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Preface

A frustration often experienced by researchers is the
time lag between the publication of experiment results
and incorporation of the findings into current practice.
A notable exception to this state of affairs occurred
with the introduction of treeshelters when demand for
the new technique outpaced the rate at which research
results could be collected.

It is rare for silvicultural traditions to be disturbed so
abruptly and the speed of change in accepted broad-
leaved practice inevitably provoked a reaction among
many wishing to defend familiar methods. Conversely,
some foresters, seeing an answer to all the difficulties
they faced, adopted the new idea with abandon and
extended the use of treeshelters into inappropriate
applications or on an uneconomic scale.

This Handbook attempts to give clear guidance on
the use of treeshelters along with a balanced appraisal
of their benefits and limitations. The topics covered are
separated into those relating to the design of tree-
shelters, the benefits that may be anticipated, and
correct usage. A brief description of the microclimate
inside treeshelters is given in an appendix at the end of
the Handbook.






Treeshelters

Summary

Treeshelters are translucent plastic tubes up to
2metres in height that are used to protect young trees,
while modifying the microclimate in ways that im-
prove survival and enhance growth rates. This
Handbook describes the development of treeshelters
over the first 10 years of their use and summarises the
features required in a successful shelter. It describes
the environment inside a shelter and reports the
response of trees to these conditions. It also intends to
give a balanced view of the benefits and disadvantages
of treeshelters and examines the limits of their
applicability.

ABRIS POUR LES ARBRES

Résumé

Les abris serres sont des tubes plastiques translucides
d’une hauteur pouvant atteindre 2 m. Ils améliorent la
survie el la croissance des jeunes plants puisqu'ils les
protégent du gibier et créent un microclimat. Ce
manuel décrit les différentes étapes de developpement
de ce type d’abris depuis son introduction en 1980 a
nos jours, et résume les caractéristiques essentielles
d'un abri efficace. Il explique les mécanismes qui mod-
ifient I'environnement a l'intérieur d'un tube, et la
réaction des jeunes plants a ces nouvelles conditions.
Nous espérons, en examinant aussi les limites d’utili-
sation de ce type d'abris, donner une vue objective des
avantages et inconvénients d’un abri serre.

SCHUTZHULLEN FUR BAUME

Zusammenfassung

Schutzhiillen sind durchscheinede bis 2m hohe
Kunststoffrohren, die junge Baume schiitzen, indem
sie das Mikroklima abandern, und sowohl Uberleben
als auch Wachstum verbessern. Dieses Handbuch
beschreibt die Entwicklung von Baumschulzhiillen
wihrend der ersten 10Jahre ihrer Verwendung, und
fasst die in einer erfolgreichen Schutzhiille erwiin-
schten Eigenschaften zusammen. Das Handbuch
beschreibt auch die Umwell in einer Schutzhiille, und
berichtet die Reaktion des Baumes auf diese Verhili-
nisse. Die Absicht ist auch, die Vor- und Nachteile von
Baumschutzhiillen objecktiv darzustellen, und die
Grenzen ihrer Anwendbarkeit zu untersuchen.



Introduction

Treeshelters offer a convenient solution to many of the
problems faced during the establishment of trees in
Britain. These include the difficulty of weed control,
severe animal damage and the risk of prolonged
drought following planting. In the lowlands a further
consideration is the small scale of operations which
often means that fencing and cultivation are prohibit-
ively expensive.

The development of treeshelters began in 1979
when Graham Tuley wrapped polythene sleeves
around plastic mesh guards to create a ‘mini-green-
house’ effect around individual trees. Since then
treeshelters have often been referred to as ‘Tuley
tubes’, as well as ‘grow-tubes’, ‘tree-tubes’,and anum-
ber of other epithets, some of which are now registered
trade names. Usage in this Handbookis confined to the
terms ‘treeshelter’ and ‘shelter’. It should be noted that
‘tree guard’ is not a suitable synonym as this refers to a
physical barrier around each tree, usually made from
plastic or wire mesh, used specifically to protect small
trees from damage by animals and machines.

Since their inception treeshelters have been used in
over 200 Forestry Commission experiments on sites
throughout Britain. The results from this work have
provided the detailed information reported here and
upon which treeshelter design and practice have been
based.

In 1979,180 treeshelters were made by hand for use
in the first experiment and in the following year about
1750 shelters were used on research sites. By 1984 the

WHAT ISA TREESHELTER ?

There are a number of ways of providing protec-
tion for individual young trees, resulting in
occasional confusion ofterminology and applic-
ations. It is useful to differentiate between
treeshelters and other devices.

Treeshelters are transparent or translucent
tubes that create a ‘mini-greenhouse’ environ-
ment around single trees while offering
protection from mammal damage. Shelters are
attached to stakes and should provide support
and protection for between 5 and 10 years after
planting before the material begins to break
down.

Tree guards, made from metal or plastic mesh,
are intended primarily to provide protection
from mammal damage. They have very little fur-
ther effect on the environment around the
growing tree and do not constrain side branches
or leading shoots. These may grow through the
mesh which can become embedded in the grow-
ing stem.



platei Sessile oak
emerging from
treeshelters two growing
seasons after planting.
Note the weed-free

area. (38057)



use of treeshelters was an accepted forest practice and
the number sold in Britain was well over a million.
Current annual production probably exceeds 10 mil-
lion. At the moment it is difficult to foresee the level at
which the market will reach saturation. It was initially
predicted that the maximum annual use could be as
high as 15 million, but it is conceivable that this figure
could be exceeded as the planting of small pockets of
broadleaves increases and shelters are used more
widely in medium-scale forest planting such as is
occurring in response to the Farm Woodlands Scheme.
As use in Britain continues to expand, several overseas
countries have also adopted treeshelters with enthu-
siasm. It now seems possible that most temperate
forest industries will eventually find a role for this
method of establishment.

The reasons for the rapid acceptance of the tree-
shelter are evident: correctly used, shelters can reduce
the losses caused by mammals, the cost of herbicide
application, the time spent on inspection and mainten-
ance, and the stresses associated with the transfer from
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nursery to planting site. Despite the relatively high
initial investment, treeshelters can in fact lead to cost
savings by avoiding the need for fencing, enabling
herbicide applications to be made more efficiently and
improving survival.

Although the possible benefits from treeshelters are
considerable they should not be used without an
awareness of their limitations. Large areas will usually
be established more cost-effectively if protection from
animals is provided by means of fencing. When shel-
ters are used on sites with a high density of deer,
supplementary protection may be required to prevent
fraying if the treeshelters break down before the trees
are about 10years old.

The size of shelter selected should be no taller than
that required to offer protection from those animals
known to pose a risk: on sites with little evidence of
deer the protection offered from a 600 mm shelter will
be sufficient. If there is no threat from animals it may be
difficult to justify expenditure on shelters in terms of
improved growth and survival alone.



Treeshelter design

Size

Where there is a risk of browsing, the top of the
treeshelter needs to be just above the browse height of
the damaging animal. This height may range from
600 mm to 2m and is discussed in the section dealing
with protection from animal damage.

Diameter is less critical. Experiments have tested
designs with diameters from 50 mm upwards. In gen-
eral it can be said that as diameter increases, the
shelter effect declines, but within the range 50 —
200 mm this is not important. Although a 50 mm wide
shelter would require less material and be easier to
transport it would be very difficult to slide over plants
without causing damage. For ease of use most shelters
produced have diameters (or sides) between 80 and
120 mm.

Shape

The first commercially produced shelters were made
from flat sheets of polypropylene folded into square
tubes. This is a convenient shape to handle and is rea-
sonably robust. However, the large flat sides of these
shelters offered considerable resistance to wind and
this sometimes caused the shelter to turn in the wind
or blow flat against the stake. The problem was
reduced by producing shelters with a hexagonal
cross-section, but these models were more difficult to
erect. Shelters produced by folding sheet material
generally have little resistance to crushing and in
many situations will be vulnerable to pressure from
browsing animals.

plate 2 60 cm treeshelters are sufficient to provide
protection from rabbits and voles on level sites.
(39159)

11



Those treeshelters produced directly from tubular
extrusion are much more difficult to crush and are
less likely to be affected by gusts of wind. However,
they also occupy more space for the same number of
shelters. This problem has been reduced by produc-
ing a range of diameters that nest inside one another.

Material

Nearly all treeshelters available today are made from
twin-wall polypropylene. This material has the
advantage of relative cheapness and a good strength
to weight ratio but it will deteriorate rapidly in sun-
light unless stabilised with ultraviolet inhibitors. The
early shelters, made without added stabiliser, began
to break down at the corner folds during their first
year in sunlight and disintegrated steadily thereafter.
Experience has determined the formulation that will
offer a 5-year field life in full light in southern Britain,
enabling the treeshelter to remain intact until the tree
is able to support itself.

Polypropylene is sometimes used as a single-wall
material. The manufacturing process for this is
cheaper, but greater quantities of plastic and stabiliser
may be required to provide sufficient strength. Such
designs offer less rigidity for the same weight of
plastic.

Polyvinylchloride (PVC), which has the advantage
of high light transmission, was tried in several early
designs but was found to deteriorate too quickly.
However, one current design has overcome this by
incorporating a polyester matrix that holds the base
material intact. This design has shown no signs of
decay after 8 years and it can be expected that tree-
shelters made from such material will have to be cut
away before they damage the tree.

12



PLATE3 The shelter
material should begin to
degrade after a minimum
of 5 years’ service.

(M.f. Potter]
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PLATE4 As the treeshelter disintegrates the litter should be gathered up for disposal. (37230)

With all treeshelter designs the problem of litter
should be avoided by collecting up and disposing of
waste material at the end of the establishment period.
Although treeshelters are generally viewed favour-
ably as they encourage the planting of broadleaves,

14

the proliferation of fragments of plastic in the coun-
tryside could do much to provoke opposition to their
use unless a little effort during the quiet days of win-
ter is devoted to maintaining the appearance of young

plantations.



Stakes

Attempts to produce free-standing treeshelters have
not been successful and all current designs depend on
a stake for support. The stake may be made from wood,
metal or plastic, depending on the type of shelter and
intended use.

Wood is the most commonly-used material and, for
most practical purposes, the most suitable. Sawn soft-
wood is readily available and should be treated with
preservative for use in ground contact. The length of
stake required will depend on the type of shelter
being used: it should penetrate the ground to a depth
of at least 30 cm and project about 10cm above the
upper tie or wire, but remaining below the rim of the
shelter. On reasonably sheltered sites with deep soil, a
25 mm X 25 mm cross-section may be adequate for a
1.2m shelter, but if exposure to strong winds is
expected or the soil contains a high proportion of
stones or tree roots this specification should be
increased to 30 mm X 30 mm or greater. Cleft chest-
nut is a cost-effective alternative and requires no
preservative provided the heartwood content is suffi-
cient. It is easily obtained in the south-east, but is less
common elsewhere.

Stakes are most easily put into the ground using a
small drivall, but a club hammer or mallet used with
care will suffice. On stony ground it is often helpful if
a small crowbar is used to start the hole.

The importance of ensuring that all stakes are
squarely upright should not be underestimated: a col-
lection of leaning shelters gives an impression of
dereliction while increasing the risk of damage to the
young tree.

Metal rods can be quick and easy to erect on stone-
free soils but offer little frictional resistance to a
treeshelter turned by the wind and may be toppled by
moderate gusts. Their use should be restricted to very
sheltered areas and firm soils on sites where the

plate 5 Stakes should be of sufficient size to support
the shelter securely, but may damage the tree if they

project above the top of the shelter.

(M.]. Potter)
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plate6 Iftreeshelters are made from non-rigid material it is important to increase the stake specification. (37229)

manager can be absolutely confident that all rods will
be removed before they begin to damage trees. It
should be borne in mind that steel rods oxidise
rapidly in ground contact and often cannot be pulled
out of the ground manually after a year or more.
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A number of plastic stakes of various designs have
recently become available but at this stage they have
not been tested fully. However, it is already evident
that those made from round plastic suffer from much
of the same lack of rotational rigidity as round metal.



PLATE7 Speed ofinstallation has been greatly

improved since the introduction of pre-inserted

ties.

(39160)

Ease of installation

The first production designs used internal stakes and
wire loops inserted through the shelter walls. Fixing
the shelter to the stake was a difficult process and
often trapped the leading shoot. Subsequent shelter
designs were secured by means of a short length of
wire wrapped firstly around the treeshelter and then
around the supporting stake. This method of installa-
tion has proved time-consuming, unreliable and
leaves a strand of wire that may become embedded in
the growing stem. It is important that the means of
fixing the shelter does not enclose the young tree and
most currently available shelters meet this require-
ment by using ware ties attached to one wall, or plastic
ratchet clips (‘cable clips’) which are quick and easy
to secure.

The fixing device should also be easy to undo so
that trees can be inspected and losses replaced. This
is straightforward when wire ties have been used, but
those types of plastic clip that are most easily undone
are barely strong enough for this application. Modif-
ications to the basic design allowing it to be released
with the thumbnail are probably the best compro-
mise.

With all these methods, care should be taken to
ensure that the plant leader is not trapped by the wire
or clip during installation.

Staples are sometimes used to attach the shelter to
the stake. This approach has the advantage of being
cheap as well as preventing the shelter from moving
around the stake. However, as the shelter material
decays one of the first places to fail is the area around
the staple where stresses are concentrated.



Stem abrasion

Most of the materials used to make treeshelters are
capable of causing damage to the stem of the emerg-
ing tree as it is moved by wind on exposed sites; the
majority of shelters therefore incorporate design
modifications to reduce this risk. Early attempts to
alleviate this problem by the addition of a cushioning
device did not prove successful and most models now
rely on a flared rim to prevent stem contact with the
cut edge of the plastic. The need for this adaptation
should not be underestimated as young trees have
been decapitated on even moderately exposed sites.
Whippy species, such as ash and birch, are more
prone to this form of damage than those with robust
stems.

Whether or not abrasion occurs on a susceptible
site is very largely determined by the position of the
last set of lateral shoots to be produced before the
leader emerged above the shelter rim. If the laterals
are close to the top, say within 5 cm, they will act as a
restriction to swaying and prevent the stem meeting
the edge of the shelter with any force. Side branches
lower down will offer less protection. Some species
produce very pliable young shoots and foliage, and
are therefore more likely to be pushed against the
edge of the treeshelter.

All currently available treeshelters incorporate a
design feature of some sort intended to reduce this
damage. Some of these adaptations offer little im-
provement over the original design, while others are
likely to be suitable, with appropriate species, on all
but exposed sites.

18

Light transmission

On open sites, light-demanding species, such as ash,
have grown very slightly taller in brown shelters than
in white or green ones but this observation is unlikely
to be of any practical importance. However, shelter
colour may become relevant in underplanting or
enrichment where light intensity is already low; in
such cases it is advisable to choose one of the more
translucent materials.

In a series of experiments designed to look at the
responses of sheltered plants to different light inten-
sities, treeshelters were made using clear PVC and
polypropylene overprinted with grey and black
screens with a range of opacities such that light mea-
sured at ground level inside the shelter varied from
63% down to approximately 1% of ambient. Some of
the results from one of these experiments are summa-
rised graphically in Figure 1 where it can be seen that
height growth in two light-demanding species, ash
and oak, continued to increase with decreasing light
availability up to the treatment in which 14% of light
was transmitted. With greater light interception
height increment declined rapidly.

Stem diameter increment (Figure 2) began to dec-
line at higher light intensities than height growth,
suggesting that etiolation was in part responsible for
maintaining height growth when more than about
55% of light was intercepted. Beech, a very shade
tolerant species, showed a more or less steady reduc-
tion in terms of both growth parameters as light
decreased.

Survival is, perhaps, a more important indicator of
the value of treeshelters, and from Figure 3 it can be
seen that the number of deaths in ash and oak was not
affected by the amount of available light until the
most extreme treatment, whereas beech survival dec-
lined as light interception increased.



FIGUREi The effect of light interception by treeshelters of
different opacity on the height increment of sessile oak
transplants after two growing seasons.

FIGURES The effect of light interception by treeshelters of
different opacity on the survival of sessile oak transplants
after two growing seasons.

figure 2 The effect of light interception by treeshelters of
different opacity on the stem diameter increment of sessile
oak transplants after two growing seasons.
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The benefits of treeshelters

Survival

When the first treeshelter experiment was established
it was predicted that, although growth rates would be
enhanced, mortality would be much higher than in the
unsheltered treatments because of the high tempera-
tures created in the plastic tubes. In the event, every
single tree in the shelters survived while 25% of those
without shelters died in the first 2 years, despite being
surrounded by a deer- and rabbit-proof fence!

This pattern has been repeated on many sites under
differing conditions and with a wide range of species.
With a few exceptions, use of treeshelters has con-
sistently decreased mortality during establishment.
The exceptions are mostly attributable to identifiable
causes, such as late frosts after flushing, late planting
or poor weed control.

Reduction of outplanting stress

Dieback or plant death can be caused by low air hu-
midity or insufficient available soil moisture during
the period after planting. High temperatures and dry
air both increase the rate of transpiration, which can
lead to a diurnal cycle of water deficit and rehydration
as plants transmit water vapour during the day and
reabsorb water from the soil at night. However, if
available water in the soil is scarce then the water
deficit may persist, resulting in damage or death of the
plant,
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The problem is particularly serious when spring
drought occurs immediately after planting as the
young tree will not have recovered the substantial part
of its fine root system that was lost as it was lifted
from the nursery. Water deficit can be further ex-
acerbated because the thinly-developed cuticle on
newly-expanded leaves permits further moisture
transmission from epidermal tissue. On exposed sites
soil or ice particles blown by the wind can cause dam-
age to cuticles, thus increasing passive water loss.

Inside treeshelters containing established trees the
leaf-air vapour pressure difference (the ‘drying power’
of the air) remains relatively low once the young tree
has begun to fill the space in the shelter with transpir-
ing leaves, even during hot summer days (see Figure
11). This has the effect of slowing transpiration and
passive water loss, as well as encouraging condensa-
tion on the walls of the shelter. The droplets that collect
will eventually run back to the ground, again becom-
ing available to the tree roots.

However, a newly-planted tree is less able to
increase the humidity in a shelter as its transpirational
capacity is lower. It is therefore possible that the effects
of the high temperature will outweigh those of the only
moderately increased humidity and increase the risk of
water stress in a plant. This danger should be mini-
mised by ensuring that all treeshelter planting is
completed during autumn or early spring so that the
young trees have the opportunity to produce an exten-
sive root system and a quantity of transpiring leaves
before hot summer temperatures are experienced.
Clearly treeshelters should not be used in an attempt to
extend the planting season.



Age (years)

Wind can effect the growth of young trees in anum-
ber of ways. In some species, transpiration and the
possibility of water stress are increased, with a conse-
quently greater risk of plant death. Other species
respond by reducing the rate of transpiration; over the
long term this may result in reduced growth. The
mechanical stresses caused by the movement of the
aerial portion of a plant in wind can influence the way
in which material is allocated to different parts of the
growing plant. Repeated swaying leads to a thickening
of the lower stem and the rapid development ofa struc-
tural root system. Relieved from the action of wind
movement, trees in shelters devote resources towards
other activity, such as height growth.

FIGURE-) Height growth of
sessile oak transplants in
treeshelters and plastic mesh
guards.

Height growth

The most familiar effect of treeshelters is the greatly
accelerated early height growth of many species.
Figure 4 contrasts the height increment of oak trans-
plants protected by treeshelters and mesh guards in an
experiment near Exeter. The results presented are
typical of those obtained from alarge number of exper-
iments; it can be seen that the shelters have conferred a
height advantage of about 1m, which is maintained
through the early years. The size of the increase
attained in other experiments has often been much
greater than that shown in this example, though on

21



some sites the height enhancement has been smaller. It
is evident that the results achieved depended consider-
ably on local conditions and plant quality.

There are few species that do not derive some ben-
efit from treeshelters, if only in terms of the protection
provided. However, it is of interest to compare the
response of a range of species as those that grow most
quickly will be the first to complete the establishment
phase. Tables 1, 2 and 3 are based on the data collected
from experiments established between 1980 and 1982
and categorise the species used into three classes
according to the relative increase in height increment
compared with trees protected by nylon mesh guards.
It should be borne in mind that anylon mesh guard will
itself increase the height increment compared with a
that of a tree with no protection or support.

It should not be concluded that treeshelters are
unsuitable for use with the species listed in Table 1. In
most experiments survival of the sheltered trees was
greater than those without shelters, and all benefited
from the protection and ease of location that
treeshelters offer.

One of the reasons for an apparent poor response to
shelters is that the trees in both shelter and mesh guard
treatments have grown quickly. In Table 1 those
species marked f exhibited a height increment in
shelters of 50 cm or more after 3 years, and those with §
had growm over 1 m in the same period.

22

Table1 Species with mean height increment in
shelters less than 50% greater than that of trees in
mesh guards 3years after planting

Common name Systematic binomial
Horse chestnut Aesculus hippoccistanum t
Hornbeam Carpinus betulus §

Black walnut Juglans nigra ¢

Southern beech Nothofagus procera f

Wild cherry Prunus avium §
Rowan Sorbus aucuparia §
Whitebeam Sorbus aria t

Western hemlock  Tsuga heterophylla f

Western red cedar  Thuja plicata



PLATES This Douglas fir 4 years
after planting illustrates the fact
that most conifers also derive
benefit from treeshelters.
(39163)



Table 2 Species with mean height increment in
shelters greater than 50% but less than 100%
greater than that of trees in mesh guards 3 years

after planting
Common name
Grand fir
Norway maple
Alder

Italian alder
Sweet chestnut
Ash

Holly

Japanese larch
Crab apple
Southern beech
Norway spruce
Sitka spruce
Corsican pine
Douglas fir

Yew

24

Systematic binomial
Abies grandis

Acer platanoides
Alnusglutinosa
Alnus cordata
Castanea sativa
Fraxinus excelsior
llex aquifolium
Larix kaemp/eri
Malus sylvestris
Nothofagus obliqua
Picea abies

Picea sitchensis

Pinus nigra var. maritima

Pseudotsuga menziesii

Taxus baccata

Table 3 Species with mean height increment in
shelters more than 100% greater than that of trees

in mesh guards 3 years after planting
Common name Systematic binomial

Field maple Acer campestre

Sycamore Acer pseudoplatanus
Birch Betula pendula
Hawthorn Crataegus monogyna

Beech Fagussylvatica*
Common walnut /uglans regia

Sessile oak Quercus petraea

Pedunculate oak Quercus robur
Small-leaved lime  Tilia cordata

Large-leaved lime  Tilia platyphyllos

*Beech in treeshelters

Beech was included in eight of the earliest treeshelter experiments
and in all cases responded very well, with the height increment of
the sheltered trees being on average 3,7 times greater than that of
the controls after two growing seasons, and 1.9 times greater at the
time of final assessment after 5years. At this stage 96% of the
sheltered trees were alive compared with 85% in mesh guards, in no
experiment was either height increment or survival of the trees in
shelters less than that of other treatments.

Since these results were first published there have been a number
of reports of poor growth and survival of beech in treeshelters. On
inspection it is clear that contributory factors in many of these cases
are inadequate weed control or poor quality plants. Nevertheless it
appears that the most likely culprit for the losses is the beech woolly
aphid fPhyllaphis fagij. This insect is normally innocuous but can
attain high populations on the beech hedges where fresh regrowth
after trimming in the summer provides young leaves that are
attractive to this insect. In shelters, beech exhibits a prolonged
phase of growth and produces thinly-cuticularised leaves, an ideal
feeding site for the aphid.



FIGURK 5 Height growth of sessile oak transplants in tree-
shelters and without protection in a woodland with a
moderate population of roe deer.

Although fast growth contributes to a shorter
establishment period it is not the only benefit, and the
use of shelters should not be precluded because the
species planted does not respond well in terms of
height growth. Browsing damage from deer, hares and
rabbits can decimate young plantations and may result
in some trees repeatedly browsed back for many years.

In such situations — and there are few sites in

Diameter in (mm)

FIGURE6 The development of stem shape of sessile oak
transplants in treeshelters and without protection (after Tuley,
1985).

Britain that are free from this risk — treeshelters can
offer a reliable and cost-effective means of protection.
Figure 5 illustrates the growth rates of sheltered and
unprotected sessile oak transplants in a woodland
where a sizeable deer population is present. The effect
of browsing is clear and the difference in growth rates
dramatic.
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Diameter growth

Although height increment is usually significantly
enhanced by treeshelters, diameter growth near
ground level is often not greatly changed and may be
increased or decreased by the presence of shelters
depending on site conditions and the species in
question. Figure 6 illustrates the way in which stem
form of the oak trees in the original treeshelter
experiment changed during the course of the
experiment.

At 3years after planting the unprotected trees had
developed a typical tapering stem form, whereas the
stem produced within a treeshelter was virtually
columnar with very little variation in diameter from a
point 100mm above ground level to the top of the
shelter. After 5years, by which time the movement of
the elevated crown was probably having a pronounced
effect on stem development, the stems of trees from
both treatments were more similar in shape, though
those originally protected by shelters were con-
siderably taller.

It is often believed that when treeshelters decay
there is a need to provide staking for the trees as the
support of the shelter is lost. This belief is probably
derived from the early reports from the original
treeshelter experiment, in which the shelters were
removed after only 3 years so that stability and branch
development could be examined. At this time a
proportion of the stems had not attained sufficient
girth to support the crown and needed to be attached to
the treeshelter stakes to keep them upright.

We now know that after 5 years most trees will have
developed strong enough stems to remain erect once
the support of the shelter has gone. Most currently
available models are designed to have a field life of
more than 5years and to break down gradually
thereafter. On sites where light levels are low and
hence plant growth slower, the trees will require a
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longer period to attain stability. However, the shelter
material will decay at a commensurately slower rate
and should continue to provide support and protection
for the time needed. It can be expected that it will be a
rare occurrence for additional support to be required
once the shelter has broken down.

Location

A transplant may be easy to see immediately after
planting but a year or two later when woody regrowth
or tall weeds such as bracken, bramble or willowherb
have invaded the site it can be very difficult to locate the
young trees. Cutting away the competing vegetation all
too frequently results in cutting the crop!

By contrast, no one can fail to find a treeshelter in
even the densest vegetation and, once found, any
smothering weeds can be cut away and herbicide
applied with little risk to the sheltered tree. The ease of
location provided by shelters reduces the need for
planting in straight lines at regular spacing, which has
often been partly justified by the difficulty in finding
trees during the establishment period.

Herbicide application

The speed and efficiency of herbicide application
around broadleaved species can be significantly
increased when treeshelters are in place. There is little
risk of the herbicide coming into contact with the
protected trees provided a little care is taken to avoid
spraying directly into the holes through which the ties
or wires pass. Consequently, applications can be made
when weeds are most susceptible and the user can
proceed rapidly through young plantations, leading to
a lower cost for the weeding operation and a reduction
in the occurrence of chemical damage.

Trees are not alone in deriving enhanced growth



plate 9 Treeshelters enable
small transplants and seedlings
to be found in even the densest
vegetation. (M.].Potter)

from the treeshelter environment and it is not unusual
to see weeds protruding from the tops of shelters.
Although this can look alarming, the competition may
not be as severe as that from weeds outside the shelter
provided they are not dense enough to smother the
tree. Two studies looking at this problem have failed to

find any correlation between the occurrence of
herbaceous weeds inside shelters and the growth of
the trees. Nonetheless the risk of damage will be
reduced if such competition is removed and this will
usually be achieved most easily by means of a root-
acting herbicide such as propyzamide.

27



Protection from animal damage

The most common reason for using treeshelters is
protection from animal damage. Whenever physical
protection of new planting is required it is inevitably a
major component of establishment costs; before
undertaking this investment the forest manager
should be sure that this is justified by the risk of
damage. In many situations treeshelters offer a cost-
effective means of achieving satisfactory protection;
the relative merits of shelters and fencing are discussed
later in the section on costs.

Wild animals

The earliest treeshelter experiments were sited in Alice
Holt Forest where browsing by roe deer is a major esta-
blishment problem. As the browse height of roe has
been determined as 1.1 m it was decided to make the
first treeshelters 1,2 m tall. The extensive risk from roe
deer through much of Britain means that this size has
come to be seen as the standard specification, but there
is no need to use a shelter this tall if deer do not pose a
threat to the young trees. For instance, if rabbits are the
only mammal problem then a 600 mm tall shelter will
suffice, as will one 750 mm tall against hares. A 1.8 m
shelter will protect from browsing by red and fallow
deer but may itself be vulnerable to damage unless a
substantial stake and a robust shelter design are used.

It should always be remembered that the effective
height of a treeshelter will be reduced by steep slopes,
uneven ground or deep snow.

Voles can cause extensive damage to young trees,
particularly on grassy sites. One way of reducing this
damage is to maintain a weed-free area (at least 1m
diameter) around each tree as voles are reluctant to
cross bare ground. Collars that fit around the base of
the tree prevent voles gaining access to the stem but as
they are quite heavy they can be difficult to use on
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WHAT SIZE OF TREESHELTER?

There is little point in choosing a shelter taller
than that needed to provide protection from
mammal damage; the faster growth rates in
larger shelters wall certainly not justify the extra
expense. Using smaller (and hence cheaper)
shelters wall enable larger areas to be protected
without recourse to fencing. The table below
indicates the size of shelter needed to protect
from a range of animals:

Rabbits 60 cm
Hares 75 cm
Roe deer 12m
Sheep (small breeds) 12m
Sheep (large breeds) 1.5m
Red, sika and fallow' deer 1.8m



plate 10 Voles may gnaw through shelter

material.

(A11011)

small planting stock. Treeshelters offer an alternative
method of protection though it is important to use a
sturdy design that can be pushed a few centimetres
into the soil. As voles can gain entry through a gap as
small as 5mm it is important that shelters are erected
vertically and that stakes are firmly fixed in the ground
to prevent tilting by animals or strong winds.

Trees in shelters may be considered to be es-
tablished once they are self-supporting. In most
circumstances this stage is reached 3 — 5years after
planting. At this age the trees are still vulnerable to
fraying by roe deer and on some sites with a high
population density it may be necessary to provide
supplementary protection after the treeshelter has
broken down. The time taken for the material to
deteriorate will depend on the type of treeshelter used;
some models may last for 10+ years by which time the
trees could be past the susceptible period.

Farm stock

By adapting standard procedures, treeshelters can also
be used to protect trees planted on farmland among
grazing livestock.

The 1.2m shelter will offer protection from most
sheep, but it may be necessary to use a 1.5 m model
where large sheep breeds are present or where ground
conditions are uneven. In either case it is advisable to
use a reasonably substantial stake (say 50 mm square)
and a second smaller stake on the opposite side to pre-
vent rotation of the shelter. This second stake should
extend no more than 150 mm above ground level as
sheep can use this as a step to reach the foliage of the
emergent tree.

With appropriate measures the range of animals
against which protection can be offered includes beef
and dairy cattle, though, as considerable expense is
inevitably involved, the costs of alternative methods
should be carefully examined, Minimum require-
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plate 11

ments include a 2 m tall shelter and a stake with a top
diameter of at least 70 mm. A sturdy round design
should be used with a single strand of barbed wire
wrapped spirally around the shelter to discourage
rubbing.

It should be emphasised that treeshelters protect
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Treeshelters can permit grazing to continue after trees have been planted.

(38613]

trees only during the establishment period, and as they
disintegrate it may be necessary to provide another
form of protection if grazing is to continue. If wooden
guard rails are to be used to protectwidely-spaced trees
it is probably as well to erect these at the time of plant-
ing so that the need for them is not overlooked later.



Growth after emergence

The most familiar representation of the height growth
of oak in treeshelters is the graph shown in Figure 7
which is based solely on the results from the first
treeshelter experiment. A decline in height increment
of the sheltered trees is seen during year 3. This has
been widely interpreted as reflecting the development
of a broader crown once the leader has emerged from
the shelter. However, this inflexion does not occur in
the data from many other experiments and is better
explained in terms of the climatic damage (from both
wind and frost) that was incurred on this site, not on
emergence, but over a year later. Figure 4, although it
reflects a less dramatic initial effect, is more typical of
the growth pattern of sheltered oak transplants in most
experiments, and what might be expected in normal
use on most lowland sites.

Provided a species is suited to the site on which it is
planted there are few reasons why crown development
after emergence from a shelter should not proceed in a
similar fashion to that of conventionally planted trees.
In those species with weak apical dominance and con-
siderable inherent variability, such as oak, there is a
natural tendency for multiple leaders and other
‘defects” to occur in a proportion of the population.
Treeshelters have the effect of drawing attention to
these shortcomings by raising them up to eye level.

In fact the stems emerging from the tops of tree-
shelters are typically no worse than those produced
without shelters. While there is an increased risk of the
newly-extended shoots snapping if they are whipped
by wind against the hard rim, this is adequately com-
pensated for by the reduced tendency for oak in
shelters to produce branches and the less frequent
occurrence of multiple leaders. Any disorders that

Years since planting

FICURE7 Height growth curves of sessile oak transplants from
the first treeshelter experiment (after Tuley, 1985).
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FIGURE8 Single tree trajectories for height of sessile oak
transplants in treeshelters from the first experiment.

do occur at treeshelter height are easily rectified by
corrective pruning.

Figure 8 shows single tree trajectories of height
versus time for asample of the trees used in the original
treeshelter experiment. It can be seen that, although
the growth rates of afew trees are not greatly enhanced,
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1983 1984 1985

the sample cannot easily be partitioned into good and
bad ‘responders’. The effects of the climatic damage on
a few individuals in years 3 and 4 is clear. It is also
evident that even those trees that appear to gain little
benefit in terms of height increment are alive and
growing steadily.



Correct use of treeshelters

Distribution and installation

The difficulties in handling cumbersome plastic tubes
pose logistic problems for the forest manager. The
system described in the box, based on work study
appraisals, is suggested as an efficient means of
distributing and installing treeshelters.

Maintenance

It is not sufficient to plant a tree, erect a treeshelter
and abandon the site. It must again be emphasised
that treeshelters do not substantially reduce the
requirement for weed control and this aspect of
management should never be neglected. Other early
routine maintenance operations include retightening
of ties, checking stakes, ensuring good ground contact
at the base of the treeshelter and beating up. Main-
tenance is particularly important if the objects of man-
agement mean that the trees have been planted at a
wide spacing, such as 3m.

The importance of weeding around shelters is
illustrated by the results in Figure 9. The mean height
increment of the oak transplants was greatly increased
by treeshelters, as would be expected, but in the
unweeded shelters the height gain was only 652 mm
compared with 1020 mm in the weeded shelters. In this
experiment survival was not signifcantly affected by
the shelters, but in both sheltered and unsheltered
treatments it was significantly improved by killing the
competing weeds. The methods of weed control tested
included plastic mulch mats and a variety of herbicide

. Deliver materials to rideside (separately or

simultaneously depending on size of job).

. Carry a reasonable manual load of stakes

and walk along planting lines dropping one
stake at each planting position. Pre-
planting herbicide application will make
this easier as well as providing maximum
benefit to the newly-planted trees.

. After dropping the last stake, turn and erect

the stakes on the return journey, ensuring
that the top of the stake will not project
above the rim of the shelter where it may
damage the stem. Complete the erection of
stakes in this fashion.

. Plant trees 4-5cm from the stake on the

leeward side with respect to the prevailing
wind. This will reduce movement of the
shelter. Trees are planted after stake
erection to reduce root damage.

. Carry a reasonable manual load of

treeshelters and walk along planting lines
dropping one shelter at each stake.

. On the return journey attach each shelter to

its stake and firm into the ground.
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figure 9 The relative influence of treeshelters and weed
control on the early height growth and survival of sessile oak

transplants.

regimes; there were no significant differences between
the results of the different techniques. Although
they offer a high degree of protection from mammals,
treeshelters are not immune to damage, especially if
less robust types are used. Intermittent inspections,
particularly after strong winds and in early spring, are
required to ensure that no further measures are
necessary.

The final operation in the establishment period,
while ensuring that the crop is not threatened by
regrowth or unwanted regeneration, is to remove any
stakes and wires that might damage the growing tree
and dispose of the remaining fragments of plastic
before they begin to cause a litter problem.
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Financial considerations

There has been considerable debate over the issue of
how large an area can economically be protected using
treeshelters. The easiest answer comes from a direct
comparison of material and labour costs for the
provision of protection from animals by the different

Table 4
Site 1 Site 2

Tree species Oak Mixed broadleaves

Objects Timber Amenity

Plant spacing 2m 3m

Mammals present Roe deer Rabbits

Shape of

planting site Rectangular Triangular

Dimensions 50m X 200m X 400m X
100 m 450m

Area 0.5ha 4.0ha

Fence length 300m 1050m

Cost per metre

fence 3.62 2.10

Number of plants 1250 4400

Cost per shelter 86p 49.5p

Cost of fencing

option £1086 £2205

Cost of treeshelter

option £1075 £2178



options; no rule-of-thumb figure can be given as
fencing costs depend greatly on the shape of the area
and treeshelter costs depend on plant spacing.

While it is possible to formulate relationships
between the cost of protection and the size and shape
of areas, it must be emphasised that there is no
substitute for a comparison of the actual costs involved
in the various options available to the forest manager
for each site. The calculations in Table 4, using 1988
values, illustrate ways in which this might be
approached (figures are derived from work study
comparisons and Insley, 1988).

The comparisons become more involved when one
takes into account such factors as the shortened esta-
blishment period, the reduced cost of herbicide
application, increased survival, maintenance and
inspection costs, and the fact that if a fence is breached
all trees are at risk whereas if a treeshelter is damaged
only one tree is exposed.

It can be seen in Table 5 that although the compar-
ison of initial costs seems to indicate that fencing is the
cheaper option, when all the benefits accrued during
the establishment period are taken into account tree-
shelters are seen, in this example, to be a better choice.

Plant spacing

With oak, beech and other species that exhibit con-
siderable variation between individuals it is unwise to
depend on a low initial stocking density if the produc-
tion of quality timber is among the objects of
management. Although 3m spacing is permitted with
broadleaved species in Forestry Commission grant
schemes, this is a maximum distance between plants
and should not be regarded as a general prescription
for broadleaves.

An initial spacing of 2m X 2m is desirable on silvi-
cultural grounds for most species if the aim is to
produce valuable timber, with early lending oper-

Table 5 Broadleaves at 3 m spacing; roe deer present

Site roughly rectangular: 120 m X 280 m
Area = 3.36ha; fence length = 800m

Operation

Protection

Planting

Weeding (chemical)
Beat up

Weeding 1
Weeding 2
Weeding 3
Cleaning 1
Cleaning 2
Inspection

Total cost
to 3years
from planting

Cost using
fencing
£(1988)

2896

853

100

228

100

100

100

150

150

20

4697

Cost using
treeshelter
£ (1988)

3179
853

90

90

90

150f

60§

4512

Beating up not justified by typical number of losses

Although early weeding is essential, annual herbicide applica-

tions can usually be halted a year or two sooner if treeshellers

are used

Cleaning costs will vary' greatly according to site

§ Total during establishment period
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ations directed towards achieving a minimum
established stocking of 2000 evenly-spaced stems per
net hectare. Such conditions provide side shelter,
encourage upright growth and offer a wide choice of
final crop trees. This is especially important for species
such as oak and beech that exhibit poor apical domi-
nance. This silvicultural requirement can be lessened
if regrowth or regeneration of a suitable species is in-
corporated as a nurse or part of the final crop.

Treeshelters have surprisingly little influence on
initial spacing requirements. The enhanced height
growth is short lived, canopy closure being advanced
by perhaps 1 or 2years, and will have no long-term
effect. Survival is generally improved with shelters but
poorly-established crops with or without treeshelters
are usually beaten up until a satisfactory stocking of at
least 80% is achieved. It follows that the greatest con-
trast in stocking is likely to be a fully-stocked
plantation in shelters and a conventionally-estab-
lished area with 80% stocking.

If it is accepted that a stocking at the end of the es-
tablishment period of 2000 trees per hectare (i.e. 80%
of 2500) is considered an acceptable result from 2m
planting, then this could be achieved by planting at
2.24m in shelters. It should, however, be noted that
this is the maximum effect that might be encountered
and in most cases the differences in plant spacing
requirements will be considerably less, particularly if
wider initial spacings are used.

Natural regeneration

It is common to encounter dense regeneration during
the summer, only to discover that by the following
spring it has practically all disappeared. Ash may pro-
duce a carpet of seedlings at a density that, in patches,
exceeds a million trees per hectare; within a year this
has usually declined to a small fraction of the original
number.
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In most woodlands this disappearance can be at-
tributed principally to browsing by mammals, which
on many sites will include sheep. Treeshelters lend
themselves ideally to the protection of natural re-
generation, especially where this arises at irregular
spacing over a period of several years.

Protection needs to be in place before winter, which
in practical terms means by September with decidu-
ous species. Treeshelters may be placed over seedlings
at approximately regular spacing, aiming at a distance
between plants of 3m or less, or alternatively over indi-
vidual seedlings in groups of 4 — 10 in patches of
regeneration with a distance of 6 — 8 m between
groups.

Treeshelters can also be used to exploit the regener-
ation that occurs in gaps in young plantations,
accelerating height growth to help keep the crowns up
with the main crop.

Birds and wood mice reduce the occurrence of
regeneration by collecting large seeds as well as eating
freshly emerging seedlings. Experience has shown
that it is usually futile to try to use shelters over seed
pressed into the ground but they can offer valuable
protection once the cotyledons are apparent.

In situations where light intensities are high, the
colour of treeshelters is unlikely to be of importance.
However, on many sites where natural regeneration is
occurring, irradiance is likely to be reduced by the
presence of an overstorey and this may mean that the
addition of a treeshelter leads to considerable light
interception. The relevance of light intensity in shel-
ters is discussed on page 18.

It can again be emphasised that treeshelters do not
obviate the need for weeding; this is as true with ‘wild-
ings’ as it is with planted trees.



PLATE12 When
treeshelters were used
to protect browsed
regeneration on Exmoor
the seedlings reached
the top of the 1.8 m
shelters in 2 years.
(37234)
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Design of planting schemes

Although they might be viewed as an encouraging
indication of tree planting, treeshelters in themselves
are not, on the whole, an attractive sight in the country-
side. It is therefore important to consider the landscape
implications of schemes in which treeshelters are to be
used. Treeshelters are an intrusive element in the rural
scene because of their rigid geometry and smooth sur-
faces; the disharmony can be aggravated by an
inappropriate choice of colour and ill-designed layout.

The original white shelters are among the most
harsh and should generally be avoided, though they
are useful in underplanting or other situations where
light levels are already low (in full light they may
increase plant stress by admitting more light and creat-

PLATE13 White shelters
are visually obtrusive,
though they may be
useful in very shaded
positions. (36244)
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ing higher temperatures). Although
supposed that green would blend well in the country-
side some of the shades used for treeshelters are
particularly unnatural and discretion should be exer-

cised if green shelters are to be used. Pale brown is

it might be

generally considered to be one of the most suitable
colours for the majority of situations, although this will
depend on the type of surrounding vegetation and dull
olive-green or khaki may be better on some sites.

Large areas of uniform colour will always look
unnatural, so where treeshelters are to be used on
extensive areas the visual impact can be reduced by
dividing up the site into several irregular sections and
using different colours of shelter. Do not scatter differ-
ent colours within a planting scheme as this creates an
unpleasantly distracting clutter.
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The artificial appearance of treeshelters is unneces-
sarily emphasised by planting in a precise geometric
grid. Unless mechanical weed control is employed (but
see page 33) there is little need to follow rigidly straight
lines. One of the main justifications for this in the past
has been the difficulty in finding young plants in the
year or two after planting; with treeshelters this is no
problem. Despite what has been said above, it is
important that the shelters are carefully erected and
kept upright:acollection of plastic tubes leaning at var-

plate 15 Geometric planting patterns emphasise the presence of an unnatural element in the landscape.
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ious angles will create visual confusion as well as
giving an impression of incompetence or neglect.
Most treeshelters will begin to decay after about
5years. Flat-sided shelters will initially split along the
creases at the corners, creating long strips of loose
plastic. Other designs normally degrade into smaller
pieces of material. The process is generally not rapid
and ample opportunity is available for the residue to be
collected if there is a risk of it causing a litter problem.

(36262)



Appendix: The treeshelter microclimate

The main features that characterise the treeshelter
microclimate are warmer temperatures, higher hu-
midities, lack of air movement and reduced light
intensity. In addition CO02 concentrations, gas ex-
change rates and the spectral composition of light can
be considerably different from those outside shelters.
The complex way in which these factors interact in in-
fluencing plant development tends to obscure the
contribution of each environmental component to the
overall effect. Nevertheless it is clear that some para-
meters are strongly related to observations of plant
growth and survival*

This is well illustrated by measurements taken on a
bright summer’s day (25.8.84) in Kent, when con-
ditions outside treeshelters were compared with those
in a shelter containing a small, newly-planted sessile
oak transplant (Quercus petraea (Matt.) Lieb.) and
one occupied by a larger, established tree with abun-
dant foliage (Figure 10). Air temperature outside the
treeshelters reached a maximum of about 28°C at
16.00 hours and then declined steadily during the late
afternoon and evening. By comparison the relative
humidity (r.h.) curve followed a more or less inverted
course, reaching a minimum of 46% at the time of the
highest temperature.

Maximum air temperatures in treeshelters were
much higher than outside, reaching 38°C in the sheltel
containing anewly planted tree and 32°C in the shelte
with the large tree. The r.h. was higher in both shelter;
falling to 66% in the shelter with the small tree whi
remaining high at all times in the shelter containu
much transpiring foliage, remaining at 100% for m-
of the day but dropping briefly to a minimum of 8

FIGURE io Temperature and relative humidity in a treeshelter
containing a newly planted transplant, in a treeshelter con-
taining an established transplant and outside the tree-
shelters (after Evans and Potter, 1985).

during the afternoon. The enclosed environment of the
treeshelter is, in effect, acting as a ‘solar still’, with a
high proportion of the moisture emitted by the tree and
the soil condensing on the walls of the tube.
However, r.h.isnot the mostsuitable indicator of the
evaporative demand, or the “drying power’, of the air on
trees in shelters because ofits dependence on tempera-
ture. For such considerations vapour pressure deficit
(V.P.D.) is a more appropriate measure and reflects
more accurately the influence ofatmospheric moisture
on the physiological processes of a plant. For instance,
anr.h. of60% is equivalentat20°Cto a V.P.D. 0£0.94 kPa
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containing an established transplant.

and at 30°C to 1.70kPa (this indicates that the drying
power of air at the same r.h. is almost doubled with this
increase in temperature). When considering transpira-
tion rates, the evaporative demand on a plant leaf in
any situation can be expressed in terms of leaf-to-air
vapour pressure difference (LAVPD) which is the satu-
ration vapour pressure at leaf temperature minus the
vapour pressure of the air (it is assumed that air spaces
within the leaf are occupied by saturated air).

LAVPDs for leaves of trees in the field and in a shelter
are plotted against time in Figure 11, which also shows
simultaneous curves for temperature and solar radia-
tion. The data were collected on the same day in
August and refer to the unsheltered tree and the tall
tree in a shelter. It can be seen that, although still con-
siderable, the difference between LAVPD for the two
treatments was less than that for r.h.

The curves for temperature and total short-wave
interesting relationships with

irradiance reveal
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FIGURE 12 Vapour pressure deficit in a treeshelter containing a
recently planted transplant, in a treeshelter containing an
established transplant and outside the treeshelters.

LAVPD. That of the tree in the tube peaked much ear-
lier than the LAVPD of the unsheltered tree, at a point
coinciding with the maximum incident radiation. The
LAVPD of the field tree, on the other hand, reached a
greater peak some 2 hours later at about the same time
that air temperature maximises. The correlations of
LAVPD in the two treatments with incident radiation
and air temperature are shown in Figure 13.

Leaf temperature was not recorded for the smaller
tree but the relative dryness of the air in each environ-
ment can be expressed in terms of V.P.D. Figure 12
shows that the V.P.D. of the air in the shelter containing
the small tree was greater than that outside. This sug-
gests that the risk of water stress in newly-planted trees
may be as great or greater than that of unsheltered trees
when high temperatures are experienced. However,
provided the tree has been planted at an appropriate
time of year (autumn or early spring) its foliage will
normally be well-developed before summer tempera-
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tures are experienced and so conditions in the shelter
will be approaching those in the shelter with the tall
tree. Itshould also beremembered that the data refer to
one relatively short-lived event: such exacting con-
ditions are likely to be encountered on only a few oc-
casions during a typical north-temperate summer.

If the values for absolute water content of the air in
each of the three treatments are compared (Figure 14) it
is seen that the field measurements remained more or
less constant throughout the day. In the shelters the
water content rose sharply during the morning, reach-
ing a peak in the late afternoon (at about the same time
as maximum temperature) and then declined rapidly.
It is interesting, and perhaps somewhat surprising, to
see that the two curves relating to trees with very differ-
ent quantities of transpiring foliage followed very
similar paths. This may be because transpiration was
limited by a factor such as irradiance, which is the
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same in both shelters, or because the amounts of water
emitted from the soil and re-evaporating from the walls
of the shelter were much greater than that from the
plant, thus masking the influence of transpiration, par-
ticularly during the morning when the treeshelter and
the air it contains were first warmed by sunlight.

Air temperatures, both inside and out of treeshel-
ters, began to decline about 3hours after the maximum
radiation was recorded, the temperature in the shelter
being slightly lower than that outside once measure-
ments of radiation fell to below about 10 Wm-2. This
may be explained largely by the rapid loss of heat by
convection within a cooling treeshelter; the tube in
which air movement was restricted by dense foliage
cooled more slowly although the heat held by this
mass of plant material could help maintain a higher
temperature.

On relatively calm and sunny days most of the air
movement in shelters is due to free convection caused
by the expansion of air on heating as incident radiant
energy is converted to heat and conducted through the
plastic wall. During windy conditions turbulence is
created in. the shelter and, if the base is not sealed
against the ground, throughflow may result in a rapid
air exchange rate. Despite this, in even the most severe
conditions this movement will be negligible compared
with wind velocity outside shelters.

The relationship between wind and transpiration is
complex. Air movement increases passive water loss
(for instance, through the cuticle) and shortens the dif-
fusive path length by increasing boundary layer
turbulence while reducing surface temperature. Mod-
erate wind speeds may increase water loss while
higher speeds may close stomata through which water
is lostand CO, gained. Strong winds can carry soil par-
ticles that abrade the cuticle and reduce the plant’s
control over water loss. Although the balance of these
effects varies between species and may be influenced
by other environmental conditions it is likely that



changes described here help to explain the increased
growth and survival observed for newly-planted trees
protected by treeshelters. Lower LAVPDs and reduced
wind movement might both be expected to increase
photosynthetic C02fixation relative to water loss.

The curves showing measurements of sunlight
inside and outside treeshelters on a bright August day
(part of Figure 12) follow very similar patterns (r =
0.997), those inside the tube remaining close to 68% of
ambient. These measurements were made in a white
polypropylene treeshelter, a type now little used. Light
interception in currently popular models is likely to be
10-15% more than this. The response of plants in shel-
ters to various proportions of light transmission is
discussed in the section on treeshelter design.

Carbon dioxide concentrations in shelters occupied
by established trees suggest that C 0 2fixation by photo-
synthesis is able to create and maintain measurable
concentration gradients in the enclosed atmosphere
(Figure 15). It appears that C 02originating from bacte-
rial respiration in the soil is trapped in the lower part of
the tube, an effect that is enhanced by sealing the shel-
ter at the base by pressing itinto the ground. As the gas
moves up the tube by diffusion and convection it is
rapidly consumed on contact with photosynthesising
foliage resulting in a negative concentration gradient
of C02with height inside the shelter.

FIGURE is

Carbon dioxide concentrations at different heights

in treeshelters with and without plastic mats covering the soil

surface.
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mammal damage and improve the

growing environment of the young tree.
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This handbook, using data from over
200 Forestry Commission experiments
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