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Soil

organic matter

|

| |

Living Identifiable Nonliving,
organisms; dead tissue: nontissue;
BIOMASS DETRITUS HUMUS

HUMIC NONHUMIC
SUBSTANCES SUBSTANCES
Extract
Insoluble with alkali 5| ple
organic (NaOH) organic

l

Treat with acid 1t
T & Traditional

Precipitated Soluble | SO” Orgar"C

condensed,
s | I matter
with clays Humic Fulvic concepts
acids acids f : :
molecular wi. Fig. 12.11 from
(up to 300,000) Brady & Weil,
14t edition,2007
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An often-cnted model of “humlc aad”

(
\

wﬁwnh carboh drate hexape tlde and h
L y }:

H -R. Schulten and I\/I Schnltzer 1997. Soll SCI 162: 115 130.




' Butis soil humus really made of humic /:

1 ? 4 ) 'q
a Historical view SU bSta n CeS
Observed Interpretation ‘
-
N 1 |
| P> 4 | ) i
Wet chemical o |
extraction and 1 . |
: - Humic
Soil characterization 3 ga e Tl |
— exist in soil |
‘ b Emerging understanding
‘ Observed Interpretation
| | oS S

Direct observation
by in situ imaging

and spectroscopy ~ Simple
Soill biomolecules

exist in soil

Schmidt, et al. 2011. Persistence of soil organic matter as an
ecosystem property. Nature 478:49-50.
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" New classification of SOM pools and fractions i

based on recent insights

ISoiI organic matterl

Rapid turnover C
Labile Organic

Matter

*| Protected or slow

turnover C:;

Living
organisms:
BIOMASS

Free bits of
partially-
degraded

tissue:
Particulate OM

~of plant tissue

& microbial cell

walls:
Iﬁ(tlculate Ql%

Protected

biomolecules,
assemblages &
degradation
products

Black aromatic

proﬁ of

CHAR

*Protected on clay surfaces, in aggregates and in ultramicropores.

From: Weil and Brady. 2016. The Nature and Properties of SOI|S. 15t ed. Pearson
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SOM under dlverse

rotation versus

monoculture.

| (a) Greater quantity

’ ¢ | and quality of residues

enhances microbial

activity

(b) mega-aggregate

formation and

stabilization.

(c) enhanced microbial

activity

(d) (d) increasing stocks
(SOC & N] [ SOe Al ] of stable SOC and TN.

Tiemann, L.K., A.S. Grandy, E.E. Atkinson, E. Marin-Spiotta, and M.D. McDaniel. 2015. Crop

rotational diversity enhances belowground communities and functions in an
agroecosystem. Ecology Letters 18:761-771.

(b) 2mm




Start of cultivation Changes in soil organic

matter fractions due to
‘ Plant residues cultivation and soil

management

. Active Organic Matter
(labile, unprotected C) Cultivation ceases or
improved agricultural

practices are adopted

Total soil organic matter
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Passive Organic Matter
(stabilized and protected humus)

O 10 20 30 40 50 60 70 80 90 100 110 120 130
Time after start of cultivation (years)

From: Weil and Brady. 2017.The Nature and Properties of Soils. 15" edition. Pearson.



Conversion of cropland to pasture in temperate Argentina
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This page is being updated.

Thank you for your interest in this topic. We are currently updating our website to reflect EPA's priorities under the leadership of President
Trump and Administrator Pruitt. If you're looking for an archived version of this page, you can find it on the January 19 snapshot.

Here's what our Public Affairs Office released about these changes.

o ways to help you find what you are looking for:




Below ground (soil) carbon stocks in US Forests
“Total amount of carbon stored in aboveground forest biomass (living and dead)

varies far less across diverse forest types than does belowground G, with an
average aboveground stock for US forests being 55 Mg C ha-1; this is dwarfed in
compar ison by how much C is harbored in belowground pools.”

e et——
AK- Aspen/Birch

Lodgepole Pine

Longleaf/Slash Pine

QOak/Pine
Loblolly/Shortleaf Pine : b | ~80-90 Mg C/ha
Oak/chkory e ] '

W. Aspen/Birch
Hemlock/Sitka Spruce
Western Spruce-Fir .
Pinyon/Juniper
Douglass-fir ,
Ponderosa Pine
Elm/Ash/Cottonwood

®  White/Red/Jack Pine
LB E. AspenlBirch _ H
Maple/Beech/Birch a

0 1000 2000 3000 4000 O 100 200 300

Total Soil Organic C Stock Area-weighted Soil Organic C
(Tg C) (Mg C per hectare)

D'Amore, D. and E. Kane (2016). Climate Change and Forest Soil Carbon, U.S. Department of Agriculture, Forest Service.

AK

SE/SW

West




gigatonne carbon

" land area

B biomass

B i

T ay ", 0 0 :p o)
{‘& &EEJ D@H .D{E?J {‘(3 7 ‘Fg“ NG _E&'b{‘
A S PN & RO &
o :fé > - o A £ Ld ‘x
& P A O & & B
R A . & &~
‘FE' '@'{F -ﬁ,ﬂq 1::.& ¢ ﬂ?‘ L
oy o N
o & .
i 'ﬁ? Er.."ﬂ-.,_-.




CO,-C 817 Atmosphere CO,-C Sink 4.1
Plant Biomass C

PgC
Boreal 78-143
Temperate 73-159 Biome C Sink
Tropical 206-389 Pg C y1

Boreal +0.49-0.70
$ Temperate +0.37
Soil Organic C (0-1m) Tropical +0.72-1.30

Bbreal: ;. o 7 398
Temperate 153-195
Tropical 214-435
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Average Percent Carbon in Master Horizons
Prince William Forest Park

g SOC /100 g soll

Average Grams of Carbon Per Unit Area of Soil For Master Horizons
Prince William Forest Park

g SOC [/ m?

Horizon € Horizon O

Horizon A

10.00 15.00
Percent Concentration C

Horizon B

Horizon C

1000.00 2000.00 3000.00 4000.00 5000.00 6000.00
g/m”*2C




YAV

acres X ha X 106 SOC in 1 mSOC in Md SOC to 1 m MMtCOZe

\Land Use 10%in Md in Md (Mg/ha)to 1 m (Mg) in Md (Tg) in Md

5‘forest 2.4 0.972 80 77760000 78 285\

“crops 1.5  0.6075 50 30375000 30 111

%turfgrass 1.3  0.5265 80 42120000 42 154,
;wetlands (non-tidal) 0.23 0.09315 200 18630000 19

itotal vegetated 543 2.19915 168885000 169 619

-

2 annual potential sequestration 0.3-1.0 0.66-2.2 24 - 8
(sequestration would decline over 20-30 years)

o References for land areas:

B8 Wetland: https://water.usgs.gov/nwsum/WSP2425/state_highlights_summary.html and

¥ http://planning.maryland.gov/PDF/OurWork/LandUse/County/Statewide.pdf

¥ Cropland:www.mdp.state.md.us/...Farmland/2012_Census_of_Agriculture_Farms_Farmlands.pdf
ITurfgrass:http://www.environmentmaryland.org/reports/mde/urban-fertilizers-chesapeake-bay
b Forest:http://planning.maryland.gov/PDF/OurWork/LandUse/MDP2010_LU_Summary.pdf

¥'|References for C stocks:

s Wetland: Fenstermacher, D. E., et al. (2016). "Carbon in Natural, Cultivated, and Restored Depressional Wetlands in the Mid-Atlantic Coastal
fPlain." J of Envi Qual 45(2): 743-750.

4 Cropland: Wang, F., et al. (2017). "Total and permanganate-oxidizable organic carbon in the corn rooting zone of US Coastal Plain soils as

" affected by forage radish cover crops and N fertilizer." Soil and Tillage Research 165: 247-257.

M Turfgrass: Selhorst, A. and R. Lal (2013). "Net Carbon Sequestration Potential and Emissions in Home Lawn Turfgrasses of the United States."
¥ Environmental Management 51(1): 198-208.

' Reference for potential sequestration rates: Lorenz, K. and R. Lal (2010). Carbon

.sequestration in forest ecosystems. New York, Springer.
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products
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Increase SOM levels by: 0 | | Org an | C Matter

* Soil conservation

- Green manures / cover crops M all a.g elnen t

* Return of plant residues

+ Controlled grazing — al an C| N g C | f p Uts

* High soil moisture

- Surface mulch Wlth OUtpUt

« Composts & manure

* Appropriate N levels Decrease SOM by:
* High plant productiity « Erosion

* Year ‘round and perenni -l vegetation * Intensive tillage

* High plant root:shog# 3 Whole plant removal
High temperatures
Overgrazing
Dry soil conditions
High temperature/direct sun
Fire
Reliance on inorganic

——— fertlllzers

—
Tlllage ‘ * Excess mineral N

* Low plant productivity
* Low plant root:shoot
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6 314 PA Cropland soils (0-15 cnm
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® § SOM=2.8+0.
2+ R2= 0.18
N= 314
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Soil group (Alluvial, Limestone, Piedmont, Shale)
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%Syn'erg'istic effect on soil health- when cover crops and
no-till managementare combined.

/' 4 N
NE/ g ™3 1.4

1.21 Southern lllinois on a moderately eroded
' Grantsburg silt loam (fine-silty, mixed,
mesic Typic Fragiudalf) 12 y study.
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Our mid-Atlantic project on “Deep
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COVERICROPS|

ADDING NUTRIENTS TO
YOUR BOTTOM LINE
- NOT TO THE BAY

- Triticale, radish and clover after silagecorn =~ = %
oy Be /«;., b A BT R , . :
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(_)i;ganlc C in 2 Midwest US agrlcultural soils !

s as influenced Qy g:[roq resudg
58 sof \
‘E O | % G 35
oD D<= a0l
5= 5= % .
S S
%) h
12
Aboveground inputs Aboveground inputs
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Belowground inputs Belowground inputs
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Russell et al.(2009). Nitrogen fertilizer effects on soil carbon balances in
Mldwestern U.S. agricultural systems. Ecological Appllcatlons 19:1102-1113.
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Net changé in stable soil C after 56 day soil incubation
with wheat straw & N, P, S (No Live Plants)

el Coffetantaatios i ity
S 4 2 \.. "_ ¢ g . ‘l ,' . . o ; : .
T S A7 S

2]

= B soil only (control)
Z )
n soil + straw
- 3000
o B soil + straw + nutrients e
E 2000 - ilE 27.2
Q
& 1000 [ 14.7 10.4 NS
= % 4.1 3.6
& 0 =
& 0 o !
S 7.7 7.0
g -1000 | O A1.2
= -16.9
1 Z 3 4
(sand) (sandy loam) (sandy clay loam) (clay loam)
(8% clay) (15% clay) (25% clay) (60% clay)

. A



INIV&“'WBU\ YAVRN, TN - 7 ! WW"'D"' ETVOEN T EY SIS A | RNON RS :

" No-till increases SOC in surface layers - but what 2
) about in deeper soil layers?
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90 = Wang, F., R. WEell,
~ and X. Nan. 2017.
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Learning about roots isn’t easy —
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First proof of “bio-drilling” to alleviate subsoil & )/1

compaction published in 2004 | ,.
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~Roots of corn
ifollo_wmg rye, 1o
radish or no
Y winter cover
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*, ** = significant
difference at P=.05, .01

45 cm? —

Cover Crop

Soil depth, cm

e Forage radish
A No cover
m Rye |

Late July
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Cornroots = 0.75*Coverroots - 1.47
R*=0.68, p=0.0115
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15N tracer Placed 2, 4 & 6| 5N in cover crop by 05 Dec. |
feet deep in late August - g cjoyer ~ COver crops
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%f'- Land use gsml manage,ment%hanges typlcally r,elease or
= -sequester soil Cat 0.2 to>1 Mt C y..

The more degraded the 50|I the greatemis potential for C
sequestration "

Ko Maryland soil may be able to sequester 2 to'8 MIVItCOZe
.4 annually

Soils also play major role for NO, and CH,.




