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Soil structure - soil microorganisms
interactions: decomposing organic matter in
a structured world
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Interactions between microorganisms, soil
structure and soil organic matter
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1- Does structure matter for biodegradation of
organic matter ?

INRAY
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Soil structure does matter: crushing experiments

* Incubating intact and crushed aggregates

CO, CO,
»., ACO: = physically protected SOC
o
2mm € 200 um
Treatment Scale C mineralization crushed/intact
nb mean range
Crushed <1 mm Macroaggregates 6 1.3 0.8-2.3
Crushed < 0.25 mm | Microaggregates 12 117 1.04-1.3
Crushed < 0.15 mm | Microaggregates 4 1.24 1.14 -1.34
Ground < 0.15 mm | Microaggregates 4 71 4.3-10.8

Litterature review (Balesdent et al. 2000)

=>Aggregates protect SOC and protection is more
important at finer scales
‘g EJP SOIL |NRA@ Soilsystems course- C.Chenu- 2021-12-01
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Soil structure does matter: manipulative experiments

* N mineralization from soil after plant residues addition:

150

g

Mineral N (mg kg™ soil)
a
2

0 T T T T

0 20 40 60 80 100 120 140 Breland, 1994, P&S
Incubation time (days)

=>less N mineralization of homogenously distributed
residues: protection by the matrix ? 5
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Soil structure does matter: manipulative experiments
* Manipulating the spatial distribution of y and substrates
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=»accessibility controls mineralisatiorg3
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For blodegradatlon to occur
‘\ % é% ‘avourable local physico-

: chemical conditions
& (water, Oy, pH, nutrients...)

y x X e |
5;‘:,&%:“3

«E alisation

CO;
NH,4*

transferts _
; enzy.me's, products
sion, advection, growth

w
2
Interaction with ions and mineral 3
R‘gg{gmg“ surfaces Physical protection
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., 'T“ Ln‘\uﬂ“rf 3
R / .
=
=}
Black carbon Complexation ; Inaccessibility, 3
P Adsorption local physical &
conditions
8
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2- Spatial heterogeneity of microbally -
mediated biodegradation
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How is soil structure viewed ?

©W Otten

An aggregate approach
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Separating SOM in different locations &

measuring their residence time
* Aggregate of # sizes

Ecosystem macroaggregates microaggregates
Size (um) | MRT (y) MRT (y) | Size (um)
Tropical pasture > 200 60 75 <200
Temperate pasture 212-9500 140 412 53-212
Soybean 250-2000 1.3 7 100-250
Maize >250 14 61 50-250
Maize >250 42 691 50-250
Wheat-fallow, NT 250-2000 27 137 53-250
Wheat-fallow, CT 250-2000 8 79 53-250

Litterature review (Six & Jastrow, 2002)

» Particulate organic matter free vs occluded

— Higher residence time inside aggregates (Golchin et al. 1995,
Besnard et al. 1996, Six et al. 1998, ect...)

= Turnover of SOC is slower within aggregates and in small
ones 1

-g EJP 50||_ INR A@ Soil systems course- C.Chenu- 2021-12-01
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Protection of OM by soil aggregates: problems

©W Otten

-

Pb 2: turnover rate of aggregates: days\!‘(PTéme etal.
2002; de Gryze 2004) or a year (Virto et al. 2010 12

‘! EJP SO||_ INRA@ Soil systems course- C.Chenu- 2021-12-01
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How is soil structure viewed ?

©W Otten

An aggregate approach approach

3
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aggregate size fractions

pore sizes (um)
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019 13
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Manipulating the placement of substrates

Jurin Laplace law  ©=22x.cosb/g
U}

i\é\‘\ La

water content (g/g)
o o o 2 o o
N w -~ w1 (<)}

i

o
=]

1 1,5 2 2,5 3 3,5 4 matric potential (pF)

Al

300 100 30 10 3 1 & pore neck diameter (um

e Limits:
— Laplace law simplifies pore space
— Water movements during equilibration
— Solute diffusion to other pores
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# microbial actvities in # pores size classes?

Experiment 1 Native soil microbial community
« 13C labelled fructose solution or water added at different matric

potentials to soil cores

Q=2 cosb/g
[0
Y (kPa) 8 pores
targeted
-1000 — -100 0.3—>3um
-315 — -3,15 1 —100 ym
31,5 — -1 10 —300 pym

Postulate: consumption of '3C labelled substrate
primarily in pore size classes targeted

sIncubated for two weeks : total and 13C-labelled CO,
At end of incubation: total PLFA profiles and '3C-

enriched PLFA profiles

Ruamps et al. (2011) Soil Biol & Biochem

‘g EJP SOIL JNRA@, Scil systems course- C.Chenu- 2021-12-01
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# microbial activities in # pore size classes ?

Experiment 1 Native soil microbial community

13C-fructose mineralisation = Native SOM C mineralisation
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Differences in activity: due to p or local conditions?

P . 16
EJP SOIL INRAZ Soil systems course- C.EWEHUP5094 A2.63071) Soil Biol & Biochem
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Microbes as probes for habitats ?

* Reciprocal transfer Sandy soil Silty soil
experiment g
ySterilization
Inoculation at different
matric potentials .‘ @ @
<3 8- 100
um
.’§“
P g 2 | @
27 | | o [3-100 pm
B 2 | <3pm
©
g — -
€ g - E
§ = 2 T T T T T T T
o 0 50 100 150 200 250 300 0 50 100 150 200 250 300
Days Days
g EJP SO”— INRAZ Soil systems course- C.Chenu- 20131 2:0%; o 2017, Scientific reports
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Microbes as probes for habitats ?

» Reciprocal transfer Sandy soil Silty soil

experiment ’—@}—‘ g
ySterilization
Inoculation at different
matric potentials @ “ @ @

<3 3- 100
um
. Pore rapld pool slow pool
Inoculum | Soil et 12 a a B b
mgC kg soil d* mgC kg soil d*
silty silty |Large 0.187+0.009abc |118+4ab 0.0134+:0.0004a |486+8abc
silty silty |Small 0.143+0.014bc  |141:9b 0.0087:0.0010c |513+32ab

silty sandy|Large 0.171+0.005bc [37.4+3.4c |0.0086+0.0004c [411+25bd
silty sandy|Small 0.079+0.007c  |67.1:8.2d |0.0049:0.0010d |338+31de
sandy silty |Small 0.187+0.005abc |112+2a 0.0105+0.0004bc |421+10bcd
sandy silty |Large 0.225+0.0092b |103+7a 0.0117+0.0003ab |556+27a
sandy sandy|Large 0.285:0.055a  {29.9+4.3c |0.0082:0.0003c |392+13cde
sandy sandy|Small 0.107:0.009c  |53.845.0cd |0.0062+0.0011c |295+27¢ 1§

L,g EJP SUIL  INKAY SoiTsystems course- C.Chenu- 20ZTRIgIl, ot 41, 2017, Scientific reports
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* Reciprocal transfer Sandy soil

experiment

ySterilization

Inoculation at different
matric potentials @ @

Microbes as probes for habitats ?

Silty soil

@ EJR06k alNRAZS SEHUHETRo8RE C Chenu- 2021-12-01

<3 3-100
pm  pm .
rapid pool slow pool
Inoculum | Soil Porle a | a B [ b
Correlated with Correlated with
inoculum soil, pores
soil, pores

19

Indicators of soil structure controls on decomposition
* Pore-based approach

“Local porosity” (350 um shell)
Connection to macropores

OM particle

a8 -

Local porosity shell

C N

Connectivity to large pores ()
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Moisture effects on microbial activity

Dry conditions
Saturated conditions

Soil particle  Microbial cell Substrate Gas transport Solute transport

Gas transport

Solute transport

Predation

Heterotrophic respiration

21

(& e3P SOIL INRAg SHHRRRRRRRL Ay 202112081 2013, Soil Biol Biochem
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Moisture effects on microbial activity :
importance of local habitat conditions

Dry conditions
Saturated conditions

Sof particle Microbial cell Sulgtrate

small pore: Large pore:
water saturated water saturated & air-filled
22
@ EJP SOIL |NRA@ Scil systems course- C.Cheny 31428t 5/ 2013, Soil Biol Biochem
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Hot spots and hot moments

« Hotspots are small volumes of soil
with much higher process rates and
intensive interactions compared to the
average soil conditions »

Hotspots

Soil volume

Process rate (h)

Kuzyakov and
Blagodatskay, 2015 SBB

23

A hot spot in soil...
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3- Feedbacks: effects of microorganisms on
soil structure (related to OM decomposition)
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Bacterial microaggregate

Staining of polysaccharides with silver proteinate 26
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Modifying conditions in the habitat

+ Diffusion of glucose in models of the
immediate environment of microbes

EPS
2 0,7 A
a
P 06 -
S 05 -100kPa (pF3)
] -1000kPa (pF4 %
=‘::: 04 - (pF4)
T ¢ xanthan (EPS)
® 03 =
2 ® kaolinite
S 02 é
E 0.2 ; ® kaolinite +1% xanthan
0,1 ® -1 MPa
kaolinite :
0,0 ) ! ! ! ! unsaturated
0 20 40 60 80 100
volumetric water content (%) i
saturate
EPS secretion facilitates substrate !

diffusion especially in dry conditions

2
-@’ EJP SOIL JNRA@ Scil systems course- C.Chenu- 2021GB%AU & Roberson, 1996, S88
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Microorganisms modify pore size distribution

- - polysaccharide
- . : secretion
- i . -

Dorioz et al. 1993

fissure
hyphae
of

i { .: 2
f AN | \
g 1 R

fungus

. i !
1 Inicroenvironment non perturbed clay|
um = oriented, packed
and glued clay 28
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Soil aggregation by microbial decomposers:
physical entanglement

29
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Microbial controls on aggregate stability

OM input

Pore system .
volume, sizes,
connectivity

Hydrophobicity |==»

microorganisms

Ajngels [eunonng

Interparticle >
cohesion

Chenu & Cosentino, CABI 20130
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