Land management and soil carbon pools:
patterns and processes

E

Heather Throop and Steve Archer
School of Natural Resources
University of Arizona
hthroop@ag.arizona.edu




Almosphere
750

arganic matl:er
1 600

ﬂ'ﬂﬂ.!- depnslt Qil and gas deposit
3000 | 300

Marine sedimenis
and sedimantary rocks

6E 000 000 - 100 000 D00

The present carbon cycle

Volumes and exchanges in billions of tonnes of carbon

GHAPHIC DESIGH : FHILIPFE RERKACEWICE

[GIRITID] {6}

Arendal uner

— Climate

=it Marine organlsms =t
3

Surface sediment
150

Sources: Cantar for climabc rasaanch, Instikite for srvironmeantal studies, univarsity of Wisconsin at Madison; Okanagan univarsity college in Canada;,
[Ja:-.a.mant of gecgraphy; Workd Wetch, November-Decarmbear 1998; CEmgte change 1005, The scienca of climate change, contribution of working group 1
the second assessment report af the imtergovemmeantal panad on climate change, UMEP and WO, Cambridge press univarssty, 1996,

Intergovernmental Panel on Climate Change, 2001




US Carbon Sink

Pacala et al. 2001, Science
— US C sink ~0.30-0.58 Pg C yrt

e Forest trees --0.11 -015
 Woody encroachment -- 0.12 - 0.13
e Other toresi organic niaiier -- 0.03 - 0.15
e Exports (rivers + trade) -- 0.07 - 0.13
 Wood products -- 0.03 - 0.07
e Sedimentation -- 0.01 - 0.04
e Cropland soils -- 0.00 - 0.04




Woody encroachment

e Increased trees & shrubs in grasslands & savannas
 ~40% terrestrial land area worldwide

 Importance:
— changes in land value (grazing, wildlife, recreation)
— long-term C storage in woody tissues & soils




Santa Rita Experimental Range

Semi-desert grassland

Precipitation gradient,
mid-elevation MAP =
325mml/yr

Woody encroachment

— Velvet mesquite
(Prosopis velutina)

— Acacia spp.
— Cacti




Land Management
at SRER

e Grazing

e Brush removal treatments
over past 70 years

e Goals:

* decreased mesquite cover
 increased cattle yield




Brush Removal at SRER
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How do woody encroachment and land
management affect belowground C pools?

|. Leaf litter inputs

ll. Decomposition
rates

Ill. Spatial patterns of
soll organic carbon

V. Long-term SOC
dynamics




. Leaf Litter Inputs

e Litter traps = spatial
& temporal
distribution of inputs
— litter type
— C:N
— tree size
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. Leaf Litter Decomposition

- Litterbag study

- 2 litter types
-mesquite
-Lehmann lovegrass

- 7 land cover trts

- Bags deployed O, 1, 3, 6,
12 months

- Analyses: mass, %C,
%N




Vegetation{

Abiotic

... -UV degradation
Blotic -Physical fragmentation
-Temperature
-Moisture

-Invertebrates (termites)
-Microbes

Litter inputs | Decomposition
-Species/genotype

-C:N ——
-Lignin Respiration losses
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Litter inputs - High SOC, TN, microbes




Mesquite canopy 2005 Girdled 2005 Cut

High SOC, TN, microbes

1960 Skeleton  Grass 1935 Cut Bare ground

Low SOC
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Single exponential decay model
Mesquite

bare
B old stump
B skeleton

new stump
girdle
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egetatio

Abiotic

... -UV degradation
Blotic -Physical fragmentation
-Temperature

-Moisture

-Invertebrates (termites)
-Microbes

Litter inputs | Decomposition

-Species/genotype
-C:N ——
-Lignin Respiration losses




I1l. Spatial Patterns of Soil C

e Spatial analysis of
SOC, N, & root pools

 Target trees
— Live (small — large)

— Dead (different sizes
& time since death)

— Grazed/ungrazed
* Precipitation gradient

Hypothesized SOC Distribution

Y = young tree
M= moderate-age tree
0= old tree

Trunk  Canopy edge Herbaceous
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Soll Organic Carbon
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Soll Organic Carbon
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Soll Nitrogen

@® small sizeclass
@ medium size class
VvV large size class

=

o

(@)
[]

=

AN

(@)
[]

C\T\

£

~

2

C -
S 120
(@)}

2

=

80 -

60

Canopy Herbaceous zone
edge

Distance from trunk -

** P <0.001




V. Long-term
SOC dynamics

Vegetation change Is long-term, large-

scale process - experimental work
difficult

Ecosystem modeling as a predictive tool
— large temporal and spatial scales

— management & climate change scenarios
— directions for future experiments




Ecosystem Modeling at SRER

CENTURY MODEL

« CENTURY model

— parameterization
— adapt for arid systems

o Land-use history & C pools EE==ms

— simulation of past SRER management (grazing,
brush management)

— predictive modeling of current & novel
management strategies (e.g., C sequestration
credits)

« Climate change scenarios
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