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5 EXPERIMENTAL RESULTS

i) GENERAL

Since this production method is considered unsuitable for furniture intended for use

where total consistency or ultimate reliability is essential, to attempt to lay down standards

to which such pieces must conform may be seen as inappropriate. The following comments

should therefore be taken in the context of the production of a variety of pieces on a limited

scale by the 'Grower-craftsman'

i1) SELECTION

The most successful outcomes overall have been obtained using saplings from the

Acerfamily, either Maple or Sycamore, these species having been found to graft more

readily than the others tried. In terms of the ability of their young shoots to accept being

trained to shape however, all of the other species used - with the exception of the Alder ­

proved suitable, with Ash in particular tending to produce elegantly curved shapes when

trained early enough ( although some less flexible sections of stem could give problems ).

All the current experimental structures were grown from saplings rather than from

seed, and this system is to be recommended as it enables healthy plants to be selected, to

be grouped in matching sets.

iiI) THE JIG

In performing it's intended function, the jig designed to support and control the

growing structures has proved successful. These are simple to cut, to transport and to

assemble accurately on site. Later, they are robust enough to support the sets of saplings

while the basic form of the stool is being established. The quantity of pairs of holes

provided for the ties proved more than sufficient in number, allowing alternative fixings to

be positioned avoiding sensitive areas, buds or damaged sections of stem. The only

element on the existing design requiring modification has proved to be the horizontal

capping panel which has in some cases, been found to be inadequate to resist the upward

thrust of the growing stems. A more robust solution to this problem is requlrec. and one
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which will better locate the final upward growth. The durability of the WBP plywood from

which these jigs have been cut, having been twice coated with preservative. has proved

sufficient to last while the form of the structure was established. On current evidence

however, they would not last for a second four or five year period. ( see comments below)

In terms of energy conservanon however, the manufacture of a new jig for each

grown structure is undesirable, negating at least some of the advantages of the system.

Possible alternatives are ;-

• The use of sufficiently durable, recycled and recyclable board materials from

which the jigs might be cut, such as Centriforce 'Stokbord. Tetrapak Tectan' or

perhaps a suitable non rusting metal sheet such as recycled aluminium.

• The 'dematerialisation' of the jigs by the use of suitably durable stakes driven

into the ground, to which are attached tension cables of organic fibre such as

hemp.

The exact type ofjig required will vary with each design, (perhaps comprising a

combination of the above) as will the length of time for which they are required. The nature

of the growing process is such that once the form of a particular part has been established,

it's controlling jig may be removed and if required, reused elsewhere. Similarly, the jigs

controlling the later stages of growth become necessary only later in the process.

iv) PLANTING

While the planting of individual saplings is simple enough, in these cases the

accuracy of their positioning relative to each other is essential. For this purpose the planting

positioning guide ( S2J/ 04 ) has been found to work well.

v) TRAINING

When installed during the appropriate stage of growth, the redirection of the newly

grown shoots has proved simple to carry out by hand, the ties being easily threaded

through the holes in thejig and gently twisted together around the sapling stem. When

carried out at a later stage of growth, more care and patience was required in bending the

stems to shape. In these casesthe technique of coiling soft wire around the more rigid stem

to support it proved useful.
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The nature of the paper covered wire ties used to hold the stems in place allowed

for accurate control, while meaning that they required attention at regular Intervals to

avoid marking the growing stem. Once the shape was established however, these were

removed and replaced by strips of cotton fabric at the points where grafted joints were to

be installed.

vi) GROWTH

The sets of saplings used for each structure having, as far as possible, been chosen

and matched for size and apparent vigour at the time of planting, the only subsequent

failures of individual plants were due to accidental damage by others.

The speed of growth of individual stems has - as might be expected - varied, and

was retarded in some of the earlier experiments by what proved to be unnecessarily

vigorous pruning. Experience has now shown that such pruning need only be used as a

means of retarding the growth of the more vigorous stems, to allow a better balance of

growth to be achieved. This simple technique of selective pruning appears to be all that is

required.

vii) JOINTING

The preferred method ofjointing is by grafting. Experiments have shown however,

that the degree of success achieved by grafting may vary between an apparently total

union of the stems, and a result in which the two passing stems, while evidently united at

the point of contact nevertheless appear to remain individual in terms of their further

growth. The relative strength of these grafts can only be properly assessed by from

experience, and by experimental testing.

The quantity of frames grown and harvested has not yet been sufficient to allow for

any structural testing, and it is not therefore yet possible to make any strength comparisons

with more conventional construction methods. When the quantity of available frames is

sufficient, such testing will be instituted. The nature of the product is such however, that

no very consistent results are to be expected, or are deemed desireable. Similarly, it is

recognised that the strength of individual joints is relevant only to their contribution to the
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structure as a whole. The technique of holding thejoints together by the use of threaded

rods while the graft develops (as described at Site 1 during 1998) may well be expected to

affect the strength of these joints in some cases.

viii) GRAFTING TECHNIQUE (see also APPENDIX B)

The technique of approach grafting requires careful matching of the area on each

stem to be mated. In this regard, it was discovered in the course of the experiment that if

the two sections of growth to bejoined were bound closely together for a period of only

three weeks during the growing season, a slightly flattened area would be produced on

each stem, giving a good guide to the correct positioning of the section of bark and

cambium to be removed.

As described elsewhere, as an alternative to binding the stems together while the

graft 'took', a system of bolting through the two stems to be joined was used in order to

avoid the problem of bUlging which tended to occur on either side of the bound area. This

in itself produced some more localised bUlging around the point of entry and exit, which is

expected to disappear as the new growth covers the bolt heads.

ix) TIMING OF GRAFTS

Experimental results have shown that grafting is best carried out during - and

preferably at the beginning of - a period of vigorous growth. In Britain this may be assumed

to be generally in March / April.

Where grafted joints have been successfully made, the flow of sap between roots

and leaves has taken the shortest route, and along this path growth has continued as in a

normally growing stem. The section of the stem now bypassed has tended to remain at or

about the girth it had reached when the graft was installed.

In the case of several of the experimental stools, this phenomenon has produced a

structure having 'legs' which are considerably stouter than the 'rails' which join them. It can

thus be seen that grafts should not be installed until the sections of growth which will

become bypassed by them have attained the girth required in the finished piece.
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x) MAINTENANCE DURING GROWTH

Generally maintenance of the growing structures has proved to be remarkably

trouble free, the removal of small unwanted buds and side shoots being a quick and simple

hand operation, occasionally requiring the use of a scalpel or sharp knife. Some weeding in

the immediate vicinity of the structures was required during the growing season on one of

the sites which had not been protected by the use of plastic sheeting.

The potential problems of attack by pests or hungry animals has not been

encountered, and on only one of the sites was any form of disease noted.

Among the technical considerations which arise from the use of these techniques

however - bearing in mind the desirability of maintaining an ecologically sound approach ­

are ;-

• Harvestinq /drying / shrinkage / warping. As with any grown timber product, the

normal practice of haNesting when growth is dormant will yield timber with the

lowest possible moisture content. This is then air dried for a period of approximately

one year for each 25mm (1inch) of timber thickness. In the case of the stool frames

under consideration, whose round section members vary in diameter from 20mm to

45mm, a period of 18 months has been found suitable. At the end of this time, a

small amount of splitting is evident at the upper tips of the harvested frames. In

anticipation of this eventuality all the members were cut at least 100mm (4inches)

over finished length. With regard to warping, it is impossible to anticipate any

difficulties which may occur, since the frame of each piece will normally form an

integral three dimensional structure.

• Sapwood. All grown structures will - as harvested - consist to a considerable extent

of sapwood. This timber is less dense than the more generally used heartwood, and

is liable to the problem of infestation. To prevent this, it will be necessary to treat

these pieces, probably by soaking in a suitable liquid.

• Debarking. This process mayor may not be carried out, dependent on the

appearance required. Various mechanical techniques may be used such as sand or

shot blasting, or removal by hand using abrasive techniques involving files,
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sandpaper etc. The first is - in terms of the use of energy - undesirable, the second

very labour intensive. The possibility of removal by soaking is under examination.

• Decoration - the process of growth invites many forms of decoration peculiar to this

process such as scarring, the incorporation of suitable ceramic or glass beads, etc.

Sa Conclusion

,with the exception ofPapanek, Fulleranda few othercritics and visionaries,
designers have not been able to envision a professionalpractice outside ofthe
consumer culture. r

V Margolin, Design for a Sustainable World'
Design issues, Vol 14 N02 MIT press,
Cambridge MA, Summer 1998

i) CONTRIBUTION TO KNOWLEDGE

As stated in the introduction, the aim of this thesis has been to contribute to the

current environmental debate, and to demonstrate the practicality of the proposal that

furniture structures may successfully be grown.

Experimental results have varied. Nevertheless the possibility of success has been

demonstrated, and with it the need for a new specialisation within the Design profession.

Forming as they do an essential link between production and consumption,

designers - in this case particularly designer craftsmen - are surely ideally positioned to lead

the move away from the currently accepted consumer attitudes 7 Yet as noted by Margolin

and others, they have so far been markedly reluctant to accept this, surely their natural role.

Over the period of these experiments, an increasing number of books have been

published on the so called Eco - topics. Many of these are aimed specifically at students of

design, perhaps providing evidence of a long overdue increase in student interest in

environmental problems. The interest shown in the current research by the media - Press,

TV and Radio, may be taken to support this view. ( see APPENDIX D)

If this particular new and exciting area of design is to flourish however, there will be

a need for a group of craftsmen - 'Designer Growers' - with a different combination of skills.
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These specialists must of course be aware of - and skilled in - the arts of both training and

grafting young trees. Beyond these practical skills however, such craftsmen must possess a

degree of both creativity and aesthetic judgement. They must also show and enjoy the

patient application needed to work with nature in the gradual process of creating beautiful

and useful items of furniture over a period of several years.

ii) RECOMMENDATIONS FOR FURTHER RESEARCH

The experiments carried out so far, having answered the fundamental question as

to the practicality of producing furniture by the use of controlled growth, have indicated

the following promising areas for further research ;-

• Control of rates of growth. In order to achieve the required relative balance of

growth of the individual stems which make up a piece of furniture, the various

means of both retarding and encouraging growth should be explored.

• Control of grafting union. As may be seen in fig Sal I, the relative degrees of

union formed by a graft may vary. As these variations will have a noticeable

effect both on the appearance and presumably on the strength of the piece, it is

highly desireab/e to be able to control and predict the outcome.

• To achieve a finish other than that which may be termed 'Rustic', it will be

necessary to remove the bark, and perhaps some of the irregularities which are

inevitable with this type of structure. Finding appropriately environmentally

benign ways of performing this task, which are nonetheless not overly laborious,

will provide another fruitful area for exploration.
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Graft variations
The degree to which grafted stems
unite has a marked effect on the
relative thickness ofgrowth ofthe
various members ofa structure, and
consequently on their appearance
and strength.

top left
the grafts on this structure have united
to a minimal extent, the thickness of
individual stems being little affected by
the graft.

top right
this graft has substantially but not
totally united the stems, a considerable
amount ofthe post grafting growth now
following a near vertical path.

lower left
following the installation ofthese
grafts, each ' leg ' ofthe structure has
almost totally united, this growth
pattern taking over completely from the
original serpentine route.

fig Sail



6 POSTSCRIPT
Design proposals for grown furniture

So far, practical experimentation has been limited to the growth of examples of the

three legged stool/table frame illustrated in fig 4b/2. At this point however, it is possible ­

using the knowledge gained over the research period - to propose designs for some of the

other larger and more elaborate furniture structures which are considered appropriate to

be produced by means of this technique.

Since the' production method' is so different from the conventional system, it

would seem logical that substantially different forms of furniture should emerge, and

indeed in purely logical and in ' design' terms this is so. In commercial or' marketing' terms

however, where public acceptance of a product is of prime importance to it's commercial

success, a radical departure from the norms currently obtaining would appear unwise.

Since the writer's aim, having established the technical viability of the system, is to secure it's

public acceptance, it has been thought better to lead the consumer gently down the

'green' path than to risk rejection simply on the grounds of unfamiliar appearance. For this

reason the proposals shown and discussed here, aim - while being appropriate to their

method of production - to avoid antagonising the reasonably 'enlightened' potential

furniture buyer. ( Since none of the initially grown pieces have been fUlly finished at the

time of writing, it has not yet been possible to test customer responses. )

For this reason, the various panel components of these designs such as table tops or

chair seats and backs, are proposed to be constructed and fixed to the grown frames using

appropriately benign forms of the available conventional systems and materials.

( A range ofupholstery fabrics currently in production by the Swiss Company Rohner

Textil is claimed to be totally environmentally benign in its production, use, and final

disposal, while the manufacturers ofman made boards are - not before time - making

considerable efforts to reduce the environmental impact oftheirproducts. )
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6a General considerations

i) SPECIES SELECTION

Further practical research is required to further establish the particular suitability of

the many possible tree species. Characteristics such as rate of growth, ease of training and

grafting, resistance to disease and attack by pests, squirrels, deer etc, as well as strength,

durability and the appearance of the finished timber must be considered.

ii) SELECTION OF SAPLINGS

It is anticipated that all free standing grown furniture structures will consist of a

number of individual saplings, and that the selection and matching of these will most easily

be made once the seedlings have attained a height of at least 300 - 400mm or more. This

will ease the choice of healthy young plants which are of approximately equal size and

vigour.

iii) TRAINING TO SHAPE

To ensure that the maximum amount of growth will occur once the stem has been

directed to the required shape, it is desirable to train new growth as soon after it's

appearance as practicable. In many species this new growth is however, too vulnerable to

be manipulated for from two to three weeks after it's first appearance. It may also lack the

desirable springy resilience to ensure the type of graceful CUNe requireo. Once this phase

has passed however, it is preferable to impart the required form as soon as possible, before

the new growth becomes intractably rigid later in the year.

Once trained and held in place for the remainder of the growing season, the form

will in general tend to be maintained. It has however been noted that some - particularly

horizontal - sections have tended to revert to a more vertical stance during subsequent

growth if not securely restrained.
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iv) FIXING

The experimental method adopted by the author, of securing the stems by tying

with either wire plant ties or with strips of cloth, has proved generally successful with one

proviso. This is that these ties must be monitored during the growing season and adjusted

as necessary. Failure to do this at two to three week intervals, can result in constriction of

the growing stem, leading to unsightly scarring and damage.

An alternative method - using pins driven through the stem and into the supporting

jig - might offer advantages, there being minimal interference with the cambial region. To

date however this system has not been attempted.

v) PRUNING

In order to achieve as smooth a final result as possible, it is desirable that unwanted

side shoots be removed before they can achieve any substantial girth. By reducing the

quantity of leaves available to the tree however, this practice may retard it's rate of growth,

and it is consequently necessary to attempt a balance between these two conflicting

requirements.

Once the growing tip has passed the topmost point of the finished item this

problem no longer exists, and bushy top growth can be encouraged to provide rapid

development of the lower stems.A further consideration now becomes apparent however

as, depending on location, this massof branches and leaves may be liable to considerable

buffeting by strong wind, perhaps resulting in damage to the as yet incompletely grown

structure.

Vi) GRAFTING

Successful grafts are important to the physical strength of the finished piece, and

since they involve the infliction of 'wounds', they should be carried out during the period

of the year when growth is vigorous - before May is best, after July worst. Following the

installation of a successful graft, the sap will establish new connections between roots and

leaves, these occurring on the most direct vertical routes. Once these have formed, the

J J J



growth of any members lying outside these routes will tend to diminish, developing slowly

if at all.

Having been understood however, this process may be used to the furniture

growers advantage. By the judicious positioning and timing of grafts, and by removing or

restricting the relative sizeof either roots or tree crowns, it should be possible to redirect the

flow of sap, thereby strengthening grafted unions.

vii) HARVESTING

To ensure that minimum shrinkage - and consequent damage by splitting and

warping - occurs, the finished structures should generally be harvested when the trees are

dormant, that is to say during the early winter months.

6b The grown tripod used as a leg structure (see fig 6b/1 )

Grown individually but intended for use in multiples, this is the simplest and most

versatile of the grown structure proposals. Each unit consists of either three or four saplings,

trained to shape and is used inverted. As can be seen from the illustration, these structures

can be grown either symmetrically to provide a leg central to its crown ( its base as grown)

or - as shown under the cabinet - biased to give a leg under anyone of its component

stems. These units will normally be used under a self supporting top or the relatively rigid

base of a cabinet, being fixed in place by inserting the three or four doweled stubs of the

structure into prepared sockets on the underside of the top.

i) THE GROWING JIG

Simple three or four sided internal pyramid structures, similar to that described and

illustrated in Drwg No S2J/01 ( Practical experimentation, the experimentaljig) will be used

to control the form of the bases of these structures, the united growth which eventually

forms the leg being braced if necessary by the use of guy ropes.
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fig 6b/l

The grown tripod used as a leg structure

Thesimple tripod structure used
as the base for the experimental
grown stool /table, may also be
used in multiples to form individual
legs for larger furniture pieces.
When grown for use in this way:
the individualsaplings - rather
than being spread in order to
support a top - are grafted
together to form a single
sturdy leg.

As examples- both the cabinet and
table proposals shown here make
use ofthese tripod structures­
reversed head to foot.

The table top and the bottom of
the cabinet are rigid enough to be
self - supporting, and in both cases
the legs may either be permanently
attached or removable.
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ii) THE GROWING METHOD

Having been selected on the basis of approximately equal vigour and size of

growth, the sets of three or four saplings - having grown to a height of 300 to 400mm - are

planted simultaneously at the corners of the jig. Successful transplanting having been

established, these are then carefully trained to shape and secured in place on the jig. The

timing of the installation of the grafts will depend on the rate of growth of the various

members, but should be carried out at a time of vigorous growth, allowing a good union to

be formed and the wounds inflicted on the stems to heal as soon as possible. Unwanted

side shoots should be removed as they appear. On reaching the tip of the jig the three

stems are grafted together to form a single column, being allowed to continue to grow

vertically, while side shoots should continue to be removed until a total height exceeding

the required finished height is exceeded by approximately 400mm. Beyond this point the

development of leaves should be encouraged, to allow growth to be as rapid as possible. If

thought advisable, the leafy crown may be supported by the use of guy ropes until a

suitably robust growth is achieved, and narvestlnq carried out.

6c Pyramids storage structure ( see fig 6c/ J )

Using a minimum of two of the basic grown tripod structures, a wide variety of free

standing storage or display units may be devised. While shown in combination with simple

shelving elements, these grown supports are suitable for use with a range of display panels,

shelves, cabinets etc, which may be of rigid panel or flexible skin construction. Standing

approximately two metres high, the vertical posts must be grown to a sufficient girth to

provide support adequate for their intended use, and these structures will be of

substantially greater dimension - and consequently age - than the otherwise similar

inverted tripod leg structures described above in section 6b.

i) THE GROWING JIG

As above, simple three or four sided internal pyramid structures, similar to those

described and illustrated in Drw No S2J/ J ( Practical experimentation, the experimental jig)

will be used to control the form of the bases of these structures, the united growth which
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Pyramids grown domestic storage un it proposal

A tentative first step towards the less
conventional design possibilities opened
up by the new production technique.

As shown this open shelving unit consists
of a pair of grown columns- each of which
is self- supp orting on a four legged
py ramid base, butsince each column
stands independently, the assembly may
conveniently be extended by the addition
offurther columns andshelves.

The ac!iustable shelvesare dropped over
the columns andsupported by pegs
inserted through holes in the columns.

If required, lateral bracing may be provided
by diagonal tension wires.

: I
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eventually forms the leg being braced as necessary by the use of guy ropes. In these cases

however, the overall dimensions will be substantially larger.

6d Threesome grown table ( see fig 6d/1 )

A simple three legged table proposal with cross braced underframe. The basic

design is suitable for growing in a range of sizesand heights, and while illustrated with a

glass top, this leg frame could support tops in a range of shapes and sizes. The angle of

inclination of the legs and the point at which the cross bracing occurs could equally be

modified to suit.

i) THE GROWING JIG

The internal growingjig will consist of a demountable frame resembling - and set

closely within - the finished table. The three vertically inclined leg supports are accurately

positioned relative to each other at the top by diagonal bracing on each face, and at the

bottom by the use of a removable planting jig. ( see fig S2J/04 for an example of such ajig )

An additional horizontal element will eventually be required to ensure the horizontal

termination of the upper ends of the diagonal members.

ii) THE GROWING METHOD

Since in this design the legs are straight and of greater girth than the diagonal

subsidiary members, these leg saplings should be pre-grown to a height of approximately

850 - 900mm ( if for use as a dining table) , their stems being clear of side shoots to a

height of 750mm. Having selected three well matched saplings, these should be

transplanted to the corners of the growing jig, suitably secured to it and allowed to

become established. The six subsidiaries - also suitably matched for sizeand Vigour - are

then installed as pairs, as close as practical to the legs. These subsidiaries should be of

sufficient height to allow them to be immediately trained up the legs and diagonally across

the faces ofthejig, crossing at the central point while their girth should be such as to allow

this. This phase being installed at an early part of the groWing season, all the constituent

stems are then grafted together as indicated in the illustration, being allowed to grow until

the completed framework is achieved.
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Threesome grown table proposal

Each leg is grown from three
saplings which are grafted together
up to mid height. At this point the outer
two diverge towards the tops of the
a0acen t legs- being grafted together
where they cross.

Shown with a glass top

fig 6d/1



At this point the crowns of the leg members should be removed at a suitable paint

above table top height ( or at least drastically reduced in size ). In this way their well

established root structures will be encouraged to form better and stronger connections

with the crowns of the diagonal braces.

6e Wishbone grown table ( see figs 6e/1 & 2 )

A four legged centre pedestal table. The top, supported on the central pedestal, is

fixed and braced by the ' wishbone' pairs of subsidiary stems which spring from the legs

and radiate outwards beneath it.

i) THE GROWING JIG

The jig is installed in two stages, as required by the progress of the growth. The

initial lower stage consists of four curved formers set at 90 degrees to each other, over

which the legs are trained to meet. The upper second stage is in the form of a horizontal

cruciform frame which surrounds the grown central column at slightly more than the

height of the future table top. This is supported and accurately located by the lower section,

providing attachment points for the subsidiary stems as they grow.

ii) THE GROWING METHOD

Being of by far the greater girth, the saplings which form the four legged base,

having been carefully matched, are planted individually at the foot of each of the four

formers of the lower jig. They are then trained to CUNe up them and to meet to form the

central column, where they are grafted together. Unwanted side shoots are removed until

the column has grown to a point well above finished table height, or approximately 1

metre from the ground. Thereafter bushy growth is allowed to develop, to encourage rapid

thickening of the existing stems. This part of the structure is allowed to develop for at least

two or three years before the remaining saplings, which form the subsidiary top braces, are

planted in pairs on either side of each of the four legs. At planting these should be of

approximately 800mm length but of flexibility such as to enable them to be trained to

shape to follow the CUNe of the legs. They then meet and are grafted canting outwards in
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Wishbone grown table proposal

The legs are grown to shape on ajig andgrafted together
to form a central column. The bracing 'wishbones ' are formed
by four pairs ofsaplings subsequerutyplanted between the
legs andgrafted firstly to them and then together, before
splaying out to support the top.

Ifrequired to be removeable, the wishbones could alternatively
be grown separately for dry attachment

fig bel J



Wishbone grown table proposal

the finished table 4

3 w hen appropr iate. furth er grattsjoining the wishbo nes
to the legs are instigated. The bond ing of thesemay be promoted

by the removal of the upper section of the leg structure and the
low er sections of the wishbone structures. the roots of the one

now feeding the crown of the other

atter a suitable period a further eight saplings 2
are planted on either side of each of the original four.

These are trained to shape and gratted into pairs
to form the 'w ishbone . top supports

NB if requi red the growth of the structure might also
be undertaken partly in component form. the w ishbone
structures being grown independ enUy and suitably
dry fixed in place to allow dismanUing

fig 6e/2



pairs, as can be seen in fig gej2. This form having been established, the upper component

of thejig is installed, providing guidance for the remaining growth of these saplings.

The finished form of all components having been set, the grafts connecting the

major and the subsidiary components are installed. To encourage these unions to develop

strongly, the crown of the central column is removed or severely pruned, while at the same

time the bases of the subsidiary saplings are removed. In this way the well established roots

of the leg structure are encouraged to develop strong inter - connections with the leafy

crowns of the subsidiary or ' wishbone' saplings. Only when all the unions are sufficiently

grown and the girth of the various members isjUdged to be adequate should the

completed frame be harvested,

6f Dyna grown chair ( see fig 6fj 1 )

A four legged upright or dining chair, the frame consisting of eight individual stems

which are variously approach grafted together to form the whole. The design allows for a

variety of different patterns to be grown within the chair back.

i) THE GROWING JIG

The diagonally braced four legged jig sits within the growing chair frame, offering

sufficient horizontal attachment points in the seat area to allow close control of growth at

this crucial point. In the area of the chair back a subtly cuNing but rigidly supported panel is

also required. The eight saplings used will produce a considerable crown of leaves which

must be well braced to eliminate the danger of wind damage.

iiJ THE GROWING METHOD

In a structure composed of so many saplings, the choice of well matched sets is of

more than usual importance. In this case the sets of eight saplings should be approximately

800mm in height, enabling them to be installed and trained to reach the back of the seat

area immediately. In this way the growing tips of all the saplings are able to continue to

develop vertically up the back, and the problem of avoiding unwanted side shoots from

developing in the seat area is reduced, although doubtless not totally eliminated. The grafts
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Dyna grown dining chair proposal

Thejig with which the form ofthe chair is controlled sits centrally
between the two sides- extending upwards at the rear to allowfor
the attachment ofthe chair back. Omitted for claritY- thisjig should

be sufficiently rigid to withstand the stresses ofwind etc- which
must be resisted by the leafy heads ofthe growing saplings

Each leg is formed from two saplings- planted together and
initially grafted together. Ata point 150mm below the seat these

separate, converging to form the centralseat support structure
before finally rising as indicated to provide the chair back

The finished chair with upholstered
seat and back spacers in position.

fig 6f/1



between the pairs of saplings forming the legs should be installed as soon as possible, the

final strength of these unions being of crucial importance. The chosen pattern to be formed

within the chair back having been trained and grafted into shape, the grafts between the

various saplings in the seat area may finally be installed. ( It may be found necessary to

retard the growth of any of the component saplings which tend to grow at a greater rate

than the majority of the others. )

6g Woodsman dry assembly chair ( see fig 6g/ I )

A four legged upright armchair utilising two grown side frames, each composed of

three saplings. These frames are linked by dry fixed structural seat and back panels and by

two underframe rails.

i) THE GROWING JIG

The flat jig replicates the required grown form, being double sided to allow

matching pairs of frames to be grown on each side. Although an exact match between left

and right hand frames for each chair will be difficult if not impossible to achieve, the design

is such that limited variations may be accommodated. ( An alternative would be to grow a

single larger frame, which could then be halved to ensure an exact match as seen in fig

2g/32. ) Jigs will require lateral bracing in order to stand upright, although if more than

one jig ;sused, these may be positioned at 90 degrees to each other for mutual support.

i) THE GROWING METHOD

The angles and curvature of all the members in this design being relatively gentle, it

should be possible to achieve these by the installation of full height ( approximately

1200mm ) saplings from the start, provided that the species used is of sufficient flexibility­

for example European Ash fraxinus excelsior. The grafts between the pair of saplings

forming the front leg / arm / back support should be installed first, and once these are

established those joining the back leg to it should follow.
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Woodsman part grown dry assembljlchair proposal

Thf3 assembled chair. The rigid seat and back panels
might equa/ljt well be upholstered, the dry essembty
enabling simple replacement in case ofdamage

As shown, the grown andgraftedside frames
ofthe chair are each formed from three suitabljl
trainedsaplings. Thesesupport - andare linked

by - the rigid seat and backpanels. A tubular
metal underframe completes the structure

fig 6g/1



iii) THE OTHER COMPONENTS

The materials used for the other component parts of this design will not be dealt with

in detail here, except to say that as far as possible ecologically benign materials and

methods of production, finishing and fixing should be preferred wherever possible.
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APPENDIX A Natural tree growth

i) EVOLUTION

Plants having evolved originally in water, their need to expose their leaves to

sunlight was initially satisfied by the leave's buoyancy, while their stems provided an

anchorage.

As they progressed onto land however, the function of the stems ( or trunks as the

stems of trees became) changed to one of support, resisting the earth's gravitational pUll,

while that of branches and twigs became that of holding the leaves in such a way as to

expose them to maximum sunlight. ( Ofall the circumstances affecting the development of

trees - climate, soil quality etc - gravity is the one factor that has remained constant over the

millennia, and which trees have consequently evolved best to resist. )

In these circumstances the ability to avoid being shaded - by groWing to greater

heights than their competitors - gave trees a considerable advantage. It also required that

they evolve the' woody' trunks they now possess, proViding the combination of strength,

flexibility, and the complex semi - tubular structure needed to transport nutrients over the

sometimes considerable heights between roots, leaves, flowers and fruit.

ii) THE NATURE OF GROWTH

Trees increase in size according to an annual cycle, this growth being influenced by

such factors as temperature, available hours of daylight, availability of moisture, nutrients

etc. ( Tree roots, most of which develop in the dark within the top 500mm of the soil, are

naturally affected more by temperature than by daylight. )

Each year the tip of the trunk will grow in height, new branches will appear, and the

girth of all of these will increase through the addition of new layers of cells produced -just

below the bark - by a layer called the cambium. The new cells are of two types, those

growing outwards forming the phloem, and those growing inwards a new ring of xylem. In

this way the ever more extreme loads imposed on the enlarging 'crown' of the tree are

supported by an increasingly robust structure.
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As with all other successful living things, trees have evolved - in terms of shape and

size - by developing structures which give them the best possible chances of survival,

Having a single trunk, this has involved the development of a root system which will

provide a secure anchorage in the earth, together with a 'crown' of leaves and branches

which is deployed in such a way as to ensure that the tree is in balance. To achieve this, any

tendency it may have to develop asymmetrically will be automatically corrected by

subsequent growth. Since the direction of the existing growth cannot however be

modified, the process is a gradual one, with new growth occurring so as to make the

correction. It is this process of either gradual or dramatic changes in the direction of growth

that produce the characteristic forms of trunks and branches which we admire so much,

which help us to identify the various species of tree, and which men have put to such good

use over the centuries.

It should be noted that this process of groWing so as to be in balance is not

confined to the tree's major elements. Not only branches but also twigs and even leaves,

have been identified as growing at such angles, and in such configurations, as to ensure

that this balance is maintained. Even such aspects as the length of the stems of individual

leaves may be used by the tree for this purpose.

To enable it to withstand the very considerable wind loads imposed on a large tree

in full leaf, the pattern of growth of the cells in a tree's trunk combine considerable strength

with a degree of flexibility. For this reason the layers of cells have been found to grow in

more or less of a spiral, the speed of rotation increasing as it ascends the tree. In some cases

the direction of rotation will change gradually from clockwise to anti-clockwise as each

growth ring occurs, producing a form of' lattice' pattern.

iii) THE INCLINATION OF BRANCHES

In trees which mature to develop a rounded crown ( termed deliquescent growth)

in which the branches grow as fast as or even faster than the trunk - in general the

hardwoods - the inclination of each branch must change gradually as the tree grows. The

relatively vertical angle of the uppermost branches must become more horizontal as new

growth appears above them, producing some of the gently cuNing shapes so much sought
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after by ship and waggon builders in the J6th - J9th centuries. The direction of growth will

also be affected by other external circumstances such as the appearance or removal- and

the proximity - of neighbouring trees or other obstacles. If such changes occur, buds which

may have failed to develop into branches and been engulfed by layers of new growth

( termed suppressed), may be stimulated to erupt through the stem, being then termed

adventitious.
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APPENDIX B The nature, art & science of grafting

Since the proposed method involves the system ofjoining living stems known as

grafting, some examination of this process, and the research into its nature, may be

appropriate.

The growing together of previously quite independent living stems, roots or

branches, occurs under certain circumstances in nature. The tendency varies among the

different species ;-

Some species are particularly prone to natural grafting and, among
the commoner trees beech, whether growing naturally or in hedge
form, provides numerous examples. The elm, ash, common maple,
..... have all been reported as forming unions between their own
branches by natural grafting. 151

As described in appendix 8a, the layer of cells from which new growth is formed is

known as the cambium. And since the formation of a graft will depend on the union of the

two cambial layers, normally separated from each other by their protective bark, it is

necessary to expose these to each other. Once having marked the point at which the two

stems - in the case of the approach graft - cross, they are brought into close, firm and

tolerably accurate contact for a sufficient period to allow the callus ( defined by Garner as

, healing tissue arising from the cambium at wounds' 152) to form. While this process is

taking place, it is necessary to protect the open wound from the entry of water, and to

some extent to limit air circulation.

This protection may be provided in many ways using a variety of materials. The basic

requirements are that water and air are excluded, and that the materials used do not

damage the tree or hinder the slight changes of shape and position which will occur during

the healing process. The potentially suitable materials range from either hot or cold waxes

or flexible sealants through clay ( modelling clay or Piasticene' is thought to be suitable

although rather expensive ), rubber latex, petroleumjelly, etc. It is suggested that waxed
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cloth or tape which has been impregnated with one of the above solutions may be suitable,

although care must be taken that this, when wound around the stems to be held, will not

restrict their growth as they swell.

The main use of grafting has traditionally been mainly in the field of fruit growing or

timber production, where the two sections of growth to be united are generally one which

includes the roots of the plant - the stock -and the other with a growing tip or leaves,

referred to as the scion. In this field, the aesthetics of the new union are in general of

secondary importance, Garner implying this when he says;-

Seeing that almost any carpentry which achieves cambial contact
between scion and stock may lead to a successful graft, it follows
that the forms of grafting may be very numerous. 153

Of some significance to the current experiments however, he comments that' Approach

grafting is necessarily somewhat cumbersome ...' 154 ( The distinguishing feature of

'approach' grafting is that the stems to be united remain intact both above and below the

graft.)

Garner - the accepted British authority on grafting - has confirmed that the

anatomical changes that occur during the formation of a graft union are basically the same

for all woody perennial species, including the death of some layers of cells at the interface,

the cohesion of scion and rootstock, generation of callus cells and establishment of vascular

continuity and a new stem centre.

Although the origins of man's use of this technique are lost in antiquity, the

scientific study of the process is known to have been in progress as early as 1758, and

continues to this day, 'Early anatomical studies of the graft union revealed the presence of

callus tissue at the graft interface ( Duhamel du Monceau 1758; Goppert 1874) , 155

Exactly when, how qUickly, and from which parts of the wound the callus develops

has been extensively studied, as the range of experimental data quoted by Miller and

Barnett indicates ;-

The time elapsing between grafting and the onset of cell
division for callus production apparently varies according to
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species, grafting technique and post graft environmental
conditions. Mergen (1954) described the occurrence of cell
divisions 2 to 3 days after grafting in Pinus e//iottii Engelm.
Copes ( 1969) observed cell enlargement at 4 days and callus
arising from parenchymatous cells of medullary rays, phloem
rays and cortex 5 to 7 days after grafting in Pseudotsuga
menziesii(Mirb.) Franco. Dormling (1963 )reported
pronounced callus formation in localised regions of Picea
abes(L.) Karst. Homografts, for example where needle traces,
resin canals, and ray cells were severed. 156

Following their own experiments on Sitka spruce, Miller and Barnett observed ;-

The first cells to respond in this way, within two days of
grafting, were the epithelial cells of severed resin canals and
ray parenchyma exposed where the phloem and xylem of
the scion and root stock were cut through. Fusiform cambium
cells near to the graft interface dedifferentiated into callus
much later ( 12 - 15 days after grafting )... Most callus was
produced by cells external to the cambium by dedifferentiation
and proliferation of ray cells, and of parenchyma associated
with severed needle traces. 157

In summary, it can be deduced that the growth of the callus can be expected to

start in a period of from two to fifteen days after the installation of the graft.

Some of the research carried out into one of the post grafting conditions which may

affect the success rate of grafts has examined the effects of different temperatures.

The grafting of scions onto Sitka spruce is normally carried out in polythene covered

tunnels during late winter of early spring. This practice, necessitating both the heating of

the tunnels and the maintenance of a humid atmosphere to reduce transpiration and water

stress in the scions, is both expensive and environmentally undesirable.

In order to avoid this type of problem in grafting Cory/us
ave/lana, Lagerstedt ( 1981a.b.c.) applied heat locally to the
graft unions made between dormant scions and rootstocks.
The method, referred to as hot-callusing, involved surrounding
the graft unions with warm air while maintaining the root
system and scion buds at ambient winter temperature. Heating
the graft interface encouraged callus growth when the apical
bud was dormant and no water stress was present in the scion.
This in turn led to high graft success rates. 158
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A similar experiment, carried out by Dr J RBarnett and Helen Miller at the University

of Reading, this time using Sitka spruce Picea sitchensiswas described in the Journal of

Experimental Botany in January 1994. The experiment was however carried out during

relatively mild winter conditions with the ambient temperature in the experimental tunnel

never falling below 0 degrees C, reducing the difference in the temperatures experienced

by the experimental specimens and the controls, and probably affecting results in favour of

the controls.

No final difference was detected in the rates of success achieved between

the heated and the unheated grafts, although ;-

On the other hand, scions of grafts which had been heated for three weeks,
and then returned to ambient conditions showed considerably greater
growth than unheated controls during the following spring and summer.
The amount of extension depended on how late in the winter the graft had
been prepared and heated, with least growth by grafts made in October,
and most by grafts made in March. Microscopical examination showed that
callus formation was more rapid in heated grafts than in controls, although
callus formation occurred in all control grafts examined. 159

Also discussed in the paper is the range of experiments which have been carried out

over the years, looking into the effects both of a) varying temperatures and b) on the timing

of graft installation, on the formation of callus. The findings of these researches may be

summarised thus ;-

Oliver ( 1901) Walnuts andHickories

Use of an incubator gave 75% success rate in grafting

Ravaz (192 I) Vitis

Graft unions developed more qUickly with increasing temperature

Shippy (1930) Apple

Callusing very slow between 3 - 5 degrees C

Between 5 -32 degrees C callus formation increased with rise in temperature

Above 32 degrees C tissues damaged, at 40 degrees death occurred 160

On the timing of grafting, the grafting of scions onto rootstock has not been

proposed in the designs shown here, although this might in future be considered. In such

cases, the length of time for which the scion is stored before grafting may be crucial to the

successof the union. This factor has been the subject of research on Sitka Spruce ( Picea
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sitchensis) carried out in 1988 by Barnett and Weatherhead. 161 Having been stored in the

dark, in sealed po/ythene bags, at a temperature of 1- 2 degrees C the leaf water potential

( a crucial measure of the ability to retain water) of the experimental scions was measured ;-

After 1d storage the four clones examined had water potentials in the range
- 1.4 to -1.6 MPa. This fell slightly during the next 3d after which there was a
more dramatic reduction in water potential, until by 14d the range was -2.1
to -2.6 MPa... 162

Having carried out the grafts after seven days of cold storage, it was found that the

scions having the lowest water potential ( and whose potential had dropped noticeably

relative to the others, when measured after four days) were the least successful.

The leaf water potential of the scions whose grafting was successful, having

dropped during the two days after grafting from - 1.95 to -2.63 MPa, recovered gradually

over the following 16 days, finally stabilizing at about -1.7 MPa.

The conclusions and explanations to be drawn from this and a previous study are
summarised thus ;-

In a recent study ( Barnett and Weatherhead, 1988 ) it washown that the
first observable stage in the formation of a successful graft union in Picea
sitcnensts. as in other gymno-sperms ( Mergen, 1954; Dormling, 1963;
Copes, 1969 ), is the formation of a callus bridge between the scion and
rootstock. This bridge is essential in that it provides a pathway for the
transport of water, by-passing the damaged tracheids at the prepared
surfaces of rootstock and scion. The callus must function in this way until
cambial union is established between the graft components 6-8 weeks after
grafting. Grafts which fail at an early stage do not produce a callus bridge.
Interestingly, callus formation in successful grafts is established By the 3rd d
following grafting ( Barnett and Weatherhead, 1988 ). This coincides with the
onset of recovery of water potential in scions as demonstrated by this study.

Callus formation involves dedifferentiation of ray parenchyma and
cambial cells, followed by repeated cycles of cell enlargement. Water is
required as the driving force for cell enlargement and must, in the first
instance, in the newly Grafted scion, be drawn from the scion itself. If the
scion is stressed beyond a certain point ( possibly -2.2 MPa in this Case) at
the time of grafting, there is presumably insufficient water available for the
development of callus. Rootstocks, however, are not under stress at the time
of grafting, yet in a failed graft are found to have produced no callus at the
inter-face between the components. This suggests that the formation of
callus by the scion is under the control of the scion. Thus the formation of
callus at the cut surface of the scion may depend firstly on the existence of
sufficient water in the scion, in turn permitting the formation of callus under
stimulation of growth substances released as a wounding response. Baspetal
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flow of such substances across the interface of the cut surface of the
rootstock would then stimulate callus formation there. Failure of the scion to
develop in this way, resulting from it's stressed condition, would mean that
no stimulation to callus formation would occur at the surface of the
rootstock. The latter, decapitated and stripped of leaves in the graft region
during preparation, lacks the normal sources of growth substances
associated with cell proliferation and will therefore not produce callus.

This work has demonstrated the importance of carrying out grafting
as soon after collection of scion material as possible in order to ensure
success rates in excess of 90% in Picea sitchensis. 163

127



APPENDIX C The patents of Arthur Wiechula

TheseGerman patents are illustratedand described by Kirsch 164( see fig BC/I )

The first two patents, No 287847 dated 24th November 1914, ( at the outbreak of

the First World War) and No 386940 dated 1st April 1922 concern techniques for growing

and interweaving living fences. Thepractice of'laying'hedges and interweaving their

stems andbranches, known in Britain as Hedging, is ofgreatantiquity, and could hardly

have beenpatentable. Wiechula's idea however, is to develop a rather more orderly

system. Two parallel rows of trees of a uniform height are to be planted perhaps

1- l.5m apart, angled towards each other so that their tips meet to form an inverted V

section. As with traditional hedge laying the top of this structure is to be united with a

continuous plait, while the hollow section at the base of the fence gradually becomes

consolidated by the interweaving of the lower branches growing from either side. In a

further development, intended to provide a denser and even more robust barrier, Weichula

shows the two basic rows of trees planted somewhat further apart, still angled together but

with additional rows of saplings planted in the spaces between, whose shoots would help

to provide an even denser infill.

In the years between the two World Wars, Wiechula was granted a further six

patents, all of which dealt in some way with the problems of linking individual trees

together to form a structural wall. ( NB Wiechula worked on the then conventional

assumption thatgrown walls, fences etc, would be required to run in straight lines, a

premise which Kirsch finds risible, considering that curvedshapes are far more suitable for

grown structures. )

Patent No 433298, running from 3rd February 1925, is for a clamping device,

designed to hold two saplings firmly together as they cross, in order that the natural

process of grafting may take place. The device consists of two identical sprung steel plates,

the ends of which are rolled over in such a way that they can be clipped together at each

end. The flexible nature of the plates enables them to deform to encompass saplings ( or

indeed other objects) of a variety of sizes. Kirsch explains that this system was finally

rejected on grounds of cost, although it would appear to the writer to have had the added

disadvantage that, if left in place too long, it would have become embedded in the trees

growth.
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On 26th April 1928 two patents were granted, Nos 459870 and 459996. In these a

number of horizontal wires, spaced above one another, are to form the 'weft' of a woven

fence or wall, the 'warp' being provided by a row of closely planted young saplings woven

into these. As the trees grow they will engulf the wires, eventually producing a wooden

wall of trees inextricably linked together by the wires passing through them. There appears

to be no reason why this system should not work as intended, although the durability of

the wires would be crucial, and the method of stretching the wires and of maintaining

them in place is not dealt with.

On 23rd June 1932 patent No 554735 was granted to Wiechula's Company

Neulohe GmbH. Apparently an attempt to overcome the problems of the excessive cost of

the previous clamping device, this method involves the use of a simple pin having a large

flat head, to be driven through the two stems to be linked at the point where they cross.

The pin is secured in place by a pressed metal washer designed to resist its withdrawal. This

method, later to be known as 'The Neulohejoint' has proved to be the most successful of

all, remaining in current production, together with a specially designed hand tool with

which the pin and washer can be inserted in a single operation.

Patent No 621944 granted 31st October 1935, was another attempt to tackle the

problems of excessive cost encountered with patent No 433298, while making use of the

process of engulfment incorporated in Nos 459870/996. Here the saplings are to be held

together using a simple wire tie, to be twisted around them at the point where they cross,

or at the point where a support wire or rod crossesa growing stem. The tie is to remain in

place as the tree grows, eventually engulfing and concealing it completely. Again, there

appears to be no reason why this system should not work as illustrated, although as related

to the current research project there exist two drawbacks. The first is aesthetic, in that such

a practice will inevitably produce a swelling and a scar where the tie has been applied. The

second is more serious, in that it has been found that despite the trees ability to engulf an

encircling wire, there remains a local weakness at this point, which while unimportant in a

woven structure such as a fence, could seriously weaken an item of furniture.

Patent No 508516 dated 18th September 1939 (at the outbreak ofthe Second

World Waf; and in the name ofNeutorie Gemeinnutzige Gese//schaft I illustrates three

alternative lattice patterns to be used to form grown panels or walls.
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APPENDIX D Project publicity 1996·2002

i) THE PRESS

Publication/page number date title ofarticle author

The Independent 1/6/96 Plant your own David Davies
Weekend section furniture -
p8 watch it grow

The Sunday Telegraph 3/8/97 How does your Catherine Elsworth
p6 garden grow?

Into furniture...

The Times 31/12/97 Long wait for a Simon de Bruxelles
p6 seat as garden

grows furniture

Evening Standard 9/11/98 A trunk call to Chris Partridge
p61 the future

The Garden April '97 Grown to Jean Stowe
RHSNews measure
p222

Eco Design Vo/S Furniture that Chris Sherwin
p31 Nol grows on you

Timber Trades Journal 16/8/97 Mr Cattle farms un-credited
p2 furniture

Readers Digest April '98 Household refers to The Times
Environment matters Harvest 31/12/97
pl19

Frame May/June Grow your own un-cred ited
plO 1998 furniture

Made in Britain Maggio Coltivare Mobili un-credited
British Consulate General - Milan 1998 nel Proprio
plO Giardino

Journal of Sustainable Product Design October Sustainable un-credited
p37 1998 Grown

Furniture

World's Best Ideas 1998 Chairs grown Summarised from
pl70 out of shaped The Times

saplings 31/12/97
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The Futurist
p60

Furniture Today
p200

P.M. magazin
p74

Ville Giardini
plOO

Das Beste
Readers Digest
plSI

The Independent
Monday review
p4

Woodland Heritage Journal
p4

The Daily Telegraph
Gardening section
plO

Woodland Heritage Journal
P9

February Grow it yourself Dan Johnson
1999 Furniture

April 27 Grow your own Lianne Finger
1998 furniture!

April Baume WGoede
1999 wachsen zu

Mobelstucken
heran

Febbraio Mobili da Andrea Ratti
1999 co/tivazione

Juli 1999 Ausalle Welt quoted from P.M.
Grossbritannien magazin 4/99

Sept 7 English 'Pandora'
1999 Eccentric

Spring Grown up Christopher Cattle
2001 furniture?

May 19 Where furniture Yvonne Thomas
2001 grows on trees

Issue 7 Grown up Christopher Cattle
2002 furniture

One year on ....

ii) TV / RADIO INTERVIEWS

station date programme Interviewer

BBC radio S Live 10/3/96 The Magazine David Davies
Environment news

BBC radio Wales 10/9/97 Good Morning Wales Rebecca John

HTV ( Cardiff ) 23/3/98 Local news Jonathan Hill

Radio Deutshe Welle (Ko/nJ 16/11/98 Science & technology Paul Chapman
English language service

CBC radio I (Canada) 2/11/99 Basic Black Arthur Black
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iii) CONFERENCES / SEMINARS

Conference/seminar/ organiser

(CSID '97
The Humane Village Congress
2rf' Congress ofICS/D

Forest to Product
The Parnham Trust

date

23 - 27th
Aug 1997

8th March
2000

venue

Toronto
Canada

Hooke Park
Beaminster

title ofpaper

Grownup furniture
- a case history

An alternative
approach
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APPENDIX E Site visits

year site I site 2 site 3

University of Reading Groundworks Priestfield Arboretum
School ofPlantSciences FedwHyr Little Kingshill
Field research station LlwydCoed Buckinghamshire
Shinfield Berkshire Mid Glamorgan

1996 March 13/28
May 23
June 6/19/26
July 4/18
Aug 30
Sept 13/20
Oct I I
Nov 8

1997 March 12/ 17 March 24
April 3/16
May 30 May 16
June 6 June 13/26
July 1/2 July 15/31
Aug 4

Sept 9/24
Oct 7/24 Oct 21

1998 Mar 23
May 5 May I I
June 26

July 31
Sept 17

Nov 9
visitsseverely curtailed thisyear due to ill health

1999 March 19
April 23 April 8

May 5/25 May 5/25
June 15 June 8/29 June6/15
July 6/27 July 22 July 6/27
Aug 24 Aug 4 Aug 24
Sept 14 Sept 2/22 Sept 14
Oct 15 Oct 29 Oct 15

133



REFERENCES

I T E Graedel & B RAJlenby, IndustrialEcology, Prentice Hall, New Jersey, 1995, p267
2 E Datschefski, The Total Beauty ofSustainable Products. RotoVision, Crans-Pres-Celigny, 200 I, p37
3 A Fuad-Luke, The Eco-Design Handbook, Thames & Hudson, London, 2002, p276
4 Graedel & Allenby, p233
5 Datschefski, p I 9
6 RTabor, Traditional Woodland Crafts, B T Batsford, London, J994, P 18
7 P D Adams, TheArtofBonsai, Ward Lock, London, 1981, p9 ;
8 D RKoreshoff, Bonsai, its An Science, History &Philosophy, Croom Helm, London, 1984, p2
9 J Morgan & A Richards, The Book ofApples, Ebury Press, London, 1993, P18
10 ibid, pl8
II M Hadfield, Topiary & Ornamental Hedges, Adam & Charles Black, London, 197 I, p9
12 ibid, pl7
13 ibid, p33
14 K Thomas, Man andthe Natural Wond. Penguin Books, London, 1984, p205
15 E Wilkinson & M Henderson (Eds), The House ofBoughs, Penguin Books, London, 1985, p78
16 Morgan & Richards, p60
17 P 8lackburne-Maze & B Self, 'Hatton Fruit Gardens', The Garden. April 1996, p 196
18 J E Milner, The Tree Book, Collins & Brown, London, 1992, p94
19 ibid, p95
20 J Seymour, The Forgotten Arts, Dorling Kindersley, London, 1984, p J7
21 Milner, p95
22 H Edlin, Woodland Crafts in Britain. David & Charles, Newton Abbot, 1949, p28
23 W L Goodman, The History ofWoodworking Tools, G Bell & Sons, London, J964, P18
24 RGardi, African Crans & Craftsmen. Van Nostrand Reinhold & Co, New York, 1969, p 14
25 C Kinmonth, Irish CountryFurniture, Yale University Press, Newhaven, 1993, p41
26 Seymour, p24
27 J Arnold, The Farm Waggons ofEngland & Wales, John Baker, London, 1969, p 13
28 ibid, plate I I
29 G Sturt, The Wheelwright's Shop, cambridge University Press, cambridge, 1976, p33
30 M Bramwell (Ed), The InternationalBook of Wood. Mitchel Beasley, London, 1976, pi 00
31 ibid, plOO
32 SBocola (Ed), African Seats. Prestel Verlag, Munich, 1995, p28
33 DE Ostergard (Ed), Bent WoodandMetalFurniture, American Federation of Arts, New York, 1987, p5
34 ibid, p5
35 H S Baker, Furniture ofthe Ancient World. The Connoisseur, London, 1966, p303
36 H Hayward, u/onaFurniture, Paul Hamlyn, London, 1965, pi 5
37 Ostergard, p6
3B Baker, p230
39 RNoble, The chairs of Sutherland and Caithness', RegionalFurniture Vol I, Regional Furniture Society,

Ashstead, J987, pp35-40
40 Kinmonth, p4 J

41 ibid, p34
42 B Cotton, Manx Traditional Furniture, Manx National Heritage, Douglas, 1993, p86
43 A Branzi, DomesticAnimals, the Neoprimitve Style, Idea Books Edizioni, Milan, 1987, p3
44 SStevenson, Rustic Furniture, Van Nostrand Reinhoild, New York, J979, p38
45 ibid, p4 J

46 ibid, pSI
47 C Gilborn, Adirondack Furniture, Harry N Abrams, New York, 1987, pp51-72
48 D Mack, Making Rustic Furniture, Sterling Publishing. New York, 1992
49 ibid, p78
so SRhodes, Australianjournalist, quoted from an article written by himself for' a couple of publications in

Thailand.' Enclosed with a letter to the author 12/6/97
5 I G Cornall, Memories - a Survey ofEanyAustralian Furniture, Australian City Properties, Perth, 1990, p66
52 ibid, p275
53 ibid, p275
54 ibid, p27 3
55 ibid, p27 2
56 ibid, p272
57 ibid, p272
sa ibid, p279

134



59 M Bogle & P Landman, Modern Australian Furniture, The Craftsman's Press, Roseville NSW, 1989, p78
W M Innes, 'Welcome to Nashville', Country living, The National Magazine Co, London, Sept J995, p70
61 The process of fletching involves the removal of a series of wedge shaped sections from the inside of a bend.

The limb is then bent to close up the voids, over which the cambial layer of growth finally heals itself.
62 Innes, p72
63 M Warner,' Through the Narrow Door', DavidNash-Forms into Time, Academy Editions, London, 1996, p17
64 A Henri, Benchmarks- Cheshire County Council, Chester, 1993, p 16
65 SNagyszalanczy, The tree Circus ofAxel Erlandson', Fine Woodworking, The Taunton Press, Newtown CT,

May/June 1986, pl08
66 RReames & B De/bot TheArtofTree Trunk Topiary, Arborsmlth Studios, Williams Oregon, 1995, P19
67 Nagyszalanczy, p I 10
6B Reames & Delbol, p21
69 RG Albion, Forests andSea Power- the timberproblem ofthe Royal Navy 1652 - 1862, Harvard University

Press, Harvard, 1926, p6
70 Ibid, p8
71 0 Rackham, The Illustrated Historyofthe CountJyside, Orion Publishing Group, London, 1997, p47
72 0 Rackham, Treesand Woodland in the British Landscape, J M Dent & Sons London, 1976, pi 70
73 Dr B Cotton, interviewed by the author, 28 November 1995
74 B Rudofsky, Architecture withoutArchitects, Museum of Modern Art, New York, 1965, plate 21
75 Cornall, p45
76 Montaigne, quoted in Wilkinson & Henderson, p 180
77 Wilkinson & Henderson, p 18 I
78 ibid, p181
79 ibid, P 14 1
80 B Pallisey, quoted in Wilkinson & Henderson, p 141
81 T Conran, Terence Conran on Design, Conran Octopus, London, 1996, p263
82 P Myers 'Bark and pole construction', Domas; Giovana Mazzocchi Bordone, Milan, issue 605, 1980, p28
83 A Clifton - Taylor, Spirit oftheAge, British Broadcasting Corporation, London, 1975, pi 1
84 A Wiechula, Wachsende Hauser aus Lebenden Bauman Entstehend, Verlag Naturbau Gesellchaft, Berlin,

1929
85 K Kirsch, Naturbauten aus Lebenden Geholzen, Organisher Landbau Verlag, Xanten, 1997
86 Thomas, pp220,221
87 ibid, p22 I
88 0 Cook, The English House Through Seven Centuries, PengUin Books, Harmondsworth, 1968, p 18
89 Gilborn, p23
'Xl ibid, p23
91 ibid, plO
92 RManwaring quoted in Gilbom, p27
93 Gilborn, p37
94 see Diamond, Guns- Germs &Steel.Jonathan Cape, London, 1977, for the origins of this situation
95 J Lovelock, Gaia, a newlook atLife on Eart/1, Oxford University Press, Oxford, 1979
96 Graedel & B RAllenby, p2
97 ibid, p2
98 J Houghton, Global Warming, cambridge University Press, cambridge, 1997, p 189
99 RCarson, SilentSpring, PengUin Books, London, 1991
100 A BUllock & STrombley (EdsJ The NewFontana DictionaryofModern Thought, HarperCollins, London, 1999,

p247
101 ibid, p247
102 E U von Weizsacker, Earth Politics-Zed Books, London, 1994, p99
103 0 Pearce (Ed) Blueprint 2. Earthscan publications, London, 1991, p66
104 von Weizsacker, plOD
105 von Weizsacker, Factor Four, Earthscan Publications, London, 1998, introduction page xx
106 V Papanek, The Green Imperative, Thames & Hudson, London, 1995, p32
107 A Summers, More for less, design for environmentalsustainability. Design Council. London, 1997, p3
108 Design Council, More for less, design for environmentalsustainability. Design Council. London, 1997, p4
109 Graedel & Allenby, IndustrialEcology, Prentice Hall, new Jersey, 1995
110 J Pittman, SecondNature, Lucent Technologies, Murray Hill, 1996, P J3
II I H Meinders, Point ofNo Return, Philips Electronics NV, Eindhoven, 1997
112 von Weizsacker, Factor Four, Earthscan Publications, London, 1998, P 159
113 M Volkerna Journey to Sustainability, www.hermanmiller.com
114 Design Council, p 19
115 RSchwarz (Ed) Wilkhahn Green, Dr Jurqen Kramer, Bad Munder, 1995

135



116 A Schonberger, RaymondLoel-l1l. Prestel Verlag Munich, 1990, p7
117 B Snaith, quoted in A Schonberger, p42
118 V Margolin, ' Design for a Sustainable World' Design Issues, MIT Press, Cambridge MA Summer 1998, p83
119 ibid, p86
120 C Downey, Neo furniture, Thames & Hudson, London, 1992, p93
121 V Packard, The Waste Makers, Penguin Books, Harmondsworth, 1960
122 V Papanek, Design for U7e Real Wond, Academy Editions, Chicago, 1985, page ix
123 V Papanek, The Green Imperative, Thames & Hudson, London, 1995, p9
124 D Rams, 'Less isMore' The Future of Design, Design Week; 5 November 1999, p 19
125 T Smit, quoted in M Jackson, Eden, U7e first book; St Ives Roche Ltd, St Ives, 2000, p64
126 Margolin, p83
127 Downey, p93
128 E Manzini, 'The Garden of Objects' Ufe betweenArtefactandNature, Electa, Milan, J992, P128
129 A Branzi, 'Freed Space', The SolidSide, V+K Publishing, The Netherlands, J995, P131
130 ibid, p43
131 Graedel & Aflenby, p2
132 D Houghton, Global Warming, Cambridge University Press,Cambridge, 1997, p200. Numbers of population

per car owned in 1991 for various countries;- USA 1.7/ Japan 3.3 / India 121.4/ China 680.0
133 D Norman, TheDesign ofEveryday Things, Doubleday, New York, 1989, quoted by Petroski, The Evolution

ofUseful Things. Vintage Books, New York, J994, p23
134 Petroski, page ix
135 S Brand, HowBUildings Learn, Orion Books, London, 1994, p2
136 ibid, p5
137 ibid, p5
138 J Baudrillard, TheSystem ofObjects, Verso, London, 2000, p3
139 SGiedion, Mechanisation TakesCommand, Oxford University Press,New York, 1948
140 A Forty, Objects ofDesire, Pantheon, New York, J986
141 P Simon, Train in the distance' Hearts andBones. CBS, 1974
142 L SUllivan, ' The Tall Building Artistically Considered' , Lippincott's, March J896, quoted in Brand, p3
143 D Pye, The Nature andAesthetics ofDesign, The Herbert Press, London, J999, pp 13-14
144 I BruneI, TheUfe oflsambardKingdom Brunet. Civil Engineer, Longmans Green, London, 1870, quoted in

Petroski, p45
145 J Baudrillard, TheSystem ofObjects, Verso, London, 2000, pp204,205
146 ibid, p89
147 V Neufeldt (Ed) u/ebster's New Wond Dictionary. Simon & Schuster, New York, J988 pI 0 18
148 E Schumacher, Small is Beautiful Sphere Books, London, 1975, p 128
149 Groundworks is the leading UK environmental partnership organisation active in 120 towns and cities

throughout the country....aiming to develop a more sustainable way of living.
150 Reames & Delbol, p72
151 RJ Garner, The Grahers Handbook; Cassell, London, 1947, p39
152 ibid, p29
153 ibid, P 130
154 ibid, P 130
155 H Miller &J Barnett, Dept of Agricultural Botany, School of Plant Sciences, University of Reading

The formation ofcallus at U7e graft interface in Sitka Spruce, lAWA journal vol14 (J), 1993, P 13
156 ibid, P J3
157 ibid, P J3
158 J Barnett & H Miller, Dept of Agricultural Botany, School of Plant Sciences, University of Reading

The effect ofappliedheat on grah union formation in dormant Picea sitcnensts (Bong) Carr,
Journal of Experimental Botany, vol 45, No 270, Jan 1994, p 135

159 Ibid, P 135
160 A K Asante and J R Barnett, School of Plant Sciences, University of Reading, Effect oftemperature on graft

union formation in mango (Mangifera indica L) Trap. Agric. (Trinidad) Vol 75 No3 July 1998, p401
161 Barnett & Weatherhead, School of Plant Sciences, University of Reading, The effect ofscion waterpotential

on grahsuccess in Sitka Spruce ( Picea sitcnensts ] Annals of Botany 64, 1989, pp9-12
162 ibid, P J0
163 ibid, P J2
164 K Kirsch, Naturbauten sus lebenden Geholzen ( Natural BUildings from Living Wood) Organischer Landbau

Verlag, Xanten, J997, pp83-93

136



BIBLIOGRAPHY

P D Adams TheArt ofBonsai
Ward Lock Limited, London, 1981

R G Albion Forests & Sea Power - the timberproblem ofthe RoyalNavy /652-/862
Harvard University Press, ( Economic study Vol 29) Harvard, 1926

J Arnold The Farm Waggons ofEnglandand Wales
John Baker, Pall Mall, London, 1969

Artificial Curiosities, an exhibition ofnative manufactures, collected on the 3 Pacific
voyages ofCaptJames Cook, 1978. RCA library No 745 441 KAE

RAustin, D Levy, l<Ueda Bamboo
John Weatherhill, New York, 1977

H S Baker Furniture in the Ancient World
The Connoisseur, London, 1966

M Ba/ston The Well Furnished Garden
Mitchell Beasley, London, I 986

J Baudrillard ( trans J Benedict) The System ofOojects
Ve~o,London, 1996

E Banks Creating Period Gardens
Phaidon Press, Oxford, 1991

D Barton The Bonsai Book
Ebury Press, London, J989

J Batchelor No Wealth but Life
Chatto & Windus, London, 2000

P B/ackburne - Maze TheApple Book
Colling ridge, Twickenham, J986

P B/ackburne - Maze & B Self 'Hatton Fruit Gardens' The Garden
Royal Horticultural Society, Peterborough, April J996

S Boco/a (Ed) African Seats
Prestel Verlag, Munich, 1995

A Boericke & B Shapiro Handmade Houses
Idea Books Ltd, London, J975

M Bogle & P Landman (Eds) Modern Australian Furniture
The Craftsmans Press Pty, Roseville, J989

137



M Bramwell (Ed) The International Book of Wood
Mitchell Beazley, London, 1976

S Brand How Buildings Learn
Orion Books Ltd, London, 1994

A Branzi Domestic Animals - the Neoprimitive Style
Idea Books Edizioni, Milan, 1987

A Branzi 'Freed Space', TheSolidSide
V+K publishing, The Netherlands, 1995

A Bullock & STrombley, (Eds), The New Fontana Dictionary ofModern Thought
HarperCollins, London, 1999

D Carr Topiary & PlantSculpture
The Crowood Press, Marlborough, 1989

V Chinnery Oak Furniture, the British Tradition
Antique Collectors Club, Woodbridge, 1979

EClarke & G Wright English Topiary Gardens
Weidenfe/d &Nicholson, London, 1988

A Clifton - Taylor (et al) Spirit of TheAge
British Broadcasting Corporation, London, 1975

T Conran Terence Conran on Design
Conran Octopus Ltd, London, 1996

o Cook The English House Through Seven Centuries
Penguin Books, Harmonsworth, 1968

G Cornall Memories - a Survey ofEarlyAustralian Furniture
Australian City Properties, Perth, 1990

B Cotton Manx Traditional Furniture
Manx National Heritage, Douglas, 1993

R Crompton ( illustrated T Henry) Still William
Macmillan Publishers, London, 1984

J Diamond Guns, Germs andSteel
Random House, London, 1998

P Dormer The New Furniture
Thames & Hudson, London, 1987

C Downey Neo furniture
Thames & Hudson, London, 1992

138



C L Duddington Evolution in Plant Design
Faber & Faber, London, 1969

H L Edlin Woodland Crafts in Britain
David & Charles, Newton Abbot, 1949

H L Edlin The Natural History of Trees
Weidenfeld & Nicholson, London, 1976

W Erlandson My Father Talked to Trees
Watsonville Press, Watsonville, 200 1

R Fitzgerald Vanishing Ireland
Jonathan Cape, London, 1986

A Forty ooiects ofDesire
Pantheon, New York, 1986

M J French Invention andEvolution
Cambridge University Press, Cambridge, 1973

R Gardi African Crafts and Craftsmen
Van Nostrand Reinhold, New York, 1969

RJ Garner The Grafters Handbook
Cassell, London, 1947

o Garnett Biddulph Grange Garden - an illustrated souvenir
National Trust Enterprises, London, 1992

S Geidion Mechanisation TakesCommand
Oxford University Press, New York, 1948

C Gilborn Adirondak Furniture & The Rustic Tradition
Harry N Abrams, New York, 1987

M Glazebrook Modern Chairs 1918- 1970
The Whitechapel Art Gallery, London, 1970

J Gloag The Englishmans Chair
George Allen & Unwin, London, 1964

W L Goodman The History of Woodworking Tools
G Bell & Sons, London, 1964

P Goodwin Sailing Man of War 1650-/850
Conway Maritime Press, London, 1987

S Greub ArtofNorthwest New Guinea
Rizzoli, New York, 1992

139



M Hadfield Topiary & Ornamental Hedges
Adam & Charles Black, London, 1971

H Hayward (Ed) World Furniture
Paul Hamlyn, London, 1965

A Henri Benchmarks
Cheshire County Council, Chester, 1993

T &J Hooper Australian Country Furniture
Penguin Books Australia, Victoria, 1988

J Houghton Global Warming - the complete briefing
Cambridge University Press, Cambridge, 1997

M Innes ' Welcome to Nashville' Country Living
The National Magazine Co, London, Sept 1995

M Jackson Eden; the first book
St lves. Roche Ltd, St Ives, 2000

L Kahn (Ed) Shelter
Shelter Publications, Bolinas, 1990

C Kinmonth Irish Country Furniture
Yale University Press, Newhaven, 1993

K Kirsch Naturbauten aus Lebenden Geholzen
Organischer Landbau Verlag, Xanten, 1997

D Knell English Country Furniture
Barrie & Jenkins, London, 1992

D R Koreshoff Bonsai, its Art; Science, History & Philosophy
Croom Helm, London, 1984

T T Kozlowski, PJ Kramer, SG Pallardy The Physiological Ecology of Woody Plants
Academic Press, New York, 1991

B Lavery Building the Wooden Walls
Conway Maritime Press, London, 1991

B Lavery The Ship ofthe Line
Conway Maritime Press, London, 1984

D Mack Making Rustic Furniture
Sterling Publishing, New York, 1992

E Manzini 'The Garden of Objects' 18T,Life between ArtefactandNature
Electa, Milano, 1992

140



E Manzini & M Susani (Eds) The SolidSide
V+K publishing, The Netherlands, 1995

V Margolin Design for a Sustainable World' Design Issues, vol J4, No 2
MIT press, Cambridge MA, Summer J998

J E Milner The TreeBook
Collins &Brown, London, J992

J Morgan & A Richards The Book ofApples
Ebury Press, London, J993

P Myers' Bark and Pole Construction' Domus 605
M Bordone, Milano, April J980

SNagyszalanczy 'The Tree Circus of Axel Erlandson' Fine Woodworking No58
The Taunton Press, Newtown CT, J986

D Nash David Nash - Forms into Time
Academy Group Ltd, London, J996

B Newman Fantasy Furniture
Rizzoli International Publications, New York, J989

R Noble 'The chairs of Sutherland & Caithness' Regional Furniture Vol/
Regional Furniture Society, Ashstead, J987

D E Ostergard (Ed) Bent Wood & Metal Furniture /850 -/946
American Federation of Arts, New York, J987

V Papanek The Green Imperative
Thames & Hudson, London, J995

H Petrovsky The Evolution ofUseful Things
Vintage Books, New York, J994

D Pye The Nature & Aesthetics ofDesign
The Herbert Press, London, J999

o Rackham Treesand Woodland in the British Landscape
J M Dent & Sons, London, 1976

o Rackham The Illustrated History ofthe Countryside
Orion Publishing Group, London, J987

R Reames & B Delbol TheAftofTree Trunk Topiary
Arborsmith Studios, Williams, Oregon, J995

B Rudofsky Architecture withoutArchitects
Museum of Modern Art, New York, J965

J4J



A Schonberger Raymond Loewy pioneerofAmerican industrial design
Prestel Verlag, Munich, 1990

J Seymour The Forgotten Arts
Darling Kindersley, London, 1984

R Sieber African Furniture & Household Of:?jects
American Federation of Arts, New York, 1980

E Sloane A Museum ofEarlyAmerican Tools
Ballantine Books, New York, 1964

TSmit Eden
Bantam Press, London, 200 1

E Sloane A Museum ofEarlyAmerican Tools
Ballantine Books, New York, 1964

S Stevenson Rustic Furniture
Van Nostrand Reinhold, New York, 1979

G Sturt The Wheelwright's Shop
Cambridge University Press, Cambridge, 1976

R Tabor Traditional Woodland Crafts
B T Batsford, London, 1994

Y Takasaki 'Cold Comfort' The Garden, .January /997
Royal Horticultural Society, London

K Thomas Man and The Natural World
Penguin Books, Harmondsworth, 1984

S Thorne Compass Timbers (unpublished PhD thesis)
Buckinghamshire Chi Items University College, High Wycombe, 1997

J R Trochet Catalogue des Collections AgricolesAraires
Eds de la Reunion des Musees Nationaux, Paris, 1987

B & RVale Green Architecture
Thames & Hudson, London, 1991

E U von Weizsacker Earth Politics
Zed Books, London, 1994

R West et al Treasuresofthe NationalMuseum ofthe American Indian
Abbeville Press, New York, 1996

142



E White PictorialDictionary ofBritish 18th Century Furniture Design
Antique Collectors Club, Woodbridge, 1990

A Wiechula Wachsende Hauseraus tebenaen Baumen Entstehend
Verlag Naturbau Gesellschaft, Berlin, 1929

E Wilkinson & M Henderson (Eds ) The House ofBoughs
Penguin Books, Harmondsworth, 1985

M H Zimmermann, C L Brown Trees- Structure & Function
Springer-Verlag, New York, 1980

143


