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Silvicultural Principles 
for Upland Restocking

P.M. Tabbush
Silviculturist,

Forestry Commission

Introduction
Restocking is of increasing im portance in British 
forestry, as the post-war plantings become m ature and 
are clear felled. T he Forestry Com mission’s annual 
felling program m es are expected to rise over the 
decade 1988/89-1998/99 from  7100 ha to 12 900 ha, 
while private woodland program m es, excluding 
broadleaves, should increase from  2600 ha to 3400 ha 
a year over the same period. If  the second rotation is 
to be economically sound it is im portant that it is 
established to specified standards o f stocking and 
uniform ity at m inim um  cost. Excessive reductions in 
expenditure on planting stock, site preparation and 
planting can result in severe cost penalties in beating 
up, additional weeding, prolonged protection, loss of 
uniform ity, lower tim ber quality and delayed harvest
ing. M anagers should set standards of establishm ent 
and determ ine the m inim um  inputs necessary to 
achieve them  in advance of these large increases in 
program m e, and to do this they require a sound 
understanding of the biological processes involved.

T he quality of planting stock at the tim e of planting 
is the result of nursery technique and the effects of 
lifting, handling, storage and transport. T he perform 
ance of plants of a given quality will depend on site 
conditions, and clear felled sites generally offer a more 
testing environm ent than reclaimed grazing land, 
because stum ps and slash make site preparation 
expensive and planting difficult and because of 
damage from forest insects and mammals.

C urrent upland restocking practice was reviewed in 
Forestry Commission Leaflet 84 Guide to upland re
stocking practice (Low, 1985). Recent research, both in 
the U K  and overseas, has led to a greater understand
ing of the establishm ent process, and the intention 
here is to draw this body of knowledge together as a 
basis for the design of improved systems for upland 
restocking.

Plant Quality
It is self-evident that good quality planting stock is a 
prerequisite of successful restocking. Good quality 
plants are those likely to perform  well under a given 
set of site or climatic conditions (Sutton, 1979), but it 
is not always easy to recognise those plant attributes 
which indicate or confer high perform ance potential.

F or instance, although large plants generally per
form better than small ones given adequate root:shoot 
ratio (A ldhous, 1950), small shoot length can confer 
some advantage on a site where exposure is the 
lim iting factor (and could therefore be associated with 
‘high quality’ on those sites). Smaller plants may also 
be appropriate on the m ore intensive forms of cultiva
tion where weed com petition is m inimal. In  practice, 
many plant attributes can be recognised as conferring 
high perform ance potential over a wide range of sites.

M orphological and physiological attributes of plant 
quality have been distinguished (Chavasse, 1980). 
M orphological factors are readily observable and are 
in general use for culling, grading and m arketing 
stock. They include shoot factors such as: length, 
sturdiness, foliage colour (related to nutrition), degree 
of damage (insects, fungal infection, wilting), visual 
indications of ‘hardness’ (lignification), condition and 
size of the term inal bud; and root factors such as: total 
root length, ‘branchiness’ of the root system , visual 
assessment of root:shoot ratio, and root collar dia
meter.

A num ber of physiological factors have been shown 
to give a good indication o f forest perform ance, and 
these include root: shoot ratio (on a dry weight or 
volume basis), root m oisture content (Tabbush, 
1987a), and root grow th potential (Ritchie and D un
lap, 1980). Special equipm ent is usually required for 
their determ ination, and the results are not always 
easy to in terpret, so they are usually assessed on a 
sampling basis.



Plate 1. Root observation boxes after 14 days in a growth chamber under test conditions in May. L eft to right: placed in 
cold store (1°C) in m id-N ovem ber, m id-D ecem ber, m id-Jan uary ; freshly lifted in mid-M ay.

Perhaps the most useful index o f physiological 
status or vitality is root grow th potential (RGP) which 
is an assessment o f the ability to produce new roots 
under favourable conditions. Initial survival of plan
ted trees depends on their readiness to produce new 
roots and establish intim ate soil contact and so facili
tate water uptake and prevent water stress (Sands, 
1984).

RGP has been m easured by growing the plants in 
moist peat in root observation boxes (Plate 1) for 14 
days under favourable growing conditions, with a soil 
tem perature o f 20°C. R G P is then the num ber per 
plant of white extending roots > 1  cm  in length. A 
num ber o f similar definitions are possible (B urdett, 
1979). A cham ber w ith a controlled environm ent is 
needed to obtain absolute values which can be com
pared between dates, bu t a num ber of treatm ents can 
be compared simultaneously using relative values ob
tained in a glasshouse or even a warm office. Expe

rience has shown that relativities in RGP between 
treatm ents are m aintained over a wide range o f test 
tem peratures (Figure 7).

It is now well established that RGP is a key factor in 
determ ining early survival and  grow th (Ritchie and 
D unlap, 1980; B urdett ei a l., 1983), bu t the relation
ship between RGP and plant perform ance is not quite 
straightforward. It is well known that plants can hang 
on to life with only one extending root, and indeed 
this first root is m ore im portant than the next, and so 
on, extra extending roots conferring very little survi
val advantage on plants which already have a high 
RGP. Conversely, plants with a low RGP will suffer 
reduced survival w ith only slight reductions in RGP. 
Furtherm ore, the survival o f plants of a given RGP 
will be affected by site conditions, in particular dry 
soils (Stone and Jenkinson, 1969), cold soils and 
compacted soils reduce early root growth following 
planting.
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Plate 2. Two-year-old bare-rooted transplants o f Sitka spruce of 
varying morphological quality:

Root collar
Plant diam eter Height Root:shoot Comment
num ber (mm) (cm) ratio
SS4 3 26 0.2 Root:shoot ratio too 

low
SS6 3 21 0.5 Poorly branched
SS7 4 22 0.3 Roots not very 

f ib ro u s-lo w  root: 
shoot ratio

SSS 2 11 0.1 Obvious cull
SS9 4 23 0.3 Poor straggly root 

system
SS10 6 40 0.7 Good plant -  will 

need careful 
planting
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RGP, then, does not by itself give an accurate 
prediction of forest perform ance, rather plants of a 
high RGP are able to succeed under harsher condi
tions than plants with a low RGP.

Quality standards
Since clear felled sites are generally more hostile than 
newly ploughed pasture in terms of tree establishment, 
somewhat higher standards of plant quality are re
quired than those given principally for new planting 
(Forestry Commission Bulletin 43 Nursery practice, 1st 
edition 1972, p .4). Table 1 gives recom m ended size 
standards for culling and grading plants intended for 
restocking, and some samples have been assessed and 
photographed for illustration (Plate 2). T he ratio of 
root collar diam eter to stem length, (‘sturdiness’) 
provides an indication of root:shoot ratio, bu t plants 
with obviously poor root system s, or which are de
formed or damaged should be rejected (see illustra
tions). O ther im portant morphological standards 
include large buds with the potential to produce 
strong new shoot growth in the first year, good foliage 
colour and absence of dead or bruised tissue.

T ab le  1. Stem length ranges and corresponding m ini
mum root collar diam eters for restocking plants

M inim um  root
Species Stem length collar diam eter

(cm) (mm)
Sitka spruce 
Douglas fir 
Larches
Lodgepole pine min 10 3

max 35 8
Scots pine min 10 3

max 35 9
Broadleaves min 20 5

Plant quality would be improved if grading could 
also take account of physiological criteria, bu t these 
are normally only sampled. RGP tests carried out in a 
glasshouse or similar environm ent are affected by the 
prevailing weather, and can only be used for com pari
son amongst batches of plants tested sim ultaneously. 
Plants will often be available for com parison, e.g. 
which have not been subjected to the treatm ent under 
test. W here no useful comparison can be draw n, it is 
only possible to specify that RGP should be greater

than zero at planting. W here grow th cham bers provi
ding a controlled environm ent are available, it can be 
specified that with a root tem perature of 20°C, 16 
hour days and high light intensity, the RGP of Sitka 
spruce after 14 days should be > 10  new roots > 1  cm 
long per plant.

Fine root m oisture content expressed as a percen
tage of dry weight (RMC) should always exceed 250 
per cent in Sitka spruce and 300 per cent in Douglas 
fir (T abbush, 1987a). Once RM C has fallen below 
these levels the damage inflicted cannot be rectified by 
rewetting; irrigation or soaking is only of service in 
maintaining RM C above critically damaging levels. 
M easurem ent of RMC requires a drying oven and 
accurate (0.01 g) balance, bu t such facilities could be 
provided at centralised locations with technical staff, 
e.g. large nurseries. T his would also enable m easure
m ent of rootishoot ratio on a dry weight basis, which 
for Sitka spruce should exceed 0.3.

Plant Handling
Plant handling damage may result from desiccation, 
mechanical shock, extremes of tem perature or expo
sure to chemicals (usually insecticides). Successful 
establishm ent is achieved by preventing this loss of 
plant potential from  reaching critical levels.

D esiccation
Bare-rooted plants are usually protected from  dry
ing conditions by packaging in air-tight containers -  
polythene bags or w aterproof boxes. F ine roots are 
easily damaged by desiccation; and H erm ann (1967) 
for exam ple, recorded damage to Douglas fir seedlings 
with washed roots after only one m inute’s exposure to 
desiccating conditions in a grow th cham ber. In ex
perim ents at W ykeham , Y orkshire (T abbush, 1987a) 
Douglas fir was m ore susceptible than Sitka spruce, 
but survival was reduced significantly in the latter 
species after exposure to windy conditions in M arch 
for 70 m inutes. Roots which retain a covering of 
nursery soil dry out more slowly, bu t excess nursery 
soil can result in soil getting on to foliage and serving 
as a source of fungal infection during storage. D ipping 
roots in water-retentive substances such as sodium 
alginate protects against drying (Brown, 1972), but is 
in itself an additional plant handling operation which 
can result in mechanical injury.

Root desiccation reduces RGP. Furtherm ore, de
siccated plants are especially vulnerable to rough 
handling (T abbush, 1986a). M ost forms of handling

m in 15 3
max 40 7



damage are m ore severe during the period of active 
growth (R itchie, 1986), and in general, resistance to 
stress is high when RG P is high (D ecem ber-M arch).

T he risk of desiccation is great during storage, and 
bags or boxes m ust be completely sealed to prevent 
the escape of m oist air. Even small slits in bags have 
resulted in deaths in directly refrigerated cold stores.

Physical shock
Rough handling has been sim ulated experimentally by 
dropping sealed bags of p lants, roots downwards, 
1-15 times from  a height o f 3 m on to a hard floor. 
A lthough no obvious physical damage was visible, the 
treatm ent resulted in reductions in RGP, survival, 
growth and mycorrhizal development (Tabbush, 1986a; 
1986b). T here is evidence that physiological changes 
take place as a result of mechanical damage to roots 
(Coutts, 1980) and it may be that the large reduction 
in root developm ent observed is the result of some 
physiological change.

Soft packages such as polythene bags are easily 
compressed and the plants w ithin them  bruised. 
Racking or shelving can be employed to reduce this 
but it is expensive and requires extra space. Rigid 
containers (e.g. plastic or w aterproof cardboard 
boxes) may offer some protection, and may be more 
suitable for m echanised handling.

A high level of supervision is required to ensure 
that plants are handled carefully, and this is not 
always feasible at remote locations. F u tu re  systems 
should involve mechanical handling where possible, 
and the use of rigid containers and stacking systems 
could well reduce handling and transport costs whilst 
minimising the opportunity  for crushing and m echan
ical shock.

Extremes of temperature
Tissue damage by heating is the result of both the 
tem perature reached and the length of time for which 
it is sustained. In general tem peratures in excess of 
35-40°C are likely to cause direct damage (Levitt, 
1972). Such tem peratures have been reached after 
about 1 hour when clear polythene bags of plants have 
been left in direct sunlight (T abbush, 1987b). Heating 
may also occur by bacterial and plant respiration if 
plants are too tightly stacked so that heat cannot be 
removed by freely circulating air. In storage each 
package should have at least one side exposed, and, 
for long-term storage, stacks of plants should not 
exceed 1 m in depth.

H igh tem peratures which are insufficient to cause 
direct damage may result in the hastening of growth

processes, and this can result in a lowering of resis
tance to stress so that plants become m ore difficult to 
handle without damage. It is therefore im portant to 
keep plants cool at all times.

Low tem perature damage can be inflicted by cold 
storage on plants not physiologically conditioned to 
w ithstand it. Severe w inter cold can have a similar 
effect on plants stored out of doors. Conifer shoots 
generally become tolerant of tem peratures below 
—40°C in January-February , but may be killed by 
tem peratures just below freezing in June. Roots, on 
the o ther hand, are never able to tolerate tem peratures 
much below -2 5 °C  (Studer et al., 1978) and so can be 
damaged by severe w inter cold when stored w ithout 
the protection of the soil, for example stored in the 
open in bags or as containerised stock. T em perature 
extremes are reduced in sheltered situations, e.g. 
under a dense canopy of trees.

In the British climate, damage is often inflicted by 
unseasonal weather, especially a warm spell in spring 
followed by a reversion to frosty weather. Plants may 
be stored most safely in a well managed cold store.

Storage
It is often necessary to store plants for short periods 
between handling and treatm ent operations (e.g. cull
ing, grading or treatm ent w ith insecticide), or for 
longer periods between lifting and planting. T he flow 
of plants through the system m ust be organised so as 
to reduce the opportunity  for the types of handling 
damage described above.

Cold storage
Cold stores offer nursery and forest managers great 
flexibility. Once plants have become fully ‘storable’ in 
late autum n thay may be lifted to suit nursery soil 
conditions, and the availability of labour, and pu t into 
store unconstrained by w eather conditions or p ro
gram me considerations at the forest. They may, under 
some circum stances, be culled, graded and returned 
to the store for a period before despatch to the 
planting site at a tim e when forest soil conditions are 
suitable. Plants can be held in store where they will 
keep a high RGP and inactive buds well beyond the 
time in spring when freshly lifted stock has active 
buds and RGP has decreased (Plate 1). Thus trees 
from the cold store with a high survival potential can 
be planted in late spring or early sum m er when forest 
soil conditions are favourable.

However, serious damage can be inflicted if plants 
are pu t into store before they become inactive in
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autum n, or after they become active in spring (e.g. 
Duryea and M cClain, 1983). It is not clear w hether it 
is bud dorm ancy, frost hardiness, RGP or some other 
factor which determ ines storabtlity. These factors are 
interrelated, but they are not causally related, and can 
vary independently. In  experim ents at the N orthern  
Research Station (F igures 1 and 2) the RGP o f Sitka 
spruce rose or was m aintained in cold storage whilst 
that of Douglas fir declined. For upland nurseries 
Sitka spruce is the m ost appropriate species for cold 
storage.

M ost cold stores are directly refrigerated, i.e. the 
cooling un it and fan are w ithin the storage cham ber. 
This has a desiccating effect on the atm osphere inside 
the store, and plants m ust therefore be held inside 
sealed w aterproof containers. In  contrast, in a hum i
dified store, air is blown across cold water and the 
resultant cold, m oist air is ducted  to all parts o f the 
storage cham ber. T he tem perature cannot be reduced 
to 0°C or below. In directly refrigerated stores the 
tem perature should be selected w ithin the range + 2 to

2°C and m aintained w ithin 1°C o f the selected 
figure. It should not be allowed to fluctuate above and 
below 0“C. In hum idified stores the tem perature 
should not exceed + 2 DC , and the relative hum idity

should be m aintained above 95 per cent.
I f  plants are stored at +2°C in either type of store 

there is less risk o f low tem perature damage to plants 
which are not fully storable, either because they have 
been pu t into the store before they have become fully 
storable or because they have ‘dehardened’ w ithin the 
store in late season. On the other hand, there is more 
risk o f infection by harm ful fungi than at -2 °C . 
Furtherm ore, respiration is slowed at lower tem pera
tures, and food reserves are burned up more slowly. 
Provided plants are in a fully storable condition, long
term  storage is probably safest at — 2°C in a directly 
refrigerated store.

T he risk of mould developing on plants during 
storage is increased by over-filling shelves or bags and 
by over-tightening bundles, and by the presence of 
plants with damaged, wet or dirty shoots or foliage, 
or weeds and other plant debris. H um idified stores 
should be washed out thoroughly using hot water 
containing mould inhibitor or disinfectant before re
use. In directly cooled stores the plants are inside 
sealed containers, and theoretically there should be no 
need for more than  general cleanliness. However, if 
mould grows on tim ber shelves e tc ., the cleaning 
procedure for hum idified stores should be followed.

P late 3. ‘Canopy storage’ of Sitka spruce transplants in coextruded black and white polythene bags. T he bags are sealed to prevent 
m oisture loss, and are reflective and opaque to prevent overheating.
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Tem porary storage S e a s o n a l  c h a n g e s  in Ihe  root  g r o w th  p o t e n t ia l  of  S i t k a  s p r u c e

Tem porary storage is often necessary, e.g. between 
delivery and planting at the forest, or pending treat
m ent at the nursery or depot. In the past ‘heeling in ’ 
or ‘sheughing’ has been comm onplace, bu t since this 
involved a good deal of plant disturbance, and since 
soil conditions which afford proper protection to the 
roots are rare, it is best avoided. Plants can be stored 
in coextruded black/white polythene bags (T abbush, 
1987b) in a cool, shaded environm ent under a dense 
tree canopy, on the north  side of a building, or in a 
well ventilated shed (‘canopy storage’) (Plate 3). Sitka 
spruce will normally tolerate these conditions from 
Decem ber to m id-April. Douglas fir deteriorates 
easily, however, and should not be stored in this way 
for more than 6 weeks during the period m id-January 
to mid-April (Figure 4).

Timing
Seasonal variation in RGP
The response to lifting, handling and planting is 
determ ined to a large extent by the physiological 
condition of the p lant, and this varies as the season 
progresses.

Dorm ancy is induced in autum n in response to 
declining day length and tem perature. In  some spe
cies, e.g. Douglas fir, there is evidence that water 
deficits in late sum m er play an im portant role in the 
induction o f dorm ancy (R itchie and D unlap, 1980). 
Full dorm ancy is attained in O ctober-D ecem ber, de
pending on the season, and from  then on, dormancy is 
released progressively as the ‘chilling requirem ent’ is 
met by accum ulated w inter cold. D uring this period 
RGP rises steeply. T he variation in RGP for Sitka 
spruce and Douglas fir when lifted from the open 
nursery on successive dates was assessed in an experi
m ent at the N orthern  Research Station in 1985/86. 
T he steep rise in RGP reached a peak in Sitka spruce 
(Figure 1), just before die buds began to swell in 
spring. In  contrast, the peak for Douglas fir was 
attained in D ecem ber-January  (Figure 2). By A pril- 
M ay, buds began to burst in both species and RGP 
was low. Planting after the buds begin to develop 
makes the plants vulnerable, since it is difficult for the 
slowly developing root system to meet the dem ands of 
the rapidly developing foliage (Plate 1).

T he norm al pattern  of seasonal variation in Sitka 
spruce is shown in F igure 3. Frost hardiness is 
measured by determ ining the tem perature required to 
kill shoot tissue by freezing in a program m able cham 
ber. Dorm ancy is m easured by subjecting plants to

Figure 1. Seasonal changes in the root growth potential o f Sitka 
spruce either directly lifted from the open nursery or after 
insertion into cold store in m id N ovem ber, Decem ber and 
January.

S e a s o n a l  c h a n g e s  in i h e  ro o l  g r o w th  p o t e n t i a l  of  D o u g la s  f i r  

--------------------From  c o ld  s to re

Figure 2. Seasonal changes in the root growth potential of 
Douglas fir e ither directly lifted from  the open nursery or after 
insertion into cold store in mid N ovem ber, Decem ber and 
January.

i S i O i N t D i J i F i M . A i M . J i
Figure 3. D iagramm atic representation of seasonal changes in 
RGP, bud dorm ancy, frost hardiness and shoot extension in 
Sitka spruce.
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w a rm e r a re a s  on ly

c o ld e r a re a s  on ly

g e n e ra lly  reco m m en ded

Figure 4. Recom mended dates for handling and planting Sitka spruce and Douglas fir.

1. Seepages 12-13.

2. DF should not be stored for more 
than 6 weeks during this period.

long days and warm tem peratures and counting the 
num ber of days before budburst. N either frost hardi
ness nor bud dorm ancy gives a clear indication of 
RGP. D irect m easurem ent o f RGP appears to give the 
best guide to lifting date, since the change in autum n 
is relatively abrupt and easy to detect, and RGP has 
been related to resistance to stress (Ritchie, 1986). 
T hus lifting for cold storage should not start until 
RGP has begun to rise. From  the point in spring at 
which RGP falls, only cold stored stock should be 
used. The dates will vary depending on species and 
season, and the cycle may be m anipulated to some 
extent by nursery techniques. For exam ple, repeated 
root wrenching can advance the date at which RGP 
starts to rise in autum n. U ndercutting regimes, such 
as those prescribed for precision sown and undercut

stock (M ason, 1986) can im prove the storability and 
RGP of both Douglas fir and Sitka spruce, and 
m anipulation o f day length, fertiliser and irrigation 
regimes can have the same effect on container-grown 
stock (B urdett, personal com m unication).

Planting dates
Planting dates should be chosen to ensure that roots 
will grow rapidly after planting and before budburst. 
Low levels of RGP correspond to low levels of resis
tance to desiccation or rough-handling (Ritchie, 
1986), that is, plants suffer more damage from a given 
handling treatm ent when RGP is low. T here is there
fore an advantage in organising the plant supply 
system so that lifting, handling and planting occur



M i d n i g h t N o o n  M i d n i g h t

T im e  ( h o u r s )

Figure 5. T em perature 5 cm below the surface (means of four 
replicates) in M  -  m ounds; S -  scrap esjO - undisturbed ground 
(from an experim ent on a peaty gley soil at Kershope Forest, 
Cumbria). Mean o f eight m ounds measured in April.

when RGP is high. On the o ther hand, root growth 
will only occur in the forest if soil tem perature is 
reasonably high, for example with significant parts of 
the day when the tem perature 5 cm below the soil 
surface exceeds 5°C, and so lifting and planting dates 
m ust be chosen with both RGP and soil conditions in 
mind.

Recomm endations for the tim ing of plant handling, 
storage and planting operations for Sitka spruce and 
Douglas fir are summ arised in Figure 4.

Seasons for plant handling are more restricted in 
the south and at lower elevations where the growing 
season is longer. For exam ple, ‘canopy storage’ should 
normally finish by the end of M arch in Wales and 
southern England. Planting, on the o ther hand, can 
take place earlier in spring at warm er locations. 
Autum n planting is most appropriate where soils are 
likely to rem ain warm into Novem ber. Extensions for 
warm er or cooler areas are indicated in Figure 4.

Plants may be lifted for autum n planting from  early 
O ctober until the end of Novem ber provided shoots 
have become fully lignified (‘hardened’). F rom  then 
on, cold soil will limit establishm ent success. Because 
it tends to be planted on cooler sites, Sitka spruce is 
generally less suitable for autum n planting than 
Douglas fir. Plants destined for autum n planting 
should be identified by early August so that nursery
men can condition them , for example by undercutting 
to prevent soft extension growth in late season.

In general, planting after the end of M arch should 
use cold stored plants only. However, if plants are 
canopy stored at a northern location at high elevation, 
bud break will be delayed, and the period before 
switching to cold stored plants may be extended until 
mid-April.

Unseasonal weather conditions will affect safe lift
ing dates for cold storage, thus a mild February might 
result in plants being too active to be placed in store in 
M arch, and conversely a cold October m ight enable 
cold storage of Sitka spruce from early Novem ber. 
Cold storage of Douglas fir should be for a maximum 
of 6 weeks during the period between January and the 
end of May.

After extraction from cold store, plants will remain 
inactive for a short period during which resistance to 
stress is high. Programm es should be organised to 
allow cold store plants to be planted within a week of 
emergence from store, and this is particularly im por
tant after the end of M arch and at warm er localities.

S h a llo w  s l o p e s  
Figure 6. D iagram matic representation of an ideal mound for 
planting.

1 0 O - i  T o t a l  no .  of
n e w  r o o t s  a f t e r  10 d a y s

S S ( O )

S S ( D )

j/  J,D F ( 0 )  

 IpF(D)
r ~~- — --------------1----------------------- 1
4 S 12

S o i l  t e m p e r a t u r e  ( ° C )

16

Figure 7. N um ber o f new roots produced at different soil 
tem peratures by Sitka spruce (SS) and Douglas fir (D F) after: O 
-  careful handling; D -  dropping in sealed polythene bags 10 
times from a height of 3 m.
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Plate 4. Double-m ouldboard restocking plough (D60/T90/t) 
trailed by a D6 Caterpillar tractor fitted with apical-track shoes 
for flotation on boggy ground.

Site Preparation
Although the long-term  grow th and stability of a 
stand may be affected by the ground configuration 
and drainage o f the site as a whole, early survival and 
growth are affected only by the microsite conditions 
immediately surrounding the newly-planted tree. The 
root system will develop m ost readily in warm , moist 
soil, with an adequate supply of mineral nutrients, 
and with no com peting vegetation. Removal of the 
layer of litter and hum us covering the mineral soil 
improves the soil tem perature regime, and this effect 
increases if a m ound or ridge is form ed (Figure 5). 
Root grow th is minimal below 4°C (Figure 7) and 
increases in response to the num ber of degree-hours 
above this critical soil tem perature. M ore heat is 
absorbed by the bare m ineral soil than by litter or a 
grassy surface, and this heat is available at night to 
increase the air tem perature around the newly planted

P late 5. Leno patch-scarifier m ounted on an agricultural
tractor.
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P late 6. Bracke patch-scarifier trailed by Tim berjack 240 skidder.

tree, and so reduce the risk o f frost damage. Plough
ing and scarifying have been shown to reduce the 
incidence of damage by the large pine weevil (Hylobius 
abietis L .).

In most upland situations the planting position 
should be raised above the original ground surface to 
give local drainage and m axim um  im provem ent in the 
tem perature regime. These conditions also promote 
the mineralisation o f nitrogen. T he only exception is 
that on very dry soils (e.g. Littoral sands) planting 
should be in the ‘scrape’ position, below the original 
ground surface.

Experim ents have shown continually improving 
microsite tem perature up to a m ound height o f 50 cm, 
but it will prove difficult for trees to develop an evenly 
spread, and therefore supportive, root system in tall, 
narrow mounds. In  practice, a m ound approxim ately 
25 cm tall and w ith shallowly sloping sides so that it is 
at least 50 cm in diam eter is recom m ended. The layer 
o f decomposing organic m atter should be readily 
available to the plant, especially on cold upland soils

w ith low rates of nitrogen mineralisation (Figure 6).
M ounds are particularly appropriate in areas of 

high w indthrow  hazard, since the production o f close- 
spaced furrows, which restrict root spread, is avoided. 
However, raised microsites can be produced by disc 
trenchers or even ploughs on the better, drier soils.

As soil tem perature rises over the range 4-16°C, 
there is an increasingly strong root response (Figure
7). Plants w ith a low RG P, either because of rough 
treatm ent or because o f species (e.g. Douglas fir), are 
especially likely to benefit from  the improvement in 
soil tem perature that results from  cultivation. Con
versely, stock with a high RGP will survive and grow, 
given m oderately favourable site conditions, w ithout 
expensive site preparation.

M achinery
Rectification of wrongly laid out first rotation plough
ing, or fracturing of an ironpan or indurated layer can 
be accomplished w ith a double-m ouldboard restock
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Plate 7. T T S -D clta  disc-trencher m ounted on a modified T im ber jack 380 skidderw ith  supplem entary engine.

ing plough (D60/T90) (Plate 4) which ploughs deep 
enough to lift stum ps rather than meet them  head-on. 
The plough is usually trailed by a D6 Caterpillar 
tractor or m ounted on a D7. T he ‘hum py’ carriage is 
used as this allows easier movem ent o f slash accum u
lations. The high cost of ploughing is directly related 
to the low output o f these machines (0 .1-0.2 ha h '). 
Ironpans or induration may be broken using a ripping 
tine, although again, outputs are low. Although cul
tivation experim ents, especially on heathlands, indic
ated increased early growth with increasing volume of 
soil disturbed (Taylor, 1970), this effect seems to 
become reversed during the thicket stage (e.g. Wilson 
and Pyatt, 1984), possibly because high nitrogen 
m ineralisation rates induced by cultivation slow down 
once the canopy is closed. T here is no evidence of a 
long-term im provem ent in grow th rate, unless a 
perched water table is released by the fracturing of an 
ironpan or indurated  layer. Furtherm ore, there is 
evidence that the furrows present a serious barrier to 
roots, leading to early w indthrow (Courts, 1983).

Scarifiers (from the surgical term  — ‘to make a 
shallow incision’) are less likely to exhibit these dis
advantages and generally operate at high outputs 
(0 .5-1.2 ha h -1). T he cheapest form  of cultivation is 
to use a patch-scarifier to scrape away the slash and 
duff and expose mineral soil at each planting position. 
These machines have mattock-wheels which are either 
braked hydraulically (‘Leno’) (Plate 5) or coupled by 
reduction gears to a rubber-tyred ground-wheel, so 
that the m attock-wheel turns at about half the speed of 
the ground-wheel ( ‘Brhcke’) (Plate 6). They are parti
cularly suited to sites with freely draining soil and 
light slash cover.

The disc-trenchers (e.g. T T S -D elta) (Plate 7) p ro
duce twin continuous cleared traces and the versions 
with powered discs are particularly effective in dealing 
with slash. They leave no clearly defined raised plant
ing position although there is often an opportunity  to 
plant at the edge of the scrape on a slightly raised 
position between the scrape and the loose ribbon of 
slash and spoil. D isc-trenchers are therefore most
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Plate 8. Sinkkila 2 patch-scarifier. m ounder m ounted on a D6 Caterpillar tractor w ith apical track shoes.

appropriate for freely drained soils -  brown earths, 
podzols and freely drained littoral sands -  but may be 
extended to the better end of the surface water gleys, 
or used simply for breaking and redistributing deep 
spruce slash on those wet soils which will support 
them. T he angle of attack of the discs can be varied, 
e.g. to give a broader scrape for weed control (and 
frost protection) on freely drained soils liable to rapid 
weed invasion. T he powered version can work with a 
broader angle than the unpow ered, as the latter ceases 
to rotate at very broad angles.

Surface water gleys and peaty gleys on slopes 
greater than 3° would normally receive drainage at a 
m inim um  of 40 m spacing (Pyatt and Low, 1986), and 
under these circumstances there is scope for m ound
ing by continuous-acting m ounder. C urrently , the 
only such equipm ent available is the Sinkkila 2 (Plate
8), which is a patch-scarifier modified to produce 
m ounds of about 75-100 litres which stand 20-30 cm 
above the original soil surface. By adjustm ent, the 
mound may be varied in size and distance from  the

excavation. (This equipm ent can also be adjusted to 
operate as a patch-scarifier on drier ground, but the 
advantages of a m ound operate on all but the very 
driest of sites such as littoral sands.) T he Bracke 
m ounder (Plate 9) also shows potential for m ounding 
on a wide range of sites.

O n the wettest sites, w ith slopes less than 3° where 
the recommended drain spacing is 20 m , or where 
stum ps and ground conditions preclude the use of 
continuous-acting m ounders, m ounds can be spread 
at the desired spacing by an excavator at little extra 
cost while digging the drains.

M ounds will generally provide the opportunity  for 
relatively unrestricted root developm ent, and this 
should result in a more symm etric root system and 
hence greater stability. Against this, mounding ground 
ploughed for the first rotation can block furrows and 
reduce drainage.

A summary of recom mended equipm ent according 
to soil type is given in Table 2. On many restocking 
sites, first rotation m ounds or plough ridges may offer
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T ab le  2. Recom m ended equipm ent for site preparation on clear felled sites
Soil type 
Brown earths
Podzols/intergrade ironpan soils 
Freely and imperfectly drained littoral soils 
Ironpan soils/indurated soils 
Indurated gley soils
Brown gleys and imperfectly drained brown earths 
Surface water and groundw ater gleys

Soil classification (Pyatt, 1982) Recommended equipm ent*
1, Id , lu , lz  P , D , CM
3, 3p, 4b P , D , CM
15e, 15i P , D
4, 4p, 4z, 4zx P , D , CM , R
6zx, 7zx CM , EM , R
7i, lg  D , CM , EM
5, 6, 6p, 7, 15g, CM , EM (D for slash

treatm ent only) 
8 ,9 ,1 0 ,1 1  EMPeats

*Key to equipment codes 
P = patch-scarifier, e.g. Leno, Bracke. T he Bracke is the 

preferred machine because of the gently sloping profile of 
the scrape 

D = disc-trencher, e.g. T T S  Delta
CM =  continuous-acting m ounder, e.g. Sinkkila 2 or Bracke 

m ounder

suitable microsites for planting and there may be no 
need to cultivate at all. T he table is to aid equipm ent 
choice assuming site conditions have already dictated 
some form of site preparation.

Planting
Planting m ethod
Study of the planting operation has been m uch neg
lected, and is complicated by the variety of site types, 
cultivation methods and planting stock types. A larger, 
more fibrous root system can be planted in a large 
m ound of mineral soil than can be planted in a small 
raised position near a stum p on an uncultivated site 
with a high water table. Compact root systems, p ro
duced by a container system or by side- and under
cutting in the open nursery , present fewer problems 
in planting. The structure of the root system of the 
m ature tree, and hence tree stability, is strongly 
influenced by the early developm ent of the root 
system after planting (Coutts, 1983), and so microsite 
type and planting m ethod can have a profound impact 
on the economic value of the plantation. It is im por
tant to arrange roots at planting so that they can 
develop on all sides, and so that they are oriented 
downwards or horizontally. A root system stuffed into 
a narrow slit so that many of the roots point upwards 
is unlikely to result in rapid establishm ent and long
term stability. T his is particularly im portant with 
pines, larches and Douglas fir which rarely produce 
adventitious roots and so are dependent for their root

EM = discontinous-acting (excavator) m ounder 
R =  ripping tine for breaking ironpans or induration if 

upper soil horizons are noticeably w etter than lower soil 
horizons. Generally used in conjunction with a scarifier

geometry on the distribution of the roots present at 
planting.

In a planting study at Glentress (Borders Region) 
Sitka spruce transplants planted roughly and finned 
with the heel of the boot produced fewer new roots 
during the first growing season than trees planted 
gently and firmed with the ball of the foot. Gentle, 
careful planting will result in more reliable establish
m ent than hurried , rough planting.

Weeding
Weeds compete with newly planted trees for light, 
m oisture, rooting space, and nu trients, and some 
weeds even interfere biochemically (allelopathically) 
with tree grow th, e.g. heather (Read, 1984) and some 
grasses (M aclaren, 1983).

A ttem pts to establish the benefits of weeding in the 
uplands have indicated that for Sitka spruce on many 
upland sites, typically with a high rainfall and impeded 
drainage, com petition for m oisture is negligible and it 
is only necessary to remove com petition for light 
(Tabbush, 1984). This is an im portant distinction 
since hand cutting of weeds or mowing only removes 
competition for light, and may exacerbate competition 
for m oisture, whereas chemical weed control elimi
nates both types of com petition by killing both the 
aerial parts and the roots. By contrast, experiments in 
low rainfall areas on well drained soils show very 
significant effects of m oisture com petition, i.e. large 
benefits of chemical weed control and small or negative 
benefits from cutting or mowing (Davies, 1985, 1987).
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Plate 9. Bracke m ounder trailed behind an Osa 260 ‘short processor’.

However, it would be misleading to draw a sharp 
distinction between uplands and lowlands in this 
respect. Experim ents are usually carried out using 
first class planting stock, and w ith small-scale, and 
well controlled, handling and planting. The critical 
time between planting and the establishm ent of soil 
contact through root developm ent is also the critical 
time for weed com peution. T he response of the root 
system is modified by soil conditions, and the res
ponse to low soil w ater potential (dry soil) is to 
produce fewer roots (Stone and Jenkinson, 1969). 
Thus the effect o f root zone com pedtion is more likely 
to be felt by a plant o f low RGP than by a more 
vigorous plant.

There will therefore be many instances where root 
compeddon does prove important even in the uplands, 
especially on well drained soils on southern aspects or 
in dry seasons. Since, in any case, chemical weeding is 
m uch cheaper than hand weeding, the form er method 
is much to be preferred. A weed-free area of at least

1 m diam eter should be present at planting (i.e. by 
culdvadon or preplanting application o f herbicide), 
and m aintained for at least the first growing season. 
W eeding in subsequent seasons should only be neces
sary on the most fertile sites. W hen vegetadon is 
dense and tall, spot weeding can be inadequate and 
band or broadcast weed control may be necessary to 
prevent sm othering. Detailed recom m endadons are 
given in Forestry Commission Booklet 51 The use o f  
herbicides in the forest (Sale et al., 1986; this Booklet is 
now out-of-print but the inform adon is being updated 
and will form  the basis of a fu ture FC publkadon .)

Conclusions
In considering plantation establishm ent, w hether cul
tivation, weed control, or some other aspect, one is 
constandy reminded o f the importance of plant quality 
at the m om ent of planting. Given minimal site p re
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paration and even a quite hostile m icrosite, a tree with 
first class morphological and physiological quality, 
handled well and planted with care, will at least 
survive and grow. Given good site preparation and 
weed control the same plant will respond with rapid 
early grow th, and consequent savings on second and 
subsequent weedings. Conversely, substandard p lant
ing stock gives low survival percentages unless site 
preparation and weed control are of the first quality, 
and even given expensive inputs at the beginning, 
early growth is slow, and the m anager is faced with 
repeated beating up and weeding which can be puni- 
tively expensive, especially on fertile sites with vigorous 
weed growth. Slow establishm ent, w hether due to 
deaths or planting check, also results in uneven 
plantations and delayed harvesting.

It seems well worthwhile to pay for the highest 
quality stock available, and if necessary to ensure that 
it is truly vigorous by physiological testing, either at 
nursery or receiving forest. Root growth potential, 
root:shoot ratio and root m oisture content provide the 
planting forester with vital inform ation about the 
stock he is expected to plant. Knowledge of their 
variation will also provide guidance to the nursery 
manager -  he will be able to condition stock to bring it 
to the ideal condition in time for planting.

It is im portant to raise managerial expectations; 
beating up should be exceptional; it is usually the 
result of inadequate attention to plant quality, plant 
handling and the tim ing and quality of the planting 
operation; sometimes it is due to inadequate microsite 
quality, and occasionally to inadequate measures 
against forest pests. T he target m ust be clearly de
fined, for example 2500 stems per net hectare with no 
more than 2.4 m between adjacent plants at year 5. 
New systems of plant production and plant handling 
which recognise the im portance of plant vitality at 
planting m ust be designed, and these new systems 
must be brought together with appropriate invest
ment in site preparation and weeding. Great financial 
penalties are often incurred by excessive short-term  
economies, and insufficient attention to the cost of the 
entire establishm ent system.
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