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Soil degradation
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Soil degradation and its impact on other systems
(hydrosphere, atmosphere, biosphere)

*Erosion

*Decline in organic matter
Contamination (local and diffuse)
*Paving

«Compaction

Loss of biodiversity

«Salinization

Floods and landslides







Soil loss in 2017

National average erosion ~2-5 tons/acre/year
Rate of formation is ~0.1 to 0.5 ton/acre/year
Some regions lose soil at 30-40 tons/acre/yr

In years of severe weather, areas of lowa suffer
losses of 100 tons/acrel/yr

One year, thousands of acres in lowa lost 50
tons/acre in one storm e
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Soil degradation in the Pampean Region
of Argentina
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Increased Soil Health

Higher soil organic carbon
Better solil structure
Greater microbial activity

Greater resilience
— Water
— Nutrients

L ower economic risks

Less soil degradation




Inherent soil differences vs differences due to management.
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Fig. 2. Conceptualization of dynamic soil quality trends from time zero (T;). Adapted from Seybold et al., 1998.

Use of “baseline conditions” to assess response of soil to

subsequent soil management decisions.
From Karlen et al. 2008




Keys to Future Systems

 Focus on Soil Health

* Intensify Systems:
— Fertilizer, water and energy management
» Efficiency not inputs
— Crop rotations

* Diversify Systems:
— Plant rotation and management




No-Tillage Cropping Systems
Conservation Agriculture

®*Restores soll carbon
®*Conserves moisture
*Saves fuel

*Saves labor

®Lowers machinery costs
*Reduces erosion
*Improved soill fertility
®Controls weed

°Planting on the best date
®Improves wildlife habitat
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Conceptual diagram of soil aggregate hierarchy

Plant root

Microaggregate 20-90 and 90-250 pym

Plant and fungal debris

Silt-size microaggregate with microbially
derived organomineral associations

Clay microstructures

Particulate organic matter colonized
by saprophytic fungi

Mycorrhizal hyphe

P Pore space; polysaccharides and other
amorphous interaggregate binding agents




P <0.0001

Extraradical hyphae (m g'1)

Mass >25 3 u aggregate (9g)
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Change in macroaggregate (>2000 um) over time

PG: prairie grass (big bluestem); NT: No-till sorghum; CT: Conventional till sorghum.
SFWSA: sand-free water stable aggregate (Mfombep and Rice 2014)




Ecosystem SOC sequestration rate (0-5 cm)

O CT
—— y=0.37x-74; r2 = 0.98
® NT
— y=0.78x - 16; r2 = 0.94
A RP
— y=0.89x - 18; rZ = 0.98 é
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Management Strategies for C

‘Sequestration

7 Develop Management Programs that
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° Crop Management
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Soil depth (cm)

Soil depth (cm)

SOC and TN stocks.

Soil organic C (Mg ha™ cm'1)

Soil total N (kg ha™' cm™)

0 4 5 6 7 0 100 200 300 400 500 600 700 800 900 1000
0 1 1 n 1 1 1 1 1 1 1 1 1 1 1 1 n
5 i

Ap® Ap®
1 e e T b FUUURUTRORURRR
[
A A
B0 e T,
C m C
45 A E
Ab Ab
S I—| Lo Jovf e e
A/Eb | A/Eb |
A'b Ab
....................... O DO S ST TPPPPRRPPPIN
90 -
— @ — Baseline 1992
ABb —@— CTHF ABb
—@— CTHM
0
5 A i
Ap® Ap®
15 + -
................................................................................................................... /
A A
B0 o e e e
C C
45 ~ B
Ab Ab
SN ISR | L e e
A/Eb | A/Eb |
A'b A'b
..................... O DOt O PP PU U TOPPPRRPPPIN
90 E
— @ — Baseline 1992
ABb : NT HF ABb
—&@— NTHM

120




ASOC (Mg ha™) ATN (kg ha)
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Water stable aggregates between 10 and 22 yrs of management
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Mean difference of sail organic carbonstodks (Mg hs™ cmi )
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Mean differences of soil organic carbon stocks in agricultural soils according
to tillage system (a, b), crop frequency (c, d), and use of legumes (e, f) as
compared pretreatment baselines in the cumulative 0-100 cm soll layer

Me an diference of o1l organic carbon sodkes (Mg ha™')
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Intense and diverse cropping
system

Soybean
~\
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Table 2.4. Average annual aboveground carbon input to the soil between 1985 and 2007 as

affected by no-tillage (NT). conventional tillage (CT). and crop rotations (RO and R2).
Source CT R2 NT RO NTRI1

2.80
1.58
2.46
4.68
2.94
1.51

Soybean
Wheat
Oat
Comn
Qat+Vetch -
Radish -

‘ Total 3.59 4.34 3.91 4.85 6.05
" Means with different letters between nitrogen sources within corn or total C inputs are significantly different
(Tukey test, P<<0.05). RO: soybean/wheat: R1: soybean/wheat/soybean/oat: R2: soybean/oat/soybean/oat+vetch/

corm/radish/wheat,
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Perennials
Miscanthus and Switchgrass
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oo s 1.0 1.5 20

l: 1 1 1
e | Al Miscaring = "H ——
," . =

|'I. I







"@ BiTEs .
f’ * \

KANSAS STATE .

UNIVERSITY
VI

CHUCK RIC_E

office 785-532-7217

cell 785-587-7215

' cwrice@ksu.edu

% wwiv.soilcarboncenter k-state.edu

S




