Composting and Fermentation
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A BHU Workshop Manual

Introduction 

The recycling of waste materials and nutrients is one of the cornerstones of sustainable and organic farming.  Composting of organic matter provides a valuable soil conditioner and nutrient source.  It also represents a sustainable nutrient cycle.  It will become increasingly important for us as a nation to recycle organic material and nutrients as much as possible.  One nice way of achieving this and at the same time producing valuable soil conditioner and even useful microbial products is to compost.  It is good if there can be coordination between livestock production that results in waste materials with horticultural production that can then make excellent use of those wastes.

There are an increasing number of ways in which a composting or fermentation can be undertaken.  In hot composting alone, methods range from low cost, low tech heaps (usually turned) through to fully enclosed vertical or horizontal composting units.  The choice there is one of cost/benefit and how reliable the process has to be e.g. an enclosed unit may be required if meat products are being composted.  With worm composting, the worm itself is the enclosed unit, a bioreactor that chews the material down to finer particles and provides the right environment of moisture, pH and temperature for digestion by itself and by the microorganisms inside and outside the worm.  Liquid fermentation is something often unknowingly practiced in effluent ponds and can be enhanced to provide higher quality liquid and less odour.  Fermentation of solid organic wastes is widely practised in Asia but offers some potential in this country.  Good solid fermentation can mean less loss of organic carbon, reduction of odour problems and potentially a higher value microbial product.

This workshop will cover some of the theory and techniques available for improving the quality of organic matter being recycled whether it is through hot composting, worm composting or fermentation.  Good techniques limit the potentially negative impacts of returning organic matter to a soil (weed burden, plant diseases, manure carried diseases, nitrogen robbing, substances deleterious to plant growth, bad odour) while maximising the amount of nutrients being returned.  They can mean a faster return of material to the soil than if just left to rot in a pile or on the soil.

There are important differences in the various kinds of organic material available for recycling.  Most of these differences will be discussed in the hot composting section but are relevant to other types of composting and fermentation.

Hot Composting

Many Asian cultures have been making compost for over 4000 years with hot compost heaps being an occasional part of the procedure.  Sir Albert Howard was interested in these techniques and while based in India in the 1920’s to 30’s, he developed the Indore method still practiced today.  Further advancements have included the Berkeley method, which produces a higher quality product more consistently and with good control of weeds and plant diseases.   A reliable method like the Berkeley method is recommended where practical and is likely to also be required by certification if non- (organic) certified material is being composted.

The Indore method involves building a heap to the height of 1.5 metres with a base of 2m by 2m tapering up to about 1.2m by 1.2m – made up of layers.  The first layer is brush or similar to improve drainage.  Then there are alternate layers of low nitrogen and high nitrogen material and the heap is often then covered in 5cm of compacted soil to reduce fly issues and contain odours and loss of nitrogen.  If left unturned the heap would usually be ready after one year.  Otherwise turning after 8-10 days then after a month would give useable compost after a total of 2-3 months.  Anaerobic conditions are common in the Indore method (especially without turning) meaning potential smell issues (if the soil casing is missed out).  The heap can be made over time (many home garden composts are in that way similar to the Indore method) but this is not ideal and will usually mean a lack of temperature build up and therefore a slower process with lack of weed and disease control.

The strict Berkeley method still involves layers of low nitrogen and high nitrogen material.  This is often the easiest way to construct a large scale heap anyway but as long as the heap doesn’t become to compacted, mixed materials are okay.  A heap should be at least one cubic metre, usually no taller than 1.5m (if there is risk of compacted soggy areas in the middle to bottom of the heap by around 1-2m wide and as long as required.  The important difference from the Indore method is that the heap is turned regularly, preferably after 3-4 days and then every 2-3 days until the end of the fortnight.  It may then be ready for use (in some cases it could be “matured” for longer if not sufficiently decomposed.

Windrow Compost Heaps

Windrow composting is generally done with machinery and can produce compost in sufficient quantities for small to medium size farms.  The Berkeley method can be appropriate here but the labour content can make this impractical on a large scale. 

Once sufficient materials have been collected, layers are alternated as per the Indore or Berkeley methods.  1.5 (possibly to 2 metres) is the maximum approximate height for this type of heap.  The heap is turned after 4 – 7 days and then again a fortnight later.  As mentioned, in the Berkeley method the heap is turned every 2 – 3 days and the resultant compost may be ready in 2 – 3 weeks. 

Often the bulk (in terms of mass and volume) carbon rich materials are accumulated first and the nitrogen rich materials kept dry and separate until the time of heap building.

3-stage bin composting

This is possibly the most popular method of compost production in New Zealand at a back yard level.  As with the windrow method of hot composting this is a batch process with material being accumulated prior to ‘putting down’ the compost.

Once a suitable quantity of material has been accumulated the 1st bin is filled with alternating layers of nitrogen rich and poor materials. The level of moisture in the heap/bin needs to be optimum as mentioned earlier.

Once the bin is full there is a period of about 2 weeks where the heap heats up and begins to cool down.  When the heap starts to cool it is ready to be turned in to the 2nd bin.  Ensure thorough mixing while turning the heap.  Try to ensure that all material that was on the outside of the heap is on the inside after this turning.

After a further two weeks turn heap from bin 2 to bin 3 where final maturation takes place.  This method, whilst the most convenient on a small scale, is not 100% effective for the killing of weed seeds.  Generally the greater the frequency of turning (within reason) the greater the kill of weed seeds and pathogens
………………………………………………………………………………………………

Notes on Turning:  Turning allows an improved aeration and helps fix problems of too little oxygen or too much moisture (both leading to foul odour, inefficient decomposition and undesirable organisms).  Care should be taken to ensure that all material spends some time near the center of the heap to improve the kill of weeds and disease organisms.  If possible, material should be “fluffed up” as well as simply bulk turned (if turning with front end loader, this can be done by shaking material steadily out of the bucket rather than dumping the whole bucketload – if using a fork, material can be stirred up).

Notes on When is Compost Ready?:  The traditional approach with compost has been one of simply wanting to return organic matter for nutrient and soil conditioner reasons.  Erring on the side of more time for maturing can then mean a reduction in bulk and thus more value per tonne of material.  If compost is not sufficiently matured (if you can still recognise much of the original material and the colour is not very black), there may be a negative effect on crop growth (through nitrogen robbing or organic acids etc affecting plants).  Perennial plants will generally be more tolerant of immature compost.  See the paragraph below for use of fresh compost for microbial value.  When letting compost mature it is important to cover it from rain to prevent excess nutrient leaching.

Notes on Microbial Value (e.g. Compost Extracts): Some people like the idea of using composts as a means of providing beneficial microorganisms.  If this is the prime purpose then it is best to use as freshly made material as possible and before full compost maturity (counts of active microorganisms start to drop off rapidly during the maturing process).  There should be no bad odour (a symptom of the wrong type of organisms).  Hot compost should have been turned regularly (including just a few days after first construction - to ensure it remained aerobic).  Good fresh compost can then be added to the soil or taken a step further by making a compost water extract (compost in muslin soaked in water or water used to leach out extracts from compost) and even fermenting it further as a liquid (with continuous aeration e.g. Soil Foodweb compost tea).

Notes on Compost Inoculants: There is still some debate over the use of compost inoculants or starters.  It is generally expected that with fresh moist material, there is sufficient microbial flora to allow efficient composting without the addition of organisms.  Some old compost or added soil in the heap would give some further confidence.  There is some varied evidence that at least in some circumstances an inoculant may aid better quality compost but this is not universally accepted.  Effective microorganisms (EM, from NZ Nature Farming Society) can at least be used to control bad odour problems in and around compost heaps.

Notes on Adding Lime: Generally avoid adding lime to animal manure or composts with a significant amount of animal manure in them.  Liming such material risks excessive losses of nitrogen as ammonia (due to the pH and solubility effects of the lime).  In the absence of animal manure and if the material has become soggy, smelly and acid, a dusting of lime might aid structure and improve decomposition and end pH value of the compost.  Adding fine limeflour to the final and still damp compost material can be an effective way of spreading the otherwise very dusty limeflour.

Notes on Adding Soil: Soil can be added to the compost in small amounts as a source of microorganisms for the composting process though it is debatable whether this is necessary.  There is some thought that adding clay minerals or rock dust to the compost heap aids the formation of stable humus-clay substances (perhaps particularly valuable for sandy soils) but this is yet to be established.

Notes on Adding Fertiliser Value: For providing good fertiliser value, a compost should ideally have had a C:N ratio of 25-30 and contain some materials (e.g. animal manure) rich in other nutrients.  In some cases phosphorus may actually be limiting the composting process and it is beneficial to add e.g. rock phosphate (this is normally recommended at less than 2% avoid slowing the composting process).  Reactive phosphate rock (RPR) in the compost improves the fertiliser value of the compost (applying compost at 20 tonnes per hectare with 1% rock phosphate adds an extra 26kg of phosphorus per hectare) and the phosphorus is more available than in uncomposted RPR.  Other minerals can be added with greater or lesser effect (elemental sulphur can lead to a lower compost pH, potassic feldspar appears to have little potassium release and rock dusts are reputed to be more activated).

Notes on Covering Compost Heap: Small heaps need to be covered to help with heat retention and most importantly to prevent excess moisture which would lead to anaerobic conditions and leaching of nutrients.  Larger heaps should probably also be covered but have more resilience to high moisture levels (leaching of nutrients is the main concern but if constructed on a solid base, leachate can be collected and made use of.

Troubleshooting Common Hitches in Composting

Perhaps the most common cause for a composting operation to fail is for the compost to go unintentionally anaerobic and smelly.  This will usually be the result of too high a water content and or too fine a material, it may require added straw or sawdust and covering from rain (don’t water it so much that water can be easily squeezed out of the material).  A heap should be large enough (usually at least 1m wide by 1 m high) to retain and build heat but should also be turned at least twice to prevent the inside areas running low on oxygen.

If a compost heap is large enough but still doesn’t heat up, it may be short of nitrogen or water.  Be liberal with the water to try to make the compost materials 30% to 45% moisture (or the consistency of a damp sponge).

As long as the aim is not microbial value (see Notes on Microbial Value above), the process of composting is very forgiving and time fixes imbalances.  Sawdust alone will eventually rot and go black, it just takes several years.  An unintentionally anaerobic compost will also eventually form nice humus especially if it gets subsequently turned.

Material too coarse – visible large lumps of undecayed recalcitrant material eg wood in final product.  Chop up material more finely to improve decomposition and improve evenness of breakdown

Too much moisture – turn heap (preferably on a hot day), expose heap during warm weather, cover heap before rain

Too little moisture – can cause heap to not heat as effectively as desirable.  Turn heap while applying water at a sufficient rate to allow adequate hydration

Too high a C:N ratio – heap fails to heat adequately despite conditions being favourable.  Turn heap while adding high nitrogen input eg chicken manure.  

Too low a C:N ratio – heap becomes “anaerobic” and smelly though there is not an excess of moisture.  Turn heap more regularly, ensure adequate levels of high carbon materials in future heaps

Wet compacted area in centre of the heap – heap too high causing compaction in the centre.  Turn heap while ‘fluffing up’ material, avoid making heap too tall or placing objects on it.

How Much Compost to Use?

A general recommendation is 30 tonne per hectare (3 kg per square metre) although poor, sandy or hard clay soils would benefit from higher applications at least in the first few years e.g. 100 tonne per hectare (10 kg per square metre).  Typical NPK analysis of compost might show 0.5 to 3% N, 0.1 to 0.5%P and 0.4 to 2% K.  The sufficiency or excess nature of elements being added can be assessed partly by soil tests and/or through comparing the amount of nutrients going on (after testing compost levels) with amount being lost (estimated from produced removed and for leaching and other losses).  A good compost will be returning balanced amounts of nutrients including trace elements.

Below is a table of C:N ratios and other relevant data for working out desirable mixtures of compost material. Composting is very forgiving and sawdust by itself eventually rots after several years and lawn clippings by themselves although causing smell and fly problems will turn into first something a bit like very poor silage and eventually humus. Of course we want to have something in between.

Too much nitrogen leads to potential anaerobic (lack of oxygen) conditions, odour problems and loss of nitrogen.

Too little nitrogen causes a slower than needed process and can mean insufficient heat to kill weeds and weed seeds and to control plant diseases.

Too much compacted material such as grass clippings can cause anaerobic conditions and odour problems.

Too loose a compost may slow the composting and mean insufficient heat. This can be overcome to some extent by compacting the material while building the heap. 

Use the table below to help balance out ingredients for your compost heap. For an efficient heap the aim is for an overall C:N ratio of 25 to 30 (30 is the balance that most micro-organisms have between carbon for energy and nitrogen for protein – 25 makes for a better functioning heap).  To work out the combined C:N ratio, use the average of the C:N ratios e.g. 5 parts dairy manure to 1 part wheat straw = (13 X 5 + 125)/6 = 32 which is close to ideal.  REMEMBER C:N RATIOS ARE BY WEIGHT SO THE PARTS ARE BY WEIGHT - TO CONVERT TO VOLUME MEASURE SOME OUT OR USE THE ROUGH GUIDES BELOW. 

Eg in the example above the Bulk Density (kg/m2) of dairy manure and wheat are 3000 and 300 respectively.  Dividing the 5:1 dairy manure to wheat straw mass ratio by the ration of the bulk densities i.e. 3000/300=10.  So volumetric ratio is 1:2 i.e. one scoop dairy manure to 2 scoops wheat straw.

NO NEED TO BE EXACT, BELOW ARE JUST ROUGH GUIDES AND COMPOSTING IS FORGIVING (though commercial compost needs to be a bit more fastidious)
C:N Ratios and Bulk Density

Material
C:N Ratio weight/weight
N% fresh
Bulk Density

(kg/m2)
Moisture                                                               Content (%)

Apple Pulp
12
2.0
3000
65%

 Corn Cobs
60 to 130
0.5
1200
12%

 Maize/Corn Stalks
70
0.6
70
12%

 Fruit Waste
40
0.2
3000
85%

 Blood Meal
3.5
10
large range
large range

 Fish processing sludge
5.3
3.5
large range
95%

 Abattoir Waste
3
5
large range
large range

 Paunch
25
1.0
3000
85%

 Chicken Manure – broilers
14
2.0
2800
30%

 Chicken Manure – laying
6
5.8
3000
40%

 Chicken Litter (laying)
10
2.5
2500
30%

 Horse Manure
30
1.0
2800
70%

 Dairy Manure
13
1.8
3000
85%

 Sheep Manure
16
1.4
2800
70%

 Pig Manure
14
1.8
3000
80%

 Kitchen Waste
15
2
3000
70%

 Vegetable Scraps
20
2.7
3000
85%

 Maize Silage
40
1.0
3000
65%

 Hay
25
1.8
400
10%

 Lucerne or Clover hay
16
2.2
400
10%

 Straw – Oat
80
0.8
300
10%

 Straw – Wheat
125
0.3
300
10%

 Sawdust
450
0.08
500
15%

 Weeds
20
0.3
4000
85%

 Lawn Clippings (avoid herbicide treated)
20
0.3
5000
85%

 Leaves
60
0.4
3000
40%

Sources of materials (get creative)

Home

Kitchen

Garden

Furnishings*

Clothing*
Landscape

Long grass

Trees

Comfrey

Animals

Crop residues

Neighbours 

Spoilt hay

As above


“Industry”

Processing “waste” (fruit, flesh, fish, vegetable and cereal)

Stable manure

Chicken manure

etc

* ensure these are natural fibres and any non-compostable materials removed.

Harvesting of Materials for Composting 

Biomass for composting can come from a number of sources (as shown above) but can also be harvested in a number of ways.  At the BHU we use the following methods to source biomass on farm;

Forage harvester/silage catcher – this is used to harvest pasture, crop residues, etc from areas of the unit for use as compost materials.  Maturity of pasture can be varied to change C:N ratio

Chainsaw – this is used to thin shelterbelts.  Small branches are then chipped for use in composting

Trailer – transporting material from off or on farm

