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Drylands account for:
~45% of the Earth’s terrestrial surface
35% terrestrial primary production
20% soil carbon (C)
important controls over global C cycling

Controls over biogeochemical processes poorly understood - limited predictive capacity

Pravalie 2016 Earth Sci Rev
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1902 Woody Encroachment @ SRER: Playground for C Cycle Mechanisms

Huerfano Butte, Santa Rita Experimental Range, Arizona



1938

Huerfano Butte, Santa Rita Experimental Range, Arizona



- A\,




2003

Huerfano Butte, Santa Rita Experimental Range, Arizona



Woody encroachment - substantial changes in
spatial patterns of soil C pools

> Predictable when space, time, land management
accounted for

—~—

> Primarily shrub material

- lignin-derived phenols, stable isotopes

> Primarily leaf inputs

- substituted fatty acids

> Most C persists <50 y; spatial patterns degrade

- lab incubations, density fractions, stable isotopes, spatial models

Throop et al. 2013 Biogeochemistry, DeMarco et al. Plant & Soil 2016, Throop & Lajtha 2018
Biogeochemistry, Throop et al. 2020 Ecol. Apps, Throop et al. 2021 Arid Land Research & Management




Long-term C projects at SRER

D-DIRT DeAD

Dryland Detrital Input and Removal Treatments Decomposition Across Drylands




Long-term C projects at SRER

D-DIRT

Dryland Detrital Input and Removal Treatments

What controls the size
& stability of soil
organic carbon pools?




Wisconsin Plots — Francis Hole (est. 1956)
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Detrital Input and Removal Treatments
(DIRT)

Litter is transferred from
NO LITTER to DOUBLE LITTER plots
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Nadelhoffer et al. 2004 Forests in Time



DIRT Network Sites

. ,
'
Steinkreuz g :

Forest (SK)
Est. 1999

[ sikfokat
Experimental

U. Wisconsin by, Forest (SIK)

By
S Arboretum  y_michigan St
L & (wisc) Biological Station

H.). Andrews / Est. 1956 (UMBS)
Experimental/ Fore oL
(HIA) O |
Est. 1997 HIA |

|

‘ . Est. 2004 ,

e‘ WIS.C MBS ‘;}“, ['?;a(l:Fl;Orest
& i V7 Est. 1990

7 Sltes "i’ Bousson

M es i C F ore St S ' Experimental Forest
LAY

(BEF)
Maodified from Lajtha et al. 2018 Sci Tot Environ

Est 1991



DIRT sites suggest more complex soil C responses.
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How do soil C dynamics differ in
dryland sites?
Dryland DIRT (D-DIRT)
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Dryland DIRT (D-DIRT)

Aboveground litter manipulations
Grass versus shrub inputs

Grass Plots Shrub Plots

No Litter Control Double Litter

No Litter Control Double Litter
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W Grass Manipulations
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SRER D-DIRT

How have long-term additions/removals changed soil
carbon?

Please visit Allelua Niyokwizera’s
poster during lunch!

Spoiler: SRER is not Wisconsin!



SRER D-DIRT

What are the other impacts of all this litter manipulation?

Work in progress:
Soil carbon chemistry & stability

Wood and leaf litter decomposition
Surface mineral stabilization

Your ideas?
Come play in the D-DIRT with us!

Thanks to the D-DIRT Team: Allelua Niyokwizera, Kate Lajtha, Marie-Anne de Graaff



Long-term C projects at SRER

DeAD

Decomposition Across Drylands

How is litter distributed
across drylands and
how does this affect C
dynamics?
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e These Models Con3|stently Underpredict

Surface Litter Decomposition
Regional patterns Local patterns
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Bare ground: allows litter transport by wind, water, & animals

Litter accumulates next to objects that resist litter transport.
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#3128 Throop & Belnap
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Bare ground: allows litter transport by wind, water, & animals

Litter accumulates next to objects that resist litter transport.
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Big Problem:

o b

~ bare areas between plant canopies...[ 5%
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Big Problem:

ect litter distribution.
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Decomposition rate depends on where litter
accumulates

moisture
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NSF Macrosystems NEON-Enabled

Science:
Decomposition Across Drylands

(DeAD)

Website Mailing List

drylands.asu.edu/DeADWeb/



Process Understanding Spatial Characterization Regional Scaling
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Process Understanding

Literature
Data|-

Decay

Process Hypoth.
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Environ. Cond.

Improving Process Understanding:

Field & Lab Data
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Characterizing Decomposition:

Across Microsites & North American Drylands

Decay

Process Hypoth.
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Solar Radiation
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Characterizing Decomposition:
Across Microsites & North American Drylands

A little
sporty!




Characterizing Decomposition

Process Hypoth.

Decay
\\

Lab incubations target
knowledge gaps




Characterizing Decomposition

Process Hypoth.
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Environ. Cond.

Decay

Please visit Dr. Alexi Besser’s
poster during lunch!




Characterizing Spatial Patterns:
Litter & Environmental Drivers




All sites: 50 — 75% of surface litter is under shrubs
SRER is the Titter winner!
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Jiwei Li Regional Scaling

Arizona State University




Remote-Scaled Biomass Estimation - Litter Biomass

Litter Cover Proxies

Field-Based Litter Cover Measurements
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Models




Emerging dryland decomposition
network:

Decomposition Across Drylands
Network (DeAD Net)

‘ e,“a Re

Please join us for:

- Distributed experiments
- Data rescue & synthesis efforts
- Other SRER collaborations!

Website Mailing List

drylands.asu.edu/DeADWeb/
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