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Developing a test to measure
biological soil health

Dr Flora O’Brien



Soil health

“the ability of soil to perform ecosystem services and functions, sustaining air and water
quality, in addition to supporting plant and animal health.”
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recycles nutrients

Reduces
greenhouse gas
emissions

Stores carbon

mw. 7 Lazcano et al (2020) Frontiers in Env. Sci. 8
W\ A‘\ w:“.% T —

High crop

quality

Holds diverse
soil organisms

Has high
microbial
activity

(Niab

Plant Science into Practice



The Gap in Soil testing
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The roles of soil microbes

Soil GHG emissions
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The project

Aim: to develop a novel testing protocol for soil biological health by combining
phospholipid fatty acid (PLFA) analysis and quantitative polymerase chain reaction
(qPCR) analysis of key microbial functional genes/biological markers, to create a single
measure of soil microbial community composition, or soil biological health.

Environmental monitoring innovation
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Soil

sampling

Soil samples collected from sites
with varying soil characteristics and
management histories (236
samples in total).

Metadata gathered:
* Location (W3W)

* Previous crop

* Current Crop

* Soil type

* % moisture
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Biological
profiling

Quantitative polymerase chain reaction (qPCR)

~
* PCR uses fluorescent signals to monitor DNA POl SE

amplification in real time.

* Detects more specific microbial groups than
PLFA analysis.
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N fixation
in nutrient cycling, e.g. nitrification, N fixation, Denirifiation /
cellulase degradation, P mineralisation.
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| Biological +
profiling

Phospholipid fatty acid (PLFA) analysis

* PLFAs are present in all microbial cell membranes. V U ﬂ
« Different microbial groups have distinct PLFA profiles. /¢ - peyer
* PLFAs degrade rapidly after cell death, so analysis only Soil microbes
measures living (active) microbes.
.. . . Cellmembrane
* PLFAs are sensitive to management practices as well as soil -
chemical properties. T ‘
* Profiles can be used to estimate soil microbial biomass, - /| | | : [ . ] o H | ‘
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Soil
I > physicochemical
) L measurements

Soil pH
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Crop biomass

[ > + production
experiment

* Four crops: Lettuce (‘Salad Bowl’), Cabbage (‘Derby Day’), Leek
(‘Lyon — Prizetaker) and perennial ryegrass.

e Each grownin 2 pots of each soil sample per experiment (n=3).

* Chlorophyll measurements taken from cabbage and lettuce
pre-harvest.

* At harvest (7-9 weeks after sowing), above- and below-ground
biomass recorded.

 Soil samples collected for nutrient analysis.
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Data analysis
and modelling

* Soil parameters with the strongest correlations with crop

biomass were:

Phosphorus
Potassium

Nitrous Oxide reductase

gene - converts N20 to N2 I

pH

Nitrite reductase gene -

converts nitrite to nitric oxide | :
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______________

dl
coz
. G
283
co
A ob © om oA
5 B S

* Lettuce (all biomass measurements), Leek (fresh biomass s

only) and combined total (all crops) exhibited the best

correlations with soil parameters.

Future work

* Longer and larger-scale study to strengthen the model and

develop a scoring system for soil biological health.
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