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Soil carbon sequestration potential under conservation-sensitive management regimes
General issues

One of the main options for carbon mitigation identified by the IPCC is the sequestration of carbon in soils. When agricultural land is no longer used for cultivation and allowed to revert to natural vegetation or replanted to perennial vegetation, soil organic carbon can accumulate. This accumulation process essentially reverses some of the effects responsible for soil organic carbon losses from when the land was converted from perennial vegetation. In practice the carbon sink capacity of the world's agricultural and degraded soils is 50 to 66% of the historic carbon loss of 42 to 78 gigatons of carbon. The soil organic carbon (SOC) pool in natural ecosystems in moist temperate climates may range from 50 to 150 tons/ha, i.e. 5-15 kg C/m2 (to 1m depth), and this carbon reservoir represents a dynamic equilibrium of gains and losses. The rate of soil organic carbon sequestration with adoption of recommended technologies depends on soil texture and structure, rainfall, temperature, farming system, and soil management. Strategies to increase the soil carbon pool include soil restoration and woodland regeneration, no-till farming, cover crops, nutrient management, manuring and sludge application, improved grazing, water conservation and harvesting, efficient irrigation, agroforestry practices, and growing energy crops on spare lands.
Carbon sequestration in soil and vegetation

Extensification of agriculture and afforestation offer the greatest potential for carbon sequestration, whereas amendment of soils with animal manure, sewage sludge or straw has limited potential. Maximum rates of carbon accumulation during the early stage of perennial vegetation growth (post cultivation), are usually much less than 100 g C/m2/y. Published rates vary widely:-
	Conversion to…
	Carbon accumulation rate, g C/m2/y

	forest
	33.8           (Post & Kwon, 2000)

	grassland
	33.2                       ( “   “ )

	no tillage
	57              (West & Post, 2002)

	enhanced rotation complexity
	20                          ( “   “ )


SOC accumulation continues over 5-20 years until a new equilibrium is achieved. Hence the rate of carbon sequestration peaks in the first 5-10 years and subsequently declines to zero.
Specific considerations for Gwent

Changing the land use regime from cultivation to permanent grassland, scrub or woodland, as proposed in the Wysewood Common project, would enable significant carbon capture in soil and vegetation. It is hard to estimate specific rates applicable to the climate and soils of Gwent but, assuming 50 g C/m2/y for all new conservation-sensitive land use regimes during years 3-8 (after acquisition), 30 g C/m2/y during years 8-15, and 10 g C/m2/y during years 15-20 (with zero thereafter), the estimated total fixed carbon for the whole 42 ha estate, over the project lifetime, would be almost 180 tonnes, as shown below. Additional carbon emissions from grazing animals would be offset by inputs of carbon as dung. Reduced emissions of carbon from fossil fuels by reduced use of machinery in the new land use regimes is accounted for in the figures used to calculate net carbon capture. If biomass crops such as short rotation willow coppice, Miscanthus, or Reed Canary Grass were grown and used in substitution of fossil fuels for heating, additional net savings in carbon emissions could be achieved.
	Land use regime
	area ha
	5y @50 *104
	5y @30 *104
	5y @10 *104

	Existing woodland
	2.2
	Zero rate
	Zero rate
	Zero rate

	New woodland
	3.7
	925
	555
	185

	Natural regeneration
	5.54
	1385
	831
	277

	Hay meadow
	5.7
	1425
	855
	285

	Arable
	3.1
	775
	465
	155

	Silage
	18.6
	4650
	2790
	930

	Long grass/scrub
	2.9
	725
	435
	145

	Sub-totals
	
	9885
	5931
	1977

	Total for estate
	41.7
	177,930,000 g (178 tonnes) fixed carbon


Research opportunities

The GWT Wysewood Common project offers a unique opportunity to measure rates of net soil carbon flux under different land use regimes during the transition period following cultivation. Such data would be of value in contributing to the growing body of scientific evidence regarding carbon balance, and the potential contribution to be played in the future by changing agricultural regimes. Little detailed evidence currently exists for the response of relatively thin soils in moist temperate climates, as opposed to deep prairie soils and degraded lands. Methods of monitoring short term CO2 fluxes as well as longer term soil carbon pools are well established. Comparing such measurements between the various post-cultivation land use regimes proposed would provide unique and valuable information for agricultural management prescriptions and predictions of soil carbon-balance.
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Carbon sequestration through above-ground storage in vegetation
The section above by Dr P Randerson, School of Biological Sciences, University College Wales Cardiff, concentrates on sequestration of carbon in soils. Reference is made to reduced emissions through lower vehicle movements under the anticipated management regime, and to emissions from livestock (with lower stocking densities envisaged), but no quantitative account is taken of these.

Carbon sequestration through development of greater amounts of vegetation above ground is very significant. The standard DEFRA figures for carbon sequestration, as used in voluntary and certified carbon offset schemes, is 1 tonne of carbon sequestered for every 5 trees planted in a temperate climate, over the lifetime of the tree. This is the basis of the carbon sequestration figures used by Woodland Trust to calculate the benefit from their planting schemes.

5920 trees will be planted on site. In addition, there will be further development of trees through natural regeneration, in areas specified for natural regeneration around the woodland plantings, and in the strips around each compartment which will be uncut, and develop into tall grass with scattered saplings during the restoration phase. A very conservative estimate of the further trees to develop as a result, gives a total of 7000 trees to be planted or naturally germinate on the site. This will give a carbon sequestration figure of 1400 tonnes, in addition to the 180 tonnes stored in soil.
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