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All life kingdoms are represented in soil 

Credits: Jessica Chiartas



Anthony et al. (2023)

‘Soil is likely home 
to 59 ± 15% of the 
species on Earth’



...right in the palm of your hand

100’s of meters of 
fungal hyphae

Hundreds of 
arthropods

Tens of 1000’s 
of protozoa

Billions of 
bacteria*

Soils are full of life

* 1000s of unique speciesCredits: Jessica Chiartas



Source: De Vries and Wallenstein (2017)

Soil ecological interactions 

Nutrient cycling

Carbon management

Disease regulation

Water regulation

Soil Health



Soil biodiversity 
underpins soil health 
and agroecosystem 
sustainability

Management should 
be targeted to 
biodiversity

Source: ‘Soil Biodiversity in California Agriculture:
Framework and Indicators for Soil Health Assessment’ 
CDFA, 2023



Vineyard soil biodiversity

Image source: Liu et al 2019 

The soil microbiome drives:

• Nutrient cycling
• Disease control
• Carbon sequestration
• Wine fermentation

Little information about other types 
of soil biodiversity 



Monitoring soil biodiversity: what 
should I look for?



Source: ‘Soil Biodiversity in 
California Agriculture:
Framework and Indicators 
for Soil Health Assessment’ 
CDFA, 2023

Who is there?

What are they doing?



Selection of indicators 
depends on the goal 

Source: ‘Soil Biodiversity in California Agriculture:
Framework and Indicators for Soil Health Assessment’ 
CDFA, 2023



Supporting soil biodiversity: what 
should I do?



Regenerative management

‘A toolkit of principles and practices 
to restore and preserve biodiversity 

and soil health by creating a 
functioning ecosystem that reduces 

external inputs while producing 
nourishing farm products’

Created with BioRender.com

Schreefel et al 2020



Sustainable 
agriculture

Emphasis on efficiency for 
meeting present and current 

needs 

Agroecology

Emphasis on self-
regulating systems and 

soil ecology 

Climate Smart 
Agriculture 

Emphasis on climate 
change mitigation and 

adaptation 

Regenerative agriculture 



Principles of regenerative management

Everyone needs food (carbon or organic matter) and a home (soil structure) 

Add organic 
matter



Holly M Deniston-Sheets (MSc, Cal Poly)
James J. Smith (Cal Poly)
Amanda K Hodson (UCD)
Katherine Watts (Cal Poly)
Jean C. Dodson Peterson (Cal Poly)
Federico Casassa (Cal Poly)
Cristina Lazcano (UCD)

Effects of organic fertilizers on the soil foodweb

Objective: assess the effects of fertilizer inputs 
(i.e. organic vs inorganic vs no fertilizer) on soil 
health using nematode food webs as proxies 

Microbial grazers
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Lazcano et al. 2021Paragon vineyard, Edna Valley. San Luis Obispo County.

*

Effects of organic fertilizers on the soil foodweb
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Vine row 

Tractor row % Hervibores

% Fungivores

% Bacterivores

% Predators
% Omnivores

Nematode diversity and 
abundance in the 
tractor row was 
associated with other 
soil health indicators 
such as pH, available N 
and C

Lazcano et al. 2021

Effects of organic fertilizers on the soil foodweb



Effects of organic fertilizers on the soil foodweb

Organic fertilizer 
applied under the 
vine increased the 
abundance of 
fungivore and 
bacterivore 
nematodes, 
increasing foodweb
complexity

Lazcano et al. 2021



Cover crops and soil biodiversity

Diversity of root system architecture in prairie plants from McNear Jr., D. H. (2013)

Protection 
from erosion

• Organic 
matter 
inputs 
(food)

• Aggregate 
formation 
(habitat) 

http://www.nature.com/scitable/knowledge/library/the-rhizosphere-roots-soil-and-67500617


Kin et al 2020 

Cover crops 
increase microbial 
abundance, 
activity and 
diversity as shown 
by various 
indicators



Different cover crops change soil microbial 
diversity differently

Burns et al., 2016

Survey of 30 sites in Napa, CA



Cover crop 
management

Termination

One of the most critical 
management decisions, since 
it can have profound impacts 
in soil physical, chemical and 
biological properties 

What are the options? 

Photo: Tablas Creek vineyard, CA (USA)



Tillage  

+ Fast incorporation of 

organic matter into the 
soil- increase soil C?

-increased aeration-

more decomposition-
Loss of C

-Destroys soil structure

- disruption of fungal 

cells  and macrofauna

Grazing

+ compensatory 
growth and release of 
root exudates- more C

+ Source of N 

No-till

+ protects soil structure

+ More soil C

- More diversity?



Ecological effects of sheep grazing



N

Grazing enclosure 

No-till

Till 

a)

• Vitis vinifera L. cv. Syrah
• 2018- 2020
• Soil: 4.5% SOM, 30% clay
• Cover crop mix
• Compost 11 t/ha
• Factorial design

• Tillage (+/-)
• grazing (+/-)

• 4 replicates, 16 plots

Experimental 
design



No-till increased bacterial a-diversity in non 
grazed plots and tractor rows 

• No significant effects of tillage and grazing on fungal a-diversity

Bansal et al. In progress



* * * ** * *NS

Bansal et al. In progress

C- cycling C- cyclingP- cyclingN- cycling

Grazing 
increased 
microbial 
activity



Regenerative management: challenges

Wade et al 2022

Management effects differ

by environment

Environment A Environment B

Soil type and climate matter! 



Stacking practices: synergistic effects?

Reduced/ no-tillage

Cover crop/ 

vegetative cover

Mulching

Crop Rotation

Organic amendments

Animal integration



What makes sense with the resources available? 

What set of practices works best 

for different soils and climates?



Regenerative management

Created with BioRender.com

• Soil biodiversity supports vineyard 
multifunctionality

• Regenerative practices (organic 
amendments, no till and grazing) 
support biodiversity

• Unclear if stacking practices has 
synergistic effects

• Management effects are site-specific

• Need to monitor changes using the 
right indicators



SOIL BIODIVERSITY AND HEALTH LAB 
Healthy soils for healthy food and a healthy planet

https://lazcano.faculty.ucdavis.eduThank you! 

https://lazcano.faculty.ucdavis.edu/

