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Biodiversity need iconic species
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 Introgycttion ...

We tound our soil star !!

moss piglets

Tardigrades

are the cutest
Invertebrate.

Water bear
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 Introdyction ...
Question of this talk !

, to study soil biodiversity
for agriculture?
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Problematic: Is it useful to study soil biodiversity?

The soil specificity and complexiit

Soil a new biotic frontier

1 — Abyssal communities

2 — Communities from the
.. rainforest canopies

T
. o 2 — Soil communities
|

F 4
-

Giller (1996), Brussaard (1997), Behan-Pelletier

(1999), André (2001), Wall, André (2002),

Decaéns et al. (2008)
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Torsvick et al. (2002), Hawksworth (2001), Schaefer et Schauermann (1990)
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Problematic: Is it useful to study soil biodiversity?

Size problem

Size classification Number of species (x 1000) .
> O - 5 3 3
= = - o o o o
porganisms Microfauna Mesofauna Macrofauna Bacteria

Fungi

0zoa I

Bacteria 100 pm Acari | R
Fungi | Collembola I

Diplura [N NE
Symphyla
=nchytraeidae INENEG_G_NEN

Prétozoa
Nematod$

Isoptera NG —
Spring-tails Formlgziglti?:—-
Diplura | (sopoda I NE
Symphyls Chilopoda MG NE
Enchytreids Dermaptera I NE
7o) Termites / Antg
3 Diptera
& kopoda
T Myrigpoda
© $piders Jaurapod
n s Igochaeta
2 oleoptera Caecilian [N NE . .
@ Molluscs | sqamate — NE M Described species
g Earthwornts Mammalia lll NE B Undescribed species

K,é\ 8_/ ;(1\_ /32 64 128 256 5121024 1 2 4 8 16 32 64 128 256 512 1024

" Fomswiteral a979)




Is it useful to study soil biodiversity?

Is there a link between soil biodiversity and

functions ?

Function

>
Species richness
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Problematic: Is it useful to study soil biodiversity?

Taxonomical vs functional classification ! which matter?

Fragment litter Transport litter and modify soil
, \ ! \
Isopoda Diplopoda |
3 species 2 Species

. o 35{B
Species combination
2 species 4 species 8 species o

5 .
A F L= All of them LR | G

5 - L 4
B G 0 Ba H

e EJ—! K

C H . [' : *

15 ; y .
D 0 2 4 6

D. A. Heemsbergen et al. Science 2004;306:1019-1020
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First take home message

Soil functioning depends on the
maintenance of soil functional
diversity rather than taxonomic group

D. A. Heemsbergen et al. Science 2004;306:1019-1020
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Functional classification of the soil biota

Microorganisms Microfauna:
¥ 4 Protozoa and nematods

Chemical

engineers - Regulation of microbial

| populations

Microregulators

N cycle: fixation, nit, denit

P cycle: phosphatases

C transformations, humification
Soil structure

Plant growth

Détoxication, bioremediation
Symbiotic or free-living

Macrofauna (and roots)

Bioturbation,

OM decomposition

Activation of microbial activity
Hot spots of microbial activity
Nutrient and C cycling

Pests and disease

: : . Harmful to plants
Regulation of invertebrate P S

Predators populations
KA [/ A)/
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Problematic: Is it useful to study soil biodiversity?

Do we need just a functional diversity?

Adapted from JJ Godon



ted from JJ Godon

ZZ.

Ada
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Problematic of the ta

Rather than who is there ? The key question is with who they interact?

The soil food web

~
$
g

_ The Soil Food Web

/—""ﬁ‘n#
Arthropods =

ﬁrﬁt.n’}::unhdes S " \ _,r"/r‘_r— F"IEll'lt LiﬁEI’ \"*\
& /

Plant Exudates _6., /,,—f:*
Plants Microbes

\ ;é”g 4’4/

First trophic Second Third trophic .Iﬂu il mal 5
level; trophic level: level:
Phiotasynthesizens Decomposers Shredders

Mutialsis Predatars — e e—

Pathagens, parasitas Grazers predators

Eoot-foaders

KA /A\/
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Problem link to this question

Functional domains of of the soils

r

@TERM PHERE

Source: Lavelle, 1984

Interactions are not only
trophic
S Trophicgroup 3. W 1+1 >> 2 (facilitation)

pedtarsof group m > Methodological difficulties
Nematodes
0 [rophic group 4 c ‘
@ Prey on predators 0

\ ' Role of the soil biota = challenging question!
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Dbjective of the ta

ical assemblag

rate the link between soil functions and soil biolo

2\ R S The 4 main ecological
: - N N we & Wi -
Nutrient cycling J ‘*' functions
Capture P < »

Carbon transformations
Decomposition
OM dynamics

Dynamics
N and P availability

Maintenance of
soil structure
Water retention

Erosion
Habitat provision

Population regulation
Pest control

lsa)
=/

ECOCSYSTEM SERVICES “

Plant growth, erosion, carbon sequestration, water filt ering...
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blological Interactions and ecological tunctions

Macrofauna impact on plant growth and nutrient cycle

Earthworms, P availability, plant growth and plant inte ractions

Without With earthworms
earthworms (8 worms/pot)

5 replications
EIE“ ﬂ‘f EI

Intercropping

£ COn3Inys 1.5 L

Coulis et al., 2014
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blological Interactions and ecological tunctions

viacrotauna impact on plant growtnh and nutrient cycie

Earthworms, P availability, plant growth and plant inte ractions
Biomass inter — Biomass pure

Relative Interaction Index = — : :
Biomass inter + Biomass pure

Intercropping

facilitation
0,1 -
0,0 e mmm e
_O’l ——
competition
Root Shoot

Coulis et al., 2014
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blological Interactions and ecological tunctions

viacrotauna impact on plant growtnh and nutrient cycie

Earthworms, P availability, plant growth and plant inte ractions
Biomass inter — Biomass pure

Relative Interaction Index = — : :
Biomass inter + Biomass pure

Biomass production (chickpea) Without earthworms

o1 facilitation Intercropping

competition

b i
: o
4 F
Wine
9 l -

Root Shoot

Coulis et al., 2014




Académie d’agriculture de France — 28 11 2016 — A. Brauman

blological Interactions and ecological tunctions

Macrofauna impact on plant growth and nutrient cycle
Earthworms, P availability, plant growth and plant inte ractions
Biomass inter — Biomass pure

Relative Interaction Index = — : )
Biomass inter + Biomass pure

Biomass production (chickpea) Without earthworms
With earthworms
facilitation
0,1 4 o i
b Y
0,0 =f=====-= MWM&WW# ===
-0,1 == :
Monocropping
competition 'y
02 = a P A A
ﬁia; '-'.‘
Root  Shoot W

Earthworms modify competition
between plants

Coulis et al., 2014
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blological Interactions and ecological tunctions

Macrofauna impact on plant growth and nutrient cycle
Earthworms, P availability, plant growth and plant inte ractions
Biomass inter — Biomass pure

Relative Interaction Index = — : )
Biomass inter + Biomass pure

Biomass production (chickpea) Phosphorus accumulation (chickpea)
facilitation Without earthworms
01 et b 0] et With earthworms

o — ¢ o || ol
wl ¢ + al b b 4
02 - a | competition o2 + a+ +

03 Total Total
R plant Root  Shoot plant Root  Shoot

) Earthworms modify competition between plants

»y Earthworms improve plant nutrition by modifying P forms in soill
Coulis et al., 2014
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Slological Interactions and ecological tunctions

What happen when we increase the trophic diversity?

Phosphorus
accumulation
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Slological Interactions and ecological tunctions

Phosphore cycle — case of phytate

myo-inositol hexakis-phosphate

(phytate)
~ 80% of total organic P in soil

""\ j\ﬁﬁ\m{}/ S, ==
Phytate mineralizing
bacteria

—

Phytases

From C. Plassard
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Slological Interactions and ecological tunctions

Phosphore cycle — case of phytate

myo-inositol hexakis-phosphate

(phytate)
~ 80% of total organic P in soil

A {“‘}iw\nn -&’ i\. "JIJ_m
Phytate mineralizing
bacteria

—

Phytases

From C. Plassard
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Siological Interactions and ecological functions
Detritivore food web and nutrient cycle

v Roles of trophic interactions involving roots, bacteria and bacterlvores nematodes
Example with Pinus pinaster growing on phytate BN, s \““"" ™

Phytate °

12 | None
|| Phytase-producing bacteria (PPB)
PPB + Bacterivore nematodes

Net Plant P accumation (mg plant')

Trophic interaction between bacteria
and nematodes increased plant P use
efficiency from a recalcitrant P source.

Unlock@ I Tfeétrients
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Slological Interactions and ecological tunctions

What happen when we increase the trophic diversity?

Phosphorus
accumulation
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Blological Interactions and ecological tTunctions

Detritivore food web and nutrient cycle

Bacillus subtilis Hebeloma cylindrosporum Rhabditis sp.
Q{iﬁ‘hﬂ -, Rar
¥ > \h ‘} )jd ,;u\f\ -
. . ‘l 1.' \‘:
Mutualist — *» , ‘;ﬁ el
l ml A "!Q:. S H'q ?4
e < | 'i':
WARSE % e

Case Gzl

R2=0.71

Plant P uptake
]
Lt

04 1
[
0.2 4 s
H
0 ¢ I ' !
0 1 2
#Mutualists
>
Organic P Mineral P 0 & Plassard, Unpublisned

TNV, P forms




Académie d’agriculture de France — 28 11 2016 — A. Brauman
blological Interactions and ecological tunctions

Pest regulation

Population regulation
Pest control
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blological Interactions and ecological tunctions

Pest regulation: role of soil biota on rice tolerance (pyriculariose fungi disease
Mineral Fertilisation versus biologic (earthworms + nematodes)

- Moderate but significative effect of soil organisms (O) on biomass and % N
- Important effect of mineral fertilisation (NPK) on biomass and %N

Legend

B Control ©
[£] O= Earthworm and Nematodes

B +NPK Total biomass (Q) Plant N content (%)
0.75 2.5 4.0
a d
a —
1.0 3.5
d
0.50
0.5
0.25 b
— b
[
I | | 15 | | 1.5 | |
K n /<G, 40 C +NPK C +0 C +NPK

Trap et al., Unpublished
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blological Interactions and ecological tunctions

Pest regulation : Role of soil biota on rice tolerance (pyruculariose

- No effect of soil organisms (O) on disease increase
- HIGHT effect of NPK on disease increase

Legend

B3 Control (C)
Ed + Earthworm and nematodes

BT +NPK Lesion abundance

Lesion surface (mm
30 a 60 ( )
a
10 b b 20
— b 2
' ' ' ' ' ' Trap et al., Unpublished
<o ..\, C  +0 +NPK C  +0 +NPK :
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blological Interactions and ecological tunctions

Plant nutrition and Productivit

Productivity
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Slological interactions and ecological tunctions
Plant productivit

Impact of earthworms on primary productivity
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Sorgho Rice Maize Bean Wheat Pea Peanut Clay Silt Sand
Soil type

Kon [ A\ /

Adapted from T. Daecans



Does this soil biota-plant interaction
vary with plant variety
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Blological Interactions and ecological tTunctions

Plant productivit

8 different rice variety

Optimale Sensitive to
culture 700-1200m pyriculariose

ensitive to Tolerant to

<. STRIGA STRIGA

Resistant to

pyriculariose
Trap & Blanchart, Unpublished
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blological Interactions and ecological tunctions

Plant productivit

Shoot-root ratio

1.8
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Soil organisms, such as earthworms, have a central effect on the functions of the crop plant,

BUT, this effect is dependent on the genetic deterministic response potential of the plant.
/ ‘ Trap & Blanchart, Unpublished




Take home message

Soil biological interactions:
a driver to improve soll functioning and soil susta inability

Mardi 27109&
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How plant could develop without irrigation fertilization etc..
The answer is in the study of symbiotic mycorhizae and
Symbiotic nitrogen bacteria (Guillaume Becard, Toulouse)



We are also the tuture
of agriculture !
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GLOBAL

Thank you for your SOIL BIODIVERSITY
attention ATLAS




Especially biotic interactions, in order to optimize their potential and to limit the use
of mputs whlle mamtamlng or |mprovmg crop product|V|ty” (INRA)

How could we measure at field scale the functions driven by soil biota?
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 Introdyction ...
Main questions link of this talk

Why its so difficult to study soil biodiversity

Is biodiversity studies are sufficient to understand how the soil functions Soil t




