N

N

Investigating the impact of plant composting on soil
organic matter and microbial community dynamics
using stable isotopes and molecular analyses
Thomas Lerch, Chokri Mchergui, Marie-France Dignac, Remigio Paradelo,

Cornelia Rumpel, Karim Dhaouadi, Mathieu Thevenot, Sabine Houot

» To cite this version:

Thomas Lerch, Chokri Mchergui, Marie-France Dignac, Remigio Paradelo, Cornelia Rumpel, et al..
Investigating the impact of plant composting on soil organic matter and microbial community dynamics
using stable isotopes and molecular analyses. 15. International Conference (Network on Recycling of
Agricultural Municipal and Industrial Residues in Agriculture), RAMIRAN 2013, Jun 2013, Versailles,
France. hal-01547548

HAL Id: hal-01547548
https://hal.science/hal-01547548
Submitted on 6 Jun 2020

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est

archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License


https://hal.science/hal-01547548
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr

I nvestigating the impact of plant composting on soil or ganic matter and
microbial community dynamics using stable isotopes and molecular
analyses

Lerch Thomas Z. **', Mchergui Chokri **, Dignac Marie-France*, Paradelo Remigio *,
Rumpel Cornelia’, Dhaouadi Karim 2, Thevenot Mathieu **, Houot Sabine?

(1) UMR BIOEMCO (CNRS-UPMC-AgroParisTech-UPEC-ER®, 94010 Créteil, FR

(2) UMR EGC (INRA-AgroParisTech), 78850, Thiver&algnon, FR

(3) EA ECODIV (Université de Rouen), 76821 MonhB8Aignan, FR

(4) UMR Biogéosciences (Université de Bourgogne-E]NR1000 Dijon, FR

*Corresponding authothomas.lerch@u-pec.fr

Abstract

Composts are often applied on arable soils to su#ite content in soil organic matter (SOM). The
mechanisms leading to an increase of SOM contenstdl poorly understood. Our objectives were to
evaluate the effect of composting on the dynamidS and N in a soil and to investigate the poténtia
relationships with the chemical composition, theicure of the soil microbial degrader communities
and the aggregate stability. To this aim, we U8&dand™N labelled plant materials composted or not
which were incubated in an arable soil during 3rye®ur results showed that composting plant
material had an impact both on C and N dynamicsoih A significant but transient impact on the
microbial degrader community structure and the eggmie stability was also observed. These changes
in microbial activity can be related to the initi@ifferences in the chemical composition of thenpla
residues due to composting.

I ntroduction

Loss of soil organic matter (SOM) may lead to restlisoil fertility and increased soil erosion. A
small but consistent increase in SOM could mitigeimate change effects by storing atmospheric
CO,-C [1]. Annual application of exogenous organic teia(EOM) to cultivated land may lead to long
continued accumulation of SOC [2]. Composts areroétpplied on arable soils to sustain the content
in SOM but the mechanisms leading to an increaseQ¥ content are still poorly understood. Our
objectives were to better understand the effecbaiposting on the dynamics of C and N in soils and
to investigate the potential relationships with tieemical composition, the structure of the soil
microbial degrader communities and the aggregats|sy.

Material and M ethods
Plant material

In this study, we usedC and™N labelled plant materials composted (12 weekshait The C
content were 35% and 39% and the C/N ratio 7.7 Bh@& for composted (COMPO) and non-
composted (NO-COMPO) plant residues, respectivihg °C signatures were 271%o and 263%. and
the *N signatures were 1064%. and 1473%., respectively G&MPO and NO-COMPO plant
residues. The relative amount of lignin was measurg the CuO oxydation method [3] and the
amount of non-cellulosic sugar by the acetate@llditethod [4].

Soil incubation set up

Soil samples (Typic Hapludalf) were obtained frdma surface layer (0-28cm) of an experimental plot
located at Feucherolles (France). The soil istdaim (7% sand, 76% silt, 17% clay), with 8.9g'kg
of total organic carbon (TOC), 1.1 gkof nitrogen, and a pH of 6.9. The bulk isotopignsiture of
the organic carbon was -24.8+0.2 %.. After beindemtéd, the soil was sieved moist to < 5 mm. Free
roots and plant debris were discarded during thergy. Prior to use, soil samples were preincubated



at 60% WHC for 3 weeks at 20°C. Soil samples (12%rygweight equivalent) were put in serum
bottles with Teflon® rubber stoppers crimped onhwatuminium seals and amended either with 360
mg of composted (COMPQO) or 330 mg of non-compospdnt residues (NO-COMPO),
corresponding to a C addition of 11.5% of the T@Gntrol samples did not received any amendment.
Every samples were adjusted to 80% WHC. Then, dhepke bottles were flushed with g®ee air
and incubated at 20°C in the dark for 3 years.

13C and®™N measurement

Throughout the experimerifC and*N concentrations were analysed in the bulk sod, rtfineralised
fraction (CQ or nitrates) and the microbial biomass (fumigatexiraction technique) using EA-
IRMS. The amount of°C or ™®N measured in each fraction was then expresseériteptage of the
initial amount for COMPO and NO-COMPO samples, eetipely. The evolution of the chemical
composition of plant residues was determined®8yNMR after HF treatment [5] after 6, 12 and 36
months of incubation. The soil microbial commurstiglegraders of labelled plant residues were
followed using PLFA-SIP approach [6] performed ors&-c-IRMS. Comparison of the total and
labelled-microbial communities was done using therthess index.

Soil physical analysis

The aggregate stability of samples taken afterads @nd 3 years of incubation was determined using
the slow wetting test of Le Bissonnais [7]. Brieffygrams of calibrated aggregates (3.15-5 mm) were
put on a filter paper on a tension table at a matatential of -0.3 kPa for 60 min; aggregates were
then transferred to a 50-um sieve previously imegis ethanol for the measurement of fragment
size distribution. The 50-um sieve previously imseg in ethanol was gently moved 5 times with a
Henin apparatus to separate fragments <50 um fnoset>50 um. Second, the >50 um fraction was
collected from the 50-um sieve, oven-dried and lgadry-sieved by hand on a column of six sieves:
2000, 1000, 500, 200, 100 and 50 pm. The massmag® of each size fraction was then calculated,;
the fraction < 50 um is the difference betweeridhihass and the sum of the six other fractiong Th
aggregate mean weight diameter (MWD) for each sanvpk also calculated.

Results
Change in chemical composition after composting

Chemical analyses of plant material by GC-MS rex/¢ladit the lignin content increased by 70% and

the ratio of cinnamic unit / vanillic unit decredsesuggesting a preferential degradation upon

composting (Figure 1A) . The composting proces® alecreased the content of sugars by 50%

(Figure 1B). The ratio of C6 / C5 sugars (glucosdactose / arabinose+xylose) increased, suggesting
a higher contribution of microbial over vegetalided carbohydrates.
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Figure 1: Comparison of the lignin content (A) and non-cellulosic sugar content (B) in the non composted
(NO-COM PO) and composted (COM PO) plant residues. Data are the mean of three replicates.



Effect of composting on C and N dynamics

The C mineralisation of non-composted materialgyf@ 2), and the priming effect of SOM (data not
shown) were higher than those observed for comgas&dues. Thus, 3 years after the amendments
in sail, the loss of C due to composting proceb®iia 70%) was compensated. The N mineralisation
of non-composted plant residues was lower than osteg ones during the first year, due to higher
amount of N assimilated into the microbial bioméksta not shown).
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Figure 2: Evolution of the cumulative total CO, (A) and **C-CO, evolved relative to the initial amount of
composted or non composted plant residues (B). Standard deviations correspond to threereplicates.

Change in microbial community structure

In plant residues amended soil, GC-c-IRMS analysigaled that 21 PLFA were significantfiC-
enriched compared to the control soil (C11:0, C1203:0, C14:0, iC15:0, aC15:0, C15:0, iC16:0,
C16:1(9)cis, C16:0, iC17:0, cycC17:0, C17:0, C18;2?), C18:1(9)cis, C18:1(9)trans, C18:0,
cycC19:0, C19:0). From 3 to 30 days of incubatite, total amount of’C incorporated into PLFA
was higher for the non-composted material thanompmosted one, which was more stable over the
incubation (data not shown). The distribution'i into the PLFA was more even in the composted
plant residues amended soil during the first 3Gdayggesting a less specific population of micalobi
degraders than in the non-composted plant resiawesnded soil (Figure 3). Thereafter, no difference
between the two treatments was observed.
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Figure 3: Evolution of the evennessindex for all treatments calculated from total PLFA (A) and *C-PLFA
(B) during one year of incubation. Standard deviations of correspond to 3 replicates of sampling dates.



The comparison of the % of change in the,@@le and that of th&C-PLFA for both treatments
revealed that the level of activity of the micrdhiegraders is highly related (r2=0.88<0.005) to
their structure throughout the incubation. Thisulelas to be related to the evolution of the cloai
structure of the plant residues showed3:NMR spectra.

Evolution of the organic matter composition

¥C-NMR analysis showed differences in the specttavésen composted and non-composted plant
residues (data not shown). Alkyl (-10 to 45ppmy| &£10-160 ppm) and carboxylic (160-220 ppm)

carbon contents were relatively more importantraftenposting. After 6 months of incubation in the

soil, the composition of composted and non-compmbptant residues were much more similar, with

an increase of O-alkyl (45 to 110 ppm) and aryboarcontents, indicating higher aromaticity. There
was no major change from 6 months onwards.

Effect of amendments on soil aggregate stability

The addition of both amendments increased soileggde stability during the first months of the
incubation (45 days), without differences betweemgosted and non-composted residues. However,
this aggregating effect did not last, and by thd ef the incubation (three years), the aggregate
stability of the amended soils was not differeotrirthat of the non-amended soil.

Conclusion and per spectives

This study shows that composting plant material diadmpact both on C and N dynamics in soil.
Composting plant material had a significant butsiant impact on the microbial degrader community
structure when applied to a soil. This result coexglain the dynamics of aggregate stability. The
amount and the relative specificity of the micrélllagraders’ communities were higher in the non-
composted plant residues treatment only durinditeemonth of incubation, which can be related to
the initial differences in chemical compositiontloé plant residues.

References

[1] Lal R, 2004. Soil Carbon Sequestration ImpamtsGlobal Climate Change and Food Security.
Science 304, 1623.

[2] Peltre C, Christensen BT, Dragon S, Icard Citét@r T, Houot S, 2012. RothC simulation of
carbon accumulation in soil after repeated appticabf widely different organic amendments. Soil
Biology & Biochemistry 52, 49-60

[3] Dignac MF, Bahri H, Rumpel C, Rasse DP, Barddbx Balesdent J, Girardin C, Chenu C,
Mariotti A, 2005. Carbon-13 natural abundance &sohto study the dynamics of lignin monomers in
soil: an appraisal at the Closeaux experimenthl {ierance). Geoderma 128, 3-17.

[4] Rumpel C, Dignac MF, 2006. Gas chromatogragimalysis of monosaccharides in a forest soll
profile: Analysis by gas chromatography after wdifoacetic acid hydrolysis and reduction—
acetylation. Soil Biology & Biochemistry, 38, 1471481.

[5] Schmidt MWI, Knicker H, Hatcher PG, Kdgel-Knadml, 1997. Improvement of 13C and 15N
CPMAS NMR spectra of bulk soils, particle size fraos and organic material by treatment with
hydrofluoric acid (10%). European Journal of Saii€dce 48, 319-328

[6] Lerch TZ, Dignac MF, Nunan N, Bardoux G, BastuE, Mariotti A, 2009. Dynamics of soil
microbial populations involved in 2,4-D biodegrddat in soil revealed by FAME-based Stable
Isotope Probing. Soil Biology & Biochemistry 41,83-

[7] Le Bissonnais Y, 1996. Aggregate stability andasurement of soil crustability and erodibility.
Theory and methodology. European Journal of Soédriae 47, 425-437.



