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Carbon Sequestration and Greenhouse
Gases Mitigation in
Forage/Grassland Systems in the USA
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Dr. Doo-Hong Min
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» Carbon Sequestration

» Greenhouse Effect and Greenhouse Gases
» Greenhouse Gases and Grassland

> Bio-Energy crop (i.e., switchgrass)

> Strategies to Reduce the Greenhouse Gases

» Summary and Conclusion
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Carbon sequestration is defined as a tool of
storing carbon into the plants and the soil from
the atmosphere.

The amount of C that will be stored depends
heavily on good soil management and
appropriate land use.

Concern: over the past century, the Earth’s surface

temperature has warmed by 0.5 °C

- Global shifts in vegetation or ecological zones

- Impacts of potential global climate change
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Agriculture plays and has played a major role as a

source of greenhouse gas emissions,

But, agriculture can also be a major sink for C

sequestration.

* Much of the United States agricultural
soils have lost up to S0% of their original
soil organic carbon due to negligent
agronomic practices (i.e., land clearing and

heavy tillage)
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‘Central U.S. corn belt; 0-20 cm

I Reduced Tillage |»

1900 1910 1920 1930 1970 1950 1960 1970 1980 1990

» United States cropland can sequester around 75-208

million metric tons of atmospheric carbon per year.

» “Increasing the organic C content of degraded soils by
0.01% per year could lead to C sequéstration equal to the

annual increase in atmospheric CO,-C.”
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> GHGs act like the glass in a greenhouse

- They absorb infrared light from the sun,
trapping this heat and warming the earth
> Because of the GHG effect, the average surface

temperature of the Earth is about 15 °C, instead
of - 18 oC

In 1997, Kyoto Protocol was signed and aimed at

reducing emissions from the participating countries

to at least 5% below 1990 levels, by 2008 to 2012.
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> Carbon dioxide; the burning of fossil fuels

> Methane; landfills, wastewater treatment,'rumen

fermentation, and liquid manure systems

> Nitrous oxide; soils after nitrogen fertilizer or manure

1850: 280 ppmv CO2 =P 1995: 365 ppmv CO2
~600 ppmv CO2 by 2100
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CHg4, ppbv N20, ppmv

e In 2000, agricultural activities were

responsible for 485 MMT CO, Equivalent,
which is approximately 9% of the total U.S.

emissions (EPA, 2003)
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» GWP; the ratio of global warming or

radiative forcing from one kilogram of a
greenhouse gas to one kilogram of carbon
dioxide over the 100-year period.

» This GWP index provides a way to calculate
the contributions of each of the GHGs to the
annual increases in radiative forcing

Emissions and global warming potential of three greenhouse
gases from the U.S. and U.S. farming activities

CO, CH, N,0

Emissions from all U.S sources (MMT of gas) 5287 31 0.471
Emissions from U.S. agriculture (MMT of gas) | 157 9 0.174
U.S. agriculture/all U.S. emissions 3 29 37
Global warming potential (100 yrs relative to CO,) 1 21 310
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Roles of pastures and hay
lands for mitigating

greenhouse gases

* United States grazing land can sequester
up to 30 to 90 million tons (Tg) of
atmospheric carbon per year by using best
management practices Such as controlled
grazing, improved varieties, and proper

fertilizer and manure application.
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Carbon Sources in Forage Fields

» Growth and die-back of forage plants
» Forage wastage during grazing
> Plant root mass

» Manure deposition

> Photosynthesis (recycling CO,)
» Ground cover (less erosion and runoff)
> Bio-energy crop (i.e., switchgrass)

> Less manure/animal waste problems
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> Better water quality

- Riparian buffers established along a stream

- Grass waterways on a steep slope area

> Less nitrogen fertilizer by planting legumes

Soil Quality

Enhanced:
+ Soil C content
« Aggregation
« Soil chemical environment
+ Effective rooting depth
« Soil biodiversity

Air Quality
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Grazing vs. Haying
» The rate of increase in SOC is higher under grazing
than when hay is removed.

» Grazing returns 60 to 95 % of indigested nutrients

to the pasture as excreta.

> Stubble production with grazing can be up to 5 %

greater than with mechanical harvest.

» Provide a good amount of organic matter in the soil

» Makes more stable soil aggregates
> Increase earthworm and biological populations

> Reduce fossil fuel energy costs
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Relative GWPs (CO, equivalents, g m2 y!) for different management systems. Negative

values indicate a global warming mitigation potential.

Ecosystem co, Net

Management Soil C | N fert. | Lime I Fuel N,0 CH, GWP
Annual Crops (Corn-Soybean-Wheat)
Conventional
Tillge 0 27 | 23 | 16 | 52 | 4 | 114
No till -110 27 34 12 56 -5 14
Low input with
le(;umepcovcr -40 9 19 20 60 -5 63
O ic with
lomome cover 29 0 0 19 56 -5 41
Perennials
Alfalfa -161 0 80 59 59 -6 -20
Poplar -117 5 0 10 10 -5 ~105
Early
o sion 220 | 0 0 0o | 15 | -6 | 211
Late S. Forest 0 0 0 0 21 25 -4

- More stable soil aggregates

Less soil compaction

Better soil quality

Better water holding capacity

Better protection against erosion

Better nutrient-supplying capacity
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Stiﬁategles for increasing
sml carbon in cultlvated soils

> Reduce tillage intensity (i.e., no-till or minimum till)
> Intensify cropping systems

» Use higher yielding perennial forage species/varieties
» Use organic manure

> Eliminate summer fallow

> Avoid burning of residues

Soil Organic Carbon (kg/m?)

S. Bromegrass >> Wheat or Flax
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Annual rates of soil carbon change in Iowa (0 - 20 cm)

Year 1 — 10 after management change

Intensive No-Tillage CRP
tillage
County mmemwmmmmmmmeemeea= kg 2! yr! oo
A 149 625 843
B 132 648 940
C 130 631 967
Year 11 — 20 after management change
Intensive No-Tillage CRP
tillage
County = ceemeeeseemeeeee kg ha! yr! «-—-eeceeme -
A 72 351 438
B 63 361 459
C 55 346 ‘ 454

> Native to North America

> Perennial Warm-Season Grass

» Wide Range of Soil pH (5.5 - 7.0)

> Higher Water Use Efficiency
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~ Switchgrass for Biomass Fuel
> Responsive to Warming Climate
> Higher Bioenergy Content (BTU)

» Higher Net Energy Gain than Corn

Ethanol (energy output/input ratio=

4.4 vs. corn ethanol; 1.2)

> Paper

> Ethanol
> Biofuel pellets and briquettes
> “Straw Bale” Housing

» Automobile door pahel
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» Grazing management

so ;carbon m .}grassland

» Use of organic manure

» Improved use of fertilizers

> Planting of improved species/varieties

Comparison of total soil carbon and nitrogen of the top 0 — 5 cm
depth for meadow, cool-season grass, warm-season grass, and
corn-soybean rotation in Ohio

Crop Years Total carbon  Total nitrogen
----------- -- kg ha! e
Meadow 4 12,037 1,139
Cool-season grass 10 21,877 2,359
Warm-season grass 8 13,663 976
- Corn-soybean 7 11,874 895
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Nitrogen Sources in Forage Fields

> Chemical fertilizer
> Animal manure

» Nitrogen fixation -

» Pre-sidedress nitrate test (PSNT) for corn

> Split application of fertilizer or manure
» Use of cover crops

> Planting legumes into the pasture

» No manure apblication to fallow fields

in fall and winter
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N,O Emission (kg N ha! yr!)

40 —+
FCW; Fertilized Crested Wheatgrass
3.0 —+ HGP; High Grazing Pressure
) MDP; Moderate Grazing Pressure
20 -
1.0 -
0.0

FCW HGP  MGP
45 kg N/ha 0.9 ha/steer 2.6 ha/steer

» No manure application onto wet soil

> Avoid excessive manure applications

» Improve Sbil aeration

> Lime acid soils ( optimum soil pH of 6 —7)
» Apply manure or fertilizer based on soil N,

manure N, and crop nutrient requirements
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» Carbon sequestration will enhance the soil,
water, and air qualities.

» CO,, CH,, and N,O are the major GHGs
and reducing N,O is very critical in agriculture.

» Nitrogen fertilizer and manure management
will play a key role in reducing N,O emission.

» Developing a bio-energy crop will contribute to
the reduction of greenhouse gases.

» Carbon sequestration;.
- Long-term win-win process in agriculture
- Effective tool to increase sustainability (i.e., agronomic productivity,
profitability, and environmental quality)

- Carbon credit; another possible source of inconie in the USA

» Carbon sequestration and greenhouse gases emissions should be considered

as a full-cost accounting at the whole-farm or regional landscape scale.
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