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I have been running a mixed-use garden of around 500m2 since 1994. Somewhat in the spirit of an 18th-century naturalist, I have used it for informal investigations of wildlife, garden lore and environmental best practice. Perhaps the most important area of activity has been to measure waste flows and test various methods of processing organic wastes. 

The principal streams of household solid organic waste are kitchen waste, paper and cardboard, and a variety of garden wastes. They can all be dealt with by various forms of composting, but experience quickly emphasises an important difference between 'soft' wastes consisting largely of cellulose (kitchen scraps, paper, cardboard, grass clippings and herbaceous weeds) and 'hard' wastes usually containing lignin (hedge clippings, pruning waste, lignified stems, sticks and twigs, deciduous leaves). Soft wastes break down quickly and are relatively easily treated
. Hard (woody) wastes are a problem because they take a very long time to break down, and can accumulate alarmingly if not dealt with in some way. The traditional method is the garden bonfire, but this is increasingly seen as antisocial, a health hazard, and in many areas illegal. More common these days is shredding, or simply taking material to a civic amenity site for large-scale processing. Although these are perfectly sound options, I wanted to explore alternatives.

One of the models at the back of my mind was 'the dump'.  Many householders with larger gardens have an out-of-sight place where problematic materials are unceremoniously dumped, perhaps behind the shed or in a remote corner. The raw materials include coarse soils, weed roots, impossible clods, old fence posts, leaves, brash, prunings etc.  They stay there for years, but occasionally it is necessary to disturb a dump, and I have had to do this several times in the course of a horticultural career. I am always struck by the perfect homogeneity and rich texture of the old material, although until recently I had never tested its quality as a growing medium.  

An early opportunity to monitor the progress of such a dump arose from the need to clear a completely overgrown 200m2 section of the garden, dominated by brambles. This was done rather like shearing a sheep, using a brush-cutter and rolling the material away. It was crudely compacted and stacked into a pair of open bunkers 1.5m high, each with a volume of 3m3  (Figure 1).  Further woody waste arisings were added to the top of the piles for the next four years. The material reduced in volume considerably, occasionally aided by the expedient of jumping on it.
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FIGURE 1

Here you can see the two adjacent open bunkers after about a year, with fresh material being added. The contents regularly reached a height of 2.5m, but would compact after a few months, aided if necessary by jumping on the top.

At this stage I had little idea which factors most accelerate or retard the breakdown of woody waste. A reasonable guess was that, although a certain amount of green material is being introduced, nitrogen could be a limiting factor. The reason for constructing two bunkers was simply to check the effects of added nitrogen in the form of human urine, collected routinely as part of another experiment. Stored urine was added neat to the material in one bunker approximately every two months, in quantities of about 20 litres distributed over the top surface. The other bunker received no treatment, and no attempt was made to control for added moisture, on the assumption that this was supplied to excess by the climate of west Wales.

After four years, probe-tunnels of about 60cm diameter were excavated into the bottoms of both bunkers, from front to centre, to examine the state of the oldest material. The principal observations were as follows:

· There was no noticeable difference between the two sides. 

· Both sides were strikingly dry, with most woody stems intact and little sign of fungal decay or humification. 

· In spite of much volume reduction and compression from overlying material, the texture was still extremely coarse, with large voids. I would estimate that less than 20% of the total volume was solid matter 

. 

I found these observations surprising. I really expected the urine to have made some difference. However the probe tunnels allowed me to obtain a better idea about the flow of liquid through the piles. Water poured on the top tended to be channelled to the sides of the heap by bundles of sticks and twigs acting like a thatched roof, leaving the material underneath bone dry. Where this did not happen, water tended to run straight through and out of the bottom. Dry twigs seem almost to actively repel water. One can surmise further that any water remaining in the heap is likely to evaporate on account of the very open texture. Everything is conspiring to keep the pile dry. This also means that probably the additions of urine were largely wasted in terms of extra nitrogen.

It is matter of common observation that perfectly dry wood does not decay, as witness oak beams in old houses or, even more strikingly, hazel wattling still intact after several hundred years.  So if we want wood to decay we must at the very least ensure moist conditions. Unfortunately this seems difficult to guarantee on a simple pile of coarse woody material. 

No further additions or treatments were made to these piles, and they were left for a further two years. At this point they were cut through from front to back in order to examine the pattern of humification if any. The 'thatched roof' effect seems to have been maintained for some parts of the heap, but there was an extensive zone of humification in the centre, albeit with larger sticks embedded in it. Some of this humified matter had fallen through the heap, forming an uneven layer at the bottom (Figure 2).
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FIGURE 2.

Front-to-back section of the heap after 6 years, no fresh material added for two years. The humified section can be clearly seen.
The humified material was dark brown, moist and peat-like.  When sieved through a 10mm mesh it had a springy texture, a pleasant smell and an extremely attractive appearance.  I carried out numerous trials with it in various applications. As a seed compost for lettuce and pak choi it outperformed commercial John Innes seed compost in terms of early germination, first true leaves, survival rate and water retention (see Figure 3). It proved excellent as a potting compost for parsley. In raised beds it gave good, if not outstanding, yields of potatoes, cabbage and broad beans. Potatoes were notably free of blemishes, while broad beans showed extremely vigorous nodulation. This last observation suggests a low nitrogen content, which [image: image3.jpg]


FIGURE 3

Germination trials with three different media. At left, de-inking paper-mill sludge, a neutral medium with very low nutrients. Centre standard John Innes seed compost. Right mature sieved woody-waste compost (WWC). Although germination has been successful in all three media the seedlings in the WWC are more vigorous and continued to be so. The John Innes compost is drying out on the surface and cracking, while the WWC remains moist and friable throughout.
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might be expected from a compost of this provenance. Chemical analysis of the content is shown in Box 1, revealing a modest level of total N and even more modest levels of P and K.  However, crops grown in this medium in trenches vastly outperformed those in plain soil. This was true of onions, courgettes (Figure 4), runner beans, pumpkins and sweetcorn. Some cabbages showed a healthy glaucous bloom they could not achieve if nitrogen-deficient. Furthermore the material continues to produce excellent yields of runner beans after three years in a raised bed, with no further amendment.

The material is not sterile, and contains some viable weed seeds. A bare plot left to allow weed germination revealed a number of 'usual suspects', and some derived from cultivated plants elsewhere in the garden. These are listed in Box 2
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Improvements?

[image: image13.bmp]This material derived from woody waste is so versatile, and so beautiful and pleasant to handle that I am inclined to say, as with fine malt whisky, it's worth waiting for. However 6 years is rather a long time so it is proper to ask whether there is anything we can do to speed things up.  My impression is that once humification has started it forms a sponge-like region that can trap and retain moisture. It would also act as a refugium for decomposer organisms, particularly wood-boring beetles and fungi. It can then catalyse further humification.  I hypothesise that after an initial phase of breaking down the easily-accessible sappy materials and green leaves (three months to a year) there is a hiatus lasting several years during which biomass of important decomposer organisms cannot increase owing to the lack of moisture. Eventually this deadlock is broken and one or more foci of humification develops, after which  breakdown of large sections of the heap is much more rapid.

If this hypothesis is correct, the hiatus could be shortened in several different ways, singly or together. The most obvious is shredding, which is routine in large-scale commercial composting.  Shredding does a number of useful things. It reduces the volume of the waste instantly and dramatically. It opens up very complex fractal surfaces that trap moisture, exude sugars, proteins and mineral nutrients, and allow access to decomposer organisms. It also reduces the size of voids and the ease of evaporation, so maintaining a higher moisture level, thereby facilitating decomposer activity.  

In order to compare the effect of simple shredding, I generated about 1.5m3 of shredded material from fresh hedge and tree prunings, using a hammer-action shredder. This was divided into two equal parts and stacked in partially-open bunkers (Figure 5). One part was intermittently irrigated with stored urine, as in the previously described trial. After 2 years sample material was riddled to assess the degree of breakdown and humification. 70% by volume passed through a 10mm sieve, and 40% through a 5mm sieve, leaving 30% of coarse twiggy material (Figure 6). There was a slight difference between the urine-non-urine treatments, but unexpectedly it was the non-urine heap that showed the darker colour and greater degree of humification. It was as if the urine in this form had actually inhibited humification; but this is yet another story.
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FIGURE 5

Two initially identical piles of shredded woody waste immediately after shredding [image: image9.jpg]



FIGURE 6

Results of riddling the shredded compost after 18 months. By weight, about half appeared to be fully humified and passed through a 5mm sieve. Its dark colour can be seen at lower right

After a further six months (two years in all) cabbages grown in this material were compared with those grown in the 6-year-old unshredded woody waste, but unfortunately the plants in the shredded waste were consumed in short order by slugs. This effect was observed repeatedly in other parts of the garden. The damp coarseness of un-sieved shredded waste presumably gives slugs a thousand hiding places, and this is a considerable disadvantage of this particular form of the compost, especially in the prevailing damp climate. A subsequent crop of potatoes fared better, level-pegging in yields with the older woody compost.   

[image: image14.bmp]So shredding, as expected, speeds up humification. But on a garden scale shredding is a tiresome activity, especially if there is a lot of waste to process. Are there any other methods? I tried several, in combination. One is compression, achieved by the simple principle of a tall stack or tower to generate more top-weight. Another is enclosure to slow down moisture-loss. A third is the deliberate addition of moisture-retaining components in the form of soft garden wastes and soil. This is very much in the spirit 
FIGURE 7

Temperatures recorded at centre and edge of slow stack 29 April - 5 May 2001 after addition of some fresh material. This shows a highly buffered but only slightly elevated temperature. It is not thermophilic.

of the ‘dumps’ whose performance has impressed me in the past, but here I am developing a kind of 'Engineered Dump' that combines all the above methods, and from which I expect faster results.  The procedure is very simple: the stack or tower is 1.5m tall with solid sides, and a 20cm gap at the bottom of one side, to harvest and sample finished material. All garden waste of whatever kind is unceremoniously put into the tower, along with weedy clods from which the earth has deliberately not been shaken.  The raw material is moist and heavy, and contains a high percentage of 

mineral soil. In the course of two years' continual additions, there is a good degree of volume reduction. Gas exchange remains good, and oxygen levels throughout are very close to ambient, with CO2  slightly elevated. Temperatures are a few degrees higher than ambient, with a much smaller diurnal range (Figure 7). 

There is a kind of 'self-riddling' effect as finer material falls through the coarser. Intact woody material appearing at the bottom is simply put back in the top for another go.  The compost is quite different from the pure woody material described earlier, having the appearance of finely-sieved garden soil.  I think of it as 'reconditioned soil' rather than compost. Trials of its effectiveness as a growing medium are currently under way, and show startlingly good early results, although more time is required to fully evaluate them. It is fair to say however, that even under these ideal-for-breakdown 

conditions, twigs of diameter greater than about 7mm still retain their integrity after two years and will probably need a few extra passes to break down completely (Figure 8).

This 'slow stack' system, as we have come to call the engineered dump, has the advantage for the gardener of being delightfully indiscriminate. There is no need to carefully segregate woody and sappy materials: they must both go in. There is no need to laboriously remove precious soil from weed roots: soil is needed in the stack, so throw the clods in as well: it will all come back to you in the end, much the better for its experience.  The slow stack system complements the 'fast fine' system that deals with soft wastes (kitchen, grass, cardboard) on a yearly cycle. This rapid system has the opposite aspect ratio (i.e., low and flat), and the two together make a curious but effective 'Laurel and Hardy' pair (Figure 9). In tandem the two systems can deal with almost all house-and-garden organic waste without the need for machinery or a great deal of effort.

[image: image15.bmp]

FIGURE 8: THE SLOW STACK

The current model is 1.5m tall. Finished material started to emerge after about 18 months, and can be sieved if required to remove small twigs.

FIGURE 9

Different aspect ratios are suitable for hard and soft wastes. Hard wastes benefit from compression and never become anaerobic, so a tall container is better. Soft wastes can easily become anaerobic if compressed, so a shallow container is better.
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BOX 2


Weed emergence in order of frequency


Rubus fruticosus


Epilobium montana


Geranium robertianum


Valerianella locusta


Tanacetum parthenium


Leysteria formosa


Lamium purpureum


Euphorbia helioscopia


Melissa officinalis


Oxalis corniculata


Verbascum thapsus


Cardamine hirsuta


Taraxacum officinale 


Fragaria vesca


Unidentified








BOX 1


Analysis of 7-year-old woody waste compost ('as received').


Determinand�
Value�
Unit�
�
Density�
500�
kg/m3�
�
pH�
7.1�
�
�
Conductivity�
97�
μS/cm�
�
Dry matter�
31.9�
%�
�
Organic matter*�
66.3�
%�
�
NO3-N�
29.4�
mg/l�
�
NH4-N�
1.5�
mg/l�
�
Total N *�
2.1�
% w/w�
�
Total K*�
0.16�
% w/w�
�
Total P*�
0.26�
% w/w�
�
* Dry matter basis





FIGURE 4


Courgettes planted from 3-inch pots into pure, unsieved WWC.


Top left, prepared trenches; top right, filled trenches. Lower left, plants after one month; lower right, close-up. These plants are growing well and show no signs of nutrient deficiency. Leaf, fruit and root growth were all healthy. 
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� Having said this, the canonical methods of high-temperature batch composting are not particularly suitable for most householders, and we would earnestly commend other approaches; see Cool Composting, CAT Publications, Machynlleth, SY 20 9AZ.
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STEMPS

		Data information

		Logger

		Type		Tinytalk -40/125°C

		Property		Temperature °C

		Reading capacity		1800

		Serial number		108071

		Logging run

		Title		Tinytalk R1

		Run ID		3oz3 k50d gebv

		Interval		4 Hrs

		Reading type		Normal

		Start mode		Delayed (1 Hr 24 Mins)

		Logging started		4/28/02 19:59

		Stop mode		Stop when full

		Offload

		Date		5/5/02 13:42

		Logger state		Stopped

		Total readings		41

		User name

		Statistics for full range of data

		First reading time		4/28/02 19:59

		Last reading time		5/5/02 11:59

		Readings		41

		Data information

		Logger

		Type				Tinytalk -40/125°C

		Property				Temperature °C

		Reading capacity				1800

		Serial number				108070

		Logging run

		Title				Tinytalk R2

		Run ID				38py cd7n vtd3

		Interval				4 Hrs

		Reading type				Normal

		Start mode				Delayed (1 Hr 26 Mins)

		Logging started				4/28/02 19:59

		Stop mode				Stop when full

		Offload

		Date				5/5/02 13:39

		Logger state				Stopped

		Total readings				41

		User name

		Statistics for full range of data

		First reading time				4/28/02 19:59

		Last reading time				5/5/02 11:59

		Readings				41

		Data information

		Logger

		Type						TinytalkII -40/75(125)°C

		Property						Temperature °C

		Reading capacity						1800

		Serial number						12491

		Logging run

		Title						TinytalkA

		Run ID						25r5 guou my59

		Interval						4 Hrs

		Reading type						Normal

		Start mode						Delayed (2 Hrs 45 Mins)

		Logging started						4/28/02 20:00

		Stop mode						Stop when full

		Offload

		Date						5/5/02 13:34

		Logger state						Stopped

		Total readings						41

		User name

		Statistics for full range of data

		First reading time						4/28/02 20:00

		Last reading time						5/5/02 12:00

		Readings						41

		37374.8332986111		11

		37374.9999652778		10.6

		37375.1666319444		10.2

		37375.3332986111		9.5

		37375.4999652778		9.1

		37375.6666319444		9.1

		37375.8332986111		8.8

		37375.9999652778		9.1

		37376.1666319444		9.1

		37376.3332986111		9.1

		37376.4999652778		9.5

		37376.6666319444		9.5

		37376.8332986111		9.9

		37376.9999652778		9.9

		37377.1666319444		9.9

		37377.3332986111		9.9

		37377.4999652778		9.5

		37377.6666319444		9.5

		37377.8332986111		9.5

		37377.9999652778		9.9

		37378.1666319444		9.9

		37378.3332986111		10.2

		37378.4999652778		10.2

		37378.6666319444		10.6

		37378.8332986111		11

		37378.9999652778		11

		37379.1666319444		11.3

		37379.3332986111		11.3

		37379.4999652778		11

		37379.6666319444		11.3

		37379.8332986111		11.7

		37379.9999652778		11.7

		37380.1666319444		11.7

		37380.3332986111		11.3

		37380.4999652778		11

		37380.6666319444		11

		37380.8332986111		11.3

		37380.9999652778		11.7

		37381.1666319444		12

		37381.3332986111		11.7

		37381.4999652778		11.7

		37374.8331481481				9.1

		37374.9998148148				9.1

		37375.1664814815				8

		37375.3331481481				7.3

		37375.4998148148				7.3

		37375.6664814815				7.7

		37375.8331481481				8.4

		37375.9998148148				8.8

		37376.1664814815				8.8

		37376.3331481481				8.4

		37376.4998148148				8.8

		37376.6664814815				9.5

		37376.8331481481				9.9

		37376.9998148148				9.5

		37377.1664814815				8.4

		37377.3331481481				8

		37377.4998148148				8

		37377.6664814815				8.8

		37377.8331481481				9.1

		37377.9998148148				9.5

		37378.1664814815				9.5

		37378.3331481481				9.1

		37378.4998148148				8.8

		37378.6664814815				9.5

		37378.8331481481				10.2

		37378.9998148148				10.6

		37379.1664814815				10.2

		37379.3331481481				9.5

		37379.4998148148				8.8

		37379.6664814815				9.5

		37379.8331481481				10.2

		37379.9998148148				10.6

		37380.1664814815				9.9

		37380.3331481481				8.8

		37380.4998148148				8.4

		37380.6664814815				9.1

		37380.8331481481				9.9

		37380.9998148148				10.6

		37381.1664814815				10.6

		37381.3331481481				9.9

		37381.4998148148				9.5

		37374.833587963						5.8

		37375.0002546296						6.9

		37375.1669212963						6.5

		37375.333587963						6.9

		37375.5002546296						9.5

		37375.6669212963						11.3

		37375.833587963						8.8

		37376.0002546296						8

		37376.1669212963						5.8

		37376.333587963						9.5

		37376.5002546296						11.3

		37376.6669212963						11.7

		37376.833587963						8.4

		37377.0002546296						5.8

		37377.1669212963						5.4

		37377.333587963						6.9

		37377.5002546296						10.6

		37377.6669212963						11.7

		37377.833587963						9.9

		37378.0002546296						7.3

		37378.1669212963						4.6

		37378.333587963						5.4

		37378.5002546296						11.3

		37378.6669212963						13.5

		37378.833587963						10.6

		37379.0002546296						7.3

		37379.1669212963						3.9

		37379.333587963						4.3

		37379.5002546296						12

		37379.6669212963						12.4

		37379.833587963						11.3

		37380.0002546296						5.8

		37380.1669212963						2.3

		37380.333587963						2.7

		37380.5002546296						12

		37380.6669212963						13.1

		37380.833587963						11.3

		37381.0002546296						8

		37381.1669212963						5

		37381.333587963						4.6

		37381.5002546296						12.8






