Y

South African
NATIONAL PARKS

Soll microbial diversity across savanna
ecosystems: a first worldwide
assessment

UNIVERSITE

s M
SN
<,
%
Q~\“)
o>
MENT DE
&
b P
z
5
2
&

ARIS/S S SORBONNE



Taskl.1: Data-
mining (main
grass species,
constraints,
known soil
charactenistics. . )
on all savanna
ecosystems

—

Cheice of

-

Taskl.2: Global sampling
for biomass, matenal,
measures of traits and seeds
of main grass species;
Global sampling for soils

non rhizospheric soils

under main grass species vs.

WP1: Causes and occurrence of nitrification inhibition among tropical savanna grasses across the gloh

Taskl.4 Test of candidate inhibiting grasses in

common garden

’ Taskl.2: Measures of:
Soil parameters (N
fluxes and stocks,
- .

Centralized m@, Integration of grass
ameng French di itv of microbial inhibition pofentials
pavimers versity of micro in the light of

commumnities); ecosystem constraint

Grass parameters and levels

phylogeny

Panel of candidate ses 0 to

max inhibitory petentials /

Model grasses with high/low nitvification inhibition activities

communities

G’PZ: Mechanisms underlying nitrification \
inhibition bv savanna grasses

Measure the impact of model grasses in controlled conditions
(greenhouse and hydroponics)
Task2.1: Impact of BNI on total microbial and (de)nrtrifier

Task2.2: Importance of grass traits to predict BNI capabalities
Task2.3: Influence of soil characteristics on BNI efficiency

( WP3: Development of agricultural practic es\
based on BNI by grasses

Test local (Ivory Coast) grass in intercropping with maize
Task3.1: Implementation of field experiment with local
traditional farmers

Task 3.2: Evaluation of the performance of treatments
through maize/soil measurements of production and fertility

\.

(including tests for a temperate soil) Task 3.3: Knowledge dissemination to stakeholders
\Taskz.-l: Identification of molecules exuded by roots involved ir.EbD \
(W'P4: Modelling the consequences of BNI for N dvnamics in tropical (agro)ecosystems \

Task 4.1: Comparison of BNI effect for the different savannas worldwide: use data to parametenize already published ecosystem models to
predict the consequences of BNI on ecosystem functioning (e.g. productivity) by comparing the different savannas worldwide of WP1

Task 4.2: Prediction of the result of the WP3 agricultural experiment (in particular to describe the competition between maize and a
cover crop perennial grass) and complementation of WP3 experiment through a sensitivity analysis
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ﬁPl: Causes and occurrence of nitrification inhibition among tropical savanna grasses across the gloh

Taskl.l: Data- , Taskl.2: Global sampling ) Taskl.2: Measures of:

mining (main for biomass, material, Soil parameters (N
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Role of Biological Nitrification Inhibition
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« Savannas and tropical grasslands ~ 25% of terrestrial ecosystem
« Human population strongly depends on savanna ecosystems —ecosystem services Role of Biological
« Many constraints: fire, herbivory, nutrient unavailability, heavy rainfalls ‘ Nitrification

_ _ o Inhibition
But very high primary productivity of wet savanna ecosystems

Huge potential in
development of
S o N-efficient
t JIRCAS crops

>

&

Galland et al. (2024; Soil Biology and Biochemistry
submitted manuscript) BNI non'BNI



* What is the microbial diversity in tropical savanna biome? What are the main
driving factors in rhizosphere and in bulk soil?

* What is the impact of grasses on N cycle ? (new potential BNI grasses)

* Is the BNI correlated to particular environmental parameters/constraints ?
(herbivory, fire, N limitation, distance, limitation of water, limitation of P, and
also biodiversity)

* How it Impacts the microbiota? Bacteria or archaea? Or both? Or specific
functional groups?
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Galland et al. (2025) Soil Biology and Biochemistry (under review)



Galland et al. (2025) Soil Biology and Biochemistry (under review)



40 PLANT SPECIES
+ BARE SOILS

South Africa
(Satara)
5 plant species

3
-

Fa

South Africa

) ‘ (Skukuza)
2 . 6 plant species

Burkina Faso
6 plant species

Colombia
6 plant species

Ivory Coast
13 plant
species

Namibia
6 plant species

Galland et al. (2025) Soil Biology and Biochemistry (under review)



South Africa 40 PLANT SPECIES

(Satara)
Bothriochloa radicans + BARE SOILS

Digitaria eriantha
Panicum coloratum
Sporobolus nitens
Themeda triandra

South Africa (Skukuza)
Cymbopogon pospischilii
Heteropogon contortus

Burkina Faso

Andropogon chinensis
Andropogon gayanus
Andropogon pseudapricus
Loudetia togoensis
Cenchrus pedicellatus
Schizachyrium sanguineum

Colombia
Brachiaria bizantha
Brachiaria decumbens
Brachiaria hybrid cv. Cayman
Brachiaria humidicola cv. Llanero
B. humidicola cv. Humidicola
Trachypogon sp.

Hyperthelia dissolute
Megathyrsus maximus
Sporobolus fimbriatus

Urochloa mosambicensis

lvory Coast
Andropogon chinensis
Andropogon canaliculatus
Andropogon schirensis
Brachiaria serrata
Zoysia tenuifolia
Hyparrhenia diplandra
Hyparrhenia smithiana
Imperata cylindrica
Loudetia simplex
Sporobolus pyramidalis
Megathyrsus maximus
Panicum nervatum
Schizachyrium platyphyllum

Namibia
Aristida congesta
Aristida meridionalis
Aristida stipitata
Eragrostis lehmanniana
Schmidtia kalahariensis
Stripagrostis uniplumis

Galland et al. (2025) Soil Biology and Biochemistry (under review)



Sampling

Rhizosphere and bare soil
samples

+

Metadata

Climate

Geology

Herbivory

Plant type

Savanna type
Anthropogenic factors

DNA extraction

DNA was extracted using

NucleoSpin® Soil kit
(MACHEREY-NAGEL)
guantified by
Nanodrop and Qubit

gPCR quantification

Enzymatic activities

Nitrification

amoA-AOA and amoA-AOB

amoA-comA and amoA-
comB
Nitrobacter: nxrA

Nitrospira: 16S rRNA gene

Denitrification
nirk and nirS

Nitrification Enzyme Activity
(NEA)
Denitrification Enzyme
Activity (DEA)

) ecoloqie
MICrooleNne
wyon

William Galland (post-doc)

Soil physicochemical
analysis

16S and ITS metabarcoding analysis

pH

Available phosphorus
(Olsen)

Total nitrogen

Total carbon

Organic carbon
Organic matter
Granulometric analysis
(% clay, slit and sand)

[llumina NextSeq2000

515F &
gITS7 =

#926R

{ P) INSTITUT
PASTEUR

4 ITS4ngs

Sequence data analysis

Processing in R using DADA2
tool and IFB cluster >
Statistical analyses ¢ IFB
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Differences in calculated diversity indexes of bacteria and archaea, with significant
differences among the sampling sites determined by ANOVA followed by pair-wise
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comparison using Tukey 'HSD post-hoc test. Different lowercase letters above each box in
the same subfigure represent significant differences between groups (Tukey HSD , p <0.05)
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ASV (amplicon sequence variants)
~2300 ASV observed in total
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PC 2 (24.24%)

PCA of environmental variables

0.34

R =0.773, p-value < 0.001

-0.1 U.IU 0.1
PG 1 (58.18%)

sampling_point
—*— burkina_fasa
—— colombia
—— ivory_coast
—— namibia
—— satara

—* skukuza

PCOA 2 (29.7%)

PCoA of Bray-Curtis Distances

0.4

0.2

-0.4+

R?=0787, p<0.001

sampling_paint
—®= purkina_faso
colombia

ivory_coast

.

.

—* namibia

—* satara
-

skukuza

—UI.4 —OI.Z U.IO 0.I2
PCoA 1 (32.32%)
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Observed ASV
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Relative Abundance of cbserved Phyla
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Metabolic Pathway

i eapeaion } related to element cycling in soils
manganese_oxidation
fermentation ]
! h
Mt natliogen - related to plants

xylanolysis
cellulolysis

J \

phototrophy

photoheterotrophy

photoautofrophy - related to general ways of obtaining energy
chemoheterotrophy
aerobic_chemoheterotrophy
methylotrophy

methanogenesis
hydrogenotrophic_methanogenesis r relatEd tO methanogeneS|S
methanogenesis_by CO2_reduction_with_H2
methanotrophy

ureolysis

nitrogen_respiration

nitrate_reduction

nitrate_respiration

nitrite_respiration

nitrite_ammonification .
Siirdleommoniidion — related to nitrogen cycle

nitrogen_fixation
denitrification
nitrite_denitrification
nitrate_denitrification
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Sampling Site Louca et al. (2016) Science



Effect of Poaceae species on nitrification (top) and
denitrification (bottom)

INHIBITORS NEUTRAL

BNI species observed only in
lvory Coast
(+ 1 sample from Burkina Faso)
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Colombia strongly differs in terms of bacterial/archaeal diversity and functional groups (differences in
geology, organic matter, P vs N limitation, plant impact ???)

Despite the fact that Satara and Skukuza differed in environmental variables, the difference in
microbial diversity and taxonomy was weak

It is not clear what are the main driving factors — pH has a huge influence on alpha diversity
:> co-influence of several factors ???

The BNI plants were observed only in lvory Coast and Burkina Faso based on nitrification/
denitrification -> link to wet climate and N limitation?

Can we distinguish the grasses as BNI using metabarcoding data? (confirm our first results on
nitrification/ denitrification)

To decipher the main factors shaping the microbiota — including BNI
What is the core microbiota, and what can we learn from co-occurrence networks ?

+ FUNGI



Coetsee C12, Wigley BJ'?, Koffi FG3, Konan M4, Lambienou YE>,
Nignhan S°, Arango J/, Villegas DM/, Geil3ler K8, Blaum N°,
Galland W10, Cantarel AAM*0, Florio Al°, Le Roux X1°

1Scientific Services, Kruger National Park, South Africa

2School of Natural Resource Management, Nelson Mandela University, South Africa

3Laboratoire d'amélioration de la production agricole, UFR Agroforesterie, Université Jean Lorougnon Guédé, Coéte d'lvoire
4Laboratoire Ecologie et Développement Durable, Station d’Ecologie de Lamto/CRE, Université Nangui Abrogoua, Cote d’lvoire
SLaboratoire d'étude et de recherche sur la fertilité du sol-Systéemes de production (LERF-SP)/UNB, Burkina Faso
8Laboratoire Mixte International PathoBios, Institut de Recherche pour le Développement, Bobo-Dioulasso, Burkina Faso
‘International Center for Tropical Agriculture (CIAT), Colombia
8University of Potsdam, Biodiversity Research/Systematic Botany, Germany
SUniversity of Potsdam, Plant Ecology & Nature Conservation, Germany
1OUniversité Claude Bernard Lyon 1, Laboratoire d’EcoIogie Microbienne, France
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Thank you!
lea.nosalova@sorbonne-universite.fr



