al. (2023) Acta Horticultureae (In press)




Field studies 2018

Compared NP of B, CuO, MnO, MoO, ZnO to an
untreated control

Two location | 4
Six replicate plots “ _ »Griswold~$
10 crowns/plot S
Faifield | 7 . » Asparagus ‘
: t T T soil
"~ Hamden
Old asparagus soil



Marketable yield (Averaged 2020 & 2021

Grams/ plot
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Effect of NP CuO on 2019 & 2020 pumpkin yield

On a moderately resistant pumpkin (Gladiator)

Young seedlings treated in the greenhouse (500 pg/ml) then
transplanted. No fungicide sprays applied

Pumpkins [ Control
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Conclusions

NP of Cu have growth promoting and disease suppressing
properties that exceed their larger equivalents or Cu salts.

The efficacy of NP Cu on a wide range of host plants against
various pathogens suggest a general disease suppressing
mechanism is operating.

Season long effects were observed following single
applications to young transplants.

Foliar sprays to young plants require minimal product and
exposure.
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Where do you get NP of CuO

* Can be obtained commercially.
 Consult The CAES about NP
vendors, preparation, safety,
and methods of application.
* Down the road NP could be made
‘on site’ by a process called Green
synthesis.
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How nanoparticles can help solve the global
food crisis | Christy Haynes |

TEDxMinneapolis
ES
youtu.be =



https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fyoutu.be%2FKMoLHXfa8l4&data=05%7C01%7CWade.Elmer%40ct.gov%7C80bbf4a631c74445e54708dadecda931%7C118b7cfaa3dd48b9b02631ff69bb738b%7C0%7C0%7C638067272146727991%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=BUcvtHikVYXm2mGQsabr4qTrH5s7e0qtRHyDZjzjstI%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fyoutu.be%2FKMoLHXfa8l4&data=05%7C01%7CWade.Elmer%40ct.gov%7C80bbf4a631c74445e54708dadecda931%7C118b7cfaa3dd48b9b02631ff69bb738b%7C0%7C0%7C638067272146727991%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=BUcvtHikVYXm2mGQsabr4qTrH5s7e0qtRHyDZjzjstI%3D&reserved=0
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