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Decomposition

Physical and chemical breakdown of dead organic matter
(plant, animals, and microbial material)

Provides energy for microbial growth
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Controls over decomposition: d:ad leaves
o Quantity of substrate/litter input N ‘:
o Quality of substrate/litter input  leaflitter

decomposition

o Environmental conditions

humus

minarals

minerals absao rbeg\\u/

bv roots

http://mww.saburchill.com/chapters/chap00
57.html



Decomposition

e« Breaks down organic matter,
releasing carbon to the
atmosphere and nutrients in
forms that can be used for
plant and microbial
production.

e Occursin the litter layer and
in the organic and mineral R
horizons of the soil.




Results from three types of processes:

1. Leaching (most important in the early stages)
2. Fragmentation (by soil animals)
3. Chemical Alteration (fungi, bacteria, soil animals)

Dead plant material and animal
residues are decomposed

until they are no longer recognizable,
at which point they are considered
soil organic matter (SOM)
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e Litter mass initially decreases rapidly.
e Decomposition rates decline Tropics- 0 .
as litter ages. Arct 5




Fungl

The Soil Food Web

e Fungi-initial decomposers of dead material in terrestrial ecosystems.

60-90% of microbial biomass in forest soils where litter has a high lignin and low N
concentration

Fungi that decompose fresh litter, may acquire carbon from the surface litter and
nitrogen from deeper, more decomposed soil layers



Bacteria

The Soil Food Web

e Grows rapidly
Dependent on substrates that move toward it
e Active by substrate
e |nactive when substrate is exhausted



Soil Animals

e 5-10% of soil respiration The Soil Food Web

o enhancement of microbial activity through
fragmentation

e Indirectimpacts on decomposition
o alter soil environment
o excrete nitrogen and phosphorus
o graze bacteria and fungi

e Include:
o Microfauna (smallest animals)
o Mesofauna (abundant and diverse animals) - " — o

o Macrofauna (large soil animals)



Rates of Decomposition

Litter mass declines exponentially with time L, = Lye*t

L1 =mass at time t

- - : LO =litter mass at time zero
expressed exponentially implying a

constant proportion of the litter is k = characterizes the decomposition
rate of a particular material. Varies

decomposed each year widely with substrate composition



Exponential Decay

Mean Residence Time- Time required for the litter to decompose
under steady-state condition 1/k

Residence time of litter: average pool size of litter divided by
average annual input.

o Differsamong biomes o Fhasez T —— 1

_ litterfall
k= litterpool
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Decomposition Controls

e Controlled by four main
factors:

1. Litter/substrate
quality/quantity

-carbon quality of
substrates

-C:N

-lignin:nitrogen ratio

2. Characteristics of
microbial community

-activity of soil microbes

-higher in extremely wet or
- dry soils

3. Physical environment
-Temperature-Direct/Indirect
-Moisture effects
-Environmental Factors

4. Humus Formation
-long term storage of soil organic

mm ke

LONG-TERM SHORT-TERM

CONTROLS "~ CONTROLS
STATE infaracthe bt Dwrect
FACTORS cormis controly conirds
Fam NP Liter queand ity
BIOTA —s= functionsl
- '
TIME ( ) * Carbon quaRty ‘
\ i \
— )

I.I:":'fFr ETLI‘IL% Omygen
e _/ |

CLIMATE - M0




Microbial
processes

Bactansal
ctarvation

Fredation by
protozoans

Fapid
hactenal
growi

l:| HE‘:ﬂ:I".I Mo ]

[ SOM breakdown ]

l: [ e g =] =}
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SOM consists of leftover C and
microbial products-influences
ecosystem storage

Releases nutrients for plant uptake

Binds to clay minerals for protection
reducing decomposition rate

important in grasslands, tropical
forests (where decomposition is
relatively rapid)

Microbes break down SOM for
nitrogen

Humus formation-formation of SOM
that does not break down any further
(long term storage of SOM) y



Discussion Article

Controls over leaf litter decomposition in wet tropical forests
Authors:

William R. Wieder, PhD: Postdoc at the National Center for
Atmospheric Research and University Corporation for
Atmospheric Research in Boulder, CO

Cory C. Cleveland, PhD: Associate Professor of Terrestrial
Biogeochemistry at the University of Montana

Alan R. Townsend, PhD: Associate Professor of Ecology and
Evolutionary Biology at the University of Colorado, Boulder




Study Site

Osa Peninsula, Golfo Dulce Forest Reserve, SW Costa
Rica
® Lowland tropical rain forest

® One of the most remote regions in Costa Rica

® National Parks, Forest Reserves, Private Reserves and Wildlife Refuges
protect half of the rainforest and swamps

® Almost 750 species of trees have been Caribbean
catalogued

® High tropical/species biodiversity

® >5000mm/yr. precipitation

Pacific
Ocean
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The Study

1. Investigating the effects of litter quality and precipitation on litter
decomposition (in a lowland tropical rain forest receiving >5000 mm/yr

precipitation).

1. Test hypothesis-precipitation driven dissolved organic matter (DOM)
fluxes are a significant litter mass loss vector.

-P content important control over decomposition rates?

3. Understanding the relative effects of litter chemistry vs. throughfall on
rates of litter decomposition.



Importance of Study

Potential for large rainfall shifts that may influence rates of carbon (
C ) exchange and storage

Fine litterfall accounts for ~60% of aboveground net primary
productivity (ANPP) in lowland tropical rainforests

Remains uncertain the extent to which ecosystem C balance may
be influenced by changes in precipitation in decomposition



Experimental Design

Site- P limitation of microbial
processes were well documented

~100-200 species/ha
11 different canopy tree species

Throughfall exclosures made of PVC

pipes acting as partial rain sheds, T e ‘,~ :
shielding experimental plots from o oshabamesions ","ﬂ s, ¥

receiving full incoming throughfall

20 randomly assigned plots
received 25% or 50% throughfall
exclosures

10 additional experimental control

p | Ots .;--"_ p://www.piné}néb[drg'/research/




Methods

This study measured amount of water passing through the litter layer,
precipitation & bulk litter samples

1. Water passing through litter layer was
measured with a PVC lysimeter (flush with soil
surface and below litter layer)

o Water interception from litter layer was
collected in plastic vessels.

http://www.mda.state.mn.us/protecting/cleanwaterfund/gwdwprotectio
n/rosholtfarm.aspx



Methods

2. Precipitation was quantified with
a rain gauge
~400m from site

ttp:/iowafloodcenter.org/ifloods-visit-with-nasa-and-the-iowa-tflood-
center-in-calmar/

3. Litter collected from 11 canopy
tree species collected in litter
bags
-Additional litter samples were collected,
returned to the laboratory, dried for four

days, weighed, and analyzed for initial
litter chemistry

http://www.jonesctr.org/research/aquatics_research/wet_prod.html



Statistical Methods

Annual decomposition rates (k values) were determined by species
and throughfall treatment

Mass loss data were analyzed using a negative exponential decay
model y=100ekt (Olsen., 1963)

Total throughfall in all plots and differences between species
composition were analyzed using one-way ANOVA

Effect of throughfall treatment, species and the interactions on
decomposition rates analyzed using two-way ANOVA

Variation in litter chemistry prediction of observed decomposition
analyzed using stepwise multiple linear regression

Combined results for individual litter characteristics using simple
linear regressions



Key Results

1400

Total throughfall in the manipulation
plot was significantly lower than in the
control plots

g

All litter bag mass loss rates were rapid,
but highly variable between species

Mean throughfall {mm)

Reducing throughfall led to significantly

1 Fi. 3. Total throughfall (mean and SE) reaching the soil
|Ower rates Of Iltter mass IOSS at a” surface in control (black bars), 25% plots (gray bars), and 30%
s plots (hatched bars) collected from lysimeters at the soil surface

Stag es Of d e CO m p OSItI 0 n over the course of the decomposiion experiment.

Any reduction in precipitation slowed
total decomposition (k)



Key Results

® Significant between-species

variation in initial litter chemistry

Despite the high rainfall,
simulated throughfall reductions
suppressed rates of litter
decomposition

Wet systems require an
understanding of litter solubility to
best predict rates of
decomposition

Litter mass remaining (%)
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Conclusions

Litter decomposition via leaching of dissolved organic matter (DOM) is
understudied

Suggest the wettest of lowland forests may sustain some of the highest rates
of litter turnover on earth

Climate change is likely to slow rates of decomposition, unless litter quality
concurrently increased

Mechanisms of litter decomposition in tropical forests (regulated by climate
and litter chemistry) may be different in drier biomes

Need for further research



Case Study #1

Soil organic matter turnover is governed by accessibility not recalcitrance.
R Global Change Biology, 18(6), 1781-1796.

Jennifer Dungait, PhD- Senior Research Scientist at Rothamsted Research, United
Kingdom

David Hopkins, PhD- Head of the School of Life Sciences at Heriot-Watt University,
Edinburgh, United Kingdom and Honorary Rothamsted Fellow

Andrew Gregory, PhD- Research Scientist at Rothamsted Research, United
Kingdom

Andrew Whitmore, PhD- Principal Investigator at Rothamsted Research, United
Kingdom o




Objectives

® Review how modelling techniques have
reexamined the understanding of SOM dynamics.

® Looking at the impact of SOM dynamics on the
development of new modelling approaches to soill
C.



Introduction

Increasing SOM concentrations by 5-15% could possibly decrease
CO2 concentrations by 16-30%

More attention at trying to determine regional or global C stocks
Difficulty in accurately estimating C stocks in soil:

O

Discrepancy between temporal and spatial resolution of survey
and analytical data

Natural temporal and spatial variability of soils

Key factors such as depth and bulk density have not been
recorded

Limited data on varying soil depth and the distribution of C
within soil depth



Importance of SOM

® Food production

® Recycling of nutrients into
olant ready sources:
Nitrogen, Phosphorus, Sulfur s

® Reduce fossil fuel
dependence and
consumption for N fertilizer




Interacting Factors

® Substrate quality
® Organisms
® Environment



http://www.wageningenur.nl/en/Expertise-Services/Research-Institutes/Wageningen-UR-Greenhouse-Horticulture/Research-themes/Sustainable-Crop-Protection/Subthemes-Sustainable-crop-protection/Healthy-substrate-and-soil.htm
http://www.wageningenur.nl/en/Expertise-Services/Research-Institutes/Wageningen-UR-Greenhouse-Horticulture/Research-themes/Sustainable-Crop-Protection/Subthemes-Sustainable-crop-protection/Healthy-substrate-and-soil.htm

Challenges

Conflicting information on temperature having an impact on
decomposition

Separating the effects of the decomposing community on
accessible SOM, from the effects of temperature on the
metabolism of the decomposing community

Conflicting studies on soil microorganisms ability to adapt to
Increasing temperatures by down-regulating respiration

Plants are continuously responding to environmental
conditions which can potentially change C into the soill



Substrate Quality

® Stability of plant compounds within and out of soil
are not the same

® Differencesin the idea that old SOM is protected
against biological attack

o Modeling studies have shown that SOM doesn’t consist of pools of
biochemically uniform molecules

o More research needed on how recalcitrant plays a role in SOM



Substrate Quality

® Metabolic Compounds
o Current work has shown that fairly easy biodegradable
metabolic compounds are older than bulk SOM

0 Biodegradable metabolic compounds represent a large portion
of SOM but represents small portions in models

® Structural Compounds
o Minimal research on polysaccharide decomposition dynamics

o Generalist and specialist soil microorganisms use
polysaccharides as a base so it is unusual for compounds to
remain intact unless they are protected from decompaosition

§ |Inaccessibility to enzymes was thought to be responsible for
slow breakdown of polysaccharides, not recalcitrance



Substrate Quality

® Recalcitrant Compounds

Lignin:

o Lignin purposefully left in undisturbed state relative to the
bulk SOM

o Studies looking at lignin biosynthesis and show that it is not
random

o Lignin as a recalcitrant compound is unsure

§ Selective preservation



Substrate Quality

® Long chain n-alkanes
o0 Long chain n-alkanes have the potential for faster turnover than
SOM which contradicts previous thought

® Humic substances
o Novel view that combinations of partially decomposed plant
and microbial biomass that are not accessible to organisms
® Black C and Biochar
o Black Cis assumed to decompose slower than SOM due to its
structure

o Differences in physicochemical nature of biochar from different
starting material and conditions



Organisms

Soil microorganisms and their enzyme companions have huge

physiological and biochemical capacities and are present in large
numbers

Thoughts about microorganisms:
o Limitless in terms of what organic molecules they can degrade
o Capacity to degrade any substrate in any soil
Long evolutionary history allows there to be:
o Large diversity
o Abundance
o Spatial and environmental niches



Organisms

Models expect microbial communities to have minimal effects on
the soil process

Microorganisms are assisted by meso and macroinvertebrates

o Earthworms

Stable isotope analysis shows that invertebrate species prefer
specific diets and niches of the same SOM

Model integration of food webs and C turnover are needed, along
with scales for microbial and macrofauna



Environmental

® Soil conditions may cause starvation for organisms
o Limitdecomposing capacity

® Trigger Hypothesis

® Combination of processes for decomposition to occur
o0 Regulatory Gate Hypothesis
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Environmental

® Around 75% of C is in subsoils

® Subsoils are protected from climate changes and
provide a stable niches for microorganisms

® Interest in enhancing C storage using deep rooted
plants
o Lack of nutrients
o Allow decomposition of stable soll



Models and soil C

® Models can operate efficiently when used with
proper soil systems

® RothC and Century models have been used for
global studies but meant for mineral solls

® Various models place weight on different
categories and classify them differently



Conclusion

Differences in predicted and measured SOM demonstrate
that soil C dynamics are extremely complicated and models
need updating.

Biochemical recalcitrance needs more research on the
molecular and mechanical sides.

SOM decomposition could require a set of processes which
would explain the large quantities of ancient, decomposable
SOM in soill.

SOM needs proper management
o Pastland management practices



Case Study #2

Conant, R. T., et al. (2011), Temperature and soil organic matter decomposition rates —
synthesis of current knowledge and a way forward. Global Change Biology, 17: 3392-3404.

Richard T. Contant-Colorado State University, Ecosystem
Ecologist at the Natural Resource Ecology Laboratory

Michael G. Ryan- Colorado State University USDA Forest

Service in the Laboratory for Studies of the Forest Carbon

Cycle

Goran |. Agren-Professor. Department of Ecology, Swedish
University of Agricultural Services. Studies:theories and
models of element cycling in ecosystems, plant
ecophysiology, soil processes

Hannah E. Birge-Colorado State University, Natural
Resources Ecology Laboratory

Eric A. Davidson- Senior Scientist, Woods Hole Research
Center. Falmouth, Ma. Research: biogeochemistry
and nutrient cycling in terrestrial ecosystems

Peter E. Eliasson- Researcher, Department of Physical
Geogrpahy and Ecosystem Science, Sweden

Sarah E. Evans-Postdoctoral fellow on ecology, UC Irvine

J. A. Martin Wetterstedt Department of Ecology, Swedish
University of Agricultural Services

Miko U.

Serita D. Frey- Professor, Soil Microbial Ecology, University of New
Hampshire Research: how human activities are impacting terrestrial
ecosystems

Christian P. Giardina - Research Ecologist, Hilo,HI Research Interests:
forest responses to global change; restoration of ecosystem processes in
degraded landscapes, and production ecology and biogeochemistry

Francesa M Hopkins - UC Irvine. Department of Earth Systems Science

Rita Hyvonens- Department of Ecology, Swedish University of
Agricultural Sciences

Jessica Megan Steinweg- Colorado State University, Natural Resource
Ecology Laboratory

Matthew D. Wallenstein- Colorado State University Natural Resource
Ecology Laboratory

Mark A. Bradford- Assistant Professor of Terrestrial Ecosystem Ecology,
Yales Environment School ®



Objectives

Refocusing issues to examine how temperature affects the factors
controlling the decomposability of soil organic matter (SOM)

Understanding the response of soil organic matter decomposition to
increasing climate change for longer-term changes in soil carbon
storage

Present a new conceptual framework and suggest other important
factors needed to predict the response of soil carbon stocks to an
Increase in temperature



Issues

The fate of soil carbon in a warmer world remain unresolved
Why?
0 Incorrect assumptions and unspecific terminology

The relationship between the response to decomposition rate to warming temperatures
remain unresolved

Contrasting definitions
“Temperature sensitivity”
“Acclimation”

Uncertainty whether or not ecosystem models can predict the response of carbon pools to
warming

Previous climate-carbon models have addressed the relationship between decomposability
and the response to temperature differently (based on 1. laboratory incubations, 2. field
studies, 3. cross-site studies)

o Kinetic theory describing chemical reactions
o Kinetic theory describing decomposition rates with temperature

o Kinetic theory describing decomposition reactions with activation energies (increased
response in the rate of decomposition of less decomposable substrates will result in
large soil carbon losses) o



1. LABORATORY INCUBATION STUDIES

o When the influence of the mineral matrix is limited, those compounds
or fractions that decompose more slowly have a greater
decomposition rate response to temperature

o Limited effectiveness to add to the issue of temperature controls on
changes in soil carbon stocks

o Studies in which substrate availability that potentially has a much
greater effect on decomposition show mixed results :

-Some results showing that the decomposition rate of less
decomposable carbon responds less to temperature compared to
more decomposable carbon



2. FIELD STUDIES

Data from long-term field warming experiments suggest that increased rates of
soil respiration observed in the first several years of warming do not persist.

Studies examining relationships between decomposability and the response of
decomposition rate to temperature in the field use long-term litter bag experiments

Existing field studies are of limited value for knowing long-term response of soil
carbon stocks

o differences in belowground carbon inputs and the difficulty in isolating
carbon with different decomposabilities makes them subject to different
Interpretations and the result implications uncertain



® 3.CROSS-SITE STUDIES

Differ from incubation and field studies

Not active manipulations of conditions to examine the impacts of temperature (Agren,
Bosatta, 2002)

Hypothesis: If slowly-decomposing SOM has a decomposition rate that responds more to
temperature, than soils found in warmer locations should be relatively depleted in soil
carbon that decomposes slowly, and vice versa

Testing this hypothesis requires other factors that affect soil carbon decomposition and
stabilization (precipitation, soil carbon input amount and quality, soil texture, mineralogy,
etc.) remain constant

Nearly impossible to keep constant=Studies that have examined SOM turnover across
temperature gradients have most often found no relationship



Current State of Knowledge

Incubation studies limited

Can help to understand temperature
controls on the components of
decomposition of of available OM.

Field experiments are difficult to
implement and interpret

Gradient studies are constrained by the
limited ability to control for factors other
than temperature

Incubation studies Field studies Cross-site studies
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New Suggested Framework

A new framework that can help resolve inconsistencies in observations and help guide
future investigation

-Distinguishes SOM available for decomposition from that which can be assimilated
into microbial biomass

-Distinguishes the different steps of the decomposition process (depolymerization,
uptake, and microbial catabolism) from the processes that make SOM available for
decomposition

More clearly identifies processes controlling SOM availability for decomposition and allows
a more detailed description of the factors regulating OM decomposition under different
circumstances

Integrating multiple processes which could have an impact on the relationship between
decomposability and temperature sensitivity

Refocus should be how temperature affects the various factors controlling the
decomposability of SOM

Suggest future articles refer to specific processes and specifically state how they measure
temperature sensitivity



Decomposability and Temperature

Enzymatic depolymerization. Rate of enzyme-mediated reactions increases
with temperature, especially in low temperature range

When OM in soils is physically accessible, it is vulnerable to degradation by
extracellular enzymes that are produced by soil microbes

Reactions that occur more slowly are likely to be most temperature sensitive

Temperature affects both production and turnover of extracellular enzymes
and the rate of enzyme turnover in soils, thus possibly affecting the
relationship decomposability and temperature sensitivity (Cusack et al.
(2010)



Production and Conformation of Microbial Enzyme Production

Evidence that microbial substrate uptake, growth, and respiration are
strongly regulated by temperature

The impact of temperature-driven changes in microbial growth efficiency
(MGE) on the relationship between decomposability and temperature
sensitivity is complicated

Because low quality substrates may increase as temperatures rise,
measured declines in MGE for soil microbial biomass might be a direct

consequence of temperature, or an indirect product of changing substrate
use

Controversy whether temperature or substrate availability explains
decreasing bacterial growth efficiencies under warmer conditions



Processes Limiting Availability of SOM

Temperature controls on substrate availability

® Temperature effects on protection of soil OM within soil aggregates
have not been studied in great depth.

® Soil aggregation has shown to have an impact on studies assessing
responses to temperature however, isolating the effects of
temperature on aggregate formation and breakdown is
experimentally challenging

(Adsorption/Desorption)
® Forward/Reverse reactions



Conclusion/Recommendations

Studies searching for a relationship between decomposition rates
and response to temperature have used a variety of definitions of
decomposability that are not uniform to OM quality alone

Understanding the net effect of rising temperature on soils requires
understanding of all component processes and their interactions

Suggest future articles refer to the specific process and state
specifically how they measure temperature

Temperature driven changes in inputs, in addition with
decomposition losses, will determine the fate of soil carbon in a
warming world



Various Methods Used

® Mass Balance: estimates litter decomposition for ecosystems
Method: litterfall (collected using litter traps, sorted, dried

and
weighed) and detrital litter mass (forest floor dried and
weighed)

Usage: double check model prediction; cost-friendly
Caveats: young forests

® Litter bags: monitors decomposition at the soil surface
Method: fresh leaf litter is placed in mesh bags, placed
in the plot, collected and measured.

http://www.ent.iastate.edu/fieldtrips/appalachia20

04/node/190.html



Various Methods Used

® Tethered Leaves: measurement of decomposition
Method: leaves are in bundles or tied in a single line, dried and
weighed
Usage: early stages of decomposition; macrofauna
Caveats: decomposition loss/fragmentation

® Cohort Layered Screen: estimates aboveground decomposition
Method: mesh screen layers separate layers of litter, weighed, and
dried
Usage: long term studies
Caveats: macrofauna; micro-environments



Litter Bags

® Widely used to study
decomposition at the soill
surface

® Fresh leaf litter is enclosed in
mesh bags, placed on the
ground, and collected at
periodic intervals for
measurement of the mass
remaining

® Collected litter bags are oven
dried



http://www.berkeley.edu/news/media/releases/2007/01/18_litter.shtml

Things to Consider

® Size and content of the
litter bags is important for
studies

® Should be appropriate to
the litter-specific ecosystem
under consideration


http://environmentalresearchweb.org/cws/article/news/26842
http://biotropica.org/november-2013-editors-choice/

Pros to using litter bags

Commonly used technique

Represent classic approach to ol
estimating decomposition ratesF
o . k%’
in the field

Used to quantify rates at
various time scales and other oL A
factors of tem perature and http://daac.oml. gov/LBA/gwdes/TGO? L|tter Deco
moisture Content mposition.html ] | s

Many published litterbag
studies, providing rich
database for comparison of
results

Litter bags can be made with a
proportionally representative
mix of species litter




Caveats to Consider

® Microclimate
® Fragmented/undecomposed litter falling or

moving

Leaching

Mesh size

Micro and Macrofauna
Accurate representation
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http://www.physicalgeography.net/fundamentals/9q.html
http://enb150ericreid.blogspot.com/2010/11/leaf-litter-decomposition.html
http://andrewsforest.oregonstate.edu/research/component/carbon/rls.htm
http://www.commanster.eu/commanster/Mushrooms/Protozoa/Protozoa/Didymium.melanospermum.html
https://www.ffpri.affrc.go.jp/labs/dfse/SoilRscsLab/SoilRscs.html
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