[image: image2.jpg]500 —+

400 1 ‘ 3 é . ‘ | y . . N .
£ 300 +
&>
3
< 200 +
)
s —m—SLT 4
2100+ erect O —0—SLT 6-be
,ﬁ%" L E - ,z@ SLT 6_eb
0 et | : : ; a | | —
O.T% ‘1.0% 12% 14% 16% 1.8% 20% 22% 24% 26% 28%
-100 Organic Carbon, 0-10cm

Fig. 4.  Influence of OC, on predicted GM in SLTs 4, 6-be and 6-eb assuming median rainfall. For SLT 4 the
predictions assume median EAP; (5.23%) and for SLTs 6-be and 6-eb, median AvP; (6.6 ppm). The
points show predictions at the 0, 25, 50, 75 and 100 percentiles of OC;. The dotted lines show the 95%
confidence limits.



PUTTING A DOLLAR VALUE ON ORGANIC CARBON IN SOIL
Pam Pittaway, Chrysalis Landscape Consultants www.grubbclc.com.au
31 Douglas McInnes Dve Laidley, grubb@hypermax.net.au, 

Interest in soil health is increasing, at a time when the concentration of organic carbon in our cropping soils has decreased by up to 50%. Soil organic carbon is the essence of soil health, because of its contribution to soil fertility, soil structure, nutrient and water holding capacity, and to the survival, activity and diversity of soil animals and microbes. Putting a dollar value on soil organic carbon is difficult, but ignore it at your peril!

Organic Carbon as the Key to Economic and Environmental Sustainability

The depth of leaf litter and humus covering the soil when regions such as the Darling Downs were first farmed sustained high crop yields for the first decade. Several decades later, the organic carbon (OC) concentration in cropping soils has declined (see Figure 1). Despite the use of inorganic fertilisers to replenish nutrients exported offsite in crops, harvest yields are no longer as responsive to farming inputs. Lack of available water, subsoil constraints, increased pressure from root diseases, and the difficulty in matching crop nutrient demand with seasonal conditions has contributed to this decline in ‘soil health’. Historically, organic carbon has not been considered as a farming ‘input’. However, farmer experience and recent research (refer to Figure 2) highlights the importance of organic carbon in sustaining crop yields and profitability.  
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Figure 1: The concentration of organic carbon (OC) in Darling Downs cotton soils cropped for 40 to 60 years (striped bars) relative to uncropped paddocks (solid bars). The smaller bars (mauve) show the amount of simple organic compounds and microbes extracted as high turnover OC, and the larger bars (lemon) show the amount of more stable, low turnover (decades to hundreds of years) OC. Loss is proportionally greater in the low turnover OC. Data is from Conteh and Blair (1998) Aus J Soil Res 36 pp 257-71
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Figure 2: The dollar value of soil organic carbon. A CSIRO study using comprehensive soil data from Wagga predicted farm gross margins on specific soil types from their soil organic carbon content. Assigning a single dollar value is difficult, because the value changes with soil type, season & cropping practice. Source Ringrose-Voase et al (1997) figure 4, CSIRO Land &Water Tech Rep 17/97

The Physical Properties of Organic Carbon and their Effects on Soil Health
Soil organic carbon consists of the very fresh residues of plants (light, waxy particles), smaller fragments broken down by soil animals and microbes (smaller, heavier particles), and microbially processed remnants either too tough for further degradation or protected from microbial attack within the core of clay particles (refer Can Do sheet 13, Taking on Soil Microbes for Sustainability). The resilient, ‘tough’ OC is humus, with a turnaround time of hundreds of years. The properties of OC differ with the degree of microbial processing. Composts are also microbially processed (stabilised and humus-like), and as Table 1 shows, can indicate the properties of the longer term (lower turnover rate) soil organic carbon pool. 

	Compost Sample
	Bulk density

g/L
	% water FC
	pH 


	EC 

dS/m
	OC

%
	Total Kj N %
	Mine-ral N
%
	Total P%
	Av P %
	Total K%

	Green waste
	430
	31
	5.87
	2.14
	27.2
	0.9
	0.03
	0.18
	0.03
	0.45

	Cotton trash
	215
	67
	8.4
	2.96
	20.8
	2.4
	0.05
	0.31
	0.11
	1.33

	Feedlot cattle
	510
	38
	7.7
	11.4
	22.3
	3.0
	0.01
	1.57
	0.22
	2.2

	Poultry layer
	200
	49
	7.1
	3.42
	15.7
	1.6
	0.42
	0.98
	0.50
	0.72


Table 1: Physical and chemical properties of four composts. All except green waste have been biologically stabilised, and sawdust was added to feedlot and poultry manure raw inputs (refer Can Do sheet 5 On-Farm Co-composting). Water holding capacity was measured at field capacity. EC is electrical conductivity (salt burning potential), Total Kj N indicates the slow-release organic nitrogen fertiliser value of the composts, and subtracting the available P from Total P indicates the slow release fertiliser value of phosphorus. Of the Total potassium (K), more than 80% (dry weight basis) is in the mineral form.

With respect to the physical properties of soil, organic carbon has two key effects. Plant litter protects the soil surface from temperature extremes, and from the erosive impact of rain droplets. Litter provides refuge and food for burrowing soil animals, physically increasing the proportion of air-filled pores available for root penetration and soil drainage (refer Can Do sheet 3 What is a Healthy Soil). Smaller, microbially degraded particles move with water, down the soil profile (the dark staining). In heavy soils, the organic component improves drainage and increases plant-available water by increasing the number and diversity of size classes of soil pores. In sandy soils, the water-loving humus and the binding action of fungi and bacteria feeding on the organic carbon also increase the plant-available water holding capacity of the soil (see Figure 3).  
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Figure 3: Effect of the organic carbon content of three different soil categories on the amount of plant available water stored in the top 25 cm. Water storage depends on the size and number of soil pores (the sponge effect), and on the ability of charged organic and clay surfaces to bind water. These properties change with the quality and quantity of OC present in the soil, and with soil texture and clay type. Data from Hudson (1994) J Soil & Water Con. 49 pp 189-94.   
Testing a Compost for its Water Holding Capacity

As some South and Western Australian farmers know to their cost, not all forms of organic carbon improve the plant available water reserves in soil. In low rainfall, sandy soils, the waxy coatings present on plant surfaces can melt onto sand particles, repelling water (hydrophobic or water-repellant sands). In higher rainfall regions or on soils with a higher clay content, the waxes are microbially degraded or chemically absorbed. 

The presence of waxy compounds is a good indicator that a compost is unstable, and likely to repel water. Test for this by placing a handful of the compost onto the surface of a bucket full of water. If the organic particles have been biologically degraded, they should sink readily. Microbially stabilised particles will have humus-like properties, and when the wet compost is held above the bucket on the palm of your hand and allowed to drain (field capacity), squeezing the sample will indicate the extra ‘bound’ water (water-loving or hydrophilic). In Table 1, the cotton trash compost watered to field capacity retained as much as 67% by weight of water. 

The ability of a compost to wet up and to retain water is extremely important for the potting mix and landscape soil industries. Standards Australia includes tests for wettability, permeability and total water holding capacity to ensure that a product is ‘fit for purpose’ (AS 3743 & 4419). Manufactured soil and potting mixes not meeting these standards may not support plant growth.

The Biochemical Properties of OC and their Effects on Soil Health
Organic carbon rarely exists as the pure combination of oxygen, hydrogen and carbon. Formed biologically during plant or microbial growth, the inorganic minerals essential for growth locked within OC is termed organic matter. Over time in soils, the mineral component of organic matter is concentrated to approximately 1.7 times greater than the mass of the OC alone. Soil testing laboratories calculate the organic matter content of a sample, by multiplying the accurately measured organic carbon concentration by the constant value of 1.724.

The amount of N, P & K (Table 1) and S & Ca contained in organic matter can be high. Plants only take up water-soluble (inorganic) nutrients, with microbial activity converting organic matter into inorganic nutrients (refer Can Do sheet 12, How Plants Acquire Nutrients for Growth). This slow-release fertiliser has the advantage that the rate of release is dictated by the season. Increasing the proportion of fertiliser in soil in the slow-release form improves plant health by matching the nutrient supply with seasonal growing conditions. In Figure 4, peaks in the activity of microbes in the soil cause peaks in the release of nutrients from stabilised organic reserves. Plants over-supplied with soluble inorganic fertiliser early on in the season can ‘overcommit’ to plant biomass, suffering when drought or other environmental stresses hit them later on in the season. Stressed plants are prone to disease and pest attack, at the farmer’s cost!



Without a supply of diverse organic carbon, the only food available for microbes and soil animals are actively growing plant roots. Under these conditions, pathogens and pests thrive. To out-compete these damaging organisms, to increase the supply of slow-release fertiliser and to maximize plant available water, the concentration of stabilised organic carbon in soil must be increased. The size of the dormant microbial population (baseline in Figure 4) is linked to the amount of total organic carbon in the soil. To increase the microbial population from level 1 to level 2, more stabilised organic carbon must be added. Retaining stubble and reducing the frequency of tillage will maintain soil levels, but significantly increasing the OC concentration may take decades. A pasture phase builds up OC in the short term, as does adding stabilised compost (refer to Can Do sheet 5, Doing your own Field Trials with Compost). 

Putting a $ value on OC is difficult, but can you afford to do without it?
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Figure 4: Hypothetical changes in the activity of soil microbes over time. Favourable conditions (rainfall, incorporation of crop residues) will stimulate activity. Unfavourable factors (tillage, injection of Big N, drought) will reduce activity. The baseline is the microbial population in the dormant state. 
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		Data for Can Do sheets & presentations

		Organic C and water retention in soils: data from Hudson 1994, J Soil & Water Conserv 49 pp 189-194

				0		0.5		1.2		1.7		2.3

		sand		1		1.5		2		2.6		3.2

		silt loam		2.3		3.2		4.2		5.1		6

		silty clay loam		1.6		2.3		3		3.7		4.4
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