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Soll biodiversity and physico-hydraulic function:

How earthworm and plant root interaction
contribute to ecosystem services?




...0Our knowledge of ecosystems is fundamentally
distorted by our above ground, visual perception
of nature and our ignorance of life below-ground
(BOUCHE((lee 1985 IX)).
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/ "‘j What earthworms do to the soil ? and
\ how they regulate soil water?
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The arrows size is proportional to the earthworm species impact on a water flow type
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How the association between plants and earthworms in soil
affect soil water flow and soll phy3|cal proprieties?

Is it the earthworms
action, or other
direct aspects of
these management
methods that give
rise to observed
Improvements in soil
properties in
pasture/ley fields ?
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Experiment 1 Experiment 2
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+ Winter wheat + 3 soil types | MWinter wheat + 3 soil types
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L. terrestris A. chlorotica

———————————————————————————————————————————————————————

D Sandy Loam soil
L. terrestris density: 100 ind m-2

A. Chlorotica density: 400 ind m-2
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CTroom at 15 °C :

Inverse Distance Weighting interpolation map of
Photosynthetically Active Radiation (PAR)
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Soil stable aggregates

Out putS after 16 WEEkS : Soil water release curves

Unsaturated hydraulic conductivity

Field saturated hydraulic conductivity
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Reynolds and Elrick (1991) equation

Plant shoot biomass

At water tensions of of -6, -3, and -1 cm
corresponding to pore diameters of <
0.5,1and 3 mm.
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Unsaturated and field saturated hydraulic conductivity K(h)
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Vertical burrowing L. terrestris
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Unsaturated and field saturated hydraulic conductivity K(h)
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Pore size classes contribution to water flow
Lateral burrowing A. chlorotica

Vertical burrowing L. terrestris

(© (c)
BPores < 0.5 mmdiam  @Pores between 0.5—1 mm diam  @Pores between 1 —3mm diam  ©OPores >3 mm diam I BPores < L5 mm diam 0 Pares herween 0.5 - 1 mm dism OPores bitween | - 5 mm dism 0 Pores = 3 mm diam
Soil + Wheat+ Earthworms 10,9 | 87.6 I Soil + Wheat+ Eamhworms 21.7 | ki, 0} I
23 Soil + Wheat 166 66.9 | -5 Soil + Wheat 10| 62.4 }
C T »
< €
n 3 Soil + Earthworms 97 | 89.3 | S % Soil + Earthworms 220 | 307 :
= (92]
(@)
Control 172 21.2 - Camtrol 121 30.0 I
Soil + Wheat + Earthworms 925 | So1l + Wheat = Earthworms 58S I 4.0 I
€
= Soil + Wheat 78.9 | S — soil + Wheat || N7 | 92.3 :
23 - = 3 . |
- D Soil + Earthworms 92.0 | E) Soil + Earthworms a7 I #7.5 i
Control | 69.2 | Control [0 880 |
Soil + Wheat + Earthworms 85.4 | Soil + Wheat + Earthworms 125 | 838 :
2 Soil + Wheat | 65.4 | S Soil + Wheat 134 | HLE :
17}
% Soil + Earthworms 84.4 | % Soil + Earthworms 14.3 | 2.5 :
o
- ~ 7 | : |
Control 27.0 | 48.4 l Control 1a.0 I 773 |
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% e 1M 2% At 4% Sl % i Hir%s it 1 IMpBs
Water flow through pore size classes (%) Water flow through pore size classes (%)

Oo@\
)
%%?@



Water holding capacity

Vertical burrowing L. terrestris
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Stable aggregate (%)

Stable aggregate (%)
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Field experiment
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2008 | 2009 m 2011 2012 | 2013 | 2014 | 2018 m 2018 | 2019
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Grass + Clover

Frozen at -20C
for 3 weeks

Monolith box

Earthworms population diversity based on that
recorded in nearby pasture fields
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1st addition
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2017)
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2017)
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Measurements

During the experiment (March 2017 - April 2018) :

» Seasonal measurements of hydraulic conductivity (five times a year)

* Plant shoot biomass measured twice

At the end of the experiment (April 2018) :

» Water release curves (SWRC),
« Water-holding capacity (WHC),
» Bulk density (BD),

- Percentage water-stable aggregates (WSA),
*Organic matter (%OM) ) Q
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Total nitrogen content (%N). % (*’ 7 - 2
heat bioassays were conducted on the soil from each monolith
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Mean of the recovered earthworm numbers per monolith for
adults and juveniles across all fields (n = 4)

(a)
Unknown species ® Lumbricus castaneus W Lumbricus rubellus — Aporrectodea rosea  Aporrectodea caligino ® Allolobophora chlorotica ™ Allolobophora longa ™ Lumbri
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Mean hydraulic conductivity at -0.5 cm tension across
seasons and all the fields (n = 4)
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Soil water release curves (SWRC) of Copse
field (Loam) fitted to the measured data using
the bimodal constrained Van Genuchten
(1980) model (Durner, 1994).
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Soil bulk density

% Organic matter
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Mean clover and grass shoot dry matter
biomass across all fields (n = 4)
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Take home message

Lab experiments

1) The combined effect of earthworms and winter wheat showed the greatest effect
on soil properties.

2) Lateral burrowing earthworms, A. chlorotica, showed more impact than vertical
burrowing L. terrestris;

Field experiment
1) Earthworms play a direct and significant role in the improvement of soil quality brought

about by arable to ley conversion.

2) Their presence in the soil will largely reduce infiltration-excess overland flow and
flooding which would help to alleviate negative effects of such events.

Boosting earthworm populations is a worthwhile practice to ensure successful and§
sustalnable Iand reclamatlon and soll quallty |mprovement .
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Thank you for
your attention
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