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What do you see first in 
this image?





Overview

• Engineering with plants

• Stressors and their impact 

• Engineering the plants

• Engineering for plants  



Engineering with plants



Plants as 
protection

Storm protection

© Physics.org



Plants as 
protection

Avalanche protection

"Avalanche Modelling in Forested Slopes", Design Project, Francesc Molné, Clara Streule, Master 
Environmental Sciences and Engineering, EPFL, June, 2020.



Plants as 
protection

Erosion protection



Plants as 
protection

Heat protection

© Development Asia



Plants as 
protection

Climate change
protection

© carbonstoreuk.com



Plants as 
remedy and 

miners

Phytoremediation /
phytomining

Phytoremediation by Phytoextraction.svg, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=156119810



Plants as 
producers

Biofuels

Horton et al., 2021, Nature Plants



Plants as 
producers

Food

Horton et al., 2021, Nature Plants



PLANTS & FOOD
Focus I



The world population grows and grows ...

The world population is 
expected to triple between 
1950 (2.5 billion) and 2020 
(7.5 billion)



The world population grows and grows ...

A major objective of plant 
science is to increase food 
production; current estimates 
indicate that we need to 
increase production by 70% in 
the next 40 years. 



Stressors and their impact



Environmental stressors that impact ecosystems
Abiotic - non-living factors Biotic factors - living factors

CC BY 3.0



Biotic stress – negative effect on plants caused by living organisms such as insects, fungi, bacteria, viruses. 

Phytophthora infestans Puccinia graminis tritici

Potato late blight fungus

Photo credits: www.news.cornell.edu; www.fao.org, ARS USDA

Wheat stem rust fungus

Biotic factors - `living factors in the environment` 

http://www.news.cornell.edu/
http://www.fao.org/
http://www.ars.usda.gov/Main/docs.htm?docid=9910


Environmental stressors that impact ecosystems
Abiotic - non-living factors Biotic factors - living factors

CC BY 3.0



Plant growth is often limited by drought stress

Image source: IWMI

http://www.iwmi.cgiar.org/


Drought stress is compounded by increasing global 
temperatures

Gornall, J., Betts, R., Burke, E., Clark, R., Camp, J., Willett, K., and Wiltshire, A. Implications of climate change 
for agricultural productivity in the early twenty-first century. Phil. Trans. Royal Soc. B: 365: 2973-2989.m

In warm regions, 
crop yields can 
drop ~3 – 5% with 
every 1°C increase 
in temperature. 

One model of mean 
temperature increases in 
agricultural lands by 2050. 

http://rstb.royalsocietypublishing.org/content/365/1554/2973.full


Even mild drought stress reduces yields

Mild drought stress reduces 
the rate of photosynthesis and 
growth, whereas extreme 
drought stress is lethal.

Photo: American Enterprise Institute



We need plants that grow well even under stressful 
conditions

Heat and drought 
reduce plant yields



We need plants that grow well even under stressful 
conditions

Heat and drought 
reduce plant yields

More land must be cleared 
to grow more crops



We need plants that grow well even under stressful 
conditions

Heat and drought 
reduce plant yields

More land must be cleared 
to grow more crops

Removing trees to make 
way for crops puts more 
CO2 into the atmosphere



Focus II

“Soil surface sealing” by Julian Isasti, Argentina

Photo Contest on Salt-Affected Soils.

SALINITY AS A THREAT 
TO FOOD PRODUCTION



UN Photo Contest on Salt-Affected Soils.

Salinity Stress - A Threat To Sustainable 
Global Food Production

28

Salinity affects millions of hectares of land



Fringes of secondary salinized 
soils due to canal water seepage

Typical pattern of fringes with salt crusts or 
crop failures along canals

Salinity from
freshwater



• Crops need fertilizer – potassium, 
phosphate, nitrogen, and other nutrients 

• Potassium and phosphate are non-
renewable, mined resources

• Synthesis of nitrogen fertilizers requires 
huge amounts of energy

Photo credits: Mining Top News; Library of Congress, Prints & Photographs Division, FSA-OWI Collection, LC-USW361-374

Salinity from fertilizers

http://www.miningtopnews.com/rio-tinto-reaches-agreement-to-sell-potash-assets-and-brazilian-iron-ore-operation.html
http://hdl.loc.gov/loc.pnp/fsac.1a35070
http://hdl.loc.gov/loc.pnp/fsac.1a35070


Agricultural fertilizer use is a considerable source 
of environmental pollution

Photo courtesy of NASA/Goddard Space Flight Center Scientific Visualization Studio

Fertilizer run-off causes dead 
zones, algal blooms that then 

decay, reducing oxygen levels in 
the water and making animal life 

impossible

http://svs.gsfc.nasa.gov/vis/a000000/a002900/a002979/index.html


Climate change and soil salinity

ESA - Copernicus Sentinel data (2020) Ganges Delta – the world’s largest river delta

Himalayas

Bay of Bengal

Bangladesh

India

Himalayas

Contains modified Copernicus Sentinel data (2016), processed by ESA

Sundarbans
mangrove forest Fertile plain

Seawater intrusion

Salinity from seawater



Coastal groundwater salinization due to seawater intrusion



Salinity categories
Sea water: ~35 g/kg of sea water

Range: 33 - 38 ppt

Below 0.35 g/kg of water 

B. Brackish water is a mixture of fresh water and 
seawater, below approximately 33 ppt

C. Hypersaline water, or brine, is very salty seawater, 
above approximately 38 ppt. 
Example: in tidepools or salty lakes.

A. Freshwater lakes, rivers, and streams: 

Dead Sea, has a salinity of 280 ppt, about eight times 
saltier than average seawater (35 ppt)!



A hydrometer used to determine water densities in g/mL.

The pink shaded region indicates the optimum density of 
saltwater aquaria at an average temperature of 20˚C to 25˚C.

Image by Byron Inouye

Hydrometer



Engineering the plants



By developing plants that
 are drought or salt tolerant
 require less fertilizer or water
 are resistant to pathogens
 are more nutritious

Scientists can contribute to the alleviation of hunger



Traditional Breeding
Desired traits are identified in separate individuals 

of the same species, which are then bred to 
combine those traits in a new hybrid variety.

Wheat History Wagon
1. A wild ancestor from the Middle East
2. Einkorn wheat, domesticated there 10,000 years ago
3. Durum wheat
4. Modern wheat, produced by crossing durum with goat grass
5. A green revolution variety with shorter stalks and larger seeds

National Geography, Green Revolution

1 2 3 4 5

Modern approaches
CRISPR-Cas9 – targeted editing





Arabidopsis thaliana
Model plant system



Monitoring stress in model systems in the lab

Aboveground system – shoots, leaves ...



Seedlings Mature plants

Wild-type Wild-type Drought
tolerant

Drought
tolerant

Yu, H., Chen, X., Hong, Y.-Y., Wang, Y., Xu, P., Ke, S.-D., Liu, H.-Y., Zhu, J.-K., Oliver, D.J., Xiang, C.-B. 
(2008)  Activated expression of an Arabidopsis HD-START protein confers drought tolerance with improved 
root system and reduced stomatal density. Plant Cell 20:1134-1151.

A larger root system contributes 
to drought tolerance

Breeding plants for larger root 
systems can help them grow in 

drought-prone regions. 

Belowground system – soil, roots, ...

Monitoring stress in model systems in the lab

http://www.plantcell.org/cgi/content/abstract/20/4/1134


Glycophytes – salt sensitive Halophytes - naturally salt tolerant
Wheat

Rice

Corn

Most fruits and veg...

Mangrove

Salicornia

Most of our crops are salt sensitive

Salinity stress in plants



Marsh grasses can tolerate wet conditions that 
would typically drown terrestrial plants. 

Many of these coastal species have also adapted 
to survive in salty seawater or brackish water. 

A Dream of Plant Biologists and Farmers:
Breeding Salinity Tolerance Into Plants Without Significant Yield Penalty

Spartina alterniflora, a coastal salt marsh grass. Image: USDA

https://commons.wikimedia.org/wiki/File:Spartina_alterniflora.jpg


FAO 2022, Proceedings of Salt-affected soils

Goal



Focus III

HOW CAN WE CONFER 
SALINITY TOLERANCE TO 
OUR CROPS?



Breeding and engineering for salt tolerance

Reprinted from Roy, S.J., Negrão, S. and Tester, M. (2014). Salt  resistant crop plants. Curr. Opin. Biotech. 26: 115-124.

Salt tolerance can be 
attributed to three 

non-exclusive 
mechanisms 

Salinity tolerance can be 
enhanced by breeding or 

engineering

Root 
ecosystem

http://www.sciencedirect.com/science/article/pii/S0958166913007192


Combination of approaches

To capture plants responses to abiotic stress

Genes

Proteins
Ions

Metabolites

Phenotypes



Rhizotron – root laboratory

Rhizotron, derived from the Greek verb "rhizóō / ῥιζόω" 
meaning "root" ("become stable") 

An architectural device for 
subterranean observation

East Malling Research, UK.
1960s, world’s first underground root laboratory

IN  the native soil:



OUT of the native soil:

Plants are cultivated in the field, then the top part of 
the root system (crown) is excavated, washed and 
imaged.

Trachsel, S., Kaeppler, S.M., Brown, K.M., and Lynch, J.P. (2010). Shovelomics: high throughput phenotyping of 
maize (Zea mays L.) root architecture in the field. Plant Soil 341: 75–87; Colombi, T., et al. (2015). Next 
generation shovelomics: set up a tent and REST. Plant and Soil 388: 1-20.

Shovelomics

https://link.springer.com/article/10.1007/s11104-010-0623-8
https://link.springer.com/article/10.1007/s11104-015-2379-7
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1 Å 1 nm 10 nm 100 nm 1 µm 10 µm 0.1 mm 10 mm 100 mm 1 m1 mm

atoms proteins viruses bacteria cells tissues organs organisms

Single particle Cryo-EM Light microscopy PET

3D Electron Tomography Spectral X-ray CT

X-ray crystallography Mass Spectroscopy MRI
Imaging 

techniques

NanoSIMS 
Isotopic/elemental 

imaging

Biology: 
subcellular

Zooming into the plant!
See where the problem `salt` accumulates at the required resolution



https://blog.verde.ag/en/erw-and-nutrient-cycling/

What does salinity 
stress look like within 

the plant tissue? 

https://actu.epfl.ch/news/how-cryogenic-microscopy-
could-help-strengthen-foo/

https://actu.epfl.ch/news/how-cryogenic-microscopy-could-help-strengthen-foo/
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Start to build a roadmap into cellular salinity stress responses...

Arabidopsis root tip – ultrastructure preservation!
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First images of elemental distribution in plant root meristems!
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Ramakrishna et al., 2025, Naturev – vacuole; c – cytosol; n - nucleus
Scale bar, 5 µm 

Blockface CryoSEM

5 µm

Root meristem

45 µm



Moderate salt-stress

Mild salt-stress

Salt redistribution within cellular landscape

56V – vacuole; C – cytosol Scale bar, 5 µm 

Sodium (23Na+)

166000

40Ca2+

CryoSEM 

250000

40Ca2+

35000

Out

Out of cell

Into vacuoles



Model for how plant roots cope with salinity stress

57

Na level
lowhigh

SOS1 transporter

PM – plasma membrane

high

moderate

mild stress

PM
cell wall

cytosol

vacuole

Plant root stem cells Salt concentration driven switch in sodium 
accumulation strategy in cells

Low stress – exclude Na+ from cell
High stress – load Na+ into vacuoles

https://www.nature.com/articles/s41586-024-08403-y

https://www.nature.com/articles/s41586-024-08403-y


Engineering for plants
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CryoNanoSIMS

Unique instrument -> operates under cryo



Nanoscale secondary ion mass spectrometry (NanoSIMS)

Build a chemical map of the elemental/isotope distribution inside the sample 

60

Modified from Myscope.training

Primary ion



Nanoscale secondary ion mass spectrometry (NanoSIMS)

SAMPLE

12C-

13C-

14N12C-

31P-

32S-

15N12C-

61
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NanoSIMSso far for biology: imaging of chemically fixed samples

DNA Proteins

Membranes
(lipids)

Cell wall 
(polysaccharides)

Bound components of cell

Lewis, Genoud et al, Curr. Op. in Struct. Biol. 2019 

Classic Electron Microscopy sample preparation

Cross links proteins Fixation

Stains membranes, 
mitochondria, ER..Heavy metal 

staining

Loss of water soluble 
components - solutes, free 
ions...

Dehydration

What about the water soluble components? 
The physiologically relevant ions, the salts?



Cryogenic workflow for correlative cryoSEM-CryoNanoSIMS

Meibom et al., 2023, BMC Biology
VCT – Vaccum Cryo Transfer shuttle
Blue – analysis under cryo-conditions

Vitrificationof biological tissue in its most pristine state!



Biosensors

Sugar levels without damaging the plant

Sugar sensors

THOR BALKHED

Hybrid aspen, Populus tremula.

Based on organic electrochemical transistors.

THOR BALKHED



Detects and records the tiny electrical signals plants generate

Ion flow sensors



By infusing the leaves of an Arabidopsis thaliana plant with 
nanoparticles, researchers have boosted the plant's energy 
production.

Near-infrared microscope - output of carbon 
nanotube sensors embedded in the plant (Photo: Bryce Vickmark)

(Photo: Bryce Vickmark)



Future 
farms?



        

THANK YOU!
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