USE OF COMPOST 
1. Introduction

Compost is an organic product which is produced by the aerobic treatment/stabilization of biodegradable organics under specific conditions. It is produced from various types of organic wastes (e.g., household organic residues, sewage sludge, yard trimmings, food wastes, manure, etc.) in proper ratios by applying piles, rows, or vessels. In most cases, additives such as wood chips are added to the compostable materials in order to accelerate the breakdown of organic materials, and to allow the finished material to fully stabilize and mature. Mature compost production, includes the production of high temperatures which destroy pathogens and weed seeds that natural decomposition does not destroy.  

Compost is a stable material which contains humus and humic-like compounds, has a dark brown or black color and a soil-like, earthy smell.
2. Compost Benefits

For the Sustainable Agriculture, organic matter has been identified as a headline indicator of soil quality. Compost that meets the quality specifications for its production and use, supplies significant quantities of good quality organic matter, when applied to soil and, at the same time, provides useful plant nutrients. Compost use in agriculture can therefore contribute positively to cop production, and with good soil management, environmental and commercial risks can be minimized.
The organic matter, provided by compost application, can improve soil physical characteristics which, in turn, improve water holding capacity, reduce cultivation costs and save energy. Compost also has a low alkaline effect that can balance the acidifying effects of some artificial fertilisers in the soil, and a wide range of micronutrients (nitrogen. phosphate, magnesium plus good quantities of readily available potassium) beneficial to the plants. 
A summary of the benefits gained from compost’s use is presented below. Potential users should be aware off all these benefits and utilize them accordingly.
Benefits from the use of compost
· Improves the soil structure, porosity, and bulk density and creating a better root environment for plants  

· Supplies significant quantities of organic matter to soils
· Increase microbiological activity

· Supplying beneficial bacteria which assist nutrient uptake and help  suppress soil borne diseases
· Provides a variety of nutrients (some in slow release forms)

· Reduce or eliminate the need for chemical fertilizers
· Improving plant health, from germination, through growth and to  maturity

· Improves resistance to soil compaction and erosion

· Improves drainage and reduce erosion and runoff
· Improves the control of weeds
· Suppresses plant diseases and pests.

· Promotes higher yields of agricultural crops.

· Facilitates reforestation, wetlands restoration, and habitat revitalization efforts by amending contaminated, compacted, and marginal soils.

· Captures and destroys 99.6 % of industrial volatile organic chemicals (VOCs) in contaminated air.

· Remediates soils contaminated by hazardous waste

· Can bind and degrade specific pollutants

· Provides cost savings of at least 50 percent over conventional soil, water, and air pollution remediation technologies, where applicable.
· Increases water holding capacity
· Improves moisture infiltration and holding capacity of light soils reducing water loss and nutrient leaching

· Improves and stabilizes soil pH

· Improves cation exchange capacity (CEC) of soils and improving their  ability to hold nutrients for plant use

· Supplies a variety of macro and micro nutrients

· Supplies beneficial micro organisms to the soil improving nutrient uptake and suppressing certain soil-borne diseases
3. Compostable materials
Raw materials – wastes which can be used for the production of compost  with potential for composting are:

· Biodegradable organic fraction of municipal solid waste
· Yard and garden trimmings

· Grass 

· Leaves 
· Agricultural crop residues 
· Animal manure
· Food processing wastes  

· Forest products and paper production wastes.  

· Sludge from the biological municipal wastewater treatment plants 
· Sawdust
4. Compost applications
Compost, according to its qualitative characteristics, can be used in a significant number of alternative applications, the main of which are summarized below:

· Crop Production
· Soil Incorporant
· Turf establishment
· Garden Bed Preparation
· Reclamation / Remediation
· Nursery Production
· Sod Production
· Roadside Vegetation
· Container/Potting
· Landscape (e.g., rooftop, raised planters)
· Backfill Mixes (tree and shrub planting)
· Golf Course
· Manufactured Topsoil
· Bioremediation
· Garden Bed Mulch
· Crop Production Mulch
· Nursery Production Mulch
· Erosion Control Media
· Silt/Sediment Control Berm
· Turf Topdressing Growing Media Component
5. Parameters effecting compost quality
Table 1 summarizes the parameters that can affect the compost quality.

Table 1: Main parameters and their effect on compost quality 
	Parameter
	Comments

	Physical parameters
	

	Water holding capacity (%)
	The he amount of water that can be retained by  

compost and is available to plant.

	Organic matter  

(%)
	Material in compost which contains the organic compounds. It can be used for the determination of the level of decomposition of the organic materials in the compostable subject. Very low organic matter may indicate heavy mixing of non-organic soil matter.  

	Carbon to nitrogen  

ratio (C:N)
	A value obtain by comparing  total carbon to  

total nitrogen. This value is one of the factors used to measure the rate of compost  

decomposition.  

	Density (kg/m3)
	Provides a measure of how easily air and  

water can move through compost.  Low values reflect better flow.

	Moisture (%)
	Measure of water content. Moisture- content  

changes over time as organic mater is degraded  

	Inert or oversize matter (%)
	Any matter that does not have nutritive or  

chemical value in compost, such as racks,  

pebbles, glass, plastic, and other debris or  

matter impurities.  

	Plant nutrients
	

	Total nitrogen (%)
	A measure of total nitrogen. This value includes both organic and inorganic forms of nitrogen in compost. In mature composts, most nitrogen should be organic  

	Organic nitrogen  (%)
	The fraction of total nitrogen that is chemically  

associated with carbon in some form. In  

mature compost, organic nitrogen refers to most of total nitrogen presence.

	Phosphorus (%)
	An important plant macronutrient and  

mineral.  In excess, a potential environmental  

contaminant   

	Potassium (%)
	An important plant macronutrient and  

mineral.  Important for water movement into  

and out of plant cells.  

	Calcium (%)  
	An important micronutrient .Component of  

plant cell walls and enzymes.  

	Magnesium (%)
	An important macronutrient.  Important part  

of plant energy production from sunlight  

	Nitrates (ppm)
	A form of inorganic nitrogen that is readily  

available to plants.

	Nitrites (ppm)
	A form of inorganic nitrogen produced under  

certain conditions from ammonia that is toxic  

to plants. Elevated levels in compost may  

cause damage to plants.  

	Ammonia (ppm)
	Toxic to plants. A source of available  

nitrogen.  

	Chloride (ppm)
	Plant micronutrient.  Important for cellular  

water transport and plant energy production.

	Sulfates (ppm}  
	A form of sulphur which is a plant  

macronutrient. Important for general plant  

functions.  

	Copper (ppm)  
	Plant micronutrient. but toxic to plants at  

high levels. 

	Iron (ppm}
	Plant micronutrient.  

	Zinc (ppm)
	Plant micronutrient. but toxic to plants at  

high levels.

	Health concerns
	

	Heavy metals  (ppm)  
	 A potential heath risk and environmental contaminant.  They causes potential  phytotoxicity

	Fecal  coliforms (number/gr) 
	An indicator of health risk from bacteria, growing in conditions matching that of the human digestive tract.  Many fecal  coli forms do not  cause illness but grow in  similar conditions as those micro that do  

	Salmonella (number/gr)  
	An indicator of relative heath risk. Only  

selected species of salmonella cause illness  

and conditions must be ideal for sickness to  

occur.  

	Plant response
	

	% germination  
	Percent of cress germinating in control vs  

compost  

	% growth
	Weight of cres- grown in control  vs compost  

	Weed seeds
	Weed seeds are undesirable in gardening,  

potting soils, and other applications.   

	Chemical properties
	

	pH
	A measure of the acidity of soil. Optimum range for most plants is slightly acidic to neutral  

	Carbonates
	Describes the buffering capacity of compost

	Conductivity 
	A measure of soluble salts (e.g. sodium,  

potassium, chloride, nitrate, sulphate  and  

ammonium)   

	Maturity  
	A measure of compost stabilization and  

ammonia production. Mature compost should 
not have highly active microbial respiration,  

and most ammonia should be volatilized.  


6. Classification of compost

Compost can be classified, according to:
· the type of waste processed
· compost maturity/stability
· salinity 
· the presence of impurities
· the size of the material    

· the organic matter content   

· the concentration of heavy metals  

· microbiological quality  

7. Guidelines for compost use in agriculture

Good quality compost can be used in agriculture and soil-grown horticulture as a soil amendment, improver or conditioner. In the following text, a description of the improvement that can be achieved by applied compost to soil is presented.

Water-Holding Capacity   

The application of compost increases the water-holding capacity of soils. In sandy soils with low water retention, both the frequency of irrigation in agricultural farms and energy consumption resulting from water pumping should decrease as a result of compost application.  For mineral soils used for agricultural purposes should receive compost rates of 10 to 15 tons/acre to increase water-holding capacity by five to 10%. 
Soil Bulk Density 
In heavily compacted soils  compost  could be incorporate  to decreases bulk  density and increases pore volume, the rate of water infiltration and the volume of air in the soil medium The reduction in bulk density of mineral soils depends on the rates of compost application, the soil type, and the degree of soil compaction.
Soil Erosion

The use of compost with high organic matter content results in the control of erosion by water. For controlling wind erosion, the use of normal-size compost is more effective than the very fine, small particle size and lightweight compost  products, which  are susceptible to wind erosion under arid conditions.  

Soil pH

Soil pH affects the availability and absorption of nutrients by plants, particularly micronutrients. Most compost products have a near neutral or slightly alkaline pH value with a high buffering capacity. Elevation of pH by compost application can bring about strong absorption and, in some cases, precipitation of cadmium (Cd), manganese (Mn), lead  (Pb), and zinc (Zn) in soil particles, resulting in lower accumulations of  these elements in plant tissues. Most agronomic crops grow well when the soil pH is between 6.0 and 7.0. Addition of compost to acidic soils and subsequent pH elevation may reduce or eliminates aluminum (Al) or manganese (Mn) toxicity, which can occur when soil pH is below 5.5. The change in pH values of mineral soils by compost application depends upon the compost quality, the initial soil pH and the soil’s buffering capacity. Incorporation of compost at rates of 10 to 20 tons/acre usually increases pH by 0.5 to 1.

Cation-Exchange Capacity

Cation-exchange capacity (CEC) is the sum of total exchangeable cations that soil can absorb. Cation-exchange capacity of soils is important in retaining nutrients against leaching by irrigation water or rainfall. Sandy soils tend to present the greatest increase in CEC by compost application. In sandy soil, a compost application rate of 15 tons/acre may increase CEC by about 10%, while in most mineral soils, higher application rates of 15 to 30 tons/ acre are require to increase the CEC  by 10% .  As a general rule high rates of compost application (more than 10 tons/acre)  increased soil CEC, while low rates (less than 10  tons/acre) may not change or have a minimal effect on CEC.

Compost Organic matter
If topsoil contains, for example, 2.2% organic matter, then 1 hectare has around 60 tonnes of organic matter to plough depth, about 20 cm. When applied at 30  tonnes/hectare  fresh  weight,  compost  provides  at  least  6  tonnes  of  organic  matter/hectare, initially increasing the organic matter content of such a soil by  around 10%.  This is more than would normally be supplied by materials such as cattle and pig farmyard manure or sewage sludge cake.  More importantly, the organic matter in compost has a far higher lignin content, which is highly resistant to degradation by soil microbial activity, than other organic manures. It is probable that the organic matter supply from compost will raise and maintain soil organic matter content for longer than that from other manures.
Nutrient Content

Although compost products contain a considerable quantity of macro and microelements, the nutrient content of compost products is lower than the chemical fertilizers commonly use. Also even if nitrogen and phosphorous  contents of compost are higher, the availabilities of these nutrients to the  agricultural crops are low. One reason is that release of nitrogen from an organic source such as compost is in a mineral form that is unavailable to plant roots. Compost nitrogen is a valuable slow released nitrogen source. The rate of microbial mineralization and release of available nitrogen from structural forms in the compost will depend on a number of factors including the temperature and moisture in the soil, the local climate and the soil type. The amounts of nitrogen released from compost may be less than that released from the natural organic matter in many soils.   

Compost may alleviate other factors limiting crop establishment, growth and yields but this will be affected for example by soil management practices and weather conditions. Consequently, it is recommended that inorganic nitrogen fertilisers are not significantly reduced until experience from compost use over a number of seasons with a range of crops (in order to establish crop responses) establishes a nitrogen release pattern for a particular soil.
Climatic trends should also be taken into account, due to the strong influence of climate on soil conditions. In warm and humid climate and sandy soils, the rate of nitrogen mineralization is high; therefore, plant response to compost nitrogen is much quicker than in cold regions. 
Attention should be given to the use of compost with high C/N ratios since this can result to elevation of the C/N of soils. A soil C/N above 30 may cause nitrogen immobilization, or nitrogen-rob, and nitrogen deficiency in plants. Nitrogen-rob occur when micro- organisms consume the available plant nitrogen in the soil in order to decompose the compost.  In order to alleviate nitrogen-rob of crops, the compost needs to be incorporated into the soil a minimum of 3.5 to 4 months before planting to allow equilibration to occur.  

Table 3 presents an indication of the potential mineralization of N in terms of the C:N  ratio.  

Table 3: C:N ratio in relation to N mineralization 
	Compost C:N ratio  
	Compost application time 

	  
	Over 3 years  
	 In Year 1  
	 In Year 2  
	 In Year 3  

	10.0  
	 25.0  
	 12.5  
	 7.5  
	 5.0  

	12.5  
	 18.8  
	 9.4  
	 5.6  
	 3.8  

	15.0  
	 12.5  
	 6.2  
	 3.8  
	 2.5  

	17.5  
	 6.2  
	 3.1  
	 1.9  
	 1.2  

	20.0  
	 0.0  
	 0.0  
	 0.0  
	 0.0  


To obtain the potential N release, the percentage of the total nitrogen that is readily available in water as soluble ammonium and in nitrate forms should be added to the percentage of the total nitrogen that can be mineralised.  The amount of total nitrogen per hectare being applied in compost should then be multiplied by this combined percentage.   

Application of nitrogen as a mineral fertilizer usually corrects this type of nitrogen deficiency. Alternatively, if cropping can be delayed a few months, the compost will stabilize in the soil, correcting the problem.  

Application of compost as a soil amendment reduces nitrogen leaching from soil. Therefore, utilization of compost as a soil amendment could reduce the amount of commercial nitrogen fertilizer applied and decrease the possibility of nitrate groundwater contamination   

Other major nutrients
Application of compost to soils adds amounts of other nutrients such as phosphate and potassium. Phosphate chemistry is complex in both compost and the soil. Based on reported data, 10 - 15 % of the total amount of phosphate in compost is immediately available (exchangeable forms). However, as a proportion of inorganic fertiliser-phosphate is ‘locked up’ on application to soil, it is estimated that 85 % of compost phosphate is equivalent to inorganic fertiliser phosphate, i.e. the phosphate fertiliser replacement value. As compost phosphate is already mostly in slowly available forms, it may pose a lower risk to the environment than inorganic fertilisers.
To avoid excess available phosphate build up in the soil which might affect  water quality and eutrophication, regular soil analysis should be undertaken  and phosphate that is added should be governed by the requirements of the crops being grown in the immediate rotation. These requirements can be calculated by qualified agronomist. The rate of compost application should be limited so as to prevent environmental pollution by nitrogen or phosphate.
80 % of the total potassium present in compost is estimated to be in water soluble and exchangeable forms and may be utilised by crops over one to three years, depending on crop uptake demand. Approximately 20 % of the total magnesium is exchangeable and 10 % of the total sulphur is also estimated to become available in the first season with more released over time. Compost also contains calcium and has an alkaline effect that can counter the acidifying effects of some inorganic fertilisers. On alkaline soils with a high buffering capacity compost will have little effect on soil pH.
In agriculture, the primary and secondary nutrients are always expressed as their oxides, apart from nitrogen. Typical application rate of compost may range from 20 and 30 t/ha.  For composts with high total nitrogen contents, the rate of application should be reduced accordingly, since the limiting factor for application rates should the N.  

Soil Micro organisms

The activity of soil micro-organisms is affected by compost application. Micro organisms play an important role in decomposition of soil organic matter, which leads to formation of humus and available plant nutrients. An increase in soil organic matter content through compost application can promote root activity, as specific fungi function symbiotically with roots, assisting them in the extraction of nutrients from soils.
Earthworms

The population of earth-worms is also increased by the addition of sufficient amount of compost. The soil movements and tunnelling by the earthworms result in enhanced aeration and water infiltration.  

Soil-Borne Plant Pathogens

Application of compost has been advocated by “organic» farmers as a way to reduce or eliminate the use of chemical pesticides and soil fumigants.  Compost increases host vigor and its ability to resist infection by pathogens. Thus, compost application can eliminate or reduce the use of pesticides.






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































        





