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Food, Agriculture, and the Microbiome



People need safe, plentiful, and 
nutritious food to eat

njaes.rutgers.edu, www.huffingtonpost.com, 
foodsafetynews.com, well.blogs.nytimes.com

http://www.huffingtonpost.com/


Microbes exist everywhere,
and they are important!



Microbes are a mixed bag…
• Pathogenic microbes cause 

disease.

• Contaminating microbes can 
make food unsafe.

• Soil microbes can release 
greenhouse gases.

Donald Groth, Louisiana State University AgCenter, Bugwood.org, www.huffingtonpost.com

https://www.forestryimages.org/browse/detail.cfm?imgnum=5390497
http://www.huffingtonpost.com/


Microbes are a mixed bag…
• Beneficial microbes help food 

grow.

• Probiotics are integral to food 
safety.

• Soil microbes are important 
for climate change.



Soil microbes enhance crop immune systems

• Fungal and bacterial microorganisms each 
stimulate the immune systems of cucumber 
plants.

• Together, their protection against the fungal 
pathogen, Fusarium, enhanced the plants’ 
resistance.



Soil microbes suppress pathogenic fungus

http://slideplayer.com/slide/6281987/, Photo courtesy of James Cook

Disease 
suppressive soil 
microflora.

Microflora 
killed by 
fumigation

http://slideplayer.com/slide/6281987/


Soil microbes suppress pathogenic fungus

Rhizoctonia solani fungus

% Disease symptoms of sugar beet 
seedlings grown in:
S – Suppressive soil.
C – Conducive soil.
CS – Conducive soil with 10% 
suppressive soil by weight.
S50 – Suppressive soil treated at 50 C.
S80 – Suppressive soil treated at 80 C.



Microbes increase crops’ nutrient uptake

• Rhizobia, the nitrogen-fixers, 
are the poster microbes for 
nutrient uptake. 

• Non-symbiotic bacteria can 
also fix nitrogen and can be 
used by non-leguminous crops.

• Phosphorus is also a limiting 
element for plant growth.



Microbes increase crops’ nutrient uptake

• Rhizobia, the nitrogen-fixers, 
are the poster microbes for 
nutrient uptake. 

• Non-symbiotic bacteria can 
also fix nitrogen and can be 
used by non-leguminous crops.

• Phosphorus is also a limiting 
element for plant growth.

• Symbiotic mycorrhizal fungi 
supply phosphorus in exchange 
for sugars.



Microbes increase crops’ nutrient uptake

• Cassava plants are never non-mycorrhizal in the field (plants grown in 
sterile soil are 10-20 times smaller).

• Different mycorrhizal fungi species have variable effects on cassava 
growth.

• In vitro-produced Rhizophagus irregularis tested on two cassava fields 
in Colombia was found to effectively increase yields at both sites in an 
economically viable manner.



Microbes partner with crops in extreme environments

• Collected endophytic fungi from coastal 
dune grass (salt adapted), and panic grass 
(heat adapted).

• Commercial rice plants not adapted to salt, 
drought, heat, or cold stress were 
inoculated.

• The inoculated rice used less water and set 
more seeds than the control when exposed 
to salt, drought, or cold (5-20 C).
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Microbes are integral to food safety

• Outbreaks are notoriously 
difficult to predict.

o The worst outbreaks in the 
past twenty years have been 
in: green onions, spinach, 
peanut butter, cantaloupe, 
and cucumbers.

o This year, 172 people across 
32 states got sick from 
eating romaine lettuce, and 
one person died.



http://www.research.ibm.com/client-programs/foodsafety/index.shtml

Microbiome research to improve food safety.

• Run by IBM and Mars, Inc.

• Sequence the global food chain:
o Farms, transportation, processing facilities, and 

distributors.
o Restaurants and grocery stores.

• Gather data

• Create a baseline from which to monitor changes

• Stop outbreaks before they start

“Consortium for Sequencing the Food Supply Chain”



Beneficial microbes keep foods safe and people healthy

https://en.wikipedia.org/

How do 
probiotics or 
probiotic-rich 

foods affect the 
human gut 

microbiome?

What other 
organisms or 
nutrients are 
beneficial?
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grow.
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for climate change.



Modern farming releases greenhouse gases

• Soil microbes represent more than 
30% of the GHGs released in farming.

• Tillage exposes soil microbes.

Photos: Natural Resources Conservation Service, agronomy.org



Modern farming releases greenhouse gases

• Soil microbes represent more than 
30% of the GHGs released in farming.

• Tillage exposes soil microbes.

• A decrease in crop residue can lead 
to increases in greenhouse gas 
emissions and reduced microbial 
communities.

Photos: Natural Resources Conservation Service, agronomy.org



• Soil microbes represent more than 
30% of the GHGs released in farming.

• Tillage exposes soil microbes.

• A decrease in crop residue can lead 
to increases in greenhouse gas 
emissions.

• Soil microbes in flooded rice 
paddies release methane gas.

• Manure can run-off or increase 
nitrous oxide emissions from the 
soil.

Photos: Natural Resources Conservation Service, www.certifiedcropadvisor.org, www.yaleclimateconnections.org , Schuur et al, 2015

Modern farming releases greenhouse gases



Agricultural management can sequester carbon

• Researchers are investigating 
management practices that increase 
soil organic carbon.

• No-till

• Residue retention

• Crop rotation

• Planting varieties with deep roots

Photos: www.certifiedcropadvisor.org, www.usbg.gov



Summary
• Microbes are everywhere, and they 

are important

• Beneficial microbes help food grow

• Probiotics are integral to food safety

• Soil microbes are important for 
climate change


